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APPENDIXE 

APPENDIX E-1 HYDRAULIC CONDUCTIVITY TEST RESULTS 

HLA performed rising head slug tests on monitoring wells installed during the AOC 69W RI in 
November 1995 and January 1997. This appendix discusses the analytical ·procedure and 
presents estimated values of hydraulic conductivity. The test methodology is presented in 
Subsections 4.8.2 of Volume I of the Fort Devens POP (ABB-ES, 1995a). Field data from all 
tests were analyzed to estimate hydraulic conductivity using a derivation of the method of 
Hvorslev (1951)1 and the method ofBouwer and Rice (1976)2. 

The form of the Hvorslev equation that was used relates the hydraulic conductivity, K, of an 
unconfined aquifer to the well geometry and the rate of head recovery by: 

-K = [ Log(H1)-Log(H2) ] r
2 

Log(L I R) 
t1 - t2 2L 

Parameters in this equation included: r (radius of the well casing), R (radius of the borehole), L 
(length of the aquifer tested), as well as time (t) and water level (H) data expressed as 
drawdown. Log values are log base ten. Test data were also analyzed using AQTESOLV™3, 
an aquifer test analysis program by Geraghty Miller, Inc. AQTESOL v™ utilizes the Bouwer 
and Rice me!hod for estimating hydraulic conductivities in unconfined aquifers. 

1Hvorslev, M.J., 1951. "Time Lag and Soil Permeability in Groundwater Observations;" U.S. Army 
Corps of Engineers, Waterways Experiment Station, Bulletin 36; Vicksburg, Mississippi. 

2Bouwer, H. and RC. Rice, 1976. A Slug Test Method for Determining Hydraulic Conductivity of 
Unconfined Aquifers with Completely or Partially Penetrating Wells, Water Resources Research, 
Vol . 12, No. 3, pp 423-428. 

3 AQTESOLV, 1991 "AQTESOLV, Aquifer Test Solver Version 1.00;" Geraghty and Miller 
Modeling Group; Reston, VA. 
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APPENDJXE 

Estimates of hydraulic conductivity for the 15 wells/piezometers tested at AOC 69W range 
between 2.95x10·2 cm/sec and 1.32xlff3 cm/sec for the Bouwer and Rice method while the 
Hvorslev method yields values of3.76xl0·3 cm/sec to 9.02x10·5 cm/sec. Typically the Bouwer_ 
and Rice method provided hydraulic conductivity values which were greater than the values 
obtained with the Hvorslev equation. 

The results of hydraulic conductivity testing are summarized in Table E-1 . The data for each 
test are also provided. The information contained in this Appendix is organized as follows: 

1) Table E-1, Summary of In-Situ Hydraulic Conductivity Test Results; input 
parameters used for AQTESOL v™ analyses; 

2) AQTESOLV™ plots with computed hydraulic conductivity values; 

3) A table of calculation of hydraulic conductivities using the Hvorslev Equation; 
and 

4) Raw data and plots of data for Hvorslev analyses; 

Static water levels in each well were generally referenced to zero with head stress being 
expressed as a positive change. 
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2 4.5 to 14.5 
69W-94-11 4 4.5 to 14.5 
69W-94-12 2 3 to 13 
69W-94-13 4 3 to 13 
69W-94-14 2 3 to 13 
ZWM-95-ISX 4 3 to 13 
ZWM-95-16X 4 6.3 to 16.3 
ZWM-95-17X 4 12.2 to 22.2 
ZWM-95-18X 4 3 to 13 
ZW1'1-96-19X 2 5.8 to 15.8 
Z\VM-96-20X 2 2.8 to 12.8 
ZWM-96-21X 2 4.8 to 14.8 

Notes: 
Data analyzed using AQTESOLV (Bouwer & Rice Solution), 
All tests are rising head tests , 

3.5 to 15 
3.5 to 15 
2.5 to 15 
2.5 to 14 
2.5 to 13.S 

2 to 13.5 
4 to 17 
7 to 22.S 
2 to 14 

3.9 to 16 
2.5 to 13 
3.0 to 15.0 

TABLEE-1 
SUl\1MARY OF IN-SITU HYDRAULIC CONDUCTIVITY TESTING 

AOC69W 

REMEDIAL INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

it111il1ii i~rilifliffrj 
6.85 0.17 0.29 8.35 8.35 
8.08 0.17 0.29 8.58 8.58 2.60E-03 
7.41 0.29 0.46 7.91 7.91 4.l0E-02 
8.26 0.17 0.29 10.26 10.26 3.l0E-02 
9.27 0.29 0.46 10.27 10.27 1.l0E-02 
7.62 0.17 0.29 8.12 8.12 5.l0E-02 
9.14 0.29 0.46 9.64 9.64 S.80E-02 
9.06 0.29 0.46 9.76 9.76 S.80E-02 
8.75 0.29 0.46 9.05 9.05 l.90E-02 
11.65 0.17 0.46 12.65 12.65 3.80E-02 
8.6 0.11 0.17 8.8 8.8 5.40E-02 

11.21 0.11 0.17 11.41 11.41 8.44E-03 
8.04 0.11 0.17 8.24 8.24 8.67E-03 

8.84E-03 

Re= Well casing radius for fully saturated filterpacks and equivalent casing radius which accounts for filu,,pack resaturation at n=30¼ 
for partially saturated filte,packs 
Rw= Radius ofborehole. 
Le = Saturated length of filte,pack. 
Hw = Height of Water Column above filte,pack bottom , 
Saturated Height is height of water column measured in well. 
All measurements in feet unless otherwise noted. 

C:IFDRITABL\69SLUG XLS 

l.32E-03 l.78E-04 9.02E-05 SW 
2.08E-02 2.96E-03 l.S0E-03 SP-SM 
1.57E-02 3.50E-03 l.78E-03 SW 
5.59E-03 3.14E-03 l.59E-03 SW 
2.59E-02 7.40E-03 3.76E-03 SW 
2.95E-02 2.72E-03, l.38E-03 SW-GW 
2.9SE-02 6.07E-03 3.08E-03 SW-SP 
9.65E-03 l.95E-03 9.92E-04 SW-SP 
l.93E-02 4.08E-03 2.07E-03 SW-SM 
2.74E-02 4.78E-03 2.43E-03 SP-SW-SM 
2.74E-02 l.46E-03 7.39E-04 SP 
2.74E-02 1.44E-03 7.31E-04 SP-SW 
2.74E-02 l.42E-03 7.24E-04 

5123197 11 :30 AM 



,.-...._ 
+.;., 

~ 
~ 

+-' 
Q 
Q) 

8 
Q) 
c.) 

cd 
....-1 

~ 
00 ...... 
A 

69W-94-09 Rising Head 
1 o,o. CTI 11 111 11 11 I I I I I I I I I I I I I 111 11 I I I 11 I I I I I I I I 11 I 11 I I 

1. 

0.1 

0.01 

0.001 
0. 

X = 0.002563 Ft/Min 
y0 = 0.5642 Ft 

0-
-0.~e 

'°'G..o 
¾<t,._ 

v-0,... 
~!)o 

' ~o o 
00 

~, 00000 
.... ........___ OOS> -, _____ 

1.4 2.8 4.2 5.6 
Time (min) 

.......... _ -.... 

7. 

AQTESOLV 
1.r GERAGHTY 

JIT& MILLER,, INC. 

fflll Modeling Group 



69W-94-10 RISING HEAD 
10. LLI 11 111111111111111111 1111111111 Ii I I I I I I I I I I I I I IC 

~ 1. 
~ ...._,,, 
+-,) 

Q 
(l) 

S 0.1 
(l) 
C) 

~ ...... 
~ 
en ...... 
A 0.01 

X = 0.04072 ~t/Min 
y0 = 3.558 ~t 

~ 

00000000000000 

0 .001 11111IIkII11111 111 11 111 1111111 111 I I I 1111111 111 11 

0. 1. 2. 3. 4. 
Time (min) 

5. 

AQTESOLV 
~r GERAGHTY 

.& MILLER~ INC. 

1111 Modeling Group 



,,..--... 
~ 
~ ...._,,, 

-I-' 

C 
Q) 

s 
Q,) 
C) 

~ 

"""""' ~ 
ifJ ._. 
A 

6 9W-94-11 RISING HEAD 
10 ,o, LIi I I I I I I I I I I I I I Ii I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I Ll 

1. 

0.1 

0.01 

K : 0,03116 ~t/Min 
' y0 = 2,027 ~t 

\ 
\f? 

\ 0 
\ 0 

\ 0 0 0 

\ 00 

\ 
0 0 0 0 0 \ 

\ 

0 . Q Q 1 111 111 11 11 111 11 111 11 111 I I l~l. I I 111 111 11 I I 111 111 11 11 I 

0. 0.8 1.6 2.4 3.2 
Time (min) 

4. 

AQTESOLV 
~r GERAGHTY 

• & MILLER,. INC. 

ffflllll Modeling Group 



,,.........._ 

+"" 
~ 
~ 

+-' 
c 
Q) 

s 
Q,) 

C) 

~ 
....-1 

Pt 
r.n ...... 
0 

69W-94-12 RISING HEAD 
10. UI 1111111 111 11 I I Ii I I I I I I I 1111111111111111111 1 11 IA 

1. 

0.1 

0 ♦ 01 

K = 0.01146 ~t/Min 
y0 = 2.64 ~t 

\ 

\ 
~o 

\ 000000000 0 0 
\ 0 0 
\ 
\ 
\ 

\ 
~ 

0 ♦ 001111111111111111 Ill II IN 1111111111111111111111111111 
5 ♦ O ♦ 1. 2. 3. 4. 

Time (min) 

AQTESOLV 
Jt' GERAGHTY 

• & t1 ILLER~ INC . 

fflll Node l i ng Group 



69W~94-13 RISING HEAD 
10 ,o. LIi I I I I I I I 111 I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I ID 

-:;- 1 . 
f+-t ....._, 
+_-:i 

C: 
Q.) 

S 0.1 
Q) 
C) 

cd ...... 
04· 
00 

X : 0.0508 ~t/Min 
y0 = 2.271. ~t 

00 
...... 
A 

000000 00000001 

0000 0 .01 ~ \ 00 O 

0 

I \I I I ......... I ......... I t I If It I It I I I I I I I I I I I I It I I I I 

0.001 
0. 1.2 . 2.4 3.6 4.8 6. 

Time (min) 

AQTE-SOLV 

~

GERAGHTY 

MILLER~ INC. 

11111 Modeling Group 



69W-94-14 RISING HEAD 
10. CTI 111 I I I I I 11 11 11 I I I I I I 11 I I I I I I I I I I I I I I I I 1111 I 11 I.L.l 

~ 1. 
i:+-i ....._,, 

+-' 
Q 
Q,) 

S 0.1 
(1) 
C) 

cd 
....-1 

Pt 
00 ..... 
A 0.01 

K = 0.05811 ~t/Min 
y0 = 3.515 ~t 

0000000000000 

0 • 0 0 1 I I I I I I DI I I I I I I I I I I I I I I I I I I I I I 

0. 0.8 1.6 2.4 3.2 
Time (min) 

4. 

AQTESOLV 
~r GERAGHTY 

.& HILLER~ INC. 

lll1t1odeling Group 



ZWM-95-15X RISING HEAD 
10 ,o, LLI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I LJ 

X = 0.05812 Ft/Min 
y0 = 2.127 Ft 

,,..---,. 

t: 1. 
'-" 
.µ 

Q 
Q.) 

E 
Q.) 
C) 

~ ..... 
P-4 
lfJ ..... 
0 

0.1 

0.01 

0 
0 

• 0000000000000000 

0 ,o, 0 0 1 I I I I I I I I I I 1)1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

0. 1. 2. 3. 4. 5. 
Time (min) 

AQTESOLV 
Jt' GERAGHTV 

.& HILLER~ INC. 

MHodeling Group 



,.........,_ 
~ 
~ ...._,, 
+-' 
Q 
Q,) 

s 
d) 
C) 

~ ...... 
Pt 
en ...... 
0 

ZWM-95-16X RISING HEAD 
1 o,o, I I I I I 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I 111 11 1 1 I I I I I I 11 I LJ 

1. 

0.1 ~ 

0.01 

K = 0.0188 ~t/Min 
y '1, = 2 . 035 ~ t 

\ ooo 
0 00 00

0000000 

o.001 •1 11111 , 11111111111111111 

0. 1.. 2. 3. 4. 
Time (min) 

5. 

AQTESOLV 
~r GERAGHTY 

• & HILLER.. INC. 

IIIHodeling Group 



,.-... 
-+--' 
~ ...._,, 
+' 
C: 
Q,) 

s 
<1) 
C) 

~ ...... 
~ 
r.FJ 
-~ 
A 

ZWM-95-17X RISING HEAD 
10,o. Iii II ill ii Iii 11111 ii Iii iii ii Ii Iii Ill ii Iliff iii fl iii 

1 .~ 

0.1 

X = 0.0~846 ~t/Min 
y0 = 2.493 ~t 

·~ 

\, 0 

\ 0 0 
\ O O O 0 

\ 0 0 

0 .01 1111111111111111111N111111111111111111111111111111 

0. 0.6 1.2 1.8 2.4 3. 
Time (min) 

AQTESOLV 
~r GERAGHTY 

.& MILLER, INC. 

ml Modeling Group 



ZWM-95-18X RISING HEAD 
1 a+ LIi I I I ~ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I Ll 

~ 1. 
~ 
'-" 
..µ 

c 
(1,) 

S 0.1 
(1,) 
C) 

~ 
....-1 

0-4 
ifJ ...... 
A 0.01 

K = 0.05431 ~t/Min 
y0 = 1.767 ~t 

CD O O 0 
---000000 0 00 

0 

0 • a O 1 I I I I I I I I I I I I ll I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 

o. 0.8 1.6 2.4 3.2 
Time (min) 

4. 

AQTESOLV 
~!"GERAGHTY 

.& HILLER. INC. 

lfflll t1 ode l i ng Group 



,;--

=:::tt 

~ 
{ (', 
, .. i) 

w 
I-

0 
<~ 

w 
:r: 
( F") 
,_J 

--,,-
,.r' 

(() 

cc 
)< 
0) 
....---
·I 

(J.) 

(.'>) 

I 
2 
~ .-
~-~~I 

C1 
...-

r-

<1 

<1 

<1 

<I 

<I 

<1 

<I 

...-

......__, 

. 
0 

. 
C.> 



~ 

~ 
_:i-

> C• 
.. -~ ~ 

or- ..--

~--J 

or-

OCl ,~-. 
.., r . ..... 

r- C 
C 

r.l) 
("'"1 r - . t: 
r- •·-I-



-,--

w 
~ 

(" .... , 
<( 
w 
I 

(/) 

cc 

(J.."') 

0) 

I 
~ _-,,. 

~~ .-..... 
,~...J 

. 
c, ,;--. 
~ •C.> 

. 
(:.> 

,-- ,;--

C) 0 . 
c...~, C) ,, . 

(~ .... _, 



---~ ,_ ' 

=~ 

f----
(./~) 
w 
f----
l-... ,, 
~~ 
w 
:r 
( r-;;• --
--;," 
L-

(/) 

cc: 
~►( 

•C} 
/~•-J ,_ 

(J."') 

0) 

I 
-.:::;:--~ 
< c·, 
-- ~ 

........ ....--

r--,.J 



,;--

~ 

I-t ,-., 
'-'~~ .,1 

w 
I-
(-~,, 

~~ 
w 
:r 
( r-j ---
-;:>" 
L_ 

_- E 

(/) 

cc 
:x. 
..,...--

,,:''~J 

(j_) 

0) 

I 
-..::;:-

_:. 

-~ c·, 
~"=r -r-

,--

r--~.J 



(·-. .... J ·-
~ 

~ 
(/) 
w 
~ 

,•"-) 
-~ 
w 
I 
,, r) 
{..._., 

z ~ ... 
{ ,~. E 
, .. l ,J ' +-' 
0:: c.. 

O'I +-' 
., J O'I c.. ><J 

·"" -.., ,.._ 
..- C0 C0 

(',.,J 
SI ID 
SI M . . 
SI "" 

( ('\ 
~~· 

II !I 

0) SI 

I 
;::w: :n 

---2 --~ c·, -== ~JI" -i--

r-...__J 

/ 
., 

,/ 
/ 

I ., ,, 

/ 
' / 

/ 

/ 
/ 

I 
/ 

/ 

./' 
/ , 

/ 
/ ,, 

LD . 
C.> 

-cd-. 
0 

-.--

-.--



CALCULATION OF HYDRAULIC CONDUCTIVITIES USING THE HVORSLEV EQUATION 
AOC69W 

K = ·IILOG Ht1 • LOG Ht2)1(t1 • t2)){1Cr)" 2 LOG (L/R)l/2L} 

WHERE: 
t1 • TIME 1 (MINUTES) 
t2 = TIME 2 (MINUTES) 

Ht1 ~ HEAD STRESS AT TIME 1 (FEET) 
Ht2 - HEAD STRESS AT TIME 2 (FEET) 

r ~ RADIUS OF WELL CASING (FEET) 
R ~ RADUS OF BOREHOLE (FEET) 
L = EFFECTIVE SATURATED LENGTH OF SCREEN (FEET) 

WELL 
69W-94-09 
69W-94-10 
69W-94-11 
69W-94-12 
69W-94-13 
69W-94-14 
ZWM-95-15X 
ZWM-95-16X 
ZWM-95-17X 
ZWM-95-18X 

ZWM-96-19X1 

ZWM-96-19X2 

ZWM-96-20X1 

ZWM-96-20X2 

ZWM-96-21X1 

ZWM-96-21 X2 

NOTES: 

t1 t2 

1 2 
0.1 0 .15 
0.1 0.5 
0.1 0 .6 
0.1 0.4 
0.1 0 .4 
0.1 0 .4 
0 .1 0 .4 
0.4 0 .6 
0.3 0 .5 

0.2 0 .5 

0.2 ·o.4 

0.2 0 .4 

0.2 0 .4 

0.16 0.2 

0.16 0 .2 

1 I Rising Head Test # 1 
2) Rising Head Test #2 

Ht1 Ht2 r 
0.275 0.139 0.08 
1.251 0.701 0.08 
1.429 0.36 0.17 
1.994 0.316 0.17 
1.317 0.173 0.17 
0 .796 0.037 0 .08 
1.172 0.139 0 .17 
1.564 0.783 0 .17 
0 .417 0 .167 0 .17 
0 .195 0.053 0 .17 

0 .169 0.046 0 .08 

0 .169 0.056 0 .08 

0.319 0.103 0.08 

0 .291 0.084 0 .08 

0.225 0.168 0.08 

0 .647 0.6 0.08 

R L TYPE K (FT/MIN) 

0 .30 8.35 RISING 1.8E-04 
0 .30 8.58 RISING 3.0E-03 
0.42 7.91 RISING 3.5E-03 
0 .42 10.26 RISING 3 .1E-03 
0 .17 10.27 RISING 7 .4E-03 
0 .30 8.12 RISING 2 .7E-03 
0.42 9.64 RISING 6 .1 E-03 
0 .42 9.76 RISING 2 .0E-03 
0.42 9.05 RISING 4.1E-03 
0 .42 12 RISING 4.8E-03 

0.17 8.8 RISING 1.3E-03 

0 .17 8.8 RISING 1.6E-03 

0.17 11 .41 RISING 1.4E-03 

0.17 11 .41 RISING 1.5E-03 

0.17 8.24 RISING 2 .3E-03 

0.17 8.24 RISING 5.8E-04 

AVERAGE OF MULTIPLE TESTS 

K (CM/SEC) K (FT/MIN) K (CM/SEC) 

9.0E-05 
1.5E-03 
1.BE-03 
1.6E-03 
3.8E-03 
1 .4E-03 
3.1E-03 
9 .9E-04 
2 .lE-03 
2.4E-03 

6.5E-04 

8.3E-04 1.5E-03 7.4E-04 

7.0E-04 

7.7E-04 1 .4E-03 7.3E-04 

1.2E-03 

3.0E-04 1.4E-03 7.2E-04 
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69W-94-09 RH 

Time (mi n) delta H (ft.) I l I I 
0.0066 0.117 

I I I 

0.01 0.493 
Well ID: 69W-94-09 

0.0133 0.29 
Test Date: 11/20/95 
Test Type: Rising Head 

0.0166 0.063 
0.02 0.224 

Well Diameter: 0.167 ft. 

0.0233 0.411 
Boring Diameter: 0.667 ft. 

0.0266 0.692 
Screened Interval (bgs): 3.5-13.5 ft. 

0.03 0.986 
Water Column Height: 6.85 ft. 

0.0333 0.585 
0.0366 1.122 

0.04 1.125 
0.0433 1.562 
0.0466 1.467 

0.05 1.442 
0.0533 1.429 
0.0566 1.413 

0.06 1.397 
0.0633 1.382 
0.0666 1.372 

0.07 1.353 
0.0733 1.341 
0.0766 1.328 

0.08 1.315 
0.0833 1.303 
0.0866 1.29 

0.09 1.28 
0.0933 1.265 
0.0966 1.255 

0.1 1.246 
0.1033 1.233 
0.1066 1.22 

0.11 1.224 -
0.1133 1.198 
0.1166 1.189 

n ~,., ..... ..,~ 
U. IL I. 1/0 

0.1233 1.167 
0.1266 1.154 

0.13 1.144 
0.1333 1.135 
0.1366 1.122 

0.14 1.113 
0.1433 1.103 
0.1466 1.091 

0.15 1.081 
0.1533 1.072 
0.1566 1.062 

0.16 1.053 
0.1633 1.043 
0.1666 1.034 

0.17 1.024 

Page 1 



69W-94-09 RH 

Time (min) delta H (ft.) 
0.1733 1.015 
0.1766 1.005 

0.18 0.996 
0.1833 0.986 
0.1866 0.977 

0.19 0.967 
0.1933 0.958 
0.1966 0.948 

0.2 0.939 
0.2033 0.933 
0.2066 0.923 

0.21 0.914 
0.2133 0.907 
0.2166 0.898 

0.22 0.888 
0.2233 0.882 
0.2266 0.872 

0.23 0.866 
0.2333 0.857 
0.2366 0.85 

0.24 0.841 
0.2433 0.834 
0.2466 0.825 

0.25 0.819 
0.2533 0.812 
0.2566 0.803 

0.26 0.797 
0.2633 0.79 
0.2666 0.784 

0.27 0.774 
0,2733 0.768 
0.2766 0.762 

0.28 0.755 
0.2833 0.749 
0.2866 0.743 

0.29 0.736 
0.2933 0.73 
0.2966 0.724 

0.3 0.717 
0.3033 0.711 
0.3066 0.705 

0.31 0.698 
0.3133 0.692 
0.3166 0.689 

0.32 0.683 
0.3233 0.676 
0.3266 0.67 

0.33 0.667 
0.3333 0.661 

0.35 0.632 

Page 2 



69W-94-09 RH 

Time (min) delta H (ft.) 
0.3666 0.607 
0.3833 0.585 

0.4 0.562 
0.4166 0.544 
0.4333 0.525 

0.45 0.509 
0.4666 0.493 
0.4833 0.48 

!, • 
0.5 0.468 

0.5166 0.455 
0:5333 0.442 

0.55 0.43 
0.5666 0.42 
0.5833 0.411 

0.6 0.401 
0.6166 0.392 
0.6333 0.385 

0.65 0.376 
0.6666 0.37 
0.6833 0.363 

0.7 0.357 
0.7166 0.351 
0.7333 0.344 

0.75 0.338 
0.7666 0.332 
0.7833 0.328 

0.8 0.322 
0.8166 0.319 
0.8333 0.313 

0.85 0.309 
0.8666 0.303 
0.8833 0.3 

0.9 0.297 
0.9166 0.294 
0.9333 0.29 

0.95 0.284 
0.9666 0.281 
0.9833 0.278 

1 0.275 
1.2 0.23 
1.4 0.202 
1.6 0.177 
1.8 0.158 

2 0.139 
2.2 0.12 
2.4 0.104 
2.6 0.094 
2.8 0.082 

3 0.072 
3.2 0.063 
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69W-94-09 RH 

Time (min) delta H (ft.) 
3.4 0.056 
3.6 0.05 
3.8 0.044 

4 0.041 
4.2 0.034 
4.4 0.031 
4.6 0.025 
4.8 0.028 

5 0.022 
5.2 0.022 
5.4 0.018 
5.6 0.018 
5.8 0.015 

6 0.015 
6.2 0.015 
6.4 0.012 
6.6 0.012 
6.8 0.012 

7 0.009 
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69W-94-10 RH 

Time (min ) delta H (ft.) I I I I 
0 0.003 I I I I 

0.0033 0.009 Well ID: 69W-94-10 

0.0066 0.009 Test Date: 11/20/95 

0.0133 0.505 Test Type: Rising Head 

0.0166 0.625 Well Diameter: 0.167 ft. 

0.02 1.112 Boring Diameter: 0.667 ft. 

0.0233 1.371 Screened Interval (bgs): 4.5-14.5 ft. 

0.0266 0.48 Water Column Height: 8.08 ft. 

0.03 0.575 
0.0333 1.106 
0.0366 1.333 

0.04 1.39 
0.0433 1.899 
0.0466 2.111 

0.05 2.313 
0.0533 2.218 
0.0566 2.139 

0.06 2.035 
0.0633 1.949 
0.0666 1.867 

0.07 1.795 
0.0733 1.719 
0.0766 1.649 

0.08 1.592 
0.0833 1.51 
0.0866 1.463 

0.09 1.399 
0.0933 1.355 
0.0966 1.295 

0.1 1.251 
0.1033 1.2 
0.1066 1.156 

0.11 1.112 
0.1133 1.068 
0.1166 1.02 

0.12 0.989 
0.1233 0.954 
0.1266 0.916 

0.13 0.881 
0.1333 0.846 
0.1366 0.818 

0.14 0.783 
0.1433 0.758 
0.1466 0.726 

0.15 0.701 
0.1533 0.676 
0.1566 0.651 

0.16 0.625 
0.1633 0.6 
0.1666 0.578 
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69W-94-10 RH 

Time (min) delta H (ft.) 
0.17 0.559 

0.1733 0.54 
0.1766 0.518 

0.18 0.499 
0.1833 0.483 
0.1866 0.464 

0.19 0.448 
0.1933 0.432 
0.1966 0.413 

0.2 0.401 
0.2033 0.388 
0.2066 0.372 

0.21 0.36 
0.2133 0.347 
0.2166 0.334 

0.22 0.325 
0.2233 0.312 
0.2266 0.3 

0.23 0.284 
0.2333 0.281 
0.2366 0.271 

0.24 0.262 
0.2433 0.252 
0.2466 0.243 

0.25 0.233 
0.2533 0.227 
0.2566 0.218 

0.26 0.211 
0.2633 0.202 
0.2666 0.195 
- 0.27 0.189 
0.2733 0.183 
0.2766 0.176 

0.28 0.17 
0.2833 0.164 
0.2866 0.158 

0.29 0.151 
0.2933 0.148 
0.2966 0.142 

0.3 0.139 
0.3033 0.132 
0.3066 0.129 

0.31 0.123 
0.3133 0.12 
0.3166 0.116 

0.32 0.113 
0.3233 0.107 
0.3266 0.104 

0.33 0.101 
0.3333 0.097 
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69W-94-10 RH 

Time (min) delta H (ft.) 
0.35 0.085 . 

0.3666 0.072 
0.3833 0.063 

0.4 0.053 
0.4166 0.047 
0.4333 0.044 

0.45 0.037 
0.4666 0.034 

. 
0.4833 0.031 

0.5 0.028 
o:5166 0.025 
0.5333 0.022 

0.55 0.018 . 
0.5666 0.018 
0.5833 0.018 

0.6 0.015 
0.6166 0.015 
0.6333 0.012 

0.65 0.012 
0.6666 0.012 
0.6833 0.009 

0.7 0.009 
0.7166 0.009 
0.7333 0.009 

0.75 0.009 
0.7666 0.009 
0.7833 0.009 

0.8 0.009 
0.8166 0.006 
0.8333 0.006 

0.85 0.006 
0.8666 0.006 
0.8833 0.006 

0.9 0.006 
0.9166 0.006 
0.9333 0.006 

0.95 0.006 
0.9666 0.006 
0.9833 0.006 

1 0.006 
1.2 0.003 
1.4 0.003 
1.6 0.003 
1.8 0.003 

2 0.003 
2.2 0.003 
2.4 0.003 
2.6 0.003 
2.8 0.003 

3 0.003 
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69W-94-10 RH 

Time (min) delta H (ft.) 
3.2 0.003 
3.4 0.003 
3.6 0.003 
3.8 0.003 
4.2 0.003 
4.4 0.003 
4.6 0.003 
4.8 0.003 

5 0.003 
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69W-94-11 RH 

Time (mi n) delta H (ft.) I I I I 
0 0.003 I I I 

Well ID: 69W-94-11 
I 

0.0033 0.006 
0.0066 0.107 

Test Date: 11/20/95 
Test Type: Rising Head 

0.01 0.287 
0.0133 0.464 

Well Diameter: 0.333 ft. 
Boring Diameter: 0.833 ft. 

0.0166 0.86 
0.02 0.499 

Screened Interval (bgs): 4.5-14.5 ft. 

0.0233 0.819 
Water Column Height: 7 .41 ft. 

0.0266 0.869 
0.03 1.268 

' 
0.0333 1.682 
0.0366 1.799 

0.04 1.761 
0.0433 1.745 
0.0466 1.723 

0.05 1.698 
0.0533 1.682 
0.0566 1.663 

0.06 1.644 
0.0633 1.622 
0.0666 1.606 

0.07 1.594 
0.0733 1.571 
0.0766 1.556 

0.08 1.53 
0.0833 1.515 
0.0866 1.496 

0.09 1.489 
0.0933 1.458 
0.0966 1.445 

0.1 1.429 
0.1033 1.413 
0.1066 1.397 

0.11 1.388 
0.1133 1.375 
0.1166 1.366 

0.12 1.341 
0.1233 1.334 
0.1266 1.315 

0.13 1.306 
0.1333 1.29 
0.1366 1.274 

0.14 1.261 
0.1433 1.246 
0.1466 1.233 

0.15 1.22 
0.1533 1.208 
0.1566 1.195 

0.16 1.179 
0.1633 1.17 
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69W-94-11 RH 

Time (min) delta H (ft.) 
0.1666 1.157 

0.17 1.144 
0.1733 1.132 
0.1766 1.119 

0.18 1.097 
0.1833 1.097 
0.1866 1.084 

0.19 1.043 
0.1933 1.062 
0.1966 1.046 

0.2 1.04 
0.2033 1.024 
0.2066 1.015 

0.21 0.993 
0.2133 0.996 
0.2166 0.977 

0.22 0.974 
0.2233 0.961 
0.2266 0.948 

0.23 0.939 
0.2333 0.929 
0.2366 0.92 

0.24 0.91 
0.2433 0.901 
0.2466 0.891 

0.25 0.879 
0.2533 0.869 
0.2566 0.86 

0.26 0.85 
0.2633 0.841 
0.2666 0.831 

0.27 0.819 
0.2733 0.816 
0.2766 0.806 

0.28 0.793 
0.2833 0.787 
0.2866 0.778 

0.29 0.771 
0.2933 0.762 
0.2966 0.752 

0.3 0.746 
0.3033 0.736 
0.3066 0.727 

0.31 0.721 
0.3133 0.714 
0.3166 0.705 

0.32 0.686 
0.3233 0.689 
0.3266 0.683 

0.33 0.676 

Page 2 



69W-94-11 RH 

Time (min) delta H (ft.) 
0.3333 0.667 

0.35 0.629 
0.3666 0.591 
0.3833 0.556 

0.4 0.521 
0.4166 0.493 
0.4333 0.461 

0.45 0.433 . 
0.4666 0.40ij 
0.4833 0.389 

0.5 0.36 
0.5166 0.338 
0.5333 0.316 

0.55 0.297 
0.5666 0.278 
0.5833 0.262 

0.6 0.246 
0.6166 0.23 
0.6333 0.218 

0.65 0.205 
0.6666 0.192 
0.6833 0.183 

0.7 0.17 
0.7166 0.161 
0.7333 0.154 -

0.75 0.145 
0.7666 0.139 
0.7833 0.129 

0.8 0.126 
0.8166 0.12 
0.8333 0.113 

0.85 0.107 
0.8666 0.104 
0.8833 0.098 

0.9 0.094 
0.9166 0.091 
0.9333 0.085 

0.95 0.082 
0.9666 0.079 
0.9833 0.075 

1 0.072 
1.2 0.041 
1.4 0.028 
1.6 0.022 
1.8 0.015 

2 0.012 
2.2 0.009 
2.4 0.006 
2.6 0.006 
2.8 0.003 
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69W-94-11 RH 

Time (min) delta H (ft.) 
3 0.003 

3.2 0.003 
3.4 0.003 
3.6 0.003 
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69W-94-12 RH 

Time (min) d elta H (ft.) I l I I 
0.0033 0.293 Well ID: 69W-94-12 
0.0066 0.534 Test Date: 11/20/95 

0.01 0.663 Test Type: Rising Head 
0.0133 0.752 Well Diameter: 0.167 ft. 
0.0166 1.488 B<;>ring Diameter: 0.667 ft. 

0.02 0.951 Screened Interval (bgs): 3-13 ft. 
0.0233 2.06 Water Column Height: 8.26 ft. 
0.0266 2.041 

0.03 2.306 
0.0333 2.689 
0.0366 2.521 

0.04 2.512 
0.0433 2.477 
0.0466 2.446 

0.05 2.411 
0.0533 2.386 
0.0566 2.354 

0.06 2.322 
0.0633 2.291 
0.0666 2.262 

0.07 2.237 
0.0733 2.212 
0.0766 2.177 

0.08 2.148 
0.0833 2.142 
0.0866 2.098 

0.09 2.069 
0.0933 2.047 
0.0966 2.019 

0.1 1.994 
0.1033 1.971 
0.1066 1.946 

0.11 1.921 
0.1133 1.896 
0.1165 1.874 

0.12 1.848 
0.1233 1.823 
0.1266 1.801 

0.13 1.779 
0.1333 1.757 
0.1366 1.719 

0.14 1.728 
0.1433 1.681 
0.1466 1.674 

0.15 1.643 
0.1533 1.627 
0.1566 1.602 

0.16 1.586 
0.1633 1.564 
0.1666 1.542 
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69W-94-12 RH 

Time (min) delta H (ft.) 
0.17 1.523 

0.1733 1.504 
0.1766 1.475 

0.18 1.478 
0.1833 1.431 
0.1866 1.434 

0.19 1.45 . 

0.1933 1.377 
0.1966 1.365 

0.2 1.336 
0.2033 1.343 
0.2066 1.317 

0.21 1.311 
0.2133 1.283 
0.2166 1.264 

0.22 1.248 
0.2233 1.235 
0.2266 1.216 

0.23 1.204 
0.2333 1.185 
0.2366 1.166 

0.24 1.159 
0.2433 1.143 
0.2466 1.159 

0.25 1.106 
0.2533 1.109 
0.2566 1.083 

0.26 1.074 
0.2633 1.058 
0.2666 1.052 
- 0.27 1.036 

0.2733 1.02 
0.2766 1.011 

0.28 0.998 
0.2833 0.985 
0.2866 0.976 

0.29 0.96 . 
0.2933 0.948 
0.2966 0.938 

0.3 0.929 
0.3033 0.919 
0.3066 0.894 

0.31 0.856 
0.3133 0.875 
0.3166 0.869 

0.32 0.856 
0.3233 0.846 
0.3266 0.837 

0.33 0.824 
0.3333 0.815 
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69W-94-12 RH 

Time (min) delta H (ft.) 
0.35 0.758 

0.3666 0.711 
0.3833 0.663 

0.4 0.632 
0.4166 0.6 
0.4333 0.562 

0.45 0.527 
0.4666 0.511 
0.4833 0.48 

0.5 0.448 
0.5166 0.423 
0.5333 0.398 

0.55 0.376 
0.5666 0.353 
0.5833 0.331 

0.6 0.316 
0.6166 0.297 
0.6333 0.278 

0.65 0.262 
0.6666 0.249 
0.6833 0.233 

0.7 0.221 
0.7166 0.205 
0.7333 0.192 

0.75 0.18 
0.7666 0.17 
0.7833 0.161 

0.8 0.151 
0.8166 0.142 
0.8333 0.132 

0.85 0.126 
0.8666 0.116 
0.8833 0.11 

0.9 0.104 
0.9166 0.097 
0.9333 0.091 

0.95 0.088 
0.9666 0.082 
0.9833 0.079 

1 0.072 
1.2 0.034 
1.4 0.022 
1.6 0.015 
1.8 0.012 

2 0.012 
2.2 0.012 
2.4 0.012 
2.6 0.012 
2.8 0.012 

3 0.012 
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69W-94-12 RH 

Time (min) delta H (ft.) 
3.2 0.012 
3.4 0.012 
3.6 0.009 
3.8 0.012 

4 0.009 
4.2 0.012 . 
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69W-94-13 RH 

Time (mi n) delta H (ft.) I I I I 
0.01 33 0.0 03 

-1 

0.01 66 0.0 94 
Well ID: 69W-94-13 

0.03 0.262 
Test Date: 11/20/95 

0.0333 0.104 
Test Type: Rising Head 

0.0366 0.227 
Well Diameter: 0.333 ft. 
Boring Diameter: 0.833 ft. 

0.04 1.004 
Screened Interval (bgs): 3-13 ft. 

0.0433 0.6 
0.0466 1.128 

Water Column Height: 9.27 ft. 

0.05 0.673 
0.0533 0.493 
0.0566 1.14 

0.06 1.516 
0.0633 1.779 
0.0666 1.671 

0.07 1.633 . 
0.0733 1.595 
0.0766 1.551 

0.08 1.51 
0.0833 1.478 
0.0866 1.447 

0.09 1.409 
0.0933 1.374 
0.0966 1.343 

0.1 1.317 
0.1033 1.283 
0.1066 1.251 

0.11 1.223 
0.1133 1.197 
0.1166 1.169 

0.12 1.147 
0.1233 1.118 
0.1266 1.093 

0.13 1.071 
0.1333 1.049 
0.1 366 1.027 

0.14 1.001 
0.1433 0.979 
0.1466 0.957 

0.15 0.938 
0.1533 0.916 
0.1566 0.897 

0.16 0.878 
0.1633 0.862 
0.1666 0.843 

0.17 0.824 
0.1733 0.805 
0.1766 0.79 

0.18 0.771 
0.1833 0.755 
0.1866 0.736 
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69W-94-13 RH 

Time (min) delta H (ft.) 
0.19 0.72 

0.1933 0.704 
0.1966 0.688 

0.2 0.673 
0.2033 0.657 
0.2066 0.644 

0.21 0.628 
0.2133 0.616 
0.2166 0.6 

0.22 0.587 
0.2233 0.575 
0.2266 0.562 

0.23 0.549 
0.2333 0.537 
0.2366 0.527 

0.24 0.515 
0.2433 0.502 
0.2466 0.493 

0.25 0.48 
0.2533 0.47 
0.2566 0.461 

0.26 0.448 
0.2633 0.439 
0.2666 0.429 

0.27 0.42 
0.2733 0.414 
0.2766 0.404 

0.28 0.395 
0.2833 0.385 
0.2866 0.376 
. 0.29 0.369 

0.2933 0.36 
0.2966 0.353 

0.3 0.344 
0.3033 0.338 
0.3066 0.331 

0.31 0.322 
0.3133 0.316 
0.3166 0.309 

0.32 0.303 
0.3233 0.293 
0.3266 0.29 

0.33 0.281 
0.3333 0.278 

0.35 0.243 
0.3666 0.218 
0.3833 0.192 

0.4 0.173 
0.4166 0.154 
0.4333 0.139 
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69W-94-13 RH 

Time (min) delta H (ft.) 
0.45 0.126 

0.4666 0.113 
0.4833 0.104 

0.5 0.094 
0.5166 0.085 
0.5333 0.079 

0.55 0.072 
0.5666 0.066 
0.5833 0.063 . 

0.6 0.056 
0.6166 0.053 
0.6333 0.05 

0.65 0.047 
0.6666 0.044 
0.6833 0.044 

0.7 0.041 
0.7166 0.037 
0.7333 0.034 

0.75 0.034 
0.7666 0.031 
0.7833 0.031 

0.8 0.031 
0.8166 0.028 
0.8333 0.028 

0.85 0.028 
0.8666 0.025 
0.8833 0.025 

0.9 0.025 
0.9166 0.022 
0.9333 0.025 

0.95 0.022 
0.9666 0.022 
0.9833 0.022 

1 0.022 
1.2 0.018 
1.4 0.018 
1.6 0.009 
1.8 0.009 

2 0.006 
2.2 0.012 
2.4 0.012 
2.6 0.012 
2.8 0.012 

3 0.009 
3.2 0.022 
3.4 0.022 
3.6 0.018 
3.8 0.018 

4 0.018 
4.2 0.022 
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69W-94-13 RH 

Time (min) delta H (ft.) 
4.4 0.018 
4.6 0.018 
4.8 0.018 

5 0.018 
5.2 0.018 
5.4 0.018 
5.6 0.018 
5.8 0.018 
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69W-94-14 RH 

Time (mi n) delta H (ft.) l I I l 
0.01 66 0.0 03 I I 

Well ID: 69W-94-14 
I I 

0.02 0.587 
0.0233 1.289 

Test Date: 11/20/95 

0.0266 0.812 
Test Type: Rising Head 

0.03 1.055 
Well Diameter: 0.167 ft. 
Boring Diameter: 0.667 ft. 

0.0333 1.159 
0.0366 1.491 

Screened Interval (bgs): 3-13 ft. 

0.04 1.665 
Water Column Height: 7.62 ft. 

0.0433 1.832 
0.0466 2.054 

0.05 2.006 
0.0533 1.899 
0.0566 1.782 

0.06 1.668 
0.0633 1.57 
0.0666 1.472 

0.07 1.39 
0.0733 1.298 
0.0766 1.223 

0.08 1.147 
0.0833 1.074 
0.0866 1.02 

0.09 0.957 
0.0933 0.897 
0.0966 0.843 

0.1 0.796 
0.1033 0.752 
0.1066 0.711 

0.11 0.669 
0.1133 0.635 
0.1166 0.6 

0.12 0.565 
0.1233 0.537 
0.1266 0.505 

n 1 '2 ..... ·- 0.48 
0.1333 0.451 
0.1366 0.429 

0.14 0.404 
0.1433 0.382 
0.1466 0.363 

0.15 0.344 
0.1533 0.325 
0.1566 0.309 

0.16 0.293 
0.1633 0.278 
0.1666 0.265 

0.17 0.252 
0.1733 0.24 
0.1766 0.227 

0.18 0.218 
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69W-94-14 RH 

Time (min) delta H (ft.) 
0.1833 0.208 
0.1866 0.195 

0.19 0.189 
0.1933 0.18 
0.1966 0.173 

0.2 0.164 
0.2033 0.154 
0.2066 0.148 

0.21 0.142 
0.2133 0.135 
0.2166 0.132 

0.22 0.126 
0.2233 0.12 
0.2266 0.116 

0.23 0.11 
0.2333 0.107 
0.2366 0.104 

0.24 0.101 
0.2433 0.094 
0.2466 0.091 

0.25 0.088 
0.2533 0.085 
0.2566 0.085 

0.26 0.082 
0.2633 0.075 
0.2666 0.075 

0.27 0.072 
0.2733 0.069 
0.2766 0.066 

0.28 0.066 
0.2833 0.063 
0.2866 0.063 

0.29 0.06 
0.2933 0.06 
0.2966 0.056 

0.3 0.056 
0.3033 0.056 
0.3066 0.053 

0.31 0.053 
0.3133 0.05 
0.3166 0.05 

0.32 0.047 
0.3233 0.047 
0.3266 0.044 

0.33 0.044 
0.3333 0.044 

0.35 0.037 
0.3666 0.044 
0.3833 0.041 

0.4 0.037 
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69W-94-14 RH 

Time (min) delta H (ft.) 
0.4166 0.037 
0.4333 0.034 

0.45 0.034 
0.4666 0.031 
0.4833 0.031 

0.5 0.031 
0.5166 0.031 
0.5333 0.031 

. 

0.55 0.026 
0.5666 0.028 
0.5833 0.028 

0.6 0.028 
0.6166 0.028 
0.6333 0.028 

0.65 0.028 
0.6666 0.028 
0.6833 0.028 

0.7 0.028 
0.7166 0.028 
0.7333 0.028 

0.75 0.028 
0.7666 0.025 
0.7833 0.028 

0.8 0.028 
0.8166 0.031 
0.8333 0.028 

0.85 0.031 
0.8666 0.031 
0.8833 0.031 

0.9 0.031 
0.9166 0.031 
0.9333 0.031 

0.95 0.031 
0.9666 0.031 
0 .9833 0.031 

1 0.031 
1.2 0.031 
1.4 0.037 
1.6 0.041 
1.8 0.041 

2 0.041 
2.2 0.041 
2.4 0.041 
2.6 0.041 
2.8 0.041 

3 0.041 
3.2 0.041 
3.4 0.041 
3.6 0.041 
3.8 0.041 
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ZWM-95-15X RH 

Time (mi n) delta H (ft.) l I I l 
0.0033 0.006 

Well ID: ZWM-95-15X 
7 

0.0066 0.022 
0.0133 0.018 

Test Date: 11/20/95 

0.0166 0.066 
Test Type: Rising Head 

0.02 0.859 
Well Diameter: 0.333 ft. 

0.0233 1.027 
Boring Diameter: 0.833 ft. 

0.0266 0.319 
Screened Interval (bgs): 3-13 ft. 

0.03 0.079 
Water Column Height: 9.14 ft. 

0.0333 0.094 
0.0366 0.553 

0.04 0.982 
0.0433 0.679 
0.0466 0.799 

0.05 1.52 
0.0533 1.734 
0.0566 1.63 

0.06 1.592 
0.0633 1.551 
0.0666 1.523 

0.07 1.475 
0.0733 1.444 
0.0766 1.406 

0.08 1.368 
0.0833 1.324 
0.0866 1.292 

0.09 1.264 
0.0933 1.229 
0.0966 1.204 

0.1 1.172 
0.1033 1.137 
0.1066 1.115 

0.11 . 1.087 
0.1133 1.049 
0.1166 1.02 

0.12 0.998 
0.1233 0.973 

' 
0.1266 0.941 

0.13 0.925 
0.1333 0.903 
0.1366 0.881 

0.14 0.856 
0.1433 0.84 
0.1466 0.824 

0.15 0.799 
0.1533 0.78 
0.1566 0.764 

0.16 0.761 
0.1633 0.736 
0.1666 0.707 

0.17 0.692 
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ZWM-95-15X RH 

Time (min) delta H (ft.) 
0.1733 0.676 
0.1766 0.657 

0.18 0.644 
0.1833 0.632 
0.1866 0.613 

0.19 0.6 
0.1933 0.584 
0.1966 0.571" 

0.2 0.559 
0.2033 0.543 
0.2066 0.527 

0.21 0.518 
0.2133 0.505 
0.2166 0.492 

0.22 0.483 
0.2233 0.47 
0.2266 0.458 

0.23 0.448 
0.2333 0.436 
0.2366 0.423 

0.24 0.413 
0.2433 0.407 
0.2466 0.398 

0.25 0.385 
0.2533 0.379 
0.2566 0.369 

0.26 0.36 , 
0.2633 0.353 
0.2666 0.347 

0.27 0.338 
0.2733 0.328 
0.2766 0.325 

0.28 0.316 
0.2833 0.306 
0.2866 0.3 

0.29 0.29 
0.2933 0.287 
0.2966 0.281 

0.3 0.274 
0.3033 0.274 
0.3066 0.262 

0.31 0.255 
0.3133 0.252 
0.3166 0.246 

0.32 0.24 
0.3233 0.233 
0.3266 0.23 

0.33 0.221 
0.3333 0.221 

0.35 0.195 
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ZWM-95-15X RH 

Time (min) delta H (ft.) 
0.3666 0.173 
0.3833 0.154 

0.4 0.139 
0.4166 0.126 
0.4333 0.113 

0.45 0.101 
0.4666 0.094 
0.4833 0.082 

0.5 0.075 
0.5166 0.069 
0.5333 0.063 

0.55 0.06 
0.5666 0.053 
0.5833 0.05 

0.6 0.047 
0.6166 0.044 
0.6333 0.041 

0.65 0.037 
0.6666 0.034 
0.6833 0.034 

0.7 0.031 
0.7166 0.028 
0.7333 0.028 

0.75 0.028 
0.7666 0.028 
0.7833 0.028 

0.8 0.028 
0.8166 0.025 
0.8333 0.025 

0.85 0.028 
0.8666 0.123 
0.8833 0.088 

0.9 0.044 
0.9166 0.047 
0.9333 0,044 

0.95 0.044 
0.9666 0.044 
0.9833 0.044 

1 0.044 
1.2 0.037 
1.4 0.034 
1.6 0.034 
1.8 0.034 

2 0.034 
2.2 0.034 
2.4 0.034 
2.6 0.034 
2.8 0.034 

3 0.034 
3.2 0.034 
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ZWM-95-15X RH 

Time (min) delta H (ft.) 
3.4 0.034 
3.6 0.034 
3.8 0.034 

4 0.034 
4.2 0.034 
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ZWM-95-16X RH 

Time (mi n) delta H (ft.) I I I I 
0 0.003 I I 

0.0033 0.003 
Well ID: ZWM-95-16X 

0.0066 0.553 
Test Date: 11/20/95 

0.01 1.125 
Test Type: Rising Head 

0.0133 0.853 
Well Diameter: 0.333 ft. 

0.0166 0.549 
Boring Diameter: 0.833 ft. 

0.02 0.328 
Screened Interval (bgs): e:3-16.3 ft. 

0.0233 1.09 
Water Column Height: 9.06 ft. 

0.0266 1.071 
0.03 0.511 

0.0333 0.944 
0.0366 1.586 

0.04 1.918 
0.0433 1.826 
0.0466 1.788 

0.05 1.772 
0.0533 1.76 
0.0566 1.725 

0.06 1.725 
0.0633 1.703 
0.0666 1.681 

0.07 1.681 
0.0733 1.671 
0.0766 1.662 

0.08 1.643 
0.0833 1.646 
0.0866 1.646 

0.09 1.592 
0.0933 1.583 
0.0966 1.576 

0.1 1.564 
0.1033 1.554 
0.1066 1.545 

0.11 1.51 
0.1133 1.532 
0.1166 1.507 

0.12 1.504 
0.1233 1.501 -
0.1266 1.469 -

0.13 1.456 
0.1333 1.453 
0.1366 1.444 

0.14 1.441 
0.1433 1.415 
0.1466 1.422 

0.15 1.406 
0.1533 1.422 
0.1566 1.384 

0.16 1.399 
0.1633 1.358 
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ZWM-95-16X RH 

Time (min) delta H (ft.) 
0.1666 1.349 

0.17 1.365 
0.1733 1.336 
0.1766 1.336 

0.18 1.308 
0.1833 1.324 
0.1866 1.295 

0.19 1.286 
0.1933 1.276 
0.1966 1.273 

0.2 1.241 
0.2033 1.254 
0.2066 1.241 

0.21 1.235 
0.2133 1.223 
0.2166 1.213 

0.22 1.204 
0.2233 1.178 
0.2266 1.185 

0.23 1.178 
0.2333 1.169 
0.2366 1.156 

0.24 1.134 
0.2433 1.153 
0.2466 1.131 

0.25 1.125 
0.2533 1.118 
0.2566 1.106 

0.26 1.115 
0.2633 1.087 
0.2666 1.096 

0.27 1.061 
0.2733 1.074 
0.2766 1.046 

0.28 1.052 
0.2833 1.042 
0.2866 1.03 

0.29 1.027 
0.2933 1.017 
0.2966 1.02 

0.3 0.998 
0.3033 0.982 
0.3066 0.992 

0.31 0.979 
0.3133 0.973 
0.3166 0.967 

0.32 0.954 
0.3233 0.948 
0.3266 0.935 

0.33 0.938 
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ZWM-95-16X RH 

Time (min) delta H (ft.) 
0.3333 0.929 

0.35 0.891 
0.3666 0.853 
0.3833 0.821 

0.4 0.783 
0.4166 0.755 
0.4333 0.726 

0.45 0.695" 
0.4666 0.666 
0.4833 0.641 

0.5 0.625 
0.5166 0.594 
0.5333 0.572 

0.55 0.553 
0.5666 0.534 
0.5833 0.515 

0.6 0.499 
0.6166 0.483 
0.6333 .0.47 

0.65 0.448 
0.6666 0.439 
0.6833 0.426 

0.7 0.414 
0.7166 0.401 
0.7333 0.388 

0.75 0.379 
0.7666 0.369 
0.7833 0.36 

0.8 0.35 
0.8166 0.341 
0.8333 0.334 

0.85 0.325 
0.8666 0.319 
0.8833 0.309 

0.9 0.303 
0.9166 0.297 
0.9333 0.29 

0.95 0.284 
0.9666 0.278 
0.9833 0.271 

1 0.265 
1.2 0.205 
1.4 0.173 
1.6 0.148 
1.8 0.132 

2 0.12 
2.2 0.107 
2.4 0.097 
2.6 0.091 
2.8 0.085 
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ZWM-95-16X RH 

Time {min) delta H (ft.) 
3 0.082 

3.2 0.075 
3.4 0.072 
3.6 0.069 
3.8 0.069 

4 0.066 
4.2 0.066 
4.4 0.063 
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ZWM-95-17X RH 

IIme (mI n) ldelta H ln.) I I I I 
0.0033 0.072 l I I l 

0.0066 0.704 
Well ID: ZWM-95-17X 

0.01 1.071 
Test Date: 11/20/95 

0.0133 1.102 
Test Type: Rising Head 

0.0166 0.303 
Well Diameter: 0.333 ft. 

0.02 0.376 
Boring Diameter: 0.833 ft. 

0.0233 0.651 
Screened Interval (bgs): .12.2~22.2 ft. 

0.0266 0.821 
Water Column Height: 8. 75 ft. 

0.03 1.257 
0.0333 1.893 
0.0366 1.826 

0.04 1.709 
0.0433 1.69 
0.0466 1.671 

0.05 1.64 
0.0533 1.624 
0.0566 1.599 

0.06 1.573 
0.0633 1.554 
0.0666 1.539 

0.07 1.516 
0.0733 1.504 
0.0766 1.485 

0.08 1.469 
0.0833 1.456 
0.0866 1.441 

0.09 1.425 
0.0933 1.406 
0.0966 1.393 

0.1 1.374 
0.1033 1.355 
0.1066 1.339 

0.11 1.324 
0.1133 1.314 
0.1166 1.?95 

0.12 1.279 
0.1233 1.267 
0.1266 1.251 

0.13 1.232 
0.1333 1.219 
0.1366 1.21 

0.14 1.194 
0.1433 1.181 
0.1466 1.162 

0.15 1.15 
0.1533 1.137 
0.1566 1.115 

0.16 1.109 
0.1633 1.096 
0.1666 1.08 
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ZWM-95-17X RH 

Time (mm) delta H (ft.) 
0.17 1.065 

0.1733 1.052 
0.1766 1.046 

0.18 1.046 
0.1833 1.03 
0.1866 1.02 

0.19 1.004 
0.1933 0.995 
0.1966 0.982 

0.2 0.97 
0.2033 0.957 
0.2066 0.948 

0.21 0.941 
0.2133 0.929 
0.2166 0.903 

0.22 0.894 
0.2233 0.881 
0.2266 0.869 

0.23 0.856 
0.2333 0.846 
0.2366 0.834 

0.24 0.824 
0.2433 0.812 
0.2466 0.802 

0.25 0.79 
0.2533 0.78 
0.2566 0.771 

0.26 0.761 
0.2633 0.749 
0.2666 ·0.739 

0.27 0.73 
0.2733 0.72 
0.2766 0.711 

0.28 0.701 
0.2833 0.692 
0.2866 0.682 

0.29 0.673 
0.2933 0.663 
0.2966 0.654 

0.3 0.647 
0.3033 0.638 
0.3066 0.628 

0.31 0.619 
0.3133 0.609 
0.3166 0.603 

0.32 0.594 
0.3233 0.584 
0.3266 0.578 

0.33 0.572 
0.3333 0.562 

Page2 



ZWM-95-17X RH 

1Ime (mm) aelta H (n.) 

0.35 0.518 
0.3666 0.483 
0.3833 0.451 

0.4 0.417 
0.4166 0.385 
0.4333 0.353 

0.45 0.328 
0.4666 0.3 
0.4833 0.278 

.0.5 0.259 
0.5166 0.237 
0.5333 0.221 

-

0.55 0.205 
0.5666 0.192 
0.5833 0.18 

0.6 0.167 
0.6166 0.154 
0.6333 0.145 

0.65 0.139 
0.6666 0.129 
0.6833 0.123 

0.7 0.113 
0.7166 0.11 
0.7333 0.107 

0.75 0.104 
0.7666 0.097 
0.7833 0.094 

0.8 0.091 
0.8166 0.085 
0.8333 0.082 

0.85 0.075 
0.8666 0.075 
0.8833 0.072 

0.9 0.069 
0.9166 0.066 
0.9333 0.063 

0.95 0.06 
0.9666 0.06 
0.9833 0.06 

1 0.056 
1.2 0.041 
1.4 0.034 
1.6 0.031 
1.8 0.028 

2 0.025 
2.2 0.025 
2.4 0.025 
2.6 0.022 
2.8 0.022 

3 0.018 
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ZWM-95-18)( RH 

Time (min) d elta H (ft.) I I I I 
0.01 0.306 Well ID: ZWM-95-1 8X 

0.0133 0.913 Test Date: 11/20/95 
0.0166 1.185 Test Type: Rising Head 

0.02 0.439 Well Diameter: 0.333 ft. 
0.0233 0.546 Boring Diameter: 0.833 ft. 

0.03 1.046 Screened Interval (bgs): 3-13 ft. 
0.0333 1.128 Water Column Height: 11.6~ ft. 
0.0366 1.513 

0.04 1.7 
0.0433 1.542 
0.0466 1.494 

0.05 1.441 
0.0533 1.396 
0.0566 1.352 

0.06 1.305 
0.0633 1.26 
0.0666 1.219 

0.07 1.181 
0.0733 1.147 
0.0766 1.115 

0.08 1.08 
0.0833 1.049 
0.0866 1.017 

0.09 0.985 
0.0933 0.963 
0.0966 0.932 

0.1 0.91 
0.1033 0.881 
0.1066 0.862 

0.11 0.834 ' 
0.1133 0.812 
0.1166 0.79 

0.12 0.767 
0.1233 0.745 
0.1266 0.726 

0.13 0.707 
0.1333 0.688 
0.1366 0.669 

0.14 0.651 
0.1433 0.635 

' 0.1466 0.616 
0.15 0.6 

0.1533 0.584 
0.1566 0.572 

0.16 0.553 
0.1633 0.54 
0.1666 0.527 

0.17 0.511 
0.1733 0.499 
0.1766 0.486 
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ZWM-95-18X RH 

Time (min) delta H (ft.) 
0.18 0.474 

0.1833 0.464 
0.1866 0.451 

0.19 0.439 
0.1933 0.426 
0.1966 0.417 

0.2 0.407 
0.2033 0.395 
0.2066 0.385 

0.21 0.376 
0.2133 0.366 
0.2166 0.357 

0.22 0.35 
0.2233 0.341 
0.2266 0.331 

0.23 0.322 
0.2333 0.316 
0.2366 0.309 

0.24 0.3 
0.2433 0.293 
0.2466 0.287 

0.25 0.281 
0.2533 0.271 
0.2566 0.268 

0.26 0.259 
0.2633 0.255 
0.2666 0.249 

0.27 0.243 
0.2733 0.237 
0.2766 0.23 

0.28 0.224 
0.2833 0.221 
0.2866 0.211 

0.29 0.211 
0.2933 0.205 
0.2966 0.202 

0.3 0.195 
0.3033 0.192 
0.3066 0.186 

0.31 0.183 
0.3133 0.18 
0.3166 0.173 

0.32 0.17 
0.3233 0.167 
0.3266 0.164 

0.33 0.161 
0.3333 0.154 

0.35 0.139 
0.3666 0.123 
0.3833 0.11 
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ZWM-95-18X RH 

Time (min) delta H (ft.) 
0.4 0.097 

0.4166 0.088 
0.4333 0.079 

0.45 0.072 
0.4666 0.063 
0.4833 0.06 

0.5 0.053 
0.5166 0.05 
0.5333 0.044 

0.55 0.041 
0.5666 0.037 
0.5833 0.034 

0.6 0.031 
0.6166 0.031 
0.6333 0.031 

0.65 0.028 
0.6666 0.025 
0.6833 0.028 

0.7 0.025 
0.7166 0.022 
0.7333 0.022 

0.75 0.022 
0.7666 0.022 
0.7833 0.018 

0.8 0.022 
0.8166 0.022 
0.8333 0.022 

0.85 0.018 
0.8666 0.018 
0.8833 0.018 

0.9 0.018 
0.9166 0.015 
0.9333 0.015 

0.95 0.015 
0.9666 0.015 
0.9833 0.015 

1 0.015 
1.2 0.012 
1.4 0.012 
1.6 0.012 
1.8 0.012 

2 0.012 
2.2 0.012 
2.4 0.012 
2.6 0.012 
2.8 0.009 

3 0.012 
3.2 0.009 
3.4 0.009 
3.6 0.006 

Page 3 



ZWM-95-18X RH 

!Time (min) !delta H (ft.) I 
0.018 
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ZWM-96-HlX Rising Head Test #1 

0 0.009 
0.0033 0.009 
0.0066 1.023 

0.01 1.999 
0.0133 1.482 
0.0166 1.351 

0.02 1.379 
0.0233 1.999 

_o_.0_26_6 __ 2_.1_11_ mo-.~. j__fl...W J.oWl'\.. = ~. II,- - o, OOC/ = j ~ /() +i 
0.03 1.999 • • • 

0.0333 1.877 
0.0366 1. 755 

0.04 1.642 
0.0433 1.539 
0.0466 1.435 

0.05 1.351 
0.0533 1.267 
0.0566 1.182 

0.06 1.116 
0.0633 1.051 
0.0666 0.994 

0.07 0.938 
0.0733 0.882 
0.0766 0.825 

0.08 0.779 
0.0833 0.741 
0.0866 0.694 

0.09 0.657 
0.0933 0.619 
0.0966 0.591 

0.1 0.553 
0.1033 0.525 
0.1066 0.497 

0.11 0.478 
0.1133 0.45 
0.1166 0.431 

0.12 0.403 
0.1233 0.384 
0.1266 0.366 

0.13 0.356 
0.1333 0.337 
0.1366 0.319 

0.14 0.309 
0.1433 0.29 
0.1466 0.281 

0.15 0.272 
0.1533 0.262 
0.1566 0.253 

0.16 0.244 
0.1633 0.234 
0.1666 0.225 
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ZWM-96-19X Rising Head Test #1 

0.17 0.225 
0.1733 0.215 
0.1766 0.206 

0.18 0.197 
0.1833 0.197 
0.1866 0.187 

0.19 0.187 
0.1933 0.178 
·0.1966 0.178 

0.2 0.169 
0.2033 0.169 
0.2066 0.159 

0.21 0.159 
0.2133 0.159 
0.2166 0.15 

0.22 0.15 
0.2233 0.15 
0.2266 0.14 

0.23 0.14 
0.2333 0.14 
0.2366 0.14 

0.24 0.131 
0.2433 0.131 
0.2466 0.131 

0.25 0.131 
0.2533 0.122 
0.2566 0.122 

0.26 0.122 
0.2633 0.122 
0.2666 0.122 

0.27 0.122 
0.2733 0.112 
0.2766 0.112 

0.28 0.112 
0.2833 0.112 
0.2866 0.103 

0.29 0.103 
0.2933 0.103 
0.2966 0.103 

0.3 0.103 
0.3033 0.103 
0.3066 0.103 

0.31 0.103 
0.3133 0.093 
0.3166 0.093 

0.32 0.093 
0.3233 0.093 
0.3266 0.093 

0.33 0.093 
0.3333 0.093 

0.35 0.075 
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ZWM-96-19X Rising Head Test #1 

0.3666 0.065 
0.3833 0.065 

0.4 0.065 
0.4166 0.056 
0.4333 0.056 

0.45 0.056 
0.4666 0.056 
0.4833 0.046 

0.5 0.046 
0.5166 0.046 
0.5333 0.046 

0.55 0.046 
0.5666 0.046 

• 0.5833 0.037 
0.6 0.037 

0.6166 0.037 
0.6333 0.037 

0.65 0.037 
0.6666 0.037 
0.6833 0.037 

0.7 0.028 
0.7166 0.037 
0.7333 0.028 

0.75 0.028 
0.7666 0.028 
0. 7833 0.028 

0.8 0.028 
0.8166 0.028 
0.8333 0.028 

0.85 0.028 
0.8666 0.028 
0.8833 0.028 

0.9 0.028 
0.9166 0.028 
0.9333 0.028 

0.95 0.028 
0.9666 0.028 
0.9833 0.028 

1 0.028 
1.2 0.018 
1.4 0.018 
1.6 0.018 
1.8 0.018 

2 0.018 
2.2 0.018 
2.4 0.018 
2.6 0.018 
2.8 0.018 

3 0.018 
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ZWM-96-19X Rising Head Test #2 

0 0.009 
0.0033 0.009 
0.0066 0.844 

0.01 2.355 
0.0133 2.327 
0.0166 2.046 

0.02 1.398 
0.0233 1. 717 
0.0266 1.689 

___..0.:.aa..03;:;..._ __ 2. __ 18 __ 6 Mo-Y' Jrc,.w~ -:;. ). Is f, -0 ,C,D? = ,7. I 8 fi . 
0.0333 1.952 • 
0.0366 1.82 

0.04 1.698 
0.0433 1.595 
0.0466 1.492 

0.05 1.398 
0.0533 1.304 
0.0566 1.22 

0.06 1.145 
0.0633 1.079 
0.0666 1.013 

0.07 0.947 
0.0733 0.891 
0.0766 0.835 

0.08 0.788 
0.0833 0.741 
0.0866 0.703 

0.09 0.657 
0.0933 0.619 
0.0966 0.591 

0.1 0.553 
0.1033 0.525 
0.1066 0.497 

0.11 0.469 
0.1133 0.45 
0.1166 0.422 

0.12 0.403 
0.1233 0.384 
0.1266 0.366 

0.13 0.347 
0.1333 0.328 
0.1366 0.319 

0.14 0.3 
0.1433 0.29 
0.1466 0.281 

0.15 0.272 
0.1533 0.253 
0.1566 0.244 

0.16 0.234 
0.1633 0.225 
0.1666 0.225 
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ZWM-96-19X Rising Head Test #2 

0.17 0.215 
0.1733 0.206 
0.1766 0.206 

0.18 0.197 
0.1833 0.187 
0.1866 0.187 

0.19 0.178 
0.1933 0.178 
0.1966 0.169 

0.2 0.169 
0.2033 0.159 
0.2066 0.159 

0.21 0.15 
0.2133 0.15 
0.2166 0.15 

0.22 0.14 
0.2233 0.14 
0.2266 0.14 

0.23 0.14 
0.2333 0.131 
0.2366 0.131 

0.24 0.131 
0.2433 0.131 
0.2466 0.122 

0.25 0.122 
0.2533 0.122 
0.2566 0.122 

0.26 0.112 
0.2633 0.112 
0.2666 0.112 

0.27 0.112 
0.2733 0.112 
0.2766 0.103 

0.28 0.103 
0.2833 0.103 
0.2866 0.103 

0.29 0.103 
0.2933 0.103 
0.2966 0.093 

0.3 0.093 
0.3033 0.093 
0.3066 0.093 

0.31 0.093 
0.3133 0.093 
0.3166 0.093 

0.32 0.093 
0.3233 0.084 
0.3266 0.084 

0.33 0.084 
0.3333 0.084 

0.35 0.075 
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ZWM-96-19X Rising Head Test #2 

0.3666 0.065 
0.3833 0.056 

0.4 0.056 
0.4166 0.056 
0.4333 0.046 

0.45 0.046 
0.4666 0.046 
0.4833 0.046 

0.5 0.046 
0.5166 0.037 
0.5333 0.037 

0.55 0.037 
0.5666 0.037 
0.5833 0.037 

0.6 0.028 
0.6166 0.028 
0.6333 0.028 

0.65 0.028 
0.6666 0.028 
0.6833 0.028 

0.7 0.028 
0.7166 0.028 
0.7333 0.028 

0.75 0.028 
0.7666 0.028 
0.7833 0.028 

0.8 0.028 
0.8166 0.018 
0.8333 0.018 

0.85 0.018 
0.8666 0.018 
0.8833 .0.018 

·0.9 0.018 
0.9166 0.018 
0.9333 0.018 

0.95 0.018 
0.9666 0.018 
0.9833 0.018 

1 0.018 
1.2 0.018 
1.4 0.009 
1.6 0.018 
1.8 0.009 

2 0.009 
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ZWM-96-20X Rising Head Test #1 

0 0.628 
0.0033 0.769 
0.0066 0.788 

0.01 1.013 
0.0133 1.529 
0.0166 1.586 

0.02 • 1.783 
0.0233 1.567 
0.0266 1.501 

0.03 1.454 
0.0333 1.379 
0.0366 1.332 

0.04 1.276 
0.0433 1.239 
0.0466 1.192 

0.05 1.154 
0.0533 1.107 
0.0566 1.079 

0.06 1.041 
0.0633 1.004 
0.0666 0.966 

0.07 0.938 
0.0733 0.91. 
0.0766 0.882 

0.08 0.854 
0.0833 0.825 
0.0866 0.807 

0.09 0.779 
0.0933 0.75 
0.0966 0.732 

0.1 0.713 
0.1033 0.694 
0.1066 0.666 

0.11 • 0.647 
0.1133 0.628 
0.1166 0.619 

0.12 0.6 
0.1233 0.581 
0.1266 0.563 

0.13 0.553 
0.1333 0.535 
0.1366 0.525 

0.14 0.506 
0.1433 0.488 
0.1466 0.478 

0.15 0.469 
0.1533 0.45 
0.1566 0.441 

0.16 0.431 
0.1633 0.422 
0.1666 0.413 
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ZWM-96-20X Rising Head Test #1 

0.17 0.403 
0.1733 0.394 
0.1766 0.384 

0.18 0.366 
0.1833 0.366 
0.1866 0.356 

0.19 0.347 
0.1933 0.337 
0.1966 0.328 

0:2 0;319 
0.2033 0.309 
0.2066 0.309 

0.21 0.3 
0.2133 0.29 
0.2166 0.29 

0.22 0.281 
0.2233 0.272 
0.2266 0.272 

0.23 0.262 
0.2333 0.253 
0.2366 0.253 

0.24 0.244 
0.2433 0.244 
0.2466 0.234 

0.25 0.234 
0.2533 0.225 
0.2566 0.215 

0.26 0.215 
0.2633 0.215 
0.2666 0.206 

0.27 0.206 
0.2733 0.206 
0.2766 0.197 

0.28 0.197 
0.2833 0.187 
0.2866 0.187 

0.29 0.187 
0.2933 0.178 
0.2966 0.178 

0.3 0.178 
0.3033 0.168 
0.3066 0.168 

0.31 0.159 
0.3133 0.159 
0.3166 0.159 

0.32 0.159 
0.3233 0.15 
0.3266 0.15 

0.33 0.15 
0.3333 0.15 

0.35 0.131 
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ZWM-96-20X Rising Head Test #1 

0.3666 0.112 
0.3833 0.112 

0.4 0.103 
0.4166 0.093 
0.4333 0.084 

0.45 0.084 
0.4666 0.075 
0.4833 0.075 

0.5 0.065 
0.5166 0.065 
0.5333 0.065 

0.55 0.056 
0.5666 0.056 
0.5833 0.056 

0.6 0.046 
0.6166 0.046 
0.6333 0.046 

0.65 0.046 
0.6666 0.046 
0.6833 0.046 

0.7 0.046 
0.7166 0.037 
0.7333 0.037 

0.75 0.037 
0.7666 0.037 
0. 7833 0.037 

0.8 0.037 
0.8166 0.037 
0.8333 0.037 

0.85 0.037 
0.8666 0.037 
0.8833 0.037 

0.9 0.028 
0.9166 0.028 
0.9333 0.028 

0.95 0.028 
0.9666 0.028 
0.9833 0.028 

1 0.028 
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ZWM-96-20X Rising Head Test #2 

0 1.107 
0.0033 1.529 
0.0066 1.576 
--=.;o•:.:..01=---~1.6=8:.:..9 mcoc..l~~ = J. ~8 9 - o. 018 =- J.€'1 ~+. 
0.0133 1.68 • 
0.0166 1.595 

0.02 1.52 
0.0233 1.454 
0.0266 1.398 

0.03 1.332 
0.0333 1.295 
0.0366 1.248 

0.04 1.201 
0.0433 1.163 
0.0466 1.117 

0.05 1.079 
0.0533 1.041 
0.0566 1.004 

0.06 0.976 
0.0633 0.938 
0.0666 0.91 

0.07 0.882 
0.0733 0.854 
0.0766 0.826 

0.08 0.797 
0.0833 0.779 
0.0866 0.751 

0.09 0.732 
0.0933 0.704 
0.0966 0.685 

0.1 0.666 
0.1033 .0.647 
0.1066 0.628 

0.11 0.61 
0.1133 0.591 
0.1166 0.572 

0.12 0.563 
0.1233 0,544 
0.1266 0.525 

0.13 0.506 
0.1333 0.497 
0.1366 0.488 

0.14 0.469 
0.1433 0.46 
0.1466 0.45 

0.15 0.431 
0.1533 0,422 
0.1566 0.413 

0.16 0.403 
0.1633 0.394 
0.1666 0.384 
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ZWM-96-20X Rising Head Test #2 

0.17 0.375 
0.1733 0.356 
0.1766 0.356 

0.18 0.347 
0.1833 0.337 
0.1866 0.328 

0.19 0.319 
0.1933 0.309 
0.1966 0.3 

0.2 0.291 
0.2033 0.291 
0.2066 0.281 

0.21 0.272 
0.2133 0.272 
0.2166 0.262 

0.22 0.253 
0.2233 0.253 
0.2266 0.244 

0.23 0.234 
0.2333 0.234 
0.2366 0.225 

0.24 0.225 
0.2433 0.215 
0.2466 0.215 

0.25 0.206 
0.2533 0.206 
0.2566 0.197 

0.26 0.197 
0.2633 0.197 
0.2666 0.187 

0.27 0.187 
0.2733 0.178 
0.2766 0.178 

0.28 0.178 
0.2833 0.169 
0.2866 0.169 

0.29 0.169 
0.2933 0.159 
0.2966 0.159 

0.3 0.159 
0.3033 0.15 
0.3066 0.15 

0.31 0.15 
0.3133 0.14 
0.3166 0.14 

0.32 0.14 
0.3233 0.14 
0.3266 0.131 

0.33 0.131 
0.3333 0.131 

0.35 0.112 
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0.3666 
0.3833 

0.4 
0.4166 
0.4333 

0.45 
0.4666 
0.4833 

0.5 
0.5166 
0.5333 

0.55 
0.5666 
0.5833 

0.6 
0.6166 
0.6333 

0.65 
0.6666 
0.6833 

0.7 
0.7166 
0.7333 

0.75 
0.7666 
0.7833 

0.8 
0.8166 
0.8333 

0.85 
0.8666 
0.8833 

0.9 
0.9166 • 
0.9333 

0.95 
0.9666 
0.9833 

1 

0.103 
0.093 
0.084 
0.075 
0.075 
0.065 
0.065 
0.056 
0.056 
0.056 
0.047 
0.047 
0.047 
0.047 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.028 . 
0.028 
0.028 
0.028 
0.028 
0.028 
0.028 
0.028 
0.018 
0.028 
0.028 

• 0.018 
0.018 
0.018 
0.028 
0.018 
0.018 

ZWM-96-20X Rising Head Test #2 
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ZWM-96-21X Rising Head Test #1 

0 0.14 
0.0033 0.816 
0.0066 1.126 

0.01 1.482 
0.0133 1.435 
0.0166 1.435 

0.02 1.567 
0.0233 1. 773 

~o.c=o2:;.;:;.;66'------1;.;..;..7 ..... 83 mo->C .!t?K-.J~ = J.783 - ~.o37: J.-,E -9+. 
0.03 1.548 

0.0333 1.417" 
0.0366 1.313 

0.04 1.201 
0.0433 1.098 
0.0466 1.023 

0.05 0.957 
0.0533 0.9 
0.0566 0.844 

0.06 0.788 
0.0633 0.741 
0.0666 0.694 

0.07 0.656 
0.0733 0.619 
0.0766 0.591 

0.08 0.563 
0.0833 0.534 
0.0866 0.506 

0.09 0.478 
0.0933 0.459 
0.0966 0.441 

0.1 0.422 
0.1033 0.403 
0.1066 0.384 

0.11 0.375 
0.1133 0.356 
0.1166 0.347 

0.12 0.328 
0.1233 0.319 
0.1266 0.309 

0.13 0.3 
0.1333 0.29 
0.1366 0.281 

0:14 0.272 
0.1433 0.262 
0.1466 0.253 

0.15 0.253 
0.1533 0.244 
0.1566 0.234 

0.16 0.225 
0.1633 0.225 
0.1666 0.215 
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ZWM-96-21X Rising Head Test #1 

0.17 0.215 
0.1733 0.206 
0.1766 0.206 

0.18 0.197 
0.1833 0.197 
0.1866 0.187 

0.19 0.187 
0.1933 0.178 
0.1966 0.178 

0.2 0.168 
0.2033 0.168 
0.2066 0.168 

0.21 0.159 
0.2133 0.159 
0.2166 0.159 

0.22 0.159 
0.2233 0.15 
0.2266 0.15 

0.23 0.15 
0.2333 0.15 
0.2366 0.14 

0.24 0.14 
0.2433 0.14 
0.2466 0.14 

0.25 0.131 
0.2533 0.131 
0.2566 0.131 

0.26 0.131 
0.2633 0.131 
0.2666 0.122 

0.27 0.122 
0.2733 0.122 
0.2766 0.122 

0.28 0.122 
0.2833 0.122 
0.2866 0.122 

0.29 0.112 
0.2933 0.112 
0.2966 0.112 

0.3 0.112 
0.3033 0.112 
0.3066 0.112 

0.31 0.112 
0.3133 0.103 
0.3166 0.112 

0.32 0.103 
0.3233 0.103 
0.3266 0.103 

0.33 0.103 
0.3333 0.103 

0.35 0.093 
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ZWM-96-21X Rising Head Test #1 

0.3666 0.084 
0.3833 0.084 

0.4 0.075 
0.4166 0.075 
0.4333 0.075 

0.45 0.065 
0.4666 0.065 
0.4833 0.065 

0.5 0.065 
0.5166 0.065 
0.5333 0.056 

0.55 0.056 
0.5666 0.056 
0.5833 0.056 

0.6 0.056 
0.6166 0.056 
0.6333 0.056 

0.65 0.046 
0.6666 0.046 
0.6833 0.046 

0.7 0.046 
0.7166 0.046 
0.7333 0.046 

0.75 0.046 
0. 7666 0.046 
0.7833 0.046 

0.8 0.037 
0.8166 0.037 
0.8333 0.037 

0.85 0.037 
0.8666 0.037 
0.8833 . 0.037 

·o.9 0.037 
0.9166 0.037 
0.9333 0.037 

0.95 0.037 
0.9666 0.037 
0.9833 0.037 

1 0.037 
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ZWM-96-21X Rising Head Test #2 

0 0.431 
0.0033 1.013 
0.0066 2.271 

__ o .. _01 __ 2._10_8 NI~)(. !ra.w~ -=- :2. 7, 8 - o. '-13 I = '). 3 4 +b. 
0.0133 2.477 
0.0166 2.637 

0.02 2.402 
0.0233 1.905 
0.0266 2.158 

0.03 1.933 
0.0333 1.82 
0.0366 1.708 

0.04 1.623 
0.0433 1.529 
0.0466 1.454 

0.05 1.389 
0.0533 1.332 
0.0566 1.267 

0.06 1.22 
0.0633 1.173 
0.0666 1.126 

0.07 1.088 
0.0733 1.051 . 
0.0766 1.023 

0.08 0.985 
0.0833 0.957 
0.0866 0.929 

0.09 0.91 
0.0933 0.891 
0.0966 0.863 

0.1 0.844 
0.1033 0.825 
0.1066 0.807 

0;11 0.797 
0.1133 0.779 
0.1166 0.769 

0.12 0.75 
0.1233 0.741 
0.1266 0.732 

0.13 0.722 
0.1333 0.713 
0.1366 0.703 

0.14 0.694 
0.1433 0.685 
0.1466 0.675 

0.15 0.666 
0.1533 0.666 
0.1566 0.657 

0.16 0.647 
0.1633 0.647 
0.1666 0.638 
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ZWM-96-21X Rising Head Test #2 

0.17 0.638 
0.1733 0.628 
0.1766 0.619 

0.18 0.619 
0.1833 0.619 
0.1866 0.61 

0.19 0.61 
0.1933 0.6 
0.1966 0.6 

0.2 0.6 
0.2033 0.591 
0.2066 0.591 

0.21 0.591 
0.2133 0.591 
0.2166 0.581 

0.22 0.581 
0.2233 0.581 
0.2266 0.572 

0.23 0.572 
0.2333 0.572 
0.2366 0.572 

0.24 0.563 
0.2433 0.563 
0.2466 0.563 

0.25 0.563 
0.2533 0.563 
0.2566 0.563 

0.26 0.553 
0.2633 0.553 
0.2666 0.553 

0.27 0.553 
0.2733 0.553 
0.2766 0.553 

0.28 0.544 
0.2833 0.544 
0.2866 0.544 

0.29 0.544 
0.2933 0.544 
0.2966 0.544 

0.3 0.534 
0.3033 0.544 
0.3066 0.534 

0.31 0.534 
0.3133 0.534 
0.3166 0.534 

0.32 0.534 
0.3233 0.534 
0.3266 0.534 

0.33 0.534 
0.3333 0.525 

0.35 0.516 
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ZWM-96-21X Rising Head Test #2 

0.3666 0.506 
0.3833 0.506 

0.4 0.506 
0.4166 0.497 
0.4333 0.497 

0.45 0.497 
0.4666 0.497 
0.4833 0.488 

0.5 0.488 
0.5166 0.488 
0.5333 0.488 • 

0.55 0.488 
0.5666 0.478 
0.5833 0.478 

0.6 0.478 
0.6166 0.478 
0.6333 0.478 

0.65 0.478 
0.6666 0.478 
0.6833 0.469 

0.7 0.469 
0.71~6 0.469 
0.7333 0.469 

0.75 0.469 
0.7666 0.469 
0.7833 0.469 

0.8 0.469 
0.8166 0.469 
0.8333 0.469 

0.85 0.469 
0.8666 0.469 
0.8833 0.469 

0.9 0.469 
0.9166 0.469 
0.9333 0.459 

0.95 0.469 
0.9666 0.459 
0.9833 0.459 

1 0.459 
1.2 0.459 
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APPENDIX E-2 

HYDRAULIC GRADIENT AND GROUNDWATER FLOW VELOCITY 
CALCULATIONS 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



Dec795 

HYDRAULIC GRADIENT CALCULATIONS 
AOC69W 

December 7, 1995 Horizontal 
Distance between wells Water Levels Gradient 

8h I Dist = i 
ZWM-95-17X 223.65 

735 ft 4.08 I 735 = 0.005551 
ZWP-95-02X 219.57 

ZWM-95-16X 222.65 
464 ft 3.18 I 464 = 0.006853 

ZWM-95-18X 219.47 

69W--94-10 222.18 
275 ft 1.6 I 275 = 0.005818 

ZWM-95-15X 220.58 

Average 0.006074 
Geo.Mean 0.00605 

Median 0.00582 



March2696 

HYDRAULIC GRADIENT CALCULATIONS 
AOC69W 

I 
March 26, 1996 Horizont.al 

Distance between wells Water Levels Gradient 
oh I Dist = i 

ZWM-95-17X 225.75 
735 ft 5.45 I 735 = 0.007415 

ZWP-95--02X 220.3 

ZWM-95-16X 224.45 
464 ft 4.09 I 464 = 0.008815 

ZWM-95-18X 220.36 

69W-94-10 223.59 
275 ft 2.01 I 275 = 0.007309 

ZWM-95-15X 221.58 

Average 0.007846 
Geo.Mean 0.00782 

Median 0.00741 



July2396 

HYDRAULIC GRADIENT CALCULATIONS 
AOC69W 

July 23, 1996 Horizontal 
Distance between wells Water Levels Gradient 

' 
oh I Dist = i 

ZWM-95-17X 225.14 
735 ft 5.02 I 735 = 0.00683 

ZWP-95-02X 220.12 

ZWM-95-16X 223.91 
464 ft 3.84 I 464 = 0.008276 

ZWM-95-18X 220.07 

69W--94-10 223.06 
275 ft 1.82 I 215 = 0.006618 

ZWM-95-15X 221.24 

Average 0.007241 
Geo. Mean 0.00721 

Median 0.00683 



Jan1596 

HYDRAULIC GRADIENT CALCULATIONS 
AOC69W 

January 15,1997 Horizontal 
Distance between wells Water Levels Gradient 

8h I Dist = i 
ZWM-95-17X 225.95 

735 ft 5.53 I 735 = 0.007524 
ZWP-95-02X 220.42 

ZWM-95-16X 224.5 
464 ft 4.16 I 464 = 0.008966 

ZWM-95-18X 220.34 

69W-94-10 223.6 
275 ft 2.03 I 275 = 0.007382 

-
ZWM-95-15X 221.57 

Average 0.007957 
Geo.Mean 0.00793 

Median 0.00752 



ESTIMATES OF GROUNDWATER 
FLOW RATES 

V = ki 
n 

MAXIMUM ESTIMATE 

V = Average Linear Velocity . 
Max K = 3x10-2 cm/sec = 5.8x10-2 ft/min = 83.5 ft/day 
max i = 0.008 ft/ft 
n = 0.30 

V = (83.5 ft/day)(0.008 ft/ft) = 2 ft/d 
0.3 ay 

MINIMUM ESTIMAIB 

Min K = 2.6x10-3 ft/min = 3.7 ft/day 
min i = 0.006 ft/ft 
n = 0.30 

V (3.7 ft/day)(0.006 ft/ft) = 0_07 ft/d 
0.3 ay 

GEO. MEAN ESTIMATE 

Mean K = 2x10-2 ft/min = 28.8 ft/day 
mean i = 0.007 ft/ft 
n = 0.30 

V (28.8 ft/day)(0.007 ft/ft) = 0_7 ft/d 
0.3 ay 



APPENDIXF 

WELL DEVELOPMENT RECORDS 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



WELL DEVELOPMENT RECORD 
Project: Well Installation Date: Project No. 

o~ , ".f '-f-c:1L 
Client: Well Development Date,· / 

'0 '}t&J (-
Checked by: 

WelVSite 1.0.: Zw M .. 'T~ _ ( }}( Weather: S c,c, Start Date: Finish Date: 
kl/'3 lj,r-. Jo /1/c,, "' 

Well Construction Record Data: I '-( I Start Time: Finish Time: 
Well Diameter in. / '-f uU t ( I r -

Bottom of Screen w· 
:}-From Ground Surface 0 From top of Riser D ..___;..._; ___ ..1.-. _ _:...._--1 

Sediment Sump/Plug ft. 

Screen Length t.J ft. Fluids Lost During Drilling gal. 

Protective Casing Stick-up I d.7 (' tt. I Protective Casing/Well Diff. 1-o ! Lf3 ft. , PIO Readings: Ambient Air _ ppm 

Water Levels: 
Initial 

End of Development 

24 Hrs. After Development ._._..;.,&,.~_It ...... 

HT of Water Column " ft. I X □ 1.68. 

Equipment: 

□-

if" Dedicated Submersible Pump 
D Surge Block 

D Bailer D 2" □---
□ Grundfos Pump 2·_ 4" __ 

Well Development Criteria Met: 

Notes: Lr:, J"<-/ ~ Pn 
S k,l ~ L,s 1"r Ii t·~ ~re l""'tf 

yes no 

End of Well Development Sample (1 pint) Collected? £Jr D 

Water Parameter Measurments 

Weil Mouth - ppm 

Sediment: 

Well Depth Before Development / ',t / 'f ft. 
Weil Depth After Development . J '-( ,/Q ft. 

Sediment Depth Removed ~ft. 
• r, I I ~IJvoL I •For 4" HSA Installed 

'--------' wells 

-~-"""""'""Raia! 

Total Gallons Removed I -1 Sr•" 

• Well water clear lo unaided eye 

• Sediment thickness remaing in well 
Is <1 .0% of screen length 

• Total water removed • a minimum 
of 5x calculated well volume plus 
5x drilling fluid lost 

(from top 
of PVC) 

rfr □ 

Record at !he start, twice during and at the end of development (minimum): 

nme Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Rats 

('fotJ l I C.o/ I 'l-7 .~c;r - l Sl.,., • 
~ lo s-.rf 11.'1 l 1/ U ......... I~ l'-t 
s ~(.> !",7, (3.'1 ,"Jilu 'i'Y 1i~ 
'f Sc S,G,y (1-G:> v'Jl) 80 • v ( 

=F- 'to 5,(,,<-7 IJ. t- • ~l t l, I// 

t5',, s-r S" ,, l,. t,,( I 1}c.t - ,, 
fw'->,"1 ~ /\Jr Lvwky 

9312005S L6 



WELL DEVELOPMENT RECORD 

Project: Ft, 0"'1tn J 
Well Installation Date: Project No. 

O'i1'{'-ld '-

Client: Well DeveloPIT!enAate: Developed by: Checked by: 
lo/;. 'I,- ~- Lo-+.,16--,,. 

WelVSite 1.0.: 2W m-qr-J<, y Weather: S Start Date: 
. 

Finish Date: 
1..4.~,,., f>," te(~e-,r lo9/fr 

Well Construction Record Data: Well Diameter I l./ in.I 
StafTime: Finish Time: 

·"" G) 'f'-1 (.) 
Bottom of Screen ~- r1t'1-

]-From Ground Surface(!6 From top of Riser □ 
Sediment Sump/Plug . ft. 

, . 
Screen Length lo It. _ R1,lids_Lost During Drilling I O ga1.I 

Protective Casing Stick-up I Fli+J ~ tt. j Protective Casing/Well Oiff.I-o 4 (., ,tt. j PIO Readings: Ambient Air 0 ppm 

Well Mouth 3 ppm 

Water Levels: Sediment: 
Initial 'J,3u ft. 

Well Depth Before Development I'-/, ,~7t. (from top 

/1(,J~ of PVC) End of Development ft. Ir, 60 tt. e.,, Well Depth After Development 

24 Hrs. Attar Development ft. 
Sediment Depth Removed I ft. . 

HT of Water Column I ' fl I XO 1.68 . IWgalJvol. I "For 4" HSA installed 

□- wells 

Equipment: 
Appn>,<mata Rocha,ge Ra1•I 

·:. I 

B' Dedicated Submersible Pump I 
0 Surge Block Sr Total Gallons Removed 

0 Bailer □ 2· 0 
D Grundfos Pump 2·_ 4" __ yes no 

Well Development Crtterta Met: • Well water clear to unaided eye ,- □ 

Notes: lvttl r:_ec,-&¢ (/~ ~~ ~W' lJJ .:/-l" • Sediment thickness remaing in well "1' □ 

w cA.t,- rr:t-clo"'.. [ ~ ,-J...,k_ .,. "~fr~ S f..e 11 Is <1 .0% of screen length 

• Tola! water removed • a minimum -e □ \- M.£1 IC h> f "'q& V:ff:-tr 
of Sx calculated well volume plus 
Sx drilling fluid lost 

yes no 

End of Well Development Sample (1 pint) Collected? I)- □ 

Water Paramerer ivi&aSUITTiaii~ 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Rate 

i1, -='11- I S,fV ,,.')_ • a, I "/'J_q_ I 5. .-.I/,-" 
ID ~-'J\/ lZ,7 .J7-{f 'l'f 1 ,, 

l ao ft,,'"'' "-r • 3~,- s-r I I 

3 '" 'l;,13 l•t.'1 ,, ti~ {- fb>-~~ 
i I 

-4- L/o "Q, ,]fo i~. r 'J~~ - ft,!J" 
,, ,,,. , ""' .sr C.14 ,,,t • )"6" - cl.iv. h 

~ ~ l(,.?,4 hd;,. hl'~or p"" P,Y ... w ul lA ~( ~ C. ppawJ C/ew,- c;.J- 14{~ ,L-. t>-1-- f)e'irt;/opt4.,f 

Well Developer's Signature I/. r .-

ABB Environmental Services, Inc.-
9312005S L6 



WELL DEVELOPMENT RECORD 

Project: A. 
AverJ 

Well lnstaHalion Date: Project No. 

'tO~NI./'{, '--
Client: Well Development Date: lo/;. 4r Oevt,ped by: Checked by: 

/\. l..lr,(4,,.-

Well/Site I.D.: 2W 
4 

j 
w, _ r- ''>'-

Weather: ~ 
c.,. '1""-y /oC> 

Start Date: • 

~tol,r- 1~7~,;=(' 
Well Construction Record Data: Wei~ Diameter I 1' in.I 

Start Time: Finish Time: 

Bottom of Screen § · II lo J 'J '-/~ 
}-From Ground Surface D From top of Riser D 

Sediment Sump/Plug ft. 

Screen Length O ft. Fluids Lost During Drilling I 6 gall 

Protective casing Stick-up Id, 3) tt. I Protective casing/Well Ditt.j-o J >:tt. I PIO Readings: Ambient Air - ppm 

Well Mouth- ppm 

Water Levels: Sediment: 
Initial /).(,oft. Well Depth Before Development R3,77tt. (from top 

~1.,r ft. of PVC) End of Development J \/,C.~ ft. 
17, )1 ft. 

Well Depth After Development 

24 Hrs. After Development 
Sediment Depth Removed ~ l ft. 

I C. ft. I 
XO 1.68 

. 
~c)gal/vol . I HT of Water Column = •For 4" HSA Installed 

□- wells 

Equipment: 
Approximate Recharge Rate I 

~
edicated Submersible Pump 

gpm 

urge Block Total Gallons Removed J (- gal. 

0 Baller □ 2· D 
D Grundfos Pump 2·_ 4• __ yes no 

Well Development Criteria Met: • Well water clear to unaided eye a,- D 

Notes: w/,( fl.WSW ~-~ bi.JI /flfyr ~ • Sediment thickness remalng In well 1)- D 
Lvi.P- I~U V): Lowt- o~ fv/;t 1M Is <1.0% of screen length 

P"'?-t ~~,. - u~ ~cl/-J(#~~{q . • Total water removed= a minimum e- D 
of 5x calculated well volume plus 
5x drilling fluid lost 

yes no 

End of Well Development Sample (1 pint) Collected? "?1 □ 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Rate 

lttv I -J- .{,S(o (11 .2,r Ou-tr I ~I'., 
a. s:,r 12.{, '1,, OUfr I I:"'"" 
"3 i.. &,) r. f'-- I ,t. > •A 7r - Yi C,4-,, 
q )o f,f!~ ,~,(- ,,,., 'ft ¼c"'"" 
S' c/cJ s.li~ l:2.- i; . ,,c; - ½ 6- 1,., 

1J'-/) ' Jf;"" f,~ ,i 7 ' i, fr - ¼ ti'--
~eu p~ Jr-~ ? 0 s.lJ I le.t ro~ ~ ·l::,e.1 (}'11-~J ll'Pc i'-J'J f.v.( t/ 
fw ~,di{ ""' w#7.:, 
WoN D""'lopo(s Sign .... ~ {( ~ 

ABB Environmental Services Inc.-
9312005S L6 



WELL DEVELOPMENT RECORD 
Project: ~t Dovf/\( 

Well Installation Date: Project No. 
O't't't'Y .. ol 

Client: WeU Development Date: fo/r,/"r Developed by: Checked by: 
~u>11111~ 

Well/Site 1.0.: 2 w {Yt- i S"'" -{ g )' Weather: {Ji"W)\ f 'o" Start"i: - Finish Date: 
lO ' f , ... 

Well Construction Record Data: 
Well Diameter I '1 in.I 

Start Time: Finish Time: 

Bottom of Screen §· '"s(' 
. }-From Ground Surface D From top of Riser □ 

Sediment Sump/Plug ft. 

Screen Length ft. Fluids Lost During Drilling I ga1.I 

Protective Casing Stick-up I Q,7).. ft., Protective Casing/Well Oiff.l --0 ,JJft· 1 PIO Readings: Ambient Air O ppm 

WellMouth 0 ppm 

Water Levels: ~i" Sediment: 
Initial 1lf,~~ft. /f.2"- ft. Well Depth Before Development (from top 

'1.3, ft. End of Development Is r lo ft. 
of PVC) 

S,17 ft1/Jol'J1' 
Well Depth After Development 

24 Hrs. After Development ft. • obft. Sediment Depth Removed 

I 
. 

HT of Water Column lo tt. I XO 1.68 • ~G.gallvol. I "For 4" HSA installed 

□- wells 

Equipment: 
Approximate Recharge Rate~fA pm 

~Dedicated Submersible Pump 
D Surge Block Total Gallons Removed gal. 

D Bailer □ 2• D 
D Grundfos Pump 2·_ 4" __ yes no 

Well Development Criteria Met: • Well water clear to unaided eye m" □ 

Notes; lA,W Nil~ ii=,: ~- "* -ew.... • Sediment thickness remalng in well ,a; □ 

~ v. ~ tJ- w tJI 'd.otAJ" 
is <1.0% of screen length 

. . 
• Total water removed• a minimum ~ □ 
of 5x calculated well volume plus 
5x drilling fluid lost 

yes no 

End of Well Development Sample (1 pint) Collected?~ □ 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Rate ,~,< I ., s.,y '3,ct .1,r 01/Q/" 11,,,,.(t) 
'J.. I G, l .. r. "I m= r'J:.H 71 t--t 

3 ~l .r. fo':J. ' ,l ti- 1,,-, 

q '1 g S.3j l1, er .~,,. .., ., " 

=f= "'q f ,SI .•1.4 . l, V (J 'l; 

Im «g 0 ~q~ 1'3, 4b . ~'))._ I ),9 

) 

Wall Develapet, Signahn µ ~' ~/ 
ABB Environmental Services Inc.-

9312005S L6 
r 



WELL DEVELOPMENT RECORD 
Project: WeD lnstaaation Date: Project No. 

08 .11 ,~'4, q1,fl{ .o~ 
Client: Well Development Date: Developed by: Checked by: 

CC\ ,o '1lc2 Q_) j2e1c.... 
Well/Site 1.0.: s!J.,t.)J'lo'\- Weather! 

- q x:. b12lii 
Well Construction Record Data: WeU Diameter I ~ in.I Start Time: Finish 11me: 

Bottom of Screen ~5. ft. _,,,,,,,. - - .._o __ Yt..aa...z;. _ __,_-=O:..;;r_:.;;_.f~7--l 
. )-From Ground Surface ur From top of Riser ~ 

Sediment Sump/Plug ft. • 

Screen Length I O ft. Fluids Lost During Drilling - gal. 

Protective Casing Stick-up I (.15 ft. I Protective Casing/Well Dlff.l (), '-('-/ fl I PIO Readings: Ambient Air ~ ppm 

Well Mouth • , .3 ppm 

Water Levels: 
Initial 

End of Development 

24 Hrs. After Development 

HT of Water Column ~- 7 ttl 
Equipment: 

0"' Dedicated Submersible Pump 
0 Surge Block 

0 Bailer O 2· □--
□ Grundfos Pump 2·_ 4"_ 

Well Development Criteria Met: 

Sediment 

Well Depth Before Development l S, lS ft. (from top r 1------1 of PVC) 
\._,..__ Well Depth After Development I 5. / S ft. 

• 

Sediment Depth Removed ~ ft. 

I galJvol. 112 I •For 4• HSA installed 
wells 

Approximate Recharge Ratel / . ~ ggalpm.1 

Total Gallons Removed ::~==.2.=======· 
• Well water clear 10 unaided eye 

Notes: Co,-,rA1.it.'Q.\"t;.t,.~ ""'?uit.c..L WAT"t~ • Sediment thickness remaing in well 
is <1.0% of screen lenglh 

:,-e SMc. t. N * c...s 1.,,,),... 0,-J CAMJ r&/2.. 

yes no 

End of Well De~elopment Sample (1 pint) Collected? Ii("' D 

Water Parameter Measurmenls 

Record at the start, twice during and at the end of development (minimum): 

nme Volume Total Gallons pH Temp. 

dfJrJ 4. p.d Uf.J '1 . .;l.j__ l.~7.Y 
dt.'LQ. u. '1-d /:J..~J t,.uz /S°,4{ 

'2.t.415 /rJf-d l Yf41 t.~ /.5,,2 

0..t/i.l ~qc,.J dl4qa.(. lai2 
Of.:,7 uecpl ,-f)yt&t ,.s:z 1,.;':,i? 

WeU Developer's Signature~ ""===-x:::: 

• Total water removed • a minimum µ/,4 0 
of 5x ca/ct.dated well volume plus 

D 

5x drilling fluid lost 

Conductlvity 

,,!77 
~.J,,l_ 

q2.f1 
o'lJ;j 
#d9 

a 
Turbidity ~ Pumping Rate 

-'-=--<-+-'12.-=-----'-

J.z 

PROJECT OPERATIONS PLAN 
FORT DEVENS, MASSACHUSETTS 

WELL DEVELOPMENT RECORDU 

'----------------------------ABB Environmental Servi~s. Inc. 
9312005S L6 



WELL DEVELOPMENT RECORD 

Wei lnstalation Date: 
aa{&;:2./q4-

Project No. 
q,44_(R 

Client: WeU Development Date: Developed by: Checked by: 

C,, L)«Jbqt ~~ ~ I ,o/qt.;, 
Well/SilB I.D.: Weather: 

l"1w -avz-aox CLE.~st: I r.iD,cA.,, ;'::::) 

Well Construction Record Data: WeU Diameter I .,!)_ in.I j3.3~e: 7~CL,me: 

Bottom of Screen § ]-From Ground Surface ~ From top of Riser D 
Sediment Sump/Plug 

Screen Length • Fluids Lost During Drilling I O gall 

Protective Casing Stick-up j ¢ ft. I P~tective Casing/WeU Dlff., 6.;-1 fl I PIO Readings: _ Ambient Air (Z_t}PPm 

Well Mouth tf I ppm 

Water Levels: 
Initial 

End of Development 

~-YY ft. 

,;JJll.t ft. 

24 Hrs. After Development - ft. 

HT of Water Column , ~. !':J fl I 
Equipment: 

~icated Submersible Pump 
□ Surge Block 

□ Bailer D 2· □---
□ Grundfos Pump 2•_ 4"_ 

Well Development Criteria Met: 

Sediment: 

Well Depth Before Development 
( 
'---- Well Depth After Development 

/ I ,7:L ft. 

/ :;2...J..J ft. 

o. 5 I tt. Sediment Depth Removed 

I galJvol. ID I· •For 4" HSA installed 
wells 

Approximate Recharge Ratel /. , • g:.I 

Total Gallons Removed ==fj:.)=======--==· 

• Well water clear tD unaided eye 

Notes-· ___________________ _ • Sediment thickness remaing In wen 
is <1.0"/o of screen length 

(from top 
of PVC) 

yes no 

er □ 

ri □ 

_______________________ • Total water removed•• minim~ 0 0 
of Sx calculated well volume pl~~ 

Y8o/ no 
End of Well Development Sample (1 pint) Collected? lil" D 

Water Parameter ivieasurmenis 

Record at the start, twice during and at the;!9nd of development (minimum): 

Time Volume Total Gallons pH Temp. 

13,33 •o~ IO~c..l ~-~'I .,lctJS 

l.34 I •Q~ ~C~t:l.t a,."l-5' ol'.).0 

I 31..tq \O<j,al 30'3'"-1 t,.i( Ja~i" • 
I 351 lO@soJ 4¢? ~-3£ /ti", 7 

I 
1"105 '¥ S-C>'la.J (L . .J~ fi.t, 

c_~ ~~----
WeU Developer's Signature --------....ll.--------

Sx drilling fluid lost 

~ 
Conductivity Turbidity ~ Pumping Ral8 

~~7 ,t,/(J ,.N 
r::ltsil!J 3 l,1':s;z.. 

~fl' t:> :/.5l) 

:i..59 C) J,</() 

-?£f ~ ..tvw 

. WELL DEVELOPMENT RECORDU 
PROJECT OPERATIONS PLAN 

FORT DEVENS, MASSACHUSETTS 
1..----------------------------ABB Environmental Services, Inc. 
9312005S L6 



Client: ,-
~ 19Ct:;' 

Well ConstnJction Record,..D_a_ta_:.....,.---, 

WeD Installation Date: 
c:8{~/C.((' 

WeU Development Date: 

c:P/10 ~u 
Weather: 
~ec.i\St: 

Bottom of Screen i--14----· --ft-1. ]-From Ground Surface liJ' 
Sediment Sump/Plug l'5 ,b ft. 

Screen Length I 0 ft. . ·Aui~s Lost During Drilling D gai. 

Start Date: 

lJi lD 'if./ 

Protective Casing Stick-up I f ft. , Protective Casirig/WeU Diff · I 6.. 4 tt. I PIO Readings: Ambient Air ¢,3 ppm 

Well Mouth . ,3 ppm 

Water Levels: 
Initial 

End of Development 

24 Hrs. After Development - ft. 

HT of Water Column 1 ~ .05 ft. I X O 1.68• 

12(.£:l... 

Equipment: 

~dicated Submersible Pump 
□ Surge Block 

0 Bailer O 2• □--
□ Grundfos Pump 2•_ 4"_ 

Sediment: 

r' 
Well Depth Before Development Jt./,15 ft. 

'v-.. Well Depth After Development 

Sediment Depth Removed It. 

I galJvol. 6 8 I •For 4" HSA installe_d 
wells 

Approximate Recharge Ratel / !Q.... I 
• 3~ g:: Total Gallons RemoVBd . 

(from top 
of PVC) 

Well Development Criteria Met: • Well water clear 10 unaided eye 

Notes: C..Ot-.l"C'Al "-LE.\?-( c.W t===u ~--D ~-c-<a:J2. • Sediment thickness ramaing In well 

yea no 

End of Well Development Sample (1 pint) Collected?? D 

Water Parameter Measurments 

Record at lhe start, twice during and at the end of development (minimum): 

Time Volume Total GaUons pH Temp. 

IQ~O la 9<M ~~ci t,t.,9 l Y. I 
16~,2 ~~! t;;...- a.1 4, :J'O l1, ~ 
il>:50 la ¥. If i~ (,. . .!.3 l2-~ 
U).55" 

~ .¥ "·.25 L'l.ii. 
1,B2 v·eif: ,z . .;,. 

Is <1.0% of screen length 

• Total water removed • a minim~□ 
of 5x calculated well volume pl~ 
5x drilling fluid lost 

□ 

Conductivity TIM'bidlty i Pumping Rale 

)(;':/._ 9 '1-.M'I • ~#,"' 

uif J ¥2 l·.i. 8t,.,. 

~ ~" { s1.. (//1.b< 
Ji. L ·'2-:Jpb 

tff .J-9 /__ /. ~ j p--

f\ WELL DEVELOPMENT RECORDLJ l ':---Ol.. y..... • ~ PROJECT OPERATIONS PLAN 
weu Developer's Signature_.. __ ....;::,,.._.;_ ___ ~--+----- FORT DEVENS, MASSACHUSETTS 

L---- --- -----------------------ABB Environmental Services, Inc. 
9312005S L6 



APPENDIX G 

FIELD SAMPLE DATA RECORDS (GROUNDWAIBR) 

Harding Lawson Associates 
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ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD - GROUNDWATER 
FILE TYPE ~ SITE TYPE I WELL I JOB I 9144-02 I 

l_...=_J . · NUMBER '--· ----'· 
n,.. l..-J(O 

PROJECT I USAEC·FT' DEVENS I WEATHER
0

-fV::Y....;_::;.;.

0

_;'\,.__ __ J______ LOCATION START' '-{,.IS END l))c.J 
~ ,P ACTIVITY ...__-'-...;....-------,......,.-,--' 

:@:~: ,......IM""T""v--rl-2T"""(w....,...o--,-" ....... l-x....,..lj-- DATE , , / fa /9)-1 ST~bc~REA .___ _ ___. SITE ID 

WATER LEVEL/ WELL DATA MEASURED FROM PID HEADSPACE READJNGS WELL INTEGRITY YES NO 

WELL DEPTH t a,, {p O FT 

WATER DEPTH 1 / FT 

HEIGHT OF 7' 
~ 

TOP OF WELL BREATHING I - ppnl PROTECTIVE CASING SECURE 

~~ ZONE 
TOP OF CASING 

I ppnl 
WELL LOCKED 

WELL -IJELL 3. t/ HEAD PVC WELL CAP PRESENT 
DIAMETER= WATER COLUMN' J FT' 

• • ...... ------~ PROTECTIVE .-------, 
lliitx 1.68 gal/ft (4" 11ell) = f GAL/VOLi CASING STICK-UPI C{'1JL FTI 

POTECTIVE ~------, 
CAs1NGE1wELL 1-o. "l -, . FT I 

Ox __ gal/ft C 11ell) ..._-~-----'· FROM GROUND • • 

PURGE DATA VOLUME# \{ .J 
GALLONS to ")f) ~,-

TEMPERATURE, deg. C llr'1 17.t 17-'t 
pH units C.-b/ Sc:,, 
SPECIFIC CONDUCTIVITY, umo/cm ,~'il .~'-1 I 
TURBIDITY' ntu I D 
REDOX CAT COMPLETION OF PURGING) 

FRACTION CODE PRESERATIVE VOLUME 

.·tlLFFERalCE · · 

SAMPLE OBSERVATION 

CLEAR 

TURBID 

COLORED 

ODOR 

OTHER 
(SEE NOTES) 

SAMPLE BOTTLE NUMBER SAMPLE PARAMETERS 

svocs 

PEST./PCBS 

COLLECTED METHOD# 

UM18 

UW19 

UM20 

MS 4C 2· 1L AG A B CONTROL # ~9. f 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAH; 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

* 
• 
* 

160.1 

418. 1 

~ 
ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 
OTHER _________ _ 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

4C 2· 1L AG 

HCL,4C 4· 40 ml AG 

HN03 pH<2 1- 1L Poly 

HN03 pH<2 1- 1L Poly 

4C 1· 1L Poly 

H2S04 pH<2 1· 1L Poly 

H2S04 pH<2 2· 1L AG 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN·LINE FILTER (INORGANICS) 

C D 

E F G H 

J 

B 
IF HS/MSD 
COLLECTED 

K 
IF DUPLICATE 

L COLLECTED 

M N 

NUMBER OF IN·LINE 
FILTERS USED: 

} 

OTHER _________________ _ 

Notes: * PAL inorgenics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB CS020), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS . 

Q,(ut- 0~ SwJ °'~ ~1 ~n. 1.,.,-f,l/ ... p~ a«~ ~ ~ w~ CowtA 
bo~~ r~~ 

' 



FILE TYPE El SITE TYPE I WELL JOB 
NUMBER .__ __ _. 

9144-02 

SITE ID ~BIQ·-~--11 blkl 

ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD· GROUNDWATER /1'4,,':J 
PROJECT I usAEC-FT. DEVENS I WEATHER _OllC:l:r=li~:::a:#,~~,-Lt..:.:..sc.> ____ _ 

FIELD _______ ___.,,_,_{' 

:::~: IM~l2J~i ~ 1~ 131 DATE 

WATER LEVEL/ WELL DATA MEASURED FROM PJD HEADSPACE READINGS WELL INTEGRITY YES NO 

WELL DEPTH IJ,7G, FT 

WATER DEPTH 1.1 °I FT 

HEIGHT OF ,-----,,~·---~ 
WATER COLUMN! s FTI 

~ 
TOP OF WELL BREATHING I - ppnl PROTECTIVE CASING SECURE 

~ ~ ZONE 
TOP OF CASING I- ppnl 

WELL LOCKED 

IJ-x 1· .68 gal/ft (4" well) s 

Ox __ gal/ft ( well) 

PURGE DATA 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, I.Imo/cm 

TURBIDITY' ntu 

WELL 
DIAMETER= 

~ 

t . 

s ,,.~ 
,.'3~ 
. ~'4' 
".3.l 

REDOX (AT COMPLETION OF PURGING) 

;J'' .WELL 

H" HEAD PVC WELL CAP PRESENT 

GAL/VOLi 
PROTECTIVE nj POTECTIVE 

j-a,l r- FTI CASING STICK-UPI 1=1'4S >J CASINGE/WELL 
FROM GROUND ·1>LFFEAalCE 

1 Lf, s SAMPLE OBSERVATION 

lo IS '2t> 2, CLEAR 

/6.7 n.o '"~ ,.'f TURBID 

" C, 
,,7 ,~ C,J7 COLORED 

,1 '' 
. l'tb jf>l .2~'1 OOOR ,._ f;u, / 

1 s OTHER 

~s. )- (SEE NOTES) 

SAMPLE PARAMETERS 

svocs 

PEST./PCBS 

COLLECTED METHOD# FRACTION COOE PRESERATIVE 

4C 

VOLUME 

2- 1L AG 

2· 1L AG 

SANPLE BOTTLE NUMBER 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

UM18 

UW19 

UM20 

* 

* 
* 

160. 1 

418.1 

~ 
ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 
OTHER _________ _ 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

4C 

HCL,4C 

HN03 pH<2 

HN03 pH<2 

4C 

H2~04 pH<2 

H2504 pH<2 

4· 40 ml AG 

1- 1L Poly 

1- 1L Poly 

1- 1L Poly 

1- 1L Poly 

2- 1L AG 

DEDICATED SUBHIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN-LINE FILTER (INORGANICS) 

A 

C 

E 

J 

L 

M 

8 CONTROL # 2-l ,f)r-" 

D 

F 

N 

G H 

~ 
IF MS/HSD 
COLLECTED 

JF DUPLICATE 
COLLECTED 

NUMBER OF IN-LINE 
FILTERS USED: 

( 

OTHER _________________ _ 



ABB ENVIRONMENTAL SERVICES, INC. 
FILE TYPE G I I I I SITE TYPE WELL JOB 9144-02 

FIELD DATA RECORD - GROUNDWATER NUMBER 

PROJECT l USAEC·FT. DEVENS 
I 

WEATHER t-L.Ovt1 y4V5N0w LOCATION isTART C,9':to END It>~ I 1 ACTIVITY 

1"1~1~1--BGJ--l 11°1 ~ 
FIELD 

1~~l~l I l0 lxl~I 114~¾ I I toj I SITE ID SAMPLE DATE STUDY AREA 
NUMBER (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM PIO HEADSPACE READINGS WELL INTEGRITY YES NO 
, 

WELL DEPTH I 1.- .oo FT rt: OF WELL BREATHING I (!) ppnl PROTECTIVE CASING SECURE 

r~ ZONE 
WATER DEPTH Y.1 =l"'FT P OF CASING 

I ppnl 

WELL LOCKED 
WELL 0 

HEIGHT OF WELL ~ HEAD PVC WELL CAP PRESENT 
WATER COLUMN! :J-.H FTI DIAMETER = 2 Ip 

PROTECTIVE POTECTIVE 
Br1.68 gal/ft (411 well) = I 5' GAL/VOLi CASING STICK·UP~Ll/_$£1) FTI CASINGE/WELL I . FT, 

gal/ft <·2 "' well> FROM GROUND DIFFERENCE 

PURGE DATA VOLUME# I ~ 3 4 r' SAMPLE OBSERVATION 

GALLONS • S"'" ID ,< l,c) 2-1 ........ ~VcLEAR 
,_ 

TEMPERATURE, deg. C {p.qo t-.6 ~.o-o ~ ./ 0 ~:J" TURBID 
,-

pH units 5.rr 1.rv ~-}i.--~,.1-~ ~w COLORED 

SPECIFIC CONDUCTIVITY, umo/cm 0 .41(' o:;'D'i c-1~ o.~"l, 0.31-(, --;vOOOR 
,_ 

TURBID !TY ' ntu z,, II - A_ 1- 0 
OTHER 

,< 
~ (SEE NOTES) 

REDOX CAT COMPLETION OF PURGING) 

SAMPLE PARAMETERS COLLECTED METHOD# FRACTION CODE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 
- CONTROL #Zf z svocs ,v UM18 MS 4C 2- 1L AG A B 

' 
PEST./PCBS ~v UW19 EC 4C 2- 1L AG C D 

' -
voe .v UM20 VP HCL,4C 4- 40 ml AG E F G H 

' ' I -
INORGANICS-UNFILTERED 11---' * N HN03 pH<2 1- 1L Poly I 

- --
INORGANICS-FILTERED .v * NF HN03 pH<2 1- 1L Poly J 

~ 
IF MS/MSD 

-V 
-- COLLECTED 

WATER QUALITY PARAM. \. 
,. C 4C 1- 1L Poly K 

/ TDS - 160.1 -- IF DUPLICATE 
s H2S04 pH<2 1- 1L Poly L COLLECTED 

TPHC ~ 418.1 C H2S04 pH<2 1-
--

1L Pdly M N 
' 

SAMPLING EQUIPMENT PURGING SAMPLING NUMBER OF IN-LINE 

-v "°;V DEDICATED SUBMIRSABLE PUMP (WHALE) 
FILTERS USED: 

WATER LEVEL EQUIPMENT USED: ' 
I I ~ --:v DEDICATED TEFLON BAILER 1.. 

~

ECTRIC CONDUCTIVITY PROBE 
,_ 

~VIN-LINE FILTER (INORGANICS) OAT ACTIVATED 

HER t \'-I t-JK~ I "'WN" A](p ,w&(" 
,_ ,_ 

OTHER 
~ '-

Notes: * PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS. 

- 1Jo ?~~,,J ~ S"fM,J~ ,~~-o~-
I 

.

~ I I O -
SAMPLERS SIGNATURE -1~ ra1 1 ~ 1~6-

.. 



PIIOJECT USAEC • FT. DEIIEIIS FIELD SNIPLE IUIIEI 

SITE TYP£ WELL 

STll>Y MEA/ADC 

SANPLIIIG DATE 

·1 f; : _ .GATIOII / C 
JOI IILNER FILE TYPE CGW • 

ACTIVITY lsTMT Io ·. 1 ~ EID lr.: .1..c IEATNEI 

WATER LEVEL/ WELL DATA 
TOP OF CASING 

WELL DEPTH \-\-. S'4 FT eNEAUED ·~;iLC.. 
NISTOIICAL 

~ TOP OF WELL 

WATEI DEPTH 5.lo'3 FT 

tJ/J GALMIL I 
HEIGHT OF 
WATER COUJII I£ 9( • FT I 11- TOTAL GAL P\aGE)l 

PURGE DATA -f>·-t-w11• ■ 1 II fl I '57 
GALLCJIS J./r5 6-0 LE OISERVATIOIIS 

l'\.WIIIG IATE (GPN) Pf'Jft 
--------- ----------+--.----..._----- - .-1------~-----'""'-'--_a...;"' 

CLEM 
CLOU)Y 

TE•, DEG C 

pH, UNITS □ pH PAPER 

CDI.CIIIED 
t-'---t-'-='--+.4.,.;;..---t-,:~-t-----i...L.!!.:...;..;..---+,:...L:.-+~~-t.-:,.:...:.-J,1.,1,1 URIID ----

SPECIFIC COIIDUCTIVITY, iatlos/CII 

TURIIDITY, ntu 

REDOX (I c;aral,[fllN If l"tl6Hli): 

JIPMENT DOClll:NTATIOII "P,0, - ,f9 -0,'-3 -IJ,SV -o,i/S -tJ,v; -o,'fl, - 1 'I -o,':ID - ,3., 
. f· GING l' LING ECIIIPMEIIT ID ~ FLUIDS USED ~ LEVEL ECIIIP. USED .. PERISTALTIC l'\.W ISCO I___ POTAILE WATER ECTIIC COIi. Pl0IE 

, ' DEDICATED SUINERSIILL,P\1'£. LIGUIIIJX ESUE TIAIISDUC£R 
• IAILER U2• U4• I STEM CLEAIIIIIG 

PVC/SILICON TUIIIIG -
111-LIIIE/DISPOSAILE FILTER ~ ,4..>..-'t"""1 I 

0 OTHER a.ER OF FILTHS USED _L,._ 

CIIOI 
OTHER (SEE NOTES) 
(lf-\Uf 
____.=? 

ANALYTICAL PARAMETERS NETIKI> FRACTION PIIESERVATIOII 
llJNBER CODE NETIKI> 

§ voe 

VOLi.ME 
REQUIRED 

SANPLE 
CDI.LECTED 

§ 
SANPLE IOTTLE ID -..EIS IOTTLE~ 

/,(/ff~k,.d 5. 75 ~Q~·':.L..{ 

lll20 VP HCL, 4 DEG C (4) 60 NL 
svoc l.1'18 NS 4 DEG C (2) 1 LAG 
PEST/PCBa UH02 EC 4 DEG C (3) 1 L AG 

UH13 

~ 8 PAL IIIORGAIIICS (aee notes) II NII03 TO ptl<2 1 L P·CUIE 
LEAD OIILY SD~ i= i11G3 iii pii<2 

Li EXPLOSIVES IN19 LC 4 DEG C (3) 1 LAG 

--.....,/-~ - '·-----'-----

tM32 

§ TPHC 418.1 0 N2S04 TO pll<2 1 LAG 
TOC 415.1 0 H2S04 TO pll<2 1 L AG 
AJIIOIIS TF22 s H2S04 TO pll<2 1 L P·CUIE 

TT10 C 4 DEG C 1 L P·CUIE 
310. 1 II HII03 TO pll<Z 1 L P·CUIE 

B TSS OIILY 160.2 C 4 DEG C 1 L P·CUIE 
H20 QUALITY (aee notes) s H2S04 TO pll<Z 1 L P·CUIE 

C 4 DEG C 1 L P·CUIE 

• HII03 TO pll<2 1 L P·CUIE 
0 COLIFCIIIN 303, 909 4 DEG C (1) 4 OZ 

STERILE 

IIOTES (1) PURGIIIG COl'LETE WIIEII 5 WELL VOLi.MES KAVE IEEII NIGEi) MD WHEII WATER PAINETERS VAIY IT LESS THAii APPIOXINATELY 102:. 
(2) PAL IIIORGAIIICS: ICP METALS (S$10); AS (51122); SE (SD21); TL ($009); SI (5028); Pl (5020); HG (SI01). 

H20 QUALITY: POI, (TF27); TD (TF26); NIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); IIAIIDIIESS, 

SANPLED ■Y: r-1 : ,ea:...,(..r 1 '.i3't'&:Jt.> ,., /'" ••...;) ""' ~ I 
ALL P.Al411EIEIS COi.LE~ AS TOTALS, IE: IICJl•FILTERED • s. LA s..... ~(L =fu -Vl'Jt ~ f24V"lt,TlR.-~ 

RECEIVED BY: ~ . 'R-w:;;.-r..., t> 



ABB ENVIRONMENTAL SERVICES, INC. 

I FILE TYPE~ SITE TYPE I WELL JOB I 9144-02 I 
FJELD DATA RECORD - GROONDWATER NUMBER 

PROJECT 
I 

USAEC·FT. DEVENS I WEATHER ~,k,,t l JO-f LOCATION ISTART ('o/1 END /j2() I ' ACTIVITY 

SITE ID lllflWl·-~·-1 tit lxl :@:~: lt-t Ix I ~ "'' , I I I x I , I •ATE 
I 11z-~z;r- I STUDY AREA I AoG <-9WI (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM PIO HEAQSPACE READINGS WELL INTEGRITY YES NO 

MELL DEPTH /</1\FT 

B 
TOP OF WELL BREATHING I P~I PROTECTIVE CASING SECURE 

~ ~ ZONE 
WATER DEPTH 7, I z., FT TOI;' OF CASING 1,2.r~I WELL LOCKED 

WEL!g,S) 11 
WELL 

HEIGHT OF . HEAD PVC WELL CAP PRESENT 
WATER COLUMN' ~ s- nl DIAMETER• </ 

PROTECTIVE POTECTIVE 

~:~ gal/ft (411 well> • I LZ:Z.: GAL/VOLi CASING STICK-UPI flvs 4. FT I CASINGE/WELL I FT I gal/ft ( well) FROM GROUND ·1> Lf EEIWICE · 

PURGE DATA VOLUME# ;,,J"tfr,/ I -z.. 3 t/ ~ SAMPLE OBSERVATION 

GALLONS 3 ~-Z. )V.'1 J,.,, ,,., 61 '1cJ ~ CLEAR -,,.~ TEMPERATURE, deg. C Jr.' /t,.'f j(,.f' ,,., 1,.~- TURBID -pH units ,.~o ,. !)(° "i' ,.ii '•.$,0 , .. u COLORED -SPECIFIC CONDUCTIVITY, umo/cm '7f ;,,J ~j} ;11'{ :I 1'1 ~\3 ~ ODOR 

TURBIDITY' ntu (,1,0 [h 0 0 V 0 OTHER - (SEE NOTES) 
REDOX (AT COMPLETION OF PURGING) 41" 

SAMPLE PARAMETERS COLLECTED METHCX> # FRACTION COOE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER - CONTROL # 'ZfJ].. ';I svocs ~ UM18 MS 4C 2· 1L AG A B 
I 

PEST./PCBS " UW19 EC 4C 2· 1L AG C D 
I -

voe X UM20 VP HCL,4C 4· 40 ml AG E F G H 
I I I -

INORGANICS·UNFILTERED '/.. * N HN03 pH<2 1· 1L· Poly I 

l --
INORGANICS·FILTERED * NF HN03 pH<2 1· 1L .Poly J 

B 
IF MS/MSD 

..... -- COLLECTED 
WATER QUALITY PARAH; i * C 4C 1· 1L Poly I( 

/ TDS 160.1 -- JF DUPLICATE 
s H2S04 pH<2 1· 1L Poly L COLLECTED 

~ 
--

TPHC 418. 1 C H2S04 pH<2 2· 1L AG M N 
I 

SAMPLING EQUIPMENT PURGING SAMPLING NUMBER OF IN-LINE - - FILTERS USED: 
WATER LEVEL EQUIPMENT USED: I< ... DEDICATED SUBMIRSABLE PUMP (WHALE) 

I I - ~ 
} 

ELECTRIC CONDUCTIVITY PROBE DEDICATED TEFLON BAILER -~ FLOAT ACTIVATED '-
IN·LINE FILTER (INORGANICS) 

- -OTHER OTHER 
- --

Notes:* PAL inorganics: ICP metals (S510), AS (SD21), SE (SD21), TL (SD09), SB (S028), PB CSD20), HG (SB01) . 
Water Quality Parameters: P04 (TF27), TICN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALIC (301.0), HARDNESS. 

*s,~ f"T- ~) w~ ~ ~- . 
*~~~-ur~M+' 

SAMPLERS SIGNATURE 3°,~~ 



- --
ABB ENVIRONMENTAL SERVICES, INC. 

~ I I I I FILE TYPE SITE TYPE WELL JOB 9144·02 
FIELD DATA RECORD - GROUNDWATER NUMBER 

I I 
C..L~O-:j.: ~ Sr=>t¥>-...J 

I 

LOCATION l START 4'S, ";:J- I PROJECT USAEC•FT. DEVENS WEATHER ~ END oq 1~ 1 7 ACTIVITY 

l~I~ lril·-[ili]--1, It l~I FIELD 

1~1~12:t~l It l){l~I DATE I l't f"n"J ""l(p I STUDY "AREA I "'1 I SITE ID SAMPLE 
NUMBER (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM PID HEADSPACE READINGS WELL INTEGRITY YES NO 

WELL DEPTH ,~. "o FT t.::OF WELL BREATHING l 0 ppn l PROTECTIVE CASING SECURE [r ZONE 
WATER DEPTH 't.1< FT OF CASING 

I ppnl 
\JELL LOCKED 

WELL 0 
HEIGHT OF • WELL " HEAD PVC WELL CAP PRESENT 
WATER COLUMN I f3 . 1t<FT I DIAMETER= y ,a 

PROTECTIVE POTECTIVE 

~
68 gal/ft (4 11 well) = 

I IS GAL/VOLi CASING STICK-UPI~) FTI CASINGE/IIELL 
I _FT , 

x __ gal./ft ( well) FROM GROUND r DIFFERENCE 

PURGE DATA VOLUME # I ,.... ; LI ~ ' SAMPLE OBSERVATION 

,< "r 
1 

1-{ ~ ~l.--fu~R GALLONS )'V ~C) 

n.< " 
..... 

TEMPERATURE, deg. C 11.'f- ,,_~ II ;z_ I I, 1.- TURBID 
~ 

pH units s:1-, .s-.,~ r: Slf s.sz. li",S o " " _.........._ COLORED 

~} 
~ 

SPECIFIC CONDUCTIVITY, umo/cm ". n) O,""'J.i'1 o.~J 0.2$$' n .. ~ ODOR 
~ 

TURBIDITY' ntu 2.- 1 0 0 0 " .... OTHER 
(SEE NOTES) 

REDOX (AT COMPLETION OF PURGING) 

SAMPLE PARAMETERS COLLECTED METHOD # FRACTION CODE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 

svocs ~v UM18 MS 4C 2- 1L AG A B CONTROL #l.1::t_ 
' 

PEST./PCBS ~/ UW19 EC 4C 2- 1L AG C D 
' 

voe ~✓ UM20 VP HCL,4C 4- 40 ml AG E F G H 
' I I 

INORGANICS·UNFILTERED ~/ * N HN03 pH<2 1- 1L Poly I 
..... ;,, --

INORGANICS·FILTERED ~ * NF HN03 pH<2 1- 1L Poly 'J 

~

F MS/MSD 

:-:✓ -- LLECTED 
WATER QUALITY PARAM, * C 4C 1- 1L Poly K 
/ TDS ~ 160. 1 -- DUPLICATE 

s H2S04 pH<2 1- 1L Poly L COLLE~TED 

~ 
--

TPHC 418.1 C H2S04 pH<2 1- 1L Poly M N . 
SAMPLIN"G EQUil'MENT f'lllf)r! iili r.: 

rl.l"'-ll&l'tW 
C:AMCII rut: NUMBER OF IN- LINE 

- ~I/DEDICATED SUBMIRSABLE PUMP 
FILTERS USED: 

WATER LEVEL EQUIPMENT USED: " v (IIHALE) 

I I 
I- ~v DEDICATED TEFLON BAILER 

1-

[

LECTRIC CONDUCTIVITY PROBE 
I- I-

LOAT ACTIVATED l\.v IN-LINE FI.L TER (I NOR GAN I CS) 

- I-

THER OTHER - -
Notes: * PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 

Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S~ (TT10), TSS (160.2), ALK (301.0), HARDNESS . 

(I " 
I 

-~~✓ .M ' 

SAMPLERS SIGNATURE C';) J 
~ 



PIOJECTI USAEC • FT. DEVENS 

I 
FIELD SANPLE lll.leER IM I)( Ii I~ 1 I , [xTst STU>Y MEA/ADC' P1oc l.P?w 

SITE ID I, 6 IIA,+ I q I ~1- I ii t I SITE TYPE WELL SMPLIIIG DATE q/~_,,/9,_ •/0 1111 

' 
JOI .-ER 7/~t/-Or FILE TYPE cbw 

..cATUII 
lsTMT I ACTIVITY \c, -.~l. EIID 1(1 · 2+ WEATHEI 

~NN'{ #;...J Li [I I,.. _o . ~ lo/i i'H, .. - -
WATER LEVEL/ WELL DATA 

~ 
TOP OF WELL PIOTECTIVE PIOTECTIVE 

I ht.1.sw FTI TOP OF CASING CASING STICIMP CASIIIG/WELL DIFF., _ FT! WELL DEPTH \~. if" FT BNEASWEO -r .. p .... f~« ( FRCN GICUI)) 
HIST<ltlCAL 

WATER DEPTH S. 0~ FT 
GAL/VOL I WELL I.IITEGalTY: . • f ~ II~ WELL~ ~"rvA) PIOT. CASING SEClltE '6 •C''?:° OJ HEIGHT OF COIICIETE C0LW INTACT 

DIAMETER Tur-,-
WATER COLUNIII ~ n ""Cf .15 TOTAL GAt. PURGEOI WELL LOCICEO 

~
1 .68· gal/ft (4' > 4 . o4 ~ ~.__. t-,..,tte-

PVC WELL CAP 

_ gal/ft PID READINGS: IANIIEIIT AIR 6 PPMJ IWELL NIXITH O PPNI S-hv\.,~ " _() , \'l-'.c3 . 
..... ~ Qi...,,_R t.~ ~. ;J..y C. 2.:i "i.1,4 C:: , 1,'r I ~ 

PURGE DATA +-i,...,; WM:tllE I 11:1,s , ,~ .,,~ I 1:4) II-~ 12 .t.C 

GALLONS i. s 3-,0 3.8 5.9 l&i .o SNl'LE OISERVATIONS 

""V~(\ 
~')o Plll'IIIG IAT <.P> 3~D ISO 14<Jo 4'w i 

CLEAR 

11·t ,=1-4 
CLOLl)Y 

TEMP, DEG C 11_(p 11.1:. ,~.?, COLORED 
TUIIID 

pH, UIIITS Op11 PAPER ~- 1.0 LU> b.w ~Y\ (o I'\ =R (SEE IIOTES) 
SPECIFIC COIIDUCTIVITY, Ullhos/c:a 0.2'..r. (}. 2.5'7 1.l5i t>. 2,Sl 0, )J,fj 

TUIIIDITY, ntu ~ ta-Ji{ 0 -Q 0 0 D 
REDOX ca COMPLETION OF PURGING): 2-ll ..;;>,l-1 3 

♦/•.,, ~ ~-33 ~,\ j ~ .;J '-V<J:u.- Q, .. .,.l 5. 1, ,z... 3.i 

ilPNEIIT DOClN:IITATION 'D.. c. 3 - ~✓, ~-~ 2. .~(.,• :}.c.J '2. .'l I ~ f~ 1
11G ECIUIMIJT ID 

~ 
FLUIDS USED 

f:l 
LEVEL EQUIP. USED 

PERISTALTIC PUMP ISCO f POTAILE WATER ECTIIC COIID, lltlOIE 
DEDICATED SUUl:H11Lfi~ QUIIIOI( ESSUIE TIAJISDUCER 
IAILER 2• 4• I EM CLIEAIIIIIG 
PVC/SILICON TUIIIIG '7°" 

D 
IIMIIIE/OISPOSAILE FILTER tJ, ,y'.5..-.q,,., 

_L OTHER .-ER Of FILTERS USED 

ANALYTICAL PARAMETERS NETNII> FIACTION PRESERVATION VOLLIE SANPLE SANPLE IOTTLE ID .-€RS IOTTLE 
~R aJDE NETIIOD RECIUIREO COLLECTED fZt.i:vL- Tt1 SJ.....,,. mc.~r 

1112(1 NCL, 4 DEG C (4) 60 NL § 
SY~n:.-

§ voe VP 
svoc IJC11 NS 4 DEG C (2) 1 LAG I I I 
PEST/PCB1 UN02 EC 4 DEG C (3) 1 LAG 

UH13 - I I I 

§ PAL IIIORGAIIICS (IN notn) II 111103 TO pH<2 1 L P·aJIE § - I I I 
LEAD ONLY 5020 II 111103 TO pH<2 I I I 
EXPLOSIVES UW19 LC 4 DEG C (]) 1 LAG I I I 

LM32 I I I 

~ 
TPHC 411.1 0 H2S04 TO pH<2 1 LAG .. I I I 

TDC 415.1 0 H2S04 TO pH<2 1 LAG .. I I I 

AIJIOIIS TFZ2 s H2S04 TO pH<Z 1 L P•aJIE .. I I I 

TT10 C 4 DEG C 1 L P·aJIE .. I I I 
310. 1 II HII03 TO pH<Z 1 L P·aJIE .. I I I 

8 TSS ONLY 160.2 C 4 DEG C 1 L P·aJIE .. I I I 

H20 QUALITY (lee notes) s H2S04 TO pH<2 1 L P•aJIE ■ I I 

C 4 DEG C 1 L P·aaE ■ I I 

II HII03 TO pH<2 1 L P·aJIE ■ I I I 

D COLIFORM 303, 909 4 DEG C (1) 4 OZ I I I 
STERILE -, I I 

IIOTES (1) PURGING CCIIPLETE WNEII 5 WELL VOLLIES NAVE IEEIJ PURGED AIII WIIEII WATER PAIANETEIS VAIY IY LESS THAN APNOXINATELY 10X. 
(2) PAL IIIORGANICS: ICP METALS (SS10); AS (5022); SE (5021); TL (SD09); SI (SD28); Pl (SD20); NG (S101). 

N20 QUALITY: P04 (TF27); TD (TF26); IIIT (TFZ2); CL/504 (TT10); TSS (160.2); ALK (301.0); IIAIIIIIIESS. I ALL ...... ,,., D>I.LECTEI> ., TOTALS, ,., 11011 • F IL TEIED 
SANPLED BY: Z :t-.)c. r' ? o YllwL:::, 
RECEIVED BT: ' . ~A.~ . 



ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD· GROUNDWATER 

PROJECT I USAEC-FT. DEVENS I WEATHER ~4h2' ,,,re) 
FILE TYPE ~ SITE TYPE I WELL I ~~BER I 9144-02 

PP 
LOCATION I START f' Ou 
ACTIVITY -

:::~~ ..... ,ivi ...... x ...... 12- 1-~--1 ...... ,2 ....... 1){ ....... l---.ol DATE 1111a1r,r I STUDY AREA l 6'li<J (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM 

WELL DEPTH ________ FT-I D TOP OF WELL 

WATER DEPTH FT D T~P OF CASING 

HEIGHT OF r WELL --, Ill 

PID HEADSPACE READINGS 

BREATHING 
ZONE 

WELL 
HEAD 

WELL INTESjRp Y YES NO 

PROTECTIVE CASING SECURE i~ WELL LOCKED 

PVC WELL CAP PRESENT 
WATER COLUMN ! \0 FT ' DIAMETER • __.fl __ 

• - PROTECTIVE • ' .---------. 
!Slx 1.68 gal/ft (411 well) =.1 ~ GAL/VOL i CASING sricK-UPI a.-, FT! 

POTECTIVE ..--------, 
CASINGE/WELL [ _ 6,t""J FT j 

Ox __ gal/ft C • well) - - - FROM GROUND .,__ ---- -- ;.i)lfFERENCE - -

PURGE DATA 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, unho/cm 

TURBIDITY I ntu 

REDOX CAT COMPLETION OF PURGING) 

SAMPLE PARAMETERS COLLECTED METHOD# 

svocs 

PEST./PCBS 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

UM18 

UW19 

UM20 

* 
* 

* 
160. 1 

418.1 

~ 
ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 
OTHER _________ _ 

'3 4 

/Jj7 
t) (J 

Jo 
TURBID 

COLORED 

ODOR 

OTHER 
(SEE NOTES) 

FRACTION CODE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

4C 2- 1L AG 

4C 2· 1L AG 

HCL,4C 4- 40 ml AG 

HN03 pH<2 1· 1L Poly 

HN03 pH<2 1- 1L Poly 

4C 1- 1L ~oly 

H2S04 pH<2 1· 1L Poly 

H2S04 pH<2 2- 1L AG 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN-LINE FILTER (INORGANICS) 

A 8 CONTROL # 2__'7 f" 

C D 

E F G H 

J 

~ 
IF MS/MSD 
COLLECTED 

K 
J F OUPLI CA TE 

L COLLECTED 

M N 

NUMBER OF IN-LINE 
FILTERS USED: 

I 

OTHER _ ________________ _ 

Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS . 



A~8 ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD· GROUNDWATER 
FILE TYPE ~ SITE TYPE I WELL JOB 9144-02 

NUMBER 

PROJECT I USAEC·FT. DEVENS I WEATHER _c.--=U:a:=.c·-fl_-0.~.---~_·_-" _____ _ LOCATION I START I oo~· 
ACTIVITY · 

END I 03.S:-

WATER LEVEL/ WELL DATA 

WELL DEPTH 

WATER DEPTH 

I 'f-1-o FT 

(p,38 FT 

MEASURED FROM 

rt.OP OF WELL 

OP OF CASING 

WELL lo 
DIAMETER = a. If) 

PIO HEADSPACE READINGS 

BREATHING 0 ppnl ZONE 

ppnl WELL 0 
HEAD 

WELL INTEGRITY 

STUDY AREA 
(AOC) 

PROTECTIVE CASING SECURE 

WELL LOCKED 

PVC WELL CAP PRESENT 

YES NO 

HEIGHT OF ,-----
WATER COLUMN I s . 3 -Z--,FT.1 

. ~ gal/ft (4 11 well) = IW'_'00

_ gal/ft <~"well) 

PROTECTIVE 
/.:, GAL/VOL I _CASING ,STICK-UP I l .. S" O F+ I 

.___...,_,:;._ ___ __,. FROM GROUND · · 

POTECTIVE .-------, 
CASINGE/WELL I-{). I~ FT· I 
DIFFERENCE · 

PURGE DATA 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, umo/cm 

TURBIDITY' ntu 

REDOX (AT COMPLETION OF PURGING) 

i. 2-- 4-

0 

CLEAR 
. ............. 
TURBID 

COLORED 

COOR 

OTHER 
(SEE NOTES) 

SAMPLE PARAMETERS 

SVOCS 

PEST./PCBS 

COLLECTED METHOO # FRACTION COOE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

LECTRIC CONDUCTIVITY PROBE 

LOAT ACTIVATED 

UM18 

UW19 

UM20 

* 

* 
160. 1 

418.1 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

4C 2· 1L AG 

4C 2· 1L AG 

HCL,4C 4· 40 ml AG 

HN03 pH<2 1· 1L Poly 

HN03 pH<2 1. 1L Poly 

4C 1- 1L .Poly 

H2S04 pH<2 1· 1L Poly 

H2S04 pH<2 1- 1L Poly 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN·LINE FILTER (INORGANICS) 

A B CONTROL~ 

C D -z.. '1--1o 

E F G H 

J f S/HSD 
ECTED 

K 
UPLICATE 

L COLLECTED 

H N 

NUMBER OF IN-LINE 
FILTERS USED: 

..1-

OTHER _________ _ OTHER __________________ _ 

Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 CTT10), TSS (160.2), 

,. w A-rv--- 1\-C rt.il, o ~"'v'-A ~ ~ 3 - ~ c;,., ~Ni -

HG (SB01). 
ALK (301.0), HARDNESS. 

- L.-kU~c.. ~ j c•~ ~\/IV\() ,..,-- un ~"1 ---
sAMPLERs SIGNATURE _ __;L-l~'t..!!.J....::.,...,~ _ ___:1.L.-¥-11....--------



ABB ENVIRONMENTAL SERVICES, INC. 
;/J FILE TYPE ~ SITE TYPE I WELL JOB I 9144·02 

NUMBER .... ----' • FJELD DATA RECORD • GROUNDWATER .• ~~4,/,, L.:::_j • 
PROJECT I usAEc-FT. DEVENS I WEATHER 4___a-k - '-15° LOCATION ,..s-TA_R_T...,C/,...'tr-____ EN_o_1_0_'1._s _ __, 

. . c) ~ .JJ ACTIVITY OJ. 

FJELD -----------~r r ~-
SITE ID 1GB11u1--m--~ :::~: IMl~l2lwl, l3IYI~ DATE I 1dahs: I ST~6c~REA ,3,,)( 
WATER LEVEL / ·WELL DATA MEASURED FROM 

WELL DEPTH 

WATER DEPTH 

'S,~~ FT ~ TOP OF WELL 

} FT TOP OF CASING --------~---' i;~ 
HEIGHT OF WELL '"-
WATER COLUMN I 7 FT I DIAMETER .. __ _ 

PlD HEAOSPACE READINGS 

BREATHING I - ppm' 
ZONE - -

WELL 
HEAD 

I --- ppml 

WELL INTEGRITY YES NO 

PROTECTIVE CASING SECURE 

WELL LOCKED 

PVC.WELL CAP PRESENT 

- · ,-------.--, PROTECTIVE ~-------. 
Ilk 1.68 gal/ft (4 11 well) i:: 1 'i GAL/VOLi CASING STICK-UPI a., FTI 
Ox __ gal/ft < well) - • FROM GROUND L. -'---'--___.· 

POTECTIVE ,-----.--, 
• CASINGE/WELL I .. <!). i1 ' ..... FT I •. 

.. 1)lfFEAEIICE · · 

PURGE DATA 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, umo/cm 

TURBID JTY ' ntu 

REDOX (AT COMPLETION OF PURGING) 

·I 

SAMPLE PARAMETERS COLLECTED METHOD# FRACTION CODE PRE SERA Tl VE VOLUME 

SAMPLE OBSERVATION 

CLEAR 

TURBID 

COLORED 

COOR 

OTHER 
(SEE NOTES) 

SAMPLE BOTTLE NUMBER 

svocs 

PEST./PCBS 

voe 

UM18 

UW19 

UM20 

MS 4C 2· 1L AG A B CONTROL #2:r r 

lNORGANlCS·UNFlLTERED 

lNORGANICS•FlLTERED 

WATER QUALITY PARAH. 

* 

* 
• 

EC 

VP 

N 

NF 

C 

4C. 

HCL,4C 

HN03 pH<2 

HN03 pH<2 

4C 

2· 1L AG 

4· 40 ml AG 

,. 1L Poly 

1· 1L Poly 

1· 1L Poly 

C D 

E F G H 

J IF MS/MSD 
COLLECTED 

IC 
/ TDS 160.1 B JF DUPLICATE 

TPHC 418.1 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

~ 
ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 
OTHER _________ _ 

s 

C 

PURGING SAMPLING 

H2S04 pH<2 1· 1L Poly 

H2S04 pH<2 2· 1L AG 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN·LlNE FlLTER (INORGANICS) 

L COLLECTED 

M N 

NUMBER OF lN·LINE 
FILTERS USED: 

OTHER _________________ _ 

Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (5020), HG (SB01). 
Water Qualf~y Parameters: P04 (TF27), TK~ (TF26), NIT (TF2~), CL/S04 CTT10), TSS (160.2), ALIC (301,0), HARDNESS. 

~(,\i'l.. ~(Jlt-,tr" CoA~h(,V"C)tJ oJ,c.e., ~ f,c.e,l o&--, ()~f)- fJ~ 

_,_ 



ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD· GROUNDWATER 
FILE TYPE G SITE TYPE WELL JOB [ 9144-02 

NUMBER -

I I , , ,_-A-,,, ~ 
PROJECT USAEC·FT. DEVENS WEATHER _ ..... ___ ._.-,~-+-------- LOCATION jsTART Ofll.--e:, ENO ~s,-o 

ACTIVITY · ~ 

SITE 10 l&,!CilJ--[fil]-- l I l3lxl DATE , , ; rE13 eu,,I STUDY AREA , lo~ 
. · (AOC) '-· --=----...., 

WATER LEVEL/ WELL DATA MEASURED FROM PID HEADSPACE READINGS IIELL INTEGRITY YES NO 

t,: OF WELL BREATHING 0 ppnl PROTECTIVE CASING SECURE 

" 
ZONE 

OF CASING IIELL LOCKED 
WELL 0 ppn l WELL 

4 "'to 
HEAD PVC WELL CAP PRESENT 

DIAMETER= 

WELL DEPTH s- '1,.. I FT 

WATER DEPTH ,4J•. t; FT 

HEIGHT OF ,-------, 
WATER_ COLUMN I Io. H FT I 

· · PROTECT.IVE .-----"--.,.., 
.68 gal/ft C4" well> = I I S GAL/VOL I CASING STICK-UP I 2.. 1-·c F~ I POTECTIVE ,-------, 

CASINGE/IIELL t O . --zs-_ • FT I 
DIFFERENCE - • __ . gal/ft C well) -~-______ __._ FROM GROUND · - · 

PURGE DATA 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, unho/cm 

TURBIDITY ' ntu 

REDOX CAT COMPLETION OF PURGING) 

j_ 2. 3 

THER 
(SEE NOTES) 

SAMPLE PARAMETERS COLLECTED METHOD# FRACTION CODE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 

SVOCS 

PEST./PCBS 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

CTRIC CONDUCTIVITY PROBE 

AT ACTIVATED 

UM18 

UW19 

UM20 

* 

* 

* 
160.1 

418.1 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

4C 2- 1L AG 

4C 2- 1L AG 

HCL,4C 4· 40 ml AG 

HN03 pH<2 1- 1L Poly 

HN03 pH<2 1 - 1L Poly 

4C 1- 1L Poly 

H2S04 pH<2 1- 1L Poly 

H2S04 pH<2 1- 1L Poly 

DEDICATED SUBMIRSABLE PUMP (IIHALE) 

EOICATEO TEFLON BAILER 

IN-LINE FILTER (INORGANICS) 

A B CONTROL #21B I 
C D 

E F G H 

J 

~ 
IF MS/MSD 
COLLECTED 

K 
IF DUPLICATE 

L COLLECTED 

M N 

NUMBER OF IN-LINE 
FILTERS USED: 

~ 

ER _________ _ OTHER __________________ _ 

Notes: * PAL inorganics: ICP metals (SS10), AS (S021), SE (S021), TL (S009), SB (S028), PB (S020), 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), 

- -.,.J"1Vt)-·· 11..t,~n) -iv........ n,4, .s-· ~~..,J_j 

-~ \~ T°f\\{l~b,. ~I~ ~ - f1t~ 1/1 VII~ 

f l>19~D( \l~ rUlVt,X: 

HG (SB01). 
ALK (301.0), HARDNESS. 



ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD· GROUNDWATER 
FILE TYPE ~ SITE TYPE WELL JOB 9144-02 

NUMBER '----....J 

PROJECT I usAEC·FT. DEVENS I WEATHER __;U.a.....""'0_>1...;.J ... }....,_,_i,.,_""'------ LOCATION isTART ,~s-o END / 4,/S--ACTIVITY ~. __ .._ _______ __;;..;...::,:.____. 

FIELD ----------:~=:~: Mlx l~liJJ, 14-IXI~ DATE I H fi13 'JG,I ST~~~c~REA ... I =w_e, __ _ 
WATER LEVEL/ WELL DATA MEASURED FROM 

WELL DEPTH l 't. o FT r:p OF WELL 

WATER DEPTH LP. " 
FT OP OF CASING 

HEIGHT OF 
WATER COLUMN! 6.o FTl 

~1.68 gal/ft' (4" well) = 
gal/ff CV- well) 

PURGE DATA 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, lllilo/cm 

TURBIDITY' ntu 

WELL lit 
DIAMETER = I I) 

{p GAL/VOL i 

REDOX (AT COMPLETION OF PURGING) 8 

PIO HEADSPACE READINGS 

BREATHING -•·o ppnl 
ZONE 

ppnl WELL t) 
HEAD 

PROTECTIVE 
'CASING STICK-UP I 
FROM GROUND 

WELL INTEGRITY 

PROTECTIVE CASING SECURE 

WELL LOCKED 

PVC WELL CAP PRESENT 

POTECTIVE 
FT I CASINGE/WELL 

DIFFERENCE 

YES NO 

n 
TURBID 

COLORED 

ODOR 

OTHER 

FT I 

(SEE NOTES) 

SAMPLE PARAMETERS COLLECTED METHOD# FRACTION CODE PRE SERA Tl VE VOLUME SAMPLE BOTTLE NUMBER 

svocs 

PEST./PCBS 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAH.PLlllG EQUI PHENl' 

WATER LEVEL EQUIPMENT USED: 

ECTRIC CONDUCTIVITY PROBE 

OAT ACTIVATED 

UM18 

W19 

UM20 

* 

* 

* 
160.1 

418. 1 

HER _________ _ 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

4C 2· 1L AG 

4C 2- 1L AG 

HCL,4C 4· 40 ml AG 

HN03 pH<2 1- 1L Poly 

HN03 pH<2 1- 1L Poly 

4C 1 - 1L Poly 

H2S04 pH<2 1- 1L Poly 

H2S04 pH<2 1 - 1L Poly 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN-LINE FILTER (INORGANICS) 

A 

C 

E 

J 

K 

L 

M 

B CONTROL#~ 

D 

F 

N 

G H 

~ 
IF MS/MSD 
COLLECTED 

IF DUPLICATE 
COLLECTED 

FILTERS USED: 

OTHER __________________ _ 

Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB CSD20), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS . 



ABB ENVIRONMENTAL SERVICES, INC. 
FILE TYPE 6 SITE TYPE I WELL I JOB I 9144-02 I 

FIELD DATA RECORD· GROUNDWATER NUMBER 

PROJECT I USAEC·FT. DEVENS I WEATHER /Jo,;1 I 
L/Dt) 

LOCATION !sTART(,$" "$o END /(,/,S I • 
i'f' ACTIVITY 

~lu.irnl·-~·-lt lslxl FJELD 

"h' I zJwlt 161~ 1 t I I Id 11,~- I STUDY AREA I ~ 'i tU I SITE ID SAMPLE DATE 
NLMBER (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM PIO HEADSPACE READJNGS UELL INTEGRITY YES NO 

WELL DEPTH -- FT 

~ 
TOP OF WELL BREATHING I --, ppnl PROTECTIVE CASING SECURE i ~ 6 ''8 / 

ZONE 
WATER DEPTH FT TOP OF CASING WELL LOCKED 

WELL I - ppnl 
HEIGHT OF WELL '-{"' HEAD PVC WELL CAP PRESENT 
WATER COLI.MN' ..- FT' DIAMETER • 

PROTECTIVE POTECTIVE ex 1 .68 . gel/ft (4 11 well> • I Is-- GAL/VOLi CASING STICK-UPI 1.f Fri CASINGE/WELL 1-o~ '-1 :2. FTI x _ gel/ft C well) FROM GROUND DIFFEIWICE :-. 

PURGE DATA VOLi.ME # l a 3 Lf 5 SAMPLE OBSERVATION 

GALLONS 15 JO '15 (po 75 J CLEAR 

TEMPERATURE, deg. C 11,4 /3, 1 (3. 3 I i.;1 /).'J TURBID 

G.00 1.$1 ~,87 S,BV 
,-

pH units 5,-, 1 COLORED 
bi-~ 

l 31c> '"3Jt> .1)6 ,'J2y /3211 ~ ODOR-f:'"t..e / SPECIFIC CONDUCTIVITY, ~/cm 

TURBIDITY• ntu t () 0 0 C) OTHER 

/o/1,)• L,<JJ' <ro/ "61..(_ 

- (SEE NOTES) 
REDOX (AT COMPLETION OF PURGING) 

SAMPLE PARAMETgRS COLLECTED METHOD # FRACTION CODE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 
-

CONTROL # UI I svocs LM18 MS 4C 2- 1L AG A B 
I 

PEST./PCBS UW19 EC 4C 2· 1L AG C D 
I 

voe LM20 VP HCL,4C 4- 40 ml AG E F G H 
I I I 

INORGANICS·UNFILTERED I) • N HN03 pH<2 1· 1L Poly I 
--

JNORGANICS·FILTERED I~ • NF HN03 pH<2 1· 1L Poly J 

B 
IF MS/MSD 

.... -- COLLECTED 
WATER QUALITY PARAM; ~ • C 4C 1- 1L Poly K 
/ TDS 160.1 -- IF DUPLICATE 

s H2S04 pH<2 1- 1L Poly L COLLECTED 

~ 
--

TPHC 418. 1 C H2S04 pH<2 2· 1L AG M N 

saMPLING EQUIPMENT PURGING SAMPLING NUMBER OF IN-LINE 
- i 

FILTERS USED: 
WATER LEVEL EQUIPMENT USED: ~ 

DEDICATED SUBMIRSABLE Pl.MP (WHALE) 

I 
1 I 

~ 
ELECTRIC CONDUCTIVITY PROBE ~ DEDICATED TEFLON BAILER 

,-

FLOAT ACTIVATED )( IN•LINE FILTER (INORGANICS) .... -
OTHER OTHER - -

Notes:• PAL lnorgenics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (5028), PB (S020), HG (SB01). 
Water Quality Parameters: P04 (TF27), TICN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALIC (301.0), HARDNESS . 

[>to .. Oc,c,.,-, 
1 

l\..ell c" 111'ir,,.t n f!J· i 3 td of l,Jl.. fo ~tf-od6, 

SAMPLERS SIGNATURE rJz.. u II l 
• I 

, ,. 



ABB ENVIRONMENTAL SERVICES, INC, 

FIELD DATA RECORD· GROUNDWATER 
FILE TYPE ~ SITE TYPE I WELL I JOB 9144-02 

L-:.::.J · · NUMBER ....._ __ _, 

PROJECT I usAEC·FT. DEVENS I WEATHER _c_~-=....;..i.-., ...;z..:r-:s----=------- LOCATION j START I l '+ r: ENO ILt-ou 
ACTIVITY '-· --;__~_.___ ____ ..;__ __ _J 

SITE ID w 1w1 a--§:@--1 , 1s-1 ><I DATE j ,~ ~ 'j<'P I sT~~~c~REA .... I _{p_J+----_, 

WATER LEVEL/ WELL DATA MEASURED FROM 

~ OF WELL 

D TOP OF CASING 

PIO HEADSPACE READINGS WELL INTEGRITY YES NO 

WELL DEPTH .,S" u FT 

WELL IL'° 
DIAMETER= T . I() 

BREATHING 
ZONE 

WELL 
HEAD 

PROTECTIVE CASING SECURE 

WELL LOCKED 

PVC WELL CAP PRESENT 

WATER DEPTH . 'f J FT 

HEIGHT OF ,-----
WATER COLUMN I 1~ ... or FT I 

• • - - • PROTECTIVE 
.68 gal/ft (4" ·well) = I lo GAL/VOLi CASING STICK-UPI ,Z .'1-( FT ' 

x __ . gal/ft C well) .__ ______ _,_ FROM GROUND . '-· -----'· 

POTECTIVE ,---------. 
cAs1NGE1wELL 1-0 •. tt-o FT l 
DIFFERENCE · • 

PURGE DATA 

TEMPERATURE, deg. C 

pH uni ts 

VOLUME # 

GALLONS 

SPECIFIC CONDUCTIVITY, umo/cm 

TURBIDITY' ntu 
~..:...::,~,+1,L!...!:~~~~H~=~~=:L..+----l----+--,:a,,.-----1 

REDOX CAT COMPLETION OF PURGING) 

TURBID 

COLORED 

ODOR 

OTHER 
(SEE NOTES) 

SAMPLE PARAMETERS 

svocs 

PEST./PCBS 

COLLECTED METHOD# FRACTION CODE PRE SERA Tl VE VOLUME SAMPLE BOTTLE NUMBER 

voe 

INORGANICS·UNFILTERED 

INORGANICS·FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAMPLING EQUIPM N 

WATER LEVEL EQUIPMENT USED: 

LECTRIC CONDUCTIVITY PROBE 

LOAT ACTIVATED 

UM18 

UW19 

UM20 

* 

* 
160.1 

418.1 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

4C 2· 1L AG A 

4C 2- 1L AG C 

HCL,4C 4· 40 ml AG E 

HN03 pH<2 1· 1L Poly 
--

HN03 pH<2 1. 1L Poly J 

4C 1- 1L Poly K 

H2S04 pH<2 1· 1L Poly L 

H2S04 pH<2 1· 1L Poly M 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN-LINE FILTER CINORGANICS) 

B CONTROL #2(!}2-

D 

F G H 

~ 
IF MS/MSD 
COLLECTED 

IF DUPLICATE 
COLLECTED 

N 

NUMBER OF IN-LINE 
FILTERS USED: 

1-

THER _________ _ 
OTHER-------------------

Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 
Water Qual i ty Parameters: P04 (TF27), TKN CTF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS . 

- \.lfrro'\- 'J'll•'l,f) ,o #'"" ' .,; t'ti f t ~ ~'tlt.- 2-- &.,tu....J s 
I ~----~ 



ABB ENVIRONMENTAL SERVICES, INC. 

I I 9144-02 1 FILE TYPE~ SITE TYPE I WELL JOB 
FIELD DATA RECORD - GROUNDWATER NUMBER 

I I WEATHER . /lOf.A. ... "a Lfo~ I PROJECT USAEC·FT. DEVENS LOCATION !sTART {31/S END JSoo 
FIELD pp 

ACTIVITY 

SITE ID r.z~,~--rn--l 71~1xl :::~: ~,~1~1 lbl~h I DATE li-t /1-lttr- I STUDY AREA I ' 'i 4..) I (AOC) 

WATER LEVEL / ·WELL DATA MEASURED FROM PJD HEADSPACE READINGS WELL INTEGRITY YES NO 

WELL DEPTH 'S' . .,,. FT 

~ 
TOP OF WELL BREATHING I - ppnl PROTECTIVE CASING SECURE 

~ ~ .,,,, ZONE 
WATER DEPTH FT TOP O~ CASING I - ppnl WELL LOCKED 

WELL 
HEIGHT OF WELL c.r'' HEAD PVC WELL CAP PRESENT 
WATER COLL14N 1 • 8 nl DIAMETER• 

PROTECTIVE · POTECTIVE 

ffx 1.68 gel/ft (4" well> -1 · 1 s ' GAL/VOLi CASING STICK·UPI i=lc.c.14 FT' CASINGE/WELL ,~GJ.,? nj 
x _ gel/ft ( well) FROM GROUND DIFFERENCE . 

PURGE DATA VOLUME# ') ~ ~ 'i s \A ~ SAMPLE OBSERVATION 

's t./5 ,o ?S ~ r(.P 
... 

GALLONS «Jc, /J ~ CLEAR 

TEMPERATURE, deg. C Is.~ ''° ,,. )._ 
"· I 

14. I "~~ V TURBID 

"--SS h>,"t~ C:, ''-13 C,Lf3 ,.<,~ ......... ,;_ -~ -
pH units 

/rt J 
.,... z. COLORED 

tA~I Xr.- -
SPECIFIC CONDUCTIVITY, :c.J.af,:m .~~ . i-r~ .l7o 41<o<'f ODOR 

-
'1 '\. TURBIDITY' ntu 0 0 0 0 OTHER 

I ff'.\/ L4(t- fk4to .. (. 
- (SEE NOTES) 

REOOX (AT COMPLETION OF PURGING) 

SAMPLE PARAM~TERS COLLECTED METHOD# FRACTION CODE PRESERATIVE VO~UME SAMPLE BOTTLE NUMBER 

svocs ~ UM18 MS 4C 2· 1L AG A B CONTROL#~ 
I 

PEST./PCBS 

~ 
UW19 EC 4C 2- 1L AG C D 

I 

voe UM2O VP HCL,4C 4- 40 ml AG E F G H J I I I 

INORGANICS·UNFILTERED • N HN03 pH<2 1- 1L Poly I 
--

INORGANICS·FILTEREO • NF HN03 pH<2 1- 1L Poly J 

B 
IF MS/MSD 

~ 
-- COLLECTED 

WATER QUALITY PARAH. • C 4C 1- 1L Poly IC 
/ TDS 160. 1 -- IF DUPLICATE 

s H2S04 pH<2 1- 1L Poly L COLLECTED 

~ 
--

TPHC 418.1 C H2S04 pH<2 2· 1L AG M N 
I 

SAMPLING EQUIPMENT PURGING SAMPLING NUMBER OF IN-LINE 

~ 
~ FILTERS USED: 

WATER LEVEL EQUIPMENT USED: DEDICATED SUBMIRSABLE PUMP (WHALE) 

I I I ELECTRIC CONDUCTIVITY PROBE 
I 

DEDICATED TEFLON BAILER 
-

~ ~ FLOAT ACTIVATED IN-LINE FILTER (INORGANICS) 
-

OTHER OTHER .... .... 
Notes:• PAL lnorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (5020), HG (SB01). 

fto~lo~~~7tt,d04 c:;;4;~Ne~~);)IT c;;::;_· ct ~~~;s ~:;) ;z~), 

HARDNESS. 

SAMPLERS SIGNATURE (/i}lf; 'LL 



ABB ENVIRONMENTAL SERVICES, INC. 

~ I I I I FILE TYPE SITE TYPE WELL JOB 9144·02 
FIELD DATA RECORD· GROUNDWATER NUMBER 

PROJECT I USAEC·FT. DEVENS I WEATHER ~ z..e-S LOCATION ISTART 
ACTIVITY 

141S- END f S°I ,S_ .. 
I 

l~w1Ml··rili1--I, ,~,~, FIELD 

lmlxl-e!N11 lbl~lzl l11u~ I I '°9 I SITE ID SAMPLE DATE STUDY "AREA 
NUMBER r (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM PIO HEAOSPACE READINGS WELL INTEGRITY YES NO 

WELL DEPTH 1y .r;-u FT rp OF WELL BREATHING I o ppml PROTECTIVE CASING SECURE 

[r ZONE 
WATER DEPTH 'f.ll-J FT OP OF CASING WELL LOCKED 

I o ppml WELL 
HEIGHT OF WELL ~ .. ,~ HEAD PVC WELL CAP PRESENT 
wATER coLUMNI ,o.c:,---· FTI DIAMETER= 

PROTECTIVE , POTECTIVE 

~
1.68 gal/ft (4" well) : 

I I Ip GAL/VOL i CASING STICK-UP I (vu~~ )T l CASINGE/WELL 1-o.~o FTI __ gal/ft< well> FROM GROUND DIFFERENCE 

PURGE DATA VOLUME# I 2-- 3 ~ !> ' SAMPLE OBSERVATION 

GALLONS 11.P 3,2- 4f. "-14- -Bo "' ~.,..(i'.EAR -TEMPERATURE, deg. C ,.~., B.o " e.o i,,qc Kl--o "' TURBID 
-

pH units IP. If "'·°" .~.'I~ 5 .'lb "' ff-'llo COLORED -
SPECIFIC CONDUCTIVITY, urno/cm D,l'j o o,,~ ~-,~~ () I l't,11 

'\ ~..,-) o, l"i,o ODOR . -
TURBIDITY' ntu 1-y 0 0 0 0 ~ OTHER 

- (SEE NOTES) 
REDOX (AT COMPLETION OF PURGING) ~ 

SAMPLE PARAMETERS COLLECTED METHOD # FRACTION CODE PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER - CONTROL #ZM. svocs t,V UM18 MS 4C 2- 1L AG A B 
I ,-

PEST./PCBS \V W19 EC 4C 2- 1L AG C D 
,- I 

voe "'v UM20 VP HCL,4C 4· 40 ml AG E F G H 
,- ' I I 

INORGANICS·UNFILTERED LV * N HN03 pH<2 1- 1L Poly I 
..... --

INORGANICS·FILTERED ~✓ * NF HN03 pH<2 1- 1L Poly J 

~ 
IF MS/MSO -✓ -- COLLECTED 

WATER QUALITY PARAM. \ * C 4C 1- 1L Poly K 
/ TDS - 160.1 -- 1F DUPLICATE 

s H2S04 pH<2 1- 1L Poly L COLLECTED 

~ 
--

TPHC 418. 1 C H2S04 pH<2 1- 1L Poly M N 
I 

SAMPL !HG EQUIPMENT PIIOr.rtJr. ~AMPI Uilr. NUM_BE.rl OF I N- 1 lt-J E 

- - FILTERS USED: 
WATER LEVEL EQUIPMENT USED: ,/' 1,V DEDICATED SUBMIRSABLE PUMP (WHALE) 

[

~LECTRIC CONDUCTIVITY PROBE 
- ~V DEDICATED TEFLON BAILER I .1. I 
- - ,• 

FLOAT ACTIVATED i,V IN-LINE FIL!ER (INORGANICS) 
- -

OTHER OTHER - -
Notes: * PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 

Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 ~TT10), TSS (160.2), ALIC (301.0l, HARDNESS. 

-- wn"\.")L, f\.1 /\-11, i~ ~ n,"-""' r-· (i-~ttu-o~) 
-u=k.::- ir'>•O~ w~ 

r~~. v~.r' SAMPLERS SIGNATURE ' 

( 



' 

PIOJECTI USAEC • FT. DEVENS FIELD SANPlE IIMER ~ I )( I e-l "' / I{, 1.;i 31 STLIIY MEA/NX ~CC&x.u 
SITE ID lil~1 .. + fl ~ I· I, 11, ~ SITE TYPE WELL SANPLIIIG DATE Cf /3?>/PJI 'i),, 

{) '15 .. ~/,/16 JOI IUIIER 9/.J/~. oa FILE TYPE CGW / / 

. ..cATICII I 

ACTIVITY jsTM~ E_, /6~0 WEATHEI 
5v~AJr' a~IL 

-~ .,,,,,,,o {j,(,)~ 

WATER LEVEL/ WELL DATA i TOP OF WELL PIOTECTIVE PIOTECTIVE 

I nl FTI I S.-4,g FT ~ 
TOP O'f:t..SING CASIIIG STJCIC·llt ('JA. CASIIIG/WELL DIFF., 

WELL DEPTH NEAStaED J'/ (FltCN Ga1UII) 
STOIICAL 

WATER DEPTH q ·3-Z- FT WELL INTEGIITT: • f 
~l WELLflN 

GAL/\U I N~ PIOT. CASIIIG SECWE DIAMETER _· 
HEIGHT OF , 

TOTAL GAi. PUIGEDI 
IXIICIETE COLLM IIITACT _INCH 

WATER ~lllNI h,/ti:, nl ~- 5 WELL LOCICED 
PVC WELL c» · 

e<-68 gal/ft c4•> -;-.oi 
_ 18l/ft Pl~ IEADIIIGS: IMIIEIIT AIR v PPM WELL NWTN tJ ""I 

, .. ! ---t. f ~-'lo.I i I.Ju I. .u•• <,"., .s-. ,/&./ '>, Ill( 

PWGE DATA -'(:'"4(. VOLLIIE f 9: t$' q:--,o 
I 

115 9'{() O"J'/S° 9>~ 
GALLCIIS ;,5 f,o 1/,f 5,o s'. 3 SAMPLE OISERVATIDIIS 

f,..P./,,, .. ) IUIPIIIG RATE -"""1"' J5c1"7- 2>~',, 1~:) lhO ~.s:, ... ~ !>,O CLEAi 
f 

., f''- , ...... 
CLOODY '--

/1; • ., TENP, DEG C fl ,3 if,7 l~,7 /(p .:j. lt,,K COlOIED 
TIJIIID 

pH, llllTS Op11 PAPER t,.f P 6: 'ft L,'11 ,,)O ~.-sc 4 •)" 
SPECIFIC CONDUCTIVITY, Ultios/CII ,17 2 , Ir. 3 I 111 , I 9'f o.,•u, .I ~5 

/-fo. ~/''"Ce = v TIJIBIDITY, ntu D () () 0 0 0 
REDOX ca CQlll::Ef 1111 eF PUIG.ING,): al~ ~,_, 2"1b J L <i Z'Z.g Zlv 

JIPNEIIT OOCl.llENTATION iJ,C · -O,I'{ f).,1; -0;1."l.. -o,-d -0.1.i --o,z~ 

PERISTALTIC IUIP Isa> f POTAILE WATER 
DEDICATED SlBIEISIILL,P\"L CIUIQ 
IAILEI U2• U4• t EM CLEAJIIIIG 
PVC/SILICON TWIIIG -
IN·LINE/DISPOSAIL£ flLTER ~ .'IS~,.,, 

LEVEL ECIIIP. USED 
ECTRIC a.. PICllE 
ESME TRAIISDUCEI 

. f ING llllG ECIUIPNENT ID rr: FLUIDS USED 

0 OTHER lll8EI OF FILTEIS USED _j_ 

ANALYTICAL PARAMETERS IIETIICI) FRACTION PRESERVATION YOLLIE SANPLE SANPLE IOTTLE ID lll8EIS 
IUIIEI ta>E IIETN0D IECIJIIED COLLECTED 

§ voe UN20 VP NCL, 4 DEG C (4) 60 NL § svoc . 1.1118 NS 4 DEG C (2) 1 L AG 
PEST/PCB1 UN02 EC 4 DEG C (3) 1 LAG 

UN13 

§ § PAL INORGAMICS (IN notn) II 111103 TO ptl<2 1 L P·ClJIE 
LEAD ONLY 5020 .. 111103 TO ptl<2 
EXPLOSIVES IAl19 LC 4 DEG C (3) 1 LAG 

UW32 g:TPNC 418.1 0 NZS04 TO ptl<2 1 LAG al.!I.. I£/~ I 
TOC 415. 1 0 NZS04 TO ptl<2 1 LAG .ilt I 
AJUONS TF22 s NZS04 TO ptl<2 1 L P·ClJIE 

1110 C 4 DEG C 1· L P•ClJIE 
310.1 II Nll03 TO ptl<2 1 L P·ClJIE 

8- TSS ONLY 160.2 C 4 DEG C 1 L P·ClJIE E N20 CIUALITY (lee notn) s HZS04 TO ptl<2 1 L P·ClJIE 
C 4 DEG C 1 L P•ClJIE 
II 111103 TO pll<2 1 L P·ClJIE 

0 COlJFORN 303, 909 4 DEG C (1) 4 OZ 
~ ef £f'1.H/'P~ ,610~ °?.i1.U~~ STEIILE cir ~~ 

IOTTLE 

IIOTES ( 1 > P\JRGIIIG Ctll>L£TE WNEII 5 WELL YOLLIES KAVE IEEN PUIGED AIIO WNEII WATEI PARANETEIS VMY IY LESS THAii APPIOXIICATELY 101. 
(2) PAL IIIORGAJIICS: ICP IIETALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl CSD20); NG (5101). 

H20 QUALITY: P04 (TF27); TOI (TF26); IIJT (TF22); C.L/504 (TT10); TSS (160.2); ALIC (301.0); KAIDIIESS. 

SAMPLED 8Y: ~ ·?c,c;. ... L '":- (' H' I, ~ ( (\ " I 
ALL PAlANETEIS COlLECTED AS TOTALS, IE: -·FILTERED Z '4 l.,, 

IECEIVED IY:12..>s,;r..,!> 1 



ABB ENVIRONMENTAL SERVICES, INC. 
FILE TYPE 6 SITE TYPE I ~LL 

I 
JOB I 9144·02 

I FIELD DATA RECORD· GROJNDWATER NUMBER 

PROJECT 
I 

USAEC·FT. DEVENS I ~ATHER c~~, d..f-,z~~ J Jb0
,::- LOCATION ISTART 17'fr END (J r.1r I ACTIVITY 

IZIWlfll·-~·-IL I 1IX1 FIELD v>1I ,cjzlwl I I z I xll I I 11L ;7,r I STUDY AREA I #DC 'l w I SITE ID SAMPLE DATE 
NUMBER (AOC) 

WATER LEVEL/ WELL DATA MEASURED FROM PIO HEADSPACE READINGS WELL INTEGRITY YES NO 

~LL DEPTH 2,. I FT 

@
TOP OF WELL BREATHING I 0 ~1 PROTECTIVE CASING SECURE 

~ . ~ ZONE 
WATER DEPTH r1 FT ~OP OF CASING lo:z.~I WELL LOCKED 

WELL 
HEIGHT OF ~LL (' HEAD PVC ~LL CAP PRESENT 
WATER"COLUMNI 2 nl DIAMETER a 

PROTECTIVE ' POTECTIVE 

~=~ gal/ft (4" well) "! 
I 

p,z.1 GAL/VOL I CASING Sl'ICK·UPI ✓,10 FTI CASINGE/WELL I -'6•Z1 FTI 
gal/ft< well) 

'r""AI 
FROM GROJND • .. 1> lf FEREJICE ... 

PURGE DATA VOLUME# ;;,.:r,,.( I 7. 3 (/ ~I.I> SAMPLE OBSERVATION 

GALLONS 3 /Z,I .,>.,r:" 3(,'{ 'f,.i li'I 
-
~ CLEAR 

TEMPERATURE, deg. C /2. fl? lJ. 7 //. 7 II. 'I 12 .I) TURBID 

--ir.t.Jr pH units L.)7 ,.'{Q (, ,'ff (,,f( l,.f'I COLORED -
SPECIFIC CONDUCTIVITY, Limo/cm ~L 'f J.~7 -1!1 ~Si a.,o -7'-Z ODOR 

-
TURBIDITY I ntu 0 0 e 0 0 le) OTHER 

,_ (SEE NOTES> 
REDOX (AT COMPLETION OF PURGING) ..-
SAMPLE PAR~~T~RS COLLECTED METHOO # FRACTION COOE PRE SERA Tl VE VOLUME SAMPLE BOTTLE NUMBER - CONTROL # ~f ,r svocs ! UM18 MS 4C 2- 1L AG A .B 

' 
PEST./PCBS 

~ 
UW19 EC 4C 2· 1L AG C D 

' 
voe UM20 VP HCL,4C 4· 40 ml AG E F G H . 

' I 

INORG1NICS·UNFILTERED 

~ 
* N HN03 pH<2 1· 1L Poly I 

.. --
INORGANICS·FILTERED * NF HN03 pH<2 1· 1L Poly J 

B 
IF MS/MSD 

~ 
-- COLLECTED 

WATER QUALITY PARAH; * C 4C 1· 1L Poly K 
/ TDS ,_ 160.1 -- JF DUPLICATE 

s H2S04 pH<2 1· 1L Poly L COLLECTED 

gJ --
TPHC 418.1 C H2S04 pH<2 2· 1L AG M N 

' 

SAMPLfNG EQUIPM~NT PURGING SAMPLING NUMBER OF IN·LINE 
- -i, FILTERS USED: 

WATER LEVEL EQUIPMENT USED: ~ DEDICATED SUBMIRSABLE PUMP (WHALE) 

I I - I- I 
ELECTRIC CONDUCTIVITY PROBE ~ .. DEDICATED TEFLON BAILER ... 

~ ~ FLOAT ACTIVATED IN•LINE FILTER (INORGANICS) - --OTHER OTHER .... --
Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (5020), HG CSB01). 

Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS. 

__, f'do1' ~ MIi~ - ~J..,, ~ T~ 

SAMPLERS SIGNATURE ~, -~ -



ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD - GROUNDWATER 
FILE TYPE El SITE TYPE WELL JOB 9144·02 

NUMBER ~-----

PROJECT I USAEC-FT. DEVENS I WEATHER __.P ..... -0 ... • 141:'J----w ..... _~a.,, .... n .... , 1-4· --,-3-uc-J..a..~- LOCATION [sTART lk-0:,...... END((os-<> 
ACTIVITY · ~ 

~::~: v-111 W .J, litxlil 
WATER LEVEL/ WELL DATA 

PURGE DATA · 

TEMPERATURE, deg. C 

pH units 

VOLUME# 

GALLONS 

MEASURED FROM PIO HEADSPACE READINGS 

BREATHING 
ZONE 

WELL 
HEAD 

WELL INTEGRITY 

PROTECTIVE CASING SECURE 

WELL LOCKED 

PVC WELL CAP PRESENT 

YES NO 

POTECTIVE ,------ --, 
CASINGE/WELL I - l). > ~ F,T I 
0 I FFERENCE · · 

SPECIFIC CONDUCTIVITY, iimo/em o 
i--:--=-"'-=:+',::_-"""'"l.l_.::;..~,,.,..'+-"':.....:...-L--+f--x..&=~,.._-- -1------+-~---I 

TURBID 

COLORED 

ODOR 

OTHER TURB ID JTY I ntu 

REOOX (AT COMPLETION OF PURGING) 

SAMPLE PARAMETERS COLLECTED METHOD# 

SVOCS 

PEST./PCBS 

voe 

INORGANICS·UNFILTERED 

INORGANICS-FILTERED 

WATER QUALITY PARAH. 
/ TDS 

TPHC 

SAMPL ING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 

UM18 

UW19 

UM20 

* 

* 

* 
160. 1 

418.1 

OTHER _ ________ _ 

FRACTION CODE 

HS 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

(SEE NOTES) 

PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 

4C 2· 1L AG A B CONTROL #f B{p 

4C 2- 1L AG C D 

HCL,4C 4· 40 ml AG E F G H 

HN03 pH<2 1· 1L Poly 

HN03 pH<2 1- 1L Poly J 

~ 
IF MS/MSD 
COLLECTED 

4C 1- 1L Poly K 
IF DUPLICATE 

H2S04 pH<2 
,_ 1L Poly L COLLECTED 

H2S04 pH<2 1- 1L Poly M N 

NUMBER OF IN-LINE 
FILTERS USED: 

DEDICATED SUBHIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER :1 
IN-LINE FILTER (INORGANICS) 

OTHER 

Notes:* PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS . 



ASS ENVIRONMENTAL SERVICES, INC. 
FILE TYPE ~ SITE TYPE I WELL 

FIELD DATA RECORD· GROUNDWATER t.....:::_j · 
JOB 9144·02 
NUMBER .__ __ __ 

PROJECT I USAEC-FT. DEVENS I WEATHER ·_.::;R~~=~~-'-'"""'--';...._~ _____ _ 

FIELD -....--...--............................ P ... f' 
SITE ID 12~ cl--BKJ--1 i IR WI :::~: bl')tl2M 1 lcal xi , I 
WATER LEVEL/ WELL DATA MEASURED FROM 

WELL DEPTH --l-~_,,_,_'I_F----IT ~ TOP OF WELL 

WATER DEPTH 13 FT O TOP OF CASING 

HEIGHT OF WELL 
DIAMETER• 

PIO HEAOSPACE READINGS 

BREATHING I --, ppml 
ZONE · · 

WELL 
HEAD -

DATE 

LOCATION START IJ 00 
ACTIVITY 

lt1hl¥c- 1 STUDY AREA 
(AOC) 

WE~L INTE~RrTY YES NO 

PROTECTIVE CASING SECURE 'I~ WELL LOCKED 

PVC ~LL CAP PRESENT 
WATER COLUMN I l O FT I 

• • --------. PROTECTIVE ------
1)-x 1.68 gal/ft (411 well) • {S GAL/VOLi CASING STICK-UPI ;),..Ci FTI 

POTECTIVE ~------, 
CASINGE/WELL I -o, "3 i- FT I 

0~ __ gal/ft ( well) '---""-------· FROM GROUND '-· -------'· -1>lfFERENCE · · 

PURGE DATA VOLUME# I .a 3 L/ s 
GALLONS ti )" ~,., ,J. C/0 CLEAR 

TEMPERATURE, deg. C \3.-1 \),, ().) ,1.; 1J. 'l TURBID 

pH units S"J1 s.-,, r.,r- S",!--, S',7\f COLORED 

SPECIFIC CONDUCTIVITY, umo/em ,~7b 
TURBIDITY' ntu D 
REDOX (AT COMPLETION OF PURGING) 

SAMPLE PARAMETERS 

svocs 

PEST./PCBS 

voe 

COLLECTED METHOD# 

UM18 

UW19 

INORGANICS•UNFILTERED 

INORGANICS•FILTERED 

WATER QUALITY PARAH. 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

UM20 

• 
• 
• 

160.1 

418.1 

~ 
ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 
OTHER _________ _ 

" 8 -~ 
0 0 
'fl,,, 

FRACTION CODE 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

,)bO ,rn 
0 6 

l;~ 

PRESERATIVE 

4C 

4C 

HCL,4C 

HN03 plf<2 

HN03 pH<2 

4C 

H2S04 pH<Z 

H2S04 pH<2 

VOLUME 

2- 1L AG 

2· 1L AG 

4- 40 ml AG 

1- 1L Poly 

1- 1L Poly 

1- 1L Poly 

1· 1L Poly 

2- 1L AG 

ODOR 

OTHER 
(SEE NOTES) 

SAMPLE BOTTLE NUMBER 

A B CONTROL#?~ fl' 

C 

E 

J 

K 

L 

M 

D 

F 

N 

G H 

~ 
IF HS/MSD 
COLLECTED 

IF DUPLICATE 
COLLECTED 

PURGING SAMPLING NUMBER OF IN-LINE 
FILTERS USED: 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

DEDICATED TEFLON BAILER 

IN-LINE FILTER (INORGANICS) 

I 

OTHER _________________ _ 

Notes:• PAL inorganies: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS. 

SAMPLERS SIGNATURE 



ABB ENVIRONMENTAL SERVICES, INC. 

FIELD DATA RECORD - GROUNDWATER 
FILE TYPE EJ SITE TYPE I WELL 

I 

JOB I 9144-02 
NUMBER · 

PROJECT I USAEC- FT. DEVENS j WEATHER _/'.;_~ __ ·)h_L-11 ... "°-..;_j _____ _ LOCATION I START j) I ~ END I '-t z_ O 
ACTIVITY · 

WATER LEVEL/ WELL DATA MEASURED FROM PID HEADSPACE READINGS WELL I NTEGR !TY YES NO 

WELL DEPTH 

WATER DEPTH t:OF WELL 

OF CASING 

WELL _.:t_JJ. 'b 
DIAMETER :: f 

BREATHING 
ZONE 

WELL 
HEAD 

0 ppnl PROTECTIVE CASING SECURE 

ppnl 
WELL LOCKED 

0 PVC WELL CAP PRESENT HEIGHT OF ,--------, 
WATER COLUMN I 11 .2-s-FT I 
~ .68 gal/ft (4" well) = 
□;_ '_ gal/ft C well) 

~------~ PROTECTIVE ~-----'--
Z,,c GAL/VOLi CASING sT1cK-uP I 2 ~ ,o F~ I 

POTECTIVE ~-----, 
cAslNGE/WELL I·· 1 _ >u, FT I 
DIFFERENCE · - · ~~-~------'· FROM GROUND · · 

PURGE DATA 

TEMPERATURE, deg : C 

pH units 

VOLUME# 

GALLONS 

SPECIFIC CONDUCTIVITY, i.mo/cm 

TURBIDITY• ntu 

REDOX (AT COMPLETION OF PURGING) 

SAMPLE PARAMETERS COLLECTED METHOD# 

svocs 

PEST./PCBS 

voe 

INORGANICS·UNFILTERED 

INORGANICS-FILTERED 

WATER QUALITY PARAM. 
/ TDS 

TPHC 

SAMPLING EQUIPMENT 

WATER LEVEL EQUIPMENT USED: 

ELECTRIC CONDUCTIVITY PROBE 

FLOAT ACTIVATED 

UM18 

UW19 

UM20 

* 

* 

* 
160.1 

418.1 

OTHER _________ _ 

FRACTION CODE 

MS 

EC 

VP 

N 

NF 

C 

s 

C 

PURGING SAMPLING 

PRESERATIVE VOLUME SAMPLE BOTTLE NUMBER 

4C 2- 1L AG A B CONTROL~ 

4C 2- 1L AG C D 

HCL,4C 4- 40 ml AG E F G H 

HN03 pH<2 1- 1L Poly 

HN03 pH<2 1- 1L Poly J 

~ 
IF MS/MSD 
COLLECTED 

4C 1- 1L Poly K 
IF DUPLICATE 

H2S04 pH<2 1- 1L Poly L COLLECTED 

H2S04 pH<2 1- 1L Poly M N 

NUMBER OF IN-LINE 
f'I L TERS USED: 

DEDICATED SUBMIRSABLE PUMP (WHALE) 

1. DEDICATED TEFLON BAILER 

IN-LINE FILTER (INORGANICS) 

OTHER 

Notes: * PAL inorganics: ICP metals (SS10), AS (SD21), SE (SD21), TL (SD09), SB (SD28), PB (SD20), HG (SB01). 
Water Quality Parameters: P04 (TF27), TKN (TF26), NIT (TF22), CL/S04 (TT10), TSS (160.2), ALK (301.0), HARDNESS. 



PIUIJECT I USAEC - " - ...... I 
SITE ID 1i1~1fA1• n1'°1- ~ §1x SITE TYPE ~LL 

. ..cATICII 

STlJ>Y MEA/MX /lOC {/f W 

SAMPLIIIG DATE 9Y.::l 
JD~(: 

,_... ....... _,_...,;;,_:;;._---4 

FILE TYPE CGW 

ACTIVITY ISTMT ,.,._ ~~ 
/~Jr~ 

Ell>.-1,G ~1' WEATHER .5..,,Juj' ll,~f6c 

WATER LEVEL/ ~LL DATA §TC.Of ~LL PIOTECTIYE PIOTECTIYE 

I nl CASIIIG/WELL DIFF.1 . FTI 
\S: lo 

TC. Of~SIIIG CASIIIG STICl:•tlt NA. 
~LL DEPTH FT B:NEASlJIED {'Iv ( FICJI GIKUID) 

ISTOIICAL 
WATER DEPTH <i. M Fl 

I 
~LL IIITEGIIITY: f 

~ l ~L~II 
NA GAL/VOL PIOT. CASIIIG SEaJIE DIAMETE• H 

HEIGHT OF I nl TOTAL GAL PURGEDI 
CIIICIETE COLW IIITACT _IIICH 

. 1:s ~LL LOCICED ".'A TEI COLlNI 1 . t, 
PVC ~LL CAP 

81:68 91l/ft <4•) 
ll a■ l/ft PID IEADIIIGS: INIIIEIIT. All o PPN! ,~LL NWTH 0 PPNI 

l1!o,> 13 :oS 13-.16 I'S-. \~ il :10 l!:.i.J' l'\•:k, 13:33 

PURGE DATA 'b~lt.>\ .. >#""WOl.tll! ~ 
(-lJ-) i.zs- '8' 2'7 g.30 ~- Jc., '"6 . Jc, <l,30 <:.. :i.c €;'. :ic 

GALLCIIS SAMPLE OISEIVATICIIS 

("'-o//1\, .. )t-,111G UTE ss,t6" JOO 5'oo ,S.,0 "/CO 100 '3:\0 :no 330 r
tLW 

- - CLOU,Y 
TEMP, DEG t 

' lv,5 \t..4 '"·, 1'6. 0 I c,. I '"·' \.l, ,:L ic..i.. .3 i: c~t COL.DIED 

Op11 PAPER 
✓ TUIIIID 

pH, UNITS (,.3 (o.l..! l,.i 4, l..~o l,. 31 ,.33 <,:~ ~ -~-:,1- (1101 (,:UL-L) 
OTHER (SEE IOTES) 

SPECIFIC CONDUCTIVITY, Ulllho■/CII 0-~3 o:~I o.~o\ 0,3O1 o.~, D.'3.i~ o.'?>i.c b.~I "a•/,..,,. o.ccC\ 
TUIIBIDITY, ntu 8~ ~.i\ 2. ~ \S \0 ~ s 0 

bn,1\.--k.J. b~ 
-

·- P9 ,-., AP .r-•--::. ... • ..... 1. -· - o. 'i41 .. o.i'l -;.io - .1-°\ - o.,'1 ,.., ,~ ~ ~t,, ·-
JIPNEIIT DOClJENTATICII 
GIIIG LIIIG ECIIIPNEIIT ID 

• T PE IS AUi C Pt.IF ISCO I 
DEDICATED SUIINERS 111.L P\1£, 
MILER Uz• u,■, 
PVC/SILICIII TUIIIIG -

FLUIDS USS, 
POTAILE WATER 

CIIIIOX 
£M tLEMlllG 

I LEVEL ECIIIP. USED 
~L£CTIIC CIIID. PICIIE 
~ PIESU.E TIAIISDUCEI 

lll·LIIIE/DISPOSAILE FILTER O ,1/S" .M..,,. 

OTHER ll.laEI OF FILTERS USED ~ 

ANALYTICAL PARAMETERS 

f TPHC 
TOC 
AIIICIIS 

0 .,fSS CIILY 
[9"" HZO QUALITY (lee notes) 

NETIICI) 
IUIIER 

lllZO 
IJll18 
UNOZ 
UH13 

SDZO 
W19 
W3Z 
4111. 1 
415.1 
TfZ2 
TT10 
310. 1 
160.2 

FIACTICII PllESEIVATICII VOl.llE 
CDDE NETIICI) RECIIIIED 

VP 
NS 
EC 

!! 
N 

Lt 

NCL, 4 DEG C (4) 60 NL 
4 DEG C (Z) 1 LAG 
4 DEG C (l) 1 LAG 

111103 TO pll<2 1 L P·OJIE 
IIN03 TO pllc2 
4 DEG C (3) 1 LAG 

0 NZS04 TO pll<Z 1 LAG 
0 NZS04 TO pllc2 1 L AG 
S NZS04 TO pll<Z 1 L_P·aaE 
C 4 DEG C 1 L P·aaE 
11 Nll03 TO pll<Z 1 L P·aaE 
C 4 DEG C 1 L P·aaE 
S NZS04 TO pll<Z 1 L P·aaE 
C 4 DEG C 1 L P·aaE 
11 Nll03 TO pll<Z 1 L P·aaE 

303, 909 4 DEG C (1) 4 OZ 

SAMPLE 
COLLECTED 

SAMPLE IOTTLE ID la.NEIS IOTTLE 
(2E.FLA. ~ '-c~ -A~I=" .,A~~ R . i.A7Pu. ...-1.- ... r s.·-:'r,:.,..-

~ -i#WiJ--..--1' ___ , __ _ 

C __ ..,,. ___ __, ____ ___,_, __ _ 

~ 
po 
S{o 

I $'IC 

I 
I 

, ___ _, ____ , ----
/ 

,A.L A~"!.(c. r: -,-.,::-e c:1-t STERILE ✓ SJo I 

IIOTES (1) PUIIGIIIG COIPLETE WHEN 5 ~LL VOl.llES HAYE IEEII MGED AID WHEN WATEI PMANETEIS VMY IY LESS THAii APPIOXINATELY 10%. 
(2) PAL IIDGAIUCS: ICP NETALS ($S10); AS (SDZ2); SE (SDZ1); TL (5009); SI (SDZI); Pl (SDZO); NG (S101). 

NZO QUALITY: P04 (TFZ7); TD (TFZ6); NIT (TFZ2); CL/504 (TT1D); TSS (160.Z); ALK (301,0); IIAIDNESS. 

SAMPLED IY: M • 'j?,i.,.. '€. r '?. ,SY~(.). '-:--.... .r ~ I 
ALL PAIAIETEIS COLLECTED AS TOTALS, IE: NCll•FILTERED 

IECE l YED IY: 12, 1o,, $,'t:4Jh \.) \J PC..C cA rt. ~ u ... u ... :M.; ~ 



PIOJECTI UUEC - n • .,..., I FIELD UNPLE .-ra mlxlilw 2 lo Ix I 11 STLDT MEA/NJC ,4cx.. (., "1 _, 

SITE ID l~j,,ij· f'1 ~ I· jijoj)(: SITE TYPE WELL SNIPLIIIG DATE ",At,/~£., 
JOI .-rR '11 1/il-os FILE TTP£ 

. 
CGW 

. .CATIDII 
!sTMT I C) '· .2~ I ACTIVITY io:~ Em WEATNH 5..,-.i,-, J.J, .. ~ w~ 

C". • ,lJ.. - , 0 1, l1 .. -
' ~ . 

WATEI LEVEL/ WELL DATA i TOP OF WELL PIOTECTIVE 

I !J4 FTI 

PIOTECTIVE 
FTI TOP ~IIIG CASING sna-u, CASINGI\IELL DIFF., 

WELL DEPTN I 2.. l..S FT BNEASUlED (FIHII GltCIII>) "''-' 
NISTDIICAL 

WATER DEPTH 
.l. '°"" FT 

I 
I WELL INTEGIITY: f 

i Iii DIANE~E~z JJA GAL/WI. PIOT. CASING SEQaE • 
NEIGNT OF allCIETE COLW INTACT IIICH 
WATH COLUMN! '\.a,1 FTI "· ~ TOTAL GAL PUIGEII I WELL LOCXED r,.,w -

PVC WELL CAP 
• ~1 .68 .. i,tt <4•> 

Ll, pl/ft PID READINGS: INIIIE.NT All 0 PPNI IWELL IGJTN a ,,,., 
~ .... fl~~ '\o • I C' ~-' l\. L- 'ec, \.l.._ . • • q ~~ 'i ~yz,, 'i'·.~•- It, !.,., I,) • l,) . 

' -"'• I~ -PUIGE DATA YOLUNE f ~ ,~ 
'Oo 11111LL8NS 3.(#~ 3.S-t 1 .1,J SNIPLE OISERVATIDIIS ~.;,,.I '7, . t., I 

te.J..ot,. Fell ING HU 'Gl'N) z,., -,,x., '3i~ 3-z.i' 

~

LW 
CLCU>T 

TE .. , DEG C l'iu ,~ :,- ,,,_..,. 1,.~ l'f. ~ alt.DIED 

□p11 PAPER ,. ,-:, TUHID 
pH, UNITS t,,l I ,_,_4, \, ,2,'- , .. ,2-i 

=R (SEE IIOTES) 
SPECIFIC CONDUCTIVITY, lllftoa/CII o,lt3 D, '323 ~.,z.:, bu.\ ,, . ;z 3 
Tt.WIIDITT, ntu '0 )0 ,o l.:, 10 t,..c.Jo-,. ft-"D' •. 21-z./24 J 

-tAe,C (I eetl'LEfleN 1'f PUll&IN&~, . ., - 1-.ti..JMl,U 0 ppM ~ ,k_~L\i~ 
JIPMEIIT DOCUIEIITATION ~<,-..:., "6.-b 5.;(.:..:;L ➔ . f IIIG llllG ECIJIPNEIIT ID 

~ 
FLUIDS USED r:I LEVEL ECIUIP. USED 

PERISTALTIC PUIP ISCX> I POTAILE WATER LECTIIC alllD. PIOIE 
DEDICATED SUN:H1ILf:i~ CIUJMDX PIESSUIE TUIISOUCER 
IAJLEI 2• 4• I EM CLEAIIING 
PVC/Slllall TUIIIIG -

□ 
lll·LINE/DISPOSAILE FILTH 0 --IS' A,111 _L. OTHER llal:R OF FILTERS USED 

ANALYTICAL PARNETERS NETIICI) FIIACTIDII PltESERVATIDII VOI.UNE W.LE SAlltLE IOTTLE ID IILl9ERS IOTTLE 
la.MEI aJDE NETIICI) RECIUIRED COLLECTED 

§ voe I.IC20 VP NCL, 4 DEG C _(4) 60 NL § I 

svoc Ll'18 NS 4 DEG C (2) 1 LAG I I I 

PEST/PCII UN02 EC 4 DEG C (3) 1 LAG I 

UH13 I I I 

§ PAL IIICIIGANICS (lee notn) N Nm3 TO pll<2 1 L P•QIIE § I I I 

LEAD OILY SD20 N Nm3 TO pllcZ I I I 

EXPLOSIVES UW19 LC 4 DEG C (3) 1 LAG I I I 

LWS2 I I I 

§ TPHC 418. 1 0 NZS04 TO pll<2 1 LAG • I I I 

TOC 415.1 0 NZS04 TO pll<2 1 LAG • I I I 
ANIOIIS TF22 s NZS04 TO pll<2 1 L P·D.IIE • -, I I 

TT1D C 4 DEG C 1 L P•QIIE • - I I 
310.1 II Nm3 TO pll<Z 1 L P·QIIE • I I I 

8 TSS OIILY 160.2 C 4 DEG C 1 L P·QIIE lo 
- I I I 

NZO CIIALITY (IM notn) s NZS04 TO pt1<2 1 L P•QIIE • I I I 

C 4 DEG C 1 L P•QIIE • - I I I 
II Hll03 TO pll<2 1 L P•QIIE • I I I 

□ COLIFORM 303, 909 4 DEG C (1) 4 OZ .. - I I I 

STEIILE -, I I 

NOTES (1) PUIGIIIG CONPLETE WNEII 5 ~LL YOLlJES NAVE IEEII PUIGEII All> WHEN WATER PAIANETEIS VMY IY LESS THAii APPIOXINATELY 101. 
(2) PAL 1-GAIIICS: ICP NETALS (S510); AS (SD22); SE (SD21); TL (SD09); U (SD28); ,■ (SD20); NG (U01). 

N20 CIUAL ITT: P04 (TF27); TD (TFZ6); IIIT (TF22); CL/SO{, (TT10); TSS (160.2); ALK (301.0); IIAIIDIIESS. 

1 
"-' •~•" coo.~c~ AS TOTALS, IE: NDll·FILTEIED 

W.LED IY: ~ e)i...., • 'l"/Q.>~~ 
RECEIVED IY: ~!:2; . 



PaOJECTI .... , - ,,. ...... ~ FIELD SAMPLE lllaER ,d xl2lw 2 I, Ix It I sTLDT MEA/AOC /toe {.o)Vv 

SITE ID lrl\Jlt1l· l'ih,l· I~ 1 I- SITE TYPE WELL SNIPLIIIG DATE ot./3-../,~ 

' 
JOI lll-.el 11</i./-o 2s' FILE TYPE CGW 

. ..GATION 
!START \0 •'2..6 lo :ft I ACTIVITY E_, WEATHER 

~IIJAJ°:' u,~u (c i:. 

WATER LEVEL/ WELL DATA i TOP Of WELL PIOTECTIVE 

I nl PIOTECTIVE 

8 
TOP Of 1'CASIIIG CASIIG sna:-a. AJ~ CASIIIG/WELL DIFf., _ nl WELL DEPTH '~- \ s FT NEASWED eYC<' (FIHJI GRCUD) 

HISTOIICAL 

ft!' WATER DEPTH , -1'- FT WELL IIITEGIIITY: f 
~l 

WELL 
I NA GAL/Wl PIOT. CASING SEClllE DIAMETER 

HEIGHT OF COIICIIETE COLLAR INTACT 
WATER COL~ I (p . 2 '1 FT I t- . TOTAL GAL PURGED' WELL LOCICED -

PVC WELL CAP 

S1 .68 gal/ft (4•) 
PID READINGS: IANIIEIIT AIR O ,,.., 

PPM' Af pl/ft WELL IUITH 0 
\4°\C>'5 ,.;: H 1.--. 2."i 

J 

u . i"St /"'l~Y , <;-#}I 

PURGE DATA iuAnL Lt.'1t.L"81:IN: ti 1-~~ "1- -9 I ?. 1 +-'11 -=7_e;, f'.CjO 
GALLONS ~~,... <:.A.""""" ""'-

SAMPLE OISERVATIONS 

?,..R/4,,...) PlllPIIIG RATE JJiM1" s~O .:200 /60 17-o l?o n
w 

L(U)T 
TEMP, DEG C i'~-3 1=1.3 ll.S 1":I.S 17,~ COLOlt:O 

lJIIID 
pH, UIIITS Op11 PAPER ~-1-+ lo. '21,. l.."Z.~ L,. i..~ ',"U:, er::. (SEE NOTES) 
SPECIFIC CONDUCTIVITY, Ulltlos/ca 0, 3,1 0 --~0,2.. o.~o~ •. 2.'j, t.1,7..'t? 

TlJIIIDITY, ntu 3ll I'\ ' ~ n 
~-kJ -:A.~S:·1'-' REoox ca COIPLETION-oii PURGING>: 

I ., .... u.-p. •.n 1),,.. IJ,4.3 
. 

JIPNEIIT DOClJEIITATION 

f"' l
lllG ECIJIMIIT ID 

~ 
FLUIDS USED 

~ 
LEVEL ECIJIP. USED 

PERISTALTIC P\W ISCO ti POTAILE WATER I.ECTRIC CCIID. PIOIE 
DEDICATED SUIIERS11Lfi~ CIJI- ESsaaE TRANSDUCER 
IAILER 2• 4• ti TEM CLEAIIIIG 
PVC/SILICON TlJIIIIG -

□ 
lll·LIIIE/DISPOSAILE FILTER 0,'/S ~-

-1,.._ OTHER lllaER OF FILTERS USED 

ANALYTICAL PARAMETERS NETIICII FRACTION PRESERVATICII VOLlJE SANPLE SAMPLE IOTTLE ID llt.lal:RS IOTTLE 
lllaER cmE NETIICII RECIJIRED COLLECTED 

~ 
voe lll20 VP HCL, 4 DEG C (4) 60 NL 

~ svoc UN18 NS 4 DEG C (2) 1 LAG I I I 
PEST/PCBs UH02 EC 4 DEG C (3) 1 LAG I I I 

UH13 I I I 

C PAL IIIORGAIIICS (see notes) II 111103 TO pll<2 1 L P·CUIE 

~ 
I I I 

~ LEAD ONLY 5020 II IIN03 TO pll<2 I I I 

EXPLOSIVES UW19 LC 4 DEG C Cl> 1 LAG I I I 
lM32 ..... I I 

~

TPHC 418.1 0 H2SQ4 TO pll<2 1 LAG ~v 5:f 2. I sa I I 
TOC 415.1 0 H2S04 TO pll<2 1 LAG • :,zz I I I 
AIIIOIIS TF22 s H2S04 TO pH<2 1 L P·CUIE • I I I 

TT10 C 4 DEG C 1 L P·CUIE • I I I 
310.1 II HII03 TO pll<2 1 L P·CUIE • I I I 

~
TSS ONLY 160.2 C 4 DEG C 1 L P·CUIE •v I I I 
H20 QUALITY (see notn) s H2S04·10 pH<2 1 L P·CUIE • ~. I I I 

C 4 DEG C 1 L P·CUIE • I I I 
II HII03 TO pH<2 1 L P·CUIE • I I I 

0 COLIFORM 303, 909 4 DEG C (1) 4 OZ I I I 

• .;/r=pH, -vf'JI .?..-.. /2.V\t.~11Jo.no .J '"?41U.""1.~ 
STERILE .. ~z. I I I 

IIOTES (1) PURGING COIPLETE WHEII 5 WELL VOLllES HAVE IEEII PURGED All> WHEII WATER PARAMETERS VARY IT LESS THAN APPIOXINATELY 10%. 
(2) PAL IIIOIGAIIICS: ICP NETALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl (SD20); HG (S101). 

H20 CIUAL ITT: P04 (TF27); TICII (TF26); NIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); IIAIIIIIIESS. l ALL·-···· cotLECTED~S TOTALS, IE: IIOll·FILTERED 
SAMPLED BY: /\1.. ~LY ·l 2:'JuV'-S 
RECEIVED BY: :]s, ;z. lt.-A -



PROJECT' USAEC • FT. DEVEIIS 

SITE ID lt?l'1Wl· ljl'fl· I tlol 
FIELD SNPLE ~• 

SITE TTPE 

tJ X (, STUDY AREA/ADC 
r-..__.._._....__....-L...,.L.!....L~ ,-,,--....:..,,--,------l 

SANPLIIIG DATE 

.CATION -----,------~--. 
ACTIVITY jsTMT /,:rf(j Em I 'Lz,o 

FILE TYPE 

liEATHER 

CGW 

WATER LEVEL I \ELL DATA TOP OF \ELL PIIOTECTIVE 
TOP OF CASING CASING STIO:·UP I f / ~ FT I PIOTECTIVE 

CASIIIG/WELL DIFF .... I ____ F_,TI 

WATER DEPTH 
GAL/VOL 

TOTAL GAL PURGED 

C FltON GltOJII>) - - . 

=~~. l~!~!T~CllE f ~ II~ CCIICllETE CCLLAR INTACT 
liELL LOCXED 

_ PVC \ELL CAP • 

\ELL' IIICH 
DIAMETER_ 4 IIICH 

_IIICH 

,...., ANB-1-~II-T -A 1-. -{J--, -----,/J,-----PPN.....,, I \ELL IOJTH 1.1 PPM I fw7t,J/.l, t7 

PURGE DATA VOL 
j'i,tt 

I GALLON 

(t./,,11>1) PlN'IIIG RATE " 

TEMP, DEG C Jr.avl)t1#'1 (ff} 
pH, UIIITS Op11 PAPER 

TURBIDITY. ntu 

REOOX ca CIJCPLETION OF PURGING): ___ +/·., 

,1PM£11T DOCUEIITATION 

~

GING llllG EQUIPMENT ID 
PERISTALTIC PlJIP ISCO t __ _ 
OED I CA TED SUBMERS I llf. ~ 
BAILER U2• U4• t 
PVC/SILICON TUBING -
lll·LIIIE/DISPOSAILE FILTER __ _ 

D OTHER -----------
ANAL YT I CAL PARAN:TERS _ 1 NETHa> FRACTION 

f 
voc ;L, t AJ ~. :r ' iueER Ca>E'• 

I.JC20 VP 
svoc \ll""'t I.JC18 NS 
PEST/PCBa 1 UH02 EC 

UH13 

§ PAL INORGAIIICS (se-e notn) II 
LEAD ONLY SD20 II 
EXPLOSIVES W19 LC 

I.Al32 

§ TPHC 418.1 0 
TOC: 415.1 0 
ANIONS TF22 s 

TT10 C 
310. 1 II 

~ 
TSS ONLY 160.2 C 
H20 QUALITY (see notes) s 
-vPlt C 

II 
COLI FORM 303, 909 
tfH 

f: 
FLUIDS USED 

TASLE WATER 
QUINOII 
EAM CLENIING 

SAMPLE OBSERVATIOIIS 

l~t~, 
COLORED ____ _ 
TIRBID f' / 
(1)011 Jflt--X, 
OTHER (SEE IIOTES) 

f 
ER LEVEL EQUIP. USED 
ELECTRIC C0ND. PROBE 
PRESSUIIE TRANSDUCER 

IAJIIER OF FILTERS USED 

PRESERVATION VOLLIIE SANPLE SAMPLE 80TTLE ID IUIBERS 80TTLE 
NETHa> REQUIRED COLLECTED 

HCL, 4 DEG C (4) 60 NL g ,a. (f✓.,if4, Im~ I MJQ" I 
4 DEG C (2) 1 LAG I 
4 DEG C (3) 1 L AG 

§ HII03 TO plt<2 1 L P·OJBE 
HII03 TO pH<2 
4 DEG C (3) 1 L AG 

H2504 TO plt<2 1 LAG I 
H2504 TO pH<2 1 LAG I 
H2504 TO pH<2 1 L P·OJBE I 
It DEii C 1 L P·OJBE 
HII03 TO plt<2 1 L P·OJBE 
4 OEo-,:c 1 L P·OJBE I 
H2504 TO .pH<2 1 L P·OJBE 
4 DEG C 1 L P·OJBE 

~ l~JU. ~ HII03 TO plt<2 1 L P·OJBE z ,211 
4 DEG C (1) 4 OZ 

~ ~m~~ STERILE 1 /IV 

NOTES (1) PURGING COMPLETE WHEN 5 \ELL VOLLIIES HAVE BEEII PURGED AMO WHEN WATER PAIANETERS VAIT' IT' LESS THAM APPROXIMATELY 10%. 
(2) PAL IIIORGANICS: 10' METALS (SS10): AS (SD22): SE (SD21): TL (SD09): SI (S028): PB (SD20): HG (S801). 

H20 QUALITY: P04 (TF27): _TIOI (TF26): NIT (TF22): Cl/504 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

I 
ALL P~~LEClED AS TOTALS, IE: IION·FILTERED 

SNIPLED BY: _ ___j!!!JJ_--'"""'"''~------------
RECEIVED BY: 



PIIOJECT I USAEC ·FT.DEVENS FIELD SANPLE IIUNIER &11Ka · STIJ>Y U.EA/NX 

SITE ID l~l'ilU{· 111 tl -1 l I' I SITE TYPE liELL SAMPLING DATE 

JOI ILNER '7/ L{,P!, FILE .TYPE CGW 
.QTlml 

lsTu.T l5 '° ACTIVITY {i}v Ell> WEATHER 1-.r" e,/Ui,,. 

WATER LEVEL / WELL DATA t,OP OF WELL 

FT 
~

""•ED TOP OF CASING 
WELL DEPTH / , -

PIOTECTIVE ,-....,..,,...----. 
CASING sna-llt I F~ FTI 

( fl(II GROUIID > • · 

PIOTECTIVE 
CASING~LL DI FF· l-__ _, ___ F.....,T I 

1-----1 TIJIICAL . 
WATER DEPTH ~ I ii, ~T 

GAL/VOL 
HEIGHT OF .-----, 
WATER COLIMl11.~~ FTI 10 TOTAL GAL PURGED 

=~~. l~~!T~a..lE · 1S . ~ 
CONCRETE COLI.Al INTACT 
liELL LOCICED 
PVC WELL CAP 

81.68 gal/ft (4•) 
_ gal/ft PID READINGS: 

,~ 
,~NII_I_E_IIT_A_IR--(l--PPN~, IWELL IDJTH o PPM! 

VOLL.IE I l'f 'fl, --t,,i.t. _ ........ __,...,..... ........ --1 ___ _._ _ ___. ........ __________________ _ 

GALLmlS 

(J/w-,'....) ':"'"ING RAT~ ~ 
TEMP, DEG C /i'(,,,,_..,j.,M1 (f,) 
pH, "UNITS □ pH PAPER 

SPECIFIC CONDUCTIVITY, ia,os/c:11 
, I , 

TURBIDITY, ntu/ {), 0, (1 /f) 
REDOX (i Cc»cPLETlml OF PURGING): 

;lf'NENf DCXUNENTATION 

--- +/• IIY 

WELL f INCH 
DIAMETER INCH 

_INCH 

SAMPLE OBSERVATlmlS 

• f:~~l·-----
~ =• (S(E IIOTES) 

~

GING llNG EQUIF'NEIIT ID PERISTALTIC P\W ISCO I __ _ 
OED I CA TED SUINERS I ILL. PlJlf,. I

CON FLUIDS USED 
POTABLE WATER 
LIQUIIIOX 

TER LEVEL EQJIP. USED 
ECTRIC C0111>."PIOIE 
ES~E TIWISOUCU 

BAILER U2• U4• I 
PVC/SILICON TIJIIIIG -

STEM CLWIIIG 

111-LIIIE/DISPOSAIILE FILTER __ _ 
0 OTHER IAJIIER OF FILTERS USED -----------

AIIALYTICAL PARAMETERS IETH(J) FRACTION PRE SERVA Tl ON VOLi.iE SAMPLE SAMPLE BOTTLE ID ll.MBERS BOTTLE 
NI.MU:R ca>E NETMCI> REQUIRED COLLECTED ~• 

voe ·/ti/) ~"1/4 t.11120 VP HCL, 4 DEG C (4) 60 NL 1 -1,. $/<l'lf 1 I 
svoc l.94115 NS 4 DEG C (2) 1 LAG 
PEST/PCBs J ' UH02 EC 4 DEG C (3) 1 L AG . ·;111,1/ 

UH13 

8 PAL INORGANIC$ (see notn) II Hll03 TO pH<2 1 L P·a.9E B LEAD ONLY SDlO II Nll03 TO pH<2 I I u EXPLOSIVES W19 LC 4 DEG C (3) 1 L AG u 

~ 
IAl32 

TPHC 4115.1 0 N2S04 TO pH<2 1 LAG 
TOC 415.1 0 H2S04 TO pfl<2 1 LAG 
AlllmlS TF22 s H2S04 TO pH<2 1 L P·a.9E 

Jg) SPft TT10 C 4 DEG C 1 L P·a.9E ")IA,-1/vl I 
310.1 II Nll03 TO pH<2 1 L P·a.9E ' , I 

B 
C 

TSS mlLY 160.2 C 4 DEG C 1 L P·a.9E I 
H20 QUALITY (see notes) s H2S04 TO pH<2 1 L P•a.9E 

ill vPH C 4 DEG C 1 L P·a.9E 
• ~ ' I 

II Hll03 TO pf1<2 1 L P·tl.9E :l Sii-ij ✓'t.;:, I 
□ COLIFORM 303, 909 4 DEG C (1) 4 OZ I 

STERILE 

NOTES (1) PURGING CXN>LETE WHEN 5 WELL VOLIMES HAVE BEEN PURGED All> WHEN WATER PARAMETERS VAII.Y BY LESS THAM APPROXIMATELY 10%. 
(2) PAL IIIORGAIIIICS: ICP METALS (SS10); AS (SD22); SE (5021); TL ($009); SI (S:0215); Pl (5020); HG (5101). 

H20 QUALITY: P04 (TF27); TKJI (TF26); NIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

l 
ALL P~S ~LECTED AS TOTALS, IE: NON-FILTERED 

SAMPLED BY: -~__./_..__t-Nf_• ________ _ 
RECEIVED BY: 



PIOJECTI USAEC. FT. DEVEIIS 

SITE ID 16& kl R b:I· I tl3.I 
,CATION ,-------- -----, 

ACTIVITY I START /0: JS" Ell) I J ~ 30 

WATER LEVEL / WELL DATA ~,e.11 ~ ,.,.., ~ TOP DF,4WELL 
•- "°''t'li TOP OF CASING 

WELL DEPTH 8 ;O FT 8NEAsutED 

J>tOTECTJVE 
CASING STICIC·~ 

(FION GICUID) 

sTLDr AREA/A«. .Aoc._ (,<ft....J 

SNIPLING DATE 

FILE TYPE CliW 

PIOTECTIVE 
CASING/WLL Dlff., 0.2.~ 

1-----•---1 □HISTOIICAL _r..,(,\4Q 
WATER DEPTH ,,.zo FT s--.,,;,;, WELL IIITEGRITY: . ;s 
____ ..__ __ • --~-1 -'-~111L/VOI.. pc:-..~ PIOT. CASING SEdJIE 

NE I GNT Of I • CCIIICIETE COLL.All I IITACT 
WATER COLLMI 48,I() FT' 1, 7.5'TOTAL GAL PURGED WELL LOClED - .__ _______ . __ ___, PVC WELL CAP 

81.68 gal/ft (4•) ,----------. 

WELL ~2 IIICN 
DIAMETER 4 INCH 

_IIICH 

- 111l/ft PID READIIIGS: l•1ENT AIR O pptCI WELL NaJTH 
c~u~--11> '--------·~ 

v-,Jc,.\,, h .. ,, ~ t ~ pp.t.~ ·h 
cg.2, 

PURGE DATA ~ , flJ=•~ 10:'2'3 10:10 10:40 10:""1- ll~,~ 
~~i.wa... 1--~---+-----........ ,---+----+----+;..;...;.--+--.....,,....+----4 
GALLONS ~3,1'> SAMPLE 08SERVATIONS 

9../,...:,. P\NIJIIG RATE (~ CLEAR 
l---__;:.__....,....----~-.:--+-,,.---:..!-,---:--,l-------,,1-------,,~---::::,,l------l:o---::rl---:---:l-_.;.,;;._:::IL.J CLCll>Y 

TEMP, DEG c/~'(~ba ..... (~+) COLOIED ___ _ 
TURBID 

pH, UNITS Op11 PAPER a>OR 
1---~-~---+----+---+----+----+-~-_,._----tu OTHER (SEE IIOTES) 

TURBIDITY, ntu 

REDOX ca C(JU)LETION OF PURGING): • I· ., 

•IPMENT DOCUENTATION 

PERISTALTIC P\NI ISCO I __ _ 
DEDICATED SlBERS I BLL P\11£., 
BAILER U2• U4• I 
PVC/SILICON TU81NG -

FLUIDS USED 
TABLE WATER 
QUIIIOX 
EM CLEAMING 

R LEVEL EQUIP. USED 
LECTRIC CCND. PIOIE 

PIESSUIE TIWISDUCER 

~

GING TING EQUIPtENT ID 

D 
IN·LINE/DISl'OSAILE FILTER __ _ 
OTHER lllaER OF FILTERS USED 

ANALYTICAL PARAMETERS 

(L;IPCI• 
Cl V?lf • 

~ 
PAL INOIIGANICS (IH notK) 

LEAD ONLY 
EXPLOSIVES 

METHa> 
NlMER 

1.1120 
l.1118 
UN02 
UN13 

FRACTION PRESERVATIOII 
Ca>E NETHa> 

VP 
MS 
EC 

N 
N 

LC 

NCL, 4 DEG C 
4 DEG C 
4 DEG C 
~, 4'1)iqC 
111103 TO plf<2 
NN03 TO plf<2 
4 DEG C 

VOLLIIE SNl'LE SNl'LE IOTTLE ID NUMBERS 
REQUIRED COLLECTED 
'1 

i ~60 ML I 
(2) 1 LAG 
(3) 1 L AG 
0) ~-''-
1 L P·a.E § 
(3) 1 LAG 

IOTTLE 

~ 
TPNC 
TOC 
ANIONS 

SD20 
W19 
IN32 
418. 1 
415. 1 
Tf22 
TT10 
310.1 
160.2 

0 
0 
s 
C 
N 
C 
s 
C 
N 

N2504 TO plf<2 1 LAG 
N2S04 TO plf<2 1 LAG 
N2504 TO pH<2 1 L P·CUIE 
4 DEG C 1 L P·ClJBE 
NN03 TO pH<2 1' L P·CUIE 
4 DEG C 1 L P·CUIE 
N2504 TO pH<2 1 L P·CUIE 
4 DEG C 1 L P·CUIE 
NN03 TO pH<2 1 L P·OISE 

---·---..J_, ___ , . __ _ 

B TSS OIILY 
N20 QUALITY (see notK) 

D COLIFOIM 

0 Et>I-\ 

303, 909 4 DEG C (1) 4 OZ 
\-ltl. ~ TERILE 

NOTES (1) PURGING COMPLETE WHEN 5 WELL V0ll.llES HAVE BEEN PURGED IJC WHEN WATER PARAMETERS VARY IY LESS THAN APPROXIMATELY 11r.;. 
(2) PAL INalGAIIICS: ICP METALS ($S10); AS (SD22); SE (SD21); TL (SD09); $8 (SD28); PB (SD20); HG (5101). 

N20 QUALITY: P04 (TF27); TO CTF26); NIT (TF22); CL/$04 (TT10); TS$ (160.2); ALK (3D1.0); HARDNESS. 
ALL J>AIAMET S LECT TOTA~~. IE: IION·FILTERED 

SAMPLED BY: /I 4 
RECEIVED BY: 



PIIOJECTf USAEC ·FT.DEVENS 

SITE ID 1,1~ Id· 1<111/I· I 111/I 
FIEUI SANPLE ll.lllER 

SITE TYPE 

JOI llJIBE R 

S' STLIIY U.EA/NJC 
i--..._ ................ ....i..;.-r-1-l~~ 1---1...;;...=--=-~::.i 

. -CATICJI ,------------, 
ACTIVITY lsTAIT ll4S 8 

WATER LEVE~/ WELL DATA 

WELL DEPTH 5. I FT 

1Q TOP OF WELL PROTECTIVE 
✓... t:i TOP O~CASINli CASlllli STICIMI' 
tJ:?s=~CAL ----- (FRCIII Gl(lJI)) 

WATER DEPTH C\ • 01,... FT GAL/VOL 
HEIGHT OF ~----, ,__ ___ \ ._O _____ ....._ __ 
WA TEI- COLINI I ~ . I "' FT I ;. q TOTAL GAL PURGED 

B 1.68 gel/ft (4•) 
- gal/ft • PID READlllliS: IANIIEIIT AIR o.q 

-4-\¥~~ ~~ "\!MK. ,:0-.;cU 

WELL 111TEGRITY: Is 
PROT. CASlllli SEClllE 
CONCRETE COLLAI IIITACT 
WELL LOCXED 

. PVC WELL CAP 

ml IWELL mrTN O .. C{ PPMI 

lt.10 

SANPLINli DATE 

FILE TYPE CGW 

PIIOTECTIVE 
CASING/WELL DIFF.1+ Q.,~',I FT! 

WELL ~2 IIICN 
DIAMETER 4 INCH 

_INCH 

PURGE DATA T, ..... ~ 'cUJMr'°I llDB '2.15 112-3 
--------'-+---+------+-'--.......... ______ __ 

GALLCIIS ~2, :tt.'; ~~, ?-1.1S 
I i)I'\..._ 

Pt.llPlllli RATE <JillN.Y" 0. l"t 

TEMP, DEii c/l)~CI\OI.,. (f+ 

pH, UNITS Op11 PAPER 

SPECIFIC CONOUCTIVITY, Ullhos/ca 

TURBIDITY, ntu 

;IPNENT DOCUENTATIOII 

~

GING TING ECIJIPNENT ID PERISTALTIC Pt.llP ISCO I __ _ 
DEDICATED S1.IBNERS I ILL. P\11£.. 
BAILER U2• U4• I 
PVC/SILICON TUBING -
lll·LIN!/DISPOSABLE FILTER. __ _ 

0 OTHER -----------
AJIALYTICAL PARAMETERS NETHOO FIACTICII 

FLUIDS USED 
POTABLE WATER 

CIJIIIOX 
ENI CLEANING 

llJIBER OF FILTERS USED 

PRE SERVA Tl C11 VOLi.iE SAM'LE 

SAMPLE OISERVATICIIS 

~i:0
-----

~ =■ (SEE IIOTES) 

I LEVEL ECIJIP. USED • 
LECTRIC CCII>. PIOIE 

PRESsutE TRAIISDUCER 

SAMPLE IOTTLE ID IAJIIERS IOTTLE 
IUIIER Ca>E NETHOO ;CIJIRED COL(ECT 

'

voe LIC20 VP HCL, 4 DEii C w/60 NL 
SIIOC lJC18 ltS 4 DEG C (Z) 1 LAG 
PEST/PCB1 UH02 EC 4 DEG C (3) 1 LAG r Vl>t'\ ~ lt(.L.,~~c. L1) ~t'\L 

B PAL IIIOIIGANICS (lee notH) II HN03 TO pll<2 1 L P·lla: 
LEAD 09ILY 5020 ~ !11103 TO pll<Z 

0 EXPLOSIVES UW19 LC 4 DEG C (3) 1 L AG 

~ 
lAil32 

TPHC 4111. 1 0 H2S04 TO pH<2 1 LAG 
TOC 415.1 0 H2S04 TO pH<2 1 LAG 
ANIONS TF22 s H2S04 TO pH<2 1 L P·lla: 

TT10 C 4 DEG C 1 L P·lla: 

B 
310.1 II HN03 TO pll<2 1 L P·lla: 

TSS ONLY 160.2 C 4 DEG C 1 L P·lla: 
H20 QUALITY (see notes) s H2S04 TO pll<2 1 L P·lla: 

C 4 DEG C 1 L P·lla: 
II HN03 TO pll<2 1 L P·lla: 

303, 909 4 DEG C (1) 4 OZ 
T II E 

NOTES (1) PURGING aJIPLETE WHEN 5 WELL VOll.lES HAVE IEEN MliED AND WHEN WATER PARANETERS VAIY IY LESS THAii APPROXIMATELY 10%. 
(2) PAL IIIORGANICS: ICP METALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl (SD20); HG (S801). 

H20 QUALITY: P04 (TF27); TICJI (TF26); NIT (TF22); CL/S04 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

l SAMPLED BY:ALL p~ J~l~~TERED 
_ RECEIVED BY: ~ 



PIOJECT USAEC • FT. DEVEIIS FIELD SAMPLE .-El 

SITE TYPE 

W l 5 X ~ STU>Y AIEA/1« ~'- (P'i ~ 

SITE ID -l" w M - 9 5" - WELL SANPLIIIG DATE ,2.\ td'\r 

. -CATIClf ,------------, 
ACTIVITY I $TAIT \ ?>3D Ell) ,~ 20 

WATEI LEVEL/ WELL DATA § TOP OF WELL PIOTECTIVE 
r/'_ TOP OF CASIIIG CASIIIG STICl:·Llt 

l:j~=rCAL ----- (FIClN GIOUII) 

FILE TYPE 

IEATNEI 

CGW 

PIOTECTIVE 
CAs111G1WELL D IFF. Ir 0 .4 z. FT I 

WATEI DEPTH (.,.<t5 FT 

HEIGHT OF -----.. 
WATER COLUMIII 1.q+ nj 

=~~. 1~:~T~QIIE r ~ 
allatETE CDl.LAI IIITACT ' 
WELL Loa:ED 

,___...----"-_________ _. • PVC WELL CAP 

GAL/VOL 

TOTAL GAL PUIGED t WELL ~ IIICN 
DIANETEI IIICH 

_IIICH 

81.68 gal/ft <4•) 
_ pl/-ft PID 1EAD111GS: ... IAN1_1_E_11T_A_1• _ ___ ""'_.I WELL NCIITN 

PUIGE DATA 

TEMP, DEG C 

pH, UIIITS 

REDOX (a CCMPLETl<JI OF PUIGIIIG): ___ +/· 1111 • 

,JPMEIIT OOCLIEIITATl<JI 

~

GIIIG TING EQUIPMENT ID PERISTALTIC P\.W ISCO I __ _ 
OED I CA TED SWNERS I ILL P\,e_ 
BAILEI U2• U4• I 
PVC/SILJall TUIIIIG -
lll·LIIIE/DISPOSAILE FILTER __ _ 

0 OTHER -----------
AMA:IC<L PAIAJJETERS 

\l'OC 
~PCBa 

§ PAL IIIORGAIIICS (see notn) 
LEAD <JILY 
EXPLOSIVES 

§ TPHC 
TDC 
Alll<JIS 

B TSS <JILY 
H20 QUALITY (see notn) 

0 COLIFORM 

NETIICI> 
Ill.NIER 

llC20 
UN111 
UN02 
UN13 

SD20 
W19 
IA62 
4111. 1 
415. 1 
TF22 
TT10 
310. 1 
160.2 

303, 909 

FRACTIOII 
CCDE 

VP 
NS 
EC 

II 
II 

LC 

0 
0 
s 
C 
II 
C 
s 
C 
II 

FLUIDS USED 
TAILE WATEI 
QUIIIOX 
ENI CLEANING 

lllNER OF FILTERS USED 

PIESERVATIOII VOLUME 
NETIICI> REQUIRED 

1 
NCL, 4 DEG C U,, 60 NL 
4 DEG C (2) 1 LAG 
4 DEG C (3) 1 LAG 

NII03 TO pll<2 f,)1,1» . ..J., 
L P·a.f 

HII03 TO pH<2 
4 DEG C (3) 1 LAG 

N2S04 TO pH<2 1 LAG 
H2S04 TO pH<2 1 LAG 
HZS04 TO pll<Z 1 L P·a.E 
4 DEG C 1 L P·a.f 
NII03 TO pll<Z 1 L P·a.f 
4 DEG C 1 L P·a.f 
HZS04 TO pll<Z 1 L P·a.f 
4 DEG C 1 L P·a.f 
HII03 TO pll<Z 1 L P·a.f 
4 DEG C (1) 4 OZ 

SAMPLE 
COLLECTED 

r 
§ 

(YT t 'i>f' 

SANPLE OISERVATIOIIS 

LEVEL EQUIP. USED 
ECT RIC COIID • PROIE 
ESME TUIISDUCER 

a>l;~D_ 
UR810 

~R CSEE IIOTES) 

SANPLE IOTTLE 10 lllMERS IOTTLE 

_____ , ___ _,, ___ _, ----

IIOTES (1) PURGING a»l'LETE WHEN 5 WELL VOLUMES HAVE BEEN PUIGED AND WHEN WATER PARAMETERS VARY 8Y LESS THAI APPROXIMATELY 10%. 
(2) PAL IIIORGAIIICS: ICP METALS (5510); AS CSOZ2); SE (S021); TL ($009); SI (S0211); Pl (SD20); NG (S101). 

H20 QUALITY: P04 (TFZ7); TOI (TFZ6); IIJT (TF22); CL/S04 (TT10); TSS (160.Z); ALK (301.0); IIAIIDIIESS. 

I 
_ALL P~T~~Ffrl,,ED AS!WJLS~.fE: lp·FILTEREO 

SAMPLEDBY. -~ L~IL-~ 
RECEIVED BY: ' 



PIIOJECT USAEC • FT. DEVENS 

SJ'TE • ID 

.CATIOII ,------------, 
ACTIVITY lsTART i0'30 Ell> 

WATER LEVEL/ WELL DATA 

WELL DEPTH ✓IEAStaED 

FIELD SNa'LE .-ER M )( 2:. 
SITE TYPE WELL 

JOB -...ER q !'-fl-{, 05 

TOP OF WELL PROTECTIVE 
TOP OF CASING CASING STIO::·ll» 

( FRON GIHUII) 

1 g X3 STlllY AREJ,/ADC. 6'=fw 
SAMPLING DATE If. q-, 

FILE TYPE CGW 

liEATHER ciear ~o~-, ~ 

PROTECTIVE 
CASING/WELL DIFF.I -J_ 35-nl 

WATER DEPTH FT 

HEIGHT OF ,------, 
WATER COLI.NI I / O. 30 FT I 

B ~ STC. I CAL 

GAL/VOL 

TOTAL GAL PUIGEDI 
=~:~!:::~~ACT , . ~ 
WELL LOCKED 
PVC WELL CAP 

WELL ~ IIICH 
DIAMETER INCH 

_IIICH 

B 1.68 gal/ft (4■') 
_ gal/ft PID READINGS: ~IAMB_1_E_n_A_1R __ o_._1_PPN___.I _IWE_LL_IOJT __ "_o_._l_PPN~·I :.~$~-'.:~ = 03 rf·M .... ~ic1 n~ • 

PURGE DATA \""~ "8ll.9'!. 

(~~li)GALLOIIS 
~~ --------~---1---....... --------

fl\N>ING RATE -"""1 

TEMP, DEG C /~:>QvJ,J l-.-~ 

pll, UNITS O pH PAPER 

SPECIFIC COIIOUCTIVITY, i.a,os/ 

TURBIDITY, ntu/oo ~IL 
REDOX (i COMPLETIOII OF PURGING): 

;IPMEIIT DOC\JENTATION 

f 
ING ·1IIIG EQUIPtEIIT ID 

PERISTALTIC P\.IIP ISCO I 
OED I CA TED SUMERS I B~~ 

LER \!a)•~~ 
PV SI LI COIi TUI I NG 11r--P.,, ·•""J,'.¥1 j;;-

·LI IIE/D I SPOSABLE FILTER __ _ 
0 OTHER -----------

FLUIDS USED 
POTABLE WATER 

QUIIIOX • 
EAN "CLEAIIING 

NLIIIER OF FILTERS USED 

rER LEVEL EQUIP. USED 
ELECTRIC COIID. PtOIE 
PRESStaE TltAIISDUCH 

LE OBSERVATIONS 

CLEAi 
CLaJ>Y 
COLC.ED 
TURBID-----
Cl>OII 
OTHER (SEE IIOTES) 

ANALYTICAL PARAMETERS METIICI) FRACTION PtESERVATION VOLLIIE SAMPLE SAMPLE BOTTLE ID IAN(RS BOTTLE 

~

voe I v rrl / cr-r\ 
svoc 
PEST/PCBs 

R PAL IIIORGAIIICS (see notes) 
LEAD Ol!LY 

□ EXPLOSIVES 

~ 
TPHC 
TOC 
ANIONS 

8 TSS ONLY 
H20 QUALITY (see notes) 

□ COLIFORM 

,;. {\vt\le \ , :.- r,: e<;.,vVC,4. iJ ~ -Iv, ,i.... 

NLIIIER 

000 
1.1118 
UH02 
UH13 

s;D20 
IN19 
IA/32 
418.1 
415.1 
TF22 
TT10 
310.1 
160.2 

303, 909 
i2-4,.~~ . 

ca>E METHa> 

VP HCL, 4 DEG C 
MS 4 DEG C 
EC 4 DEG C 

REQUIRED COLLECTED 

ri")ILr~ 
(4) 60 NL.Ir 
(2) 1 LAG 
(3) 1 L AG 

II 
l! ~= !~ ~=~ 1 L P·CUIE B 

LC 4-oeG·c ,.,.. -- (3) 1 L AG □ 

H2S04 TO pll<2 1 LAG 
H2S04 TO pll<2 1 LAG 

___ , ___ _, ___ ,! ____ _ 

0 
0 
s 
C 
II 
C 
s 
C 
II 

H2S04 TO pll<2 1 L P·CUIE ___ . ___ _, ___ / ___ _ 
4 DEG C 1 L P·QJBE 
HII03 TO pll<2 1 L P·CUIE 
4 DEG C 1 L P·CUIE 
H2S04. JO pll<2 1 L P·CUIE 
4 DEG C 1 L P·CUIE ---.----____ / __ __ _ 
HII03 TO pll<2 1 L P·CUIE 
4 DEG C (1) 4 OZ 

STERILE 

NOTES ( 1) PURGING COIPLETE WHEII 5 WELL VOLLIIES HAVE BEEII PUIGED All> WHEII WATER PARAMETERS VARY BY LESS THAii APPROXIMATELY 10l. 
(2) PAL IIIORGANICS: ICP 11:TALS (SS10); AS (SD22); SE (SD21); TL (SD09); S8 (SD28); PS (SD20); HG (S801). 

H20 QUALITY: P04 (TF27); TOI (TF26); MIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); HAllDIIESS. 

I 
ALL PARAMETERS COLLECTED AS TOTALS, IE: IION·FILTERED 

_ ~~~o B~~: C. L~c-o/ cc'?c,icp__ 



PtlOJECT USAEC • FT. DEVEIIS FIELD SAMPLE IA.NIER M STI.DY ME.A/Mr. 6'f (..l} 
1-'--"'.......,;..i...:, ....... ....i.._::..L...;:,.J.!.....I=~ 

SITE ID l . 95- \ 1 ')( SITE TTPE lol:LL SN9>LIIIG DATE / 2../ f 6 { q7 
JOI IA.NIER lil'-tl.f.O't 

.CATIOII 
FILE TYPE CGW 

ACTIVITY jsTART t~'LO EIID i?'.3) l.aTHER c(eQJ, '-10-$. Os 

WATER LEVEL/ lol:LL DATA 

WELL DEPTH 

WATER DEPTH 

J'-i, 5;i._FT 

\6,i5" FT 

r./NEASWED 
~;ISTmllCAL 

TOP OF lol:LL PIOTECTIVE 
TOP OF CASIIIG CASIIIG STICIC·I.Jt 

(FRON Ga<UI)) 

PIOTECTIVE 
CASIIIG/WELL DIFF. I _ o :; .. q FT I 

HEIGHT OF ~----. 
WATER COLI.JUll 1. ~ 7 FTI 

GAL/VOl 

TOTAL GAL P\JtGEDI 

liELL IIITEGIITY: J 
PIOT. CASIIIG SEOMtE 
talCIETE COLLAR IIIT~CT 

"liELL LOCXED 

WELL ~ IIICH 
DIAMETER IIICH 

_IIICH 

81.68 gal/ft (4•) 
_ gal/ft PID READINGS: INIIIEIIT AIR O. / 

PVC WELL CAP . 

O. l PPN ~I> lf:6,(£ i>ID 
l\)1otJot c.J)l"M 

MGE DATA ,.~ -Wl:l.11!,.. l"'too 1so5 ,s,~ 
1-=---,f-'----t---'---+-'----+...LL-=...L-+.;...;..--+----+-.;..._....;.....i 

( ~L-rul) GALLOIIS "- 1,5 SAMPLE OISERVATIOIIS 

i. rt1 -----------------------------
FUIPIIIG RATE JP'ff> 

TEMP, DEG C /D'fo..u.k)JJUJY\ (Ft·) 
....,;;_,J;r;i.:c:~...1.r1~i-,:;...--L:..1.1~.JE.:..:...;~~L:4~.&1<~:::......1.21.,;1J.,+,1=....L:;;_;.i 

pH, UNITS Op11 PAPER ~ t~~D ____ _ 
TURBID 

=R (SEE IIOTES) 
SPECIFIC COIIOUCTIVITY, ~os/ca 

TURBIDITY, ntu / tJ O ( r11.c:FY 
t-:-:--;-"71-:-:--7't-;;::--"'7i--:--"7t-:=.zr-::71-'.=-=ir-:...t-:-~~:;it---;:;::;~ 

REDOX ca COMPLETION OF PURGING): --- +/·., 

;lflMENT DOCUMENTATION 

JING l1
N\ERISTALTIC PlW ~~':e_11

_
1
_

1
D_ 

DEDICATED SUIUERSIBI.L~ 
BAILER U2• U4• I 

• PVC,'SILleeN TUBING -
IN·LINE/OISPOSAIILE FILTER __ _ 

0 OTHER 

ANALYTICAL PARAMETERS NETHa> FRACTION 
IUtBER Ca>E 

~

voe N f>'rl./ EP 1-i/-f'l'\ ti I.JC20 VP 
svoc ~1a NS 
PEST/PCBa UH02 EC 

UH13 

§ PAL INmlGANICS (see notes) II 
LEAD OIILY 5020 II 
EXPLOSIVES lN19 LC 

lM32 

~ 
TPHC 418.1 0 
TOC 415.1 0 
AIIIOIIS TF22 s 

TT10 C 
310.1 II 

B TSS OIILY 160.2 C 
H20 QUALITY (see notes) s 

C 
II 

D COLI FORM 303, 909 

FLUIDS USED 
POTABLE WATER 

QUIMOX 
EM CLEAIIIIIG 

lll.9eER OF FILTERS USED 

R LEVEL EQUIP. USED 
LECTRIC talD. PIOIE 

PIESSURE TRANSDUCER 

PIE SERVA Tl 011 VOLi.iE SN9>LE SAMPLE BOTTLE ID IUIBERS 
NETHOD REQUIRED COLLECTED 

l-) \ \,- 1\9 
HCL, 4 DEG C (4~ NL-\" l § I I 
4 DEG C (2) 1 L AG 
4 DEG C (3) 1 L AG 

§ HII03 TO ptl<2 1 L P·C1.8E 
HII03 TO ptl<2 
4 DEG C (3) 1 L AG 

H2S04 TO pll<2 1 LAG 
H2S04 TO pH<2 1 LAG I 
H2S04 TO ptl<2 1 L P·C1.8E I 
4 DEG C 1 L P·C1.8E 
HII03 TO pH<2 1 L P·C1.8E 
4 DEG C 1 L P·C1.8E I 
H2S04 TO pH<2 1 L P·C1.8E 
4 DEG C 1 L P·C1.8E 
HII03 TO pH<2 1 L P·C1.8E 
4 DEG C (1) 4 OZ I 

STERILE 

BOTTLE 

NOTES (1) PURGING aM»LETE WEIi 5 WELL VOll.lES NAVE BEEII PURGED AJID WEIi WATER PARAMETERS VARY IY LESS TNAJI APPROXIMATELY 1~. 
(2) PAL IIIORGAJIICS: ICP METALS (SS10); AS (SU22); SE (SU21); TL (5009); SI (5028); Pl (5020); HG (S801). 

H20 QUALITY: P04 (TF27); TK.11 (TF26); IIIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); NAROMESS. I ALL PARAMETERS COLLECTED AS TOTALS, IE: 11011-FILTERED 
SAMPLED BY: 
RECEIVED BY: 



P110JECTI USAEC. FT....... I FIELD SAMPLE II.left Klil2lw '2-lol,,dz[ srLDY AREA/AOC (oq_ w 
SITE ID lz.HKI· lqls-1· l-ij 0 I><: SITE TYPE WELL SNl>LIIIG DATE lit IIDl-4-:+--

Jell .-El <q \44, O'Q FILE TYPE CGW 
. .cATUJI 

'START \5'50 I 
ACTIVITY EIIJ t'13o WEATHER N-A (it\Slcle 1 ("1 

/ '4 t..i~,0c old 'tb,le.r ~"'"O'M 

WATER LEVEL/ WELL DATA 

~ 
TOP OF WELL PIOTECTIVE PtlOTECTIVE 
TOP OF CASIIIIG CASIIIG STICIC·ll> I o.o FTj CAs111G1WELL DIFF. [-o _57 nl 

WELL DEPTH J.l.l. FT 
~

IIEAS&aED (Flla.ra(l.11)) 
€lvs"'-,._,,i""'' HISTORICAL 

WATER DEPTH 4A FT 

I 
I 

WELL I MTEGII ITY: r i 1ft 
WELL t lllCN 

GAL/VOi. PIOT. CASlltG SEClJlE DIAIIETER IIICN 
HEIGHT OF I nj TOTAL GAL PURGED! 

aJICRETE COi.LAii INTACT _IIICN 
7 . .3 WELL LOCXED WATER COLI.NI 

PVC WELL CAP 

B 1.(18 gal/ft (4•) 
IANBIEIIT AIR • 4- PPMI IWELL IOJTH ·+ PPMI _ gal/ft PID READINGS: 

I 

PURGE DATA Ti~ VOLCIE I \'114 \l,U> \ C.3l HAI \ t,-S 3 1,0, 11~ l11'5 
(~b:tt1) GALLOIIS ,.._ ,,·o A.\,'5 -i.,o -'l.S -3.~ "- '3,'o t'-4.o ,.._4,c; SAMPLE 08SERVATIOIIS 

PI.JPIIIG IAT~ 0.34 .1.1 .11 .4c, -~ .M,. • 1,..1, . 2.2. CLEAi 

TEMP. DEG c / d r~urn lf1 ~ ~ ~ % ~ ~ ~ ~ ~ 
CLCU>Y 
COLORED 
TURBID 

pH, UNITS Op11 PAPER b.3~ ~-3" {Q, 1..'i ~.30 t-. ;4 ,.;\ '-~~ <o.31 
~R (SEE IIOTES) 

SPECIFIC COIIDUCTIVIT( i.aioa/ca 35( ·~4"':\- 144? 144 '342- :A5" "34\ '343 
TUIIB ID ITY, ntu /ro ( ~~/L) % ~ ~ I~ :J,lt ~ ~ l% ~ - , , 

z1t-1 <s,u.!,~) REDOX ca ca4PLETIIII OF PURGING): ♦/-.,, 

•IPNENT DOCLIENTATIIJI 
!~NG ..... ,, .. ,. EQUIPMENT ID 

~ 
FLUIDS USED rit LEVEL EQUIP. USED 

~v ~RISTALTIC Pl.JP ISCO I POTABLE WATER LECTIJC COIIO. PROIE 
~ DEDICATED SUINERSIB~~ QUIIIOX PtlESS&aE TIWISDUCEI 

jV / BAILER 2• 4• I EAN CLEANING 
PVC}Sl~IGBII Tl.8111G -

□ 
■ Ill-LINE/DISPOSABLE FILTER 

OTHER lllaER OF FILTERS usa> --
ANALYTICAL PARAMETERS METNCI) FRACTIIJI PRESERYATIIII VOI.UME SAMPLE SAMPLE BOTTLE ID lllaERS BOTTLE 

lllaER ca>E Nl:TNCI) REQUIRED COLLECTED 
l.."\ Ei 

~
vr:i. V PH I EPrl. I 'PAl-i 1.MZO VP HCL, 4 DEG C (4>;Ji'NL+C'4§ 

LM18 NS 4 DEG C (2) 1·L AG I 
EST/PCBB UN02 EC 4 DEG C (3) 1 LAG I I I 

UN13 

R 
I I I 

~ ~:~ l~~~ICS (BH notes) II HII03 TO pH<2 1 L P·CUII: I I I 
5020 !! ~!tQJ TO pH-<2 I I I 

EXPLOSIVES IN19 LC 4 DEG C (3) 1 L AG □ I , I I 
lM32 ,. I I 

~ 
TPNC 418. 1 0 N2S04 TO pH<2 1 LAG i,. I I I 
TOC 415.1 0 H2S04 TO pH<2 1 LAG i,. I I I 
AIIIOIIS TF22 s N2S04 TO pH<2 1 L P·CUII: i,. I I I 

TT10 C 4 DEG C 1 L P·CUII: .. I I I 
310.1 II HII03 TO pH<2 1 L P·CUII: i,. I I I 

8 TSS IIILY 160.2 C 4 DEG C 1 L P·CUII: i,. I I I 
H20 QUALITY (SH notes) s N2S04 TO pH<2 1 L P·CUII: i,. I I I 

C 4 DEG C 1 L P·CUII: .. I I I 
II NII03 TO pH<2 1 L P·CUII: .. I I I 

□ COLIFORM 303, 909 4 DEG C (1) 4 OZ I I I 
STEIIJLE I I I 

IIOTES (1) PURGING CXJl>LETE WHEII 5 WELL Y'OLUMES NAVE BEEII l'tJIGED All> WMEN WATER PARNETERS VARY IY LESS THAN APPltOXINATELY ,~. 
(2) PAL IIIORGAIIICS: ICP METALS (SS10); AS (SD22); SE (SD21); TL (SD09); SB (SD28); Pl CSD20); NG (S801). 

N20 QUALITY: P04 (TF27); TO (TF26); IIIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); IIAJUlNESS. @ I ALL PAINETERS COLLE,TE~TOTA_LS, IE: 11011-FILTERED 
S"i-arf- f lftnp;viJ ~ 1.,: I 'f WIPLED BY: C,Lrrv, ~ 

RECEIVED BY: ( 1 

-



P10.IECTI IJSAEC • FT. DEVEIIS 

I 
FIELD SAMPLE la.lllER MIXl-clW 01910141 STLIIY AREA/MC 69W 

~ R µ)I· 19 !41 • I 01q I SITE ID SITE TYPE YELL 

JOI II.MIER Cf 'Lflf. o'5 
CATICII 

ISTAIIT 08,4'5" Ell) { O 45" I ACTIVITY 

WATER LEVEL / WELL DATA 

WELL DEPTH j 3, 35 FT ~ 
TOP OF WELL PIOTECTIVE 

I TOP OF CASIIIG CASING STIOMP NA 
~

NEAUEI> (FRON GICUI>) 
HISTORICAL 

WATER DEPTH "f. '7R_,, FT 

HEIGHT OF 

WATER COLIN I 5 ·'-, FT 1 

YELL INTEGRITY: i · 

I 
GAL/YCL I PIIOT. CASIIIG SECUIE 

TOTAL -GAL PUIGEDI 
COIICIETE all.Lil IIITACT 
YELL LOCICED 
PVC YELL CAP 

81 .68 gal/ft (4•) 
_ gal/ft PIO READIIIGs:I ... ':"'_1_E11_T_A1_• __ <'.>_._t _PPM__.I lliELL IOITH O. / 

PURGE DAtA /11"'\L- 'ffltt:M: I r::!Jf.f ''h7 /o~ i ft,{t,.- ~30 

. SANPLIIIG DATE 12../18/'fT 
FILE TYPE CG\I 

WEATHEI d.Rr1.v, 3 o~s 

FTI 

PIOTECTIVE 
CASI IIG/WELL DI FF. I .... C, :+ci 

r~ IA!LL ~ IIICH 
DIAMETER IIICM 

_INCH 

SAMPLE OISERVATICIIS 

FTI 

(~L,)GALZCIIS ' • ~, ~. s 'j,o-i, ~" 

PU4PIIIG RATE cp,4> 7),ys_- t,2/, 0,'Jf' 0,'f~ 0,J) 

TEMP, DEG C /d.Ya»Jd.o-iJJYl ffi: ~~ ~~ I~ % %~ / _,,,,,,/ / 
pH, UNITS Op11 PAPER 5,-is- - ~-t 1 ~.'37 ,,3f t CLE.All /':LL.-

CLCJ..CY -S :;;--• 
COLORED 
TURBID-----

=R (SEE IIOTES) 
SPECIFIC COIIOUCTIVITY, uinoa/CII .;)~f - ]_'Z(; ,~J :l!'f 

TURBIDITY, ntu / 1x, (rvv:\f1..) '¼ _,,..,,./ [½:13 ~ % / // ✓-
REDOX (i llWLETION OF PURGIIIG): ,:JR 5 +/· 11V -¥-tJ.Jv;J(!/ f/p ·.>I ~ 

•IPNEIIT DOCl.lEIITATJON 

f ING llNGPERISTALTIC Pl# ~~':e_ .. _T_I_D_ 
DEDICATED Sl&ERSIBI.L PUe., 
BAILER U2• U4• ... 
PVC/SJLICOII TUBIIIG -
lll·LIIIE/DISPOSABLE FILTER __ _ 

D OTHER 

ANALYTICAL PARAMETERS 

!voc/ V PH/ EPtt( f¥\t,: 
svoc 
PEST/PCBa 

§ PAL IIIORGAIIICS (see notes) 
LEAD OIILY 
EXPLOSIVES 

§ TPHC 
TOC 
ANIONS 

B TSS ONLY 
N20 QUALITY (see notes) 

D COLIFORM 

METIIOO 
Ill.NIER 

l."20 
um1 
UH02 
UH13 

5020 
lN19 
IM32 
4111. 1 
415.1 
TF22 
TT10 
310.1 
160.2 

303, 909 

FRACTION 
cmE 

VP 
MS 
EC 

II 
II 

LC 

0 
0 
s 
C 
II 
C 
s 
C 
II 

FLUIDS USED 
POTAILE WATER 

QUJ IIOX 
EM CLEAJIIIIG 

lll.lllER OF FILTERS USED 

PRESERVATIOII VOLUME SAMPLE 

I LEVEL EQUIP. USED 
LECTRJC cal>. PIIOIE 

PIIESUE TRAJISOOCH 

SAMPLE BOTTLE JD IILIISERS 
METIIOO REQUIRED C0LLECA~ 

BOTTLE 

MCL, 4 DEG C µfjif ML~ ' / -0 4=l ti)§ L::7 

4 DEG C • (2) 1 LAG =-~~:-_-..,1·:::::::, ___ .,1 __ _ 
4 DEG C (3) 1 LAG __ _.l ___ .,l ___ _,I __ _ 

HII03 TO pH<2 1 L P·CJIE 
HII03 TO pH<2 
4 DEG C (3) 1 L AG 

I I 
I I I 
I I I 

I I ' ----- I I / __ _ 
H2504 TO pll<2 1 L AG • / / / __ _ 
N2504 TO pH<2 1 L AG • / / / __ _ 
N2504 TO pll<2 1 L P·CJIE • I I / __ _ 
4 DEG C 1 L,.P•CJIE • / / / __ _ 
HII03 TO pll<2 1 L P·CJIE • / / / __ _ 
4 DEG C 1 L P·CJIE • I I I 
H2504 TO pll<2 1 L P·CJIE • I I / __ _ 
4 DEG C 1 L P·CJIE • I I I 
HII03 TO pH<2 1 L P·CJIE • I I / __ _ 
4 DEG C ( 1) 4 OZ ._ / / / __ _ 

'"'"'~'"l tWO~c.f[ STERILE , , , __ _ 

IIOTES ~PVRGYIIG COMPLETE IIHEII 5 liELL VOLUMES HAVE BEEN PUtliED AND WHEII WATER PARAMETERS VARY BY LESS THAI APPROXIMATELY 10%. 
(2) PAL IIIORGANICS: ICP METALS (SS10); AS (5022); SE (5021); TL (5009); SB (5028); Pl (5020); HG (SB01). 

H20 QUALITY: P04 (TF27); TIOI (TF26); NIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); HAIDIIESS, 

I 
ALL PARAMETERS COLLECTED AS TOTALS, IE: IIClll·FILTERED 

SAMPLED BY: 
RECEIVED BY: -



PlOJECT USAEC • FT. OEVEIIS FIELD SNIPLE .-ER MX. 2VJ J STIIIT U.EA/A«. t59oJ 
SITE 10 z lU M • t'f 5 . X SITE TTPE WELL SNFLIIIG DATE ti./ lf;jq? 

J08 ll.MfR q14t{,Qg FILE TTPE CGW 
.CATUII ..------------, 

AcnvlT, jsTAIT 1100 Ell> /J.Oo liEATHER el.tClf, ~)'",;; 

WATER LEVEL/ WELL DATA 

WELL DEPTH /!°.' FT r.f IEASUIED 
ti;ISTOIICAL 

TOP Of WELL PlOTECTIVE 
TOP Of CASIIIG CASIIIG STICK·U> 

C FRON Gl0UIID) 
f1.v~4 

PIOTECTIVE 
CASUIG/WELL DI FF. I -, ' s-

WATER DEPTH ? ,>'f FT 
DIAMETER IIICH 7 

HEIGHT OF I 
WATER COL\.1111 '-· __.;8'::;...._F_.T I 

GAL/VOl I 
TOTAL GAL PURGED , . 

WELL 111TEG11TT: Is 
PlOT. CASIIIG SECURE 
CCIICRETE COLL.All IIITACT 
WELL LoaED 
PVC WELL CAP 

WELL ~ IIICH ,LJ"' 

_IIICN 

81.68 fal/ft (4•) 
_ gal/ft 

PURGE DATA ttrl\L- "'Y8t:tN:, 

Pf'MI 'WELL IOITH 0, 1 PflNI 

t°3'lldl9 GALLONS 
1------1...a.;..--+..:..;..---+.,.,.--,-+---+----+---+------i 

P\M'IIIG RATE <h> 

TEMP, DEG C / tfrfv~..d J 
pH. Ult ITS D plf 4>Ai>ER 

REDOX ca COMPLETIOII OF PURGING): 

;JflMEIIT DOClll:IITATIOII 

PERISTALTIC Pl.MP ISCO I 

SAMPLE 08SERVATIOIIS 

f 
CLEAR - Vt"~)-
CL(U)T 
COLORED ____ _ 
TURBID 

=R (SEE IIOTES) 

DEDICATED SUMERS I BL.f.. PIJME.:...,_,.,.i,.,.,,"-t.,,.......~,.. 
BAILER U2• U4• I 4GING llllG EQUIPMENT ID f

CCII FLUIDS USED 
POTABLE WATER 
LJQUINOX 

~

ER LEVEL ECIJIP. USED 
ELECTRIC CCIII>. PIDIE 
PlESSUIE TIWtSOUCH 

PVC/J,fWGQII TUBING -
STEAM CLEAMIIIG 

lll·LIIIE/DISPOSAIILE FILTER __ _ 
D OTHER ----------- ll.MfR OF FILTERS USED 

ANALYTICAL PARAMETERS NETHCI) FRACTICII PRESERVATIIII VOll.lE SAMPLE SNFLE "BOTTLE ID .-£RS BOTTLE 
l«.NER ca>E NETNa> REQUIRED COLLECTED 

~
~Vt>fr/£t# ' to (Z.)rl. t.1(20 VP HCL, 4 DEG C ~ML,4-

~111 MS 4 DEG C (2) 1 L AG 
PEST/PCBa UH02 EC 4 DEG C (3) 1 L AG 

---·'-----___ __, ____ _ 

8 
UH13 

B PAL IIIORGAIIICS (see notes) II HII03 TO plf<2 1 L P·ClJIE 
LEAD OIIL '1 SD20 II HII03 TO plf<2 

u EXPLOSIVES UW19 LC 4 DEG C (3) 1 L AG u ___ ./ ___ _, ____ ., ----

~ 
lAl32 

TPHC 418.1 0 H2S04 TO plf <2 1 LAG 
TOC 415.1 0 H2S04 TO plf<2 1 LAG 
AIIIOIIS TF22 s H2S04 TO pll<2 1 L P·ClJIE 

___ ., ___ _, ____ ., ----
TT10 C 4 DEG C 1 L P·CME 
310.1 II HII03 TO p11<2 1 L P·CME 

8 TSS OIILY 160.2 C 4 DEG C , L P·CME 
N20 QUAL ITT ( see notes) s H2S04 TO p11<2 1 L P·CME 

C 4 DEG C 1 L P·CME 

D 
II HII03 TO pll<2 1 L P·CME 

COLI FOAM 303, 909 4 DEG C (1) 4 OZ ___ ,! ___ _, ·---'----
STERILE 

IIOTES (1) PURGING CCN>LETE WNEII 5 WELL VOi.LiES HAVE BEEM PUtGED AJIO WNEII WATER PARAMETERS VARY 8'1 LESS THAI APPROXIMATELY 10%. 
C2) PAL IIIORGANICS: ICP NETALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl (SD20); HG (SB01). 

H20 QUALITY: P04 (TF27); TD (TF26); NIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

SAMPLED BY: fOJH,"1, +~I ,ci.--t "-I 
ALL PAAAMETERS °!LECTED AS TOTALS, IE: 11011-FILTERED 

RECEIVED BY: 



PiOJECTI US.UC· fT.DfVhS ~ FIELD SAMPLE -...El M~ W2J7<.2. STU>Y AIEA/AOC 

SITE ID li21u.iMI· jgjGl· 121 I I SITE TYP£ WELL SNPLIIIG DATE 

JOI IUIIEI -'t-1 gt"· FILE TYPE CGW 
.CATION 

ACTIVITY ISTAIT t3o:::> EIII Hov q,lfc+.o3 WEATNEI C' ltct.r, 3o":, 

WATER LEVEL/ WELL DATA TOP OF WELL PIOTECTIVE PIOTECTIVE 
TOP OF CASIIIG CASIIIG STIOc-lJP f(ils6 FTI CASIIIG/WELL DIFF., ·-o:f( FT.I I.Ell DEPTH '" FT g':MEASUIED C FRON GICUI)) 

ISTOIICAL 
WATER DEPTN /o.\S- FT WELL IIITEGIITY: f r~ WELL 

~

2 IIICH 
. GAL/Wl PIOT. CASIIIG SECJRE DIAMETER 4 IIICH 

HEIGHT OF I 
FTI TOTAL GAL PUIGEDI 

allCIETE CDLLAI IIITACT _IIICH 
· ,vy WELL loaED . WATER COLI.NI 

PVC WELL CAP 

81 .68 gal/ft (4•) 
IAMll~IIT All _ gal/ft PID READIIIGS: "·f PPNI IWELL IUITH ()} PPNI 

SANPLE OISEIVATIOIIS 

TEMP, DEG C / ~YT.tu.,~.,0(1,"}'~. ~..r.&.;....,+.:;....i~-4<=:....t.!:L..1,~----l..:::.,_---i::--_,f::;...--.,.._--1 

pH, UNITS O pH PAPER t~~~D ____ _ 
TUIIBID 

=• (SEE IIOTES) 
SPECIFIC COIIOUCTIVITY, 'Ullhos/CII 

br.:r-"":::>"t-:-.--::::::11t---:----:::rl--,nr7"'+---::>t----:::t------:::>t-----:::~ 
TURBIDITY, ntu/DD { 

REDOll ca COMPLETION OF PURGING): +/• av 

t,,7,,;4 
dfl'r,4d f'vlf-') 

,IPNEIIT DOCI.IEIITATIOII 

!GIIIG lllllG EQUIPNEIIT ID PERISTALTIC PlJI> ISCO I __ _ 
DEDICATED SUIIMERS I ILL, ~ 
BAILE■ Uz• U4• I 
PVC/.&+t1'el!III Tt.9111G -
111-LIIIE/DISPOSABLE FILTER __ _ 

0 OTNEI 

ANALYTICAL PARAMETERS NETHCO FIIACTIOII 
IILMU:I COOE 

(
voc. IE.PH/ f>AH/V PH IJCZ0 VP 
svoc l.lC18 NS 
PEST/PCBs UH02 EC 

~ 
UH13 

PAL IIIOIIGAIIICS (see notes) " LEAD OIIL Y SD20 II 
EXPLOSIVES W19 LC 

~ 
IN32 

TPNC 418. 1 0 
TOC 415.1 0 
AIIIOIIS TF22 s 

TT10 C 
310.1 II 

B TSS ONLY 160.2 C 
H20 QUALITY (see notes) s 

C 
II 

□ CDll FOIIN 303, 909 

~

all FLUIDS USED 
POTABLE WATER 
LI QUI NOX 
STEN! CLEAIIIIIG f 

e■ LEVEL EQUIP. USED 
ELECTRIC CCII). PIOBE 
PIIESSUIIE TIWISDUCEII 

llllllcl OF FILTERS USED 

PIE SERVA Tl 011 V0ll.lE SNl'LE SAMPLE BOTTLE ID IANERS 
NETIICO REQUIRED COLLECTED 

, .!r p-)'r NCL, 4 DEG C NL,._ 
4 DEG C ~ 1 LAG 
4 DEG C (3) 1 LAG 

~ 
Hll03 TO pH<2 1 L P·CAIE 
HIIQ3 TO pH<2 
4 DEG C (3) 1 L AG 

HZS04 TO pll<2 1 l AG 
H2S04 TO pll<2 1 LAG 
HZS04 TO pll<Z 1 l P·CAIE 
4 DEG C 1 L P·CAIE 
NIIQ3 TO pll<2 1 L P·CAIE 
4 DEG C 1 L P·CAIE 
H2S04 TO pll<Z 1 l P·CAIE 
4 DEG C 1 l P·CAIE 
HIIQ3 TO pH<2 1 L P·CAIE 
4 DEG C (1) 4 OZ 

STEIJLE 

BOTTLE 

I 

NOTES C 1) PURGING C04PLETE WHEII 5 WELL WLI.IES HAVE BEEN PURGED AJe WHEII WATER PARAMETERS VUY BY LESS THAii APPROXIMATELY 10%. 
(2) PAL IIIOlGANICS: ICP METALS (SS10); AS (SZ>22); SE (SZ>21); TL (SZ>09); SI (SD28); Pl CSD20); HG (S801). 

H20 QUALITY: P04 (TF27); TIOI (TF26); IIIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

SAMPLED BY: ::(Q l'-Y. ((._ I 
ALL PARANIETE;u l.':OlLECTED AS TOTALS, IE: IIOll·FILTERED 

RECEIVED BY: ' -------------



NO.IECTI 

SITE ID 

.... , -"· ...... I 
@~IMl· l9l61· I tj9[x SITE TYPE 

JOI -.NIER 

SANPLUIG DATE 

FILE TYPE CG\I 

I 
CATICII 

ACTIVITY jsTART i'f-20 Ell> t10 '-EATNER ,__ ... _,, I~ -• ..e-~-,--- .- 'f I 
/ ( "'"7 .J I' ..... 

WATER LEVEL/ WELL DATA 

WELL DEPTH E 
TOP OF WELL 

if: TOP OF CASING 
NEASlaED 

ISTORICAL 
(5",1,.:!°FT 

WATER DEPTH 
to. +)-IT I GAL/VOL I 

HEIGHT OF I I-·---------'-----. 
·. WATER COLI.Ml_,.,, 5 FTI ______ To_T_AL_ GA_L_PUR_GED__.I 

PltOTECTIVE 
CASI NG STI Clc-1.P 

(FRON Gi(l.11)) 
I +Lst, FTI 

WELL INTEGRITY: J 
PltOT. CASING SECURE • 
CXIICRETE COLLAR INTACT 
WELL LOCXED 
PVC WELL CAP 

81.68 gal/ft (4•) 
_ gal/ft PID READINGS: IANBIEIIT AIR o ,t, ~, !well IOJTN 0. 9 PPMI 

..--
PURGE DATA 

SAMPLE OISERVATICIIS 

TEMP, DEG c /t>raUJd.o-w~ (-ft.) ~~I~~~/ / / 
pll, UNITS □ p11 • PAPER ,.i? , ,31.-., t;Hr C.Mf" t,1 i f~~;D ____ _ 

TURBID 

=R (SEE NOTES) 
SPECIFIC COIIOUCTIVITY, Ulilos/ca 'J.,st/ J..'/1 ;}..'/"/ J',f] :J't~ 
TURBIDITY, ntu/l)o(~'\i'-1 ~[~ ~ E_!i}f ~ / / / 
REDOX (i CCM'LETICJI OF PURGIIIG):,c.+o::'1:' +/· w 'fl" cJ•tl>r~ Nov 

•IPMEIIT DOCUMEIITATICII 

flllG 1111
\ERISTALTIC ptNI ~~":e_11

_T_ID_ 
DEDICATED SUBNERS I BI.L PUM£., 

~

LER <@ Liz• Li4• •-
: L LI l!tfr. TU8 I IIG 

·LIIIE/DISPOSABLE FILTER __ _ 
□ OTHER 

ANALYTICAL PARAMETERS METHa> FRACTICII 
NI.MER Ca>E 

'

voc/VPH/EP~/f'A"M LMZO VP 
svoc IJC18 NS 
PEST/PCB1 . • UH02 EC 

UH13 

B PAL IIIORGAIIICS (see notes) II 
LE:AD ONLY SDZO II 

D EXPLOSIVES IN19 LC 

~ 
IN32 

TPHC 418.1 0 
TOC 415.1 0 
ANICJIS TF22 s 

TT10 C 
310. 1 II 

B TSS ONLY 160.2 C 
H20 QUALITY (see notes) s 

C 

□ 
II 

COLIFORM 303, 909 

FLUIDS USED 
POTABLE WATER 

QUJIIOX 
ENI CLEANING f:R LEVEL EQUIP. USED 

ELECTRIC COID. NOIE 
NESSlaE TIWISDUCER 

IIIJl8ER OF FILTERS USED 

PRESEIVATICJI VOLLIE SNIPLE SAMPLE BOTTLE ID IIIJl8E RS 
METHa> REQUIRED _ ~tECTED 

' ~ ( L.7"6 
HCL, 4 DEG C Jk1 11('\"' ~ 4 DEG C (2) 1 L AG I I 
4 DEG C (3) 1 LAG I I 

B 
I I 

HII03 TO pll<2 1 L P·ct.eE I I 
1!1103 TO pff<Z J I 

4 DEG C (3) 1 L AG LI I I 
I I 

H2S04 TO pll<2 1 LAG • I I 
H2S04 TO pll<2 1 LAG • I I 
H2S04 TO pll<2 1 L P·ct.eE • I I 
4 DEG C 1 L P·ct.eE • I 
HII03 TO p11<2 1 L P·ct.eE • I I 
4 DEG C 1 L P·ct.eE • I I 
H2S04 TO pll<Z 1 L P·ct.eE • I ·1 
4 DEG C 1 L P·ct.eE • I I 
NII03 TO pll<2 1 L P·ct.eE • I 
4 DEG C (1) 4 OZ I I 

STERILE I I 

IOTTLE 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

IIOTES (1) PURGING aJIPLETE WIIEII 5 WELL VOLIJCES HAVE BEEII PURGED All> WIIEII WATER PARAMETERS VARY IY LESS THAii APPROXIMATELY 10%. 
CZ) PAL IIIORGANICS: ICP METALS (SS10); AS (51>22); SE (SD21); TL (SD09); SI (SD28); Pl (SD20); NG (S801). 

H20 QUALITY: P04 (TF27); TDI (TF26); IIIT CTF22); CL/S04 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

I 
ALL PARAMETERS COlLECTED AS TOTALS, IE: IKll·FILTERED 

SAMPLED BY: __ :1;.._l)_/p,J..._fL ________ _ 
RECEIVED BY: 1 -------------

- Cot le c+ed a. d.u.p LLci:d:Jt (~ D 
-



PltOJECT USAEC ·FT.DEVENS FJELD SAMPLE .... M x 2: ~ 1 2 X 5 STU>Y AIU.A/A« 69L>.J 
1-------

S IT E TTPE liELL SAMPLING DATE / 2./ /q 7 

.CATlllll .----------::~~ 
ACTIVITY lsTART (Y3oo EIII 0 tt, ~ 

WATER LEVEL/ liELL DATA 

dNEASURED 
r:i;ISTORICAL 

TOP Of liELL PROTECTIVE 
TOP OF CASING CASING sna::-...

( fltCN GltCUI)) 

FILE TYPE CGW 

PROTECTIVE 
CAs111G11iEu 01FF. I --o.Lfif- n I 

liELL DEPTN 

WATER DEPTN 

/3.i5 FT 

7.~7 FT 

NEIGNT Of I 
WATER COll.MI ,..., b 

GAL/VOL 

TOTAL GAL PU!GEDI 

liELL INTEGRITY: r f Nt PltOT. CASING SECUlE 
COIICRETE COlLAI INTACT 
liELL LOCXED 
PVC liELL CAP 

liELL ~ INCN 
DIAMETER 4 IIICN 

_INCH 

. 81.68 gal/ft (4•) 
_ gal/ft PIO READINGS: INIIIEIIT AIR o, O 

PURGE DATA Time vnt LIME r tllb c1 ,3'0 
_____ __,...;;___-1,....;;,,,_ ____ ~-------+----I 

(f<f~ll) GALLCIIS 1-0_,_5----1,_/_.,._.,L._--1-L----1-----...--,1.........-,...,_ _ __. 
SANPLE OBSERVATICIIS 

TEMP, DEG C 

pH, UNITS Op11 PAPER 

SPECI Fl C COIIOUCTJVITY, uitios/ca 
t ~~y 

COLORED_ 
UIBID 

=• (SEE NOTES) 

TURBID ITY. ntu / Do ( ()\ 
1---....-,...f--...... ----~-..i------~--------I 

or-S"L 

dt.."1. ~ .?S 3 
;IPMfNT DOCI.JEIITATJCII 

1
1
~,IIGPERISTALTIC Pl.IF ~~":e_11

_T_i_D_ 
DEDICATED SUIINERSIBLt,P\.'"E., 
BAILER U2• U4• I 
PVC/.tttall T\IIIIIG -
IN-LINE/DISPOSABLE FILTER __ _ 

0 OTHER ----------
ANALYTICAL PARAMETERS NETIIOO FRACTICII 

'

,voc/vPH/"C'PWPAH 

WNBER C0DE 

't"'" lJC20 VP 
svoc l.1118 NS 
PEST/PCB& UH02 EC 

UH13 

§ PAL INORGANICS (see notes) II 
LEAD ONLY SD20 II 
EXPLOSIVES UW19 t.C 

IM32 

~ 
TPHC 418. 1 0 
TOC 415.1 0 
ANIONS TF22 s 

TT10 C 
310.1 II 

B TSS ONLY 160.2 C 
N20 QUALITY (see notes) s 

C 

D COLIFORN 
II 

303, 909 

FLUIDS USED 
POTABLE WATER 

QUINOX 
EAN CLEANING 

MUNBER OF FILTERS USED 

PRE SERVA TJ CII VCllN: SAMPLE 

R LEVEL EQUIP. USED 
LECTRIC CXJND. PltOIE 

PltESSURE TIAIISOUCER 

SAMPLE BOTTLE 10 lllNERS 
NETNCI) REQUIRED COlfEC ~ 

t "P- (l) I l.. =) 
NCL, 4 DEG C fo1 /,tJ'NL~ 
4 DEG C "(2) 1 LAG 
4 DEG C (3) 1 LAG 

§ HN03 TO pll<2 1 L P·CUIE 
HN03 TO pll<2 
4 DEG C (3) 1 L AG 

H2S04 TO pll<2 1 LAG 
N2S04 TO pll<2 1 LAG 
H2S04 TO pll<2 1 L P·ClJBE 
4 DEG C 1 L P·Cl.llf 
HN03 TO p11<2 1 L P·ClJBE 
4 DEG C 1 L P·ClJBE 
H2S04 TO pll<2 1 L P·ClJBE 
4 DEG C 1 L P·OJIE 
HN03 TO pll<2 1 L P·OJIE 
4 DEG C (1) 4 OZ 

STERILE 

BOTTLE 

NOTES ( 1) PURGING CCNPLETE WHEII 5 liELL YOllN:S HAVE BEEII PURGED AND WHEN WATER PARAMETERS VARY BY LESS THAii APPIOXINATELY 11n. 
(2) PAL INOIIGANICS: ICP METALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl (SD20); NG (5101). 

N20 QUALITY: P04 (TF27); TIOI (TF26); NIT (TF22); CL/$04 (TT10); TSS (160.2); All (301.0); HARDNESS. 
ALL PARAIETERS COLLECTED AS TOTALS, IE: IION·FILTERED 

SAMPLED BY: _:n~ ... I N..,1Z.'-"---------
RECEIVED BY: 

(bterrii,._e_ -r,/\.S M5 b 'f re;,;;~~J ~ wJ ooJ":> fkt

i"f r~ ll4-it (-C,v~ 

t 

e')C1't?.A. VI'"~ j1M ... 

~) R.~ ~f'A-

fv 



APPENDIXH 

SURVEY DATA 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



WELL . 
69W-94-09 
69W-94-10 • 
69W-94- l l 
69W-94-12 
69W-94-13 
69W-94-14 
ZWM-95-15X 
ZWM-95-16X 
ZWM-95-17X 
ZWM-95-18X 
ZWM-96-19X 
ZWM-96-20X 
ZWM-96-21X 
ZWP-95-0 lX 
ZWP-95-02X 

A:\69WSISUR.WK1 

TABLEH-1 
MONITORING WELL AND PIEZOMETER DATA 

AOC69W 

REMEDIAL INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

TOPOF 
NORTH EAST PVC 

564499 571261 228.4 
564499 571163 227.99 
564553 _ 571198 227.33 
564619 571215 228.94 
564610 571147 227.79 
564704 571088 228.02 

564735.06 571021.88 225.81 
564474.81 571257.09 228.38 
564209.73 571369.71 238.63 
564869.16 571013.25 222.95 
564414.93 571174.03 231.11 
564409.95 571294.75 225.99 
564391.42 571187.79 230.93 
564617.99 570952.94 226.84 
564819.87 570959.78 223.63 

GROUND 
ELEVATION 

228.67 
228.24 
227.74 . 
226.45 

225.3 
225.53 
222.94 
229.01 
236.07 
220.73 
231.53 
226.49 

. 231.17 
224.43 
220.71 

0S/23/97 10:32 AM 



APPENDIX I 

GEOTECHNICAL DATA (GRAIN SIZE) 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



PART I.CLE SIZE DISTRIBUTION TEST REPORT 
= 
N 

C !; !; 
C C c ' C SI ! - .. - ... ~ GI m SI SI m ... 

I ' ' ... .. N ... YI .. 
100 YI m N c' .. m .. m • • • • • • • 

' 
: : 
: : : 

90 ~= : : 

\ : 

\. 80 : : 

'\ i 
70 

~ =' = w 
:-~ z: 

H 60 : lo : 

u.. ~~ : 

I- I' 
~ z: 50 : ; : w 

" 
: 

u : : ~ -· w 40 . 
a.. ~" : 

" : 
: 

30 :r, 
K 20 : 

: ['! : 

111: 10 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

% +3" % GRAVEL % SAND % SILT % CLAY uses LL PI 

• 0.0 42.8 44.2 13.0 GM-SM 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample information: 
inch,., • number- • • ZWM-96-19X alz,. • lz,. 

1.5 100.0 4 S7.2 F to C Gvly F to C SAND; 
1 88.8 10 S0.1 Lttl Si 

0.75 83.2 20 41.2 
0.5 72.2 40 31.8 

0.375 65. 1 60 23.3 
0.25 60.2 100 17.4 

>< GRAIN SIZE 200 13.0 

0 00 6. 17 
D30 0.38 
0 10 Remarks: 

"><'" COEFFICIENTS SIEVE ANALYSIS 

cc 
cu 

ABB Environmental 
Project No. : 9144.08 
Project: FORT DEVENS 

Services, Inc • Date: 10,10,96 Data Sheet No. 5 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
C: 

~ C: C: 
N ·- - ·-C: C C ' C CSI ISi - - ~ N CD ISi CSI CSI ISi ~ ISi 
I ' ' ' ~ ; (\J ~ <D - N 

100 <D m N - - m - m • . • • • • 
: 

' 
: 

90 : 
; 

; \ 
: ; 

: : : 
80 : 

: : 

\ : : ' : 
: : 

70 : 
0::: : : : ! 

\i w : : 
z: 60 ; ; 
H 
L,_ ' 

' f- ; : 
z: 50 
w ! u : 

! 
0::: 

40 : : 
w 
(l_ : : : 

: 

30 : ! 

: ; 

: 
: ; : : : 

20 
: ; : 

: 

10 : ; : 
: : : 

: : : : : 
: 

0 ; : 

200 100 10.0 1. 0 0. 1 0.01 0.001 
GRAIN SIZE - mm 

% +3" % GRAVEL % SAND % SILT I % CLAY • uses LL PI 

• 0.0 0.0 68.7 31. 3 SM 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample information: 
Inches • number • e ZWM-96-20X size size 

10 100. 0 F SAND; Sm s i; Tr M Sa. 
20 99.8 
40 99.6 
60 98.4 

100 75. 1 
200 31. 3 

>< GRAIN SIZE 

0 60 0. 12 
D30 
010 Remarks: 

>< COEFFICIENTS SIEVE ANALYSIS 

C 
C 

cu 

Project No. : 09144.08 
ABB Environmental Project: FORT DEVENS 

Services, Inc - Date: 10/10/96 Data Sheet No. 21 



• 

100 
C 

ID 

PARTICLE SIZE DISTRIBUTION TEST REPORT 
C 

C - ... 
' .. m 

C C 

... • 
al ... • re • 

~ 

ISi ... • 
~ 8l 
" N • • 

' 70 ~-+4+++--14'---4-~'--~-~·H-+-+-+:.+---1-----+---++++-l~~l-'--+--~'+-+-+-+--+-+--+H-+-H--+--+--+-~ 
~ ~ 

~ 6 0 ~---,~l-4-l,-4;-4-,--j.;..---..-4:-l--++-!-+-'--+-+--11-----1+:I--I-H--.[f-\V-:--+----+t-,1-+++-+-+--+--++++-+-+--+-+---+-------I 

~ 50 i----;--H+.++-~--+--i--+;-+-f-;H-f--H-H-+--+---++il-+-l---+-il--lf-~~: +---!H+!l-+--t-+-t--+----++++++-+-+--+-~ 

~ 1, 
5 4 0 1----.-+-14<++-+-+.-+-..-+---;-l-,H-i-+-f-,.+--+---t---++,+-+--1-+-,1-t-,--+'1,~-+~++-+-+--+----t+<t-t++--il-+------,I-------, 

~ . . \ 
30 i----.--H+.++-+➔.-t-.,.➔.,--!-l,,H-i-+-f....+--+---t---+++Hl-+-,l-t-,-+-¼--,t++++++-+-+--++t-t-+-+-+--+--+--~ 

20 i-.:-U+-++--i--+---4-.;_j.;-~H-+-+-+--l--+----+---+++4-1---+-~l--+--'"-l-l-+-+-+-+--+-+--+H-+-H----+--+--+--~ 

' 
I ~ 

10 i-.:--i-++:++-+-+--+..:-+;_~+H-+-f--t--4----t---++:i-4-l-+-~1--'---+--+14++--1--4--+---1----1--M-+-+-f--l--+---I--~ 

0 L..-:-.L..U.:.L..I....J.....1:'--'--..:.....J.:..__..:.....J_:u....i...L...J..:....1-..l.--'----LL;.u....L...L....:1.--L...:....J--.:LI..L..:L..L-'--1.........L----I.---L.LI...l...L...L.....L.._._.....L.._...J 

200 100 

% +3" % GRAVEL 
0.0 2.4 

SIEVE PERCENT FINER 
inc he, • ■ lze 

0.5 100.0 
0.375 
0.25 

>< 

99.8 
98.7 

GRAIN SIZE 
0.31 
0. 14 

COEFFICIENTS 

10.0 1. 0 0.1 0.01 
GRAIN SIZE: - mm 

% SAND I % SILT % CLAY uses LL 
s4.9 I 12.7 

SIEVE PERCENT FINER 
number t----r----r--------t 

■ lze • 

4 
10 
20 

-40 
50 

100 
200 

97.6 
93.1 
82.9 
67 .1 
53.0 
32.2 
12.8 

SW 

Sample information: 
• ZWM-96-21X 

F to C SAND; Lttl Si; 
Tr F Gv l. 

Remarks: 
SIEVE ANALYSIS 

ABB Environmental 
Services 1 Inc. 

Project No.: 9144.08 
Project: FORT DEVENS 

Date: 10/10/96 Data Sheet No. 5 

0.001 

PI 



APPENDIXJ 

PROJECT ANAL YTE LIST 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



TEST NAME 

PAL INORGANICS 

AL ALUMINUM 

SB ANTIMONY 

AS ARSENIC 

BA BARIUM 

BE BERYLLIUM 

CD CADMIUM 

CA CALCIUM 

CR CHROMIUM 

co COBALT 

cu COPPER 

FE IRON 

PB LEAD 

MG MAGNESIUM 

MN MANGANESE 

HG MERCURY 

NI NICKEL 

K POTASSIUM 

SE SELENIUM 

W0019338T.080/1 

PARAMETER NAME 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SO_IL 

CRL I 

2.35 

0.109 

0.25 

5.18 

0.5 

0.7 

100 

4.05 

1.42 

0.965 

3.68 

0.177 

100 

2.05 

0.05 

1.71 

100 

0.25 

WATER .. .. 

I UNIT CRL UNIT 

ug/g 141 ug/1 

ug/g 3.03 ug/1 

ug/g 2.54 ug/1 

ug/g .5 ug/1 

ug/g 5 ug/1 

ug/g 4.01 ug/1 

ug/g 500 ug/1 

ug/g 6.02 ug/1 

ug/g 25 ug/1 

ug/g 8.09 ug/1 

ug/g 38.8 ug/1 

ug/g 1.26 ug/1 

ug/g 500 ug/1 

ug/g 2.75 ug/1 

ug/g 0.243 ug/1 

ug/g 34.3 ug/1 

ug/g 375 ug/1 

ug/g 3.02 ug/1 



continued 

TEST NAME 

AG 

NA 

TL 

V 

ZN 

PAL EXPLOSIVES 

135TNB 

13DNB 

246TNT 

24DNT 

26DNT 

HMX 

NB 

RDX 

TETRYL 

NG 

PETN 

W0019338T.080/2 

PARAMETER NAME 

SILVER 

SODIUM 

THALLIUM 

VANADIUM 

ZINC 

1,3,5-TRINITROBENZENE 

1,3-DINITROBENZENE 

2,4,6-TRINITROTOLUENE 

2,4-DINITROTOLUENE 

2,6-DINITROTOLUENE 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

·-· 

SOIL 

CRL ' 

0.589 

100 

0.319 

3.39 

8.03 

0.488 

0.496 

0.456 

0.424 

0.524 

CYCLOTETRAMETHYLENETE:TRANITRAMINE 0.666 

NITROBENZENE 2.41 

CYCLONITE 0.587 

NITRAMINE 0.731 

NITROGLYCERINE 4 

PENTAERYTHRITOL TETRANITRATE 4 

. -
WATER --

UNIT CR.L UNIT 

ug/g 4.6 ug/1 

ug/g 500 ug/I 

ug/g 6.99 ug/1 

ug/g 11 ug/1 

ug/g 21 ug/1 

ug/g 0.449 ug/1 

ug/g 0.611 ug/1 

ug/g 0.635 ug/1 

ug/g 0.0637 ug/1 

ug/g 0.0738 ug/1 

ug/g 1.21 ug/1 

ug/g 0.645 ug/1 

ug/g 1.17 ug/1 

ug/g 1.56 ug/1 

ug/g 10 ug/I 

ug/g 20 ug/1 



continued 

TEST NAME PARAMETER NAME 

PAL ANIONS/CATIONS 

HCO3 BICARBONATE 

CL CHLORIDE 

SO4 SULFATE 

NO3 NITRATE 

CA CALCIUM 

K POTASSIUM 

MG MAGNESIUM 

PAL WATER QUALITY PARAMETERS 

CL CHLORIDES 

N2KJEL TOTAL NITROGEN 

NIT NO3-N 

SO4 SULFATES 

TPO4 TOTAL PHOSPHORUS 

- HARDNESS 

ALK ALKALINITY 

TSS TOTAL SUSPENDED SOLIDS 

DO DISSOLVED OXYGEN 

W0019338T.080/3 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SOIL 
; }_.;-• :•. 

~~!- I 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-

UNIT 

WATER 
..,:_:~-!-·-•- -·-

ORL I UNIT 

NA ug/1 

2,120 ug/I 

10,000 ug/1 

10 ug/I 

500 ug/1 

375 ug/1 

500 ug/1 

2,120 ug/1 

183 ug/I 

10 ug/I 

10,000 ug/1 

13.3 ug/I 

NA ug/I 

NA ug/I 

NA ug/1 

• NA ug/I 



continued 

TEST NAME PARAMETER NAME 

PAL ORGANICS VOLATILE COMPOUNDS 

111TCE 1, 1, 1-TRICHLOROETHANE 

112TCE 1, 1,2-TRICHLOROETHANE 

11DCE 1, 1-DICHLOROETHYLENE/ 
1, 1-DICHLOROETHENE 

11DCLE 1, 1-DICHLOROETHANE 

12DCE 1,2-DICHLOROETHYLENES, TOTAL 
(CIS AND TRANS ISOMERS) 

12DCLE 1,2-DICHLOROETHANE 

12DCLP 1,2-DICHLOROPROPANE 

ACET ACETONE 

BRDCLM BROMODICHLOROMETHANE 

C2H3CL CHLOROETHENEfVINYL CHLORIDE 

C2H5CL CHLOROETHANE 

C6H6 BENZENE 

CCL4 CARBON TETRACHLORIDE 

CH2CL2 METHYLENE CHLORIDE 

CH3BR BROMOMETHANE 

CH3CL CHLOROMETHANE 

W0019338T.080/4 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SOIL 

CAL I 

0.0044 

0.0054 

0.0039 

0.0023 

0.003 

0.0017 

0.0029 

0.017 

0.0029 

0.0062 

0.012 

0.0015 

0.007 

0.012 

0.0057 

0.0088 

. ' . 

.. 

UNIT 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

. 
WATER ' .• 

Q~L I UN.IT 

0.5 ug/1 

1.2 ug/1 

0.5 ug/I 

0.68 ug/1 

0.5 ug/I 

0.5 ug/1 

0.5 ug/1 

13 ug/1 

0.59 ug/1 

2.6 ug/I 

1.9 ug/1 

0.5 ug/1 

0.5 ug/1 

2.3 ug/1 

5.8 ug/I 

3.2 ug/1 



continued 

TEST NAME 

CHBR3 

C13DCP 

CHCL3 

CL2CH2 

CLC6H5 

CS2 

DBRCLM 

ETC6H5 

MEC6H5 

MEK 

MIBK 

MNBK 

STYR 

T13DCP 

TCLEA 

TCLEE 

W0019338T.080/5 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SQIL 

PARAMETER NAME CRL 

BROMOFORM 0.0069 

CIS-1,3-DICHLOROPROPYLENE 0.0032 
C + S-1,3-DICHLOROPROPENE 

CHLOROFORM 0.00087 

DICHLOROMETHANE 12 

CHLOROBENZENE 0.00086 

CARBON DISULFIDE 0.0044 

DIBROMOCHLOROMETHANE 0.0031 

ETHYLBENZENE 0.0017 

TOLUENE 0.00078 

METHYLETHYL KETONE/2-BUTANONE 0.07 

METHYLISOBUTYL KETONE 0.027 • 

METHYL-N-BUTYL KETONE/2-HEXANONE 0.032 

STYRENE 0.0026 

TRANS-1,3-DICHLOROPROPENE 0.0028 

1, 1,2,2-TETRACHLOROETHANE 0.0024 

TETRACHLOROETHYLENE/ 0.00081 
TETRACHLOROETHENE 

.. V/ATER 

UNIT CRL UNIT 
.•.-... 

ug/g 2.6 ug/I 

ug/g 0.58 ug/1 

ug/g 0.5 ug/1 

ug/g 2.3 ug/I 

ug/g 0.5 ug/1 

ug/g 0.5 ug/1 

ug/g 0.67 ug/I 

ug/g 0.5 ug/1 

ug/g 0.5 ug/1 

ug/g 6.4 ug/1 

ug/g 3 ug/1 

ug/g 3.6 ug/1 

ug/g 0.5 ug/I 

ug/g 0.7 ug/1 

ug/g 0.51 ug/I 

ug/g 1.6 ug/I 



continued 

TEST~ME PARAMl;TER NAME 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SOI~ 

CRL 

TRCLE TRICHLOROTHYLENE/TRICIHLOROETHENE 0.0028 

TXYLEN XYLENES, TOTAL COMBINED 1.5 

PAL ORGANICS SEMIVOLATILE COMPOUNDS 

124TCB 1,2,4-TRICHLOROBENZENE 0.04 

12DCLB 1,2-DICHLOROBENEZENE 0.11 

13DCLB 1,3-DICHLOROBENZENE 0.13 

14DCLB 1,4-DICJ-:ILOROBENZENE 0.098 

245TCP 2,4,5-TRICHLOROPHENOL 0.1 

246TCP 2,4,6-TRICHLOROPHENOL 0.17 

24DCLP 2,4-DICHLOROPHENOL 0.18 

24DMPN 2,4-DIMETHYLPHENOL 0.69 

24DNP 2,4-DINITROPHENOL 1.2 

24DNT 2,4-DINITROTOLUENE 0.14 

26DNT 2,6-DINITROTOLUENE 0.085 

2CLP 2-CHLOROPHENOL 0.06 

2CNAP 2-CHLORONAPHTHALENE 0.036 

2MNAP 2-METHYLNAPHTHALENE 0.049 

2MP 2-METHYLPHENOL/2-CRESOL 0.029 

W0019338T.080/6 

,. 

WATER ., 

UNIT CAL - UNIT .. ,:: 

ug/g 0.5 ug/I 

ug/g 0.84 ug/1 

ug/g 1.8 ug/1 

ug/g 1.7 ug/1 

ug/g 1.7 ug/1 

ug/g • 1.7 ug/1 

ug/g 5.2 ug/1 

ug/g 13 ug/1 

ug/g 2.9 ug/1 

ug/g 5.8 ug/1 

ug/g 21 ug/1 

ug/g 4.5 ug/1 

ug/g 0.79 ug/I 

ug/g 0.99 ug/I 

ug/g 0.5 ug/1 

ug/g 1.7 ug/I 

ug/g 3.9 ug/1 



continued 

TEST NAME PARAMETER NAME ·,. ... 

2NANIL 2-NITROANILINE 

2NP 2-NITROPHENOL 

33DCBD 3,3'-DICHLOROBENZIDINE 

3NANIL 3-NITROANILINE 

46DN2C 4,6-DINITRO-2-CRESOL/ 
METHYL-4,6-DINITROPHENOL 

4BRPPE 4-BROMOPHENYLPHENYL ETHER 

4CANIL 4-CHLOROANILINE 

4CL3C 4-CHLORO-3-CRESOL/ 
3-METHYL-4-CHLOROPHENOL 

4CLPPE 4-CHLOROPHENYLPHENYL ETHER 

4MP 4-METHYLPHENOL/4-CRESOL 

4NANIL 4-NITROANILINE 

4NP 4-NITROPHENOL 

ANAPNE ACENAPHTHENE 

ANAPYL ACENAPHTHYLENE 

ANTRC ANTHRACENE 

B2CEXM BIS {2-CHLOROETHOXY) METHANE 

B2CIPE BIS {2-CHLOROISOPROPYL) ETHER 

WD019338T.080/7 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

. .. •.•-·--. 
SOIL ·v.-:- ,} 

CR~ 
0.062 

0.14 

6.3 

0.45 

0.55 

0.033 

0.81 

0.095 

0.033 

0.24· 

0.41 

1.4 

0.036 

0.033 

0.033 

0.059 

0.2 

,-.. ' ' 
W~TFR ... 

UNIT ORL UNIT 
- " .. 

ug/g 4.3 ug/1 

ug/g . 3.7 ug/1 

ug/g 12 ug/1 

ug/g 4.9 ug/1 

ug/g 17 ug/1 

ug/g 4.2 ug/1 

ug/g 7.3 ug/1 

ug/g 4 ug/1 

ug/g 5.1 ug/1 

ug/g 0.52 ug/1 

ug/g '5.2 ug/1 

ug/g 12 ug/1 

ug/g 1.7 ug/1 

ug/g 0.5 ug/1 

ug/g 0.5 ug/1 

ug/g 1.5 ug/1 

ug/g 5.3 ug/1 



continued 

TEST NAME PARAMETER NAME 

B2CLEE BIS ( 2-CHLOROETHYL) ETHER/ 
2,2-OXYBIS(1-CHLOROPROPANE) 

B2EHP BIS (2-ETHYLHEXYL) PHTHALATE 

BAANTR BENZO[A]ANTHRACENE 

BAPYR BENZO[A]PYRENE 

BBFANT BENZO [BJ FLUORANTHENE 

BBZP BUTYLBEN2YLPHTHALATE 

BGHIPY BENZO [G,H,I] PERYLENE 

BKFANT BENZO [K] FLUORANTHENE: 

BZALC BEN2YL ALCOHOL 

CARBAZ CARBAZOLE 

CHRY CHRYSENE 

CL6BZ HEXACHLOROBENZENE 

CL6CP HEXACHLOROCYCLOPNT ADIENE 

CL6ET HEXACHLOROETHANE 

DBAHA DIBENZ [A,H] ANTHRACENE 

DBZFUR DIBENZOFURAN 

DEP DIETHYL PHTHALATE 

DMP DIMETHYL PHTHALATE 

W0019338T.080/8 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SOIL 

CRl. 

0.033 

0.62 

0.17 

0.25 

0.21 

0.17 

0.25 

0.066 

0.19 

No certified limit 

0.12 

0.033 

6.2 

0.15 

0.21 

0.035 

0.24 

0.17 

UNIT 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

WA~~ " 
,, 

qR~ UNIT 

1.9 ug/I 

4.8 ug/I 

1.6 ug/I 

4.7 ug/I 

5.4 ug/I 

3.4 ug/I 

6.1 ug/I 

0.87 ug/I 

0.72 ug/I 

No certified limit 

2.4 ug/I 

1.6 ug/I 

8.6 ug/I 

1.5 ug/I 

6.5 ug/I 

1.7 ug/I 

2 ug/I 

f5 • ug/I 



continued 

TEST NAME 

DNBP 

DNOP 

FANT 

FLRENE 

HCBD 

ICDPYR 

ISOPHR 

NAP 

NB 

NNDNPA 

NNDPA 

PCP 

PHANTR 

PHENOL 

PYR 

PARAMETER NAME 

DI-N-BUTYL PHTHALATE 

DI-N-OCTYL PHTHALATE 

FLUORANTHENE 

FLUORENE 

HEXACHLOROBUTADIENE 

INDENO [1,2,3-C,D] PYRENE 

ISOPHORONE 

NAPHTHALENE 

NITROBENZENE 

N-NITROSO DI-N-PROPYLAMINE 

N-NITROSO DIPHENYLAMINE 

PENTACHLOROPHENOL 

PHENANTHRENE 

PHENOL 

PYRENE 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SOIL 

CRL 

0.061 

0.19 

0.068 

0.033 

0.23 

0.29 

0.033 

0.037 

0.045 

0.2 

0.19 

1.3 

0.033 

0.11 

0.033 

PAL ORGANICS PESTICIDES AND PCBS 

ABHC ALPHA-BENZENEHEXACHLORIDE/ 0.00907 
ALPHA-HEXACHLOROCYCLOHEXANE 

ACLDAN ALPHA CHLORDANE 0.005 

W0019338T.080/9 

~ ' .. VfATeR 
._._ •·'· oJ.• .. 

UNIT CRL UNIT 
.•: 

ug/g 3.7 ug/I 

ug/g 15 ug/I 

ug/g 3.3 ug/I 

ug/g 3.7 ug/I 

ug/g 3.4 ug/I 

ug/g 8.6 ug/I 

ug/g 4.8 ug/I 

ug/g 0.5 ug/I 

ug/g 0.5 ug/I 

ug/g 4.4 ug/I 

ug/g 3 ug/I 

ug/g 18 ug/I 

ug/g 0.5 ug/I 

ug/g 9.2 ug/I 

ug/g 2.8 ug/I 

ug/g 0.0385 ug/I 

ug/g 0.075 ug/I 



continued 

TEST NAME 

AENSLF 

ALDAN 

BBHC 

BENSLF 

DBHC 

DLDRN 

ENDRN 

ENDRNA 

ENDRNK 

ESFS04 

GCLDAN 

HPCL 

HPCLE 

LIN 

MEXCLR 

PCB016 

PCB221 

W0019338T.080/10 

APPENDIX J 
PROJECT ANAL YTE UST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

~ 

SOIL 

PARAMETER NAME CAL .•. 

ALPHA-ENDOSULFAN/ENDOSULFAN I 0.00602 

ALDRIN 0.00729 

BET A-BENZENEHEXACHLORIDE/ 0.00257 
BETA-HEXACHLOROCYCLCIHEXANE 

BET A-ENDOSULFAN/ENDOSULFAN II 0.00663 

DELTA-BENZENEHEXACHLORIDE/ 0.00555 
DELTA-HEXACHLOROCYCLOHEXANE 

DIELDRIN 0.00629 

ENDRIN 0.00657 

ENDRIN ALDEHYDE 0.024 

ENDRIN KETONE Not certified 

ENDOSULFAN SULFATE 0.00763 

GAMA-CHLORDANE 0.005 

HEPTACHLOR 0.00618 

HEPTACHLOR EPOXIDE 0.0062 

LINDANE/GAMMA-BENZENl:HEXACHLORIDE/ 0.00638 
GAMMA-HEXACHLOROCYCll.OHEXANE 

METHOXYCHLOR 0.0711 

PCB 1016 0.0666 

PCB 1221 0.0666 

WA~ _R _ 

UNIT ~ AL UNIT 

ug/g 0.023 ug/ 1 

ug/g 0.0918 ug/1 

ug/g 0.024 ug/1 

ug/g 0.023 ug/I 

ug/g 0.0293 ug/1 
. . . . 

ug/g 0.024 ug/1 

ug/g 0.0238 ug/1 

ug/g 0.0285 ug/1 

Not certified 

ug/g 0.0786 ug/1 

ug/g 0.075 ug/1 

ug/g • 0.0423 ug/1 

ug/g • 0.0245 ug/1 

ug/g 0.0507 ug/1 

ug/g 0.057 ug/1 

ug/g 0.16 ug/1 

ug/g 0.16 ug/I 



continued 

TEST NAME PARAMETER NAME 

PCB232 

PCB242 

PCB248 

PCB254 

PCB260 

PPDDD 

PPDDE 

PPDDT 

TXPHEN 

Notes: 

CRL 
NA 

W0019338T.080/11 

PCB 1232 

PCB 1242 

PCB 1248 

PCB 1254 

PCB 1260 

2,2-BIS (PARA-CHLOROPHENYL)-
1, 1 DICHLOROETHANE 

2,2-BIS (PARA-CHLOROPHENYL)-
1, 1-DICHLOROETHENE 

2,2-BIS (PARA-CHLOROPHENYL)-
1, 1, 1-TRICHLOROETHANE 

TOXAPHENE 

Certified Reporting Limit 
Not Applicable 

APPENDIX J 
PROJECT ANAL YTE LIST 

REMEDIAL INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

SOIL . ..... 

cm, . . . -·-.•--··-::,.~ 

0.0666 

0.0804 

0.0804 

0.0804 

0.0804 

0.00826 

0.00765 

0.00707 

0.444 

........... ' .. ' V,~JER 

UNIT CR.~. UNIT 

ug/g 0.16 ug/1 

ug/g 0.19 ug/1 

ug/g 0.19 ug/1 

ug/g 0.19 ug/1 
. . 

ug/g ·o.19 ug/1 

ug/g 0.0233 ug/1 

ug/g 0.027 ug/1 

ug/g 0.034 ug/1 

ug/g 1.35 ug/1 



APPENDIX K 

CALCULATION OF BACKGROUND CONCENTRATIONS 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



An e 
Aluminum 
Antimony 
Arsenic 
Barium 

Berylliwn 
Cadmiwn 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercwy 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thalliwn 
Vanadium 

Zinc 

C:\FDRIT ABL\69W\BACKGRND.WK1 

TABLEK-1 
AOC69W 

REMEDIAL INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

·sollt- GROUNDW:t\TER 
C--oneentratlon'. ·€~ncenttatlon 

iAn e 
18000 • Aluminum 

0.5 Antimony 
19 Arsenic 
54 Barium 

0.81 Beryllium 
1.28 Cadmium 
810 Calcium 

33 Chromium 
4.7 Cobalt 

13.5 Copper 
18000 Iron 

48 Lead 
5500 Magnesium 
380 Manganese 

Mercwy 
14.6 Nickel 

2400 Potassium 
Seleniwn 

0.086 Silver 
131 Sodiwn 

Thallium 
32.3 Vanadium 
43.9 Zinc 

6870 
3.03 
10.5 
39.6 

5 
4.01 

14700 
14.7 

25 
8.09 
9100 
4.25 

3480 
291 

0.243 
34.3 

2370 
3.02 
4.6 

10800 
6.99 

11 
21.1 

05/22/97 05:23 PM 
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RI Report: 
Section No.: 
Revision No.: 
Dace: 

INTRODUCTION 

Fort Devens FAIi Vol. IV 
Appendix K 
l 
August 1994 

-On 10 September 1993, represeritacives from Ecology and Environment, Inc. 
(E & E), Arthur D. Little (ADL), ABB Engineering Services (ABB), and the U.S. Army 
Environmemal Center (USAEC) met at AOL's office in Cambridge, MA to discuss methods 
for ~etennining background concentrations of organic and inorganic analytes in groundwater. 
soil, sediment. and surface water at Fort Devens. The objective of the meeting was co initiate 
the development of a unifonn sec of background values that could be used by all conrraccors 
to identify organic and inorganic contamination at the base. This appendix summarizes the 
current background values being used for this report, incorporating data from all available 
sources. 

Appendix K is divided into three sections based on matrix. The sections are: 

• Section Kl: Background Concentrations of Inorganic Analytes in Sedimem; 

• Section K2: Background Concentrations of Inorganic Analytes in Soil and 
Background Concentrations of Organic Analytes in soil; and 

• Section K3: Background. Concentrations of Inorganic Analytes in Surface Water. 

Background concentration ranges for inorganic analytes in each matrix were 
determined from designated background samples collected ac Fort Devens. The background 
sediment database was augmented with regional data from the peer-reviewed scientific 
licerarure. The background surface-water database was augmented with additional surface
water samples from IRDMIS. 

There are no background data for groundwater on a regional scale from areas known 
co be unaffected by human activity . Wells chat are upgradiem of specific sites, such as 32M-
92-01X at the DRMO Yard, have been compared wirh on-site wells. 

K-3 



SECTION K2 

R1 Report: 
Section No.: 
Revision No.: 

.Dace: 

Background Concentrations of Inorganic A.nalytes in Soil 

Fort Devens FA.II Vol. IV 
Appendix K 
1 
Augusc 1994 

·Background soil samples for inorganic analytes were collecced in August 1991. 
Ocrober 1992, and June 1993. Thirty-three samples in all were collected. The samples were 
collected from all chree of che major soil associations on the base and from each of Main Pose. 
North Pose. and South Post. Sample locations are shown in Figure IG-1. Noce thac no AOCs 
occur on the fourth soil association mapped, which lies oucside the presenc boundaries of the 
facility . The background soil samples were all collected from sires that were. as far as could 
be determined visually. undisrurbed. tha.c were at lease 50 feet from any road and at least 300 
feec from any known or suspected Srudy Area. In most cases the discance was greater. 
especially in Souch Post. 

Table K2-l is the background database for inorganic analytes in soil. Sampling dace, 
.post , and soi! association are listed for the samples. There are two colwnns in the table for 
each analyce: one column for the measured concentration and one for noces. The noce column 
indicates which data points were entered as one-half the LOD and which are outliers . For 
calculation purposes , values that appeared in IRDMIS as ·less than the LOO were convened co 
one-half the LOD . Outliers were identified by the method of Dixon or Grubbs ~s described 
by Sokal and Rohlf (1981). graphically, or by judgment. Dixon's test is valid for sample 
sizes of 3 co 25 . Grubbs' cest was used for sample sizes greater than 25. 

Grubbs' method was applied co the data for the following sixteen analytes : aluminum, 
arsenic, barium, cadmium, calcium chromium copper, iron, lead. magnesium, manganese, 
nickel. potassium. sodium. vanadium, and zinc. Dixon's cest for outliers was applied co the 
daca for beryllium. cobalt, and selenium after omitting 10 samples for beryllium. 10 samples 
for cobalt. and 20 samples for selenium that were reported as less than the LOO. but ,hat had 
unusually high LODs . For example, 10 samples had a reported cobalt concentration of < 14 
mg/kg (see Table K2-1); this LOD is greater than the highest measured value for cobalt of 
4.69 mg/kg . 

Outliers for mercury were determined graphically. A normal probability ploc showed 
the mercury data to be bimodally distributed: the four values in the upper cluster were judged 
co be outliers (see Table 1<2-1). Silver was dececced in only cwo background soil samples; the 
"detects" were judged to be outliers (see Table 1<2-1). In all. 35 outliers were identified in 
the background soil database. 

Table K2-2 lists concentration ranges for inorganic analyres for the Fort Devens 
background soil database. excluding outliers. Inorganic analyce levels in AOC samples were 
compared with the maximum of the background range; exceedances were considered site-
relaced concaminacion. For comparison. Table K2-2 also lists concentration ranges for . 
inorganic analyces in uncontaminated soils of the eastern United Scates. For all analytes, the· 
maximum concentration in the Fon: Devens background database lies within the range for the 
eastern Liniced Scates, usually coward the low end of the range. This suggests that comparing 
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TABLE 11:2•1. 11,tOOOtl) MCIIWiE fQI UDGMC H'l/ll.:&-n:5 IN S>IL AT rurr CI.VUti . N.J. w.uES ME aq.,1<g. 

"" 
SN1'_I[4 cwn:$ ~ A5.!DC$ TY11:$ M. mmt:$ SB smm:$ AS AStDll:$ Bl\ IWDll:$ 1£ llllDll:$ m CDDl'E$ Cl. 0tml:$ Ol CR~ 

,·, 
!DIL-01 ,U:.91 IOWI ltw NIE.A 6400 l.71 1/2 LOO 9.6 14.2 0.119 0.212 1/2 I.a) 610 7.11 

·.!· 9:>IL-02 H.G9l IO<Ill ll'W l\llEA HOOO 11 1/2 LOO 1l 35 0.126 0.212 1/2 LOO 610 11.l 

" SOIL-OJ Jili9l tornl llC N'/£A 12000 l. 71 1/2 UD 9 . l 14.5 0.019 0.212 l/2 LOO llO 7.57 
,u 
ll 9:>IL-0~ NOH tom1 ~ Alrt:A 8800 l. 71 1/2 UD 9 . 4 14.2 O.Hl 0.212 1/2 LOO 6)0 10 . 2 
-~ 

!DIL-05 HDJl l'NN ltH Nll:A 9900 l. 71 1/2 LOO 12 15.5 O.H!4 0.212 1/2 LOO 430 1.2 
SOIL-06 /11.G'.ll tt\lN ltH NU 13000 l. 71 1/2 Ul) 12 WIUlll 11.5 1/2 [00 0.108 1.28 710 lO.l 

.!DIL-07 HllJI l'NH ltw NIP\ 12000 l. 71 1/2 100 15 )6 O.lll 1.06 1400 am.Im 29 

9:llL-011 HJ.,"<Jl HIIDI IHI Nl[J\ 2500 1/2 u:o I. 71 1/2 LOO 15 15.6 0.112 0 .212 1/2/UD )10 9 .!19 

!lllL-09 Hl.o~l lf\lN llC Alll:A MOOO cun.1m 11 1/2 u:o 25 WJ1.ll:ll 54 0.]15 1.06 650 1/2 UD 56.5 anura 
!llllrlO HL-<Jl 111\IN 1-1.S /111'.A 8500 11 1/2 I.W 14 11.5 1/2 UD 0.]90 1/2 100 2.1 1/2 UD 2100 am.Ill\ 19.5 1/l 110 

501lrll HG'Jl lf\lN 1-1.S ND'./\ 11000 1.71 1/2 IW 11 52 0.)50 4 . 48 am.im 2aoo am..uJ\ 27.l 

!1Jllrl2 Nli'll l'VUN KS 11111:A 7400 I. 71 1/2 [00 7.1 12.9 0.172 0.212 1/2 u:o 110 6 .02 

!l'.lllrll Ht;91 lf\IN ll'W /\ll[J\ 18000 l. 71 1/l UD 28 run.rm 67.2 anurn 0 .672 l.52 wn.rm 1500 1/2 UD . ll 

!l)IL· l4 Hf~'ll !Dflll KS Nll:A 6900 1.71 1/2 IW II 16.6 0 .146 0.212 1/2 l.00 7~0 U.1 

Sllll.-15 HUH !UJJII w.s IJl1:A 8000 l.71 1/2 ICD 4.6 16.2 0.145 0.212 1/2 u:o H4 l.95 l/2 UD 

!,lllrl6 JH.!ll !Xl.1111 fl,C /\Ill'./\ 1)000 l. 71 1/2 100 11 46 0 .5)) 0.212 1/2 u::o 720 12 . 5 

9:">llrl 7 Nl.o"""91 111'-IN 11'\-I 1att: 4.100 I. 71 1/2 I.Cl) 9.5 9.67 0 .0)9 1/2 l.£0 0.212 l/2 lro 350 7.71 
;;-;: 

!Vllr ll Hli~I lf\IN ltw 11111: 11000 l. 71 1/2 UD 9'> rurum 29 0.0]9 0.212 1/2 UD 650 J9. 5 C111Ulll I 
~ 

- .1 9Jllrl9 AIC'Jl 111'.lN IH-1 11111: 7100 I. 71 1/2 UD 11 14.2 0.104 0.212 1/2 [00 110 14.1 

!Dllr-20 HL'll lf\111 , .. .., II.II£ 7100 l. ll 1/2 100 19 ll 0 . 1118 0.212 1/2 100 810 9 . 2!> 

IJ\S-21 JUl)) .!UJIII n-c .Nrt:A 7100 0.25 1/2 UD 7 .0l 21.4 0.25 1/2 UD 0.602 250 1/2 u:o 7.ll 

IJ\S--2l .JltlJl &:ulll llC NU. 9600 0.25 1/2 100 7.8 15 0 . 25 1/2 u:o 0.647 250 1/2 UD 10.li 

IIIIS-23 .u,n 911111 ltH Nll:A 9&00 0 .15 1/2 UO 11.0 u.a 0 . 25 1/2 UD 0.551 250 l/2 u:o 10.4 

11(5-24 JUI)) S'.J.nll ll'H NO\ 7400 0.25 1/2 u:o 14.~ 12.l 0.25 1/2 100 1.21 250 1/2 UD 12.5 

IIIS-25 JIH)) S'.11111 IH-1 /\IU:A ]87 0.25 1/2 UD 6.04 2. 5 1/2 l.£0 0.25 1/2 UD 0 . 25 1/2 UD 250 1/2 100 l.0 l/2 100 

lll!i-26 .JlHll 93.nll ll'W Nil'./\ 1800 0.25 l/2 100 8.31 2.5 1/2 100 0.25 1/2 too 0.15 l~ 100 250 l/2 Im 2.67 

111\S-H .JIHH !D.1111 ll'H "NII'./\" 797 0.25 1/2 100 5.19 2.5 l/2 100 0.25 1/2 IW 0.25 1/2 u:o 250 1/2 100 1.0 1/2 UD 

•~-18 .lltrll !ll.1111 KS /\111:A )98 0 . 25 1/2 UD 2.06 2.5 1/2 u:o 0.25 1/2 u:o 0 . 25 l/2 1.00 250 1/2 UD 1.0 l/2 LOO 

1"5--29 .JIHH SUJJll l"\-C /11ll'.A H60 0 . 25 l/2 U:O 8 .0~ 2.5 1/2 UD 0.25 l/2 u:o 0.25 l/2 l.£0 250 1/2 UD l.O 1/2 u:o 

IIIS-)0 .JIU}) 911111 KS /\10\ 601 0.25 1/2 l.£0 l .l 2.5 1/2 u:o 0.25 1/2 UD 0.25 1/2 u:o 250 1/2 u:o l.O 1/2 uo 
25S-92-l2X OCI'}2 9:lJIII 2920 0.55 l/2 UD l . 17 11 0.25 1/2 UD 0.15 1/2 ~ 50 l/2 Ull 2.0) 1/2 tro 

25&-92-lll( CX.."1"ll !lVlll 11400 0.55 1/l 100 1.87 21 0 .11 0.15 1~ u:o 50 1/2 u:o 9 . 0 

lliS-91-lOX OCl'J2 !Xl.1111 7)80 0.55 1/2 Lq> 10. 7 10.1 0.698 0.15 1/2 UD 50 1/2 u:o 9 .0'.) 



T .. BLE K2 ·1. CINrlN..U). 

,. SIH'_ ~ IYa'E$ iOST$ ~ T'iPE$ K mm:$ SE SUDl't:$ Hl KWI'E$ ti'.twOil:$ V \Wl1:$ 2N zm:rn:$ 
~"! .!Dllr-Ol HL91 lllOll ll'W NICA 620 2.88 l/2 UD 0.043 1/2 UD 26 1/2 UD 7.57 16.5 
., !Dllr-02 J>U2:11 .·, tnau ltw Ntt:A 660 '2 . 88 1/2 100 0 .04) 1/2 Lm 58 .6 16 .6 27 . 7 

" 9:Jllr-0] HnJl KIWI rw:: Nlf"A 5]0 
0 . 

2. 88 1/2 l£D 0.04] 1/2 UD 26 1/2 UD 17 .9 14.6 . , .!DUr-04 J>tral KIOII as Nlf"A ]14 2 . 88 1/2 100 0 .043 1/2 UD 26 1/2 UD 11 . 7 n.6 

9:Jllr-05 HnJl HI\IN ltw N'/CA 470 2. 88 1/2 UD 0.04] 1/2 UD 1l.2 • 7.9l 14.1 

.!Dllr-06 .Nml HI\IN ltw N.£A 1100 2 .88 1/2 l£D 0.208 a.num 19.8 ]2.3 40 1/2 UD 

.!Dil.r-01 HL91 HI\IN ltW NU 1100 2 .88 1/2 LOO 0 .043 1/2 LOO 117 21 . 4 40 1/2 LOO 

!DI.lr08 H.a.ll tNN ltW NO. 6)0 2.88 1/2 100 0.043 1/2 Lm 26 1/2 100 8.03 ll.2 

!Dll,--09 H.a.ll Hl\IN IW: .Ntt:A 2400 2.88 1/2 ICO 0.041 1/2 rm as.a 44.l WIUDI llO am.JD! 

.!DllrlO HL91 HI\IN KS N'/CA 990 2 . 118 1/2 UD 0 .043 1/2 UD 6IIO <l/11..IlR 6.5 1/2 100 40 1/2 100 

.!Dllrll NOH HI\IN as N.1£1\ 1100 2. 88 l/2 100 o.se2 anum 12) 18 . l 40 1/2 LOO 

9:lllrl2 J>UBl 1-Y\JN as NU 600 2 . aa 1/2 u:o 0.043 1/2 LOO 26 1/2 UD 16.) 17.7 

s:lllrll Hnll Hl\IN ltw NICA 2200 2 .88 1/2 UD 0 .().() 1/2 100 231 46. 6 wn.n:R 40 1/2 LOO 

9.lil.-14 NL91 s::um KS NU 700 2.88 1/2 100 0.043 1/2 ICO 100 ll .8 22.2 

. 9lllrl5 NL91 S'.Xllll I-IS Nlt:A 241 2. 88 1/2 LOO 0.041 1/2 100 26 1/2 UD 6 .19 ll.7 

!Dllr16 Nml S::UUI I\.C Nc£A 2400 2.88 1/2 lOO 0.043 1/2 Lm llO 17 . 5 2).4 

,-;: !Dllrl1 HnJI 1-V\IN ll'W 1nci; 590 2. 88 1/2 u :u o.on 1/2 ILD 57.S 6 . 12 11.2 
I 
~ 

Slllrl8 111.a.JI HI\IN ltW IUlt: 1700 2. 88 1/2 UD 0 .043 1/2 (CO 124 22 . 8 40 1/2 100 
,o .!Dllrl9 N.G!Jl t9,.L"i n·w IJ:ltl; 880 2. 88 1/2 1m 0.00 1/2 u:o 86.7 9.89 14.2 

9.>Ilr10 Hral l'9\lN ll'W IUI£ 1000 2 .88 1/2 UD 0 .04] 1/2 IW 91.9 7 . 2 ll .5 

II\S-21 '-NJ] !Xl.1111 J\.C MfA 341 0.1 1/2 UD 0.1 1/2 Lm 100 1/2 UD 10 .S 0.9 

1..1\5-22 .JlU)] S'.Xllll l\.C N.U 100 Vl 100 0 . 1 1/2 lCO 0.1 1/2 la) 100 1/2 UD ll.4 32.] 

lliS-23 Jttll 9,:UU( ltW N.lf.A 100 1/2 lLl) 0 . 1 1/2 UD 0.1 l/2 UD 100 1/2 UD 10 .5 28.7 

IIIS-2~ JU8) =• ltW 1111£1\ 100 1/2 IJ::O 0.603 0.1 1/2 (CO 100 1/2 UD 28 . S )5.2 

111\S-25 Jll'B] !ll1111 ltl~ N.ct:A 100 1/2 100 0 . 219 0.1 1/2 lOO 100 1/2 UV 1.0 1/2 UD 3.69 

IIIS-26 Jlffl) 9:lJlll ll'W IIIU 100 1/2 100 0.489 0.1 1/2 (CO 100 1/2 UD l.O 1/2 1ro 5.26 

l.liS--27 J\l'Dl 9:l.ffll IMI IIIU 100 1/2 LOO 0.]88 0.1 1/2 LOO 100 1/2 (CO 1.0 1/2 IID 5.)3 

Ll<S-28 JLW) 9'.lnll 1-15 NU 100 1/2 11..0 O.N6 0.1 l/2 lCO 100 1/2 100 1.0 1/2 100 ) .52 

Ll<S-29 JI.NH . !llllll 1\-C 1,11£,\ 100 1/2 LOO O.ll 0.1 1/2 (CO 100 1/2 UD J.l 7.8 

LIIS-)0 Jll'l)) 9'.lnll WS /\llEA 100 1/2 UD 0.1 1/2 UD 0.1 1/2 l£D 100 1/2 UD 1.0 1/2 l£D 4 .87 

25/r-9 2-1 Xi( OC1'12 9'.lnll 215 II( 0.601 0.29 1/2 l£D 20a 4 .7 4.015 l/2 ILD 

2~92-llX OC'l'.)2 9'.lnll 260 II< 1.21 anum 0.29 1/2 UD 191 11 . l 25.l 

26&-92· IOX ocrH !U/111 111 Ill 0 ,992 0.29 1/2 l£D 214 19 . 11 ll.l 
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Table K2-3 . 
PESTICIDE CONCENTRATION RANGES 

FORT DIWENS MAIN POST SITE INVESTIGATION 

Total T otal Minimnm Maximum 95th A1111roximate llange or 
Compounds Sam11lcs Detlecls l>ctect netect Average Percentile (J) Dclectlon Limits (2) 

Soils 

Chlon.lanc 241 I 0.136 0 . 136 0.136 . 0 .04 - I 

p,p'-1)1)1) 719 (I) 40 0 .0<}4 6.6 0.53 2.85 0.003 - 0 .27 

p,p'-DDE 726 (I) 70 0 .003 2.7 0.10 0.76 0 .003 - 0.3 I 

p,p'-DDT 727 (I) 148 0 .1)(14 5.6 0.25 1.53 0.004 • 0.4 I 

SeJi111c111s 

Chloulanc 97 0 . - - - 0.016 - I 

p,p'-DDD 444 77 0 .008 6.2 0 .39 2.25 0 .008 - 2 

p,p'-DOE 449 81 0 .003 1.3 0.092 0.44 0.004 - 2 

p,p'-DDT 449 50 0.()()9 15 0.42 4.66 0 .004 - 2 

• Compnsilc of resul1s from mulliple data sets of Level Ill data fur non-cn1oru11l11gy shop lucalions al Main, S11111h, and Norlh 
1'11s1s, Purl Devens, Massachusens . 

All resul1s in mg/kg (1111111). 

(I) Samplc set wilh highcr dclcctim1 limit of ll1 ri:c removed from Ja1a set (icual of six samples). 
(2) Only i111:l11Ji:s dctc:t:tion li111i1s I'm resnlls reporlcJ in da1abi1sc as "LT ". 
(3) 95th pe11:t:111 ilc lii r11111la - mean ·t- (2 Jl s1anda r1l devi,uions) for all dc1ec1cd rcsulls . 

Source: ADI. 1993. 

II 11n11111M('llll_l 'AII _\'~ 111/lll'J.I l'I 
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MONll 
Wl 

GROUNDWATER BACKGROUND CONCENTRATIONS 
REPRESENTATIVE SAMPLES 

FORT DEVENS, MASSACIIUSffrrs 
--·· . .. ·- ···- ·-· ... ••••• • . . -

TOTAL 
'ORlNG LOCATION SUSPENDED ALUMINUM 
~LI. SOLIDS (ug/L) (ug/L) 

.. 

- - -····- -- -- . 

(i6M

< itiM -

WWT 

WWT 

WWT 

Ci1M-

1.\M-

12t-.t-

27M--

2KM-

92-09X 

92-IIX 

vtW-01 

vtW-lJ 

,tW-14 

92-0IX 

~2-0IX 

n-0IX 

!J2-04X 

!>2-0IX 

- . 

NOllTII l'OST 

NORTI I POST 

NORTII POST 

NOltTI I -l'OST 

NOltTI I l'OST 

MAIN POST 

MAIN POST 

s<'nrn1 l'OST 

SOUTII l'OST 

SOUTII POST 

-- . •·• - . ~ . . - - - ·- ...... 

37,000 

53,000 

20,000 

30,000 

25,000 

<4,000 

-
-
-
-

~- - • •·• ·- -·- ----- -- -- -- ·-· . . ··- .... . -

230 

1,920 

2,330 

3,150 

9,1]0 

?1 

7,270 

179 

8,700 

2,280 

·-- ---- - ·- --- •H • •• 

lll~>ATA WKI 
OS-I-Lu -~J 
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INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

DATA CALCULATIONS 1
1 

ALUMINUM ii 
MONITORING 

I 

CONCENTRATION 

I 

I 
WEU. (u!YL) Minimum - 71 l G3M-92-0IX 71 

1:M-92-0lX 179 Maximum - 9140 ~ 
G6M-92--09X 230 ' 
G6M-92-11X 1920 Mean- 3527 I 

I 
28M-92-01X 2280 i 
W\l/TMW-01 2330 95th %ile - 68i4 I 
WWTh{W-13 31.SO I 

13M-92-01X 7270 Background I 27M-92-04X 8700 Concentration - 68i0 
WWTh1W-l4 91.£0 

ANTIMONY 

MONITORlNG I CONCE!'frnA TION 

I 
i 
J 

j Minimum - 1 . ., 
I 

WELL (uyL) ..:,_ I 
I 

WWTMW-14 l..S2 I 

WWTh{W-13 l..S2 Maximum - 1.52 i 

WWTh{W-01 l..S2 i 
G6M-92-11X l..S:?. Mean- 1.52 I 

I 

G6M-92-09X 1.52 
G3M-92-01X l..S2 95th %ile - NA i 
28M-92-01X l..S2 ! 27M-92-04X I 1.52 Background 

' 13M-92-01X I l..S2 Concentration - 3.03 • I 
l!M-92-0IX I l..S2 

ARESNIC I 
MONITORlNG I CONCENTIV. TION I i 

WELL ! (u!YL) Minimum - l.2i 
,. 

!I 
G6M-92-llX i l..!7 I 

12M-9Z-01X l.27 I Ma:timum - 15.20 
' I G6M-92-09X 
I 

l.17 

!I GJM-92-0IX L.77 
I 

Mean- 5.65 
23M-92-01X 

I 
3.94 

• tW-13 5.39 I 95th %ile - 10.5 ii 
WWTh{W-01 9.81 ii 
13M-9Z-01X 10.9 ! Background :, 
WWTh{W-14 I 15.2 1 Concentration - 10.5 ., 

:1 
27M-92-04X 32.J •• I 

: 

BARIUM 

MONITORlNG CON CENTI.A TION 

WEU. (u~l) Minimum -
., . 
_..:, 

12M-92-01X !.S " 
I 

G6M-92-09X 7.6 Maximum - 52.0 ,i 
GJM-92-0lX 10.7 

ii 
12.4 ' Mean - 21.6 WWTMW-01 t 

ij 28M-92-01X 14.4 ! 
I 

G6M-92-llX 16.1 
i 

95th %ile - 39.6 
WWThiW-13 19 . .S :1 
lJM-92-0lX +U I Background ! WWTh1W-l4 -46.3 I Concentration - 39.6 
!7~-92-0-IX 52.0 

~cthod Detcaion Limit 
Likely Sta1is1ial Outlier 

1 
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INORGANIC ANAL YTES IN WATER 
FORT DE~.,,ENS, MASSACHUSETTS 

DATA I CALCULATIONS :l 
BERYLLIUM 

MONITORING I CONCEN"TRA TION 

I WELL (ug1L) Minimum - 2.50 ' ' j G3M-92-01X 2.50 
12M-92-01X 2.50 Maximum - 2.50 
G6M-92-09X !.JO ' 
G6M-92-11X !.JO Mean- 2.50 I 
2SM-92-01X 2.50 

I 
WWTMW-01 2.50 95th %ile - NA i 

I 
WWTMW-13 2..SO I 
lJM-92-0lX 2.50 Background l 
27M-92-04X 2.50 Concentration - 5.00 • I 

WWTMW-14 2.50 ' ' 

CADMIUM :j 
MONITORING 

I 
CONCENnATION 

:I WEU. (ug/L) Minimum - 2.01 
WWTMW-14 2.01 

:1 WWTMW-13 2.01 Mamnum - 2.01 
WWTMW-01 2.01 ; 

G6M-92-11X 2.01 Mean- 2.01 i 
G6M-92-09X 2.01 : 
GJM-92-0lX 2.01 95th %ile - NA ' 
28M-92-01X 2.01 

. 
27M-92-04X I 2.01 Background :j 
13M-9'2-01X I 2.01 Concentration - 4.01 • 

,I 
12M-92-0IX 2.01 'I 

CALCIUM :I 
MONITORING ' CONCENTRATION I .j 

WEU. I (ug1L) Minimum - li9 •i 
:I 12M-92-0IX I 179 I ., 

2SM-92-01X I 1910 

I 
Maximum - 23200 

WWTMW-14 I 2490 : 

WWTMW-13 3280 Mean - i801 I 

' I 

I 
! 

G6M-92-llX I S780 
WWTMW-01 i 6940 95th %ile - 14747 ; . 
G3M-92-01X n10 :1 
27M-92-04X 8820 Background !I 

G6M-92-09X 1noo Concentration - 14700 !I 
LJM-92-0\X 23200 ' 

CHROMIUM 

MONITORING CONCEN11lA TION 

WEU. ( u;,L) Minimum - 3.0 
GJM-92-0\X 3.01 
G6M-92-09X 3.01 :Vfamnum - 18.7 .i 
2SM-92-0lX 3.01 •I 

, I 

12M-92-01X 3.01 Mean - 8.7 I ,, 
WWTMW -01 6.04 

:1 
G6M-92-IIX 6.J6 95th %ile - 14.7 
WWTh{W-13 10.l 

! 27M-92-04X 16.4 Background 
., 

' ! 
13M-92-0IX 16.9 I Concentration - 14.7 '! 
WWTMW-L-4 [8.7 ' 

~lcthod Dctcaion Limit 
Likely Statistical Outlier 

2 
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INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

DATA ! CALCULATIONS .j 
: 

COBALT i 

MONITORING 

I 

CONC&rrn.A TION I i 
WEil. (ugtL) I Minimum - 1.2.5 ! 

j 

CiJM-92-0lX I 12.J 
i 

12M-92-01X 12.J Maximum - 12.5 
G6M-92-09X 

I 
12.J i 

G6M-92-11X 12.J ~iean - 12.5 i 
I 

:?SM-92-0lX 12.J I 

95th %ile - NA ' WWTMW-01 12.J I ' 
WWTMW-1.3 12.J I 
lJM-92-0lX 12.J 

l Background I 
2Thf-92-04X 12.J Concentration - 25.0 • ' 

' WWTMW-14 l'.?.S 
I 
' 

COPPER ;j 
MONITORING 

I 

CONCENTRATION 

I ' WELL (ugtL) Minimum - 4.05 I 
' 

G.3M-92-01X 4.05 
i WWTMW-14 4.05 Maximum - 6.52 

28M-92-01X 4.05 i 
WWTMW-01 4.05 Mean - 4.36 I 
G6M-92-09X i 4.05 ' ' 12M-92-01X 4.05 95th %ile - 5.1 
G6M-92-llX 

I 
4.05 ' I 

WWTMW-13 6.SZ Background i 
lJM-92-0lX I 18.60 ° Concentration - 8.09 • I 

27M-92-04X ! 19.00 •• : 

' 
IRON 

MONITORING CONC&rrn.A TION 

WELL (u~L) Minimum- 171 
93M-92-01X l7l 
G6M-92-09X j.31 Maximum - 12900 
12M-92-01X 373 ' 
G6M-92-llX !390 I Mean- ~11 :1 

i 
.J 

:?.SM-92-0!X :-HO - ·: 

WWThfW-01 3250 I 95th %ile - 9104 
!I WWTMW-13 3830 

wvrrM.W-14 9".,jQ I Background ii 27M-92-04X ll'.?00 9100 

i::==::::::::::::::::::::::::::::::::::::::::::::::=== = ========= ===== = === === 
11 

! Concentration -
lJM-112-0lX 1:900 :1 

i LEAD 

MONITORING CONCE."fTil.~ TIO N i 
WELL (ug:L) ~finimum - 0.65 :! 

G6M-92-09X ().65 ·' ·' 
Maximum - 5.i0 

I 
wvrrM.W-01 2.00 
28M-92-01X 2.17 
GJM-92-0lX !.JO Mean - 2.81 
G6M-92-llX !.JO 
WWTMW-13 J.10 95th %ile - .us 
12M-92-01X 4.13 

WWTMW-14 .DO Background 
IJM-92-0lX 12.10 •• ! Cooceotration - 4.25 
:?.Thf-92 - /J4X 12.40 •• 

Method Oe1eaion Limit 
Likely S~tistic:il Outlier 

3 



INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

! 

I 

DATA j CALCULATIONS ·1 

MAGNESIUM 
MON(TORING I CONCEN"mATION 

(uyL) Minimum - 693 WELL ' 
28M-9Z-01X 693 
G6M-92-11X 857 Maximum - 4500 
G3M-92-01X 1000 
WWTMW-13 1390 Mean- 2157 
G6M-92-09X 1600 
WWTMW-01 1900 95th %ile - 34i7 
WWTMW-14 1970 
27M-9Z-04X 3.SSO Background 
12M-9Z-01X 4110 Concentra tion - 3480 
\JM-92-0IX 4500 

I MANGANESE 

MONITORING 
I 

CONCEN"mATION 

WELL I (uyL) Minimum - 23.40 
G6M-92-09X 23.4 
12M-92-01X 69.9 Maximum - 486.00 
WWTMW-01 n.1 
28M-9Z-01X 86.4 Mean- 156.93 
G6M-92-11X 102 
WWTMW-13 107 95th %ile - 290.7 
lJM-92-0lX 'J:J.1 
WWTMW-14 

I 
233 Background 

GJM-92-0lX ~6 Concentration - 291 
27M-92-04X 1110 •• 

I MERCURY 
MONITORING 

I 
CONCENTRATION I WELL (U!fL) Minimum - 0.12 

WWTh{W-01 0.12 I 

G3M-92-01X 0.12 Maximum - 0.i0 
12M-9Z-01X 0.12 

! 
lJM-92-0lX 0.12 Mean- 0.18 
WWTh{W-14 0.12 

I 
28M-92-01X 0.12 95tb. %ile - 0.35 

I G6M-92-llX 0.12 
I G6M-92-09X 0.12 Background 
I 27M-92-04X I 0.12 Concentration - 0.243 • 

WWTMW-l3 0.70 

NICKEL . 11 ,:=:========================== 
I MONITORlNG 

WELL 
G6M-92- 09X 
WWTh{W-0l 
28M-92-01X 
G3M-92-01X 
GoM-92-llX 
WWThfW-l.3 
l2M-92-01X 
WWThfW-14 
lJM-92-0lX 
!7M -9'2-l)JX 

CONCEN"ffiA TION 

(ug,L) 

17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 

Method Detcaion Limit 
Likely S1:itistic:il Outlier 

4 

Minimum - 17.20 

Maximum - 17.20 

Mean- 17.20 

95th %ile - NA 

Background 
Concentration - 34.3 • 

I 
I 

i 

I. 
I 

l 
I 

' 
l 
I 

I 
I 

ii 

I 
I 
I 

i 

I 
I 
! 

ll 
: 
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l 
! 
i 
I 

I 
I 
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INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

DATA I CALCULATIONS ·j ! 

MONITORING 

WEll 
28M-92-01X 
G6M-92-UX 
WWTMW-13 
GJM-92-0lX 
llM-92-0lX 
WWTMW-01 
WWTMW-14 
G6M-92-09X 
lJM-92-0lX 
!7M - 92-04X 

MONITORING 

WEU. 
G6M-92-09X 
llM-92-0tX 
WWTMW-01 
28M-92-01X 
G6M-92-UX 
WWTMW-13 
lJM-92-0lX 
WWTMW-14 
GJM-92-0lX 
27M-92 -04X 

MONITORING 

WEU. 
WWTMW-01 
G3M-92-01X 
llM-92-0lX 
lJM-92-0lX 
WW'Th{W-14 
Z!IM-!n-OlX 
Ci6M-92-llX 
Ci6M-92-09X 
27M-92-04X 
WWTMW- 13 

MONITORING 

WEU. 
l8M-g?-01X 
Ci6M-92-09X 
WWTMW-I4 
G6M-9!-llX 
!7M-9Z-04X 
llM-92-0lX 
WWTMW-13 
GJM-92-0lX 
WWTMW-01 
IJM-92-l)IX 

1 • 

I 

POTASSIUM 

CONCEN'TRA llON 

(ug/L) 
461 
645 

1080 
1450 
1500 
1980 
1980 
1980 
2'70 
!790 

SELENIUM 

CONCENiRA llON 

(uglt.) 
1..51 
1..51 
1..51 
1.51 
1..51 
1..51 
1.51 
1..51 
1..51 
U l 

SILVER 

CONCEN"raAllON 

(ug/L) 

?.JO 
!.JO 
!.30 
!.JO 
2.30 
?.JO 
2.J0 
!.30 
!.JO 
'!.JO 

SODIUM 

CONCENTRA llON 

(ull'JLl 
1380 
2000 
2100 
2430 
3070 
42.S0 
~10 
8570 

11300 
18000 

Method Oc:tcction Limit 
Likely Statistical Outlier 

5 

ll 
i 

Minimum - 461 ii 
' Maximum - 2790 : 
' Mean- 1644 j 
I 

95th %ile - 2370 /1 

Background i 

Concentration - 2370 I 
' ' 
!I 
I 

I 

Minimum - 1.51 
i 
I 

Maximum - 1.51 ! 
I 
I 

Mean- 1.51 I 
! 
I 

95th %ile - NA 

i Background 
Concentration - 3.02 • I 

I 

ti 

I i 
' Minimum - 2_,o l 

I 
' Maxi.mum - 2.30 ' i 

I Mean - 2_,o ' 
I i . 

95th %ile - NA I 
Background i 

i 
Concentration - 4.60 • I 

: 
! 

.i 
Minimum - 1380 

· i 

:j 
Mamnum - 18000 

Mean - 5771 

95th %ile - 10841 

Background 
Concentration - 10800 



I 

:I 
I 
I 

I 

I 
I 

I 

INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

DATA i CALCULATIONS :1 

MONITORING 

I WELL 
.:SM-92-0lX 
G6M-92-11X 
WWTh{W-lJ 
G.3M-92-01X 
l:!M-9'2-0lX 
ViWTh{W-01 
WWTMW-l4 
G6M-92-09X 
lJM-9'2-0lX 
::-'.\,f-9'.!-04X 

MONITORING 

I WELL 
G6M-92-09X 
12M-9'2-01X 
WWThfW-01 
2SM-9'2-01X 
G6M-92-11X 
WWTMW-lJ 
13M-9'2-01X 
G3M-92-0lX 
27M-92-04X 

I WWTh{W-14 

MONITORING 

I WELL 
WWTMW-13 ! 
G6M-92-09X 
WWTMW-01 
2SM-92-01X 
G6M-92-llX 
GJM-92-0lX 

I WWTMW-14 
27M-92-04X 

' 
lZM-9'2-0lX 
IJM-92-0IX t 

TiiALLIUM 
CONCENTRATION 

(uiyl.) 
3.50 
~.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3 . .SO 

VANADIUM 
CONCENTRATION 

(ug,l) 
5..S0 
5.30 
5.50 
5.50 
5.50 
5.50 
5..S0 
5..S0 
12.8 
14 . .S 

ZINC 
CONCENTRATION 

(ug,l) 
l0.6 
10.6 
10.6 
10.6 
10.6 
l0.6 
32.0 
·H.7 
47.0 
18.5 •• 

Method Deteaion Limit 
Likely Statistical Outlier 

6 

I 
I Miaimum - 3.50 I 

i 
Maxi.mum - 3.50 I 

I 
Mean - 3.50 

I 
I 

95th %ile - 3.50 ' 
I 
i Background 

j Concentration - 6.99 i 
I 

I 

I 
I 

Miaimum - 5.50 I 
l 

Maximum - 14.50 I 
i Mean- 7.13 ; 

95th %ile - 10.41 

Background 
Concentration - 11.0 • ! 

i 

11 

l Miaimum - 10.6 I 
I i ' Maximum -I 47.0 

i I Mean - 20.5 ; 
I i 

95th %ile - 34.9 i 

Background : 
I 

Cooceocration - 21.l. i 
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December 25, 1997 

Mr. Mark Applebee 
U.S. Army Corps of Engineers 
New England District 
424 Trapelo Road, Building 112 S 
Waltham, MA 02254 

SUBJECT: Contract No. DACA31-94-D-0061 
Task Order No. 0001 
Draft Supplemental Air Sampling Report 
AOC 69W - Devens Elementary School 

INTRODUCTION 

PN: 9144.03 

ABB Environmental Services, Inc., (ABB-ES) was directed to perform supplemental indoor air 
sampling at Area of Contamination (AOC) 69W, Devens Elementary School. The work 
augmented activities already completed in accordance with the Remedial Investigation/Feasibility 
Study (RI/FS) Final Task Order Work Plan for AOC 69W, submitted in January 1996, and the 
Final RI/FS Task Order Workplan Addendum submitted dated August 28, 1996. 

ABB-ES is conducting the RI/FS under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) at AOC 69W at Devens in central Massachusetts, for 
the U.S. Army. Devens is located approximately 35 miles northwest of the city of Boston, within 
the towns of Ayer and Shirley (Middlesex County) and Harvard and Lancaster (Worcester 
County), and occupies approximately 9,280 acres ofland area (Figure 1). 

AOC 69W is located in_the northwest portion of the former Main Post, in the comer of Antietam 
and MacArthur Streets (Figure 1 ). The site is comprised of an unoccupied elementary schooi an 
associated parking lot, and surrounding grassy area. Groundwater flow in the vicinity of the 
school is to the north-northwest towards Willow Brook. Depth to groundwater at the site varies 
from approximately 10 feet at the school to less than 2 feet as one approaches the brook. 

Fuel oil contamination is present in subsurface soils at the site as a result of No. 2 fuel oil releases 
in 1972 and 1978. The assumed source of these leaks was damaged piping near or within the 
footprint of the current school. Results of previous investigative activities indicated the presence 
of petroleum contamination in subsurface soil primarily at the water table, adjacent to and 
downgradient of the school's foundation. In addition, soil and groundwater contamination were 
detected directly beneath the school in the immediate vicinity of the new boiler room 

Because of concerns that these contaminants (in a vapor phase) could be migrating into the 
school air monitoring was conducted in the school in 1996 to evaluate whether contaminants in 
the soil and groundwater were impacting indoor air quality. The results of the air monitoring 

ABB Environmental Services Inc. 

107 Audubon Roao 
Wakefield MAC '.88G 

Te1eohone 1781' :?~:-6606 
Fax 1781 l 246-SC':: 
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December 25, 1997 
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effort were presented in a draft report entitled, ''Draft Air Sampling Results, AOC 69W", dated 
November 13, 1996. Results of the sampling indicated the presence of various VOCs; however, 
due to excessive breakthrough on the TENAX sampling tubes, quantification of contaminant 
concentrations was inconclusive. As a result, the Army requested that supplemental sampling be 
performed in the building. 

The objective of the supplemental air sampling was to determine_iffuel-related contaminants in 
soil and groundwater adjacent to and beneath the school were impacting air quality within the 
school, and if they were, to determine if contaminant levels in the school present an unacceptable 
health risk to potential occupants of the building. This report presents the results of the recent air 
sampling event. These results will be incorporated into the Remedial Investigation/Feasibility 
Study report to be prepared for the site. 

METHODOLOGY 

The supplemental air sampling was conducted in general accordance with procedures set forth in 
the ''Final Remedial Investigation/Feasibility Study Work.plan Addendum for Supplemental Air 
Sampling, Devens Elementary School" dated October 1997. 

On Tuesday, October 14, 1997, personnel visited the site and collected a headspace sample from 
the groundwater monitoring well in the new boiler room The screened portion of this well spans 
the water table, and a portion of the screen is open to the unsaturated zone. The headspace 
sample collected from this well therefore comprises soil vapor from immediately above the water 
table. The sample was analyzed to confirm the fingerprint of the soil vapor contamination. This 
sample was submitted for expedited analysis, and the results were used to confirm/refine the 
analyte list presented in the work.plan. Based on these sample results, tetrachloroethylene and 
acetone were added to the target analyte list. 

While at the site, field personnel opened school doors and windows and operated the air handling 
system to ventilate the building. These procedures were instituted to approximate normal school 
operation. On October 14, sampling personnel also removed potential sources of volatile 
contaminants from the school, including such things as cleaners, gasoline cans, paint cans, and 
solvents. Pilot lights on kitchen stoves were observed to be off. The interior doors of the two 
boiler rooms were sealed off from the rest of the school by taping them closed. This was done to 
segregate the rooms from the remainder of the school and minimize the effects of the obvious 
non-spill related oil in the boiler rooms resulting from normal operation of the heating system 

The windows remained open for 4 days, and were closed on Friday, October 17. The windows 
remained closed until and throughout Monday, October 20 (when the indoor air sampling was 
conducted). Keeping the building closed was designed to approximate the school condition 
during an inactive period ( e.g., weekend). 

q: \w9-gov\coe-ned\devens\69w\airepon. doc 
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Sampling was performed on Monday, October 20, 1997, with windows and doors closed and the 
air handling systems off. This protocol was expected to represent the anticipated general worst
case scenario with respect to air quality. Conditions are considered analogous to those likely to 
be encountered in the school upon opening after being empty for a weekend. While at the site, the 
depth to groundwater in the three wells within the school were measured. 

A total of 12 air s3:mples were collected in and around the school on October 20, 1997. Air 
samples were collected in Summa canisters at locations outlined in the Final Work Plan and as 
illustrated on Figure 2 of this report. Canisters were supplied by ENSRAir Toxic Specialty 
Laboratory, Acton, Massachusetts. Each canister was pre-cleaned and leak tested by the 
laboratory prior to use. Please refer to Attachment A for the canister cleaning records. 

Toe air flow into each canister was pre-set by ENSR to allow each canister to fill over an eight 
hour time period with a final canister pressure of approximately -6 to-8 inches mercury. Toe air 
flow was checked at the start of each sample using a Mass Flow Meter and adjusted as necessary. 
All final canister pressures were acceptable except for Canister B239 (ZW A-97-04X), which had 
a final pressure of0 inches Hg. This sample's duplicate, ZWA-97-03X (Canister A210), had an 
acceptable final pressure of -8 inches Hg. 

Toe weather conditions on the day of the survey were sunny with the wind out of the northeast at 
approximately 5-10 miles per hour. The temperature was between 50°-60°F. 

Toe air samples were delivered to ENSR on the day following their collection. The samples were 
analyzed by ENSR under the guidelines of EPA TO-14 Gas Chromatography-Mass Spectrometry 
(GC-MS) technique. Complete laboratory analytical results are included in Attachment XXX, and 
are summarized on Table 1. Toe laboratory did not report results for tetradecane, 
1-Methy~aphthalene, 2-Methylnaphthalene, and naphthalene because these compounds could not 
be satisfactorily recovered from the canisters. 

RESULTS 

Groundwater - The depth to groundwater in the three wells located within the school building 
was measured on October 21, 1997, during air sampling. The depth to groundwater and elevation 
of the groundwater surface determined that day are as follows: 

WELL ID DEPTIITO GROUNDWATER ELEV. 
GROUNDWATER (FT) (Ff ABOVE MSL) 

ZWM-96-19X 10.28 220.83 
ZWM-96-20X 4.80 221.19 
ZWM-96-21X 9.96 220.97 

q: \w9-gov\coe-ned\devens\69waireport.doc • 
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The water levels recorded in the wells were lower by one to two feet than in the one previous 
measurement event conducted in these three wells. recorded in the one previous water level round 

Analytical Results - The analytical results are summarized on Table 1 and the full laboratory 
reports are inc~ded in Attachment 1. 

Acetone, toluene, and xylene were detected in one or more of the quality control blank samples, 
and so their respective results have been qualified (with a "B" on Table 1) in the majority of 
samples in which these compounds were detected. • 

The well headspace sample (ZWA-97-09X) collected on October 14, 1997, indicated the presence 
oftetrachloroethylene [360 micrograms per cubic meter (µg/m3)] and acetone (210B µg/m3) in 
soil gas from beneath the new boiler room Acetone was detected in the blank sample, and so is 
not believed to be a site contaminant. Tetrachloroethylene was not detected in any other air 
samples, including those collected from the dirt-floored crawlspace beneath the kitchen and 
cafeteria (i.e., those samples most likely to be affected by subsurface contamination). 

Both samples collected from the crawlspace beneath the kitchen (ZWA-97-06X) and the cafeteria 
(ZWA-97-05X) contained toluene (150B and 13B µg/m3, respectively) and acetone (81B and 
38B µg/m3, respectively). The sample from beneath the kitchen also contained xylene (18.3B 
µg/m3}, octane 5.5 (µg/m3}, and ethylbenzene (5.2 µg/m3). • 

The three outdoor background samples, ZW A-97-1 IX, -12X, and 13X, contained toluene and 
acetone ( qualified; also detected in the blank). Xylene was detected (qualified) in ZW A-97-1 lX, 
but not in the.other two outdoor background samples. The indoor background sample, 'ZWA-97-
07X, contained eight compounds, including the three qualified compounds toluene, xylene, and 
acetone, as well asJ 2-Methylheptane (7.2 µg/m3 ), 3-Methylheptane (8.9 µg/m3 ), ethylbenzene 
(9.9 µg/m3 ), nonane (5 µg/m3 ), and octane (9.1 µg/m3). This indoor background sample 
contained all compounds detected in samples from the site. 

Samples from within the school contained from 3 compounds ('ZWA-97-08X, a sample from the 
room adjacent to the new boiler room) to 8 compounds ('ZW A-97-03X, a sample from a room 
near the old boiler room in the northeast comer of the school). In general, compound 
concentrations were consistent throughout the school, and were of the same magnitude as those 
in the indoor background sample. 

CONCLUSIONS 

Based on a review of the air sampling data, it appears that contaminants historically detected in 
soil and groundwater from the vicinity of the school are not contributing in a measurable fashion 
to air quality within the school. The following information supports this conclusion: 

q: \w9-gov\coe-ned\devens\69w\aireport. doc 
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1) Air samples were analyzed for: a) compounds detected previously in groundwater and soil 
from beneath the site, and b): volatile compounds that are likely present in weathered No. 2 Fuel 
Oil It should be noted that the target analytes so identified are typical constituents of cleaning 
solutions, lubricants, paints and other petroleum-derived products, some of which had been stoi:ed 
in the school before their removal from the school prior to sampling. 

2) The air (soil vapor) sample collected from the groundwater monitoring well in the new 
boiler room did not contain any of the target analytes. Therefore, contaminants previously 
identified in the subsurface soils and groundwater and volatile compounds that are likely present 
in weathered No. 2 Fuel Oil do not appear to be contn'buting measurably to soil vapor quality. 

3) If contaminants previously detected beneath the school in groundwater, soil, and soil 
vapor were migrating into the school, it is reasonable to assume that the preferential migration 
pathway would be through the crawlspace (with its dirt floor) and thence into the school. 
However, fewer compounds were detected in the crawlspace samples than in other samples from 
within the school, including the indoor background sample. In addition, concentrations of 
compounds in the crawlspace samples were comparable to or less than their respective 
concentrations in samples from elsewhere in the school The crawlspace samples were also 
consistent with the three outdoor background samples. Based on this information, the crawlspace 
does not appear to be a contnl>uting pathway of contaminants into the school. 

The data gathered during this investigation will be included in the remedial investigation currently 
being prepared for the AOC 69W. 

Please feel free to call me if you have any questions regarding this report. 

Sincerely, 

ABB ENVIRONMENTAL SERVICES, INC. 

/i!Ci)' 9 
Alan Fillip 

l~c~ t!l/i-J 
'✓ /~ 

~ 

Senior Project Manager 

Attachments 

q: \w9-gov\coe-ned\devens\69w\aireport. doc 



, ... , 

' \ 
..-----:=:--i'. 

~\ 

M"PL ,.T10N 

SCALE IN FEET 

' ,· 
NORTH POST 

,· 
( 

\ 

' ..... 
··, ,. .. --~-. 

.. __ .. - • ...... _,,i 

! 
} 

/ 
SOUTH POST 

-, , 
L,_, r-.,"' 

,_,J 

/ 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
Irr: 

I ~ 
I ii! 

LEGEND 

~ RIVER/BROOK 

• PONO/I.AKE 

-- • -• INSTAU.ATION BOUNDARY 

- ROACS/ HIGHWAY 

1,..o~=~..:3:ooo::_ __ _:6000:::, ___________________ ABB Environmental Services, Inc. 
96010050 8 

RGURE 1 
LOCATION OF AOC 69W 

FORT DEVENS, MASSACHUSETTS 



~ 
~ 
0, .. .. 
;;; 
/ 

0 
I ... .. 
"' 
---

--------------------------------------

0 

ZWA-97-11X 

___ , __ ..... _____ _ 
n,~: COOP.D. !J1S1f.lJ - ..:=:-,.,. _.. D 

200 FT: 

t 
ZWA-9~ 

(UPWIND OF j 
AT PROPERt 

J=-==-94-11 

200 400 800 FEET 

SCALE: 1 "=400' -

]-
ZWA-9~ 
(& DUPI • 

LEGEND 

1~ EXISTING MONITORING WELL LOCATION 

+ FORMER AIR SAMPLE LOCATION (1996) 

.. ► EXISTING BORING LOCATION 

,l AIR SAMPLING LOCATION (OCTOBER 1997) 

FIGURE 2 
SAMPLE LOCATIONS 

SUPPLEMENTAL AIR SAMPLING 
AOC 69W 

FORT DEVENS, MA 
, ._ ________________________ _ 

ABB Environmental Services, Inc. 



TABLE 1 
AOC 69W - DEVENS ELEMENT ARY SCHOOL 

INDOOR AIR QUALITY AIR SAMPLE RESULTS 
DEVENS, MASSACHUSETTS 

iililil:X,~9!rc• ~,"c' ••••• -,, ~,t~:, ~1,~'. 

1,2.4 Trimethylbcnzene < 4.4 < 4.4 < 4.4 < 4 .4 < 4.4 
1,3,5 Trimelhylbenzenc < 4.4 < 4.4 < 4.4 < 4.4 < 4.4 

2-Methylheplane 8 < 4.4 19 6.3 < 4.4 
3-Methylheplane < 4.4 < 4.4 8.7 < 4.4 < 4.4 
Dccane 
Dodccane 
Ethyl benzene 
Methyl tert-butly Ether 

Nonane 

Octane 

Toluene 
Xylene 
Acetone 
·rctrochloroclhY.lenc 

< 
< 

< 

< 
< 

< 

4.4 
22 
7.9 
4.4 

4.4 
4.4 

2608 
30.4 B 
470 B 
4.4 

< 4.4 
< 22 

470 
< 4.4 

< 4.4 

< 4.4 
720 

< 8.8 
2008 

< 4.4 

< 4.4 
< 22 

27 
< 4.4 

7.2 

21 
IO00 B 

928 
82 8 

< 4.4 

< 
< 

< 

< 

< 

4.4 
22 --
7.6 

4.4 

4.4 
--
8.4 

350 B 
28.I BJ 

54 B 
4.4 

< 4.4 
< 22 
< 4.4 
< 4.4 
< 4.4 

< 4.4 

13 B 
< 8.8 

38 B 
< 4.4 

< 4.4 
< 4.4 
< 4.4 
< 4.4 
< 4.4 
< 22 

5.2 
< 4.4 

< 4.4 

5.5 
150 B 

18.3 BJ 
81 a 

< 4.4 

ll 

!LN_l·•!••-1:« ~·=~>m»mmm;;;,:;e•:• 

< 
< 

< 
< 

< 

< 

4.4 
4.4 
7.2 
8.9 
4.4 
22 
9.9 
4.4 

5 
9.1 
36 B 

34.8 B 
30U 
4.4 

:::,':;~:, 
j 

,:; 
1:: 

180 
HO 
200 
200 

2000 
2000 
IO00 

3000 

2000 

200 
400 

310 

• ■--■ 1,2,4 Trimethylbcnzene 
1,3,5 Trimelhylbcnzene 

2-Melhylhe.e.tanc 
3-Melhylheptanc 
Decane 
Dodecane 
Ethylbcnzene 
Melhyl tert-budy Ether 
Nonane 
Oclane 
Toluene 
Xylene 
Acetone 
Tellachloroeth}'!c:nc 

< 
< 

< 
< 
< 

< 
< 
< 
< 
< 

< 

4.4 < 
4.4 < 

4.4 < 

4.4 < 

4.4 < 

22 < - -
4.3 J < 

4.4 < 
4.4 < -
4.4 < 

708 < 
17.1 J < --
54 B 
4.4 

Noles: < = Less than certified reporting limits 

22 < 4.4 < 4.4 

22 < 4.4 < 4.4 

NA 5.2 < 4.4 

NA < 4.4 < 4.4 

NA < 4.4 < 4.4 

NA < 22 < 22 

22 < 2.8 J < 3.2 J 

NA < 4.4 < 4.4 
NA < 4.4 < 4.4 
NA < 4.4 < 4.4 

22 82 B 63 B 

44 8 8.2 B 

210B 52 D 4408 
360 < 4.4 < 4.4 

B - Analyte found in blank; J - Estimated value, below detection limit 
NA - Not analywd 

< 4.4 < 4.4 180 
< 4.4 < 4.4 180 
< 4.4 < 4.4 . 200 
< 4.4 < 4.4 200 
< 4.4 < 4.4 2000_ 
< 22 < 22 2000 
< 4.4 < 4.4 IOOO 
< 4.4 < 4.4 3000 
< 4.4 < 4.4 2000 
< 4.4 · < 4.4 200 

38 B 19B 400 
< 8.8 < 8.8 310 

27 B 31 B 
< 4.4 < 4.4 



ATTACHMENT A 

SAMPLING AND LABORATORY REPORTS 



Sample No. 

ZWA-97-08X 
ZWA-97-l0X 
ZWA-97-0lX 

Z.W A-97-02X 
ZWA-97-03X 
ZWA-97-04X 
ZWA-97-07X 
ZWA-97-llX 

ZWA-97-12X 
ZWA-97-l3X 
ZW A-97-06X 
ZWA-97-05X 

'ZW A-97-09X 

._,-,.:.:,,- ,Jo,., ... .::: I..:&:' ~~ ................ ~ • .:....:. 

Devens Elementary Schoo~ . 
Summa Canlster Sampling Summary 

Survey Date: Odober 20, 199'7 

Culmr Locatloil Start Start 
nm,· Preuure 

A211 Class, left of entrance 10:45 -26 
62 Class, comer mom 10:46 -27 
A230 Class, across from 11CV1 10:47 -20 

boiler room 
A209 Cafeteria 10:48 -29 
A210 Cius. mend of school 10:49 -28 
B239 Same as above (chmlicate) 10:S0 -30 
B246 Class. riot of m11'8Dee 10:52 -30 
A207 fl'Dllt parking lot, 10:53 -20 

downwind 
A221 Nearwella. . -" 10:SS -30 ·-

B233 Pia-. . .. 
10:56 -30 

B237 Crawl mace. under kitchen 10:45 -22 
70 Qawl space. near old 10:49 -30 

boiler room 
99 Trio blank 
92 .. Wellsanmle 10:01 -24 

• At 17:25 gauge reading was -12 
•• Sample collected on 10/14197 

~II.NJ 

End End 
Time Pressure 

18:33 -6 
18:32 -8 
16:S0 -7 

17:27 -6 
18:07 -8 
18:07 o• 
17:25 -7 
18:47 -7 

18:SS -8 
18:S6 -9 
18:02 -8 
18:27 -7 

11:01 -7 
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DATE: 

TO: 

Re.: 

LAB ID#: 

ENSR 
Air Toxics Specialty Laboratory 

42 Nagog Park . • 
Acton, MA 01720 

October 29, 1997 

Bob Cashins 
Cashins and Associates, Inc. 
80 Main Street 
Reading, MA 01867 

Volatile Organic Analysis of SUMMA• canister sample by Gas 
Chromatography/Mass Spectrometry (GC/MS) 

970145 

ANALYTICAL PROCEDURE: 

One SUMMA• canister sample was analyzed under the guidelines of EPA 
T0-14, Qeterm;natjon of Volatile Organic Compounds «voes> io Ambient Aic 
us;na SUMMA• Passivated Canister sampling and Gas Chromatography me, 
Analysis, 

A Hewlett Packard 5890 gas chromatograph equipped with a Hewlett 
Packard 5970 mass selective detector (MSD) was employed for the analysis. 
An ENTECH 2000 automatic concentrator was utilized for sample pre
concentration. 

Twenty and 100 ml aliquots were drawn from the sample, concentrated at -
150°C and then transferred to the GC/MSD for the analysis. The operating 
conditions of the GC/MSD are listed in Table 1 . 

GC/MSD calibration was performed with SUMMA• canister standards 
prepared for each target voe. Four canister standards of concentrations 
ranging from 4.44 ng/L to 222 ng/L ware prepared using a purging
transferring technique. Six point ca1ibrations were generated using the 
standards. 

No problems were encountered during sample login. 

1 



-DISA Conauldnl arlll Engir-tne 
AIIToxiDa&peoWly~wwwt 

QUALITY CONTROL: 

ANOMALIES: 

1. A laboratory blank was analyzed in the same manner as the sample. 
Target analytes detected in the laboratory blank have been flagged 
•e• when detected in the samples. 

2. The SUMMA• canister· was cleaned on September 22, 1997. It. was 
certified clean by GC/MS analysis of one canister from the batch 
(canister #51 ). 

3. Duplicate analysis was performed on the sample. 

4. The sample chromatogram was searched for additional peaks not 
found in the normal T0-14 list of analytes. A compound eluting at 
20.85 minutes was tenatively identified as 1, 1,2,3-
tetramethylcyclohaxane. This compound was present at an 
estimated concentration of 1 20 ng/L or 21 ppbV. 

1 . The mass spectrometer shut off after 3.0 minutes of analysis when 
the sample was analyzed at full volume (500 ml). Analysis of 20 ml 
of the sample prevented this problem. Additionally, 100 ml of the 
samples were analyzed with the mass spectrometer collecting data 
after 4. 5 minutes of analysis. The following compounds elute prior to 
4. 5 minutes and have a higher detection limit based on the 20 ml 
volume of sample analyzed: dichlorodifluoromethane; chloromethane; 
freon 114; vinyl chloride; 1 ,3-butadiene. 

Date Samples Received by the Laboratory: 10/14/97 

Date Analysis Started: 10/15/97 

DATA_RPT\970148\GC_MS.IPT 
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TABLE 1 

GC/MSD Operating Conditions 

Instrument I Hewlett Packard 5890 GC 

Hewlett Packard 5970 MSC 

Injector Temperature I 250°C 

Column I Rtx-1 60 m Capillary 

Parameters I 0.53mm ID, 7 .Opm df 
' 

Carrier gas I UHP Helium 
j 

Flow rate I 10 cc/min 

Auxiliary flow rate I 20 cc/min 

Detector ! Mass Selective detector 
I 

Temperature 1 280°C 

Temperature program i Initial Temp.: 50°C 

I Hold: 3.0 min 

j Ramping Rate: 8.0°C/min 

I Final Temp.: 200"C 

I System Computer ~ HP 1000 CPU 

Data System I RTE/6 

3 



CUent: Cuhlna 
Lab ID I: 170141 

Sample ID 

Cati Sampled 
•oat• Analyzed 

Compcund 

AeltOIII 

2-awnone 

' 

DlchlorodlfluotomlthanI 

Chlorom1thanI 

IFrton 114 

Mnyt chlorldI 

~ ,3-8utadlIne 

BromomtthanI 

~hloroethane 

h"rtchlorotluoromethlln1 

1,1-Dlchloroethy1-

Methy1en. chl0lfdI 

Freon 113 

1, 1-DlchlorOlth.lne 

tr1n1-1,2-Dlchlotoethy1en1 

cl1-1,2-Dlchloroethy1en1 

Chloroform 

1,2-Dlchloroethan. 

Trtchloroethytene 

1, 1, 1-Trtchloroethane 

BenzHII 

~rbon tltrachior1de 

:1,2-Dlchloroprop.11ne 

cls-1 ,3-0lchloropropen• 

4-M ethy1-2-pentll none 

rans-1,3-0lchloropropene 

11, 1,2-Trtchloroethane 

Toluene 

1,2-Dlbromoethane 

Tetrachloroethy1ene 

IChlorobenzene 

Ethy1benzene 

p- & m-Xytenes 

styrene 

1, 1,2,2-Tetrachloroethane 

10-Xyiene 

14-cthyttoluene 

1,3,5-Tr1melhy1benzene 

Benzyt chloride 

1,2,,&-Tr1methy1benzene 

1,3-0lchlorobenzene 

1,4-0lchlorobenzene 

1,2-0lchlorobenzene 

1,2.-4-Trtchlorobenzene 

Hexachlorobutaalene 

Lab Blank 

NA 
10/15117 

-· 
ngJL 

17 

4.4 
.,u 
4.4 

4.4 

4.4 
4.4 
4.4 
4.4 
4.4 

4.4 

4.4 

4.4 
4.4 

4.4 

4.4 

4.4 

4.4 

•U 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 

4.4 
4.4 

4.4 

4.4 

4.4 

4.4 
4.4 

4.4 
4.4 

4.4 

4.4 

4.4 

4.4 
,4,,4 

4.4 

4.4 

11 

11 

11 

11 

U = u~ at ~ed delloclicn limit 

J = esllmamd value, below Ille delBclicn lim~ 

ENSR AIR TOXICS SPECIAL TY LABORATORY 
ANALYTICAL SUMMARY OF RESULTS 

ppb 

B '.'.2 

u ·;.:i 

u 0.88 

u 2.1 

u 0.62 

u 1.7 

u 2.0 

u 1.1 

u 1.7 

u 0.78 

u 1.1 

u 1.3 

u 'l>.57 

u 1.1 

u 1.1 

u 1.1 

u 0.89 

u 1.1 

u 0.81 

u 0.80 

u 1.-4 

u 0.69 

u 0.95 

u 0.96 

u 1.1 

u 0.96 

u 0.80 

u 1.2 

u 0.57 

u 0.64 

u 0.95 

u 1.0 

u 1.0 

u 1.0 

u 0.64 

u 1.0 

u 0.89 

u 0.89 

u 0.84 

u I 0.89 

u I 0.73 
I 

u I 1.8 

u I 
I 1.8 

u I 
I 

1.5 

u I 1.0 
I 

Lib Blank Carll.a«~ 

NA 1ot1"'7 
10/17197 1ot16187 & 1ot17117 

ngJL : ppb ng/L T 

IA -;r 
B ', 25 10 210 ~ . . 
u 4.4 u 1.5 u 22 u 
u 4.4 u o.aa u 110 u 
u 4.4 u 2.1 u 110 u 
u 4.4 u 0.62 u 110 u 
u 4.4 u 1.7 u 110 u 
u 4.4 u 2.0 u 110 u 
u 4.4 u 1.1 u 22 u• 

I 
u 4.4 u 1.7 u 22 u 
u 4.4 u 0.71 u 22 u 
u 4.4 u 1.1 u 22 u 
u 4.4 u 1.3 u 22 u 
u 4.4 u 0.6 u 22 u 
u 4.4 u 1.1 u 22 u 
u 4.4 u 1.1 u 22 u 
u 4.4 u 1.1 u 22 u 
u 4 .4 u I 0.9 u 22 u 
u 4.4 u I 

1.1 u 22 u I 

u 4.4 u I 
I 

0.81 u 22 u 
u 4.4 u I 0.80 u 22 u 
u 4 u I 1.4 u 22 u I 
u 4..4 u I C.7 u 22 u 

I 
u 4.4 u I 0.9 u 22 u 
u 4.4 u I 1.0 u 22 u I I 
u 4.4 u I 1.1 u 22 u I 

I I 
u 4.4 u 1.0 u 22 u I 

u 4.4 u 0.8 u 22 u I 
I 

u 4 u 1 u 22 u I 

u 4.4 u 0.6 u 22 u I 
I 

u 4.4 u 0.6 u 360 I 
I 

u 4.4 u 0.9 u 22 u I 

u ◄.4 u 1.0 u 22 u I 
I 

u 4.4 u 1.0 u 22 u 
u 4.4 u I 1.0 u 22 u 
u 4.4 u I 0,6 u 22 u I 

u 4.4 u I 1.0 u 22 u 
I 

u 4.4 u I 0.9 u 22 u 
u 4.4 u I 0.9 u 22 u 
u ..... u 0.8 u 22 u 
u -4.4 u 0.9 u 22 u 
u 4.-4 u 0.7 u 22 u 
u 11 u 1.8 u 56 u 
u 11 u 1.8 u 56 u 
u 11 u 1.5 u 56 u 
u 11 u 1.0 u 56 u 

E = fltimatad val .... uceecla calibrelion range 

B = analyt,, found in blank(s) 

Page 1 at2 

ppb 

\A.J 
17 .. 

7.4 u 
22 u 
53 u 
111 u 
43 u 
48 u 

5.6 u 
1.3 u 
3.9 u 
5.5 u 
11.3 u 
2.8 u 
5.4 u 
5.5 u 
5.5 u 
4.5 u 
5.4 u 
4.1 u 
4.0 u 
11.8 u 
3.5 u 
4.7 u 
4.8 u 
5.3 u 
4.8 u 
4.0 u 
5.8 u 
2.8 u 
52 

4.7 u 
5.0 u 
5.0 u 
5.1 u 
3.2 u 
5.0 u 
4.4 u 
4.4 u 
4.2 u 
4.4 u 
3.6 u 
9.1 u 
9.1 u 
7.-4 u 
5.1 u 



Client: ca.tiln■ 
Lab ID ~ 170141 

ISamplelD 

IDat• Sampled 
IDat• Analyzed 

Compound 

!Acetone 

12~utanone 

Olchloroc:tlfluorome,thane 

IChloromtthant 

Frton 11, 

~nyl chlortdt 

1 ,3-autadltnt 

Bromomtthant 

Chloroethane 

Trk:hlorotluoromethant 

1, 1-0lchloroethylene 

Methylene chloride 

Fraon 113 

1, 1-0lchlorotthane 

ran ... 1,2-0lchloroethylene 

icJ.,.1,2-0lchlorotthyl-

!Chloroform 

11.2-olc:hlorotthane 

r,'r1chlorotthy1ene 

~, 1, 1-Trlchlorotthant 

Benzene 

!Carbon tetrachloride 

~ ,2-0lchloropropane 

icl.,.1,3-0lchloropropene 

..t-Methyl-2-penuinont 

~rans-1,3-0lchloropropene 

1, 1,2-Trlchloroethane 

r,'oluene 

11.2-0lbromoethane 

r,'etrachloroethylene 

IChlorobenzitnt 

Ethylbenz•ne 

p- & m-Xylenea 

fStYrene 
1, 1,2.2-Tetrachloroethane 

~Xylene 

14-ahyttoluene 

1,3,5-Trlmethylbenzene 

Benzyl chloride 

1,2.4-Trlmethylbenzent 

1,3-0lchlorobenune 

~ ,.4-0k:hlorobenzene 

1,2-0k:hloroben.ztne 

1,2,.4-Trlchlorobenzent 

Heuchlorobutadlene 

U = und<rlacted at apecrfied detection lim~ 

ENSR AJR TOXICS SPECIAL TY LABORATORY 
QUALITY CONTROL RESULTS - DUPLICATES 

cantaterl2 Duplicate 

101141117 10/1"117 

10/1&1'17 & 10117197 10/1&1'17 & 10/17197 

i\g/L I ppb ng/L I ppb RPO 

l)..j I ,.;,j U.j ~\ -:1' 
_AO ~t\ 210 ,· 87 ~- 300 ,JI' 130 _.a" 

22 u 7.4 u 22 u 7.4 u NC 

110 u 22 u 110 u 22 u NC 

110 u 53 u 110 u 53 u NC 

110 u 18 u 110 u 18 u NC 

110 u 43 u 110 u 43 u NC 

110 u 49 u 110 u 48 u NC 

110 u 28 u 110 u 28 u NC 

22 u 8.3 u 22 u 8.3 u NC 

22 u 3.9 u 22 u 3.9 u NC 

22 u 5.5 u 22 u 5.5 u NC 

22 u .. 8.3 u 22 u 8.3 u NC 

22 u 2.8 u 22 u 2.8 u NC 

22 u 5.4 u 22 u 5.4 u NC 

22 u 5.5 u 22 u 5.5 u NC 

22 u 5.5 u 22 u 5.5 u NC 

22 u 4.5 u 22 u 4.5 u NC 

22 u 5.4 u 22 u 5.4 u NC 

22 u 4.1 u 22 u 4.1 u NC 

22 u 4.0 u 22 u 4.0 u NC 

22 u 6.8 u 22 u 6.8 u NC 

22 u 3.5 u 22 u 3.5 u NC 

22 u <4.7 u 22 u 4.7 u NC 

22 u <4.8 u 22 u 4.8 u NC 

22 u 5.3 u 22 u 5.3 u NC 

22 u <4.8 u 22 u I ,4,8 u NC 
I 

22 u <4.0 u 22 u I 4.0 u NC 

22 u 5.8 u 22 u I s u ~,,JC 
I 

22 u 2.8 u 22 u 2.8 u NC 

360 52 320 "'8 12 

22 u I <4.7 u 22 u <4 .7 u NC 

22 u I 5.0 u 22 u 5.0 u NC 
I 

22 u I 5.0 u 22 u 5.0 u NC 

22 u I 5.1 u 22 u 5.1 u NC I 

22 u I 32 u 22 u 3.2 u NC 
I 

22 u I 5.0 u 22 u 5.0 u NC 

22 u I 

"·" u 22 u •U u NC I I 

22 u I 
I 

...... u 22 u I "·" u NC 
I 

22 u I <4 .2 u 22 u I <4.2 u NC 
I u 22 u I 

4.4 u NC 22 u I "·" I 

22 u I 
I 

3.6 u 22 u I 3.6 u NC 
I 

56 u I 9.1 u 56 u I 9.1 u NC 

u I 
9.1 u 56 u I 

9.1 u NC 56 I f 

56 u I 
I 

7.<4 u 56 u I 
I 

7.<4 u NC 

56 u f 5.1 u 56 u I 5.1 u NC 
I I 

' 

J = Ktlmated v,ilue, below the detecllon limrt 

E = &abmated nlue, exceed■ c.alibratJon n111nge 

B = analyta found in blank(a) 

APO • rtN•tiv• percent ditt,,..ence 

NC • not c.,cufabfe 
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EN&Reor--. ... &i •• 
»TcaiasS,peaially....._., 

DATE: 

TO: 

Re.: 

LAB ID#: 

ENSR 
Air Toxics Specialty Laboratory 

42 Nagog Park 

November 17, 1997 

Bob Cashins 

Acton, MA 01720 

Cashins and Associates 

Volatile Organic Anaiysis of SUMMA• canister and tedlar bag samples by 
Gas Chromatography/Mass Spectrometry (GC/MS) 

970152 

ANALYTICAL PROCEDURE: 

Thirteen SUMMA• canister samples were analyzed under the guidelines of 
EPA T0-14, Determination of Vo!atiie Organic Compounds fVOCs> in 
Ambient Air Using SUMMA• Passivated Canister Sampling and Gas 
Chromatoaraphv CGC} Anatvsjs. 

A Hewlett Packard 5890 gas chromatograph eQuipped with a Hewlett 
Packard 5970 mass selective detector (MSD) was employed for the analysis. 
An ENTECH 2000 automatic concentrator was utilized for sample pre-

- concentration. 

A 500 mL aliquot was drawn from the samples, concentrated at -15011C and 
then transferred to the GC/MSD for the analysis. The operating conditions of 
the GC/MSD are listed in Table 1. 

GC/MSD calibration was performed with SUMMA• canister standards 
prepared for each target VOC. Four canister standards of concentrations 
ranging from 4.44 ng/L to 222 ng/L were prepared using a purging
transferring technique. Four to six point calibrations were generated using 
the standards. 

No problems were encountered during sample login or analysis. 
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QUALITY CONTROL: 

1. A laboratory blank was analyzed in the same manner as the sample. 
Target analytes detected in the laboratory blank have been flagged 
•a• when also detected in samples. 

2. The SUMMA• canisters were cleaned on October 17, 1997. ·They 
were certified clean by GC/MS analysis of one canister from · each 
batch (canisters #A210 and #A230). 

3. Duplicate analysis was performed on canister #B246. 

4. Several compounds, listed below, ware determined to be 
unrecoverable from the canisters. • The laboratory was unable to 
analyze for these compounds and they have been omitted from the 
sample report. 

Tetradecane 
Naphthalene 
2-Methylnaphthalene 
1-Methylnaphthalene 

Date Samples Received by the Laboratory: 10/22197 

Date Analysis Started: 11 /11 /97 

DATAJ!PT\9701 !52\GC_MS.!Pr 
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TABLE 1 

GC/MSD Operating Conditions 

Instrument Hewlett Packard 5890 GC 

Hewlett Packard 5970 MSD 

Injector Temperature 2so0c 

Column Rtx-1 60 m Capillary 

Parameters 0.53mm ID, 7.0pm df 

Carrier gas UHP Helium 

Flow rate 10 cc/min 

Auxiliary flow rate 20 cc/min 

Detector Mass Selective detector 

Temperature 280°C 

Temperature program Initial Temp.: 50°C 

Hold: 3.0 min 

Ramping Rate: 8.0°C/min 

Final Temp.: 200°c 

System Computer HP 1000 CPU 

Data System RTE/6 

3 
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ENSR AIR TOXICS SPECIAL TY LABORATORY 
ANALYTICAL SUMMARY OF RESULTS 

Client: Caalllna and Aaaodatu 
Lib ID#: 1701112 

!Sample ID 
·. 

Data Sampled .. 
Data Analyzed 

Compound 

Acetone 

MethyMert-butyt-eth« 

2-Methylhepbln• 

3-Mtthylhept.an• 

Oc:tan• 

Nonan• 

Dec.an• 
Oedecana 

rr01uene 

rreuachlor~ thylene 

Ethyl benzene 

p- & m-XylenH 

~Xyle.n• 

i(-£thyltoluene 

1,3,5-Trlmethylbt nz,na 

1,2,,4-Trimethylbenzene 

S.mple 10 

Date Sampled 
Date Analyzed 

~ompound - I 
!Acetone 

Methyl-ten--butyt-ether 

~-Methylhept.ane 

i3-Methylheptane 

Octane 

Nonane 

Oecane 

Oedec.ine 

Toluene 

Tetrachloroethylene 

Ethyl benzene 

p- & m-Xytenes 

10-Xytene 

14-<:thyltoluene 

1,3,5-Trlmethylbenzene 

1,2,.4-Trlmethylbenzen,e 

Can.Ill 

101201117 
11/11/97 

ng/L 

v.. I 
I 

10 )8 I 

4.-4 u:i 
I 

4.-4 U I 

•U u I 
I ..... u I 
I 

4.4 u I 

4.4 u' I 
22 u::,t 

. I 
13 ~· 4.4 u I 

I 
4.4 u I 

I 
4.4 u I 

4.4 u I 
I 

4.4 UI 

4.4 J u ... , 
4.4 u71 

I 
I 

Can#A209 

10/20137 
11/11 & 11/12/97 

ng1L : 
I 

l..._ I 
200 Jr I 

4.4 ~ 
,U u , 
,u u I 

I 

4.4 u I 
I 

4.4 U I 

·4.4 u~ 
22 U I 

72 
. I 

,/6 1 
4.4 u I 

I 
470 I 

I 
4.4 u I 

4.4 u I 
I 

4.4 u I 

4.4 u7i 
4.4 u::n 

I 
I 

U = undetected at ,p,,clfied detection limrt 

J = estimated value. below !he detec:1lon limrt 

CanlA211 Can"2 

10120117 10/20117 
11/12/97 11/12/97 

ppb ng/L ppb ng/L I 

I).. v..• i,l . \.L I 

4.0 ,J8 5" ...e· : 22 :,.e- 52 }J : 
1.2 u-:- 4.4 u::i4 1.2 uJ' -4.4 uJJ I 

0.93 u 4.4 U I 0.93 u 5.2 I 

0.93 u 4.4 u I 
0.93 u •U u I 

I I 
0.93 u 4.4 u I 

I 
0.93 u -4.4 u I 

I 
0.83 u 4.4 u I 0.83 u •U u I 

0.75 u 4.4 u' I 0.75 u 4.4 u' I 
3.1 u.., 22 U'J1 3.1 UJ 22 I.Pl 

3.3 .. 70 )t; 18 ){ 82 ,a" : 
0.64 u 4.4 u 0.64 u 4.4 u I 

I 
1.0 u 4.3 J 1.0 J 2.8 J I 

1.0 u 13 2.9 8.0 
I 
I 

•, 1.0 u 4.1 J 0.92 J 4.4 u I I 
0.89 u 4.4 u 0.89 u 4.4 UI 

O.Si u"l 4.4 uT1 0.89 lD 4.4 u~ 
0.89 u, 4.4 u:r: 0.89 U1 4.4 ~ 

I I 

Can #A210 ~n#B23t 

10/20~7 10/20/97 
11/11 & 11/12197 11/11 & 11/12/97 

ppb I nglL : ppb I nglL : 
:.I... 

I I 

83 IJ...,, 
i,L ...._ If\ 

82 w: 34 ~ 54 ~. 
1.2 Ui.J 4.4 ~ 1.2 Ul 4.4 u·• 

I 
0.93 u 19 I 4.0 6.3 I 

0.93 u 8.7 
I 

1.8 4.4 u I 
I I 

0.93 u 21 I 4.5 8.4 I 
I I 

0.83 u 7.2 I 1.3 4.4 u I 

0.75 u::r 4.4 u:r' 0.75 U:I' 4.4 .U 
I 

I I 
3.1 u 22 u I 3.1 u 22 u I 

I I 
19 )! 1000 .s I 270 .s 350 ,B I 

0.64 u 4.4 u I 0.64 u 4.4 u I 
I I 

110 27 I 6.1 7.6 I 

1.0 u 75 ,8' : 17 ~ 24 s" : 
1.0 u 17 I 3.8 4.1 J I 

I I 
0.89 u 4.4 U I 0.89 u 4.4 u , 
0.89 u:r 4.4 U"l": 0.89 u, 4.4 u I 

I 

0.89 u· .. 4.4 u.JI 
I 

0.89 u.:i 4.4 u : -.}-
I I 

E = e■amalbd value, exceed• calibranon range 

8 = ..,al',1• l0tmd ,n bl•nk(s) 

Page 1 of-4 

Can#A.230 .. 

10l20ll7 .. 
11/11 & 11/12117 

ppb ng/L I • ppb 

(,I. I 

21 ~ 470 )(: ,.. 
200 

1.2 Ir. 4.4 u~ 1.2 Ul 

1.1 8.0 I 1.68 

0.93 u 4.-4 u I 
0.93 u I 

0.93 u 4.4 u I 0.93 u 
I 

0.83 u 4.4 u I 0.83 u 
0.75 u ..... u' I 0.75 u 

3.1 u':1 22 U:,-1 3.1 u. 
,t 

I 
.,¥ 21 260 ,·, 66 

0.64 u 4.4 u• 
I 0.64 u 

0.63 J 7.9 I 1.8 

1.8 25 ,.-: 5.8 ; 
1.0 u 5.4 I 1.2 

I 
0.89 u 4.4 UI 0.89 u 
0.89 u-r 4.4 u~ 0.89 uJ 
0.89 UJ 4.4 uTI 

I 
0.89 u"'J 

' 

~" #82"8 

10/20137 
11/11 & 11/12197 

ppb I ng/L : ppb I 
I 

;,t R U. I u. 
22 $ 30 JI I 12 ~ 
1.2 u 4.4 UJ'I 1.2 U1 

I 
1.3 7.2 I 1.5 

O.Xl u 8.9 I 1.9 I 
1.8 9.1 I 1.9 

I 
0.83 u 5.0 I 0.93 

0.75 u II 4.4 u71 0.75 ul 
I 

3.1 u l 22 u• 3.1 u 1, o}... I 9_:3"'-,B' 92 S" 36 ..8 I 

0.64 u 4.4 u I 0.64 u 
I 

1.7 9.9 I 2.2 

5.4 z I 29 z: 6.S ~ 
0.93 J I 5.8 I 1.32 

I 
0.89 u 4.4 u, 0.89 u 
0.89 u 4.4 u~ 0.89 Ul 

0.89 u J 4.4 IF'' 
I 

0.89 U.l 

I 



ENSR AIR TOXICS SPECIAL TY LABORATORY 
ANALYTICAL SUMMARY OF RESULTS 

Client: Cnhlnl Ind Auodatu 
Lib ID#: 170112 

!Sample ID 

Datt Sampled 
Datt Analyzed 

Compound 

Acetone 
MtthyMtrt-butyl-ethtr 

2~ethylheptane 

:i-Mtthylheptane 

Oct■ nt 

Nonane 

Decant 

Dedecane 

tro1uen1 

tr ttrachlorotthylent 

Ethylbtnzent 

p- & m-Xylenu 

IO-Xyltnt 

i'-Ettiyltolu-

1,3,5-Trlmethylbenzene 

1.2.',-Trlmethylbenzent 

ethylheptane 

nt 

hyltoluene 

1,3,5-Trlmethylbenztne 

1 ,2,4-Trlmethylbenztnt 

Can.#A2D7 

10/2Dl97 
11111 & 11112117 

ng/L I 

I 

440 jff: 
4.4 u~ 

I 
4.4 u, 
4.4 u I 

I 
4.4 u I 

I 
4.4 u I 

4.4 u I 
I 

22 UJI 
I 

83 .,a· I 

4.◄ u I 
I 

3.21,L.J I 
I 

8.2 .,.8 I 

u u I 
I 

◄.4 UI 

..... ..J u ... , 
4.4 lJ71 

I 
I 

C■n.#70 

10/20/97 
11/11117 

ng/L 

u. I 

38 ,.B : 
..... ~ 
u UI 

u u I 
I 

4.4 u I 
I ..... U1 

4.4 u:r. 

22 u 
13 ,)...e' 

◄.4 u 
..... u 
..... u 
..... u 
..... u 
u ll1, 
u u:s: 

U = undalacl9d at apec:ilied detac:tion limit 

J = estimated value, below the d9tec:tion limit 

Can#A221 Canillllm 

10/2Dl97 1G/20/l7 
11111117 11111117 

ppb ng/L ppb ng/L I 

· I I 
"'-- 271A .. : 

;,A.. U. I 
190 .,¥ 11 "_,e 31 •• 
1.2 U'l 4.4 uJ1 

I 
1.2 1.11 4.4 UJ! 

0.113 u 4.4 u, 0.113 u 4.4 UI 

0.113 u 4.4 u I 
0.113 u 4.4 u I 

I I 
0.83 u 4.4 u I D.113 u u u I 

I I 
0.83 u 4.4 u I D.83 u 4.4 u I 

0.75 u 4.4 u I 0.75 u u u' I I 
3.1 ur 22 U:11 3.1 UJ 22 U:11 

16 • 38v.....8': ucA.• 191>.....8' : 

0.64 u 4.4 u' I 0.64 u 4.4 u' I 
0.72 IA. J 4.4 UI 1.0 u 4.4 u t 

u: 
I 

1.9 )/ 4.4 1.0 u 4.4 u I 
•, 1.0 u 4.4 u I 1.0 u 4.4 u t 

I t 
0.89 u 4.4 Ut 0.89 u ..... Ut 

0.89 IJ.::l 4.4 
I 

U"T1 0.89 uJ ..... I u:r, 
0.89 u:i 4.4 u:,1 

I 
0.89 Uj 4.4 u:r• 

I 
I I 

ppb 

'-i. 
16 JI 
1.2 u 

0.93 u 
0.93 u 
0.93 u 
0.83 u 
0.75 lJJ 

3.1 u 
3.51,(.8' 

0.64 u 
1.0 u 
1.0 u 
1.0 u 

0.89 u 
0.89 

0.89 u 

E .. estirMtad value, ~ calibration range 

B = analyte found In blank(a) 

Can IIIBZ37 

10/2Dl97 
11111/17 

ppb ng/L I PPI! 

i.,l 
11~ ! 3"~ 13 ,. 

1.2 U:1 4.4 UJ! 1.2 Ul 

0.113 u ,U UI 0.113 u 
0.83 u 4.4 u I 

0.93 u I 
0.83 u 5.5 I 1.2 

I 
D.83 u 4.◄ u I 0.83 u 
0.75 u 4.4 u I 0.75 u I 

3.1 UJ 22 u.;i 3.1 U"l 

5.0~ ,.,.: 1' 150 38 

0.64 u ..... u' I 0.64 u 
1.0 u 5.2 I 1.2 

v- ' 3.4 -'-,8' 1.0 u 15 ,.,, 

1.0 u 3.3 J I 
I 0.74 J 

0.89 u 4.4 UI 0.89 u 
0.89 UJ 4.◄ u~ 0.89 lP 

0.89 u.1 u u:1' 
I 0.89 u::i 
I 



Client: Cashin• and Auoclatu 
Lab ID#: 170112 

!Sample ID 

Date Sampled 
Date Analyzed 

Compound 

~•tone 
Methyl-tert-butyMther 

2-Methylheptane 

3-Methylh1ptaM 

Octane 

Nonane 

Decane 

Dedecane 

Toluene 

rT etrachloroethylene 

Ethyl benzine 

p- & m-XylenH 

10-Xylene 

14-Ethyltoluene 

1 ,3,6-Trlmethylbenzene 

1 ,2,4-Trlmethylbenzene 

Lab Blank 

NIA 
11/11/17 

ng/L 

24 
..... 
..... 
..... 
..... 
..... 
..... 
22 

11 
..... 
..... 
5.0 
..... 
..... 
"·" ..... 

U = undeted8d at r,pecffied detaction limit 

J = eelimaled wlue, below the detection limit 

ENSR AIR TOXICS SPECIAL TY LABORATORY 
QUALITY CONTROL RESULTS - BLANKS 

Lab Blank 

NIA 
11/12/17 

1 ppb , ng/L ppb 

I 
I 

II.I 8.0 J 3.3 J I 

u I 1.2 u 
I 

..... u 1.2 u 
u ' 0.93 u ..... u OJl3 u 
u I 

0.93 u ..... u 0.93 u I 

u I 
I 

0.93 u ..... u OJl3 u 
u ! 0.83 u u u 0.83 u 
u 0.75 u ..... u 0.75 u 
u 3.1 u 22 u 3.1 u 

2.8 5.1 1.3 

u 0.64 u ..... u 0.64 u 
u 1.0 u ..... u 1.0 u 

1.1 ..... u 1.0 u 
u ., 1.0 u ..... u 1.0 u 
u 0.89 u ..... u I 0.89 u 
u 0.81 u ..... u I 

0.89 u I 

u 0.89 u ..... u I 0.89 u 
I 
I 

Page3ot4 



ENSR AIR TOXICS SPECIAL TY LABORATORY 
QUALITY CONTROL RESULTS - DUPLICATES 

Client: C.ahln• and Auodatu 
Lib ID#: 170112 

~mplelD 

Date Sampled 
Date Analyzed 

Compound 

~etone 

:Meth~•rt-butyMther 
2-Methylheptane 

3-Methylheptane 

loctane 
Nonane 

Dec:lln• 
Dedecane 
troluene 

tretradlloroethylene 

Ethylbenzene 

jp- & m-Xylene• 

lo-Xylene 

~yltoluene 

1,3,5-Trlmethylbenzene 

1,2,,4-Trlmethylbenzene 

C.n#82AI 

10/2IJ/l7 
11/11 & 11/12117 

ng/L 
I 

IJ..,.-1 
30 I 

4.4 l.11' I 
7.2 I 

8.11 
I 
I 

11.1 I 
I 

5.0 I 

4.4 ut 
22 u 
381A.,8' 

4.4 u 
II.II 

211 ,a 
5.8 

4.4 u 
4.4 U,Ti 
4.4 u:JI 

I 
I 

U :z undetected at apecilied deCac:tiorl limit 

J • elltimat..i 1111lue, below Iha deCac:tiorl limit 

.. 

Duplicate 

10/2D/l7 
11/11 & 11/12117 

ppb ngJL ppb 

IA \A. 
I 

I.( 
12. 23.: 11.7 ~ 

1.2 U.J u u11' 
I 

12 u1 
1.5 1.2 I 1.7 

1.11 10.1 I 2.1 I 
1.9 8.4 I 1.8 

I 
0.113 4.8 I 0.88 

0.75 w 4.4 u:t 0.75 uJ 
3.1 u 22 u 3.1 u 
11.3 "',a 31 u..B' 8.1 lllr' 

0.64 u 4.4 u 0.64 u 
2.2 8.8 1.9 

U,6 28 • 8.3 • 1.3 5.5 1.2 

0.811 u u u 0.89 u 
0.811 U.J u UTi 0.89 u-r 
0.811 u::: 4.4 u::r• 

I 
0.89 uJ 

I 

E :z fttirnat.d lllliue, .-edl caUbration range 

B • ■nalyte found In blank(•) 

RPD 

.... ...... ~A 
NC 

13 

13 

8.1 
7.5 

NC 

NC 

~NA 
NC 

14 

4.9 
8.0 

NC 

NC 

NC 

RPO • rel■tlva -cant dilf•

NC • not calcueble 

Page,a1, 
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S.Al'VIPLE LOG-~ & RECEIPT CHECKLIST 
'"\ . . 

Ctient/Proj #: I. . .._G":~\1\t f\S ·1., t ::,y.J( t [,_y_ ~ 

Project Mgr: ;.... WuJ'./\;,-. 
V 

Inspected & Logged in by: __ ~ ......... ..,;;h:.:..•-n-=-·vJ.;...;...~-------

Sample Matrix 

Circle the appropriate response: 

Number of 
Samples 

1) Shipced /-~livered 

2) coc ei preseni on receipt 

Analysis 
Requested 

3) COC Tape present/ not present on shipping container U7\ 

:--, ,/,,

Lab Paci #: 1 J: '> L "::i c--

Date Time: I ''\ I 0D1 \i.tt =-" •. 3:) 
l • 

Analyze by 
(date) 

Storage 
Location 

4) Sampies broken/ leaking~on receipt 

o, Samo,@! ci1illed on receioi 

61 Samoies preserves incorrectly / ncne recommended 

7) Receive~utside holding time 

8) COC tapes presen
1
~n samples • 

9) Discrepancies·~s rroted between COCs and sampies . _,,,,, 
"------- •• - • 

Additional Comments: ___________________________ _ 

1 0119 
C:'.123R5W\SHEETS\FORMSUAB\SAMLOG.WK4 29-Jan-97 
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Che.J?IIProi~ Nam~ (! A -·1 ~ ',<.., 
q ::t ~ i .. / k~ ,') l \ ' - -

Proiec1 l.ocacmn 

r;uT :T>tt.,'l/.1,5 ._,_ _ ___ _ 

P,o,ac1 Number __ _j 3fj_7_ _ __ ·- .. .. _ -~-,---r71-;~~----·· 
' } --- 110 l f • '• . , ( t Hamet '"'!''•f--. Sund Ru1ull1/l lupor '} 
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field Logbook No 

Chwn ol Custody T aptJ No 

F oeld Saq,11 No I 
-.i110111oo o.a. lime GrllllC:0,,-., S11111ile Cor•.a fl kjuld. Sl....ige. 1s1,e111.n1 

(. 

'1 
"'\ 

'• , 

,~ ;l( / f;',: HI /v}kjq 
,,. ., { '. "' 

j ,.., 7 l' . II • 
., ,,·) . { ,1 ( . 

- ~:. '\ ! )~ ~• •' I •1 

, '1 I _l_~-- •~? f !~'. °f ~ -!\ 
.J •1, ,, ) I} I 

. ,, . .,,.., ,..,_ l ( l ' I' f ' 

12; :·~ ~'I ( 
. . I ." ... 

hfl l/[;. d u-d 

,-· 
v 

{7 

'< j' ,I ·1 •) -7 r~~c r~ l i 
-~ -:~::. .! _ _ - .. . 0 -1--•

·J ' A ,·.!_'~; 111.'..i •• (,• 

0 

ll 1 

,,,;1 - 13 ,:;, JJ ,,1' ~,:;f. ;-
. .. .. - - . . . 
Ael.!(l"-'ished 

14WIZ1 

Signature 
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~ by : CPmt Nam.I 

LM<7 ~1)'".eAJt~ 
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,. 
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EXECUTIVE SUMMARY 

The purpose of this report is to document the activities conducted as part of a time-critical 

removal a~tion in accordance with the Comprehensive Environmental Response Compensation 

and Liability Act (CERCLA) of 1980, as amended, for Area of Contamination (AOC) 69W 

(former Fort Devens Elementary School), Devens, Massachusetts. 

AOC 69W is located on the northern portion of the Main Post of the former Fort Devens near the 

northeast comer of the inter~ection of MacArthur A venue and Antietam Streets. AOC 69W is 

comprised of the former Fort Devens Elementary School (Building 215) and the associated parking 

lot and adjacent lawn extending approximately 300 feet northwest to Willow Brook, which runs 

along MacArthur A venue in Devens, MA. 

The Elementary School building was originally constructed in 1951, and an addition to the 

building was constructed in 1972. The old section of the building was heated by using oil stored 

in a 10,000 gallon Underground Storage Tank (UST) that was located in what is now the 

courtyard of the school building. This UST was removed in 1972, and a new 10,000 gallon UST 

was installed under the parking lot on the north side of the new section of the building. The new 

UST supplied heating oil for the entire school building. There are two boiler rooms, one each in 

the old and new sections of the building. 

A review of historical records and a series of personal interviews, conducted by ABB 

Environmental Services, Inc. during the Remedial Investigation at the site, indicated that there have 

been two separate releases of fuel oil at AOC 69W, the first in 1972 and the second in 1978. 

Field and analytical data indicated two areas of fuel-related soil contamination at AOC 69W. 

The larger area of contamination extended from the new boiler room located in the northwest 

comer of the school building, to a 250-gallon underground concrete vault, located in a wooded 

area near Willow Brook, approximately 300 feet northwest of the school. This contamination is 

attributed to the 1972 release of fuel oil from piping between the existing I 0,000-gallon 

underground storage tank (UST) and the newer boiler room in the northwest comer of the 

Elementary School. 
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The 1972 fuel oil release was due to a crimp in the piping which ran from the new 10,000 gallon 

UST to the new boiler room. It has been estimated that approximately 7,000 to 8,000 gallons of 

fuel oil were released into soil and groundwater prior to repair of the piping. The exact location of 

the release is unknown; however, contaminant distributions suggest that the release was in the 

vicinity of the newer boiler room. 

As a result of the release, a "skimmer system" was installed in 1972 to remove oil from the 

source area and presumably from near surface soils in the grassy area north of the school. 

According to historical reports, the "skimmer system" was constructed with a pipeline from the 

northwest corner boiler room to an underground concrete vault situated near Willow Brook. The 

concrete vault collected oil water and was pumped out approximately every three months. 

Sometime after 1986, the concrete vault was filled with crushed stone. 

The other identified area of soil contamination was located adjacent to the northeast corner of the 

school building, outside of the original boiler room. This contamination has been attributed to 

the 1978 release of fuel oil due to ruptured piping near the old boiler room. An excavation at the 

time of the release revealed fuel oil emanating from beneath the school. Between 7,000 to 8,000 

gallons of fuel oil were estimated to have been released to soil and groundwater during this 

incident. Following this spill, it is reported that approximately 2,600 gallons of residual oil were 

pumped from the underground concrete vault. 

In accordance with 40 CFR Section 300.415 of the National Contingency Plan, an Action 

Memorandum was prepared by WESTON® to perform a removal action at AOC 69W. The 

Action Memorandum called for the removal of the existing 10,000 gallon UST, approximately 

1200 cubic yards of petroleum-contaminated soil from a hot spot adjacent to the UST location, 

the underground piping from the "skimmer system", and the underground concrete vault. The 

Action Memorandum was reviewed and approved by the Massachusetts Department of 

Environmental Protection and the United States Environmental Protection Agency during 

December 1997. 

A time-critical removal action was conducted during January 1998 and February 1998, 

according to procedures outlined in the approved Action Memorandum. This action included the 
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removal of the existing 10,000 gallon UST, 660 gallons of tank sludge and oily water from the 

UST, the underground concrete vault, approximately 375 linear feet of clay pipe leading to the 

concrete vault, and approximately 3,500 cubic yards of petroleum-contaminated soils from the 

parking lot and the grassy area north of the Elementary School building. The original estimate of 

the volume of petroleum-contaminated soil of 1,200 cubic yards was exceeded substantially due 

to the presence of a larger area of subsurface contamination than originally expected based on 

available subsurface data. Additionally, approximately 1,900 gallons of oily water were pumped 

from the groundwater surface in the open excavation -to remove the oily sheen present on the 

groundwater at the conclusion of excavation activities. 

The excavated soils were field-screened using a Non-dispersive Infrared Spectrometer (NDIR) to 

determine the levels of Total Petroleum Hydrocarbon (TPH) contamination in the soil. Field 

screening samples were taken at a frequency of one sample for approximately every 15 to 20 

cubic yards of excavated material. A field screening goal of 1,000 ppm TPH was used as a 

criterion to segregate excavated soils. Soils that showed concentrations above 1,000 ppm via the 

NDIR, as well as soils showing heavy staining or a strong petroleum odor were set aside as 

contaminated and staged separately. 

During the removal action, the contaminated soils were staged in a temporary soil staging area 

prepared on the east side of the Elementary School. The staging area was prepared by laying two 

layers of 8-mil polyethylene sheets on the ground, with a berm around the staging area. The 

contaminated soil stockpile was covered with waterproof tarps as a shield from rain and snow, 

and to prevent migration of contamination from the stockpile into adjacent areas. The 

contaminated soils were sampled at a frequency of one sample per 100 cubic yards and 

characterized for disposal. Subsequent to the conclusion of the removal action, the contaminated 

soils were transported to the Central Soil Storage Facility at Devens, MA. and staged for future 

disposal. 
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1. PURPOSE 

The purpose of this Removal Action Report is to document the remedial activities conducted at 

Area of Contamination (AOC) 69W (former Fort Devens Elementary School), at Devens, MA in 

accordance with the Comprehensive Environmental Response Compensation and Liability Act 

(CERCLA) of 1980, as amended. Removal actions included the removal and disposal of a 

10,000 gallon Underground Storage Tank (UST), removal and disposal of approximately 660 

gallons of oily water and tank bottoms present in the UST, removal of an underground concrete 

vault (approximate size 700 gallons), approximately 375 linear feet of underground clay pipe, 

approximately 3,500 cubic yards of petroleum-contaminated soils, and disposal of approximately 

1,900 gallons of oily water from the excavation area. 
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2. SITE CONDITIONS AND BACKGROUND 

The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) states that a 

removal action may be conducted at a site where a threat to human health and welfare or the 

environment is established. An appropriate removal action is taken to abate, minimize, 

stabilize, mitigate, or eliminate the release or threat of release at the site. The following 

paragraphs describe Devens (formerly called Fort Devens) and the conditions of the soils at 

the former Fort Devens Elementary School site (hereafter referred to as AOC 69W). 

2.1 SITE DESCRIPTION 

AOC 69W is located on the northern portion of the Main Post of the former Fort Devens 

(hereafter called Devens), near the northeast comer of MacArthur A venue and Antietam St. 

(Figure 2-1). Devens is located within the towns of Ayer, Harvard, Lancaster, and Shirley, 

Massachusetts, and comprises approximately 9,280 acres. Devens was used for a variety of 

U.S. military training missions from 1917 until 1996. In 1991 the installation was selected 

for cessation of operations and closure under Public Law 101-510, the Base Realignment 

and Closure (BRAC) Act of 1990. On 21 December 1989, Fort Devens was placed on the 

National Priorities List (NPL) pursuant to CERCLA. 

According to the Draft Remedial Investigation (RI) Report for AOC 69W prepared by ABB 

Enviromnental Services, Inc. (A P.B-ES May 1997), various historical site plans for the 

former Fort Devens Elementary School indicated that heating oil for the Elementary School 

was provided by a 10,000 gallon UST located in what is now the school courtyard. In 1972, 

a new section of the building was added to the school resulting in the current configuration 

of the building. As part of the addition, a new boiler room was added to complement the 

existing boiler. The I 0,000 gallon UST, located in what is now the courtyard, and 

associated piping were removed and a new I 0,000 gallon UST was installed under the 

parking lot on the north side of the school (Figure 2-2). A review of historical records and a 

series of personal interviews, conducted by ABB during the Draft RI Report, indicated that 
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there have been two separate releases of fuel oil at AOC 69W, the first in 1972 and the 

second in 1978 (ABB-ES, May 1997). 

\ 

The 1972 fuel oil release was due to a crimp in the piping which ran from the new 10,000 

gallon UST to the new boiler room. It has been estimated that approximately 7,000 to 

8,000 gallons ·of fuel oil were released into soil and groundwater prior to repair of the 

piping. The exact location of the release is unknown; however, contaminant distributions 

suggest that the release was in the vicinity of the newer boiler room. 

As a result of the fuel oil release, a "skimmer system" was installed next to the UST in 

either late 1972 or early 1973. The nature and exact location of the system were unclear; 

however, some evidence ·suggested that the system was essentially a french drain. It was 

believed that the system was connected to, or possibly comprised of, a pipe buried 

approximately three feet below ground surface extending from the vicinity of the UST to a 

buried concrete vault located approximately 250 feet to the northwest. The concrete vault 

collected oily water and was pumped out approximately every three months. Sometime 

after 1986, the concrete vault was filled with crushed rock. 

The 1978 fuel oil release resulted from a failed piping connection from fuel oil pipes 

leading to the old boiler room. Approximately 7,000 to 8,000 gallons of fuel oil were 

released into soil and groundwater during the 1978 incident. A large area was excavated on 

the north side of the school adjacent to the loading dock in an attempt to locate the source of 

the release. Reports indicate that the excavation collected residual oil for one month before 

the damaged piping was found and replaced. Shortly after the release an oily sheen was 

reported in Willow Brook and the associated wetlands to the north of the school. Following 

the spill, 2,600 gallons of residual oil were pumped from the concrete vault. 

The decision to remove the existing 10,000 gallon UST, the 250 gallon concrete vault and 

associated piping and petroleum-contaminated soil, thereby removing the source of the 

contamination in the soil and groundwater at AOC 69W, was documented in the Action 
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Memorandum for AOC 69W, which was approved by MADEP and USEPA in December 

1997. 

2.2 OTHER ACTIONS TO DATE 

Previous actions at AOC 69W are discussed in detail in reports compiled by ABB-1;:S 

(ABB-ES, May 1997). A brief summary of the actions taken to date is provided below. 

2.2.1 Arthur D. Little, Inc. AREE 69 Evaluation (AREE 69W) 

In July of 1993, Arthur D. Little, Inc. (ADL) investigated the former Fort Devens 

Elementary School, which at that time was designated as Area Requiring Environmental 

Evaluation (AREE) 69W. The investigation was conducted as part of the basewide AREE 

69 (Past Spill Sites) evaluation. The investigation focused on the 1978 fuel oil release and 

was comprised of a document review and site visit. The study concluded that there was a 

potential for fuel oil contamination in the soil and groundwater (ADL, 1995) 

Further investigation was performed by ADL at AREE 69W from March through June of 

1994. The investigation involved sampling, field screening, and laboratory analysis of 

surface soil, subsurface soil, groundwater, surface water, and sediment, and a geophysical 

survey to locate subsurface utilities. 

Soil samples were collected at depths between O and 1 foot below ground surface (bgs ), 

from the north and northwest areas of the parking lot of the Elementary School, and were 

field screened for total petroleum hydrocarbons (TPHC) and for benzene, toluene, 

ethylbenzene and xylene (BTEX). The sample with the highest TPHC concentration was 

sent for offsite analyses for TPHC, volatile organic compounds (VOCs), semivolatile 

organic compounds (SVOCs), inorganic compounds and total organic carbon (TOC). 

TPHC field screening results ranged from 9.5 parts per million (ppm) to 131 ppm. The 

highest concentration was detected in a sample collected approximately 150 feet northwest 
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of the UST, in the vicinity of the pipeline connected to the concrete vault. No BTEX 

concentrations were detected during field screening. Offsite laboratory analyses did not 

detect compounds at concentrations exceeding then current Massachusetts Contingency 

Plan (MCP) Method 1 S-1/GW-1 Standards. Carcinogenic polycyclic aromatic 

hydrocarbons ( cP AHs) detected in the surface soils at the site consisted of 

benzo(a)anthracene and chrysene at a combined concentration of 0.29 ppm {ABB-ES, May 

1997). 

2.2. 1.2 Subsurface Soil 

As part of the ADL subsurface investigation, soil samples were collected during the 

installation of groundwater monitoring wells and during a Geoprobe® investigation at the 

site. During the first round of Geoprobe sampling, the subsurface samples were collected 

from O to 2 feet bgs and from 3 to 5 feet bgs at 16 locations and were field screened for 

TPHC and BTEX. Of the 32 samples analyzed in the field, three samples exhibiting the 

highest TPHC concentrations and one sample with the lowest TPHC concentration, were 

submitted for laboratory analysis of Project Analyte List (PAL) VOCs, PAL SVOCs, 

TPHC, PAL inorganics and Total Organic Carbon (TOC) analysis. During the second 

Geoprobe sampling round, nine additional locations were investigated. Subsurface soil 

samples were collected from a depth of 3 to 5 feet bgs and field screened for TPHC. 

Subsurface soil samples were collected at depth intervals of O to 2 feet, 2 to 4 feet, and 11 

to 13 feet bgs during the monitoring well installation effort. These samples were 

screened in the field for TPHC and BTEX. The samples from the 2 to 4 and 4 to 6 foot 

depth intervals were submitted for laboratory analysis of TPHC, PAL VOCs, PAL 

SVOCs, PAL inorganics, and TOC analysis. 

TPHC concentrations in soils collected· with the Geoprobe® and from monitoring well soil 

borings ranged from 7.5 ppm to 15,500 ppm at varying depths. The maximum TPH 

concentration was detected in the vicinity of the UST, at a depth between 3 to 5 feet bgs. 
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SVOC analytical results from the samples collected at depths greater than 2 feet bgs 

indicated benzo(b )fluoranthene at concentrations exceeding the Massachusetts 

Department of Environmental Protection (MADEP) Massachusetts Contingency Plan 

(MCP) S-2/GW-1 Standards. Benzo(b)fluoranthene was detected at 0.75 ppm, adjacent to 

the northern side of the UST, at a depth between 3 to 5 feet bgs. 

ABB concluded that based on the field screening and laboratory analysis results, TPHC 

and cP AH soil contamination appeared to be concentrated· in the area of the existing UST 

(the presumed source area), and may have migrated downgradient towards Willow Brook 

(ABB-ES, May 1997). 

2.2. 1.3 Groundwater 

Groundwater samples were collected from each Geoprobe location and from the six 

newly installed groundwater monitoring wells. Sixteen groundwater samples were 

collected during the first Geoprobe sampling round and were field screened for TPHC 

and BTEX. Filtered and non-filtered groundwater samples collected during the second 

Geoprobe sampling round were field screened for TPHC. 

Field screening results from the 25 Geoprobe groundwater samples indicated that TPHC 

was present in groundwater. BTEX was not detected. Five sample locations from the 

first Geoprobe sampling round exhibiting the highest field screening TPHC 

concentrations were resampled and submitted to the iaboratory for anaiysis of PAL 

VOCs, PAL SVOCs, TPHC and water quality parameters. No samples from the second 

Geoprobe sampling round were sent for laboratory analysis. Results indicated that 

TPHC, inorganic analytes (arsenic, lead, antimony, beryllium, chromium, and nickel), 

and organic compounds ( 1, 1-dichloroethene, benzene, carbon tetrachloride, chloroform, 

tetrachloroethene, trichloroethene, 2-methyl naphthalene, and naphthalene) were detected 

at concentrations exceeding MCP Method 1 GW-1 Standards. Most of these exceedances 

occurred at locations in the vicinity and downgradient of the UST. No cPAHs were 

detected in the Geoprobe groundwater samples. 
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The six monitoring wells installed at the site confirmed the results of the Geoprobe® 

investigation. Groundwater samples were submitted for analysis of TPHe, PAL voes, 

PAL SVOes, unfiltered inorganics and water quality parameters. Results indicated that 

TPHe, arsenic, beryllium, cadmium, chromium, lead, nickel, 2-methyl naphthalene, 

acenaphthene, and naphthalene were detected at concentrations exceeding MeP ~ethod 1 

GW-1 Standards. No cPAHs were detected in the groundwater samples. 

Groundwater sample results indicate that the area around the UST has the greatest 

number of compounds exceeding MeP Standards. Groundwater northwest of the UST 

was also found to have elevated concentrations of inorganics and TPHe, suggesting that 

contaminants have potentially migrated downgradient of the UST location. 

2.2. 1.4 Surface Water and Sediment 

Surface water and sediment samples were collected from two locations in Willow Brook. 

One sample location was placed in line with the inferred plume migration pathway 

indicated by the Geoprobe survey, and the other was placed upstream of this area. 

Samples were analyzed for TPHe, PAL voes, PAL SVOes, unfiltered inorganics, and 

water quality parameters. 

TJie results indicated the presence of cP AHs in both sediment samples, and TPHC in one 

sample. Specifically, the cPAHs benzo(a)anthracene, chrysene, benzo(b)fluoranthene, 

and benzo(k)fluoranthene were detected. Total cPAHs in the upstream sample barely 

exceeded 7.0 ppm. Total cPAHs in the downstream sample were an order of magnitude 

less than the clean-up values. Other P AHs and metals were detected in both samples. 

TPHe and cPAHs were not detected in surface water samples. 
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2.2.2 Remedial Investigation by ABB-ES 

2.2.2. 1 RI Field Analytical Soil Results. 

Soil samples were collected during the RI in 1995 and 1996 from TerraProbesM points, 

soil borings, and test pits. Soil samples were subjected to on-site analysis for BTEX, 

select voes, gasoline range organics (GRO), and TPHe. Select samples were also 

analyzed for diesel range organics (DRO). Soil samples were generally collected from 

near ground surface, a midpoint, and the water table as exploration conditions allowed. 

Selected soil samples were also subjected to off-site laboratory analyses for PAL voes, 

SVOes, inorganics, and TPHe. 

In general, on-site analyses detected voes and TPHes in a number of soil samples. The 

majority of the voe detections were the petroleum-related compounds toluene, 

chlorobenzene, ethylbenzene, and xylenes. The highest detected total and individual 

concentrations of these compounds were found within 50 feet south and southwest of the 

UST. However, none of these compound concentrations exceeded the applicable MeP S-

1/GW-1 regulatory standards. 

The maximum detected TPHCs concentration was 7,700 ppm at 6 feet bgs approximately 

50 feet southwest of the UST. The most significant detections (i.e., in excess of 500 

ppm) were located in the area of the underground "skimmer system" which leads from 

the schooi to the 250 gaiion underground vauli. iocated approximately 300 feet to the 

northwest. The "skimmer system" that was installed in 1972 may have acted as a conduit 

for migration of TPHe soil contamination. 

2.2.2.2 RI Off-Site Analytical Soils Results. 

Selected soil samples from the 1995 RI work were subjected to laboratory analysis to 

provide off-site confirmation of the on-site analysis. Analyses were performed for PAL 

VOes, SVOes, inorganics, and TPHe. 
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Arsenic, beryllium, calcium, cobalt, copper, iron, magnesium, manganese, mercury, 

nickel, selenium, sodium, a:nd zinc were detected at levels in excess of established 

Devens background concentrations. The greatest number of exceedances were observed 

at depths ranging from 4 to 7 feet bgs along the downgradient pathway from the UST to 

Willow Brook. 

Detected VOCs were comprised primarily of the fuel related compounds toluene, 

ethylbenzene, and xylene (TEX). The maximum observed concentration of total TEX 

was 0.48 ppm (ethylbenzene and xylenes only) at 7 feet bgs in the vicinity of the UST. A 

number of SVOCs were identified in both surficial and subsurface soils at AOC 69W. 

The highest observed concentrations of the P AHs were observed in subsurface soils 

immediately adjacent to the school building near the new boiler room and in surficial 

soils in the grassy area north of the school. These SVOC concentrations were shown to 

be coincident with the pipe leading from the school to the concrete vault. 

TPHC were detected in seventeen of the samples collected for off-site analysis. The 

TPHC concentration was 14,400 ppm at 7 feet bgs, approximately 50 feet south of the 

UST. The remainder of the TPHC concentrations in excess of 500 ppm were primarily 

located between 5 to 7 feet bgs (the varying depth to groundwater) along the pipeline 

from the new boiler room to the concrete vault. 

In August of 1996, additional investigation was conducted involving installation of soil 

borings/monitoring wells in the school courtyard and inside each boiler room. One soil 

boring and one monitoring well were installed in the school courtyard and a monitoring 

well was installed in each of the school's two boiler rooms. A total of nine soil samples 

were collected from these explorations and analyzed at off-site laboratories for 

extractable petroleum hydrocarbons (EPH) and volatile petroleum hydrocarbons (VPH) 

parameters, TPHC, and TOC for the screened interval of the monitoring wells. 

Analysis for EPH/VPH yielded one detection. The 9 feet bgs sample from the boring 

advanced in the new boiler room yielded a concentration of 560 ppm for the n-C 9 to n-C 

18 range aliphatics and 110 ppm for the n-C 19 to n-C 36 range aliphatics. Aromatics in 
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the n-C 10 to n-C 22 range were identified at 120 ppm. None of the targeted PAHs were 

detected above the laboratory reporting limits. VPH analysis showed the same sample to 

contain VPH compounds including 270 ppb for the n-C 5 to n-C 8 aliphatic range, 8,300 

ppb for the n-C 9 to n-C 12 aliphatics, and 3,500 ppb for the n-C 9 to n-C 10 aromatics. 

None of the targeted VOCs were detected above laboratory reporting limits. 

Two of the nine soil samples contained detectable-levels of TPHC. The 9 feet bgs sample 

from the new boiler room boring contained 1,740 ppm of TPHC and the sample collected 

from the courtyard boring at 6 feet bgs indicated a TPH concentration of 57 .5 ppm. 

2.2.2.3 RI Groundwater Results 

Groundwater sampling and analysis for the RI included field analytical testing of water 

samples collected from TerraProbe8
M borings in 1995 as well as the off-site laboratory 

analysis for three rounds of RI groundwater sampling (two rounds in conjunction with the 

1995 field effort and one round of low-flow sampling as part of the 1996 field effort). 

2.2.2.4 RI Field Analytical Groundwater Results. 

A total of 29 groundwater samples were collected from the TerraProbe8
M points and 

analyzed in the field for BTEX, select VOCs, and GRO for select samples. 

Seven samples contained one or more of the fuel related contaminants chlorobenzene, 

ethylbenzene, and xylenes. The majority of detections were from TerraProbes8
M adjacent 

to the north side of the school building. The highest observed concentrations were 

ethylbenzene at 73 ppb and xylene at 120 ppb from the same groundwater sample. 

Concentrations were generally in the low part-per-billion range (<50 ppb). 

2.2.2.5 RI Groundwater Off-Site Laboratory Analytical Sample Results. 

Two rounds of groundwater sampling were conducted on all 10 of the on-site monitoring 

wells in 1995 and 1996, except for one (69W-94-09) which was destroyed by a snow 

plow between Rounds 1 and 2. Groundwater samples were analyzed for PAL VOCs, 
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SVOCs, total and filtered PAL inorganics, pesticides/PCBs, TPHC, TDS, and water 

quality parameters. 

Several inorganic analytes were detected above the calculated Devens background 

concen~ations in groundwater. Arsenic, calciwn, iron, m~ganese, potassiwn, and 

sodium were detected above background in the filtered samples. All of the above . 

inorganic analytes, as well as copper, were detected above background in one or more of 

the unfiltered samples. The greatest numbers of background exceedances, in both 

Rounds 1 and 2, were observed in samples from monitoring wells 69W-94-10 and 69W-

94-13, located approximately 25 feet southwest and 100 feet .north of the UST, 

respectively. These were also the only wells to have inorganics concentrations in excess 

of Maximwn Contaminant Levels (MCLs). The arsenic was believed, by ABB-ES, to be 

due to reducing conditions in the aquifer and the reducing conditions are attributed to the 

aerobic degradation of the fuel oil contamination. 

VOCs were observed in these samples at total concentrations of 20 ppb or less. SVOC 

compounds were detected at a maximwn concentration of 1,380 ppb in Round 1 and 

1,500 ppb in Round 2. None of the Rounds 1 or 2 groundwater samples contained 

detectable levels of PCBs. Monitoring well 69W-94-10 was the only location to contain 

TPHCs in both Rounds 1 and 2 (159,000 ppb and 228,000 ppb respectively) . • TPHC 

d~tections in other samples were at significantly lower levels during these two rounds 

(maximwn 1,960 ppb). 

A third round of groundwater samples were collected from six monitoring wells as part of 

the 1996 field effort to delineate potential source areas. The monitoring wells were 

sampled following USEPA low-flow (minimwn stress) purging and sampling protocols 

(USEP A, 1996). Sampled wells included the three newly installed courtyard and boiler 

room monitoring wells as well as the existing monitoring wells three of the six existing 

wells. Groundwater samples were analyzed for EPHNPH, TPHC (method 418.1 ), water 

quality parameters, TDS, and TOC. 
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Three of the monitoring wells contained measurable levels of VPH. Monitoring well 

69W-94-10 exhibited the highest concentration of total VPH. The total VPH 

concentration consisted of 17 ppb of the n-C 5 to n-C 8 aliphatics, 550 ppb of the n-C 9 to 

n-C 12 aliphatics, and 790 ppb of the n-C 9 to n-C 10 aromatic range. This sample also 

contained the only detections of targeted VOCs: 35 ppb of ethylbenzene and 94 ppb of 

naphthalene. 

EPH compounds were detected m monitoring well 69W-94-10 only. Total EPH 

compound concentrations were comprised of 590 ppb of the n-C 9 to n-C 18 range 

aliphatics and 710 ppb of the n-C 10 to n-C 22 range aromatics. Targeted PAH (SVOC) 

analytes consisted of 89 ppb of 2-methylnaphthalene, 45 ppb of naphthalene, and 15 ppb 

of acenaphthene. TPHCs were below detection limits in all of the Round 3 samples. 
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3. PROJECT PLANS AND FIELD ACTIVITIES 

3.1 PREPARATION OF PLANS 

Prior to the initiation of field activities, an Action Memorandum was prepared by WESTON® in 

accordance with 40 CFR Section 300.415 of the National Contingency Plan. This _Action 

Memorandum was reviewed and approved by the Massachusetts Department of Environmental 

Protection (MADEP) and the United States Environmental Protection Agency (USEPA) during 

December 1997. 

A Site Specific Health and Safety Plan (SSHASP) was prepared during December 1997 to establish 

standard safety and health procedures for WESTON® and subcontractor personnel in the 

performance of their work at this site. Toe SSHASP was reviewed and approved by WESTON®'s 

Certified Industrial Hygienist and Project Manager. All project activities at AOC 69W were 

governed by this SSHASP. 

3.2 SITE PREPARATION AND MOBILIZATION 

Prior to initiation of excavation activities, WESTON® contacted DIG-SAFE and the Devens 

Commerce Center during November 1997 and provided them with information about the location 

and depth of excavation at AOC 69W so that the local utilities could identify and mark any buried 

utilities in the vicinity · of the site. No buried utilities were identified in the vicinity of the 

excavation areas at AOC 69W. WESTON® also informed the Devens Fire Department of the scope 

and schedule of field activities at AOC 69W and obtained a UST removal and disposal permit from 

the Devens Fire Chiefs office. 

Site mobilization activities were conducted beginning December 17, 1997. Site safety equipment 

such as first aid equipment, fire extinguishers, personal protective equipment (PPE), air monitoring 

instruments (Organic Vapor Monitor), and other supplies were procured. Site control measures 

such as high-visibility orange fencing, warning signs and barricades were setup around the site 

perimeter to prevent unauthorized access and to prevent untrained personnel from entering the work 

zones. The estimated boundaries of the excavation were marked out on the ground as shown in 

Figure 3-1 to assist in determining the sequence of excavation activities. Approximately 200 linear 
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feet of silt fence was established around the concrete vault excavation area in order to prevent 

erosion and possible migration of silt and contaminants to Willow Brook during a rain or snow 

event. Hay bales were positioned around the concrete vault excavation area to prevent erosion: 

Minimal clearing of vegetation was needed in order to provide access for the excavator to the 

concrete vault area. A CAT 330 excavator and a CASE 580 backhoe were mobilized to perform the 

UST removal and excavation activities. 

A temporary contaminated soil staging area was prepared by laying down two layers of 8-mil 

polyethylene sheeting on the paved area behind the Elementary. School building. This staging area 

was bermed with hay bales and the polyethylene sheeting was extended over the berms to prevent 

migration of contamination away from the temporary staging area. Several polyethylene tarps were 

procured to cover the contaminated soil stockpile at the end of each day or during a rain or snow 

event, to prevent the contaminated soil stockpile from becoming water-logged. The staging area 

was expanded each time additional volume of contaminated soil was generated. 

3.3 CONTAMINATED SOIL EXCAVATION AND STAGING 

3.3.1 Underground Concrete Vault Excavation 

The underground concrete vault excavation was commenced on December 18, 1997. The 

underground concrete vault was located in the field based on identifying landmarks at the location 

as indicated in the RI Report for AOC 69W (ABB-ES, 1997). Crushed stone was found in the 

overburden of the concrete vault. Initially, a 10 ft. x 10 ft. area of the overburden was excavated at 

this location to a depth of 1 ft., and the crushed stone and soil were staged on polyethylene sheets. 

This overburden soil showed some evidence of staining and petroleum odor. 

The top of the underground concrete vault was located approximately 1.5 ft bgs. The vault was 

circular in cross-section with a diameter of approximately 5 ft. and a height of 5 ft. The bottom of 

the vault was approximately 6-7 ft bgs: The vault appeared to have had a circular reinforced 

concrete lid with a port hole that was broken into several pieces. The inside of the vault was filled 

with stone and soil and showed small amounts of petroleum contamination in the top layers and 

heavy petroleum contamination in the soil and stone in the bottom 1-2 ft. of the vault. The 

contaminated soil and broken sections of the concrete vault were set aside for staging as 
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contaminated soil. The water table was at a depth of 4 ft. bgs. The soils surrounding the concrete 

vault were sandy gravel to an approximate depth of 5 ft. bgs and sandy and silty at depths below 5 

ft. bgs. 

Excavation continued below the water table to a depth of 7 ft. bgs. The soils in the northern and 

western sidewalls of the excavation towards Willow Brook showed some evidence of contamination 

and staining at depths of 4 -7 ft. bgs. The eastern sidewall of the excavation did not indicate any 

visual staining or contamination based on field screening. The southern sidewall showed sc;>me 

evidence of contamination in the vicinity of the underground pipe connection to the concrete vault. 

Excavation was continued in the north and west sidewalls for an additional 3-4 ft. until field screens 

indicated that all soils showing contamination above 1,000 ppm. TPH were removed. A transite 

pipe (6" in diameter) was found on the north sidewall at a depth of 1.5 -2 ft. bgs. and ran towards 

Willow Brook, on the west side of monitoring well ZWM-95-15. This pipe was approximately 15 

ft. long and ended about 5 ft. away from Willow Brook. The last section of underground piping 

draining into the concrete vault was a 6" dia. transite pipe. A tee-section of the transite pipe (also 6" 

dia. ) was excavated in the overburden soil and appeared to have been tied into the port hole on the 

concrete lid of the vault, to enable the underground pipe to drain into the vault. 

At the conclusion of the excavation of the sidewalls and the floor, there was a slight oily sheen on 

the groundwater at the concrete vault, which was absorbed by sorbent pads. No more oily sheen 

was observed on the. groundwater in this area after the underground pipe and associated 

contaminated soils upstream of the concrete vault were excavated. 

Confirmatory soil samples were collected from the sidewalls as a composite of grab samples at 

depths ranging from 3-7 ft. bgs. in each sidewall, and one sample was collected from the floor of the 

concrete vault excavation. Confirmatory soil sampling is discussed in subsection 3.7 of this report. 

3.3.2 Underground Pipe and Trench Excavation 

The underground pipe leading from the UST area in the parking lot of the Elementary School was 

first traced back from the concrete vault towards the School building, by digging several test pits 

along the length of the pipe in the grassy area north of the paved parking lot of the Elementary 

School. 
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The pipe sections were excavated proceeding in an upstream direction from the concrete vault 

towards the Elementary School building. Initially, the overburden soils were removed and staged 

on polyethylene sheeting adjacent to the trench excavation. A trench was then excavated to extend 

4 ft. on either side of the centerline of the pipe, and to a depth of 1 ft. below the bottom of the pipe. 

The pipe surface was exposed as much as possible to examine the nature of the pipe joins, pipe 

contents and evidence of leakage and soil contamination around the joins. 

The last section of the pipe immediately upstream of the concrete vault was made of transite and 

had a diameter of 6". The depth of the pipe was 1.5 - 2 ft. bgs. All pipe sections upstream of this 

section were made of clay, with each section approximately 4 ft. in length. Spigot ends of each 

section were inserted into the bell flanges of adjacent sections, and no grouting or sealing of the 

joins was evident. In the portion of the underground pipeline buried in the grassy area, a few of the 

pipe joins showed evidence of leakage, and significant but localized petroleum contamination was 

found in the soils adjacent to and below the pipe joins, with the contamination extending to 

approximately 1-2 ft. below the water table. The underground pipe was approximately 5 ft. bgs. at 

the edge of the paved. parking lot. There was approximately l" of brown to orange -colored silty 

material inside the pipe that appeared to have some "weathered petroleum" odor to it. The 

underground pipe sections were crushed during their excavation and were placed along with the 

contaminated soils for future disposal. 

The trench excavation was widened and deepened depending upon the presence and level of 

petroleum contamination in the soil. Excavation was continued until all soils showing petroleum 

contamination above 1,000 ppm via the Non-Dispersive Infrared Spectrometer (NDIR) field 

screening samples were removed from the pipe trench excavations. The trench excavation was 

initially halted at the edge of the paved parking lot to facilitate movement of equipment over the 

parking lot during the UST and contaminated soil removal in the paved parking lot of the 

Elementary School. Final excavation boundaries are shown in Figure 3-2. 

3.3.3 UST Removal and Disposal 

The 10,000 gallon UST located in the parking lot north of the Elementary School contained oily 

water. WESTON® hired General Chemical Corporation (GCC), Framingham, MA as a 

subcontractor to pump out the contents and clean the UST. GCC performed these activities on 
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December 12, 1997. Approximately 660 gallons of oily water and tank bottoms were pumped into 

a vacuum truck. Confined space entry was performed and the inside walls of the tank were cleaned 

manually. One drum of personal protective equipment (PPE) and sorbent pads was generated from 

the UST cleaning activities. The tank contents, the PPE and sorbent pads were disposed of at 

GCC's Framingham, MA disposal facility. Appendix D contains a copy of the Hazardous Waste 

Manifest used for the transport and disposal of these wastes. 

The UST removal activities were .begun on January 5, 1998. The manway and associated concrete 

block, curbing around the tank island and the vent pipe were first removed. Approximately 6-8 " of 

asphalt paving was then removed from the overburden above the UST. Approximately 60 cubic 

yards of asphalt from the UST area was transported off site and disposed of at P .J. Keating Co., 

Lunenburg, MA for asphalt recycling. There was no evidence of petroleum contamination in the 

soils underneath the asphalt pavement except a small pocket of petroleum contamination in the soils 

around the fill pipe, which was staged separately. 

The UST did not show any evidence of leaks or deterioration in the walls. The top of the UST was 

approximately 2 feet below ground surface and the bottom of the UST was at a depth of 

approximately 9 feet below ground surface (bgs). The depth to groundwater during the UST 

removal was approximately 8 ft. bgs. Two brass pipes (feed and return lines) and a single brass pipe 

enclosing a plastic tube for the petrometer gauge were also removed. No product was found in these 

pipes. These pipes were removed all the way to the edge of the excavation adjacent to the loading 

dock of the Elementary School and the remaining sections of the pipes were crimped. No product 

was emanating from the remaining sections of the pipes. 

The UST was inspected by Deputy Fire Chief Rick Hewitt on January 5, 1998 and certified as fit for 

transportation and disposal at an approved tank disposal yard. The UST and appurtenances were 

transported to James G. Grant, Co., in Readville, MA. for disposal (see Appendix D for a copy of 

the tank permit and UST disposal certificate). 

The UST had been strapped to a concrete pad below. The concrete pad had an average thickness of 

14" and the top surface of the pad was about 1 ft. below the water table. The pad was 

approximately 15 ft. wide and 20 ft. long and was heavily reinforced. WESTON® mobilized a 

CAT 330 excavator with a hoe ram (hammer) attachment and crushed the concrete pad in place to 
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smaller pieces so that the pad could be excavated. The smaller chunks of the concrete pad were 

excavated and placed on a polyethylene sheet. These chunks did not show any evidence of staining 

from fuel oil and appeared free from contamination. The chunks have been transported to the 

Central Soil Storage Facility at Devens, MA. for future disposal. 

3.3.4 UST Area Excavation 

The UST excavation showed no evidence of petroleum contamination in the· overburden soils at 

depths from 0-4 ft. bgs. over and around the UST. Soils at these depth were sandy, with no 

evidence of staining or petroleum odor. No headspace readings were registered on samples 

collected from these overburden soils, thereby indicating the absence of petroleum contamination at 

these depths. The east sidewall of the UST excavation showed some pockets of contamination at 

depths of 7-9 ft. bgs. which were removed. Excavation was advanced an additional 3-4 ft. into the 

east sidewall to a depth of 10 ft. bgs (2 ft. below the water table) until NDIR field screens indicated 

that soils on this sidewall showed petroleum contamination well below 1,000 ppm. The north, west 

and south sidewalls showed pockets of soil with dark staining at a depth of 7-10 ft. bgs (from 

approximately 1 ft. above the water table to 2 ft. below the water table). Field screens of soils from 

this layer showed TPH concentrations exceeding 5000 ppm. Existing monitoring well 69W-94-11 

was removed during the excavation since the soil contamination extended beyond the location of the 

monitoring well. 

Subsequent to the excavation of the concrete pad underneath the UST, additional soil was removed 

from the floor of the excavation at this location, to a depth of 10-11 ft. bgs. Soils at 11 ft. bgs at this 

location were silty and did not exhibit any petroleum staining or odor. After field screening 

indicated that these soils did not show TPH concentration greater than 1,000 ppm, confirmatory soil 

samples were collected from the floor of the excavation in the UST area and sent to the offsite 

laboratory for analysis by MADEP Extractable and Volatile Petroleum Hydrocarbons (EPH & 

VPH). Additionally, a sample was taken from the east sidewall of the UST excavation from a depth 

of 7-10 ft. bgs for off site confirmatory analysis. 

In addition to the return and feed lines leading to the Elementary School building from the UST, 

two other brass pipes were found at a depth of 7' ft. bgs. in the excavation on the south side of the 

UST excavation. These appeared to head in a direction towards the underground concrete trench, 
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but were found to terminate in the soil on the west side of the UST location. There was no free 

product in either of the two pipes, and these pipes were staged for future disposal. 

3.3.5 Hot Spot Excavation 

Based on the RI data for AOC 69W (ABB-ES, 1997) subsur~ace -soil contamination was _present in 

a hot-spot around the location of monitoring well 69W-94-10 as shown in Figure 3-2 (ABB-ES, 

1997). Subsequent to the UST removal, excavation was to continue to remove contaminated 

subsurface soil in both the UST excavation (if present) and in the hot-spot area. The quantity of . 

contaminated soil estimated to be excavated during the removal action at this site was 1,200 cubic 

yards. Figure 3-1 shows the boundaries of the excavation estimated prior to the commencement of 

excavation activities. However, the actual areal extent of petroleum contamination in the subsurface 

soil was significantly larger than expected and a total of approximately 3,500 cubic yards of 

petroleum-contaminated soil were removed. Figure 3-2 shows the final limits of excavation at AOC 

69W. The excavation activities are described in detail below. 

The UST excavation was extended in a southerly direction towards the Elementary· School building 

and in a westerly direction towards the underground pipe trench due to the presence of heavy 

staining and strong petroleum odor in the soils immediately above and below the water table. The 

excavation was also extended in a northerly direction to remove soils with TPH contamination 

above 1,000 ppm as indicated by NDIR field screening. 

Prior • to the removal of contaminated subsurface soils, the asphalt paving was removed to the 

estimated boundaries of excavation in the hot-spot area. The paved parking lot had been sloped 

away from the Elementary School building to drain stormwater runoff away from the Elementary 

School building. This slope accounted for a difference in elevation of over 1 ft. between the edges 

of the parking lot at the School building and the edge of the grassy area. 

The southern boundary of the excavation was .set to be parallel to the disabled access ramp of the 

Elementary School building and extending from the loading dock on the southeast comer of the 

excavation to the end of the disabled access ramp on the southwest comer of the Elementary School 

building. This boundary was set approximately 8 ft. away from the disabled access ramp in order to 

prevent any damage to the structural stability of either the disabled access ramp or the Elementary 
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School building itself. Existing groundwater monitoring well 69W-94-10 was removed during the 

excavation of the hot-spot since it was in the middle of the excavation area. The sidewalls of the 

excavation were benched at a depth of 5 ft. bgs to create a 4 ft. wide bench around the entire 

boundary of the excavation, to prevent cave-ins and to reduce the overburden pressure on the 

sidewalls. 

Excavated overburden soils were field screened at a frequency of one sample·per 15-20 cubic ·yards. 

Overburden soils in the hot-spot area did not show any evidence of contamination through. staining 

or petroleum odor or headspace readings above 10 ppm, down to a depth of 4 ft. bgs. Overburden 

soils at these depths were generally sandy gravel in nature. Soils in the southeast comer of the 

excavation near the loading dock were sandy and appeared different from the rest of the soils in the 

excavation, indicating that they were backfilled separately from the rest of the area. 

During the excavation of the hot-spot area, the underground pipe trench was advanced from the 

edge of the paved area towards the Elementary School building. The underground pipeline changed 

direction in the paved area, and headed due south towards the north side entrance door of the 

Elementary School as shown in Figure 3-3. The underground pipe continues in a southerly 

direction underneath the Elementary School. The pipe sections were solid and did not show any 

breaks or perforations. There was no evidence of any collection system or crushed stone in place 

along the underground pipeline. The pipe sections did not contain any free product and were 

crushed and staged with the contaminated soils. 

Soils were generally contaminated in the hot spot area from a depth of 5-6 ft. bgs to a depth of 10-

11 ft. bgs. Soils at these depths showing heavy staining or a strong odor from petroleum 

contamination were excavated and staged in the contaminated soil stockpile. Soils excavated from 

these depths were field screened using a combination of headspace and the NDIR screening if the 

contamination was not obvious due to odor or staining. 

Excavation of the floor of the hot spot area was-continued to a depth of 2-3 ft. below the water table. 

Since the soils excavated from below the water table were saturated with water, they were staged 

within the excavation by preparing a bench on the sidewall of the excavation and placing the wet 

soils so that they could be drained before being transported to the contaminated soil staging area. 

At a depth of approx. 11 ft. bgs (2-3 ft. below the water table), soils were silty and did not show 
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heavy staining or a strong petroleum odor indicating that they were not significantly contaminated. 

This was indicated by field screens on samples collected from the floor of the excavation. 

Excavation was stopped at this depth since the excavator could not reach any deeper without being 

introduced into the excavation which would have caused unsafe conditions for the equipment and 

the operator. 

The hot-spot area excavation showed significant contamination on the south sidewall adjacent to the 

Elementary School, with NDIR field screen results showing TPH concentrations in excess of 5,000 
. . 

ppm. However, excavation could not be advanced any further in this direction due to the proximity 

of the Elementary School building, and the potential danger to the structural stability of the 

building. The contamination on the south sidewall of the hot-spot excavation appears to be 

concentrated at a depth of 7-11 ft. bgs. with the heaviest contamination at a depth of 8-11 ft. bgs. 

Excavation was extended to the west side of the excavation beyond the underground pipe trench 

until soils showed a TPH concentration of less than 1,000 ppm on the NDIR. Confirmatory 

composite soil samples were then collected along the west sidewall of the excavation from a depth 

of 5-8 ft. bgs ( one ft. above to 2 ft. below the water table) for offsite EPH and VPH analyses. After 

the initial round of sampling, one sidewall sample 69W-HS-WSW-2 showed an exceedance of the 

MCP S1/GWl standard for the c9-c18 Aliphatics at 2200 ppm, and for the cll-c22 Aromatics at 

520 ppm. Additional soil was excavated on this sidewall and a confirmatory soil sample was 

collected and analyzed. Analytical results for this sample indicated that the petroleum concentration 

in soils at this location were below the MCP S1/GWl standards for EPH and VPH. 

Excavation on the east side was not advanced beyond the location of the loading dock of the 

Elementary School since the sidewalls did not show presence of petroleum contamination greater 

than 1,000 ppm on the NDIR field screens above or below the water table. 

Excavation was advanced on the north side to remove petroleum contamination visible on the 

sidewalls near the water table. This excavation advanced approximately 50 ft. northward of existing 

monitoring wells 69W-94-12 and 69W-94-13 as shown in Figure 3-4. Monitoring wells 69W-94-12 

and 69W-94-13 were undisturbed during the excavation. 
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During excavation activities, contaminated soils were transported and staged in the temporary 

staging area constructed behind the Elementary School building. Clean overburden soils were 

staged behind the school, away from the contaminated soil stockpiles to prevent cross

contamination. 

At the conclusion of excavation activities, the contaminated S(?il was transported to the Central Soil 

Storage Facility (Bldg. 202 area) at Devens, MA and staged in a stockpile area called Stockpile D. 

This area was lined with a 20-mil smooth High-Density Polyethylene (HOPE) liner. Stockpile D has 

a drainage system to drain moisture generated by the thawing of the contaminated soil from AOC 

69W. The stockpile has sand berms and will be covered with a 10-mil textured HDPE cover 

material that has been factory-seamed. 

During excavation activities, an oily sheen developed on the groundwater due to contact with 

contaminated soil. Sorbent pads and booms were used to absorb the oily sheen. At the conclusion 

of excavation activities, approximately 1900 gallons of oily water were pumped out from the 

surface of the standing groundwater in the excavation, by Cyn Environmental Services, Inc. and 

disposed of at their.disposal facility in Stoughton, MA (see Appendix D for a copy of the hazardous 

waste manifest for disposal of this waste). Sorbent pads and booms were placed at the upstream and 

downstream ends of the underground pipe trench and downstream of the concrete vault excavation 

to prevent any oily sheen from the hot spot excavation from migrating towards Willow Brook. Silt 

fences and hay bales were also set up downstream of the concrete vault excavation to prevent ·silt and 

sediment from washing into Willow Brook during winter storm events. 

3.3.6 Underground Pipe Investigation 

At the conclusion of excavation activities in late February 1998, the section of the underground pipe 

remaining under the Elementary School building was approximately 6 inches above the water table 

(approximately 8 ft. bgs). The pipe was not discharging any water or visible product at this time. 

WESTON® conducted several investigations to determine the length and direction of the pipe 

underneath the building. Initially, a smoke test was conducted during which a smoke generator was 

used to introduce smoke at the free end of the pipe, which was then sealed tight to prevent backflow 

of the smoke out of the pipe. WESTON® requested the presence of the Devens Fire Department in 

the event the smoke entered the building and set off the smoke alarms. Several firemen and 
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WESTON® personnel checked all the rooms of the building, all floor drains and vents for evidence 

of smoke. No evidence was found of the smoke emanating into the building from the pipe. 

Further investigation involved introducing soapy water and foam into the floor drains and sumps of 

the boiler rooms to determine if they were tied in to the underground pipe. This water did not 

discharge out of the pipe. Concurrently, a review was made of the as-built drawings of the 

Elementary School building on file with th~ Devens Commerce Center and these drawings did not 

show the presence of the underground pipe. 

Next, a video inspection system was used to investigate the pipe. The pipe was submerged under 

the high water table during this test. The sediment in the pipe caused the water to become turbid 

when the video camera unit was introduced into the pipe. Since the video camera could not see the 

upstream stretches of the pipe due to turbidity and due to the presence of debris inside the pipe 

which could have damaged the video camera, this test was abandoned. 

As a final investigative measure, the Devens Commerce Center's utility contractor conducted a high 

pressure wash test to remove any debris and to investigate the upstream end of the pipe. The 

pressure washer is self-propelled and has a pressure of 2,000 psi at the nozzle. The nozzle propelled 

itself for a distance of approximately 180 feet and stopped abruptly, indicating that the pipe may not 

have an outlet at the upstream end. All floor drains and boiler room sumps were investigated for 

any evidence of water from the pressure washer and they did not show any such evidence. 

After discussions between CENAE and Regulatory personnel, it was determined that the 

underground pipe should be grouted for its entire explored length of approximately 180 ft. with 

concrete before completing the backfilling operations at the site. The pipe was filled with 

approximately 5 CY oftremie concrete using a concrete pump on April 30, 1998. 

3.4 FIELD SCREENING AND CONFIRMATORY SAMPLING 

During the soil excavation, field screening was conducted using a Non-Dispersive Infrared 

Spectrometer (NDIR). Field screening samples were collected at a frequency of one sample for 

every 15-20 cubic yards of excavated material. The excavated soil was staged in stockpiles of 15-

20 cubic yards and samples were collected from the stockpile to determine TPH levels. A field 

screening goal of 1,000 ppm had been established in the Action Memorandum to segregate 
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excavated soils. Stockpiles with soils that showed a TPH concentration of greater than 1,000 ppm 

on the NDIR were deemed contaminated and staged in the temporary contaminated soil staging 

area. Table 3-1 presents the results of the field screening analyses. 

At the conclusion of excavation in each area, confirmatory soil samples were collected for MADEP 

EPHNPH analyses at an offsite laboratory. Along the sidewalls, a confirmatory soil sample was 

collected from each segment of approximately 50 linear ft. of each sidewall of the excavation. Each 

confirmatory soil sample was prepared by collecting several grab samples within that segment of 

the sidewall at even distances (approx. 10-15 ft. apart) anci compositing the grab samples for EPH 

analysis. A grab sample from a middle location was utilized for VPH analysis. Samples were also 

collected from the excavation floor below the water table by utilizing the excavator, since sampling 

personnel could not enter the water-logged excavation due to safety reasons. Several grab samples 

were collected to represent each sectipn of the floor of the excavation and composited for EPH 

analysis. One of the grab samples was set aside for VPH analysis. Figure 3-3 shows the locations 

and sample IDs for confirmatory soil sampling locations at AOC 69W. Table 3-2 presents a 

summary of the analytical results from confirmatory soil sampling at .AOC 69W. Appendix A 

contains analytical results reports for confirmatory soil sampling. 

3.5 WASTE CHARACTERIZATION SAMPLING 

The Action Memorandum for AOC 69W called for waste characterization sampling of the 

contaminated excavated soil at a frequency of one sample per 100 cubic yards of contaminated 

excavated soil. Accordingly, thirty five (35) waste characterization soil samples were collected at a 

frequency of one sample for every 100 cubic yards of excavated contaminated soil. These soils 

were sent to Katahdin Analytical Services, Inc. in Westbrook, ME to be analyzed for Volatile 

Organic Compounds (VOCs) by EPA Method 8260, Semivolatile Organic Compounds (SVOCs) by 

EPA Method 8270, RCRA Characteristics by EPA Methods 1110/7.3.3.2/7.3.4._2/1010, Total PCBs 

by EPA Method 8081, Total Petroleum Hydrocarbons by EPA Method 8015, RCRA Metals by 

EPA Method 6010. These are parameters required to be analyzed in order to meet criteria for reuse 

as landfill cover at a Massachusetts landfill. Analytical results show that the soils excavated from 

AOC 69W meet the criteria for reuse as landfill cover at a Massachusetts landfill. Appendix B 

contains copies of analytical results reports from waste characterization sampling. 
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3.6 BACKFILLING OPERATIONS 

Backfilling operations were begun in March 1998. Prior to the backfilling operations, a sample of 

the backfill material was sent to an offsite laboratory to be analyzed for VOCs, SVOCs, PCBs, Total 

RCRA Metals and TPH. The concentrations in the sample of the parameters analyzed were below 

MCP S 1/GWl standards. Initially, the concrete vault excavation and the underground pipe trench 

Up$tream of the concrete vault were backfilled with imported gravel. A CAT D4 LGP dozer and a 7 

ton vibratory roller were used to compact the backfill. The material was placed in lifts of 12" 

thickness and several passes were made with the roller. 

The remaining excavation was backfilled to an elevation of about 6 inches higher than the existing 

water table elevation (3 ft. bgs during March 1998). The backfill material was compacted initially 

by making several passes with the dozer. The vibratory roller was not used at this time due to the 

proximity of the water table to the ground surface. At the time of preparation of this report, the 

backfill material is being allowed to settle, before compaction and additional backfilling activities 

are commenced. 

Adequate compaction will be performed using a vibratory roller, and field compaction tests will be 

performed to achieve necessary soil compaction results. Appendix C contains copies of analytical 

results reports from backfill material verification sampling. 

3. 7 SITE RESTORATION 

Site restoration activities include regrading all areas impacted by excavation activities, loaming and 

seeding the impacted unpaved areas and re-paving the parking lot area with asphalt These activities 

will be conducted after backfilling operations are completed. These activities are scheduled to be 

completed during the month of June 1998. 
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AREA OF CONTAMINATION (AOC) 69W 
DEVENS ELEMENTARY SCHOOL 

NDIR Field_ Screening Results 

LEGEND 
CSP=CLE-4N STOCKPILE UP= UNDERGROUND PIPE 
HS=HOTSPOT UST-OB= UST OvERBURDEN 
PL=PLl1:\,,fE UST= UNDERGROUND STORAGE TANK 
PLT=PLUlvlE TOE V= UNDERGROUND CONCRETE v:4 ULT 
TP=TESTPIT 

:~~~~:~::::::;::;:::i:::;;:;:;::::::::~: :::~·::'. :·:,~''.:·:·:·:::$•m~~~:~Q~•~~::::::::::::·:·:·:·>: 
69W-PLT-FL-6 Northern plume-east sidewall 
69W-PLT-NSW Northern plume-east sidewall 
69W-PLT-WSW Northern plume-east sidewall 
69W-PLWSW-l Northern plume-east sidewall 
69W-PLWSW-2 Northern plume-east sidewall 
69W-UP-IESW Underground pine trench -gridl 
69W-UP-IWSW Underground nine trench -gridl 
69W-UP-2ESW Underground nine trench -grid2 
69W-UP-2WSW Underground pine trench -grid2 
69W-UP-3ESW Underground pine trench -l?rid3 
69W-UP-3WSW Undenrround pine trench -grid3 
69W-UP-4ESW Underground pine trench -grid4 
69W-UP-4WSW Underground nine trench -grid4 
69W-UP-G 1-ESW Underground nine trench -gridl 
69W-UP-Gl-FL Underground pine trench -grid! 
69W-UP-Gl-WSW Underground Pine trench -gridl 
69W-UP-GI-WSW-l Underground pine trench -mdl 
69W-UP-Gl-WSW-2 Underground pine trench -gridl 
69W-UP-Gl-WSW-3 Underground nine trench -mdl 
69W-UP-Gl-WSW-4 Underground pine trench -mdl 
69W-UP-Gl-WSW-5 Underground pine trench -gridl 
69W-UP-G2-ESW Underground pine trench -md2 . 
69W-l]P-G2-FL-02 Underground Dine trench--grid2 
69W-UP-G2-WSW Underground pine trench -l?rid2 
69W-UP-G3-ESW Underground nine trench ~l?rid3 
69W-UP-G3-WSW Underground oine trench-grid3 
69W-UP-OB-l Underground pine overburden 
69W-UP-OB-2 Underground pine overburden 
69W-UP-OB-3 Underground nine overburden 
69W-UP-OB-4 Underground Dine overburden 
69W-UST-ESW UST excavation-east sidewall 
69W-UST-FL UST excavation-floor 
69W-UST-OB-l UST Excavation-overburden 
69W-UST-OB-2 UST Excavation-overburden 
69W-UST-OB-3 UST Excavation-overburden 
69W-UST-OB-4 UST Excavation-overburden 
69W-UST-OB-5 UST Excavation-overburden 
69W-V-ESW-Ol Underground concrete vault 
69W-V-FL-Ol Underground concrete vault 
69W-V-NSW-Ol Underground concrete vault 
69W-V-WSW-Ol Underground concrete vault 
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AREA OF CONTAMINATION (AOC) 69W 
DEVENS ELEMENTARY SCHOOL 

NDIR Field Screening Results 

LEGEND 
CSP=CLEAN STOCKPILE UP= UNDERGROUND PIPE 
HS=HOTSPOT UST-OB= UST OVERBURDEN 
PL=PLUME UST= UNDERGROUND STORAGE TANK 
PLT=PLUME TOE V= UNDERGROUND CONCRETE VA ULT 
TP=TESTPIT 

~~~~~~:;:::::::::::::::::::::::::;::::·:·: :::::::::::'.::::::::::: ::$~mp'.ij:~~:::::::::·:::·:·:·:·:·:·: 
69W-HS-OB-24 Hotsoot-overburden 
69W-HS-OB-25 Hotsoot-overburden 
69W-HSP-l Hotsoot Dine area 
69W-HSP-2-2NSW Hotsoot pine area 
69W-HSP-2-FL Hotsoot pine area 
69W-HSSEFL-l HotSDOt Southeast Floor 
69W-HS-SS-l-PIPE Hotsoot nine area 
69W-HS-SS-2 Hotsnot South Floor 
69W-NSW-TP-3 Excav. north sidewall testnit 
69W-NSW-TP1 Excav. north sidewall testnit 
69W-NSW-TP2 Excav. north sidewall testnit 
69W-PL-ESW-l Northern plume-east sidewall 
69W-PL-ESW-IO Northern plume-east sidewall 
69W-PL-ESW-ll Northern plume-east sidewall 
69W-PL-ESW-12 Northern plume-east sidewall 
69W-PL-ESW-13 Northern plume-east sidewall 
69W-PL-ESW-l 4 Northern plume-east sidewall 
69W-PL-ESW-15 Northern plume-east sidewall 
69W-PL--ESW-15D Northern plume-east sidewall 
69W-PL-ESW-16 Northern plume-east sidewall 
69W-PL-ESW-l 7 Northern olume-east sidewall 
69W-PL-ESW-18 Northern plume-east sidewall 
69W-PL-ESW-19 Northern plume-east sidewall 
69W-PL-ESW-2 Northern plume-east sidewall 
69W-PL-ESW-20 Northern plume-east sidewall 
69W-PL-ESW-2 l Northern plume-east sidewall 
69W-PL-ESW-2 ID Northern plume-east sidewall 
69W-PL-ESW-3 Northern olurne-east sidewall 
69W-PL-ESW-4 Northern plume-east sidewall 
69W-PL-ESW-5 Northern plume-east sidewall 
69W-PL-ESW-6 Northern plume-east sidewall 
69W-PL-ESW-7 Northern plume-east sidewall 
69W-PL-ESW-8 Northern plume-east sidewall 
69W-PL-ESW-9 Northern plume-east sidewall 
69W-PL-FL-2 Northern plume-floor 
69W-PL-FL-3 Northern plume-floor 
69W-PL-FL-4 Northern plume-floor 
69W-PL-FL-5 Northern plume-floor 
69W-PL-NSW-l5-2 Northern plume-east sidewall 
69W-PL-NSW-15-3 Northern plume-east sidewall 
69W-PLESW-M Northern plume-east sidewall 
69W-PLFL-l Northern plume-floor 
69W-PLT-ESW Northern plume-east sidewall 
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LEGEND 

AREA OF CONTAMINATION (AOC) 69W 
DEVENS ELEMENTARY SCHOOL 

NDIR Field Screening Results 

CSP=CLE4N STOCKPILE UP = UNDERGROUND PIPE 
HS=HOTSPOT 
PL=PLUME 
PLT=PLUME TOE 
TP=TESTPIT 

UST-OB= USTOVERBURDEN 
UST= UNDERGROUND STORAGE TANK 
V= UNDERGROUND CONCRETE v:A ULT 

:sl mple.-fd:·:·'.::::·:·:·:·:·····:'·l·::I··· ···:······:···:·: ·::.: •• :9 ~Pfo-Loq tion·-····:·:···'.·'.·:·:·'.·:·: .:·:·:;·@:::~~~~~-:·:: '.· 
69W-CSP-l Overburden from vault excav. 220 
69W-CSP-2 Overburden from vault excav. 75 
69W•CSP-3 Overburden fr9m vault excav. 178 
69W-CSP-4 Overburden from vaultexcav. 32 
69W-CSP-5 Overburdenfromvaultexcav. 47 
69W-CSP-6 Ovetburden from vault excav. 33 
69W-CSP-7 Overburden from vault excav. 78 
69W-CSP-8 Overburden from vault excav. 57 
69W-CSP-9 Overburden from vault excav. 466 
69W-V-OB-l Overburden from vault excav. 43 
69W-HS-ESW Hotsnot-east sidewall 77 
69W-HS-FL-l Hotsnot - floor 4244 
69W-HS-FL-2 Hotsnot -floor 4014 
69W-HS-FL-N Hotsnot - floor 23 
69W-HS-TP Hotsnot- floor test oit >5000 
69W-HS-OB-10 Hotsnot-overburden 44 
69W-HS-OB- l l Hotsoot-overburden 30 
69W-HS-OB-12 Hotsoot-overburden 23 
69W•HS-OB-13 Hotspot-overburden 1156 
69W-HS-OB-14 Hotsnot-overborden 2644 
69W-HS-OB-15 Hotsnot-overburden 5528 
69W-HS-OB-16 Hotsnot-overburden 5748 
69W-HS-OB-l 7 Hotsnok>verburden 31 
69W-HS-OB-18 Hotsnot-overburden >5000 
69W-HS-OB-19 Hotsnot-overburden 117 
69W-HS-OB-20 Hotsoot-overburden 33 
69W-HS-OB-21 Hotsoot-overburden 70 
69W-HS-OB-22 Hotsoot-overburden 352 
69W-HS-OB-23 Hotsoot-overburden 57 
69W-HS-OB-7 Hotsnot-overburden 37 
69W-HS-OB-8 Hotsoot-overburden 62 
69W-HS-OB-9 Hotsnot-overbmden 390 
69W-HS-SSW-l Hotsoot south sidewall >5000 
69W-HS-SSW-2 Hotsnot south sidewall >5000 
69W-HS-WSSW Hotsoot west/south sidewall 77 
69W-HS-WTP Hotsnot westside testpit 4994 
69W-HSOB-l Hotsnot-overburden 27 
69W-HS-OB-2 Hotsoot-overburden 42 
69W-HS-OB-3 Hotsnot-overburden 1019 
69W-HS-OB-4 Hotsnot-overburden 236 
69W-HS-OB-5 Hotsoot-overburden 76 
69W-HS-OB-6 Hotsnot-overburden 39 
69W-HS-FL-PL Hotsoot-floor >5000 

3-18 



I.>) 
I -'° 

AOC 69W- SUMMARY OF CONFIRMATION SAMPLE RESULTS 

MCPSl/GWl 69W-HS-SSW1 69W-HS-SSW-2 69W-HS-OB-15 69W-HS-WSW 69W-HS-FL-2 
Lab Batch Number WQ-0098 WQ..0098 WQ-0075 W<>-0106 WO-0098 
Sample Depth in feet (bgs) Standards 7-10 7-10 6 7-10 11 
EPH PARAMETERS I, • .. ; ' ,,•;j{!•,'.'' t · ·,,~i, 

1 
~ , ri ,.1~-.J~1,;.~..1""·) ,:•· ,1 J,,i, i,: .,; J:I:,H:1:1 !11·'. .,!,,:1t!.: • 1t1~·1:!i,!(~Jj1': ::Vi!:U~,1 '~t,i._, .. ? .. a,, L ·;;: ·1 . 

Aliphatic,/ Aromatic• •' r i ( ~, '.~·,,j : :°'f I i. 1
1i

0 

~·} • i 1 ./ j/, .~. i,•~ .. ·1 :.J ",;. ~ 'l ,,, h~.':. .::s~ '1NJ ~;'W~Jf.il~~ l:.i ~;-~! '· -J ·l"l-•n;vti", 1;·, 

C9-C 18 Aliphatics 1000 3600 5400 1800 4801 10000 
Cl 9-C36 Aliphatics 2500 360 670 310 911 1200 
CI 1-C22 Aromatics 200 1100 1200 700 44 2300 
TarReted PAH's Analytes ' '• : {; ,, ' : ! '· ~i : : r,, : 1 ·! :~1 \,;1:i\1:,! 1,;:;,[ 1;1 ;.,· 1r·1;:,.A ' 'i,; ;,1i:11:,,,J1 if?,!:ifaiii11:ffiif U i , I : JHfJ.l!!Hl~.l'tli-Mf'.11, 1::i•I :1 • .... l ]· 1 . ·1 
2-Methylnaphlhalene 4 IJ 22J 12 J <0.56 25J 
Accnaphlhene 20 <0.068 7.4 0.32 <0.56 16 
Acenaphthylene 100 <0.068 <0.064 <.07 <0.56 <0.076 
Anthracene 1000 <0.068 0.371 0.24 <0.56 2.21 
Benzo (a) anthracene 0.7 <0.068 0.099 <0.07 <0.56 0.096 
Benzo (b) lluoranthene 0.7 <0.068 0.064 <0.07 <0.56 <0.076 
Benzo (k) lluoranthene 7 <0.068 <0.064 <0.07 <0.56 <0.076 
Benzo (a) pyrene 0.7 <0.068 <0.064 <0.07 <0.56 <0.076 
Benzo (g.h.i) oervlene 1000 <0.068 <0.064 <0.07 <0.56 <0.076 
Chrvsene 7 10.039 0.076 <0.07 <0.56 0,089 
Dibenz (a,h) anthracene 0.7 <0.068 <0.064 <0.07 <0.56 <0.076 
Fluoranthene 1000 0.24 ,381 0.13 <0.56 1.81 
Fluorene 400 .56 J .161 .681 <0.56 • 8.31 

lndeno ( 1,2,3-cd) pyrene 0.7 <0.068 <0.064 <0.07 <0.56 <0.076 
J 4 .991 5.71 1.61 <0.56 7.1J 

I 'hcnanthrt!ne 700 5.21 6.31 3.81 <0.56 291 
l'vrene 700 0.441 5.41 0.18 <0.56 .5-1 
VPH PARA.METERS , ·' I 1:- !; I /·,,:•1 l :• ,.t• :i :· ;,: i f .,· l I~ J , 1 ··~•~.;:iil·J j.{:~··!\:!,~.;:)•J .. :,;, l , ·• b '!~- ,,.,: l'I • ·1~ : ·: ·:-~ .◄ .... ; 

Allphatlcs/ Aroma ti a •' ,, ''·.j ~ .• '• • ·'.,t 1. -~-- l:., hi- 1') • ',·. ,~,; 1•1:, .::,··1,1:1,:,i!':I1!i11,:J: 1111::1. ,1 
111 ,·1 . ~: 1-i,ia1 },- •: J,'.11-1 , ,' q ! I• , , 

CS-CS Aliphatics 100 <96 <120 <9.8 <II <110 
C-9-C 12 Aliphatics 1000 770 670 21 14 1300 
C9-C IO Aromatics 100 650 560 20 15 960 
Targeted ,VPH Analytes ·· ·:,, ·.t j 't- ,J \A~i: • '}, =l ,i..! . , ' I., •• ) [j js, ;.,:~, ~•:1 i '. j!-':,1 ,-,..-~!-.''! ·,j I . . ., .• '.l• ••• 

Benzene 10 <12 <14 <1.2 <1.3 <13 
Ethyl benzene 80 <12 <14 <1 .. 2 <1.3 <13 
m,p-Xylenes 500 <48 <58 <4.9 <5.4 <54 • 
Methyl-tert-butylether 0.3. <36 <43 <3.6 <4.0 <40 

Naphthalene 4 <24 <29 2.6 <2.7 <27 
o-Xylene 500 <24 <29 <2.5 <2.7 <27 
Toluene 90 <36 <43 <3.6 <4,0 <40 

All data is given in parts per million. 

69W-HS-FL-1 
WO-0098 

11 
' . 

I l 
560 
67 
110 

2.5 
1.4 

<0.61 
<0.61 
<0.61 
<0.61 
<0.61 
<0.61 
<0.61 
<0.61 
<0.61 
<0.61 

2.8 
<0.61 
<0.61 

1 
<0.61 

<13 
140 
100 

<1.6 
<1.6 
<6.4 
<4.8 

<3.2 
<3.2 
<4 .8 



AOC 69W- SUMMARY OF CONFIRMATION SAMPLE RESULTS 

MCPS1/GW1 69W-HS-SE-FL 69W-HS-ESW-l 69W-HS..WSW-l 69W-UST-ESW 69W-UST-FL-l 69W-HS-FL-3 
Lab Batch Number WO-0075 WO-0098 WO-0239 WD-0075 W<>-0098 WO-0239 
Sample Depth in feet (bgs) Standards 11 7-10 7-10 7-10 12-13 7-10 
EPH PARAMETP;RS ' , ';j' ·:::: I ,!,,, '• ,, :L,.;• ,,1 ! -n,i:J'i'~ :~- \•,,( ,;~d~ )f:: :.'.11 1!! i :: ii:,J:1i~lt.:@. l, w.~•~'l~dil:l'.,,itliti~ ~Jj~-l~il:.ii~{li); !]:1:1i/f ;i;,•,.::., :'..••i1i:li{:rii t .';.• ., .. 
AUphatlcs/ Aromada ·' ·I . , 1~' /il • • II; ._ ,. I, 'f~fl-1 ,.;~,;l :~~:ri'1i 7 -':~-~ J~1lZ1 r, ,: · tli~~~il!i:t ,~:1h,'Jt ili~itJ.ttJ.ihi~·llf1fbt' ~:: - ~~-~• I J~I: ._ •• ' ' 

C9-C 18 Aliphatics 1000 13U <3.4 69 llU 97 36 
CJ 9-C36 Aliphatics 2500 JO u <4.6 25 8.3U 23 U 15 U 
CI J-C22 Aromatics 200 <l l <9.7 26 12 U 48 24 
Ta~eted ·PAH's Analyte1 , •1 

• .;;. . .,j :!. 1':l•:P~1 .. -~~~ "'~ ·:1• ;; , :: 
0

1' ·i[ : : :~:' ;;l[~: ~·: ::~ ~;Ii ,~ 1.-~!fid1 ,;:;:· :~· ~;!\i1~!il,::L:i:·,:1r,j. ;.~ft I I fi,,f; Wit ~,-~~,~~l~ 1ffi:l)-.'l•t:/JUl'~~~I; ~: ··3' 
.. ,: .;: 1 

2-Methylnaphthalene 4 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Acenaphthene 20 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Acenaphthylene 100 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Anthracene 1000 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Benzo (a) anthracene 0.7 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Benzo (b) fluoranthene 0.7 <0.63 <0.57 <0,58 <0.62 <0.60 <0.60 
Benzo (k) fluoranthene 7 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Benzo (a) pyrene 0.7 <0.63 <0.57 <0,58 <0.62 <0.60 <0.60 
Benzo (g,h.i) perylene 1000 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Chrysene 7 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 

l.>J 

N 
0 

Dibenz (a,h) anthracene 0.7 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Fluoranthene 1000 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Fluorene 400 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
lndeno ( 1,2,3-cd) pyrene 0.7 <0.63 <0.57 <0.58 <Q.62 <0.60 <0.60 
J 4 <0.63 <0.57 <0,58 <0.62 <0.60 <0.60 
Phenanthrene 700 <0.63 <0.57 <0.58 <0.62 <0.60 <0.60 
Pvrene 700 <0.63 <0.57 <0.58 <0.62 <0.60 . <0.60 
VPH PA.DA MIIT£RS ! r , 1,,,j1 i,. 1 •1• l '. l:~:1J'i,,:iii• : If .', .\,"" i. .-,-·· ·rl ., ? I :11:lj•:1i :~J ~;\}1lli~1i:i[i :~~J:ti ::, ~i, ., : ·l ! .HI ·J ,i\1 ;,! ·,/•;,:,f:,;;:;1! \. I , • . ·' .,! • j 

Altphatlcs/ Aromatia1 ; "I , Y ,. ~'-111
1 •;ti,; r · ... r ·.~t.-1:l~ . '.:~ ~- i'iti !l ;_! l;:;,1 '. ' ':I:;: I .t ;J' \". ,: t~~ ,1;;. :ii:~~i;j:.!!i[; '\, •!!t ~J :;ji tr fr,-:1\•~,\.~i :•~~\ ~,,_ : I •I .. 

C5-C8 Aliphatics 100 <JO <12 <14 <10 <JO <13 
C-9-C 12 Aliphatics 1000 <2.7 5.5 <3.5 <2.6 26 5.8 U 
C9-C l O Aromatics 100 <5.3 <6.l <6.9 <5.3 31 <6.5 
TatReted VPH Analytes : •i; 1 • · • ·1 ':.• l,!j,,".,. 1 t ·, .I 1 -!< . l 

I • - • L 
:,• rJ,?._:1 ~-t -.; ! , !'l ,' p1,;, :,~~l"'tf1 ,"'i':i-l' 1•.:.iM •1iil(i\:•_i.,;,.,; :i . .-':, :: • Ji I :•• :. : 

Benzene 10 <l.3 • <1.5 <l.7 <I. <1.2 <1.6 
Ethyl benzene 80 <l.3 <1.5 <l.7 <1.3 <1.2 <1.6 
m,P-Xylenes 500 <5.3 <6.l <6.9 <5.3 <5.1 <6.5 
Methyl-tert-butylether 0.3 <4.0 <4.5 <5.l <3.9 <3.8 <4.8 

NiJphthalene 4 <2.7 <3.l <3.5 <2.6 <2.6 · <3.2 
o-Xylene 500 <2.7 <3.l <3.5 <2.6 <2.6 <3.2 
Toluene 90 <4.0 <4.5 <5.1 <3.9 <3.8 "<4.8 

All data is given in oarts oer million. 



l.,J 
I 

N -

AOC 69W- SUMMARY OF CONFIRMATION SAMPLE RESULTS 

MCPSl/GWl 69W-HS-WSW-2 69W-PL-FL-5 69W-HS-FL-4 69W-PL-ESW-1 69W-HS-WSW-3 
Lab Batch Number W0-0239 W0-0239 W~9 W0-6239 W0-0239 
Sample Depth In feet (bgs) Standards 6-9 7-10 5-8 5-8 5-8 
EPH PARAMl.TIRS I !, .1 -{ . { . i ! -~•· j.. ; ~ . : • • ;. , .. •:'• tit •, ~Jf ·~: , J :.~>!:U;~ r. !· t ': , f •t,9~-•~fr.:j,' ~1 -~(t\~ 'ii'irl--{,. ,d:""'q I ·: ·t~. ~ ... !1r~,"h · . 

' 
. . . 

Allpbada/Aromatla . ~,;:; • I ; . , ... ,. ·r-_. ~ - ~ - I ,~• ·• . t -
.' ii ~ l.,:f '· '· ; :·' • 1.,,., J:, :j. ,: ¥ r•~'t;t1f,/f~f1:,1,f ."it ,i,n-~ i·O~ n i'i,id ;- 1 = . .-; ~• ~ 1-.~•! - ,J' • 

' 
! •• , • ~ ,: t - ~ .... •. I 

C9-CJ8 AJiphatics 1000 2200 3IO 16 120 860 
C19-C36 Aliphatics 2500 290 56 17U 44 130 
C 1 I -C22 Aromatics 200 520 80 14 20 220 
Taneted PAH11 Anaiytes . I, p, fJ ,: .• ,. t~ t~ ;:. :,~ ~-!") ~ i\i ,; r , : '""? I• •f'r.1 WJ1, u~R· \. r,. r·t: ~·,1 ,ljf-.:, .i11~l~t'""d_. ,; ~r •,H1, Jiij~$'Mitl~~ !Wlr>, ~: ( ii, ' I: :~~ ,~·- ,' ; ... , i .: ! I • 

2-Mel.hylnaphthalene 4 14 <0.58 <0.61 <0.58 <0.55 
!Acenaphthene 20 3.3 <0.58 <0.61 <0.58 0.83 
Acenaohthylene 100 <2.1 <0.58 <0.61 <0.58 <0.55 
Anlhracene 1000 <2.1 <0.58 <0.61 <0.58 <0.55 
Benzo (a) anthracene 0.1 <2.1 <0.58 <0.61 <0.58 <0.55 
Benzo (b) fluoranthene 0.1 <2.1 <0.58 <0.61 <0.58 <0.55 
Benzo (k) fluoranthene 7 <2.1 <0.58 <0.61 <0.58 . <0.55 
Benzo (a) pyrene 0.7 <2.1 <0.58 <0.61 <0.58 <0.55 
Benzo (g,h.i) oervlene 1000 <2.1 <0.58 <0.61 <0.58 <0.55 
Chrvsene 7 <2.1 <0.58 <0.61 <0.58 <0.55 
Dibenz (a,h) anthracene 0.7 <2.1 <0.58 <0.61 <0.58 <0.55 
Fluoranthene 1000 <2.1 <0.58 <0.61 <0.58 <0.55 
Fluorene 400 6.8 <0.58 <0.61 <0.58 2.l 
lndeno (1.2,3-cd) pyrene 0.7 <2.1 <0.58 <0.61 <0.58 <0.55 
J 4 2.4 <0.58 <0.61 <0.58 <0.55 
Phenanthrene 700 4.1 <0.58 <0.61 <0.58 1.5 
IPvrene 700 <2.1 <0.58 <0.61 <0.58 <0.55 
VPHl~TERS , : ,; i' t~ r1~• • .• ~ ( ·:-. .f : • ~ '• ; ~ ~-~ 1~•• ~ltlJ l '~jl ' • •• ~ • lt; ,, ~.. . ... ~ t, t1~~ .,..!, • .:J~ -ii ~1 ·i.:,tj, ~1 h &.1l~i1i.itthilJ.iiHfr 1~'t;1'f;1Jll'A,it~ ~:•"!,'f •'( ;\ I• • r •-{ I ~ , ,.. . i' 

Allphatlcs/Arom1da . . '.; •. , l: • •• ~ ., • l' f};-J! .,•,"!'rit~~t :.·;:14: •i I~ : • 1!~ ~~I:~;, ,!· !: l ~l 1

i..,i~ >:;~ ~ ;!!' ,,i!Mi.i1:i \:i :~1·. : ,J :,;: ,ii.t 4tt;1"-"':l.."';'"':1t~ l~l ~~uikiAal•\:.,M ,i ~~, ,. , ., .. ,; ~<.; ;ii· I ~ f 

C5-C8 Aliphatics 100 <46 -<13 <13 <14 <12 
C-9-Cl2 Aliphatics 1000 200 130 3.8 U <3.6 150 
C9-C JO Aromatics 100 290 62 <6.5 <7.3 ,JOO 
T•~eted VPH An1lytes • • 1 l '1 \ ,t r-~' • ~ i i i,:', •/ ,, '.·illJ,· :'; j:. i,:, : )•)', i .. I.ii' .f ,, 'i. ,•: ~- I ·,•: ::r.; .~J,)li:"\ :,;,•~ '::, '~!· '°l!l.!i t'l:)1 II~ v,r·• -, ,'. . , J, ' 

I 

Benzene 10 <5.6 <1.5 <l.6 <l.7 <l.4 
Ethyl benzene 80 <5.6 <l.5 <l.6 <l.7 <1.4 
m,p-Xylenes 500 <23 <6.4 <6.5 <7.3 <6.0 
Methyl-tert-butylether 0.3 <17 <4.7 <4.8 <5.4 <4.4 

Naphthalene 4 <12 <3.2 <3.3 <3.6 <3.0 
o-Xylene 500 <12 <3.2 <3.3 <3.6 <3.0 
Toluene 90 <17 <4.7 <4.8 <5.4 <4.4 

All data is given in parts oer million. 

69W-PL-NSW-2 
W0-0239 

3-6 
I 

.J • .I 

l i 

3.3 
8.1 U 

9 

<0.53 
<0.53 
<0.53 
<0.53 
<0.53 
<0.53 
<U.53 
<U.53 
<0.53 
<0.53 
<0.53 
<0.53 
<0.53 
<0.53 
<0.53 
<0.53 
<0.53 

' : 

' 
<12 
<2.9 
<5.8 

<l.4 
<1.4 
<5.8 
<4.3 
<2.9 
<2.9 
<4.3 



w 
I 

N 
N 

AOC 69W- SUMMARY OF CONF1RMATION SAMPLE RESULTS 

MCPSl/GWl 69W-HS-NSW-1 69W-UP-G3-WSW 69W-UP-G3-FL 69W-UP-G3-ESW 69W-UP-G2-WSW 
Lab Batch Number WO-0239 WQ-0106 WO-0106 WQ-0106 WO-0106 
Sample Depth in feet (bgs) Standards 3-6 4-5 5 4-5 4-5 
EPH PARAMETERS ! 111 i- ~-~~ , .... r I l .' , • ;,{ -·, ,_.::., :J:..)\l~'i. ~ ~L ~}. 1?J:•.,tj, 11·~·4 l/(li!;;fi"" \iti).w:,t.t6iJ },, ·.1-iil:fl;, .-II ,,,,,:II :,,.·1:i,''i'!, 111:,. , ,,.: , L ,,1: ', ... 

I il ~ I' : -',~.:.:I• I 
AJJphattcs/ AromatJcs; : ' ,· ~ '.i:f". ~ . ' ;~ 

,, ~ ' .. 
~ .. -~. :lk" ).~4~~ ~ -. H; ~,. 1• ,: ~. -'~· 1

~ •• I !, ,11,-..J,L!"~'iij;\'Ji ;,i1· ""i~~;._,_·,:.,(.,,.;U.! ,' ., • /•JI.,!, • 

C9-C 18 Aliphatics 1000 410 13 U 10 U <3.8 43 U 
Cl 9-C36 Aliphatics 2500 68 II U 19 U 5.4 U 28 U 
CI 1-C22 Aromatics 200 120 10 U 27 U <II 17 U 
Tafleted PAH's Analytes .1 , 1,,,; ::rw ~~;i~· , ,,._ • t ·',,·1 · : 

I •·1•t'·1 I·!-+',, •11,,1. :;.ii J).t; {, ~ ~ _.f.: F[:: :,:;1:,~i: };,'i:.' iij ,,rn;~,.l"UI~ ~ /i,:, :ti,liilll!111]!!!1~·
1:;ti\'!:i 1(tl,,1,: :,, ,, : • •· ::1 ·:! ,; ' .•• 

2-Methylnaphthalene 4 1.9 <0.55 <0.58 <0.64 <0.52 
Acenaphthene 20 0.79 <0.55 <0.58 <0.64 <0.52 
Acenaphthylene 100 <0.61 <0.55 <0.58 <0.64 <0.52 
Anthracene 1000 <0.61 <0.55 <0.58 <0.64 <0.52 
Benzo (a) anthracene 0.7 <0.61 <0.55 I <0.58. <0.64 <0.52 
Benzo (b) fluoranthene 0.7 <0.61 <0.55 <0.58 <0.64 <0.52 
Denzo (k) tluoranthene 7 <0.61 <0.55 <0.58 <0.64 <0.52 
Benzo (a) pyrene 0.7 <0.61 <0.55 <0.58 <0.64 <0.52 
Uenzo (g,h.i) perylene 1000 <0.61 <0.55 <0.58 <0.64 <0.52 
Chrysene 7 <0.61 <0.55 <0.58 <0.64 <0.52 
Dibenz (a,h) anthracene 0.7 <0.61 <0.55 <0.58 <0.64 <0.52 
Fluoranthene 1000 <0.61 <0.55 <0.58 <0.64 <0.52 
Fluorene 400 1.4 <0.55 <0.58 <0.64 <0.52 
lndeno ( 1,2,3-cd) pyrene 0.7 <0.61 <0.55 <0.58 <0.64 <0.52 
J 4 <0.61 <0.55 <0.58 <0.64 <0.52 
Phenanthrene 700 0.98 <0.55 <0.58 <0.64 <0.52 
Pyrene 700 <0.61 <0.55 <0.58 <0.64 <0.52 
VPH PARAMETERS 'i :, t .. ,; I .,L, t ;:-.•:t·';, f · ~-/,4 ~ ; .! I -", ·; . ",1 -!, l ; ~iJ1, ,l~--~~,ll ~ I ·' 1. :_,, f' \.;.t tii ·::ii] !•M;c,11::drii\!~i~'• 1 .hh, i'.?~::~ ::/ i,,:I!;:~ i :: , ~: :': • ,.. ~ i, ,' l ♦ ',. 

AUphlitlc1/ Arolilatla .. ::- r~ ~'t~);.1ft,i,~~·, : \1,,. ,., , l\,rf'L:~~(} •.t; \u ;,.~~ ·•r.s •;~.!' ,, . (,-:_t?-~t •i~:1:.- -i~~ W:/#Ji,;~~ ~fl ii'!Ji;l:~i:::J: ,i'· ;:J~ ,!i ~;-/;1:·;1 ·;;;., ;, "i i • I• • •• 

' C5-C8 Aliphatics 100 <13 <9.2 <9.8 <II <9 
C-9-C 12 Aliphatics 1000 7.4 U <2.3 <2.5 <2.7 <2.3 
C 9-C IO Aromatics 100 <6.6 <4.7 <5.0 <5.4 <4.5 
Taree~d VPH Analvte1, i , j >·-: 1-, , 1• r " j,.1 ~ti¾' l, d.i~r·;,. -~. ::1 ~-- ;· 1"11 ·:.\/ ;· f- ."; ~ ··1' t t;.~ · f. i •~_; ., ·:, l j+'J.~ ;t"!~ l , ,r·:W ·:,;ff; :1; . ii';' ~:.::~t:.: • ,' • - . • •• 'I t ; I 

Benzene 10 <1.6 <I.I <1.2 <1.3 <I.I 
Ethyl benzene 80 <1.6 <I.I <1.2 <l.3 <I.I 
m,p-Xylenes 500 <6.6 <4.7 <5.0 <5.4 <4.5 
Methyl-tert-butylether 0.3 <4.9 <3.5 <3.7 <4.0 <3.4 

Naphthalene 4 <3.3 <2.3 <2.5 <2.7 <2.3 
o-Xylene 500 <3.3 <2.3 <2.5 <2.7 ' <2.3 
Toluene 90 <4.9 <3.5 <3.7 <4.0 <3.4 

All data is given in parts per million. 



w 
I 

N 
w 

AOC 69W- SUMMARY OF CONFIRMATION SAMPLE RESULTS 

MCPSl/GWl 69W-UP-G2-WSW-DUP 69W-UP-G2-FL-2 69W-UP-G2-ESW 
Lab Batch Number WO-0106 W0-0267 WO-Ol06 
Sample Depth in feet (bgs) Standards 4-5 5 4--5 
EPH PAR.U,nr.tERS . .. ,\. : I• ; t1 ,;~ · ·""'• ~ .. • ·; • · •• '~ ·, ·~ G . .,.;)U -•~l -t1· ~~J ~:dijtritl~ JUVil~\·1 (>l~~li~t'.~ 
AHpha_tlcs/Aro1t1atk1 , , i :;·, .. ,, : • ,,,. :j .. .. J ~• ·:1) :i t , 1-s •. ~•·if .. :,ii::1 ,"\. ~,l ;.!,l~.,~,...,~t ,..: \:i:, i,1,1,.t,! ;: ::!::./( , !,:iii ti 1t

1 J:,1f 1i11.r1~i;i' t~~t'.; ~1iuwi--, ,~..(f,fr,, 
C9-C 18 Aliphatics 1000 210 J 4.3 3.4 U 
C 19-C36 Aliphatics 2500 80 J 6.1 <4.2 
C 11-C22 Aromatics 200 28 J <IO • <8.9 
Tal"l(eted P AH11 Ana1yte1 .,. :,, ·, ,:,·,.,,I .. :.1 ~11;\1t: }%,j, i,1 .. ,1 ,V'~·<!•i·

1 
!':'. .. ,-;'1,1 \,1 J:\, :;i1Vi;:.::•;!1i::J .. ,1ll4 ,:il- ,f."f.l~.fc:1" ~l[i,~;il}' ~:&· ~~•• IJ;.,m~~ ~ -' 

2-Methylnaphthalene 4 <0.54 <0.59 <0.52 
/\ceiuiphthene 20 <0.54 <0.59 <0.52 
/\cenaphlhylene 100 <0.54 <0.59 <0.52 
Anthracene 1000 <0.54 <0.59 <0.52 
Benzo (a) anthracene 0.7 <0.54 <0.59 <0.52 
Benzo (b) lluoranthene 0.7 <0.54 <0.59 <0.52 
Benzo (k) lluoranthene 7 <0.54 <0.59 <0.52 
Benzo (a) pyrene 0.7 <0.54 <0.59 <0.52 
Uenzo (i,h.i) penilene 1000 <0.54 <0.59 <0.52 
Chrvsene 7 <0.54 <0.59 <0.52 
Dibenz (a,h) anthracene 0.7 <0.54 <0.59 <0.52 
Fluoranthene 1000 <0.54 <0.59 <0.52 
Fluorene 400 <0.54 <0.59 <0.52 
lncleno ( 1.2,3-cd) pyrene 0.7 <0.54 <0.59 <0.52 
J 4 <0.54 <0.59 <0.52 
Phenanthrene 70() <0.54 <0.59 <0.52 
Pyrene 700 <0.54 <0.59 <0.52 
VPB f ARAMBTERS ; . ,~,1; .. ;i.1. ~ ~ ij1,.; .;r ~ ... 1,~~ •~1. •11.,J11;, 'ti , ;- .-!i,:ii-·r•,tii· : ~ l,:<J '~,\! ~':!-H.l~I ~· *''-·~hlru':i.}·em,, :~~~h1:~t~~~~ .:l!:U~(:j,'~ ;,i1H:;~~i~11:, 1r1:(i:!~ ,~,:~:.,1 

Allpbatla/AromatJa '' I j, '} ! 1, , j :· 1!l1H~Y:~i 1
••~·· f '" ·~• .-:.·,;i~4~~\·:~"?~l~-i~lr:i,:~:.M . 1'.1-.:,- ~,·i~ . ,;,,1.~1M~ihl! ~Jfltii·: !'4i~~~,i!i'~~.~ ·, '.c, f 

CS-CS Aliphatics 100 <9.8 <13 <8.9 
C-9-C 12 Aliphatics 1000 <2.S <3.2 <2.2 
C9-C 10 Aromatics 100 <4.9 <6.S <4.S 
Tal'leted VPH Anabrte1 - .;: i. ;i, ~ ~ -r : ; -~ •rf ;~ i:O;' ··1.; ) >:,,. ~, ~· i '.~1 . ; ~,--~;) ~ .. i :f::~J(: •·''.•' ·':i,i> •• 1i .• ;:~·:1d.i\· ~ti' ,l:: ;1:!~~•, ,//'!"{l?l/;1/ iPi1lb-l 1!F/f[;:l; ti-~{ 1 ~: 

1
-.. 

Benzene 10 <l.2 <l.6 <l.l 
Ethyl benzene 80 <l.2 <l.6 <l.l 
m,p-Xylenes 500 <4.9 <6.5 <4.S 
Methyl-tert-butylether 0.3 <3.7 <4.8 <3.3 

Naphlhalene 4 <2.5. <3.2 <2.2 
o-Xylene 500 <2.S <3.2 <2.2 
Toluene 90 <3.7 <4.8 <3.3 

All data is given in parts per milJion. 

69W-UP-Gl-WSW-2 "69W-UP-GI-FL 
W0-0267 W0-0106 

J-4 4 
,t~;l~ :,. •:~ .·., •5~~ti ., • : ~' 
'i}P'1 • .'-\'ii.~)°~ f-- ~1 -' . . . . 

720 14 U 
350 10 U 
39 12 U 

·~-1J: i, i. f. '··•. ! • !• ' , 1 ,, 

<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.S9 
<0.54 <0.59 
<0.54 <0.S9 
<0.54 <0.59 
<0.54 <0.59 
<0.54 <0.S9 

,;,:!;i,,i,h t,i.",\ ,,,,' •': · , ;•/!!,,;: i•I.' I •,,O, .. 

1t#J •' . ,1,, I 
' ' 

<12 <12 
<3 43 
<6 24 

•,i ··, , ; . { 
' 

<l.4 <l.S 
<1.4 <1.5 
<6.0 <6.2 
<4.4 <4 .6 
<3.0 <3.1 
<3.0· <3.1 
<4.4 <4.6 
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AOC 69W- SUMMARY OF CONFIRMATION SAMPLE RESULTS 

MCPSl/GWl 69W-UP-Gl-ESW 69W-V-WSW-l 69W-V-FL-l 69W-V-ESW-l 

Lab Batch Number W0-0106 WO-0267 WO-0267 W0-0267 

Sample Depth in feet (bgs) Standards 4-6 5-7 7 6-8 

EPH PARAMETERS .. . I • ! • t Ii~ '.:i.~!IJ- :• J~, ,f 1".11-:-~1! .~~VrVt;~f W!1!hili!,d Flt :.!.tr,: ~\lll!iU~~i¥1ill~~I~ ;~li.l!Jl.;,~l,l;l:,f.'i'~,,t 

AUphatlcl/ Aromatics·• i,, i" ' 1- . l ·d,~:1r,"'• l! , '·'~•. ,t .1~ Ii, t . ,~ '!1b, -~·<'111'·•~~•· .J:"{~-'.l··1~ · j • i; ' I ~ '. ~- ~ ~",.• ·, u.: . ,1. ~~ij, r1~Uiia1~rJ'lil\:!!lf ~~ _,,m 

~ -i~hJi 
C9-C 18 Aliphatics 1000 120 J 1200 600 1700 
CI 9-C36 Aliphatics 2500 68 J 380 130 480 
CI I-C22 Aromatics 200 28 82 77 180 
Targeted PAH11 A,nalytes •, ' • ,: )\ "h j, nii;.;, ;1 1 (i ',!;,, 1: ',,: ;:,,;;11: .) .'!i)• : ,-;:: _, Ji! ''li•\,·if: 1

':'iii!li;:' ""''::"::;:;,,:,,:' .~~tiiR•lm•;i;;-~.~ .i,iJii ; !\i\!.i11t@[i['8;:,{ ,iilc', ~". i' 
2-Methylnaphthalene 4 <0.54 <0.70 <0.59 <0.60 
Acenaphthene 20 <0.54 <0.70 <0.59 <0.60 
Acenaphthylene 100 <0.54 <0.70 <0.59 . <0.60 

Anthracene 1000 <0.54 <0.70 <0.59 <0.60 
Benzo (a) anthracene 0.7 <0.54 <0.70 <0.59 <0.60 
Benzo (b) lluoranthene 0.7 <0.54 <0.70 <0.59 <0.60 

Benzo (k) lluoranthene 7 <0.54 <0.70 <0.59 <0.60 
Benzo (a) pyrene 0.7 <0.54 <0.70 <0.59 <0.60 

Benzo (g,h.i) oervlene 1000 <0.54 <0.70 <0.59 <0.60 

Chrysene 7 <0.54 <0.70 <0.59 <0.60 

Dibenz (a,h) anthracene 0.7 <0.54 <0.70 <0.59 <0.60 

Fluoranthene 1000 <0.54 <0.70 <0.59 <0.60 

Fluorene 400 <0.54 <0.70 <0.59 <0.60 
lndeno ( 1,2,3-01) pyrene 0.7 <0.54 <0.70 <0.59 <0.60 

J 4 <0.54 <0.70 <0.59 <0.60 
Phenanthrene 700 <0.54 <0.70 <0.59 <0.60 
Pyrene 700 <0.54 <0.70 <0.59 <0.60 
VPH PAllAMEURS •· ,!' . 

,, 
: I' 

·:,\. Oi ,:;]!::,,( :- ', •. ; .• }'' , .~'.l,11 '?'"4 lft :; ;,;~ i:~ 11 :11 .. !:·i: ;-i~,i, l'· :i ,:: :j:~1,:' ! • ·, j t Ll.rr,:~-'1i·•i,; ·:; 1 !,:A,: ;,,!1::::~li;,;;,t,il,i \ ,T 

Allphlitltl/ Aromatics : ; '>.I: • i , .} , ti,iJ(ij : • · : ;;'.:1, , ~ ~1 - !: i: 1: ,:! ] • ·;',1~t<::1!J~!'i,:, Jfi -~ ··i~"" ,'>'-';j)' t • •:.t% I f~,,1 1:,•::::::,i;:::ti:;.:1}iJ::;:,,,1:' 1

i~!1i i1• Hr, ,1 ~i,~-~;;.,-l ,• -.It ,,,., ,. . 

C5-C8 Aliphatics 100 <11 <16 <13 <15 

C-9-C 12 Aliphatics 1000 <2.9 <4 43 36 
C9-C IO Aromatics 100 <5.8 <8.1 37 35 
Ta1"2eted .VPH Analytes • • • . • ,:;, ,,, •F'''!i!, ',,l: ~· i-,1~·1•'i~i:f,r·': !~, :u;,· .1i j, •J1f•:''''';ri\ •,I ~' ' !1{ 1i,;]C;";'ji11,;![,it,i: :¥!!.:i !, l[iil!!iij1(,r\,k:.1 ,:.f l: 

' ' 

Benzene 10 <1.4 <2.0 <1.6 <1.8 
Ethyl benzene 80 <1.4 <2.0 <1.6 <1.8 
m,p-Xylenes 500 <5.8 <8.1 <6.5 <7.4 
Methyl-tert-butylether 0.3 <4.3 <6.0 <4.8 <5.5 

Naphthalene 4 <2.9 <4.0 <3.2 <3.7 

o-Xylene 500 <2.9 <4.0 <3.2 <3.7 
Toluene 90 <4.3 <6.0 <4.8 <5.5 

All data is given in parts per million. 

69W-V-NSW-l 69W-PL-FL-6 
WO-0267 WO-o.&51 

6-8 7 
,::,:· :! : :.:! ::i,,;,,, ,i1i;,:: :,::! ! :1:i I ' ,. 

. ,i ,t:ii-.[, i;, • ·'.i' ~, . . " .... t : 

74 310• 
120 36• 
22 120• 

"• ~ • :i. f•• •• I 

<0.58 1.2 
<0.58 0.92 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 1.4 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 
<0.58 <0.61 

'. , " , , ' , · 
" ' •l . 1 l •. I 

<13 <13 
<3.2 52 
<6.5 33 

... · ... ' ' • ''! l 
' 

<1.6 <1.6 
<1.6 <1.6 
<6.5 <6.5 
<4.8 <4.8 

<3.2 <3.2 
<3.2 <3.2 
<4.8 <4.8 
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AOC 69W- SUMMARY OF CONFIRMATION SAMPLE RESULTS 

MCPSl/GWl 69W-PL-FL-7 69W-PL-ESW-2 
Lab Batch Number WQ-0451 WO-0451 
Sample Depth In feet (bg!) Standard! 6 4-6 
EPH PARAMETERS :,:,, 

' : ' . . ·-:,;- · : • ~1 ;. , : ', - ,I :.i,, j t \. • J.. I ~ • I •' ''':4 .._: ;• f 

Allphatfcl/Aromatla. , .. •') • i,, j ... 
. , ' ' ::· i;~~ :; • , •• ,.·,•• , ' i•• .••, I .• ;, i I!~ . , -~ ;:f ... ,. ' 

C9-C 18 Aliphatics 1000 370* 5.6* 
Cl9-C36 Aliphatics 2500 110• 7.9* 
CI I-C22 Aromatics 200 23* <JI 
Tarteted PAH'i Ana1vtet' ,b ; '" ''Jil ,i,;,:;i:,,:;:1., .. ,:•:;l,, 1, I 1

11. . - ,~r·-tt'~ -~ •.' t.1,. ~ °'i ~ ! 11; •I 

2-Methylnaphthalene 4 <0.61 <0.65 
Acenaphthene 20 <0.61 <0.65 
Acenaphthylene 100 <0.61 <0.65 
Anthracene ·- <0.61 <0.65 
Benzo (a) anthracene 0.7 <0.61 <0.65 
Benzo (b) fluoranthene 0.7 <0.61 <0.65 
Benzo (k) tluoranthene 7 <0.61 <0.65 
Benzo (a) pyrene 0.7 <0.61 <0.65 
Benzo (g,h.i) perylene 1000 <0.61 <0.65 
Chrvsene 7 <0.61 <0.65 
Dibenz (a,h) anthracene 0.7 <0.61 <0.65 
Fluoranthene 1000 <0.61 <0.65 
Fluorene 400 <0.61 <0.65 
Indeno ( 1,2,3-cd) pyrene 0.7 <0.61 <0.65 
J 4 <0.61 <0.65 
Phenanthrene 700 <0.61 <0.65 
Pyrene 700 <0.61 <0.65 
VPH PARAMETERS··,',; :·,.-.! ·1 ,'. ·~- ~· !1; }~~; ;..l,;~ ··= .. l.~; r: k -~··~ ·• ,!1.-'. I ·~:l:.;::ii :· i ... t .~--~=-:~f· 
Allphatlcs/Arorilltlcs. · .,; · ·1 ~- ; I ~ • ~ ~ ~ . , / -~ ~ ..-•~~ .lid,:, ·1 -' ~: .. :-,...!f.•1 tatJt;,t .. h•~.•r.-':~,~~--·~. 
CS-CS Aliphatics 100 <13 <14 
C-9-C 12 Aliphatics 1000 <3.2 <3.5 
C9-C 10 Aromatics 100 <6.S <7.0 
Tarreted VPH Animitet',•'') .;c,;, •:,I) ;i ,:L,~~J~~ii.tr~ '::• ;,f ' 11 Tt1.1 ;.:- :.::\,,f/·k(l,:(: :~~.::::!1 't'i :~~/'. !~ : :ii:·~ , : ~:. -~:; }: 

Benzene 10 <l.6 <l.7 
Ethylbenzene 80 <1.6 <l.1 
m,p-Xylenes 500 <6.5 <7.0 
Methyl-tert-butylether 0.3 <4.8 <5.2 

Naphthalene 4 <3.2 <3.S 
<rXylene 500 <3.2 <3.S 
Toluene 90 <4.8 <5.2 

All Jata i9 given in parts per million. 
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Vapor Migration Pathway Analysis 

This Appendix presents an evaluation of the subsurface soil and groundwater to indoor air vapor 
migration exposure pathway. This evaluation has been performed to determine whether fuel oil
related constituents that may be in soil and groundwater beneath the Former Elementary School at 
AOC 69W have migrated, or have the potential to migrate, to the air inside the school building. 
Fuel oil-related constituents that may have a potentially complete migration pathway are then 
evaluated in the human health risk assessment (Section 9 .1 ). 

The migration pathway evaluation was performed using the analytical data collected in support of 
the RI at AOC 69W, and the indoor air quality sampling, as presented in this report. The methods 
and results of these activities are discussed below. 

I. Conceptual Model and Rationale 
Migration of compounds from soil and groundwater can occur if the compounds volatilize from 
soil or groundwater and accumulate in soil gas. • Soil gas can migrate through the soil and 
accumulate beneath a building floor slab, where it can subsequently move through cracks in the 
floor slab or between the floor slab and the walls, to air inside the building. Once inside the 
building, the soil gas can dilute into indoor air, where people occupying the building may breathe 
it. Soil gas can theoretically achieve equilibrium with building air. However, this is not likely to 
happen because air inside the building is always being exchanged with air outside the building, 
either through leaks in the building walls, windows, and roof, or far more significantly through the 
operation of building ventilation systems which are required for all publicly occupied buildings. A 
vapor migration pathway is potentially complete when a constituent has been detected in a source 
(i .e., presence in soil or groundwater), a transport mechanism (i.e., volatilization and transport in 
soil gas), and a receiving medium (e.g. , air inside the building). 

At AOC 69W, fuel oil was released from USTs and leaking pipes to the shallow subsurface soil in 
the early 1970' s. A portion of the area of fuel oil contaminated soil and groundwater appears to 
be located beneath the northwestern and north central portions of the building, including portions 
of the cafeteria/kitchen area, library, and a classroom located between these two areas (Figure 1). 
The area of contamination in the vicinity of the northwestern area of the building appears to 
extend from outside the building to the new boiler room (represented by boring location ZWM-
96-19X), and the edge of the courtyard (represented by boring location ZWM-96-21 X) (Figure 
1 ). The area of contamination in the vicinity of the central area of the building appears to extend 
from outside the building to a point between the old boiler room (represented by boring location 
ZWM-96-20X); no fuel-related constituents were detected soil boring samples or groundwater 
samples collected in the old boiler room (Figure 1 ). 

A crawl space is located beneath the cafeteria/kitchen area. The crawl space is approximately 4 
feet high, has a dirt floor, and is not mechanically vented. The library, as well as the rest of the 
building, are constructed on a cement floor slab. Because the crawl space has a dirt floor, overlies 
a potential area of subsurface soil and groundwater contamination, and has a very low air 
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APPENDIX 0-1 

exchange rate, it is more likely that vapors originating from subsurface fuel oil contamination 
would be present in this area than any other area inside the building. 

Air Sampling To ensure that possibly complete vapor migration pathways could be identified, 
air sampling devices were placed in the areas of the school that were most likely to have indoor 
air that could be effected by subsurface conditions. The air sampling performed at the former 
elementary school building is described in detail in Appendix M. In summary, the areas sampled 
included all rooms located over the areas of possible soil and groundwater contamination (library, 
classroom between library and cafeteria; cafeteria/kitchen, the crawl space beneath the cafeteria, 
and the crawl space beneath the kitchen) (Figure 2). A sample was also collected in the 
northeastern classroom nearest the area of soil and groundwater contamination (there is no 
contamination beneath the building in this area) (Figures 1 and 2). Finally, a sample was collected 
from the headspace of the monitoring well located in tJte new boiler room, and the classroom 
located adjacent to the new boiler room (Figure 2). Because the soil samples collected 9 ft bgs 
and deeper (which are at the water table) from the boring installed in the new boiler room 
contained fuel oil-related constituents, it follows that those constituents would likely be detected 
in the head space of this boring (now a monitoring well screened across the water table) if the 
vapor migration pathway was complete in this area of the building. Several air samples were also 
collected as background samples from areas upwind and downwind of the building. In addition, 
one sample was collected from a classroom on the southwest side of the building to represent 
indoor background conditions (sample ZWA-97-07X; Figure 2). 

Air samples were analyzed for target volatile organic hydrocarbons that could be associated with 
fuel oil, as described in the Air Sampling Workplan (ABB-ES, 1997). In preparation for air 
sampling, all containers, materials, and substances in the school that potentially contained any of 
the target analytes were removed from the school building. The building was then aired out by 
leaving building windows open for a period of three days prior to sampling. The windows were 
closed, the doors to the boiler room were closed and sealed with duct tape (the boiler room being 
a possible source of target compound vapors), and air sampling devices were placed in the target 
rooms: 

II. Migration Pathway Evaluation Methods 
The vapor migration pathway evaluation was performed by comparing indoor air quality data 
collected at each location (i.e., room) with soil and groundwater data collected from locations as 
near as possible to the air sample locations. The presence and concentrations of constituents in 
these media were evaluated together to establish whether a migration pathway could be complete. 
Published and site-specific background air data were also evaluated to help determine the 
likelihood of a complete migration pathway; however, these data were not used to demonstrate 
that potentially complete migration pathways were not complete (i.e. , not used to "screen-out" 
migration pathways). There are four areas included in this evaluation, each representing a portion 
of the building where air samples were collected: 1) Cafeteria area; 2) New boiler room area; 3) 
Northeast classroom; and 4) Library area. 
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Because EPH and VPH analytical methods had not yet been developed for air, it was necessary to 
analyze a range of target VOC compounds each representing specific petroleum hydrocarbon 
chain length fractions ( constituents classified as petroleum hydrocarbons may be aliphatic or 
aromatic compounds, and may have carbon chain lengths ranging from 5 to greater than 36). The 
various target compounds analyzed in air samples can then be compared to measurements of 
extractable petroleum hydrocarbon (EPH) and volatile petroleum hydrocarbon (VPH) carbon 
chain length fractions in soil and groundwater to draw inferences regarding vapor migration . . The 
target petroleum hydrocarbon constituents, and the carbon chain length fractions which they 
represent, are summarized below: 

Target compound in air samples Representative carbon chain length fraction 

1,2, 4-trimethvlbenzene C9-C 10 aromatic VPH 
1,3, 5-trimethylbenzene C9-C 10 aromatic VPH 
2-methvlheptane C5-C8 aliphatic VPH 
3-methylheptane C5-C8 aliphatic VPH 
octane C5-C8 aliphatic VPH 
nonane C9-C 12 aliphatic VPH 
decane C9-C 18 aliphatic EPH 
dodecane Cl9-C36 aliphatic EPH 

No target compounds for the Cll-C22 aromatic EPH fractions were analyzed because 
hydrocarbons in this fraction (representing most PAH compounds) are not readily volatile and are 
not anticipated to be associated with Number 2 fuel oil related releases. 

All air sample results were submitted for data validation. The data quality report for the air 
sample data is provided in Appendix M. In summary, one sample (the duplicate of ZWA-97-03X) 
was rejected because the sampling canister failed. All detected and non-detected sample results 
were qualified as estimated, and were assigned "I" or "UI" qualifiers, respectively. 

m. Migration Pathway Evaluation Results 
Cafeteria Area Three air samples were collected from the cafeteria area: two from the crawl 
space beneath the kitchen and cafeteria, and one from the cafeteria room (Figure 2). Soil samples 
in the vicinity of the cafeteria area were collected from two Terraprobe locations on the north side 
of the building (ZWR-95-26X and ZWR-33X), and soil samples were collected from the boring in 
the old boiler room (ZWM-96-20X) (Figure 1). Groundwater samples in the vicinity of the 
cafeteria area were collected from a monitoring well located on the north side of the building 
(ZWM-95-16X) and from the boring in the old boiler room (ZWM-96-20X) (Figure 1). 

TPH, reported as screening-level TPH data for total, gasoline-range organics, and diesel range 
organics, were detected in the two Terraprobe locations. Xylene was also detected at a low 
concentration in one of the Terraprobe locations (ZWR-95-26X). C9-C 10 aromatic VPH was 
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detected at a low concentration (7 ug/L) in groundwater at ZWM-96-16X, but no fuel-related 
constituents were detected in groundwater or soil beneath the old boiler room (Table 1 ). 

Ethylbenzene, octane, toluene, xylene, and acetone were detected in at least one of the air samples 
collected from the crawl space beneath the cafeteria (Table 1). As indicated in Table 1, three of 
these constituents ( ethylbenzene, toluene, and acetone) were not detected in the soil and 
groundwater, indicating that a vapor migration pathway is not complete for ethylbenzene, toluene, 
and acetone. Only octane and xylene were detected in soil in the vicinity of the cafeteria ( octane 
may be a constituent of TPH). • However, neither of these constituents was detected in the air 
sample collected. from cafeteria room, indicating that they did not migrate from the crawl space to 
the overlying room at detectable concentrations. Since the air in the cafeteria room, as opposed 
to the air in the cafeteria crawl space, is the medium that occupants of the school would 
potentially be exposed to, a complete migration pathway does not exist. Since the crawl space, 
with its dirt floor potentially overlying fuel-related soil contamination and its very low air 
exchange rate, likely represents best-case conditions for detecting vapor migration, it is unlikely 
that xylene and octane would migrate to air in the overhead cafeteria at any measurable 
concentration in the future. 

New Boiler Room Area Two air samples were collected from the new boiler room area: one 
from the head space of the well in the new boiler room, and one in the classroom adjacent to the 
south side of the boiler room (Figure 2). Soil samples in the vicinity of the new boiler room area 
were collected from soil borings in the new boiler room (ZWM-96-19X), and the courtyard 
(ZWM-96-21X) (Figure 1). Groundwater samples were also collected at these boring locations 
(now monitoring wells) (Figure 1). 

All EPH and VPH fractions evaluated in this analysis were detected in the new boiler room soil 
sample collected at 9 ft bgs (ZWM-96-19X). C9-C10 aromatic VPH, and C9-C12 aliphatic VPH 
were detected in the groundwater from that location. No fuel-related constituents were detected 
in groundwater or soil collected from the location in the courtyard (Table 2). 

Toluene, ethylbenzene, xylene, and acetone were detected in the air sample collected in the 
classroom next to the new boiler room (Table 2). Of these, only acetone was detected in the well 
head space sample. The presence of acetone in air samples is likely to be due to laboratory 
introduced contamination, as acetone is not a component of fuel oil. Toluene, ethylbenzene, and 
xylene were not detected in the soil and groundwater in the vicinity of these rooms. This indicates 
that there are no complete vapor migration pathways from soil or groundwater to the air in the 
classroom south of the new boiler room. 

The presence of ethylbenzene, toluene, and xylenes in the sample collected from the classroom is 
likely due to ambient conditions in the building. These chemicals are contained in vinyl floor 
coverings, paint, adhesives, caulking, and carpeting; some of these products were identified in the 
building. In addition, ethylbenzene and xylene were detected at concentrations below published 
indoor air background concentrations (Table 5), and the total concentration of toluene, xylene, 
and ethylbenzene in the classroom air sample (91 ug/m3) is within the range of total aromatic 
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hydrocarbons (18 to 130 ug/m3) reported in older offices and schools (USEPA, 1991). Finally, 
exposures to air in the new boiler room would occur only to facility workers (e.g., janitors) for 
short periods of time. Fuel oil spills and combustion associated with the operation of the boiler 
would likely contribute far higher concentrations to the new boiler room air than would migration 
fuel-related compounds from soil to indoor air. 

Northeast Classroom A single air sample (ZWA-97-03X) was collected from the northeast 
classroom (Figure 2). No soil contamina~ion was identified in the vicinity of the northeastern 
portion of the building during the RI. However, there is a possibility that groundwater beneath 
this area contains fuel-related constituents (as indicated by the data presented in Table 3). 
Therefore, only groundwater data were evaluated with air data in this analysis. Groundwater 
samples in the vicinity of the northeast classroom area were collected from a monitoring well 
located on the west side of the building (ZWM-95-16X) and from the boring in the old boiler 
room (ZWM-96-20X) (Figure 1). 

C9-C10 aromatic VPH was detected at a low concentration (7 ug/L) in groundwater at ZWM-96-
16X, but no fuel-related constituents were detected in groundwater or soil beneath the old boiler 
room (Table 3). Several target compounds were detected in air, including methylheptane, 
ethylbenzene, octane, toluene, and xylene (Table 3). However, none of these analytes were 
detected in groundwater beneath the classroom area, indicating that the presence of these 
compounds in air is not related to subsurface conditions beneath the classroom; vapor migration 
pathways are not complete. 

The presence of the aliphatic and aromatic hydrocarbons identified in the sample collected from 
the classroom is likely due to ambient conditions in the building. These chemicals are contained in 
vinyl floor coverings, paint, adhesives, caulking, and carpeting; paints were stored in the old boiler 
room located near this classroom. 

Library Area Two air samples were collected from the library area: one from the library (ZW A-
97- lOX), and one from the classroom east of the library (ZWA-97-0lX; south of the new boiler 
room and west of the kitchen) (Figure 2). In addition, data for the air sample collected from the 
crawl space beneath the kitchen was included in this analysis because the classroom is located 
next to the kitchen and has an access door to the crawl space beneath the kitchen. Soil samples in 
the vicinity of the library area were collected from two Terraprobe locations on the north side of 
the building (ZWR-95-28:X, and ZWR-95-30X), and the soil boring in the new boiler room 
(ZWM-96-19X) (Figure 1). Groundwater samples in the vicinity of the library area were 
collected from a monitoring well on the north side of the building (69W-94-10), and the new 
boiler room (ZWM-96-19X) (Figure 1). 

TPH in soil, reported as screening-level TPH data for total, gasoline-range organics, or diesel 
range organics, were detected in the two Terraprobe locations. Xylene, ethylbenzene and toluene 
were also detected in the Terraprobe samples. All EPH and VPH fractions evaluated in this 
analysis were detected in the new boiler room soil sample collected at 9 ft bgs (ZWM-96-19X). 
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C9-Cl0 aromatic VPH and C9-Cl2 aliphatic VPH were detected in the groundwater from that 
location. All EPH and VPH fractions except C19-C36 aliphatic EPH, in addition to ethylbenzene, 
were detected in the groundwater sample collected from 69W-94-10 (Table 4). 

2-Methylheptane, ethylbenzene, toluene, xylene, and acetone were detected in air samples 
collected from the library and/or the classroom (Table 4). Of these, ethylbenzene, toluene, xylene, 
and acetone were detected in the air sample collected from the crawl space beneath the kitchen. 
Ethylbenzene, toluene, and xylene were also detected in soil collected from the vicinity of the 
library area. The presence of acetone is likely to be due to laboratory introduced contamination,. 
as acetone is not a component of fuel oil. Therefore, because ethylbenzene, toluene, and xylene 
are present in potential source area media, the crawl space, and the indoor air in the vicinity of the 
source area, it appears that the migration pathways for these constituents may be potentially 
complete. In addition, 2-methylheptane may be related to the presence of gasoline-range TPH 
detected in the Terraprobe samples collected on the north side of the library area (Table 4). 
Therefore, this constituent is considered to have a potentially complete migration pathway as well. 

Toluene was detected in indoor air at concentrations approximately one order of magnitude 
higher than xylene and ethylbenzene, yet it was detected in only one soil sample (ZWR-95-30X), 
and at a concentration (0.026 mg/kg) up to two orders of magnitude lower than the xylene and 
ethylbenzene soil concentrations (Table 4). Since xylene, ethylbenzene, and toluene have similar 
vapor pressures (ranging from 0.0066 Torr for toluene to 0.0084 Torr for ethylbenzene), and 
similar soil/water partition coefficients (ranging from 14 for toluene to 40 for xylene), it would be 
expected that these three constituents would be detected in indoor air at concentrations that 
parallel their soil concentrations. However, as shown below, whereas the ratios of xylene to 
ethylbenzene in air are similar to their ratios in soil, the ratios of toluene to ethylbenzene and 
xylene in air are orders of magnitude higher than the ratios of these substances in soil. This 
indicates that it is highly unlikely that the presence of toluene in air is due to its presence in soil in 
the vicinity of these rooms. 

Comparison Air Ratio (a) Soil Ratio 
(b) 

Toluene : ethylbenzene 37 0.03 
Toluene : xylene 8.9 0.007 
Xylene : ethylbenzene 4.7 4.4 

(a) based on comparison of average air concentrations in samples collected in classroom (ZW A-
97-0 IX) and library (ZW A-97-1 OX) 
(b) based on comparison of average soil concentrations in samples ZWM-96-19X (9 ft bgs), 
ZWR-95-30X, and ZWR-95-28X. 

When evaluating potentially complete migration pathways, it is important to observe that 
ethylbenzene and xylene are components of carpet, paint, and adhesives, and can be emitted as 
those materials age and degrade (USEPA, 1991). The library is carpeted, and paints and 
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adhesives were identified in the building. More importantly, a partially-filled five-gallon bucket of 
fuel oil below a leaking fuel line was also identified in the new boiler room, which is located 
across the hallway from the library/classroom area. This fuel oil could serve as a source of vapors 
to indoor air. 

In addition, ethylbenzene and xylene were both detected in the library air sample at concentrations 
below the lowest published background concentrations (Table 5). Ethylbenzene • and xylene 
concentrations in the adjacent classroom air sample and crawl space air sample were detected at 
concentrations below the 90th percentile indoor air concentrations, and the site-specific indoor 
background concentrations (Table 5). Moreover, the ratio of xylene to ethylbenzene 
concentrations in published and site-specific background concentrations are consistently between 
2.5 and 3.5 (Table 5), and the ratio of ethylbenzene to xylene concentrations in the library, 
classroom, and crawl space samples are between 2.8 and 3.8 (Table 4). Finally, the 
concentrations of ethylbenzene, xylene, and 2-methylheptane in the classroom were higher than 
the concentrations in the crawl space (2-methylheptane was not detected in the crawl space 
sample; Table 4). If the presence of constituents in 1ndoor air is due to migration from soil gas, to 
crawl space air, to air in the rooms above the crawl space, it is extremely unlikely that constituent 
concentrations would be higher in the overlying rooms than in the crawl space. 

Together, this evidence strongly suggests that the presence of ethylbenzene, xylenes, and 2-
methylheptane in air samples collected from the library and classroom is an artifact of ambient 
background conditions that are consistent with buildings similar to the Former Elementary 
School. Nevertheless, because these compounds were detected in the environmental media 
required for a complete migration pathway (i.e., soil or groundwater, crawl space air, and indoor 
air), the possibility of a complete vapor migration pathway for 2-methylheptane, ethylbenzene, 
and xylene cannot be ruled out. No other constituents in indoor air samples collected from the 
building can reasonably be attributed to the presence of subsurface fuel-9il related contamination 
at AOC 69W. _ 

IV. Conclusions 

The following conclusions can be drawn from this analysis: 

1. Volatile organic hydrocarbon compounds that could be associated with fuel oil were detected 
in air samples collected throughout the Former Elementary School, including background 
locations in and outside of the building. 

2. With the possible exception of the northwestern portion of the building, there is no evidence 
to suggest that constituents detected in indoor air are associated with the possible presence of 
fuel oil-contaminated soil and/or groundwater beneath the building. In general, indoor air 
sample concentrations are within the ranges of aliphatic and aromatic hydrocarbon 
background concentrations published in the literature. This information, combined with the 
presence of several possible sources of these compounds inside the building, suggest that 

Harding Lawson Associates 

G:\Projects\USAEC\Projects\69WRIT ABIHH\Airtext2.doc 9144-03 

0-7 



APPENDIX 0-1 

detections in indoor air samples are merely representative of the ambient conditions in public 
buildings such as the Former Elementary School. 

3. The presence of ethylbenzene, xylene, and 2-methylheptane in air samples collected from the 
library and adjacent classroom is likely related to sources within the building (e.g., carpeting, 
paint, adhesives, and fuel oil leaks in the new boiler room), as detected concentrations are 
consistent with the ranges of typical background concentrations. However, because these 
constituents were detected in indoor air, crawl space air, and subsurface soil or groundwater 
beneath the that portion of the building, the possible presence of a complete migration 
pathway could not be ruled out. 
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CAFETERIA AREA 

TABLE. 
AOC 69W - DEVENS ELEMEN !'ARY SCHOOL 

INDOOR AIR QUALITY - MIGRATION PATHWAY EVALUATION 
DEVENS, MASSACHUSETTS 

'I Samples (mg/kg) 

=~:'.·:;;::~=:8>=::?:~~j 

!~&!~;,· 
--- ·~~>iliflt~,-\!lli!t,t'!~,*~ ''["~ jf ~I 

1,2,4 Trimethylbenzene (C9-Cl0 ar; VPH) < 4.4 < 4.4 

1,3,5 Trimethylbenzene (C9-C10 ar; VPH) < 4.4 < 4.4 

l-Metli;-lheptane (C5-C8 al; VPH) < 4.4 < 4.4 

3-Methylheptane (C5-C8 al; VPH) < 4.4 < 4.4 

Decane (C9-Cl8 al; EPH) < 4.4 < 4.4 

Dodccanc (C19-C36 al; EPH) < 22 < 22 

£thylbcnzene H~l&!iitf1f < 4.4 

Methyl tert-butyl Ether < 44 < 4.4 

Nonanc (C9-Cl2 al; VPH) < 4.4 < 4.4 

Octane (C5-C8 al; VPH) < 4.4 < 4.4 

Toluene w.JtMt.f.@t.h~, 13B 

Xylene < 8 8 < 8.8 

Acetone @~ ... , ·w.;a*\··· 
•· :x·~ .. - •' .... •" '. ,.,. - UW:'1 • 

Tctr.whlorocthylcnc < 44 < 4.4 

Notes 

All air sample results reported as"<" are qualified 'UJ'; all other results are qualified 'J' 

[ a] Field Screening Results 

[b] Reported as 45 mjykg gasoline-range organics 

[ c] Reported as 0. 71 m!Ykg diesel-range organics 

[ d] Field screening results reported 160 m)Ykg by TPH-IR 

Shade= concentration above background; comparisoi:i is presented in Table 5. 

ND = Not detected 

NA= Not analyzed 

< 44 < 0,25 

< 44 < 0,25 

< 44 < 0 13 

< 4.4 < 0.13 

< 44 < 1.5 

< 22 < 0.15 

5.2 < 0,05 

< 44 < 0,25 

< 44 < 0 013 

5.5 < 0.13 

150 B < 0.05 

18 3 BJ < 0,05 

ND 

< 4.4 ND 

ND Air = Not detected in air; therefore, no complete migration pathway because VOC is not migrating to air within the building 

< 0.25 

< 0.25 

< 0.13 

< 0.13 

< 1.7 

< 0.17 

< 0.05 

< 0.25 

< 0.013 

< 0.13 

< 0.05 

< 0.05 

ND 

ND 

ND SIG = Not detected in soil and groundwater; therefore, presence of Voe in air within building is not attributable to soil and groundwater beneath building 

LAB = Presence due to laboratory contamination 

45 [b] 

45 [b] 

45 [b] 

45 [b] 

0.71 [c] 

0,71 [c] 

ND 

ND 

45 (b] 

45 [b] 

ND 

0.0023 

ND 

ND 

[1] voe was detected in one portion of crawl space, but not in air in room above crawl space; therefore, migration pathway to exposure point ( cafeteria) is not complete 

160 [d] 7 < 5 NO NDAir 

160 [d] 7 < 5 NO NDAir 

160 [d] < 2.5 < 2.5 NO NDAir 

160 [d] < 2.5 < 2.5 NO ND Air 

160 [d] < 25 < 25 NO NDAir 

160 [d] < 2.5 < 2.5 NO NDAir 

ND < 5 < 5 NO NDS/G 

ND < 25 < 25 NO NDAir 

160 (d] < 0.25 < 0.25 NO ND Air 

160 [d] < 2.5 < 2.5 NO NDAir[l] 

ND < 5 < 5 NO NDS/G 

ND < 5 < 5 NO NDAir[l] 

ND ND ND NO LAB 

ND ND ND NO NDAir 



TABLE2 
AOC 69W - DEVENS ELEMENT ARY SCHOOL 

INDOOR AIR QUALITY - MIGRATION PATHWAY EVALUATION 
DEVENS, MASSACHUSETTS 

NEW BOILER ROOM AREA 

Jllr-
1,2,4 Trimethylbenzene (C9-Cl0 ar; VPH) < 4.4 
1,3,S Trimethylbenzene (C9-Cl0 ar; VPH) < 4.4 

2-Mcthylhcptaoc (CS-CS al; VPH) < 4.4 

3-Methylhcptanc (C5-C8 al; VPH) < 4.4 
Dcc11t1e (C9-Cl 8 al; EPH) < 4.4 

Dodccanc (Cl9-C36 al; EPH) < 22 

Ethylbenzenc 
Methyl tert-butyl Ether 
Non11t1e (C9-Cl2 al; VPH) 
Octlltle (C5-C8 al; VPH) 

Toluene 

< 
< 

< 

4.3 J 

4.4 
4.4 
4.4 

1?!It[~l!flii 1i 1~&r· 

< 22 
< 22 

< NA 
< NA 
< NA 
< NA 
< 22 
< NA 
< NA 
< NA 
< 22 

Xylene 
Acetone 
Tetrachloroethylene 

17.l J I < 44 
::~;:::· ❖ -;~ - ·:-:.. ·::. ~' ,})" ·'}• •• - - • . • ~. .\.t:,,:;,;&f •r,,~'li,,~ , ;:::=:::::-:- F'~f~lf<:::,@i@~;::::, 

1 , ~~-: • - :~ ::~ ·,:-'Y,:OY .. :~ , C, -~,~~ .,::•k:::-
< 4.4 360 

Notes: 

All air sample results reported as"<" arc qualified "UJ''; all other results are qualified "J" 
Shade= concentration above background; comparison is presented in Table 5. 
ND = Not detected 

NA= Not analyzed 

" < 0.25 3.5 

< 0.25 3.S 

< 0.13 0.27 
< 0.13 0.27 

< I.S 560 

< 0.15 llO 
< 0.05 < 0.05 
< 0.25 < 0.25 
< 0.013 8.3 
< 0.13 0.27 
< 0.05 < 0.05 
< 0.05 < 0.05 

ND ND 
ND ND 

ND Air = Not detected in air, therefore, no complete migration pathway because VOC is not migrating to air within the building 

< 0.25 < 
< 0.25 < 
< 0.13 < 
< 0.13 < 
< 1.7 < 
< 0.17 < 
< 0.05 < 
< 0.25 < 
< 0.013 < 
< 0.13 < 
< 0.05 < 

< 0.05 < 

ND 
ND 

ND SIG= Not detected in soil and groundwater; therefore, presence ofVOC in air within building is not attributable to soil and groundwater beneath building 

LAB = Presence due to laboratory contamination 
[1 J VOC was not detected in boiler room well-head sample, indicating that migration pathway to exposure point (indoor air) is not complete 

0.25 
0.25 
0.13 

0.13 
1.6 

0.16 
0.05 
0.25 

0.013 
0.13 
0.05 
0.05 

ND 
ND 

45 < s NO NDAir 
15 < s NO NDAir 

< 2.5 < 2.S NO NDAir 
< 2.S < 2.5 NO NDAir 
< 25 < 25 NO NDAir 
< 2.S < 2.5 NO NDAir 
< 5 < 5 NO NDAir 
< 25 < 25 NO NDAir 

31 < 25 NO ND Air 
< 2.5 < 2.5 NO NDAir 
< 5 < 5 NO NDAir [l) 
< 5 < 5 NO ND SIG [l] 

ND . ND NO LAB 
ND ND NO NDAir 



fABLE 3 
AOC69W-DEVENSELEMENTARYSCHOOL 

INDOOR AIR QUALITY - MIGRATION PATHWAY EVALUATION 
DEVENS, MASSACHUSETTS 

NORTHEAST CLASSROOM 

a:.._ ______ 
1,2,4 Trimethylbenzene (C9-Cl0 ar; VPH) < 4.4 7 
1,3,5 Trimethylbenzene (C9-Cl0 ar; VPH) < 4.4 7 
2-Methylheptane (C5-C8 al; VPH) :;r;itwfili}~[llfil~fliflt~ < 2.5 
3-Methylheptane (C5-C8 al; VPH) 8.7 < 2.5 
Decane (C9-Cl8 al; EPH) < 4.4 < 25 
Dodecane (Cl 9-C36 al; EPH) < 22 < 2.5 
Ethylbenzene ?:J[i1Illt~f:filllNKfil1l; < 5 
Methyl tert-butly Ether < 4.4 < 25 
Nonane (C9-Cl2 al; VPH) 7.2 < 0.25 

Octane (C5-C8 al; VPH) 

.. 
< 2.5 

Toluene < 5 

Xylene < 5 
Acetone ND 
Tetrachloroethylene < 4.4 ND 

Notes: 
All air sample results reported as"<" are qualified "UJ"; all other results are qualified "J" 
Shade= concentration above background; comparison is presented in Table 5. 
ND = Not detected 
NA = Not analyzed 

< 5 NO 
< 5 NO 
< 2.5 NO 
< 2.5 NO 
< 25 NO 
< 2.5 NO 
< 5 NO 
< 25 NO 
< 0.25 NO 
< 2.5 NO 
< 5 NO 
< 5 NO 

ND NO 

ND NO 

ND Air = Not detected in air; therefore, no complete migration pathway because VOC is not migrating to air within the building 

NDAir 
NDAir 
NDS/G 
NDS/G 
NDAir 
NDAir 
NDS/G 
NDAir 
NDS/G 
NDS/G 
NDS/G 
NDS/G 
LAB 
NDAir 

ND SIG= Not detected in soil and groundwater; therefore, presence ofVOC in air within building is not attributable to soil and groundwater 
beneath the building. 

LAB = Presence due to laboratory contamination 



LIBRARY AREA 
AirSamp 

••WW' -·~'.'I ~if 
TABLE4 

AOC 69\V - DEVENS ELEMENTARY SCHOOL 
INDOOR AIR QUALITY - MIGRATION PATHWAY ANALYSIS 

DEVENS, MASSACHUSETTS 

1,2.4 Trimcthylbcnzcnc (C9-C10 ar; VPH) < 4.4 < 4 4 < 4.4 < 0.25 3.5 540 [c 

1.3,5 Trimethylbenzene (C9-C10 ar; VPH) < 4.4 < 4.4 < 4.4 < 0.25 3.5 540 [c) 

2-Melhylhcptane (C5-C8 al ; VPH) 5.2 ·~?{g:f?\ij\ < 4.4 < 0. 13 0.27 540 [c] 

3-Methylhcptanc (C5-C8 al ; VPH) < 4.4 < 4.4 < 4.4 · < 0.13 0.27 540 [c] 

Dccane (C9-Cl8 al; EPH) < 4.4 < 4.4 < 4.4 < 1.5 560 3.4 (b] 

Dodccanc (C19-C36 al; EPH) < 22 < 22 < 22 < 0. 15 110 3.4 (b] 

Ethylbenzcne 2.8 J 7.9 5.2 < 0.05 < 0.05 0 26 

Methyl tert-butly Ether < 4.4 < 4.4 < 4.4 < 0.25 < 0.25 ND 

Nonanc (C9-C12 al; VPH) < 4.4 < 4.4 < 4.4 < 0.013 8.3 540 (c] 

Octane (C5-C8 al; VPH) < 4.4 < 4.4 5.5 < 0.13 0.27 540 (c] 

:I!:~: ::::::~:~= ~1,~;111 twiruiii m : ~! : ~! 0

[ • 
Tctrachlorocthylene < • 4.4 < 4.4 < 4.4 ND ND ND 

Notes: 

All air sample results reported as"<' are qualified "UJ"; all other results are qualified" J" 

Shade= concentration above backgrowtd; comparison presented in Table 5, 
[a] Field screening data 

[b) Reported as 3.4 mglkg diesel-range TPH 

[ c] Reported as .540 mglkg gasoline-range TPH 

[ d] Not reported 

[ e] Reported as 3500 mg/kg gasoline-range TPH 

ND = Not detected 

NA = Not analyzed 

• ND Air= Not detected in air; therefore, no complete mig,:ation pathway because VOC is not migrating to air within the building 

ND SIG = Not detected in soil and growtdwater; therefore, presence of VOC in air within building is not attributable to soil and groundwater beneath building 

LAB = Presence due to laboratory contamination 

[1] Detected in soil and/or growtdwater, and in air at concentration above baclcgrc-und; therefore, migration pathway potentially complete 

[2] Detected in soil and/or growtdwater, but in air at concentration below background; therefore, cause of presence in air is inconclusive 

3500 (e] 

3500 (e] 
3500 (e] 

3500 [e] 
540 (c] 
540[c) 

2.2 

ND 
3500 (e) 

3500 [e] 

ND 

4.4 

ND 
ND 

< 
< 
< 
< 
< 
< 

< 
< 
< 

45 

45 

2.5 

2.5 

25 

2.5 

5 
25 

31 

2.5 

5 
5 

ND 
ND 

< 

< 

< 
< 

790 

790 

17 

17 

590 

2.5 

35 

25 

550 
17 

5 
5 

ND 
ND 

l~!~■tl11 {:,.,,,,,,,,tnm?•Nn 

,,,,,,,)i:f::;::;:;;;;:::;::•:;:;!;~ll~l~i1;~!1! 
NO NDAir 

NO NDAir 

YES [1] 

NO ND Air 

NO NDAir 

NO NDAir 

YES [2] 

NO NDAir 

NO NDAir 

NO NDAir 

YES [l] 

YES (2) 
NO LAB 
NO NDAir 



1,2,4 Trirnethylbenzene 
1.3,5 Trimethylbenzene 

11--Mcthylheptanc 

3-Mcthylheptano 

Decanc 
Dod=nc 

Ethylbcnzenc 
Methyl tert-butyl Ether 

Ncnanc 

Octane 
Toluene 

Xylene 

A<:etone 

< 4 -1 

< 4,4 

< 44 

< ~ 4 

< 4.4 
< '22 

t;,;~:::!:::;'.;~j~~; 
< 44 

< 4.4 

Tct:r11chloroclhylcnc I < 

< 4.4 

< 4.4 

\~}: :;Itt IK) 
< 44 

< 44 

< 22 
1,9 

< 44 
< 4,-1 

Note,: < = Less than certified reporting limits; qualified as "UJ" 

B - Analyte found in blank; 
NA - Not available 
All results not assigned a "<" ("UJ") qualifier are "r qualified 

All concentrations in uglm3 

< 44 
< 44 

< 44 
< 44 

< 44 
< 22 

431 

< 44 
< 44 

< 

< 

ABLES 
AOC 69W - DE\·1'.NS ELEMENTARY SCHOOL 

INDOOR AIR QUALin· SAMPLE COMPARISON TO BACKGROUND CONDITIONS 
DEVENS, MASSACHUSETTS 

4 4 < 4.4 4.02 5 20 
44 < . 4.4 5.5 2 5 NA 

f:tJt;··-:i~? .. ,,. 5.2 NA NA NA NA 
8.7 < 4.4 NA NA NA NA 

< 4.4 < 4.4 4.14 10 50 NA 

< 22 < 22 NA 5 10 NA 
2.8 l 9.79 10 20 I 16-17.2 

< 4.4 NA NA NA NA 
4.4 6.4 5 20 NA 

4.37 5 10 NA 
29.16 65 150 7.84-987 

NA 25 50 3.66 - 16.8 
27.4 NA NA II.I -62.7 
NA 5 20 NA 

< 

< 

< 
< 

< 

< 

4.4 
4.4 
7.2 

8.9 

4.4 

22 
9.9 
44 

5 
9.1 

36B 
34.8 B 

30B 
4.4 

< 
< 

< 
< 

< 
< 

< 
< 

< 

< 

Shading indicates concentration greater than the lowest published upper quartile, 50 percentile, or 90 percentile background concentration or, if published values are unavailable, the lowest site-specific background concentration. 

(a] Upper quartile concentrations from the EPA National Ambient Compounds VOC Data Base (Shah and Singh. 1988) 

[b) From data base of measurements recorded in 11 70 homes (Stolwijk. 1990). 
[ c) Measurements recorded in three non-residential buildings (USEP A. 1991) 

·4_4 < 4.4 < 4.4 

4.4 < 4.4 < 4.4 
4.4 < 4.4 < 4.4 

4.4 < 4.4 < 4.4 

4.4 < 4.4 < 4.4 

22 < 22 < 22 · 
3.2 J < 4.4 < 4.4 

4.4 < 4.4 < 4.4 

4.4 < 4.4 < 4.4 

4.4 < 4.4 < 4.4 

63B 38 B 19B 
8.2B < 8.8 < 8.8 

440B 27 B 31 B 
4.4 < 4.4 < 4.4 
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CALCULATIONS 
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EXPOSURE TO DIRECT CONTACT AND INCIDENT AL INGESTION OF SURF ACE SOIL - RME SCENARIO 
CURRENT AND FUTURE SITE MAINTENANCE WORKER MOWING IN GRASSY AREA 
AOC69W 
FORT DEVENS 
TABLE I 

EXPOSURE PARAMETERS 

I )t /~;?jlit\tt_t~·-·~"Ilaiffi? ~ \ .. ~:::~;;:;.=~:::;-:1,~v:&tt7-~; ~~·«n1TI~:v1~I1~i~ wirrt#+%ID77~1~~1~~~we/~;;~~:2 
[OHM),., chemical specific 

IR 100 

AF 0 SI 

CONCENIRA TION SOIL 

INGESTION RATE 

ADHERENCE FACTOR 

AVERAGE SURFACE AREA (1) SA S.200 

RAF-O chemical specific 
RAF-D chemical specific 

RELATIVE ABSORPTION FACTOR-ORAL 

RELATIVE ABSORPTION r ACTOR-DEHM 

CONVERSION FACTOR CF 1.00E-06 

BODYWEIGHT 

EXPOSURE PERIOD 

EXPOSURE FREQUENCY (2) 

EXPOSURE DURATION (2) 

AVERAGING PERIOD 

CANCER 

NONCANCER 

(l) 50th percentile of surface areas for males: head. hands. urns 

BW 

EP 

EF 

ED 

AP I AP 

MADEP, 1994. Backi,-ound DoaJmcruUoo for the Development ofMCP Numerical Standards April 1994 

MADEP, 1995. Guidance for Disposal Site Rjsl( 01amtcrizalioo, lstcrim Final Policy WSCIORS-9S-141. July 1995 

USEPA. 1989. Exposure Faclon lllnd>ook EPA/60018-891043 May 1989. 

70 

ZS 

64 

I 

70 

25 

chemical-specific 
~-soiVd:ay 

mg-soil/mi-skin 

cm'lday 

wtitlcss 
WUtlcss 

~ 
kg 

year,; 

cvcrts/ycar 
day/cvcrt 

year.; 

_year,; 

USEPA. 1991 Human Health Evaluation Manual. SupplemcntaJ Guidance: "Standard Default Exposure Fact~ "OSWER.Dircctivc 9285.6-03. 

USEPA.1994 

MADEP.199S 

calculated p<r MADEP, 199S 

MADEP, 1994, 1995 

MADEP, 1994, 1995 

USEPA. 1989 

USEPA. 1991 

l\sSUIT¢on 

,\Sstur¢oo 

USEPA.1989 

USEPA.1991 

EQUATIONS 

CANCER RJSK - INTAKE (mc/kc-<lay) • CANCER SLOPE FACTOR (mclkc-<lay)'-1 

HAZARD QUOTIENT - INTAKE (111&/kc-<lay) I REFERENCE DOSE (lll&lkc-<11)') 

INTAKE-INGESTION -

INTAKE-DERMAL -

(OHMJIOO I IR I RAF-0 I CF I EF I ED I EP 
BW I AP I 365 doy,/yr 

fOHMboll x SA I Af I RAf-D I EF I ED I EP I CF 
BWxAPx365dlJYYT 



EXPOSURE TO DIRECT CONT ACT AND INCIDENT AL INGESTION OF SURF ACE SOIL - RME SCENARIO 
CURRENT AND FIJIVRE SITE MAll'fIENANCE WORKER MOWING IN GRASSY AREA 
AOC 69W 
FORT DEVENS 
TABLE I 

CARCINOGENIC EFFECTS 

;[iJ:!:!;;!)i:J;r':::::;:%~e=,:i'%l'.~NT':''''''''.''''''''''';'~'''''''''4Y~iE'W1ill&mu;•1~w\~N-· 

-B<rylliwn 
18 

o.as 
i,6E-06 

7.6E-08 

0.03 

0.03 

I.JE-06 

6.0E-08 

2.4E~ 
3,JE-07 

I 9E-06 

2.6E-07 

4 JE-06 

5 9E-07 

.;.;~~:\:~~~*~· ;.;,,.,.:,.,~-:: ~~~~t::~:~~~:::::~~~:~:f~:~~:::f:::~:~:;::::~:::!~:~:~:~::::'.~~:~:::::~:~~~~~:~*~~:~:~~=:~~i:::~~§ft~;~:~~:~:~;}~t~~~~~~f~:i:~~~::::.~:t,:~~J~~~~;;i ~~fil:;:j,~:;;~;~~~:~f;~~::~:~~~::~:~;:~:~~?.~~~~~:~m,t~:~~ts~2.%~~;~~:~;:~~~I: "'®iH •J~J:::<~~t::;;}-1f.)C{mff: 
[1) MADEP, 1994 Background Docwnentation forlhe Devclopmoni QfMCPNumerical $lm\dards April 1994. 

ND = no data available 

NONCARCINOGENIC EFFECTS 

::'·f'YJ.~W'i~:::!,::'.R ·! .. ,: .. -'/":· .. 
NSCnic 18 I 

ll<-r)1liwn 0.85 I 

lroo 10300 I 

~lm\pn= 240 I 

Tew Pettoleum Hydrocarboruo 936 I 

4 SE-06 0.03 3 6E-06 

2. IE-07 0.03 I 7E-07 

2.6E-03 0.03 2,IE-03 

6 OE-05 0.14 2.lE-04 

2.JE-04 0.2 l.2E-03 

:-~:'.~1::~:~:::::::-;:::S:~:~~~~z~z~:~~::~~~~1~~«~~~=-~m5~~~5:*.$~:::t~~~:::::;:~~:~:~:::~~:~~:::?-:}=:~=======:t}~~::::}=:~~==================:::::::::@:::::::::::::.:::~3:.::::::::::~=~=======~~~%::::=~=::::::::;::~::::::~::::~:suMM1JN.~~~JOO?ff.<:'@$~::i 1:~1::~1~1 
[1) M.AJ)EP, 1994. Bi,c:lq;rnund Doc:umonlulion forlhc Dcvdcpmail ofMCP Numeric:,! Slmldmds April 1994 

ND = no data available 

I SE-02 

UE-04 

8.6E-03 

I.JE-03 

7 SE-03 

I 2E-02 

8.SE-05 

6.SE-03 

4_7E-03 

4.IE-02 

2.7E-Ol 

1.i>E-04 

I.SE-02 

6 OE-03 

4 9£--02 

ffl't¥=:&\h:,$:c;J,;;::,:%~,;t.~"i~ 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL- CENTRAL TENDENCY 
CURRENT AND FUTURE SITE MAINTENANCE WORKER MOWING IN GRASSY AREA 
AOC69W 
FORT DEVENS 
TABLE2 

EXPOSURE PARAMETERS 

:~r~1~ W~JMil1~!rf~~]J~JJf~~ -;fjg~}J~-Lt:~&!(· J~~~~~~~,t.-_fil:}:1:%1:'tJ 
CONCENillATION SOIL [OHM],o1 chemical specific 
INGESTION RATE IR so 
ADHERENCE FACTOR AF 0 SI 

AVERAGE SURFACE AREA (1) SA S,200 

RELATIVE ABSORPTION FACTOR-ORAL RAF-O chemical specific 
RELATIVE ABSORPTION FACTOR-DERM RAF-D chemical specific 
CONVERSION FACTOR CF I 00E-06 

BODYWEIGHT BW 
EXPOSURE PERIOD EP 

EXPOSURE FREQUENCY (2) EF 
EXPOSURE DURATION (2) ID 

AVERAGING PERIOD 

CANCER AP 
NONCANCER N' 

(1) 50th pcrccnlilc of surface areas for males: head, hands, arms. 

MADEP. 1994, BadQ,llund Dowmcntalion for the Dcvclopmed of MCP Numerical Standards April 1994 
MADEi', 1995 . Guidance for Disposal Site Risk Charactcriz2tion. Interim Final PolicyWSCIORS-95-141 , July 1995 

USEPA. 1989. Exposure Facio!> lhndJook.EPA/600/8-89/043. May 1989. 

70 

9 

64 

I 

70 

9 

chemical-specific 
mg-soiVday 

mg-soiVan2-skin 
cm'/day 

unitlcss 
uniUcss 

kg/mg 
kg 

years 

cvcrts/year 
day/cvcm 

years 

years 

USEP A. 1991 . Human Health Evaluation Mam.Jal, Supplemental Guidance: "Standard Deft.ult F.xposurc Factors," OSWER. Directive 9285 6-03, 

USEPA. 1994 

MADEP,1995 

calculated per MADEi', 1995 
MADEP, 1994, 1995 

MADEi', 1994, 1995 

USEPA.1989 

USEPA.1994 

Assurrq,tion 
Assurrq,tion 

MADEi'. 1995 
USEPA. 1991 

EQUATIONS 

CANCER RISK • INT AKE (111£fk&-<lay} • CANCER SLOPE FACTOR (mefk&-<layl"-1 

HAZARD QUOTIENT - INTAKE (mcfk&-<111)') / REFERENCE DOSE (mefk&-<111)') 

INTAKE-INGESTION• 

INTAKE-DERMAL• 

[OHM),oll I IR I RAF-91 CF I Ef I ED I EP 
BW, AP• J65 doy,lyr 

[QHM]soll I SAi AFI RAF-DI EEi ED I EPI CF 
BW • AP • 365 days/yr 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL - CENTRAL TENDENCY 
CURRENT AND FUTTJRE SITE MAll'fJENANCE WORKER MOWING IN GRASSY AREA 
AOC69W 
FORT DEVENS 
TABLEl 

CARCINOGENIC EFFECTS 

nmt*9W 
~~~~-!.!:' 

2,9E-07 

l.4E-08 

O.oJ 
O.OJ 

m:~~·-::: .. ~4 •~•-..:-. ... ~~--•··<-•.f• .. -••·••--.:>-.-.:;:~w•~·<·.:::::y_·-1~·-~:_1:;·:~·:::-~;:-::::::~:~::::~~::::::.::·::::~::::1\::::(::;~~:x::~~:::·~--::::::::::.:~~~:1\.:.rn;:«~.::.:.:.:.:::x:.~~-::::::·:~.-.:.:.:._.:.:.Sust 
(I! M/\DEP, 1994 Bad;ground Documentation for the Development of MCP Num<rlcal Standards April 1994, 
ND= no data available 

NONCARCINOGENIC EFFECTS 

Anrnk 18 I 

Bnyllium 0.85 I 

~lnm 10300 I 

Manganca 240 I 
To<al Pettoleum Hydronrbons 936 I 

2.JE-06 

I. IE-07 

l ,JE--OJ 

3.0E-05 

1.2E-04 

c~K::c::)t:~}-::::¥:~;m;:rz~:.?w~~=x::=s.:~"0:~(;:-.~;:rf:::=:r~~~~;~.::t::~~:-~:;tf~';;:~:;~;:t:~~•?J::•:t::~~':::·::~:;:;~~~~:;;:;~t;;:;:~~:;:r.;:~:~~~:;:~-~~:~,;~:~~:;::~:{:;::~~:;:;~~:;:;:;:;:;~~:~:2;1i~~~x~ .. 
[1 J MADEi', 199-1 ~und Oocumer,131ion for the Development of MCP Numerical Standards. April 199-1 
ND = no data available 

0,03 

0.03 

0.03 

0.14 

0.2 

4,6E-07 

2.2E-08 

l ,SE+oo 

4.JE+oo 

I 

4.JE-07 

S.9E-08 

'jl:il 
l ,IE--06 

l ,SE-07 

,\l~~:msl@'JM@M@:;;;;~~;;,,w:,~:::i:;@csmam~Bfci#. 

3.6E-06 0,0003 

l.7E-07 0.002 

2,IE-OJ 0.3 

2,2E-04 0,047 

l.2E-03 0.03 

7.SE--03 

5,3£..05 

4 3E-03 

6.4E-04 

J.9E-OJ 

t 2E-02 

8 SE-05 

6.8E-03 

4 7E-OJ 

4 IE-02 

·Ia,11 
l.9E-02 

I ◄E-04 

l lE-02 

5 4E-03 

4.SE-02 

•·\J:"'YYtf.%.;Jj<.@Pl'':':•'• '•:i"'''·•·•··:ii&:ii!' 



TA:.. J [ 69WSSGIM 

INHALATION EXPOSURE TO PAR TI CU IA TES AND VOIA TILES FROM SURFACE SOIL - RME SCENARIO 

CURRENT AND FUTURE SITE MAINTENANCE WORKER MOWING IN GRASSY AREA 

AOC 69W 

FORT DEVENS. MA 

EXPOSURE PARAMETERS EQUATIONS 

PARAMETER SYMBOL VAWE UNITS 

CANCER RISK= INTAKE (msfkg-day) • CANCER SLOPE FACTOR (msfkg-doy)-I 

CONCP.NTRATION SOIL cs Ma,dmum m/llkg 

CONCENTRATION AIR PARTICUl.ATBS CAp Cakulat"d msfml INTAKE= {CAp+ CAv)xlhRxETxEF:.:BD 

CONCENTRATION AIR VOI.ATlU!S CAv C.l<ub.tcd mB)m' BW x AT x 36!5 daya/yr 

VOIATIUZATION FACTOR VF Calc11bt~d m'/kg 

PARTICUI.ATE EMISSIONS FACTOR PEF 1,32E+09 m'/kg HAZARD QUOTIENT= AVERAGE DAILY CONCENTRATION (msfm 3)/ 

INHAI.ATION RATE lhR 2.5 m'/hour REFERENCE CONCENTRATION (msfm3) 

BODYWEIGHT BW 70 kg 

BXPOSURB TIMB ET i hours/day AVERAGE DAILY CONCENTRATION = (CAp +CAv) x EF :ii: ED 

BXPOSURB FREQUENCY EF 64 days/ye.ar AT z 361 day■/yr 

BXPOSURB DURATION ED 25 years 

AVBRAGn-10 11MB AIR CONCENTRATION PARTICULATES= CS• 1/PEF 

CANCER AT 70 yean 

NONCANCBll AT 2j vurs AIR CONCENTRATION VOL\TII.ES = CS x 1/VF (VF i■ not c ■ lc:ulatcd bcC111uac no volatilCll arc ■elected ■■ CPCa). 

Note: 

For noncarcinoe,e.nic: dferts: AT= EF/36~ days J)('r ye.ar 

N D - Value not de.te.rmin e.d 

CARCINOGENIC EFFECTS 

ll;H.ALATION 

SOIL CANCER SLOPE PERCENT 

COMPOUND CONCENTRATION VF CAv CAp INTAKE FACTOR CANCER TOTAL 

, ., ,.Jhl Cm'lkol /mRim'I /m.Jm> \ lm •n.• -do,r\ lm• "'•-.dsvi- 1 RISI: lHSlt 

A rsenic 18 NA 
NA:1 

1.36E-08 2.4E-10 1 1.5E+0l 3.7E-09 97.42% 

Beryllium 0.85 NA NA 6.44E-10 1.2E-11 8.4E+00 9.7E-11 2.58% 

NA = Not applic:11blc SUMMARY CANCER RISX 48- 09 

NONCARCINOGBNIC EFFECTS 

AVERAGE l:NHALATION 

SOIL DAILY RBFERBNCE PBRCBNT 

COMPOUND CON CE NTRATlON VF CAv CAp C O NCENTRATION CON CE NTRATION HAZARD TOTAL 

<ma/h\ tm->Jka) (111,cr/:n,S) (m.o/m'l , .. ,., .. 1 , lm•/m1, QUOT1ENT Rtslt 

Arsenic 18 NA NA 1.36E-08 2.4E-09 ND 

Beryllium 0.85 NA NA 6.44E-10 l.lE-10 2.0E-05 5.6E;-06 0.87% 

Iron 10300 NA NA 7.80E-06 1.4E-06 ND 

Manganese 240 NA NA 1.82E-07 3.2E - 08 5.0E-05 6.4E - 04 98.80% 

Total Petro leu m Hydrocarbons 936 NA NA 7.09E-07 1.2E - 07 6.DE-02 2.lE -06 0.32% 

NA = Notl<t1Dlicable SUMMA.ll Y HAZARD INDl3X Q_00()6 

•- -••s-941 

Rev 5/% 



TA I 69W SSGIA 

INHALATION EXPOSURE TO PAR TI CU IA TBS AND VOIA TILES FROM SURFACE SOIL - CENTRAL TENDENCY 

CURRENT AND FUTURE SITH MAINTENANCE WORKER MOWING IN GRASSY AREA 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS EQUATIONS 

PARAMETER SYMBOL VAWE UNITS 

CANCER RISK= INTAKE (msfks-day) x CANCER SLOPE FACTOR (msfks - day)-l 

CONCENTRATION SOIL cs Muimum mp./kg 

CONCBNTRATION AJR PARTICUI.ATBS CAp Calruhucd m[Vm' INTAKE= (CAp + CAv)x lhR 1: ET :1 HP :1 ED 

CONCl!NTRA TION AIR VDU\ TILES CAv Ca k-11111:cd ms/w ' BW z: AT s: 36.5 days/yr 

VOu\TIUZATJON FACTOR VF C1kuh.k d m'/ks 

PAR TI CUI.A TB EMISSIONS FACTOR PEF l.32E+09 m'/kg: HAZARD QUOTIEHI" = AVERAGE DAILY CONCENTRATION (msJm 3) / 

INHAl.ATION RATH lbR 2.~ m'/bo\lr REFERENCE CONCENTRATION (msJm 3J 
BODYWEIGHT BW 10 kg 

HXPOSURB TlMB ET 3 houn/day AVERAGE DAILY CONCENTRATION= fCAp +CAv) :a: EP :11: ED 

l!XPOSURE PREQUl!NCY E F 64 days/yc-ar AT :1 36.S day■/yr 

BXPOSURB DURATION E D 9 ycan 

AVERAGING TIME AIR CONCENTRATION PARTICULATES= CSx 1/PEF 

CANCER AT 10 yc-.a n 

NONCANCBR AT 9 VCil~ AIR CONCENTRATION VOUTILES = CS x INF (VF is aot calcvlatcd bccauac ao vOlat ilc1 att. 1clccted u CPC■). 

Not(": 

For noucarcioo g:c.nic- c-ffe.cts: AT:; EF/365 days per )'C'aT 

N D - Val u e-. oot dc-.tc-.rmiDc-d 

CARCINOGENIC EFFECTS 

INHALATION 

SOIL CANCl!R. Sl,.0'6 PBRCENT 

COMPOUND CONCENTRATION VF CAv CAp [NTAKE FACTOR CANCER TOTAi. 

{m. - /L.- '\ /m,l/lco\ (mrdm''I lmnlm:J\ Im•"-" do•I , ,. .. .n. ... _ da. ,.,., - 1 RISK lUSlt 

Arsenic 18 NA NA 1.36E-08 8.8E-11 1.5B+01 1.3B-09 97.42% 

Beryllium 0.85 NA NA 6.44E-10 4.1E-12 8.4E+OO 3.5B-11 2.58% 

NA "" Not 11.DDlic•blc SOMMAB.Y CANCER itlSK rn~09 

NONCARCINOGHNIC EFFECTS 

A Vl!RAGE lNflALAT ION 

SOIL DAILY RBl'l!.RBNCB PBRCHNT 

COMPOUND CONCENTRATION VF CAv CAp C Ol'l"CE NTRAT ION CONCENTRATION HAZARt> TOTAL 

lmalk■ \ fm>/k■ \ Im•'->\ <maim>\ , • • ,,.J1 Cmwm 3l Q U OT IENT RISK 

Arsenic 18 NA NA 1.36B-08 2.4E-09 ND 

Beryllium 0.85 NA NA 6.44E-10 l .1E-10 2,0E-05 5.6B- 06 0.87% 

Iron 10300 NA NA 7.S0E-06 1.4E-06 ND 

Manganese 240 NA NA 1.82E-07 3.2E-08 5.0E-05 6.4B-04 98.80% 

Total Pciroleum Hydrocarbons 936 NA NA 7.09E-07 1.2E-07 6.0E-02 2.lE-06 0,32% 

NA = Nou,01>licablc SUMMARY llAZARD INDBX 0.0006 

.ug- Pa l 

Rev. 5/96 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL-RME SCENARIO 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 years) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLES 

18-Aug-98 

EXPOSURE PARAMETERS 

_ _:- ;1JfWJ.?lJlJ~}~OO.:/l1l:1rt~!.1P\:: 
CONCENTRATION SOIL CS I MAXIMUM 
INGESTION RATE IR 

ADHERENCE FACTOR AF 
100 

0.51 
AVERAGE SURFACE AREA (1) SA 5,053 

RELATIVE ABSORPTION FACTOR-ORAL RAF-O chemical specific 
RELATIVE ABSORPTION FACTOR-DERM RAF-D chemical specific 
CONVERSION FACTOR CF l .00E-06 
BODY WEIGHT (2) BW 

EXPOSURE PERIOD El' 

EXPOSURE FREQUENCY (J) EF 
EXPOSURE DURATION ED 
AVERAGlNGPERIOD 

CANCER AP 

NONCANCER AP 

(1) 50th pcrccr:tilc of swfacc arus for males: head, hands, forcanns, lower legs, feet 
(2) 5oth pcrccrtile or body w.igfis for males. 

I 

MADEP, 1994. Ba~nd Dorumcntal.ion for the Dcvclopmcrt ofMCP Nwnerical Standards April 1994 
MADEP, 1995, Guidance for Disposal Site Risk Characterization. Interim Final Policy WSC/ORS-95-141 July 1995 

p:\olin\wilmingtlhhra2\spreadlsurfsoil\CTSSDEP.XLS 

45 

13 

96 

70 

13 

dlcmical-spccific 
mg-soil/day 

mg-soil/an2-slc.in 
an'lday 

uniUcss 

uniUess 

k&'mg 
kg 

years 
cvcnls/ycar 
day/event 

years 
cars 

USEPA. 1994 

MADEP, 1995 

cakullled per MADEP, 1995 

MADEP, 1994, 1995 

MADEP, 1994, 1995 

cllcullled per MADEP, 1995 

Assurl1>{ion 
Assuiq,tion 

Assuff¢on 

USEPA.1989 
,tion 

EQUATIONS 

CANCER RISK• INTAKE (mc,lqi-day) x CANCER SLOPE FACTOR(mc'1<c-<l11Y)'-I 

HAZARD QUOTIENT • INT AKE (nic,lqi-day) I REFERENCE DOSE (mc'1<c-<l11Y) 

INTAKE-INGESTION• 

INTAKE-DERMAL• 

(OHMhoP I IR.1 RAF-0 I CF I EF I ED I EP 
BW x AP x 365 days/yr 

[OHMlsotl I SAi AF1RAF-D1 EF 1. EDI EP I CF 
BWx AP x 365 d11Y"Jf 

8118/98 3:15PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL- RME SCENARIO 
CURRENT AND FUTIJRE CHILD TRESPASSER (6-IS years) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLES 

CARCINOGENIC EFFECTS 

Ancnic 

Beryllium 

IS-Aug-98 

9.2E-08 

,,,,,,"''"·""M~~"'~;~w::::;;;~t:;::~:;,s:~~:(:.,,,,,.,;,,•:,~,,,~m,,:;,:,,,,,"':::::•:~:.:':':,:::::,,,':}::::::,,:,,,::::::,,,,,,.~i,,•:,:,,,:,:,,, [Wfillli:~':m:•::'f.''7'''''''':,:-,,,,:,::7:':'':},•:'·:·:'.•;:•:5:•,:W:'fil~ 
[IJ MADEP, 1994. llecqround Docume,..,;on for th, O.V.lopmc,t ~ MCP Numoriml 9anclordo. April 1994. 

ND = no de.ta available 

NONCARCINOGENIC EFFECTS 

Beryllium 

Iron 

Man..-
T""1 Pouclcum Hyckoaubom 

•::::;:::,,:,:::mctjj~ hli, ~-~;::::;: 
1.IE-05 

5.0E-07 

6.0E-03 

1.48-04 

S.58-04 

:-~*:~1~~w~~r:t~~r:~:~:i:?t:=~.t1~~r:~:~t{:~~@t~if~;~r~tt«N--~~trt:}~~=f~=\~:(:~tt:;~f~?.\~:;~;_::;.s;~t~¥~-j~~:~ .. ~~m~:~i::1~:\:1:!I=~;;~1:t:J:i:\~:t \::~~~t~\t/~::=;t ::1:::\=tft~~: 

p:lolin\wil- --t\hhra2\spread\surfsoil\CTSSDEP .)(LS 

I.SE+ 

4.3E+ 

-:-, __ v.,.JE:::::::;'.:&Elll-
2_JE-06 

4.0E-07 3. IE-07 

"™:%~ wii'i~'mit __ ----·,: 2,,,-,:TT"':;~----d rA?p~}KjtJk~T= i ~ 

,)m 

3.BE-07 
4.7E-03 

S.21!-04 

iBE-03 

··BJ 

2 SE-04 

2 0E-02 

3.0E-03 

LSE-02 

:-~:~=~~:~M~t.:1;~:~$S~~fi~8~~:~~:i:;:::~~ffi.i:::~*~~~M~ ~ 

19E-04 

I 6E-02 

UE-02 
9.4E-02 

4.4E-04 
3.6E-02 

I 4E-02 

1 IE-01 

·----~ t=m~:~~~::::;~:~::1~fB 

- ,,8198 3:24 PM 



•._ 

EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL-CENTRAL TENDENCY 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 years) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLE6 

EXPOSURE PARAMETERS 
18-Aug-98 

~~TI:W:tf&~J.%.:lli?Ji!~~m;~tili~~:s:;~~~:i[~;if~:::~~;~~!~::.l~:>~1~~%fS~~Ju~:S{~~:l:)tfili'iiwi:~2.:~t\~)illllif:~~'.~~ ,~{~f:~~~~f~~l;~?::ID-: 
CONCEa"TRATION SOIi. 
INGESTION RAT£ 
..OHDUNC£ FACTOR 
AVERACE SURFACE AR£A (I) 
RELATIVE. "11SORl'TIOJII FACTOR,ORAL 
RELATIVI. ABSORPTION FACTOR .,DER..\I 
CONVERSION FACTOR 
BODY -ICHT (2) 

EXPOSURE PI.RJOD 

EXPOSURI. FRrQ\/£NCY @) 
£Xl'OSIIRE DURATION 
AVERACINC PERlOD 

C\NCER 
NONC-'NCI.R 

cs 
[R 

AF 
SA 

RAF-0 

RAF-D 

CF 

BW 

EP 

EF 
ED 

AP 
AP 

(l) 50th pcrcm.ilc of surface areas for males: head. hands, forearms. lower legs, feet 
(2) 50th pcrccrtilc ofbodywcigtts for males. 

MAXIMUM 
50 

0 51 

5,053 

chcmial specific 
d,cmical specific 

1 OOE-06 

45 

96 I 

7: I 

MADEP. 1994 Background Docwncwlion for the Dcvclopmcnl of MCP Numerical Standards April 1994. 

MADEP.1995. Guidance for Disposal Site Risk Oian.ctaiZ11ion lrtcrim Final Policy WSCIORS-95-l41 July 1995. 

p:\olinlwilmingtlhhra2lspread\surfsoil\CTSSDEPA XLS 

chemical-specific 
mg-soil/day USEPA.1994 

~-soil/anZ-skin MADEP, 1995 

an'lday ulculatcd pcr M-'DEP. 1995 

ooitless MADEP, 1994, 1995 

wtitlcss MADEP, 1994. 1995 

kwn-« 
kg calculated per M-'DEP. 1995 

YCtrS Asswq,Lion 
events/year AsSUll1)tion 

day/cvert As~on 

years USEPA. 1989 

ycu, ~lion 

EQUATIONS 

C\NCER RISK - INT>.KE (111&11<&-day) • CANCER SLOPE FACTOR (mclk&-day)'-1 

HAZARD QUOTIENT - INT>.KE (111&11<&-day) I REFERENCE DOSE (111&1kc-day) 

INT >.KE-INGESTION -

INT AKE-DERMAL • 

IOHMboll I IR J RAF-0 I CF I Ef I ED I EP 
BW x AP x 365 dayvy,-

IOHMJsoU I SA I Al I RAf-D I Ef I ED I EP I CF 
BW • AP x 365 day,lyT 

8/18/98 3:32 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL - CENTRAL TENDENCY 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 yean) PLAYING IN GRASSY AREA 
AOC6'W 
FORT DEVENS, MA 
TABLE6 

CARCINOGENIC EFFECTS 

Be,yllium 

lS-Aug-98 

3.2E-08 4.9E-08 1.4&07 3.5E-07 

,;y::r::'.?s~=~:~~;7*-•:•:-:-:-:-:-::::::::::~f·;•:;r;,:,;~,;v_.~;,::••C~•••;,;;:;; .... ,•~~~·.:-.-::~;}3:~~t.1~_:r~·:•:~~r:·:·:·:·:·:·:·:·:-:-:-:-~-:-:-:-:·~-:-::::-:·:-.--· ·--·---·---•-•.,;-.,;-;,..,,.~ ,}-'•'•'.Vz''•'~•--r~w:;s-=$~·-•- 4~-'\",C::•-;:· ::· --~-}7-'f❖SN-~':'•·7w··::"=·;V~:ffW:tx-z1q~?t'-»"'-~Y;,~iuslr-:•::,:.;:-:-:"J:lrt:•:1~-:;..-•w::::2~·-~~.::1.z;·t:,ViZ?.tt#:t~r•·~:.~:wn:::,~w@~ 

[l] MADEP, 1994. Beckgr<,und Documc~on factho De..,lcpnc,. aCMCP Numorical San<ardo. April 1994. 

ND = no <hla avoilablo 

NONCARCINOGENIC EFJECl'S 

Be,yllium 

!,oo 

Manpncec 

Tao! Pdroloum Hydroaul>ona 

p:lolinlwi' '\hhra21spreadlsurfsoil\CTI,SDEPA.XLS 

2.SE-07 
3.0E--03 
7.0E-05 

2.7E-04 

3.BE-07 
4.7E-03 

S.2E-04 
2.BE-03 

JtitJ~QE~:::'"": 

3.2&04 

2 6E-02 

12&02 
1,0E-01 

t~ 

''1198 3:32 PM 



TAl 
INHAws.TION EXPOSURE TO PARTICUI.ATES FROM SURFACE SOIL - RME SCENARIO 

CURRENT AND FUTURE CHILD TRESPASSER (6- U ycan) 

AOC69W 

FORT DEVENS. MA 

EXPOSURE PARAMETERS 

PARAMIITBR SYMBOL VALUB UNITS 

[69WUC::IM 

EQUATIONS 

CANCER RISK• INTAJCE ("'811<.!-d.y) zCANCBRSLOPB PACTOR(meiq-doy)-1 

COMO!Jl"TI!:,A·nON son. cs Mullltum "'8i1<a 
C'Ol't'~TIO M AIR PAR.TIC\JLAT8S CAp Calculattd mglm" INTAJCE s (CJ\p + CAv) z 1•RzET zBFs:HD 
CO.KCBN'nt.A T10N A lR. VOL.A TlU!S CA, NA 

""""' 
BW z AT z 36' dayw/yr 

V()LATil.11AT10N PAC'TOR VF R.rtablr. OT"ll<i! 

PASl:TtCUt.A1\\ l!MdllOltl PACTOR. PEF l 32E+09 m'll<i! HAZARD QUOTIBNr = AVBRN;B DAILYCONCBNTRATION (m,/ ... ) / 
DOfALATIOR RATB lbR 2.l oi'lhour RBffiRBNCB CONCBNTRATION ("""•') 
BODY WBIGHT BW 70 kB 
BXIOS'V1U! TUB ET 8 hou~y AVBRJ\GEDAll.YCONCENTRATJON = (CJ\p + CA•) :it BP z FD 

ltD'OIVR.B. l'RaOUl!XCY EF 6.( da~ .. , AT zl65do,.,.,. 
llXPO~ DllR.ATIOlf ED 1J ~.an 

AV!.!R.AGIR'G TIM1! AIR CONCENTRATION PAIUICULATBS ~ CS zl/PBP 

CAIICOR AT 70 ~" 
kl\.,. .,..,.,......, -,.T 25,00 won AIRCONCBNTRATION VOLATll.BS = CS z 1/VP 

Note: 

For oonca1t:inogeoic rffrcl!: AT = EP/36.5 da)"I per ~-u NA- Not 1ppliceblr. 

TPHC -TotalPetrolr.uatHWrocarboH ND - Value oot detenniMd 

CARCINOGENIC EFFECTS 

INHALJ\rlON 

SOIL CANCl!R SLOPB PBRCBNT 

COMPOUND CONCJIHl'RATION VP CA• CAp INTAD w,aroa CANC,BR TotAL 
' , __ ,._, Ir/hi ,_,.,., , __ ,.,., 

l.--1'l,;,,._.,.\ '-""-- ...... _., .. ~ RISC, RISK 

Surface Soil 

Arscni'.: 18 NA NA 1.36E-oa 2.2E-IO UE+0l 3.4E -09 97.42% 

Beryllium 0,8, NA NA 6.44E-10 1.IE-11 UE+OO 8.9E-11 2.,8% 

NA,~ Not -lbble SUMMARY CANCf!.R·BJO: 5E ·o, 

NONCARCINOGENIC EFFECTS 

AY,i!JIAOB INHALATJON . '_,._ 
c $OIL DAILY REPBRBICB PEJICBliT 

COMPOUND CONCBM'RATlON VP CA. CAp COHCl!NTR;\TlON CONCllm'AATlON BAZAIID TOTAi. ,_,._, 
' '""-' 

,_,~, , __ ,..,., ,~,.,,. ,_,.,, ,,.....,...,,.,. D><r 

SmfaccSoiJ 

ArsenC 18 NA NA l.36E-08 2.4E-09 ND 

Beryllium 0.8, NA NA 6.44E-10 l.lE-10 2.0E-05 ,.6E-06 0.8S% 

Iron 10700 NA NA 6.IIE-06 1.4E-06 ND 

Manganc-.se. 249 NA NA 1.89E-07 3.3E-06 S.0E-05 6.6E-04 99.L~% 

TPHC 936 NA NA 7.09E-07 !.2E-07 6.0E-02 2.IE-06 0.31% 

NA: tlot aoolir~~lc SUMMARY HAZA.RO INDEX 6:7E-04 

u~,._cl!) 

Rev, ~/96 



TAB. 

INHALATION EXPOSURE TO PARTICULATES FROM SURFACE SOIL - CENTRAL TENDENCY 

CURRENT AND FUfURE CHILD TRESPASSER (6-18 ycan) 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMBl'ER SYMBOL VALUB UNlfS 

[69wt.1CDI 

EQUATIONS 

CANCER RISK = INT AJCB (insJl<a-doy) • CANCER SLOPE PACTOR (msiq- oloy)- 1 

CORCBKTRATIO)( SOIL cs Mo1.arm111. mg,1q, 
C01'Cllf1RATIOW AIR. PARTlaJl.Aff.S CAp (" ... b l.ud nlglnr' INTAICB = (CAp + CA•)11:llaRzBT zBF:rED 

COlfa!.MTR.ATI01' AIR YOL.AfflZS CAv NA maJff 8WitATz36.5day,Jyr 

VOLATU.IZ.ATIOlf l'ACTOR VF ,N'. ta.bit: .,•,1qi 

PARTlctJlJt,lE BIUUIOJQ PACTOR PEP 1.ne ... 09 m',lqi HAZARD QUOTll!Nr = AVBltAGBDAILYCONCBNTRATION (mwm') I 

IRHALATIOl'I' RAT!! lhR l ff/hour RBPBRBNCE CONCBNrRATION (""'m') 
BODTWE!GHT BW 70 !qi 

BXPOWJtfi Tllm ET I hour.Atay AVERN3EDAil.YCONCBNrRATION = (CAp +CA•)sBPzBD 

BXPOSUR.B Pltl5QVDCY E F 64 do~, Kr &365 .,.,,, 

BXPOSURB DURA TIOlf ED 9 Y.•" 

AVBRAODIO?Dal AIRCONCENrRATION PARTCUIATES ~ CS• 1/PBP 

CA>rCl!R AT 70 y<an 

x°"'°'".....-o AT 9 00 ·-- AIR CONCENTRATION VOIATil.BS = CS• INF 

Not~.: 

For norte11ei.aogeaicel{r.cts: AT= EF/365 days per ~•r NA - Not applable 

TPHC - TotalPetro~um Hvdrocaibon, NO - Value aotdetemiocd 

CARCINOGENIC EFFECTS 

INHALUION 
SOIL CANC::11.R SLOPB PB!tetiHT 

COMPOUND CONCENrRATION VP CA, C4'p INTAIW PicrOR CANCBR TOTAL , __ ,._, ,.,,,._, ,_,_,, ,_.,_., ,_..__.., _, 
RISJC RISJC 

Surface Soil 

Arscoi:: u NA NA J.36E-08 7.0E-ll l.5E+0l I.IE-09 97.42% 

Beryllium 0.85 NA NA 6.44E-10 3.3E-12 8.4E+OO 2.SE-ll 2.58% 

.NA : Not - ~!li:oblc SUMMARY CANCE.R lUSlt 1e.:. 09 

NONCARCINOGENIC EFFECTS 

AVBRAOB ll'JIV,LATIOI' 

son. OAll.Y lllf l'!aiil!NCB P.BIIC!Blff 

COMPOUI'ID COIICENl'RATION VP CA• CAp CONCENTRATION COl'Cl!N"l'RATION HAZARD TarAL. 
, __ ,._, ,~,._, '-'~' ,_,_,, ,_,..,, ,_,..,, OU01'1ENT aislt 

Surface Soil 

Ancnr IS NA NA 1.36E-0S 2.4E-09 ND 

lkzyJlium 0.85 NA NA 6.44E-10 I.IE-10 2.0E-05 5.6E-06 0.85% 

Iron 10700 NA NA 8.IIE-06 l.4E-06 ND 

Mangan~.s~. 249 NA NA l.89E-07 3.3E-(l! 5.0E-05 6.6E-04 99.15% 

TPHC 936 NA NA 7.09E-07 l.2E-07 6.0E-02 2.IE- 06 0.31% 

NA ~ Not toolioable SUM:l,(ARY EIAZA.11.D QIDEX 6:71!-0t 

19- Ao~ 

. 

RC'\~ :"i/96 



TRSDIDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT - RME SCENARIO 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 yean) WADING IN WETLAND AREA DURING SPRING SEASON 
AOC69W 
FORT DEVENS, MA 

18-Aug-98 

EXPOSURE PARAMETERS 

,c:::rt@:'.i':iU.k'J:,~AAMbi::i\ .-.,.,-:-:·:>;( :::: 'XF'"':'.:'.is'mwfi>/''';J,f •"'. 'Wil&-,,-_-,,,,(1m;V""W'llfii~~&:f.¾~',,'•'~;~c@&§t%4i' 
CONCENTRATION SEDIMENT 

INGESTION RATE 
ADHERENCE FACTOR 
AVERAGE SURFACE AREA 111 
RELATIVE ABSORPTION FACTOR-ORAL 
RELATIVE ABSORPTION FACTOR -OERM 
CONVERSJON FACTOR 
BOOY WEIGHT 12) 
EXPOSURE PERIOD 
EXPOSURE FREQUENCY 13) 

EXPOSURE DURATION 
AVE!IAOINO PERIOD 

CANCER 
NONCANCER 

[OHMI,_._ 

IA 
AF 
SA 

RAF-0 
RAF-D 

CF 
BW 
EP 
EF 

ED 

AP 
AP 

chemical apecific chemical-apecific 

100 mg-sediment/day 
0.61 mg-sadimant/cm:a-skin 

6,063 cm2/day 
chemical 8p8cific unitlasa 
chemical specific unitlaas 

1.00E-06 kg/mg 
45 kg 
13 yea,-

24 aventa/yaar 

1 day/event 

70 yaare 
13 y9a.-. 

(1) 60th percentile of ■urfaca areas for malaa aged 6 through 18 yaara: head, hand, , foraarmo , lowat leg1, feat . 
12) 60th percentile of body weighte for male■ •"ad e through 18 years. 

MAOEP, 1994. Background Documentation for the Development of MCP Numerical Standards. April 1994. 
MAOEP, 1996. Guidanca for Diapoeal Sita Riek Characterization. Interim Final Policy WSC/ORS-96-141. July 1996. 

p:\olin\wilmingt\hhra2\spreadl<ediment\CTSDDEP.XLS 

USEPA, 1994 
MAOEP, 1995 
celculated per MADEP, 1996 
MAOEP, 1994, 1996 
MADEP, 1994, 1995 

ca1cul•ted per MAOEP, 1996 
A.-umption 
A••umpdon 
Asaumpdon 

USEPA, 19B9 

A•!l~-~t~on 

EQUATIONS 

CANCER RISK = INTAKE fmg/kg-<l■yl x CANCER SLOPE FACTOR fmg/kg-d■yl- -I 

HAZARD QUOTIENT = INTAKE lmglltg-<l■yl I REFERENCE DOSE fmg/kg-<l■yl 

INTAKE-INGESTION = 

INTAKE-DERMAL= 

(OHM)oedlmont x IR x RAF-0 x CF x EF x ED x EP 
aw x AP x 385 doya/yr 

(OHM]oedlmont x SA x AF x RAF-0 x EF x ED x EP x CF 
aw x AP x 385 doyo/yr 

8/18/98 J,34 PM 



TRSDIDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT - RME SCENARIO 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 years) WADING IN WETLAND AREA DURING SPRING SEASON 
AOC69W 
FORT DEVENS, MA 
8 

CARCINOGENIC EFFECTS 
19-Aug-98 

==~:~:=::;:;::=~:»"::,~$~~@==~.x::~~~~i•~t;o/$;-i:f_;;t~f1*:::f;$:~:f.;§;::::~:::~:·:::;~~:::::::::~~:~::y;;:~:::~:==-=~ii-~~~~=:~~:::::::::i~::~:~~t:~:;::':;~S:~. 
111 MAOEP, 1994. Background Oooumentation for tho Oovolopment of MCP Numerical Standorch , April 1994. 

NO = no data available 

NONCARCIIIOGENIC EFFECTS (CONTNUED) 

Iron 
Mang•ne1-e 
Total Petroloum Hydrocarbon, 

f:';'i::{@j@#'@:;:;*3&,:,@~~,,~::'(%*%'$,.~)::.:,,g~,z=~:;:::;:~::i,®::?s 

186, 
2 

:•6:-~ ·z;;:··-·::·····:·:·:·::·:·:·.'.~-:-:···-·.-·~~---. 

4.2E-05 

111 MAOEP. 1994. Background Documentation for tho Devolopmont of MCP Numerical Standard• . Aprll 1994. 
ND = no data available • 

p:lolin\wil 'lhhra2lspreadlsediment\CTSDDEP.XLS 

0.03 
0 , 14' 
0.2 

6.3E-03 
6 .SE-04 
1.4E-03 

4.1E-03 
2. 1E-03 
7.3E-03 

: •. ,,c:•,;;:;,.L"l@;, 

'"8 11 :48AM 



TRSDIDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT-CENTRAL TENDENCY 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 years) WADING IN WETLAND AREA DURINGSPRJNG SEASON 
AOC69W 
FORT DEVENS, MA 
9 

EXPOSURE PARAMETERS 
18-Aug-98 

,r:::x. ·;;cj:;:·:--'\f::iiAAM'h~-{,/·y. ·/21 -----,_,,_-_,_, ·s-1MMi-- ···-·w,. 'i'.':W'&'~~'.::'..;./:i¼.'.',;:",'zy.ifri%t, ·-:•;·:•:,:-,,, •. ,.,: -'Y''if'•~t:iniir'{WE":"' 
CONCENTRATION SEDIMENT 

INGESTION RATE 
ADHERENCE FACTOR 
AVERAGE SURFACE AREA 111 
RELATIVE ABSORPTION FACTOR-ORAL 
RELATIVE ABSORPTION FACTOR -DERM 
CONVERSION FACTOR 
BODY WEIGHT 121 
EXPOSURE PERIOD 
EXPOSURE FREQUENCY 
EXPOSURE DURATION 
AVERAGING PERIOD 

CANCER 
NONCANCER 

)OHM)_,_ 

IA 
AF 
SA 

AAF-0 
AAF-D 

CF 
BW 
EP 
EF 
ED 

AP 
AP 

chemical apecific chemic al-specific 

60 mg-sediment/day 
0 .61 mg-aediment/cm 2-ukin 

6,063 cm2/dey 
chemical epacific unitleea 
chemical specific unities& 

1.00E-06 kg/mg 
46 kg 

9 yaara 
24 events/year 

1 day/event 

70 years 

9 yean, 

( 1 I 60th percentile of eurfece areaa for ma lea egad 6 through 18 years: head, hands, foreernia, lower lega, feet. 
(2) 60th percentile of body weights for malee egad 6 through 18 years. 

MADEP, 1994. Background Documentation for tha Development of MCP Numerical Standard•. April 1994. 
MAOEP, 1996. Guidance for Oiapoaal Site Riek Characterization. Interim Final Policy WSC/ORS-96-141. July 1996. 

p:\olinlwilmingtlhhra2\sp=d\,;edllnent\CfSDDEPA XLS 

lJSEPA, 1994 
MADEP, 1996 
calculated per MADEP, 1996 
MADEP, 1994, 1996 
MADEP, 1994, 1996 

colculotod por MADEP, 1996 
Aaaumption 
Assumption 
Assumption 

USEPA, 19B9 
Aaaumption 

EQUATIONS 

CANCER RISK = INTAKE lmg/kg-dayl x CANCER SLOPE FACTOR lmg/kg-day)• -1 

HAZARD QUOTIENT = INTAKE (mg/kg-doy) / REFERENCE DOSE lmg/kg-dayl 

INTAKE-INGESTION = 

INTAKE-DERMAL = 

(OHMJaedlmont x IR " RAF-O • CF • EF • ED • EP 
BW x AP x 386 daya/yr 

(OHM]aedlment x 6A " AF x IIAF-D x EF x ED x EP 1' CF 
BW x AP x 386 doya/yr 

8/18/98 J:J5 PM 



TRSDJDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT - CENTRAL TEND~CY 
CURRENT AND FUTURE CHILD TRESPASSER (6-18 years) WADING IN WETLAND AREA DURING SPRING SEASON 
AOC69W 
FORT DEVENS, MA 
9 

!8-Aug-98 
CARCINOGENIC EFFECTS 

·t§;sfio.1t.1y(C\;j,.' • 

111 MADEP, 1994 . Sackaraund Documentation for the Development of MCP Numerical Standards . April 1994. 
ND = no data available 

NONCARCINOGENIC B'FECTS (CONTINUED) 

Iron 
Manganese 
Total Petroleum Hydrocarbons 

10900 
186 
290 

1 .00 
1 .00 
1.00 

:~~:;~,:~~~t=•=:=:~?::~=W-&M;®¾~::*~~r:::?::-::=::f.f.:r·:2:,;,»:::-:-1~;-:5'~r::;$:~:='.=;~??-::-~::::=:::~:?~~::::=~~Nii~~~:::~:::::::::::r:::::::::~:~~~~w=::.~ 
11 I MAOEP, 1994. Background Documentation for the Development of MCP Numerical Standards. April 1994. 

NO : no data ovallabla 

p:lolinlwil~ ·~lhhra2\spread\sedimentlCTSDDEPA.XLS 

8 .0E-04 
1 .4E-06 
2.lE-06 

.BC:3j· ::&+.( "/ 

0.03 
0.14 
0.20 

1.2E-03 
1.0E-04 
2.2E-04 

3 .0E-01 
4.7E-02 
3.0E-02 

~ ::::::.;~; 

2.7E-03 
2.9E-04 
7 .lE-04 

4:;;~; I ::;;~3 
2.lE-03 2 .4E·03 
7 .JE-03 8.0E-03 

J::~~~ 

-••~98 3:36 PM 



TABLEI0 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WI1H GROUNDWATER DISCHARGING TO SURFACE WATER- RME SCENARIO 

CURRENT AND FUTURE TRESPASSER CHilJ> TRESPASSER (6-16 Yean) WADING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

®lMill@Lli~i®\&df&;s;IMWiffiJi&-&J'.&Bli@l:'i:• mt 
CONCENTRATION WATER 

INGESTION RATE 

SURFACE AREA EXPOSED 

CONVERSION FACTOR 

BODYWEIGHT 

EXPOSURE TIME 

EXPOSURE FREQUENCY 

EXPOSURE DURATION 

AVERAGING TIME 

CANCER 

NONCANCER 

PERMEABILITY COEFFICIENT 

Notes: 

For noncarcinogenic effects: AT ~ ED 

ND - Value not determined 

TPHC - Total Petroleum H_l'.dre<arbons 

cw 
IR 

SA 

CF 

BW 

ET 

EF 

ED 

AT 

AT 

Kpevent 

Maximum mg/liter 

0.05 liler5/hour 

5,053 cm'/day 

0.001 liter/cm□u3□ 

45 kg 

2.6 how,/day 

24 days/year 

13 years 

I Ch~~-~.lJ 

years 

years 

cm/day 

EQUATIONS 

CANCER RISK= INT AKE (m~day) x CANCER SLOPE FACTOR (mcJke-day)D11-1 □ 

HAZARD QUOTIENT= INTAKE (m~day) I REFERENCE DOSE (mg/kg-day) 

INTAKE= (INTAKE-INGESTION)+ (INTAKE-DERMAL) 

INT AKE-INGESTION= CWxlRxETxEFxED 

BW x AT x 365 dayrlyr 

INTAKE-DERMAL= CW x KDl!!!!•ntO x SA x CF x EF x ED 

BW x AT x 365 dayrlyr 

Rev 9/94 



TABLE 10 

INCIDENTAL INGESTION OF AND DERMAL CONTACT wrrn GROUNDWATER DISCHARGING TO SURFACE WATER - RME SCENARIO 

CURRENT AND FUTURE TRESPASSER CHILD TRESPASSER (6-16 Ynn) WADING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

Arsenic 

Chloroform 

T richloroethylene 

0.04 

0.00034 

0.0033 

l.4E-06 

1.2E-08 

1 2E-07 

~mm:::~i~:~~:;~:::::)~~:~:~:::\::~:~±:::::::1:;00@$.M':?:&:::·~::-:.~l:~· :::::::~:=::::::::::~::!~=::;::::::~·:·:::::i~~~*-:»~~-:-x: 

NONCARCINOGENIC EFFECTS 

2-Methylnaphthalene 0 06 1 IE-05 

Bis(2-,ethylhcxyl)phthalate 0 05 9 5E-06 

Naphthalene 0.021 4.0E-06 

Phenanthrene 0.015 2 8E-06 

Aluminwn 02 3 8E-05 

Arsenic 0.04 7 6E-06 

Iron 52 9.9E-04 

Manganese 0.66 UE-04 

Chloroform 0 00034 6 5E-08 

Trichloroethylene 0,0005 9 5E-08 

EPH 

C9-C I 8 Aliphatics 0 15 2 8E-05 

CI O-C22 Aromatics 0 053 1 OE-05 

VPH 
. ,C5-C8 Aliphatics 0.02 3.8E-06 

C9-C I 2 Aliphatics 0 061 1 2E-05 

C9,C 10 Aromatics 0062 1 2E-05 

77E-01 3.4E-04 
6 7E-01 2 5E-04 

2 8E-OI 4.3E-05 

1.IE+OO 1.2E-04 
2 6E-03 3.SE-06 
2 6E-03 7 7E-07 

2 6E-03 1 OE-04 
2.6E-03 1 3E-05 
46E-Ol 12E-06 
8 6E-Ol 3 2E-06 

2.9E+OO 3 2E-03 
2,9E+OO 1.IE-03 

8 IE-01 1.2E-04 

2,9E+OO 1.3Ec03 
2,9E+OO UE-03 

" 0 
t V J t!t!V.&'@ffi ™ %@¾¥?¥¥~¥~;:;:;~:~:~4~:~:~:~:::~:~*~:t:~:::y.t(:~ff~~~~&t~/~l$:~:~~ 

1.5E+OO 

6 OE-03 

1.0E-02 

40E-02 

2 OE-02 

4.0E-02 

4.0E-02 

I.OE+oo 

3 OE--04 

3 OE-01 

2 4E-02 

LOE-02 
6.0E-03 

6_0E-Ol 

3.0E-02 

6.0E-021 
6.0E-01 

3.0E-02 

40E-02 2 85E--04 

2 OE-02 4 75E-04 

4.0E-02 9 97E-05 

4_0E-02 7.12E-05 
2_0E-Ol 3.80E-05 

2.9E-04 2 53E-02 

6 OE-03 3 29E-03 

9.6E-04 5.22E-03 

1.0E-02 6 46E-06 

6 OE-03 l.58E-05 

3.0E-01 4 75E-05 

2.7E-02 3 36E-04 

4.8E-02 I 6.33E-05 I 
4.8E-Ol 1.93E-05 

2.7E-02 3.93E-04 

8 53E-03 8-8E-03 4.38% 
1 24E-02 UE-02 6.39% 

1.09E-03 L2E-03 059% 
3,05E-03 3.IE-03 1.55% 

l .92E-05 5-7E-05 0.03% 
2 ,65E-03 2.8E-02 13.92% 

l .66E-02 2,0E-02 9.92% 
1.32E-02 l.8E-02 9.17% 
l.15E-04 1.2E--04 0.06% 

5.29E-04 5.4E--04 0.27% 

1 07E-02 UE-021 5 35% 
4 20E-02 4 .2E-02 21.08% 

2 49E-03 I 2 6E-03 I 1.27% 

2 72E-03 2.7E-03 1.36% 

492E-02 5.0E-02 24_66% 

Rev 9/94 



TABLE 11 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WITH GROUNDWATER DISCHARGING TO SURFACE WATER- CENTRAL TENDENCY 

CURRENT AND FUTURE TRESPASSER CIIlLD TRESPASSER (6-16 Years) WAD ING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

~*~l~~~ii@J~iitt;~::;:~ti~t[~ff~~1~ ~: 
CONCENTRATION WATER 

INGESTION RATE 

SURFACE AREA EXPOSED 

CONVERSION FACTOR 

BODYWEIGHT 

EXPOSURE TIME 

EXPOSURE FREQUENCY 

EXPOSURE DURATION 

AVERAGING TIME 

CANCER 

NONCANCER 

PERMEABILITY COEFFICIENT 

Notes: 

For noncarcinogenic e!Iects: AT= ED 

ND• Value not determined 

TPHC • Total Petroleum Hydrocarbons 

cw 
IR 
SA 

CF 

BW 

ET 

EF 

ED 

AT 

AT 

Kpevent 

Average 

0.025 

5,053 

0 001 

45 

2.6 

24 

9 

70 

9 

Chernical•specific 

EQUATIONS 

mg/liter CANCER RISK= INTAKE (mg/kg-day)" CANCER SLOPE FACTOR (mglkg-llay)□•ID 

liters/hour 

cm2/day HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSE (mg/kg-day) 

litericm □ u3□ 

kg INTAKE= (INTAKE-INGESTION)+ (INTAKE-DERMAL) 

hours/day 

days/year INT AKE-INGESTION= CWl<IRl<ETl<EFl<ED 

years BW "AT " 365 days/yr 

years INTAKE-DERMAL= CWl<K□l~ontO l<SAl<CFl<EFl<ED 

years BW s AT" 165 days/yr 

cm/day 

Rev 9/94 



TABLE 11 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WITH GROUNDWATER DISCHARGING TO SURFACE WATER- CENTRAL TENDENCY 

CURRENT AND FUTURE TRESPASSER CHILD TRESPASSER (6-16 Years) WADING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

:·:·:-~~?'-\-=·-· ~i2/¼0: ._._._:_·~~•=f?x·:· ~~!Jill!!f 

NONCARCINOGENIC EFFECTS 

I 5E+OO 

6.0E-03 
I.OE-02 

BE-07 
2,2E-II 

6 IE-11 

l.5E-07 
7 8E-IO 

4. lE-09 

:l~ii1 :;t:i~1~i;ij!/;[■Lll1t;:r1::;11Biftll:::i~W,:-iillllfa'l:ll-{l~;Jkt¥-i&w@Irnmt~t@' 
:1~ft/t}:Ji::;ri?ttitr:1r:fr: 
2-Methylnaphthalene 0.06 5.7E-06 77E-OI 3 4E-04 40E-02 4.0E--02 l 42E-04 8.53E-03 8.7E--03 
Bis(2-ethylhexyl)phthalate 0.05 4 7E-06 6 7E-Ol 2 5E-04 2.0E-02 2.0E-02 2 37E-04 l.24E--02 1.3E-02 
Naphthalene 0.02 1.9E-06 2 8E-OI 4 IE-05 4,0E-02 4.0E-02 4,75E-05 l.03E-03 I.IE--03 
Phenanthrene 0.015 1.4E-06 l.lE+OO l 2E-04 4.0E-02 40E-02 3.56E-05 3.05E-03 3.IE--03 

Aluminum 0.2 l.9E--05 2 6E-03 3 8E-06 I.OE+OO 2.0E--01 l.90E-05 l.92E-05 3-SE-05 
Arsenic 0.04 3.8E-06 2 6E-03 77E-07 3.0E-04 2.9E-04 I 27E-02 2.65E-03 1.5E--02 

Iron 5.2 4.9E-04 2 6E-03 1 OE-04 3 .0E-01 6.0E-03 I 65E-03 1 66E--02 1.8E-02 
Manganese 0.66 6.3E-05 2.6E-03 l 3E-05 2.4E-02 9.6E-04 2.61E-03 l.32E-02 l.6E-02 

Chloroform 0.0003 2.8E-08 4.6E-OI I OE-06 LOE-02 1.0E-02 2,85E-06 1 02E-04 1.0E-04 
Trichloroethylene 0.0005 4.7E-08 8,6E-01 3 2E-06 6.0E-03 6,0E-03 7 9IE-06 5,29E-04 5.4E-04 

EPH 
C9-C 18 Aliphatics 0.15 l.4E-05 2 9E+OO 3 2E-03 6.0E-01 3,0E-01 2.37E-05 1.07E-02 l.lE-021 
Cl0-C22 Aromatics 0.05 4.7E-06 2,9E+OO l lE-03 3.0E-02 2.7E--02 l.58E-04 3.97E--02 4.0E-02 

VPH 
C5-C8 Aliphatics 0.0Z 1.9E-06 I 8,IE-01 I I 2E-04 I 6,0E-021 4.8E-02 I 3,17E-05 I 2.49E-03 I 2.5E-03 ·1 
C9-C 12 Aliphatics 0.06 5.7E-06 2.9E+OO l 3E-03 6.0E-01 4.8E-Ol 9.50E-06 2.68E-03 2.7E-03 

C9-CIO Aromatics 0.08 7.6E-06 2.9E+OO I 7E-03 3.0E--02 2.7E-02 2.53E-04 6.34E-02 6.4E-02 

445% 
6.47% 
0,55% 

1.58% 
0.02% 

7.85% 
938% 

8.11% 

005% 
0.28% 

5 50%, 

20.42% 

L29"/o 
1.38% 

32.67% 

Rev 9/94 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL- RME SCENARIO 
FUTURE PUPIL (6-18 years) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLEl2 

EXPOSURE PARAMETERS 
18-Aug-98 

@ffilliffif.filf.M~frl~''.'t. : ::::.:.fa -s~ :;:~~:~~{~; ·:~: ... t..;.&~~=%:{·>l)~/tr~_.i$i1JiNtf$L~'.J:>~:;t:~:fa¾§=~:=:14=¥:~~:.),~ ~ ~;:r~;~~~r~~~~;=~;~:~ 
CONCENTIIA TION SOIL 

INGESTION RATE 

ADHERENCE FACTOR 

AVERAGE SURFACE AREA (I) 

RELATIVE ABSORPTION FACTOR-ORAL 

RELATIVE ABSORPTION FACTOR-DERM 

CONVERSION FACTOR 

BODY WEIGHT (l) 
EXPOSURE PERIOD 

EXPOSURE FREQUENCY 

EXPOSURE DURATION 

.\VERAGING PERIOD 

CANCER 

NONCANCER 

cs 
IR 

AF 

SA 

RAF-O 

RAF-O 

Cf 

BW 
EP 

EF 

ED 

AP 

AP 

(1) 50th pcrcertilc of surface areas for maJcs: head. hands, forearms. lower legs, feet 
(2) 50th pcn:c,tile ofbodyweig,ts for malts 

MAXIMUM 

100 

0.51 

5.053 

dtemical specific 
chemical specific 

I 00£.-06 

45 

13 

140 

I 

I 70 

13 

MADEP. 1994 Bad(gound Documaution for the Developmert ofMCP Numerical Standards April 1994 , 

MADEP. 1995 Guidance forDisponl Sile Risk O,ar,acttrizolioo lnlcrim Final Policy WSC/ORS-95-141 . luly 1995 

p:lolinlwilmingt'hhraZ\spread\surfsoillPSSDEP XLS 

chemical-specific 
mg-soiVday USEPA. 1994 

mg-soiVan2-skin MADEP.1995 

an'/day caJa,lai<d pcrMADEP, 1995 

unit.less MADEP, 1994, 1995 

UfUtless MADEP, 1994, 1995 

kt/mg 

kg caJa,laled per MADEP, 1995 

yeu, AssUn.,iioo 

cvatslycar Assu..,tion 

day/even. As~ion 

yem USEPA.1989 

years Assumption 

EQUATIONS 

CANCER RISK - INTAKE (mclk&-day) x CANCER SLOPE FACTOR (mclk&-day)'-1 

HAZARD QUOTIENT - INTAKE (mc/lcc-day) / REFERENCE DOSE (mcllcc-doy) 

INTAKE-INGESTION -

INT AKE-DERMAL -

[0HMJ900 1 IR I RAF-0 I Cf I EF I ED I EP 
BW x AP x 3'5 dlY"fr 

[OHMlsoU I li I AF I RAF-DI EF I ED I EP I CF 
BW x AP x 3'5 dlY"fr 

8/18/98 3:38 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL - RME SCENARIO 
FUTURE PUPIL (6-18 yean) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLE 11 

CARCINOGENIC EFFECTS 
IS-Aug-98 

[I] MADEP, 1994. Bocq,ound Doaunc.cation for tho Dow,lopmcrt of MCP Numerioal Sancmdo. April 1994. 

ND=ooartaa,,,.jjablo 

NONCARaNOGENIC EJ'FECI'S 

B,,eyllium 

Iron 

M.,..,_ 
Tdal P«roloum HyclroaabaN 

7.'IB-{fl 
8.HE-03 
2.0E-04 
8.0E-04 

·w;~;:r:=:;::c::•:5:':::Y'P:'.'~f.W':. :•:•:•:•=·=-=❖=•=l~~;~~~:~:~~ffi~;~;~;~:~{:~:f~:~:~:::t~:~~=~:}~:;:~:~:~:~:~:~%~~%ffi:N~=¥~~:~&:%tf~""i~:~t.~%~~~%~~~~)~-!:!:~:~~::=:::~®~ .... 

p:lolin\wilr- ' "' "11nl2\spn:ad\surfsoil\PSSDEP XLS 

5.6E-07 
6.HE-03 

7.SE--04 
4. IE-03 

3 6E--04 

2.9E-02 
4.4E-03 

2 7E-02 

2.3E-02 

l.6E-02 

14E-01 

6.4E-04 
UE-02 

2 0E-02 

1.6E-0I 

1~m~t-™1'-=m,·,~=::~m~;;:;M~;::::i::,:~,•i:@-?%¥m:~1&:·m'=':''~';''ll~t:z:,~~='1.'m~»a1i 

' ''98 3:55 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL- CENTRAL TENDENCY\ 
FUTURE PUPIL (►18 years) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLE IJ 

19-Aug-98 
EXPOSURE PARAMETERS 

w.0®]@mmmm¥.a::;_n:I?:+'.rnmntMiliIB.&r rui~,,, ,,,,;~v~ ifo#.:ffa,-fal~ ,,,JA?:,4 ,,1;/F:i:i:i \~it®@\W] 
CONCENTRATION SOIL cs 
INGESTION RATE IR 
ADHERENCE FACTOR AF 
AVERAGE SURF ACE AREA (I) SA 

RELATIVE ABSORPTION FACTOR-ORAL RAF-0 
RELATIVE ABSORPTION FACTOR -OERM RAF-D 

CONVERSION FACTOR CF 

BODY WEIGHT (l) BW 
EXPOSURE PERIOD EP 
EXPOSURE FREQUENCY EF 
EXPOSURE DURATION ED 
AVERAGING PERIOD 

CANCER AP 

NONCANCER AP 
(1) 50th perccrtilc of surface areas for males; head, hands, forearms, lower legs, feet 
(2) 50th perccrtile ofbodyweiglts for males 

MAXIMUM 
so 

0.51 
5,053 

chemical sptdfic 
chcrrricU specific 

1.00E-~ 
45 
9 

140 
1 

70 

9 

MADEP. 1994, Baclcgrotmd Documcttation for the Dcvclopmcrt ofMCP Numerical Standards April 1994 
MADEP, 1995, Guidance for Disposal Site Risk Omractcri~ion. Irterim Final Policy WSC/ORS-9S-141 July 1995 

p:lolinlwihningt\hhra1\spreadlswfsoil\PSSDEPA XLS 

chcmical-spcdfic 
mg-soillday USEPA.1994 

mg-soil/C1r-stdn MADEP, 1995 
cm'/day alwlated per MADEP. 1995 
uruucss MADEP, 1994, 1995 
wtlllcss MADEP, 19!14, 1995 

~ 
kg cllculoted per MADEP, 1995 

yem Assun¢on 
cvatslyear A.ssunl)(ion 

day/cvcrt Assun¢on 

years USEPA. 1989 
years Asswq,ljon 

EQUATIONS 

CANCER RISK - INTAKE (mc/kc-d ■y) • CANCER SLOPE FACTOR (mc/kc-d ■y)'-1 

HAZARD QUOTIENT- INTAKE (m1/kc-d■y) /REFERENCE DOSE (m1111&-d1y) 

INTAKE-INGESTION -

INTAKE-DERMAL -

(OHMbol I IR J BAF-0 I CF I [FI ED I EP 
BW • AP • 3'5 d■yvyr 

IOHM)tol I SA I Af I M[-D I EF I ED I EP I Cf 
BW • AP • 365 d■ys,'yr 

8/19198 11 :45 AM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL - CENTRAL TENDENCY\ 
FUTURE PUPIL (6-18 yoan) PLAYING IN GRASSY AREA 
AOC69W 
FORT DEVENS, MA 
TABLE 13 

CARCINOGENIC EFFECTS 
IS-Aug-98 

Ber),llium I 0.RSI 1.(q 4. 7E-08 I 0.03I 7.2E-08 

:~:~;i=~~=~~'~jsi~~~:~I:~~~ru~m.:~~;~~=~=~=r~=~~~~:::l~t.0~~~~-=?::\~~~t=~=~:~:~j:~~:!:j~:~:~:~J:if.i::~§:i~~~~=~=~~~~::~{{&t~~$.'~1-t.w.~~M:w~x.~=~==~~.;]!!~~~~:;.~~:t~:~~r:¥.1r:f.f8~~:~:;;:::i:~:~:~::~:~*~:~~~~~~~v-~~;~--
[I] MADEP, 1994. Badqi,oond Docwnc""1ion fer tho Dowlopmc,t of MCP Numcricol Sandaro,. April 1994. 

ND = na de.ta a.ve.ilab~ 

NONC\IICINOGENIC EFFECT'S 

Monpncac 

T<Ul Plo<rolcwn Hydn>cad>ono 

;~ !*::-,,-

p:lolinlw' ·lhhra21spread\surfsoil\PSSDEPAXLS 

2 0E-07 

i;l~l~~~}~~=~=~~i~~~i=?-.~~~?.~~~~~™~l~~fi~~;Jf~. 

-~98 3:56 PM 



TA. 

INHALATION EXPOSURE TO PARTICULATES FROM SURFACE SOIL - RME SCENARIO 

FUTURE PUPIL 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMBTBR Sl'MBOL VALUE UNITS 

[69wu,;;IM 

EQUATIONS 

CANCER RISK= INrAKB ('"Siq-doy) ,CANCBRSLOPB PACl"OR("'8/1'il-doy)- 1 

colfc:l!Jl'TllATlOM 10a. cs Mu.imun- "" C:0NCl!JI T'RATIOtc A.rst1'AJ:T1C'UI.An,.t CAp C..lcu ... lt'd msJm' INrAKB = (CAp +CA•}:1:nRzBT:ii:BP:11:ED 

COlfCBJJT1tATIOlf AIR VOLATIL.r.S CAv NA mg/m' 8W z AT :ii: 365 daya/yr 
VOLATJLIZATIOII' FACTOR VF ~.,.. tablt. m'il<g 

PARTIC/U.J'B BMCSSIOJlfl PACT08, PEP l 32E+09 m'il<g HAZARD QUOTII!NI" = AVERAGE DAILY CONCENTRATION ("'N ... ) / 

mHALATION R.ATB lhR 2l DT'/1iour RBPl!RBNCB CONCBNrRATION (ms/m') 

BODYWBIGHT BW ◄5 kB 
BXPOSUJUl TDC! ET 8 hour5.&y AVBRAGBDAILYCONCBNTRATION = (CAp + CA•} 11 BP• ED 
HXPOSURRPR.BQUmt'CT EF l◄O da~.u i'J,l65day,lyr 

BXPOIU1l8 DUR.A TI.OX ED 13 ~.au 

A VER.AO DfO 11MB AIRCONCBNrRATIONPARTICUI.ATBS =CS• 1/PBP 

CAJfCl!R AT 70 J".ft U 

IIOlfCA"--• -'T 13.00 WJUI AIR CONCENTRATION VOI.ATil.BS =CS• I/VP 

Nal(: 

For aoQQ1,rin,03Hi: dlir<b, AT • Elil')6j "-Y'P"T ~r tfA - t:o4 •ppio bit 

Tl"tc • To'-'lPc-t,olr,nn H-.droairbo1u ND - V-LIIM' IIOI dr k..mlUM°d 

CARCINOGENIC EFFECTS 

ll"BAI.AtlOl'I 
SOIL C)ANCBRSl..01'8 PB~HIII' 

COMPOlJND CONCENTRATION VP CA• CAp INTAJ::B P...cTOll CAICBR TOTAi. 
_, __ ,._, /_.,._, ,_,.,., , __ ,.,., ,_,.__ ___ , 

,.:.. ...... .A.:.-,• ,t ...... RISI!. AJ$1[_ 

Surface Soil 

ArsenC 18 NA NA l.36E-08 4.0E-10 1..lE+Ol 6.0E-09 97.42% 

lkzyllium 0.8.l NA NA 6.44£-10 1.9E-11 8.4E+OO l.6E-10 2..l8% 

NA~ Nol.,,,,lic-.blc SUMM"ARY CANCER Ill~ ~Ec.:09 

NONCARCINOGENIC EFFECI'S 

AVB{W).B INllALJ\.TION 
sou. DAILY lll!ff!JJBicB PEIICl!NT 

COMPOUND CONCl!Nl'RATION vP CA• CAp CONCl!NrAATION CONCl!mRATlON HAZARD TOTAi. ,_,,_, fd"-' ,_,.,., /..., .. , ,_,_j, ,_,.;;,\ nn,.,,..,,,.,,. AJSll 

Sarlacc Soil 

Arscni: 18 NA NA 1.36E-~ S.2E-09 ND 
Beryllium 0.85 NA NA 6.44E-10 2.SE-10 2.0E-05 1.2E-05 0.3511> 

Iron 10700 NA NA 8.llE-06 3.lE-06 ND 
Maupnc-.sc". 249 NA NA 1.39E-07 7.2E-cil S.OE-115 1.4E-03 99.LI% 

TPHC 936 NA NA 7.09E-07 2.7E-IJ7 6.0E-02 4.SE-06 0.31% 

NA ~ Not aJ)plieable: SUMMARY llAZARD INDEX 1.:rn-03 

II-A•~ 

R("v. ~196 



TA. 

INHALATION EXPOSURE TO PARTICULATES FROM SURFACE SOIL - CENTRAL TENDENCY 
FUTURE PUPIL 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMl!TER SYMBOL VALUB UNITS 

[69WUCIM 

EQUATIONS 

CANCER RISK = !NI AKE ("'8fka-day) • CANCER SLOPE PACl'OR ("'fl/q-... y)-1 
CONCBJITRATION SOIL cs Mu:Y1'11.1•~ ow1'!! 
CONCZNTR.ATION AIR PARTICULATHS CAp ~aic'UIC'd' ffl8/nT' INIAKB = (CAp +CAv):11:D.RzBTzBF:1:ED 

CONC%NTR.ATION AIR VOLATll.!.J CAv NA mglm' BW z AT :1 36S daJI/Jr 

VOLATll.lZATIO" PACTOR VF w-t-. tablr u•~ 

PARTlCUl.Atr: EIUUIONS PACTOR PEF 1 J2E+09 aT•~ HAZARD QUOTIENI ~ AVl!RJ\OB DAILYCONCl!NTRATION (aw_;) I 
Dl'HALATION RAR IhR 2 m-'/hour RBPl!RBNCB CONCENTRATION ("Ii•') 
BOOYWl!IGHT BW ◄ 5 

"" EXPOSUR.8 Tilm ET a bours.tlay AVl!RAGEDAILYCONCBNTRATION = (CAp + CA•) z BP 1: ED 
HXPOSURB ~QU'mtCY EP 140 da~.u ,a .,u ... ,.,,,. 
EXPO~ DURATION ED 9 Y"•rs 

AWRAGIJl'G TDOI AIRCONCBNTRATJONPAR'J'ICULATBS = CS sl,?BP 

CANCl!Jt AT 70 )"'..lllfS 

-'"'Jl"CAJI'- •T 900 wan AJRCONCBNfRATION VOLATn.BS ~ CS z 1/VP 

Not".: 

nlr noncucino~ni."fr"cr,: AT= EFOO daysP"r }af NA - Nol appl.it:ab~ 

TPHC ToLalP"trolcum Hudroc:arbon, ND V111lur.notde~mti.oed 

CARCINOGENIC EFFECTS 

ll'fflALATION 
SOIL CANClllt SLOPB Pl!RCBNr 

COMPOUND CONCENTRATION VP CA, CAf> INT.AU! P.<CTO.lt CANOSR TOTAL 

'--~- , ... n.,_\ ,_.,., , __ ,,.,, ,_,,_ ___ ., 
,.:...n...--4,.1•1 IUSJt Rl'~i'c-

Surface Soil 

Arseni: 18 NA NA J.36E-08 2.4E-10 I .SE+0I 3.61!-()I) 97.42% 

Beryllium 0.85 NA NA 6.44E-J0 I.IE-II 8.41!+00 9.51!-11 2.58% 

NA ~ Not -ftlbbk 'SIDIMAl\Y ·CANCER RIS"I:: 413-:09 

NONCARCINOGENIC EFFECTS 

AVl!RJIO"B INHAt.o\TlciN 

SOIL DAU..Y IU!H!Ri!J'CI! PB_IICl!HI" 

COMPOUND CONCBNTRAT ION VP Ch CAp COHCl!HTRATION CONCBNTRATIOH llAZAllD T(n"AL 
, __ ,._, ,.,.,.__, ,..., ... , ,_,.,., •-••b ,_,__,, OU,..,.,.,,,... RISit 

Surface Soil 

Anene 18 NA NA J.36E-08 5.21!-()I) ND 
Bttyllium 0.85 NA NA 6.44E-10 2.51!-I0 2.0E-05 1.21!-05 0.85% 
Iron 10700 NA NA 8. 111!-06 3.11!-()5 ND 
Manganese 249 NA NA J.89E-07 7.2E-<ll 5.0E-05 1.41!-(l! 99.15% 

TPHC 936 NA NA 7.09E-07 2.71!-07 6.0E-02 4.SE-06 0.31% 

NA : Not ,.,,,lab k SUloU{ARY IIAZARD INDEX 1.SE-0) 

11- A•c!!l 

Re,v. 5 /96 



TRSDIDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT- RME SCENARIO 
FUTURE PUPIL (6-18 years) WADING IN WETLAND AREA DURING SPRING SEASON 
AOC69W 
FORT DEVENS, MA 
16 

EXPOSURE PARAMETERS 
I8-Aug-98 

..... ,.,.,.,.,,.,.,., •·•·••<•:•l'AliAM'ETelt::•: •·•·•··•• .... %:·:· ____ s'i'~LU{_¾L;,,.i/;f,,.ti.ii> ,,/'5:'.')%:~;,ij_m~,;::_ '..:'::c·,L.:,tffif-'.%~».lt~~NiWW@ 
CONCENTRATION SEDIMENT 

INGESTION RATE 
ADHERENCE FACTOR 
AVERAGE SURFACE AREA 111 
RELATIVE ABSORPTION FACTOR-ORAL 
RELATIVE ABSORPTION FACTOR -DERM 
CONVERSION FACTOR 
BODY WEIGHT 121 
EXPOSURE PERIOD 
EXPOSURE FREQUENCY (3) 
EXPOSURE DURATION 
AVERAGING PERIOD 

CANCER 
NONCANCER 

IOHMJ,....,_ 

IR 
AF 
SA 

RAF-0 
RAF-D 

CF 
BW 
EP 
EF 
ED 

AP 
AP 

chemical epe.cific chemical-specific 

100 mg-sediment/day 
0 .61 mg-eadimant/cm 3-skin 

6,063 cm 2 /dey 
chemical apecific unitleaa 
chemical specific unitleaa 

1.00E-06 kg/mg 
46 kg 
13 years 
24 events/year 

1 day/event 

70 years 
13 years 

11 I 60th percentile of surface areas f.or males aged 6 through 18 yeara: head, hands, forearms, lower lags, feet. 
(2) 60th percentile of body weights for males aged 6 through 18 yeara. 
(3) 2 events per month, June through Auguat. 
MADEP, 1994. Background Documentation for the Development of MCP Numerical Standards. April 1994. 
MADEP, 1996. Guidance for Diapoael Site Risk Characterization , Interim Final Policy WSC/ORS-96-141. July 1996. 

p:\olin\wilmmgt\hhra2\spreadlsediment\PSDDEP.XLS 

USEPA, 1994 
MADEP, 1996 
calculated per MADEP, 1996 
MADEP, 1994, 1996 
MADEP, 1994, 1996 

calculated per MAOEP, 1996 
Assumption 
Aaeumption 

Assumption 

USEPA, 1989 
Aaaum_2_tion 

EQUATIONS 

CANCER RISK = INTAKE (mg/kg-day) x CANCER SLOPE FACTOR lmg/kg-day)•-1 

HAZARD QUOTIENT = INTAKE (mg/kg-doyl / REFERENCE DOSE !mg/kg-day) 

INTAKE-INGESTION = 

INTAKE-DERMAL= 

[OHMJ■adlmant x IR x RAF-0 x CF x EF x ED x EP 
BW x AP x 366 day,,/yr 

(OHM]aediment x SA x AF x RAF-D x EF x ED x EP x CF 
BW x AP x 366 doyo/yr 

8/18198 HJ PM 



TRSDIDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT - RME SCENARIO 
FUTURE PUPIL (6-18 years) WADING IN WETLAND AREA DURING SPRING SEASON 
AOC69W 
FORT DEVENS, MA 
16 

JS-Aug-98 
CARCINOGENIC EFR:CTS 

~i*~M~~::;::~~~;:m::~!:~!:r:;t:s::::=====~==:::;::====~=::;:::::::::::=~=::?::=~=~::w*=~=~==:=:=:::~.::~==:~:::::2::::-:-·:·'.~™~~~@~~i:~1:~:1:~.~~;~-==:::;:::;:::::::::~:~~::i::{:~~}~f#tf«f~~==~~:~~~:=~::::::u.%,w-:=:~:$:~::=:~=:=~;~~====~=::::r~1=:}#h 
111 MADEP, 1994. Background Documentation for the Development of MCP Numerical Stand■rd, . April 1994. 

ND = no data available 

NONCARCI\IOGENIC EFFECTS ICONTINUED) 

1.~i~!~~~~!!;!~~{lt!l1~~~~M,,~~CT!il 
Ar1enic 
Iron 
Mang1r,e1e 
Tot•I Petroleum Hydrocarbons 

: ~j:~~;:;:;~i:~:~i:~:~,=:;:~~:~=~:~=~===~~*--=~~;;a~;:;,.~~~&~%®Jt~~w:•::~-~-::.:{=!;::~~':f~~\: -~::•►:::::~=::·;=-=-:-..=:::==:=:~~==:~~\::#½:=-~:: • 
[11 MADEP, 1994. Background Documentation for tho Developmont of MCP Numoriotl Standardo. April 1994. 

ND = no data available 

p:lolinlwi'- • -<\hhra2\spread\sedimcnt\PSDDEP XLS 

:~~m::, 

0.03 
0.14 
0.2 

1.2E-03 
1.0E-04 
2.2E-04 

~"A. 

3.0E-01 
4.7E-02 
3.0E-02 

&.'f-«it'..O.-T:;ili':w71f:i;~ ~WAW?:::::®i:l 

9.4E-03 
2.7E-03 
B.7E-03 

:tw~·<;'?x•::.:~;~,~~~~~~~:%<~Z:~W.&~~1:xr:=.:*::7.~::;:;:=:=~~)~:=..-:=~==~:3f!cOZ: 

... IY98 3:44 PM 



TRSDIDED 
EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SEDIMENT - CENTRAL TENDENCY 
FUTURE PUPIL (6-18 years) WADING IN WETLAND AREA DURING SPRING SEASON 
AOC69W 
FORT DEVENS, MA 
17 

EXPOSURE PARAMETERS 
I8-Aug-98 

s~l~'.'V'?'?::': . . Sli4tra .·p >"' ,,;~1~.W,iii&ttfb~,§ill'W~ ~'.n=~~!~!::@HWir:m:~'h 
CONCENTRATION SEDIMENT 

INCJESTION RA TE 
ADHERENCE FACTOR 
AVERACJE SURFACE AREA 111 
RELATIVE ABSORPTION FACTOR-ORAL 
RELATIVE ABSORPTION FACTOR -DERM 
CONVERSION FACTOR 
BODY WEICJHT 121 
EXPOSURE PERIOD 
EXPOSURE FREQUENCY 
EXPOSURE DURATION 
AVERACJINCl PERIOD 

CANCER 
NONCANCER 

[OHMJ....,_. I chemical apacific I chemicel-epacific 

IR 
AF 
SA 

RAF-0 
RAF-D 

CF 
BW 
EP 
EF 
ED 

AP 
AP 

60 
0 .61 

6,063 
chemical apacific 
chemical ■paci fic 

1.00E-06 
46 

9 
24 

1 

70 
9 

mg-eadiment/day 
mg-eediment/cm2-akin 

cm2 /day 
unitle ■a 

unitleaa 
kg/mg 

kg 
years 

avanta/year 

day/■ vant 

yaara 
years 

(1160th pan:ondle of •urfaca . ,. •• formal•• •cad 6 thtou;h 18 ye• t11 : head. henda, foro■rm•. lowerloa•, foet. 
(2) 60,h pu1:ontHo of bcdv w•lgkta for ma1eo aged S t.hrouoh 18 yo are. 

MAOEP, lSS~. Beckground Ooc:urnontetion ror the Oevolopme.nt of MCP Nurno,icol Standerd•. Aprll 1994, 
M ADEP, 1996. Goh::fe_nc:• for Oiapoael Sile Ai•k Ch•,acttrization. fntenm Final P0riey WSC/ORS-96-1 41 . July 1996, 

p>lolin\wilrningt\hhru'<proad\sediment\PSDDEPA XLS 

\W)'.Y⇒Wr#fo'i§',Wf';:,:m:f 

USEPA, 1994 
MADEP, 1996 
calculated par MADEP, 1996 
MADEP, 1994, 1996 
MADEP, 1994, 1996 

calculated par MAOEP, 1996 
Assumption 
Assumption 
Assumption . 

USEPA, 1989 
Aaaum~tion 

EQUATIONS 

CANCER RISK = INTAKE (mg/kg-doyl x CANCER SLOPE FACTOR lmg/kg-doyl • -1 

HAZARD QUOTIENT = INTAKE fmg/kg-doyl / REFERENCE DOSE (mg/kg-doy) 

INTAKE-INGESTION e 

INTAKE-DERMAL= 

[OHM]Ndlmont x IR x RAF-0 x CF x EF x ~ x EP 
BW x AP x 386 dov,,/yr 

[OHMloediment x &A x AF x RAF-D x EF x ED x EP x CF 
BW x AP x 386 doyo/yr 

8118/98 Nl PM 



TRSDJDED 
EXPOSURE TO DIRECT CONTACT AND INCll)ENTAL INGESTION OF SEDIMENT - CENTRAL TENDENCY 

• Fl/TIJR£ PUPU, (6-18 yHn) WADING IN WETI..Al'ID AREA D\l RING SPRING SEASO/'f 
AOC 69W 
FORT DEVENS, MA 
17 

CARCNOGENIC EFFECTS 
IS-Aug-98 

(11 MAOEP, 1994. Background Oocum....,tation for the Development of MCP Numerical Standards. April 1994. 
ND = no dat■ available 

NONCARCINOGENIC EffECTS (CONTWUEDI 

;=,£ V .. "«~, ••• { 

Ar1enic 
Iron 
Manganese 
Total Petroleum Hydrocarbons 

8.0E-04 
1.4E-05 
2. 1E-05 

·", -''"'T·'='•'t 'llitf@ii''"""'•~=,====ITT[(?'?F'''''\':'''~:~'''*''ii'''='•'='='' '''''''"'"·t?@"'\'N' 
(11 M.ADEP, 1994. Back.ground Documentalion for the Development of MCP Numarical Standarda. April 1994, 

ND = no data available 

p:lolin\,.;' lhhra2\spread\sedim"1t\PSDDEPA XLS 

0.03 
0.14 
0.2 

3.0E-01 
4.7E-02 
3.0E-02 

2.lE-03 
7.3E-03 

'198 3 46 PM 



TABLE 18 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WITH GROUNDWATER DISCHARGING TO SURFACE WATER-RME SCENARIO 

FUTURE PUPIL (6-18 Years) WADING LI\/ THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS EQUATIONS 

J@fiiif.i&llilfiL:3\GiWil~Jfafu-f'--Jlffflibiitill1iRTi 
CONCENTRATION WATER cw average mg/liter CANCER RlSK = INTAKE (mg/kg-day) x CANCER SLOPE FACTOR (mglke-day)Ou.1□ 

INGESTION RATE IR 0.05 liters/hour 

SURF ACE AREA EXPOSED SA 5,053 crn2/day HAZARD QUOTIENT= INTAKE (mglkf-day) I REFERENCE DOSE (mglkf-day) 

CONVERSION FACTOR CF 0.001 literlcm □ u3 □ 

BODYWEIGHT BW 45 kg INTAKE= (INTAKE-INGESTION)+ (INTAKE-DERMAL) 

EXPOSURE TIME ET 2.6 hows/day 

EXPOSURE FREQUENCY EF 24 days/year INTAKE-INGESTION= CWx IRx ET x EF xED 

EXPOSURE DURATION ED 13 year.; BW x AT x 365 days/yr 

AVERAGING TIME 

CANCER AT 70 years INTAKE-DERMAL= CW x KD!l!event□ x SA x CF x EF x ED 

NONCANCER AT 13 years BW x AT x 365 days/yr 

PERMEABILITY COEFFICIENT Kpevent Cherrucal-specific cm/day 

Notes: 

For noncarcinogenic effects: AT= ED 

"ND - Value not detennined 

TPHC - Total Petroleum Hydrocarbons 

Rev 9/94 



TABLE 18 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WITH GROUNDWATER DISCHARGING TO SURFACE WATER -RME SCENARIO 

FUTURE PUPIL (6-18 Years) WADING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

__ ,_}ji'.;:~i ~¥1~ 
0,04 

0 00034 
0,0033 l 2E-07 

4.6E-OJ 
8.6E-Ol 

:;•~-¥t~:.::r@;Jl¾..§~:::>tnKt2m3&f•:•-·-=-·-------·'.·-·------ ---~.-:-.:;21:s00· ~t~~~::;Jl~•~~-~m:::·:·:·:::::•~::·:-:@?··:r:•:_ 

NONCARClNOGENlC EFFECTS 

■i1~1~1• 
2-Methylnaphthalene 0 06 1 IE-05 7 7E-01 

Bis(2-ethylhexyl)phthalate 005 9.5E-06 67E-01 

Naphthalene 0.021 4.0E-06 2 8E-Ol 

Phenanthrene 0.015 2.8E-06 l lE+OO 

Alwninwn 02 3.8E-05 2 6E-03 

Ar;enic 0 04 76E-06 2 6E-03 

Iron 5.2 9.9E-04 2.6E-03 

Manganese 0 66 1.3E-04 2 6E-03 

Chloroform 0,00034 6.SE-08 4.6E-01 

Trichloroethylene 00005 9.SE-08 8.SE-01 

EPH 
C9-C 18 Aliphatics 015 2 8E-05 2 9E+OO 

C 1 O-C22 Aromatics 0.053 I OE-05 2,9E+OO 

VPH 
C5-C8 Aliphatics 002 3 8E-06 8 IE-01 I 
C9-C12 Aliphatics 0.061 L2E-05 2.9E+oo 

C9-C10 Aromatics 0 062 I 2E-05 2 9E+OO 

1 4E-07 
2. lE-07 
3 9E-06 

3.4E-04 
2 5E-04 
43E-05 
12E-04 
3.8E-06 
7.7E-07 
1.0E-04 
I 3E-05 
1 2E-06 
3.IE-06 

3.2E-03 
J,IE-03 

l.2E-04 I 
J.3E-03 

1.3E-03 

1.SE+OO 
6.0E-03 
I.OE-02 

4_0E-02 

20E-02 

40E-02 
40E-02 

1.0E-f-00 
3 OE-04 
3.0E-01 
2 4E-02 

1.0E-02 
6 OE-03 

6 OE-01 
3 OE-02 

60E-02 

6.0E-01 
3 OE-02 

4.0E-02 2.85E-04 
2.0E-02 4.75E-04 
40E-02 9.97E-05 
40E-02 7.12E-05 
2,0E-01 3.80E-05 
2.9E-04 2 53E-02 
6,0E-03 3 29E-03 
9.6E-04 5.22E-03 
l.OE-02 6.46E-06 
6.0E-03 l.58E-05 

3.0E-01 4.75E-05 
2 7E-02 3.36E-04 

4 8E-02 I 6.33E-05 
4 8E-01 l.93E-05 
2.7E-02 3,93E-04 

ul!llt1~/i~l!i1~~i 
6.4E-07 6 7E-07 21.97% 

1.3E-09 
3 9E-08 

8.53E-03 
l.24E-02 
l.09E-03 
3.0SE-03 
1.92E-05 
2.65E-03 
l.66E-02 
l.32E-02 
I.ISE-04 
5,23E-04 

1.07E-02 
4 20E-02 

249E-03 

2 72E-03 
492E-02 

2 3E-06 76.67% 
1.4E-09 
40E-08 

8.8E-03 
UE-02 
l.2E-03 
3.lE-03 
5.7E-05 

2.8E-02 
2 OE-02 
1.8E-02 

l 2E-04 
5.4E-04 

l.lE-02 
4.2E-02 

2.6E-03 
2.7E-03 
5.0E-02 

0.04% 
1.32% 

4.38% 
6,39% 

059% 
1.55% 
0.03% 

13.92% 
9.92% 
917% 

0.06% 
027% 

5 35% 
21 08% 

127% 
1.36% 

24.66% 

... :.t:.:¥f2.::~:mf±l:6~foT~\::}::{'.,: ___ . .2:,_:-}\._:·/_:;0:::{=~~-=-: \~}<~v.=r,::(lZ~ik"_~~~-:_}½"';"'I." :~;:r:;;;;;:;;;;.:.:?U~:. .·,:-·r-•:f\M:~~~-~;illi:\·L ~:-::=0~~~:rut'1'.di'.i"":ii'i:"i'Wli'!Fl:·::;:;:;:;:;:,t·?P 

Rev 9/94 



TABLE19 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WITH GROUNDWATER DISCHARGING TO SURFACE WATER - CENTRAL TENDENCY 

FUTURE PUPIL (6-18 Yean) WADING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

~~~·~ ";)tf:~ 
CONCENTRATION WATER 

INGESTION RATE 

SURFACE AREA EXPOSED 

CONVERSION FACTOR 

BODYWEIGHT 

EXPOSURE TIME 

EXPOSURE FREQUENCY 

EXPOSURE DURATION 

AVERAGING TIME 

CANCER 

NONCANCER 

PERMEABILITY COEFFICIENT 

Notes: 

For noncarcinogenic effects: AT= ED 
ND - Value not determined 

Jl>HC - Total Petroleum H_rdrocarbons 

cw Maximum 

IR 0.025 

SA 5,053 

CF 0.001 

BW 45 

ET 2.6 

EF 24 

ED 9 

AT 

ICh~~.jl 

AT 

Kpevenl 

EQUATIONS 

mg/liter CANCER RISK= INTAKE (m~day) :rCANCERSLOPE FACTOR (m~day)01>-1□ 

lileislhour 

cm'iday HAZARD QUOTIENT = INTAKE (mg/kg-day)/ REFERENCE DOSE (m~day) 

litericm □ u3□ 

kg INTAKE= (INTAKE-INGESTION)+ (INTAKE-DERMAL) 

hours/day 

days/year INTAKE-INGESTION= CW:rlR:rET:rEF:rED 
year, BW s AT s J65 days/yr 

years I INTAKE-DERMAL= CW x KQl~entO s S~ s CF s EF :r ED 

years BW s AT s J65 days/yr 

cm/day 

Rev 9194 



TABLE19 

INCIDENTAL INGESTION OF AND DERMAL CONTACT WITH GROUNDWATER DISCHARGING TO SURFACE WATER- CENTRAL TENDENCY 

FUTURE PUPIL (6-18 Yean) WADING IN THE WETLANDS AREA DURING SPRING SEASON 

AOC69W 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

NONCARCINOGENIC EFFECTS 

:,:,&:,······ 
... :,\ .. 
·-::::: 

Phenanthrcne 
Aluminum 
Arncnic 
Iron 
Manganese 
Chloroform 
Trichloroethylene 

EPH 
C9-C 18 Aliphatics 

CI O-C22 Aromatics 

VPH 
C5-C8 Aliphatics 
C9-C I 2 Aliphatics 

C9-C IO Aromatics 

0.05 
O.o2 

0.015 
0.2 

0.04 
5.2 

0.66 
0.0003 
0.0005. 

015 
0.05 

0.02 

0.06 
0.08 

=~mf~~~tf}1if~[ 
5 7E-06 7.7E-Ol 3.4E-04 4,0E-02 
4.7E-06 67E-OI 25E-04 2,0E-02 

l 9E-06 2.8E-OI 4, IE-05 40E~)2 

I 4E-06 1 IE+OO L2E-04 4,0E-02 
l.9E-05 2 6E-03 3,8E-06 !.OE+OO 
3,SE-06 2 6E-03 7.7E-07 3 OE-04 
49E-04 2 6E-03 i. OE-04 3.0E-01 
6 3E-05 2 6E-03 I 3E-05 2.4E-02 
2 8E-08 46E-Ol 1.0E-06 !.OE-02 

4.7E-08 8.6E-OI 3 2E-06 6,0E-03 

L4E-05 2.9E+OO 3 2E-03 6 OE-01 

4.7E-06 2 9E+OO I IE-03 3.0E-02 

1.9E-06 8.IE-01 I 2E-04 6,0E-02 

5.7E-06 2.9E+oo I 3E-03 6.0E-01 
76E-06 29E+OO l.7E-03 3 OE-02 

~·-···"·•-.... » ,1;-.1,.,,9);_, ... ~.;'>, ...... ~ ..... -..... ~« ... L>~'~-~-~---·~-'.-·-·--.-.i.-.-m ,»mmA,m .):ct_._._ ... _._.•--:-_._.,.:.:-:._-:.:-:.:-•.c.:.~ ... !-:.~-'.-~,w ... Q._.:-:-:-:-_-:.M -:-WWW&M ._,h _._ .,._._.,.),®U - :&. r.:-~n -· 

4,0E-02 l.42E-04 8,53E-03 
2 OE-02 2 37E-04 I 24E-02 
4.0E-02 4.75E-05 1.03E-03 
4.0E-02 3.56E-05 3.05E-03 
20E-01 1.90E-05 1.92E-05 
2.9E-04 l.27E-02 2 65E-03 
6.0E-03 1.65E-03 I 66E-02 
9,6E-04 2.61E-03 1.32E-02 
1.0E-02 2 85E-06 I 02E-04 
6 OE-03 7.9!E-06 5.29E-04 

3,0E-01 2,37E-05 l.07E-02 
2.7E-02 I 58E-04 3.97E-02 

4.8E-02 3.17E-05 2.49E-03 

4.SE-01 9 SOE-06 2 68E-03 
2.7E-02 2.53E-04 6.34E-02 

8 7E 
I 3E-02 

I.IE-03 
3,IE-03 
3.8E-05 
l.SE-02 
1.8E-02 
l.6E-02 
1.0E-04 

5.4E-04 

l lE-02 

4.0E-02 

2,SE-03 

2 7E-03 
6.4E-02 

0.06% 
0.31% 

6.47% 

0.55% 
1.58% 
0,02% 
7.85% 

9.38% 
8.11% 
0,05% 

0.28% 

5.50% 
20.42% 

I 29"/o 

138% 
32.67% 

Rev 9/94 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL- RME SCENARIO 
FUTURE UTILITY/CONSTRUCTION WORKER 
AOC69W 
FORT DEVENS, MA 
TABLE20 

EXPOSURE PARAMETERS 
18-Aug-98 

• r-==---=- =-=-=·=·=·=·=·=•=-:-::::r:.: .. :if.'.·. :.:~;;:r;sr 

·coNCENTRATIONSOIL cs ·-·-----MAXIMUM 

l!<G.£STION RATE IR 

ADHERENCE FACTOR M 
A\'ERAGESURFACEAREA(I) SA 

RELA Tl\'E ABSORPTION FACTOR-ORAL RM-O 

RELATIVE ABSORPTION FACTOR-DERM RM-D 

CONV'EJ!SION FACTOR CF 

BODY WEIGITT (2) BW 

EXPOSURE PERIOD EP 

EXPOSUR£ FREQUENCY EF 

EXPOSUR£ DURATION ED 

A\' ERAGINC PERIOD 

CANCER 

NONCANCER 

(l) SOlh pcrccrulc of surm:c arcur« m>lcs hc>.d. bands. 

(2) $0th pcmnlil< of body wcl~ f« m>lcs. 

AP 

AP 

480 

0.51 

5,200 

dk:mical specific 
chemical specific 

I 00E-06 

70 

0 35 

90 

I 

70 

0 ll 

MADEi'. 199<, Bld<&<oomd °""""'1Dllon for dx D<,~lopncr< of MCP 1''ummcll SW1dardL April 1994. 

MADEP. 1995. Ould.ncc rot D~ Site Rnlc Clm>i:tcru:llion. lnicrim Final PoticyWS0,;)11S.9l-t41 My 1995, 

p \olinlwilmingtlhhra21spreadlsurfsoil\EWSSDEP XLS 

chanical-spccific 
mg-soiVday 

mg-soiVan2-skin 
rm'/day 

unitJcss 
unitless 
Jcwmg 

kg 
years 

cvfflls/ycar 
daylevm 

years 

years 

USEPA.1998 

MADEP, 199S 

calculated per MADEP, 199S 

MADEi', 1994. 199S 

MADEP, 1994, 1995 

calculated per MADEP, 199S 

Assurf1>lion 
A.mirr¢on 
Assun¢on 

USEPA.1989 

As$WT1>lion 

EQUATIONS 

CANCER RISK• INTAKE (1111?'11&-d.,.) • CANCER SLOPE FACTOR (""'1<i-d.,.)'-I 

HAZARD QUOTIENT • INT AKE (m&'11&-dlJ) / REFERENCE DOSE (mc'11&-d.,.) 

INTAKE-INGESTION• 

INTAKE-DERMAL• 

IOHMJsoll I IR. I RAF-0 I CF I EF I ED I 'EP 
BW,AP1365d.,..,.,.,. 

(OffMJ!olll SA.I AFI RAF-DI EEJ ED I EP 1.CF 
BW1AP1365d.,..,.,.,. 

8/18/911 4:08 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL - RME SCENARIO 
FUTURE UTILITY/CONSTRUCTION WORKER 
AOC6'W 
FORT DEVENS, MA 
TABLE20 

CARCINOGENIC EFFECTS 
19-Aug-98 

7.2E-09 

:::'(--tr~$!t:mffi.%~t~~fil=~~~t:<t:J:t:::@::::~::ttr1lt;:;:=~ 1tit2t=:~¾t:8:--::::t:n:;;:~;:::=:{r~:;t~...=~~*1;/t:::::::::~f~r:~::~::%r:rstfflw:.>~: 
(1) MADEP, 1994. Bocqroond Docume.ution for the O...lopmert <L MCP Numcrioal Sandan:lo. April 1994. 
ND= nodltaaveilablo 

NONCAJlaNOCENIC EFFECI'S 

llc,ylliwn 

I 1:3 
lmn 

Mon-

Tao,J - Hydroaubono 

p:lolinlwil· " ·'hhra21spreadlswfsoil\EWSSDEP XLS 

I.R 

l.4E-06 I 
o.~ ,. l.7E-02 0. 

I. 4. lE-04 0. 1 

1 1.6E-03 0.2 

2.4B-07 
2.9E-03 
3.2E-04 
L7E-03 

~ . _,98 12 16 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL- CENTRAL TENDENCY 
FUTURE unun·,coNSTRUCTION WORKER 
AOC69W 
FORT DEVENS, MA 
TABLE 21 

19-Aug-98 
EXPOSURE PARAMETERS 

~;~.:~;}'.~it~C~@"<=-~z-==A~ :~~·:~ .... ·-.·::·t;; -~:~;'.:?•=:::::~~~:-;:?,:::•.•-~*~r t~~~:·=:~~:'.:::5:~:r.:YSf::::~~;;_{-'.:!::J.;::.;::.;~:;:~j;;~ :~~;t:~:;;_~.}?.j:'.~'.:::;~}'{jHf:~f~ ~ :ft:~::::i:::~::;f::: 
CONCENTRATION SOIL cs MAXIMUM 
INGESTION RA TE IR 200 
ADHERENCE FACTOR AF 0.51 
AVERAGE SURF ACE AREA (I) SA 5,200 
RELATIVE ABSORPTION FACTOR-ORAL RAF-0 chemical specific 
RELATIVE ABSORPTION FACTOR-DERM RAF-D chemical specific 
CONVERSION FACTOR CF I OOE-06 
BODY WEIGHT (2) BW 70 

EXPOSURE PERIOD EP 0 35 
EXPOSURE FREQUENCY EF 90 
EXPOSURE DURATION FD 1 
AVERAGING PERIOD 

CANCER AP 70 
NONCANCER AP 0.35 

(1) 50th pcn::Crlllc of surface uas for males: head, lwlds, forearms, lower legs 
(2) 50th pcrecrule of body wciglls for males 

MADEP, 1994. Ba~ DorulTICIUtion for !ht D<velopmcnl afMCP Numerical Standards Aj>il 1994. 
MADEP, 1995. Guidance for Disposal Site lusk Oianctcrizalion, lrurim Final Policy WSCIORS-95-141. July 1995 

p:\olin\wilmingt\hhra2\spreadlsurfsoil\EWSSDEPA,XLS 

chcmicaJ-spccific 
mg-soil/day ~on 

mg-soil/an2-sk.in MADEP, 1995 
cm'lday calculated per MADEP, 1995 

Wlitlcss MADEP, 1994, 1995 

unitless MADEP, 1994, 1995 

lqvmg 

k8 calrulaled per MADEP, 1995 
years ~on 

cvcrts/ycar Assurl¢on 
day/event Assun¢on 

year; USEPA. 1989 
vears IAca1rtnion 

EQUATIONS 

CANCER RISK• INTAKE (mefk&-d ■y) I CANCER SLOPE FACTOR (m&fk&-d ■y)'-1 

HAZARD QUOTIENT• INTAKE (mcfk&-d ■y) /REFERENCE DOSE (mcfk&-d■y) 

INTAKE-INGESTION • 

INTAKE-DERMAL• 

[OHMJsol I IR. I RAF-0 I CF I EF I ED I EP 
BW • AP I 365 d■y.,.,.,. 

IOHMlsol I SA I AF I RAf-D I EE I ED I EP I CF 
BW I AP I 365 d■y.,.,.,. 

8/19198 11:49AM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SURFACE SOIL - CENTRAL TENDENCY 
FUl1JRE UTILITY/CONSTRUCTION WORKER 
AOC 69W 
FORT DEVENS, MA 
TABLE 21 

CARCINOGENIC EFFECTS 
19-Aug-98 

i:1~J1inr::~~i1t~r,}1k~✓:;~1.II~:!~ 
Anenic: 

Beryllium 3.08-09 1.28-09 l .3E-{)8 

~~*:;.~::r._~~::=:l?~:=:::-:::=:::::::-:~:;m;~.;:;:;;~::::~:::~:~1~.m::~~~~tti\:t1~=;:i?tIJiiii\i-'.tr~x~?-\:~:tl:.t;~~-;:t:=::m.: .~-m::::rn=:::,~"''i:'.!''~:fi~'t'""::;;,,,,,,,w~::,:::~~@~rn~,::m::rn:~,~~,~~•~ f:ID:'?M-s11* ,i:mii:wi~:;;:,n,;,,,,i1"t~t\ 
(1) MADEP, 1994- Ba~ Documc"8tion fa-tho o...,1opmen1 <I MCP Numeriatl &.MU<lo. April 1994. 

ND = no da.ta availab~ 

NONCAR□NOGENIC EFJECl'S 

~nic 

Be,yllium 

lron 

Manpno,o 

T ota1 Petrok)um Hymuaub0t11 

6.0E-07 

7.38-03 

1.78-04 

6.6E-04 

-;:::::.=:::'::~===~®-;:;:_;:;:w.~;:t~::.;0m:~:::¾;:::~:~:i:j~:~~~:~::::~~:~;i;~!~~:i~~:t~;~~:~~~:;:~:}}~t~~~~{~~}~:~:::::::::~:1::j;~;::_::}{~~:~:~it-;:7~:t,:~i:::E;;;:;;;t:::::i~¾:~:t:f.${?.;~~:t~~=~~~rj~~~:~ ~}~?3t$i~~~~~~~~-~~:~~~}~~:~~::~~1.f::'.~ 

p:lolin\wi1 •lhhra2\spn:adlsurfsoil\EWSSOEPA XLS 

3.0E-04 

2.48-0l 

3.68-03 

2.lE-03 

l.lE-04 

9.68-03 

6.88-03 

S 88-03 

4.lE-04 

3.48-02 

I .OE-02 

8 OE-03 

, mw,JAi}:~{~ m:,:::,tt~:::;:,~ 

- -,Q8 I 1:50 AM 



EXPOSURE TO DIRECT CONTACT AND CNCIDENTAL CNGESTION OF SUBSURFACE SOIL- RME SCENARIO 
FUTURE UTILITY/CONSTRUCTION WORKER 
AOC69W 
FORT DEVENS, MA 
TABLE 22 

18-Aug-98 
EXPOSURE PARAMETERS 

ADHERENCE FACTOR 

AVERAGE SURFACE AREA (I) 

RELATIVE ABSORPTION FACTOR-ORAL 

RELATIVE ABSORPTION FACTOR -DERM 

CONVERSION FACTOR 

BODY WEIGHT (2) 

EXPOSURE PERIOD 

EXPOSURE FREQUENCY 

EXPOSURE DURATION 

AVERAGING PERIOD 

CANCER 

NONCANCER 

(I) 50th pcrccrt.ilc of swfacc areas for males: head, hands 
(2) 50th pcrcatilc of body weights for maJcs 

i~ 
cs 
IR 

AF 

SA 

RAF-O 

RAF-D 

CF 
BW 

EP 

EF 
ED 

AP 

AP 

? i_&&_li 
MAXIMUM 

480 

0 51 

5,200 

chemical specific 
chemical specific 

1 OOE-06 

70 

0 35 

90 

I 

I 70 I 
035 

MADEP. 1994 Baclcgound Documentation for the: Dcvclopmcrt cLMCP Numerical Standards April 1994 
MADEP. 1995. Guidance for Disposal Site Risk ~d.crim.ion Interim Final Policy WSCIORS-95-141 July 1995, 

p:\olin\wilmingtlllhra2\spreadlsurfsoil\EWSSDEP.XLS 

mg-soil/day 
mg-soiVcm2-skin 

cm'/day 

unitlcss 
Wlitlcss 

kg/mg 
kg 

YCBJ"S 

events/year 
day/cvcrt 

year,; 

year,; 

USEPA.1994 

MADEP, 199S 

calculated pcr MADEP, 199S 

MADEP, 1994, 1995 

MADEP, 1994, 1995 

calculated per MADEP, 199S 

AsSWTl)lion 
AsSUl11)tiOII 

As~lion 

USEPA.1989 

~on 

EQUATIONS 

CANCER RISK • INTAKE (111&fl<c-<loy) x CANCER SLOPE FACTOR (mcfl<c-<loy)'-1 

HAZARD QUOTIENT• INTAKE (mctkc-<I.,.) / REFERENCE DOSE (mcfl<c-<loy) 

INTAKE-INGESTION• 

INTAKE-DERMAL• 

[OHMJsoQ J IR I RAF-0 I Cf I EF I ED I EP 
BW x AP x 36S doyslyr 

[OHMJsoU I SA I Af I RAF-DJ EF I ED I EP I CF 
BW x AP x 365 doyslyr 

8/l&/98 4:05 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SUBSURFACE SOIL - RME SCENARIO 
FunJRE lfnLITY/CONSTRUCTION WORKER 
AOC69W 
FORT DEVENS, MA 
TABLE 11 

19-Aug-98 
CARCINOGENIC EFFECTS 

■,t~!~!li:!lf 1!!:i:~::st;::;:;:,~:'::~::':c 
Aneric 

-:::::::::::-: ~-.:.::':=f!~:::::::::::::::::;::::::~1:t\:?!~~:~~:tw.#.,~;~, 
( I] MADEP, 1994. Bodcground Documc.cation fac lho Dc .. lopme" of MCP Numcriw !hnmnlo. April 1994. 

ND = no data evaila.blo 

NONCARClNOGENIC EnECI'S 

Iron 

Tcul Pctroloum Hydroaubom 

Cll-c22 oliph,tico 
C 19- C36 aliph,tico 
C9- CI 8 eliphalico 
=12 oliph,tico 
C9-CIO oromotico 

I.OE-02 

1.SE-03 

1.00 4.4E-04 

1.00 I.IE-03 

1.00 9. IE-Q3 

1.00 l.3E-Q3 

1.00 2.08-04 

o.~ 

J.7E-03 

0.2 I. 7E-Q3 

0,2 4.9E-04 

0.2 l.3E-03 

0.2 1.0E-02 

0.2 l.4E-03 

0.2 2.2E-04 

·sf.~fil:i~~::~:::ikt?-f.~:~:~~~IBEWE¥.::1==~:=:-1-=t~~:=:::::::~=:=:~~::::::::~=j:;z.:=:=:=:=:~~::::::::;:::::::=:=:~::::(~?:t:=:;:~~:::1::::_~·::::;~@;11:=*lt:~~~::n::;i:~t,~:3~:f:!::®~•i@~d:&:t%:&ffi~'f;:f:•::::~•?7:::::-J~ ~.m~.~B.-~()~~~8.Jfl·, 

p:\oJin\wil 'lhhn,2\spread\swtsoil\EWSBOEP XLS 

,slflijijffl~:::§\\;:.,., 
4 IB-02 

3.0E-0~ 

3.JB-02 S.5E-03 

3.0E-Ol S, lB-03 S 6E-03 l lB-02 

3.0E-Ol I .SE-OJ L6E-03 3 lB-03 

6.0E+ l.9B-04 2. lE-04 4 OE--04 

6.0E-Ol 1,5E-02 1 7E-02 3 2E-02 

6.0E--01 2 2£.03 24E--03 4,6E--03 

3.0E--01 6. 7E--04 7.4E-04 l ,4B-03 

"'"8 11:SIAM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SUBSURFACE SOIL- CENTRAL TENDENCY 
FUTURE UTILITY/CONSTRUCTION WORKER 
AOC69W 
FORT DEVENS, MA 
TABLE 2J 

18-Aug-98 
EXPOSURE PARAMETERS 

m.Mi@!K:.@Willj ~ i~Htii;:!: ··' :,:;;;·t<.:!M:@)@~ ,_;~;.f.ffi:!kt¾Tu:&D K\§4WM:rntt. 
CONCENTRATION SOIL I CS I MAXIMUM I chemical-,pccific 
INGESTION RATE 1R 200 mg-soiUday 

ADHERENCE FACTOR AF 0.51 mg-soil/an2-skirl 
AVERAGE SURFACE AREA (I) SA 5,200 cm'/day 

RELATIVE ABSORPTION FACTOR-ORAL RAF-O chunical specific unitJess 
RELATIVE ABSORPTION FACTOR -DERM RAF-D chemical specific unitless 
CONVERSION FACTOR CF I OOE-06 kt/mg 
BODY WEIGHT (l) BW 10 1rg 
EXPOSURE PERIOD EP 0 35 years 

EXPOSURE FREQUENCY EF 90 cvctts/ycar 
EXPOSURE DURATION ED 1 day/cvcrt 
AVERAGING PERIOD 

CANCER AP 10 ycv-s 

NONCANCER AP 0.35 Cln 

(1) 50th paccrtilc of surface 1rcas for ma.Jes: head. hands 
(2) 500, pc,=tilc ofbodyweigtn Co, males 

MADEP, 1994 Background DoOJmCfULion for the Dcvclopmert of MCP NumcrictJ Standards April 1994 
MADEi', 1995. Guidance for Disposal Site Rislc Chanctcrization Interim Final Policy WSC/ORS-95-141 July 1995. 

p:'<>linlwilmingt\hhra2lspreadlsurfsoil\EWSBDEP XLS 

-.W@'@Mi~ii~.%%%tW 

Assvq,tion 
MADEP. 1995 

calculated pcrMADEP, 1995 

MADEi', 1994, 1995 

MADEP, 1994, 1995 

calculated per MADEi', 1995 

Asswr¢on 
Assuq,tion 

~ 

USEPA.1989 

ioo 

EQUATIONS 

CANCER RISK - INT AKE (m&'1(1-d.,-) • CANCER SLOPE FACTOR (mc,1ci:-d.,-)A-l 

HAZARD QUOTIENT - INT AKE (IDCfkl-d.,-) I REFERENCE DOSE (JD&ll<l-day) 

INTAKE-INGESTION -

INTAKE-DERMAL -

lOHMlsoll I IR1 RAF-0 I Cf I EF I ED I EP 
BW• AP• 365 d.,..,.,,. 

(OHMII00.1 SA! AFIME-D I Ef J: ED I EP a-Cf 
BW• AP• 365 d.,..,.,,. 

8118198 4:06 PM 



EXPOSURE TO DIRECT CONTACT AND INCIDENTAL INGESTION OF SUBSURFACE SOIL - CE/lfTRAL TENDENCY 
FUTURE UTILITY/CONSTRUCTION WORKER 
AOC69W 
FORT DEVENS, MA 
TABLE2J 

CARCINOGENIC EFFECTS 
19-Aug-98 

(l] MADEP, 1994. Bocqr,:,und Documemtion fer tho Dovolopmo,.,. MCP Numerical lbnchrdo. Apn11994. 

ND = no deta available 

NONCARCINOGEMC EFFECI'S 

Iron 

~ 
Tctal ~lDTI Hydrocarborw 
Cll-C22 aliphatiao 
CI~ C36 aliphatia, 67 

~ Cl8 aliphatico 
C~Cl2aliphatico 

~C!0aron-alico II . 

I.~ 

4.28-03 

1.00 6.JE-04 

1.00 l.8E-04 

1.00 4.7E-04 

1.00 3.BE-03 

1.00 5.4E-04 

1.00 8.4E-05 

·~f£1::-·f:::::i~J:$.❖:=:=::t:·~*-;:,W:-$i-::-:~-'.::%.;.;:.::¾.~¢:~~%~$:ffif.:~~l::B:=:~4:::-::::::::: : ~?::: ... ~-~:-~-~-:)!:~~1\::-:=:::::.::=;.:~::':~:?~3~::::¼:~~:::::~:=~::::::::;:&::~:::~:½~#~*:='~'.~)::~~=~:::::'.:;:~:::m.tlM: · 

p:lolinlwi' 'lhra2\spread\surfsoil\EWSBDEPA.XLS 

o.~ 

1.7E-03 
3.0B-0~ 

l .4E-02 S.SE-03 1 9E.-02 

0.2 I. 7E-03 3.0B-01 2JE-03 S.6&03 7.?E-03 

0.2 4.9E-04 3.0E-01 6. lE-04 I 6E-03 2 2E-0J 

0.2 l.3E-03 6.0E+ 7.9E--OS 2 IE-04 2 9E-04 

0.2 1.0E-02 6.0E-01 6.3E-03 I 7E-02 2.JE-02 

0.2 l.4E-03 6.0E-01 9.0E-04 24E-0J 3.JE-03 

0.2 2.2E-04 3.0E-01 2 SE-04 

"! 11 :51AM 



TA.l 

INHALJ\TION EXPOSURE TO PARTICULJ\TES FROM SURFACE SOIL AND SUBSURFACE SOIL (0-10 feet bgs) - KME SCENARIO 

FUTURE UTILITY/CONSTRUCTION WORKER 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETER SYMBOL VALUE UNITS 

[69WUCIM 

EQUATIONS 

CANCERRISIC = INTAICE (ms/kg-day) zCANCERSUlPE PACTOR(,q/l,g-doy)-1 

CON'a!.lf?RATIOJII son. cs Maximun1 •,g/l<g 
COIIC!Jl"IXATION AIR. PARTICULATI!S CAp Cak;u .. lC"d algi'nl'' INTAICE = (CAp + CA•}:rlllR:irBT :rEF:rBD 

COJl<::exTRATlOII AIR. VOL.ATII...BS CA, NA a,g!m' BW JC AT• 365 dayt/yr 

VOLATILIZATION PACTOR VF !IC'"- tablr. m',1qi 

PARTlc."Ul.A.TB KMIS'SJOWS PACTOR PEP 132E+QIJ m',1qi HAZARD QUOflENf = AVERAGE DAILYCONCBNTRATlON ('"3f_,3) / 

IN"HALATIOII' RATB lbR 4.8 nr'/hour RBRIRBNCE CONCBNrRATION ('"31•') 
BODY WB.IGHT BW 70 log 

!!XJ"OIJURE TIMI! ET • bounklay AVERAGE DAILY CONCENfRATION = (CAp + CA•} :rBP:irW 

EXPOSUR..B PRB.QUBKCY EF 90 cla~.ar AT .:!65 doy,ly, 

BXPOSURBDURATIOJII ED 0.3.5 >"'" 

A'YBRAGIJIGTDll! AIRCON:'BNl'RATIONPAKl'J:ULATES = CS JC 1/PBP 

CANCER AT 70 '"" KQKC.AMC'EJZ. AT us -•n. AIRCONCBNl'RATIONVOlATil.ES = CS JC 1/VP 
Note: 

Foraoocaa:::i.ao~.aicC".ffC".cls: AT= EF/36.5days~r}"'.ar NA- Nolappliaiblr. 

TPHC -TotalPetroli:-um Hvdrocuboas ND - ValUC'. aotdetenniM.d 

CARCINOGENIC EFFECTS 

·, 

lNRALAl'ION 
SOIL CANC"Bll Sl.lll'.B PEIICl!N'T 

COMPOUND CONCBNfRATION VF CA• CAp INTAKE FJCTOR. CAl'ICBll To:rAL 
,_.,._, ,.,.,._, ,_,.,.\ , __ ,.,'l ,_.,._ do•l ,_,..__.i.,r' RISK RISK 

Smface Soil 

Arseni: 18 NA NA l.36E-08 9.2E-12 UE+0l l.4E-10 69.S3% 

Beryllium 0.85 NA NA 6.44E-10 4.4E-13 8.4E+00 3.7E-12 1.85% 

Sul>total 1.48-10 
Sub■urface Soil 

AnenC 7.3 NA NA S.53E-09 3.7E-12 l.SE+0l S.6E-ll 28.32% 

s•tota 5 68-11 

NA = l'lotuplbble ,SVMMARY CANCE.R RISK 2E--10 

NONCARCINOGENIC EFFECTS 

AVBRNII! INIOONI~ 
SOIL DAILY llllff!lU!NCB Pl!IICBNT 

COMPOUND CONCBNTAAT(OK VF CAY CAp COIICBNTRATION C.0~RATl6N flAZAIII) T01'AL ,_,,_, ,.,,,._, ,_,.,., .f ...Jrl ,_,..,,, ,_,_,, ntJO'l'mNT n,,r 

Surface Soil 

Arseni: lS NA NA 1.36E-08 3.4E-09 ND 

BttyDium 0.85 NA NA 6.44E-IO l.6E-10 2.0E-05 7.9E-06 0.00% 

Iron 10700 NA NA 8.IIE-06 2.0E-06 ND 

Mangan~.sc 249 NA NA 1.89E-07 4.7E-CJI S.0E-05 9.3E-04 0.12% 

TPHC 936 NA NA 7.09E-07 1.7E-07 6.0E-02 2.9E-06 0.00% 

Sul>tota l 9.48-04 0.12% 

Sub1urfacc Soil 
Arseni: 7.3 NA NA S.53E-09 1.4E-09 ND 

Iron 5900 NA NA 4.47E-06 1.IE-06 ND 

TPHC 900 NA NA 6,82E-07 I.7E-07 6.0E-02 2.SE-06 0.00% 

C11-C22aromat:ics 260 10066 2,58E-02 l.97E-07 6.4E-Cll 7.lE-02 9.0E-02 11.80% 

C19-C36 aliphat:ic-& 670 NA NA S.0SE-07 l.3E-07 ND 

C9-CIS aliphatics 5400 2267 2.38E+OO 4.09E-06 5.9E-0l 2.0E+OO 2.9E-01 38.62% 

C9-C12 aliphatics 770 llCll 6.98E-01 S.83E-07 !.7E-01 2.0E+OO 8.6E-02 11.32% 

C9-C10 aromatcs 119 1686 7.06E-02 9.02E-08 1.7E-02 6.0E-02 2.9E-0l 38.14% 
su1,,-., 7.68-01 99_uos. 

NA "' Not 1pplie.~k SUMMARY IIAZARD IN1>BX 7.48-01 

1.9-119 - n l 

R('V . .'.'i/96 



TA. [69111\CIA 
INHAu,.TION EXPOSURE TO PARTICULATES FROM SURFACE SOIL AND SUBSURFACE SOIL (0-IO feet bga) - u!JlrfRAL TENDENCY 

FUTURE UTILITY/CONSTRUCTION WORKER 

AOC69W 

FORT DEVENS, MA 

EXPOSURE PARAMETERS EQUATIONS 

PARAMETER SYMBOL VALUE UNUS 

CANCER RISK= INrAKE (mg/ka-day) ,CANCER SLOPE PJ'CfOR ("'"'1<!,-day)- 1 

CONC!ll'TRATION son. cs Maximum msi1o! 
CONCBll'TRATTON AIR PART1C'ULATBS CAp C111~ulet"4 "'8fm' INTAKE= (CAp +CAv).-nRs:BTsBPzBD 
CONC!NTRATIOl'f A[R VOLATIU!.S CA, NA n,alm' BW s AT :1 36.5 dayl/yr 
VOI.Jt.Tn.IZA TION' PACTOR VF NA ot'lkg 

PAR.Tl~TB !!MISSIOR'll PACTOR PEF 1. 32E+09 m',1qi HAZARD QUITTIENr = AVERAGE DAILY CONCENTRATION (mf!lm') / 

INHAL.ATTOII' RATE lhR u irr'/bour RBR!RBNCB CONCENrRATION ("'8im') 

BODY WBJGHT BW 70 kg 

EXPOSURE. TIMB ET 8 hoursrtiay AVBRAGB DAILYCONC.BNTRATION = (CAp + CA,..) s:BP:ii:FD 

l!XJ'OSURB~Q1Jl!lllCY EF 90 da~.ar AT • 365 da,-Jy, 
HXPOSURB DURA TIOJI' ED 0.35 ~.an 

AWRAODfO TIMB AIRCONCENrRATIONPARTICUlATES = CS d/PBP 

CANCER AT 70 ><• n 
•n•n••= AT 0.)5 ~ ... AIR CO~BNI'RATION VOIATJI.ES = CS s: 1/VP (VP i ■ ■ot calcala~ beca■ae ao volatile■ ■ R. .elected H CPC■) 

Note: 

For nooc::a1ei110~.aic".fh·.cls: AT= EF/365 day,~r~.ar 

TPHC - TobllP".tro~.um Hvdrocaiboos ND - V■ lue 1101 delc'.rmined 

CARCINOGENIC EFFECTS 

W:UAI.>JION 
SOIL C"11Cl!R Sl-Ol>ll P.llllellNr 

COMPOUND COtcENTRATION VP CA• CAp INrAKE P/CTOR ~II. TOTAL 

·--"'--' ,.., ..... "-'tft"\ ' -,fa,'\ •- - ,k,,l ,-~.,-_, IUSI. IUSlt 

SmfaccSoil 

ArscnC II N.A NA 1.36E- IU 2.9E - 11 l.5E+0l 4.3E- U 69.83% 
Be.ryllium us NA NA 6.44E-I Q 1.4E-13 8.4E+00 l.lE- ll U .1% 

s.111-1 4.41!-ll 
Outaidc Buildins Subaurfac:c Soil 

Arscnr. 1.1 NA NA '-53E-09 !.l E-12 UE+0l UE- JJ 2:3il1~ii 
sn1., .... , I aE- 11 

NA : Not ...,,li<'ablo SUMMARY CANCER lUSX 61!- ll .. 

NONCARCINOGBNIC EFFECTS 

AVBRAOH INllALATlO!'I 
SOIL DAILi' tUll'll!UlNCB Pi!IICBHr 

COMPOUND CONCl!NrRATION VP CA• CAp COIICBNT~TfO!I COIC~lµTICit( ~ 
... ·~-

TOTAi.. 
, _ _,.__, ,,... .... , ,_ ,.,,, ·--·~- •- -'• .,,, 

~~- ft ... 

Surface Soil 

Arscni: 18 NA NA l.36E-08 3.4E-09 ND 

Beryllium 0.65 NA NA 6.44E-I0 l.6E-10 2.0E-m 7.9E-OII 0.00% 
Iron 10700 NA NA 6.llE-06 2.0E-OII ND 
Mansaucsr-. 249 NA NA 1.69£-07 4.7E-OII 5.0E-(l'I 9.3E-OI 0.12% 
TPHC 940 NA NA 7.12£-07 J.SE-07 6.0E-02 2.9E-OO 0.00% 

Smtotal 0.0009 0.12% 

Outside. Building Subaurfacc Soil 
Arse.ni: 7.3 NA NA 5.53£-09 1.4E-@ ND 

Iron 5900 NA NA 4.47£-06 1.IE-00 ND 

TPHC 900 NA NA 6.62£-07 1.7E-07 6.0E-02 2.&E-00 0.00% 

Cll-C22 alipbafrs 260 10006 2.56E-02 1.97£-07 6.4£-03 7.IE-02 9.0E-02 

C19-C36 aliphatr.s 670 NA NA 5.06E-07 1.3E-07 ND 

C9-C18 aliphatics 5400 2267 2.36E+00 4.09E-06 5.9E-0I 2.0E+OO 2.9E-0l 

C9-C12 aliphatics 770 1103 6.96E-0l 5.63E-07 1.7E-0l 2.0E+00 8.6E-02 

C9-Cl0 e.romate's 119 1686 7.06E-02 9.02£-08 1.7E-02 6.0E-02 2.9E-0J 

S..,total 08 99.88% 

NA -~ Nc1 t l>'i,J.lc:able SUMMARY HAZARD INDBX (1.3 

19-~ 

Rr-v, ~/96 



NEW-VF.XLS 

TABLE 26 
CALCULATION OF THE VOLATILIZATION FACTOR - REVISED MODEL 

EQUATIONS: 

where 

PARAMETER/DEFINITION UNITS 

VF / volatilization factor m3/kg 

DA / apparent diffusivity cm2/s 

Q/C I inverse of the mean g/m2-s per kg/m3 

concentration at the 
center of a 0.5-acre-square 
source 

T I exposure interval s 

:!!:b / dry soil bulk density g/cm3 

.11.a / air-filled soil porosity La;,/Lsoil 

n / total soil porosity Lpo,Jlsoil 

.11.w I water-filled soil porosity Lwate,/Lsoil 

:!!:. / soil particle density g/cm3 

D; / diffusivity in air cm2/s 

H' / Henry's Law constant dimensionless 

Dw / diffusivity in water cm2/s 

~ I soil-water partition cm3/g 

coefficient (Koc x foe) organics 

Koc / soil organic carbon cm3/g 
partition coefficient 

foe I fraction organic gig 
carbon in soil 

Source: USEPA, 1996. Soil Screening Guidance: User's Guide. Office of Solid Waste and 

Emergency Response, EPA/540/R-96/018, April. 

Page 1 

DEFAULT 

Calculated 

Calculated 

74.23 
(Portland, ME) 

1.7E+07 

1.5 

n -.Q.w 

1 - (:!!:J:!!:s) 

0.15 

2.65 

chemical-specific 

chemical-specific 

ch em ica I-s pecific 

chemical-specific 

chemical-specific 

0.006 

8/19/98 



CHEMICAL 

C11-C22 Aromatics 

C9-C18 Aliphatics 

C9-C12 Aliphatics 

C9-C10 Aromatics 

TABLE 26, continued 
CALCULATION OF THE VOLATILIZATION FACTOR 

D1 H' Dw K.i Koc DA 

(cm2/s) (cm2/s) (cm3/g) (cm3/g) (cm2/s) 

0.06 0.03 9.00E-06 30 5000 3.19E-06 

0.07 69.0000 9.00E-06 4080 680000 6.29E-05 

0.07 65.00000 9.00E-06 900 150000 2.66E-04 

0.07 0.33 9.00E-06 10.67 1ne 0.00011364 

VF 
(m3/kg) 

10066 
2267 
1103 
1686 

Di, H', and Koc values from "Characterizing risks posed by petroleum contaminated sites: lmplementatin of the MADEP 

VP/EPH approach" 1997. 

Ow is a conservative estimate 

NEW-VF XLS Page 1 8/19/98 



TABLE 27 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES) - RME SCENARIO 
ADULT RESIDENT 
AOC69W 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAM£n:R SYMBOL VALUE UNITS SOURCE 

CONCENTRATION WATER cw chemical-specific uglliter 
INGESTION RATE IR 2 titers/day USEPA, 1994 

BODYWEIGHT BW 70 kg USEPA, 1994 

CONVERSION FACTOR CF 0001 mgiug 
EXPOSURE FREQUENCY EF 350 days/year USEPA, 1994 

EXPOSURE DURATION ED 30 years USEPA, 1994 

AVERAGING TIME 

CANCER AT 70 years USEPA, 1994 

NONCANCER AT 30 years USEPA.1994 

USEPA, 1994 EPA Region I Risk Updates; Number 2 "Interim Standard Delilult Exposure Parametets" 

CANCER RISK = INTAKE (m&fkc-4-y) >< CANCER SLOPE FACTOR (m&lkc-day)-1 

HAZARD QUOTIENT= INTAKE (m&lkc-<lay) / REFERENCE DOSE (m&lkc-day) 

INTAKE= CWxlRIEF><ED><CF 

BW" AT" 365 days/year 

Nole: For noncardnogenlc effects, AT= ED. 



TABLE27 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERID SAMPLES)- RME SCENARIO 
ADULT RESIDENT 
AOC69W 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

WATER UNITS INTAKE CANCER SLOPE 
COMPOUND CONCENTRATION INGESTION FACTOR 

(molko..•..,) (molko..day)'-1 

Bis(2-<ethylhcxyl)phthalate 500 VG/LITER 5 9E-03 l 4E-02 
Ammie 190 VG/LITER 2 2E-03 l 5E+00 
Chloroform 0.55 VG/LITER 6 5E-06 6 0E-03 
Trichlorocthylcnc 3.3 VG/LITER 3 9E-05 1.0E-02 

TOTAL CANCER RISK 

NONCARCINOGENIC EFFECTS 

WATER UNITS INTAKE REFERENCE 

COMPOUND CONCENTRATION INGESTION DOSE 
(mo/b..day) '-•"'~davl 

2-MethylnapnllllUene 600 VG/LITER l 6E-02 4 0E-02 
Bis(2-<ethylhexyl)phthalate 500 VG/LITER l 4E-02 2 0E-02 
Naphthalene 200 VG/LITER 5 5E-03 4.0E-02 

A!W11inum 450 VG/LITER l 2E-02 1.0E+00 
Arsenic 190 VG/LITER 5 2E-03 3 0E-04 
Iron 26000 VG/LITER 7,IE-01 3 0E-01 

Manganese 2700 VG/LITER 7.4E-02 2 4E-02 
Chloroform 0.55 VG/LITER l 5E-05 1.0E-02 
Irichlorocthylene 3,3 VG/LITER 9 0E-05 6 0E-03 
EPH 
C9-C 18 Aliphatics 600 UG/LITER 1.6E-02 6 0E-01 
C10-C22 Aromatics 300 VG/LITER 8 2E-03 3.0E--02 

VPH 
C5-C8 Aliphatics 47 VG/LITER 1 JE-03 6.0E-02 
C9-C12 Aliphatics 300 VG/LITER 8 2E-03 6 0E-01 
C9-C10 Aromatics 610 VG/LITER l.7E-02 3.0E-02 

TOTAL HAZARD INDEX 
ND -.no data available 

CANCER RISK 
INGESTiON 

8 2E-05 

3 JE-03 

3.9E-08 

3.9E-07 

JE-03 

HAZARD 
QUOTIENT 
INGESTION 

4 IE-01 

68E-0l 

l.4E-0l 

l 2E-02 

l.7E+ol 

2.4E+oo 

3.IE+00 

1.5E-03 

l 5E-02 

2 7E-02 

2.7E-Ol 

2 IE-02 

l.4E-02 

5.6E-0l 

25 



TABLE28 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES)- RME SCENARIO 
CHIW RESIDENT 
AOC 69W 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETER SYMBOL VALUE UNITS SOURCE 

CONCENTRATION WATER cw chemical-specific ugiliter 

INGESTION RATE IR I liters/day USEPA, 1995 

BODYWEIGHT BW 15 kg USEPA, 1991 

CONVERSION FACTOR CF 0 001 mglug 

EXPOSURE FREQUENCY EF 350 days/year USEPA, 1995 

EXPOSURE DURATION ED 6 years USEPA, 1995 

AVERAGING TIME 

CANCER AT 70 years USEPA, 1991 

NONCANCER AT 6 years USEeA, 1991 

USEPA, 1991. Human Health Evaluation Manual, Supplemental Guidance: 

"Standard Delilult Exposure Factors"; OSWER Directive 9285,6-03, 

USEPA, 1995. Region IV Sunolemental Gudance to RAGS. Bulletin No 3. November. 

CANCER RISK= INTAKE (mg/kg-day) x CANCER SLOPE FACTOR (mg/kg-daJ}-1 

HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSE (mg/kg-day) 

INTAKE= CWxIRxEFxEDxCF 

BW x AT x 365 days/year 

Note: For IIOIIClrdnogenlc effects, AT= ED. 

Page I 



TABLE28 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES)- RME SCENARIO 
CHILD RESIDENT 
AOC 69W 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

WATER UNITS INTAKE CANCER SLOPE 
COMPOUND CONCENTRATION INGESTION FACTOR 

Im•"'~"'"'' '-•"'~davl'-J 

Bis(2-cthylhexyl)phthalate 500 UG/LITER 2.7E-03 1.4E-02 
Arsenic 190 UG/LITER 1.0E-03 I 5E-OO 
Chlorofonn 0.55 UG/LITER 3 0E-06 6 OE-03 
T richloroethylene 3.3 UG/LITER l SE-05 l .OE-02 

TOTAL CANCER RISK 

NONCARCINOGENIC EFFECTS 

WATER UNITS INTAKE REFERENCE 
COMPOUND CONCENTRATION INGESTION DOSE 

Im•"'~"'"'' fm•"'~davl 

2-Methylnaphthalene 600 UG/LITER 3,SE-02 4.0E-02 
Bis(2-ethylhexyl)phthalate 500 UG/LITER 3 2E-02 2 OE-02 
Naphthalene 200 UG/LITER l.3E-02 4 OE-02 

Aluminum 450 UG/LITER • 2 9E-02 I.OE-00 
Arsenic 190 UG/LITER l.2E-02 3,0E-04 
Iron 26000 UG/LITER 1.1E~oo 3 OE-01 
Manganese 2700 UG/LITER l .7E-0l 2.4E-02 
Chlorofonn 0,55 UG/LITER 3.5E-05 1.0E-02 
Trichloroethylene 33 UG/LITER 2 IE-04 6 OE-03 
EPH 
C9-C 18 Aliphatics 600 UG/LITER 3 SE-02 6 OE-01 
C 1 O-C22 ArOin atics 300 UG/LITER l 9E-02 3 OE-02 

VPH 
C5-C8 Aliphatics 47 UG/LITER 3,0E-03 6.0E-02 
C9-C I 2 Aliphatics 300 UG/LITER l ,9E-02 6,0E-01 
C9-Cl0 Aromatics 610 UG/LITER 3.9E-02 3.0E-02 

TOTAL HAZARD INDEX 

" -• 1 

CANCER RISK 
INGESTION 

3.SE-05 
l.6E-03 
i S;E-08 
1.SE--07 

lE-03 

HAZARD 
QUOTIENT 
INGESTION 

9.6E-0l 
l ,6E+OO 

32E-0l 

2.9E--02 
4,0E+0l 
5.5E+-O0 
7.2E+OO 
3,SE-03 
3.5E-02 

6.4E--02 
64E-0l 

S0E--02 
3,2E-02 
IJE+OO 

S7 



TABLE29 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES) - CENTRAL TENDENCY 
ADULT RESIDENT 
AOC69W 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PAIUM.ETER SYMBOL VALUE UNITS SOURCE 

CONCENTRATION WATER cw chenncal-specific ugl]iter 

INGESTION RATE IR 1.4 liters/day USEPA, 1994 

BODYWEIGHT BW 70 kg USEPA, 1994 

CONVERSION FACTOR CF 0_001 mg/ug 

EXPOSURE FREQUENCY EF 350 days/year USEPA, 1994 

EXPOSURE DURATION ED 9 years USEPA, 1994 

AVERAGING TIME 

CANCER AT 70 years USEPA, 1994 

NONCANCER AT 9 years USEPA, 1994 

USEPA, 1994_ EPA Region I Risk Updates; Nwnber 2 'Interim Standard Default Exposure Parametm" 

CANCER RISK= INTAKE (mg.lkg-4ay) x CANCER SLOPE FACTOR (mg.lkg-day)-1 

HAZARD QUOTIENT = INTAKE (mglkg-4ay) / REFERENCE DOSE (mg/kg-4ay) 

INTAKE= CWi:IRi:EFxEDi:CF 
BW:,: AT x 365 days/year 

Note: For noncarelnogenlc effects, AT= ED. 



TABLE29 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES)- CENTRAL TENDENCY 
ADULT RESIDENT 
AOC 69W 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

WATER UNITS INTAKE CANCER SLOPE 
COMPOUND CONCENTRATION INGESTION FACTOR 

(mollu!-day) '"""""-day)'-J 

Bis(2-ethylhexyl)phthalate 50 UG/LITER l.2E-04 1.4E-02 
Arsenic 40 UG/LITER 9 9E-05 l.5E+OO 
Chlorofonn 0.3 VG/LITER 7.4E-07 6.0E-03 
Trichloroethylene 0.5 VG/LITER 1.2E-06 1.0E-02 

TOTAL CANCER RlSK 

NONCARCINOGENlC EFFECTS 

WATER UNITS INTAKE REFERENCE 
COMPOUND CONCENTRATION INGESTION DOSE 

/mo/1,o.,t,.,.\ lm•"'o.d .. l 

2-Methylnaphthalene 60 VG/LITER l .lE-03 4 0E-02 
Bis(2-ethylhexyl)phthalate 50 VG/LITER 9,6E-04 2 0E-02 
Naphthalene 20 UC/LITER 3,BE-04 4 0E-02 

Aluminum 200 VG/LITER 3.8E-03 L0E+OO 
Arsenic 40 UC/LITER 7.7E-04 3,0E-04 
Iron 5200 VG/LITER l ,0E-01 3.0E-01 
Manganese 660 VG/LITER l.3E-02 2.4E-02 
Chlorofonn 0.3 VG/LITER 5,8E-06 I 0E-02 
T richloroethylene 0.5 UGILITER 9_6E-06 6.0E-03 
EPH 
C9-C I 8 Aliphatics 150 UC/LITER 2 9E-03 6 0E-01 
Cl 0-C22 Aromatics 50 UG/L ITER 9 6E-04 3 0E-02 

VPH 
C5-C8 Aliphatics 20 UC/LITER 3 SE-04 6 0E-02 
C9-C12 Aliphatics 60 UCtUTER I 2E-03 6 0E-01 
C9-CI0 Aromatics 80 VG/LITER l.SE-03 3.0E-02 

TOTAL HAZARD INDEX 
NO ~ no da1a available. 

CANCERRlSK 
INGESTION 

1.7E-06 

l-5E-04 
4 4E-09 
l.2E-08 

IE-04 

HAZARD 
QUOTIENT 
ING~ON 

2 9E-02 
4 8E-02 
9 6E-03 

3.8E-03 
2,6E+OO 
3.3E-Oi 
5.3E-0l 
5 8E-04 
l.6E-03 

48E-03 
3 2E-02 

6 4E-03 

l.9E-03 
5 IE-02 

4 



TABLE JO 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES) CENTRAL TENDENCY 
CHILD RESIDENT 
AOC69W 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARMJETER SYMBOL VALUE UNITS SOURC£ 

CONCENTRATION WATER cw cbemicol-spccific ug/liter 

INGESTION RATE IR 0.7 lif:='day USEM, 1995 
BODYWEIGHT BW 15 kg USEPA. 1991 
CONVERSION FACTOR CF 0 001 mg/ug 

EXPOSURE FREQUENCY EF 350 days/year USEPA, 1995 
£.>,1'0SUR£ DURATION ED 2 years USEPA. 1995 
A \ '£RACING TIME 

CANCER AT 70 years USEPA, 1991 

NONCANCER AT 2 vears US.EPA. 1991 

USEPA. 1991 Human Heallh Evaluation Manual, Suppletnenl!J Guidoncc'. 
"Standard Default Exposure Factors"; OSWER Dil<ctive 9285 6-03. 

USEPA. 1995. Rc<!ion IV "' ~ nJemcnw Gudance to RAGS. Bulletin No, J, No,'Cmbcr 

Page\ 

CANCER RISK= INTAKE (mg/kg-day)"' CANCER SLOPE FACTOR (mglkg-day}-1 

HAZARD QUOTIENT= INTAKE (me/kg-day)/ REFERENCE DOSE (mg/kg-day) 

INTAKE= cw JCIR"' Er"' ED"' er 
BW JC AT "' 3'5 days/year 

N~e: For noncardnogenk: effects, AT= ED. 



TABLE30 

INGESTION OF GROUNDWATER AS DRINKING WATER (UNFILTERED SAMPLES) CENTRAL TENDENCY 
CHILD RESIDENT 
AOC 69W 
FORTDEVENS,MA 

CARCINOGENIC EFFECTS 

WATER UNITS INTAKE CANCER SLOPE 
COMPOUND CONCENTRATION INGESTION FACTOR 

(m•"'"-cb.Yl (m•"'"-clnl•. 1 

Bis(2.;,thylhcxyl)phthalate 50 UGILITER 6 4E-05 J 4E--02 
Arncnic 40 UG/LITER 5.IE-05 ISE+OO 
Chloroform 0.3 UGILITER 3.SE-07 6.0E-03 
Trich!orocthylene 0.5 UGILITER 6 4E-07 1.0E-02 

TOTAL CANCER RISK 

NONCARCINOGENIC EFFECTS 

WATER UNITS INTAKE REFERENCE 
COMPOUND CONCENTRATION INGESTION DOSE 

(m•lk"-dnl lm•lk•-dnl 

2-Mcthylnaphlhalcnc 60 UGII.ITER 2.7E-03 4.0E-02 
Bis(2~thylhcxyl)phthalau: 50 UOILITER 2 2E-03 2.0E-02 
Naphthalene 20 UGILITER 8.9E-04 4.0E--02 

Aluminum 200 UGILlTER 8.9E-03 I OE+OO 
Arncnio 40 UGll. rrER l SE--03 3.0E-04 
lron 5200 IJGll.rrER. 2 3E-Ol 3.0E-01 
Manganese 660 UGII.ITER 3 OE-02 2 4E--02 
Chloroform 0.3 UGILITER l.3E-05 1.0E-02 
T richloroe thylcnc 0.5 UGII.ITER 2 lE-05 6 OE-03 
EPH 
C9-Cl8 AJiphatics 150 UGII.ITER 6 7E--03 6.0E--01 
CIO-C22 Aromatics 50 UCilUTER 2 2E-03 3.0E-02 

VPH 
C5-C8 Aliphatics 20 UGII.ITER 8 9E-04 6 OE-02 
C9-Cl2 Aliphatics 60 l/GILITER 2.7E-03 6.0E--01 
C9-C IO Aromatics 80 UGII.ITER 3.61'-0J 3.0E-02 

TOT AL RAZA.RD IND EX -

• . I 

CANCER RISK 
INGESTION 

89E--07 
77E--05 

BE-09 
6.4E-09 

SE-OS 

HAZARD 
QUOTIENT 
ING.ESTIO!'I 

6 7E-02 
I.IE--Ol 
2.2E--02 

8 9E-03 
6 OE+-00 
7.SE--01 
l 2E+OO 
UE--03 
3,7E-03 

1 IE--02 
7 5E-02 

1.5E-02 
4,SE-03 

1.2E-OI 

8 



TABLE31 

INHALATION EXPOSURE TO voe. lN INDOOR AIR - RME SCENARIO 
FUTURE PUPil. 
AOC69W 
FORT DEVENS, MA 

EXPOSURE PARAArETERS 

PARAMETER SYMBOL VALUE UNl'l'S 

CONCENTRATION AIR CA i:hemical- uym' 
CONVERSION FACTOR I cr, 24 houroday 

!XPOSURI! TIME ET 6 houroday 

1!:XPOSURE FREQUENCY EF 180 dayslyeu 

!XPOSURE DURATION ED 13 yem 

CONVERSION FACTOR 2 CF2 365 days/yeu 

A Vl!RAGING TIME CANCER AT 70 years 

A Vl!RAGING TIME NON CANCER AT 13 yean 

USEPA. 1989 Rid: Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (Part A) 

EPA/540/1-891002; December 1989 

$OURCI!: 

Modeled 

USEPA. 1989 

USEPA. 1991 

USEPA. 1991 

USEPA. 1989 

USEPA. 1989 

USEPA. 1991. Hwnan Health Evalwtion Manual. Suoolemental Guidance: "Standard Defauh Exposure Assumo<ions· 

OWING.XLS 
8/19/98 

EQUATIONS 

CANCER RISK - AVG. CONC. (u11m') • CANCl!R UNIT RISK (u('m') ·' 

HAZARD QUOTil!NT - AVG.CONC.(u1lm)IREF. CONC. (u('m') 

AVG.CONC. - C¾' EF • ET ' 11D 

AT• CF!' CF2 



GWJNGXLS 
8/19/98 

TABLE31 

lNHALA TION EXPOSURE TO voe. IN INDOOR AIR. RME SCENARIO 
FUTURE PUPO, 
AOC69W 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

VOLATILl!OR. INDOOR. 

NON-VOLATILE? AIR 

COMPOUND V/NV CONCTNTRATION 

(uEfm'l 

J'{o cardno£enlc CPC1 

A Vl!RAGI AIR 

CONCl!!NTRATION 

LIFETIMI 

(uEfm'l 

SUMMARY CANCER RISK 

NA = not annlicable This analvte is not volatile and has therefore not been evaluated via this volatilization mod<,I. 

NONCARCINOGEl'"JC EFFECTS 

VOLATILl!OR INDOOR A VER.AGE AIR 

NON-VOLATILII? AIR CONCENTRATION 

COMPOUND V/NV CONCIINTRATION FOR TIMI PIIRIOD 

(uEim'l (UE/m'l 

Etbytbenzene V 4.71t+Ol - s,SE+-01 

Octane V l .111+0I 2,6E+-OO 

Toluene V 1.011+03 l.2E+-02 

Acetone V 4.711:+ol 5,SE+-01 

0 OE+-00 

SUMMAR.Y HAZARD INDIIX 

( I J R1t is tho Reference Conunll'lltion published by USE.PA. 
ND = no data available. 
NA = not am,ll<:11ble. The analyte is not volatile end has therefore not been evaluated via this volatili>.ation model 

INHALATION CANCIR. 

CANCIR RISK 

UNITRISK 

(UE/m'l-l 

OE-+00 

CHRONIC HAZARD 

INHALATION QUOTIENT 

R.fC (1] 

(uEim'l 

I OE+-OJ S.BE-02 

2 OE+-02 1.lE-02 

◄ .oE+-02 J.IE-01 

ND NA 

ND 

0.4 



TABLEJ2 

INHALATION EXPOSURE TO voe, IN INDOOR AIR. CENTRAL TENDENCY 
FUTURE PUPIL 
AOC69W 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMEUR SYMBOL VAL\I.E \/NITS 

CONCENTRATION AIR CA chemical- ug/m' 

CONVERSION FACTOR I CF1 24 houn/day 

EXPOSURE TIME ET 6 houn/day 

EXPOSURE FREQUENCY EF 180 da),riy•• 

EXPOSURE DURATION ED 9 Y"""' 
CONVERSION FACTORl CF2 365 da),rlyear 

AVERAGING TIMI CANCER AT 70 years 
AVERAGING TIMI NONCANCIR AT 9 vean 

USEPA. 1989 Risk Assessment Guidance for Superfund Volume I: Human HealthEV3lwtion Manual (Part A) 

EPA/.14011-891002: December 1989. 

SOURCJI 

Modeled 

USEPA. 1989 

USEPA. 1991 

USEPA. 1991 

USEPA. 1989 

USEPA.1989 

USEP A. 1991 Human Health EvalWllion Manual. Snnnlemental Guidance: "Standard Defiwlt Exposure A._..,unnnon,•. 

GWAVGXLS 
8/19/98 

EQUATIONS 

CANCER RISK• AVG. CONC. (ucfm') • CANCER UNIT RISK (ucfm') ·' 

HAZARD QUOTIINT. AVG.CONC.(ucfm'),Rllr. CONC. (ucfm'l 

AVG.CONC. • C"9 ' !tr • ltT • ltD 

AT'Cl!'l'Ct"l 



GWAVGXLS 
8/19/98 

TABLE32 

lNHALA TION EXPOSURE TO voe. IN INDOOR AIR - CENTRAL TENDENCY 
FUTURE PUPil. 
AOC69W 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

VOLATILl!:OR l'iDOOR 

NON-YOLA TILE? AIR 

COMPOUND V/NV CONCll:NTRATION 

(uotm'} 

No cardnoee:nlc CPCs 

AVll:RAGEAIR 

CONCENTRATION 

Lll'ETIMI: 

'••Im') 

SUMMARY CANCER RISK 

NA - not aoolicable. This analvte is not volatile and has therefor,, not been evaluated via this volatilization model. 

INHALATION CANCER 

CANCER RISK 

UNIT RISK 

,u.,m'-i·' 

OE+-00 



GWAVG.XLS 
8/19/98 

TABLE32 

INHALATION EXPOSURE TO voe. IN INDOOR AIR - CENTRAL TENDENCY 
FUTURE PUPIL 
AOC69W 
FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

VOLATILE OR INDOOR 

NON-VOLATILE? AIR 

COMPOUND VINV CONCENTRATION 

lno/m') 

ir.tbylbenzeoe V 4.7E+Ol 

Octane V 2.lE+0l 

Toluene V l.0E+OJ 

Acetone V 4.7E+Ol 

fl] RJC ;. tho Reference Conconmuion published by USEP A. 
ND = no data available. 

AVERAGE AIR 

CONCENTRATION 

FOR TIMI! PERIOD 

(uotm'i 

0_0E-l-00 

S.SE-+-01 

26E-+-O0 

l.2E-+-02 

S.SE-+-01 

0.0E-+-00 

SUMMARY HAZARD INDEX 

NA - not aoo)icablc. Th• annl~ i, nOL volatllo and has therefore oot beoo evaluated via this volatilization model. 

CHRONIC HAZARD 

INHALATION QUOTIENT 

RfC(l[ 

(ur!m'i 

l.0E-+-03 5.BE-Ol 

20E-+-02 l.JE-Ol 

4.0E-+-02 l.lE-01 

ND 

ND 

0.38 
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APPENDIX 0-3 

HUMAN HEALTH RISK ASSESSMENT SHORT TOXICITY PROFILES 

Aluminum. Aluminum occurs naturally in the soil and makes up approximately 8 percent of 
the earths crust. Higher soil concentrations are associated with industries which bum coal and 
aluminum mining and smelting. Human exposures to aluminum may occur through ingestion 
of foods grown in soil that contains aluminum and use of antacids, antiperspirants, and other 
drug store items. Aluminum in antiperspirants can cause skin rashes in some people. Factory 
workers who inhale large amounts of aluminum dust may develop lung problems. Aluminum 
has caused lower birth weights in some animals. Studies have shown that aluminum 
accumulates in the brains of people with Alzheimer's disease. However, any causal link 
between aluminum exposure and this disease is yet to be demonstrated. Both human 
epidemiological studies and animal experiments stro~gly suggests that aluminum is not a 
carcmogen. 

References: 
Agency for Toxic Substances and Disease Registry (ATSDR), 1989. "Toxicological Profile for 

Aluminum"; Agency for Toxic Substances and Disease Registry, U.S. Public Health 
Service, October 1989. 

Arsenic . . Arsenic has been used in pesticide formulations and has industrial uses in tanneries, 
as well as the glass and wine making industries. Toxicity depends on its chemical form. 
Arsenic is an irritant of the skin, mucous membranes, and gastrointestinal tract. Symptoms of 
acute toxicity include vomiting, diarrhea, convulsions, and a severe drop in blood pressure. 
Subchronic effects include hyperpigmentation, sensory-motor polyneuropathy, persistent 
headache, and lethargy. Chronic oral exposure has caused skin lesions, peripheral vascular 
disease, and peripheral neuropathy. The USEP A has classified arsenic in Group A, human 
carcinogen, based on increased incidence oflung cancer in occupational studies. 

References: 
Agency for Toxic Substances and Disease Registry (ATSDR), 1992. "Toxicological Profile for 

Arsenic"; Agency for Toxic Substances and Disease Registry, U.S. Public Health 
Service, February 1992. 

BeryUium. Beryllium is a trace element that is obtained by extraction from mineral ores. Most 
beryllium is contributed to the environment by the burning of fossil fuels which contain 
beryllium ore. Beryllium is generally incorporated into alloy metals that are used in jet engine 
parts and electrical components. Pure beryllium metal is used in parts for aircraft brakes, 
nuclear weapons, nuclear reactors, and precision instruments. 

Available data on beryllium suggest that it is most toxic to the lung. Acute inhalation 
exposures to high concentrations of beryllium in the air can cause chemical pneumonitis, the 
symptoms of which include cough, shortness of breath, and fatigue. These symptoms can 
persist and even worsen after exposure to beryllium has been discontinued. Chronic inhalation 
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exposures to low concentrations of beryllium can produce chronic beryllium disease, which 
results in inhibited breathing efficiency. Inhalation of beryllium has been shown to produce 
lung cancer in animals, and an increased incidence of lung cancer has been demonstrated in 
workers who are exposed to beryllium in the air. Therefore beryllium has been classified by the 
USEPA as a B2, probable human carcinogen. 

References: . 
Agency for Toxic Substances and Disease Registry (ATSDR), 1991. "Toxicological Profile for 

Beryllium"; Agency for Toxic Substances and Disease Registry, U.S. Public Health 
Service, February 1991. 

Bis(2-ethylhexyl)phthalate IDEHP). DEHP is used industrially as a plasticizer for resins and 
is found in many plastic materials as it makes them more flexible. It is also used in 
manufacturing organic pump fluids in electrical capacitors. Acute exposure to DEHP has 
produced eye and mucous membrane irritation, nausea, and diarrhea. Chronic exposure of 
laboratory animals to DEHP indicate that the target organs are the liver, causing morphological 
and biochemical changes, as well as the testes, producing damage to the seminiferous tubules. 
DEHP has produced developmental and reproductive effects in laboratory animals including 
spina bifida and reduced fertility. DEHP has been shown to cause a dose-related increase in 
liver tumors in mice and rats. Thus, the USEP A has designated DEHP as a B2, probable 
human carcinogen. 

References: 
ATSDR, 1991. Toxicological Profile for Di(2-ethylhexyl)phthalate. Agency for Toxic 

Substances and Disease Registry, U.S. Public Health Service, October, 1991. 

Chloroform. Originally used as a general anesthetic, chloroform is used now in the pr~duction 
of air conditioning coolant, as a solvent, and in the manufacture of pesticides and dyes. It qm 
also be found in dry cleaning agents, plastics, and floor polishes, and as a by product of 
drinking water purification. Acute exposure to chloroform via inhalation produced dizziness 
and gastrointestinal upset. Dermal contact with chloroform produces bums. It is a CNS 
depressant and chronic exposure has been shown to cause liver and kidney toxicity as well as 
cardiac arrhythmias. Several studies indicate that chloroform is carcinogenic via the oral route 
causing liver carcinoma in mice and kidney tumors. The USEP A has designated chloroform as 
a B2 carcinogen, a probable human carcinogen. 

References: 

Amdur, Mary 0., John Doull, Curtis D. Klaassen, 1991. Toxicology: The Basic Science of 
Poisons, 4th edition; Pergamon Press, Inc. New York. 

Integrated Risk Information System (IRIS), 1993. United States Environmental Protection 
Agency. 
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Iron. Iron is a metal which is required for a variety of physiological functions such as heme 
biosynthesis, oxidative phosphorylation and mixed-function oxidase-mediated metabolic 
reactions. Only divalent forms of iron are absorbed. As absorption occurs, divalent iron is 
biochemically converted to trivalent iron, the biologically active form. Under normal 
conditions, absorbed dietary iron is complexed to hemoglobin and transported to the liver for 
storage until needed for physiological reactions. The balance of iron is regulated only by the 
amount of dietary intake and the degree of intestinal absorption. Intestinal absorption tends to 
be low (2 - 15%) except during periods of increased iron need when absorption efficiency 
increases dramatically. 

Acute iron toxicity has been well characterized foHowing the accidental ingestion of iron
containing preparations by children. Shortly after ingestion, the corrosive effects of iron cause 
vomiting and diarrhea, often bloody. Later signs include shock, metabolic acidosis, seizures, 
liver and/or kidney failure, coma, and death. Chronic iron overload manifests as disturbances in 
liver function, diabetes mellitus, and endocrine and cardiovascular effects. Inhalation of iron 
containing dust or fumes in occupational settings may result in deposition of iron particles in 
the lungs leading to interstitial fibrosis. Autopsies of hematite miners noted an increase in lung 
cancer. However, the etiology of the lung cancer may be related to factors other than iron 
exposure such as cigarette, silica or P AH exposures. 

References: 
Aisen, P ., Cohen, G. and Kang, J. 0 ., 1990. Iron Toxicosis. Int. Rev. Exp. Pathol. 31: 1-46. 

Goyer, RA., 1991. Toxic Effects of Metals. In: Casarett and Doull's Toxicology: The Basic 
Science of Poisons, 3rd edition. Eds. C.D. Klaassen, M.O. Amdur and J. Doull. 
Macmillan Publishing Co. N.Y. 

Manganese. Manganese is a naturally occurring substance found in many types of rock. It 
does not generally occur in the environment as the pure metal, rather, it is found combined with 
other chemicals such as sulfur, oxygen, and chlorine. Manganese is mixed with iron to make 
various types of steel. Manganese is a component of some ceramics, pesticides, fertilizers, and 
in nutritional supplements. In small doses manganese is beneficial to human health. Manga
nese miners and steel workers exposed to elevated concentrations of manganese have 
evidenced mental and emotional disturbances, and slow and clumsy body movements. Target 
organs of manganese are the lung and CNS. When inhaled, manganese dust can also cause 
lung irritation. EPA has classified manganese as a Class D, not classifiable as to human 
carcinogenicity. 

References: 
Agency for Toxic Substances and Disease Registry (ATSDR), 1991. "Toxicological Profile for 

Manganese"; Agency for Toxic Substances and Disease Registry, U.S. Public Health 
Service, February 1991. 
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2-Methyloaphthalene. 2-Methylnaphthalene is a member of the polycyclic aromatic 
hydrocarbons (P AH) class of organic compounds, and is used in the synthesis of chemicals 
such as insecticides. Toxicological data on 2-methylnaphthalene is extremely limited. 
However, based on its structural similarity to naphthalene, it is likely to be metabolized through 
a similar process, and therefore is expected to exert effects similar to those induced by 
naphthalene. Humans can absorb naphthalene via the inhalation, oral, and dennal routes. 
Evidence from human and animal studies suggests that naphthalene is metabolized by the P450 
mixed function oxidase system.to fonn ~etabolites that exert toxic effects. The primary target 
organ for naphthalene metabolites in humans is the red blood cell. Various types and severities 
of anemias resulting from erythrocyte hemolysis have been documented in humans and animals 
exposed to naphthalene. Some evidence also suggests that naphthalene metabolites can induce 
cataracts in humans and animals. No studies were located investigating genotoxicity or cancer 
in humans. 

References: 
ATSDR, 1989. Toxicological Profile for Naphthalene and 2-Methylnaphthalene. Agency for 

Toxic Substances and Disease Registry, U.S. Public Health Service, October, 1989. 

Naphthalene. Naphthalene is a member of the polycyclic aromatic hydrocarbons (PAH) class 
of compounds which contain two or more aromatic rings. P AHs are ubiquitous in nature and 
are also manmade. Naphthalene occurs naturally in coal tar, crude oil, and is fonned from 
incomplete combustion of organic material. It is also product of pyrolysis in tobacco smoke. 
Naphthalene is used for the production ofphthalic anhydride, which is used for the production 
of plasticizers. Naphthalene is also used in moth balls, for the production of the insecticide 
carbaryl, and in numerous resins, dyes, pharmaceuticals, and other organic materials. 

Naphthalene is absorbed through the inhalation, oral, and dermal routes, and appears to be 
more toxic to humans than laboratory animals. The principal toxic effect of naphthalene in 
humans and animals is hemolysis of red blood cells, which can lead to anemia, decreased 
oxygen carrying capacity, and jaundice. Humans pre-disposed to anemia, such as those with 
G6DP enzyme deficiency, may be particularly sensitive to naphthalene toxicity. Exposure to 
naphthalene has also been correlated with increased risk of cataract formation. Animal studies 
were negative for naphthalene reproductive toxicity. Although no human epidemiological data 
are available for assessing naphthalene carcinogenicity, animal data investigating naphthalene 
toxicity are equivocal. The USEP A has placed naphthalene in weight-of-evidence Group D, 
not classifiable as to human carcinogenicity. 

References: 
Agency for Toxic Substances and Disease Registry (ATSDR), 1990. "Toxicological Profile for 

Naphthalene"; Agency for Toxic Substances and Disease Registry, U.S. Public Health 
Service. October, 1990. 

Phenanthrene. Phenanthrene is a member of the polycyclic aromatic hydrocarbons (P AH) 
class of compounds which contain two or more aromatic rings. P AHs are ubiquitous in nature 
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and are also man made. Phenanthrene occurs naturally in coal tar, crude oil, and is formed 
from incomplete combustion of organic material. 

Phenanthrene has been shown to be a skin . photosensitizer in humans. Intraperitoneally 
injection in rats produced liver effects. Although limited evidence exists that phenanthrene is a 
mutagen, the majority of tests have proved negative. Equivocal evidence exists for cancer 
after dermal application of phenanthrene in rats. Ingestion of 200 mg of phenanthren~ 
produced no tumors in rats after two months. 

References: 
MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version 1.6"; 

Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of 
Waste Site Cleanup, Boston, MA; September 1992. 

Pyrene. Pyrene is a member of the polycyclic aromatic hydrocarbon (P AH) class of 
compounds which contain two or more aromatic rings. They are ubiquitous in nature and are 
also man-made. Pyrene occurs naturally in coal tar, crude oil, and is formed from incomplete 
combustion of organic material. Pyrene is reported to be a skin irritant to humans. Rats 
administered pyrene exhibited blood chemistry changes, as well as liver and kidney damage. 
Pyrene was shown to be inactive as an initiating agent and thus has been classified by the 
USEP A as a D carcinogen. 

References: 
ATSDR, 1989. Toxicological Profile for Polycyclic Aromatic Hydrocarbons. Agency for 

Toxic Substances and Disease Registry, U.S. Public Health Service, October, 1989. 

Trichloroethene. Trichloroethene is a man-made chlorinated solvent that is used extensively 
in industry as a metal decreasing agent. Trichloroethene is also used in dry cleaning and as a 
solvent in paints and.adhesives. 

Several human deaths and acute neurotoxic effects have been attributed to oral and inhalation 
exposure to trichloroethene. In animals, oral and inhalation exposure to trichloroethene have 
produce neurotoxic effects, including behavioral changes, and renal toxicity. Additionally, 
inhalation and oral exposures to trichloroethene in animals have produced lung, liver, and 
testicular cancers. Epidemiological data in humans is insufficient to conclude whether 
trichloroethene is a human carcinogen. However, studies on trichloroethene metabolism 
suggest that it is metabolized similarly 
in humans and laboratory animals. Therefore, the USEP A has place trichloroethene in weight
of-evidence group B2, probable human carcinogen. 

References: 
MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, Version l.6 11

; 

Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of 
Waste Site Cleanup, Boston, MA; September 1992. 
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Xylenes. Xylene is a volatile organic compound that is generally composed of a mixture of 
the meta, ortho, and para isomers. Xylenes are used as solvents, in paints, thinners, cleaners, 
degreasers, and as a component in gasoline. 

Xylem~s are absorbed by oral, inhalation, and dennal exposures, and distribute to all tissues, 
particularly those with high fat contents. All three isomers produce similar effects, although the 
potency with which various effects are produced may vary from effect to effect with each 
isomer. In both humans and animals, xylene exposure has been associated with central nervous 
system depression, impaired learning and memory, and tremors. In humans, inhalation of 
xylene may produce prolonged respiratory tract inflammation and edema. In laboratory 
animals, exposures to xylenes have produced adverse reproductive effects, including increased 
fetal death rate and retarded development. There is no evidence of carcinogenicity in humans 
or animals. 

References: 
MADEP, 1992. "Risk Assessment Shortfonn Residential Exposure Scenario, Version 1.6"; 

Policy #WSC/ORS-142-92; Office of Research and Standards and the Bureau of 
Waste Site Cleanup, Boston, MA; September 1992. 

VPH/EPH FRACTIONS 

Chemical surrogates were chosen to represent the different aliphatic and aromatic fractions of 
TPH. Appropriate surrogates are referenced below for each fraction. 

CS-CS Aliphatics. n-Hexane is the reference compound for the TPH fraction containing C5-
C8 alkanes/c.ycloalkanes. Through epidemiological studies on n-hexane-exposed workers, 
sensorimotor polyneuropathy has been observed as the main toxic effect of long-tenn 
exposure. Other noted effects include cranial neuropathy, blurred vision, and abnonnal color 
vision. The onset of symptoms may be delayed for several months to a year after exposure. 
Affected individuals may recover completely, but some may retain sensorimotor deficits. A 
number of animal studies have been conducted that document n-hexane' s neuropathic effects. 

Reference: 
MADEP, 1994. Interim Final Petroleum Report: Development of Health-Based Alternative to 

the Total Petroleum Hydrocarbon (TPH) Parameter. August. 

C9-C12 Aliphatics. See profile for n-Hexane provided for C5-C8 Aliphatics above. 

C9-C18 Aliphatics. See profile for n-Hexane provided for CS-CS Aliphatics above. 

C19-C36 Aliphatics. See profile for n-Hexane provided for C5-C8 Aliphatics above. 
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C9-C10 Aromatics. See profiles for xylene and pyrene. 

C10-C22 Aromatics. See profiles for naphthalene and pyrene. 

Harding Lawson Associates 

G:\Projects\USAEC\Projects\69WRITEX\Toxprof.Doc 

0-7 

APPENDIX 0-3 

9144-03 



APPENDIX P 

ECOLOGICAL RISK ASSESSMENT 

P-1 EXPOSURE AND EFFECTS ASSUMPTIONS 

P-2 ECOLOGICAL RISK CALCULATIONS 

P-3 STATISTICAL ANALYSIS OF TOXICITY 
TESTING (MIDGE GROWTH) 

Harding Lawson Associates 

C:\FDRITABL\69W\APPCOVER 9144-03 



APPENDIX P-1 
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INTRODUCTION: 

STUDY AREA 69W 
ECOLOGICAL SURVEY 

Baseline Ecological Risk Assessment 
Fort Devens, Massachusetts 

The following is a summary of the ecological survey of the terrestrial and wetland habitats 
associated with the area of concern (AOC) 69W, which took place on October 13, 1995 
(Figure 5-3). A site walk over was conducted to evaluate the type and extent of 
ecologically significant habitats within AOC 69W. This was accomplished by walking the 
length of both sides of the drainage ditch and transects through the wetland, and general 
observations of the terrestrial habitats. For the purpose of this evaluation the upper and 
lower portions of the ditch were characterized separately. The terrestrial and wetland 
habitats along the ditch and Willow Brook were characterized into major habitat types 
through the qualitative analysis of plant species, microtopography, and hydrology. 
Individual site descriptions and plant species lists are provided below. 

UPPER PORTION 69W: DEGRADED DITCH 

The upper portion begins at the outfall of the drainage ditch that goes under Antietam 
Road. The ditch is unlined; the bottom consists of unconsolidated, poorly-sorted, well
graded, gravel- to cobble-sized material, including some remnants of asphalt underlain by 
a coarse to medium sand. The ditch is approximately three feet wide and five feet deep, 
and the slope of the ditch was estimated at 3 to 5 percent. Decomposing organic matter is 
nearly absent from the bottom of the ditch which suggests that a non-depositional 
environment exists. The ditch receives runoff during rain events and snow-melt from 
areas above Antietam Road, and does not typically contain standing water. Any runoff 
that does not immediately flow out of the ditch probably infiltrates the ground. The area 
immediately adjacent to the upper portion of the drainage ditch consists of mowed grass. 
Trees present along the upper west side of the drainage ditch include Norway spruce 
(Picea abies). On the lower west side the dominant tree is the red maple (Acer rubrum). 
Both species appear to be planted. A list of additional tree, shrub, and herbaceous 
vegetation found in the upper portion of AOC 69W is presented below. 

Tree and shrub species: 
slippery elm (Ulmus rubra) 
pin oak (Quercus palustris) 
swamp white oak (Quercus bico/or) 
shagbark hickory ( Carya ovata) 

Herbaceous species: 
sedges (Cyperus sp.) 
rice-cutgrass (Leersia oryzoides) 
nightshade (Solanum du/camara) 
boneset (Eupatorium perfoliatum) 
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American chestnut (Castanea dentata) 
white mulberry (Marus alba) 
red-osier dogwood (Cornus stolonifera) 
arrow-wood (Viburnum recognitum) 
swamp azalea (Rhododendron viscosum) 

cow vetch (Vicia cracca) 
Jewel weed (Impatiens capensis) 
common dodder ( Cuscuta gronovii) 
butter cup (Ranunculus sp.) 
cocklebur (Xanthium strumarium) 

LOWER PORTION 69W: WETLAND COMPLEX 

Approximately 300 to 350 yards downgradient of the culvert at Antietam Road, the 
drainage ditch turns slightly to the northwest. At this point, the area immediately adjacent 
to the northeast side of the drainage ditch transitions into a small triangular-shaped 
persistent emergent wetland approximately 0.25 acres in size. The area extending west 
from the drainage ditch to MacArthur Boulevard is clearly well maintained (mowed). The 
wetland area has an open canopy, with very well developed mound and pool 
microtopography. At the time of the visit, surface water was not present; however, this 
area is probably temporarily flooded or intermittently flooded during and immediately 
following rain events, and in the spring and fall. A list of tree, shrub, and herbaceous 
vegetation found in the lower portion of AOC 69W is presented below. 

Tree and shrub species: Herbaceous species: 
red maple (Acer rubrum) tussock sedge (Carex stricta) 
white pine (Pinus strobus) woolly sedge (Scirpus cyperinus) 
gray birch (Betula populifolia) blue-joint (Calamagrostis canadensis) 
arrow-wood (Viburnum recognitum) broad-leaved cattail (Typha latifolia) 
highbush blueberry (Vaccinium corymbosum)Joe pye-weed (Eupatorium dubium) 
buckthom (Rhamnus frangula) boneset (Eupatorium perfoliatum) 

arrow-leaved tearthumb (Polygonum 
sagittatum) 
hardback (Spirea tomentosa) 
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ECOLOGICAL RISK CALCULATIONS 
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Table P-1 
Expo~ure Parameters for Representative Wildlife Species 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

Representative Wildlife Species Body Reported Diet Assumed Diet for Food Ingestion Water Exposure Home Range 
Weight Exposure Assessment Rate (kg/day) Intake.Rate Duration (acres) 

(kg) (%of diet) (I/day) [a] 

Short-tailed shrew 0.0l7[b] Earthworms, slugs, snails, fungi, 78% Invertebrates 0.0024 [e] 0.0025 [t] I 0.96 ± 0.09 [c] 
(Blarina brevicauda) insects, and vegetation [ c] 12%Plants 

10%Soil [d] 

White-footed mouse 0.040 [c] Seeds and some insects [ c] 88%Plants 0.0049 [e] 0.0055 [t] I 0.147 [g] 
(Peromyscus leucopus) I 0% Invertebrates 

2%Soil [c] 

American robin 0.077 [h] Fruits and invertebrates ( c ). 57%Plants 0.011 [jJ 0.011 [k] 0.75 0.48 [I) 
(Turdus migratorius) 33% Invertebrates 

I 0% Soil (i] 

Red-winged blackbird 0.054[m] Weed seeds and grain; insects, 73% Vegetable matter 0.0087 [i) 0.0083 [k) 0.75 0.54(n] 

(Agelaius phoeniceus) caterpillars, grubs, grasshoppers, 24% Insects/invertebrates [m] 
spiden;, and snails; also some 3%Soil [d) 
berries [m). 

' Raccoon 3.99 [o] Mostly fleshy fruits, nuts acorns, Sediment E1!1!.2sures: 0.214 [e) 0.344 [t] I 385 [p) 
(Procyon lotor) com; also frogs, crayfish, and 91 % Aquatic organisms 

insects [c) 9% Sediment [i] 

Surface Soil E~ures: 

56%Plants 

14% Invertebrates 

19%Mammals 

2% Birds 

9%Soil[i] 

References: 

[a) Proportion of the year that the receptor is estimated to actively forage at the site. 
[b] Mean of means reported for male and female shrews in summer and fall (USEPA, 1993a). 
[c] Wildlife Exposure Facto~ Handbook (USEPA, 1993a). Values for the cotton mouse and deer mouse are used for the white-footed mouse when not available. 
[d) Estimated soil ingestion. 
[e] Calculated using the mammal equation based on body weight (Wt.) in kg .. Food ingestion (kg/day)= 0.0687 x Wt 0822 (kg) (USEPA, 1993a). 
[t] Calculated using the mammal equation based on body weight (Wt.) in kg. Water ingestion (I/day) = 0.099 x Wt 0.90 (kg) (USEP A, 1993a). 
lgl Average of male and female deer mice in Vimnia mixed deciduous forests (USEPA, 1993a). 



Table P-1 
Exposure Parameters for Representative Wildlife Species 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

Representative Wildlife Species Body Reported Diet Assumed Diet for Food Ingestion Water Exposure Home Range 
Weight Exposure Assessment Rate (k~day) Intake Rate Duration (acres) 

(kg) (%of diet) (I/day) [a) 

lh) Mean year-round value for male and female robins in Pennsylvania (USEPA, 1993a). 
[i] The sediment ingestion for raccoons was estimated to be the same as their estimated soil ingestion. The soil ingestion rate for the robin was assumed to be the same as for American woodcocks, which 

ingest higher percentages of soil because of their relatively high dietary composition of earthwonns (USEPA 1993a). 
[i) Calculated using the bird equation based on body weight (Wt) in kg. Food ingestion (kwday) = 0.0582 x Wt 0•

651 (kg) (USEPA, 1993a). 
[k) Calculated using the bird equation based on body weight (Wt) in kg. Wata- ingestion (I/day)= 0.059 x Wt 0•

67 (kg) (USEPA, 1993a). 
[I] Average of mean home range values provided for robins feeding nestlings and fledglings (USEPA, 1993a). 
[m] Estimated from Terres (1980). 
[n) DeGraaf & Rudis (1986). 
[o) Median of mean weights for male and female raccoons in Alabama (USEPA, 1993a). 
IP] Average of adult male and female raccoons from May to December (USEPA, 1993a). 

Notes: 
AOC = Area of contamination 

' kg = kilo grams 
kw day= kilograms per day 
I/day= liters per day : 

•10 = percent 



TableP-2 
Summary of Bioaccumulatioo Data 

AOC69W 

Remedial Investigation Report 
De•eos, Massachusetts = ,:,-""'.'."':'.===========i'l'w.!~ 

INORGANICS 
Beryllium NA NA 2.0B-03 [b] S.OB-0'2 [i] 
Cobalt NA 1.0E+OO [j] 4.0B-03 [b] 1:0E+OO [t] 
Copper NA 1.6E-01 [m] 7.8E-01 [n] 6.0E-01 [o] 
Lead NA 7.8E-02 [p) O.0E+OO [o] 1.SE-02 [k] 
Mercury NA 6.8E-02 [q] 1.8E.-01 [b] l~OE-02 [r] . 

Nickel NA 2.3E-Ol [s] 1.2E-02 [b] 3.0E.-01 [k] 
Selenium NA 7.6E-01 [u] 9.0B-03 [v] 7.5E-01 [k] 
Zinc NA 1.BE+OO [m] 6. lE.-01 [n] 2.lE+OO [k] 

PESTICIDES/PCBs 
4,4'-DDD 6 3.3E+OO [x) 1.0E-02 [y] 1.2E+OO [z] 
4,4'-DDE S.7 1.7E+OO [X] 1.0E.-02 [y] 1.2E+OO [z] 
4,4'-DDT 6.4 5.7E-01 [x] 1.0E-02 [y] 1.2B+OO [z] 

SEMIVOLATILES 
Accnaphthy Jene 4.1 4.9 S.0E-02 l.lE-02 1.SE-01 
Anthracenc 4.5 4.9 5.0E-02 l.lE-02 l.SE.-01 
Bcnzo(k)fluoranthenc 6.1 4.9 S.0E-02 1.lE-02 l.SB-01 
Chryscnc S.7 4.9 5.0E-02 l.lE-02 l.SE-01 
Fluoranthene 4.95 [ac] 4.9 S.0E-02 l.lE-02 l.SE.-01 
Flourcnc 4.2 4.9 S.OE-02 l.lE-02 l.SB-01 
Phcnanthrcnc 4.S 4.9 5.0E-02 1.lE-02 l.SB-01 
Pyrcnc 5.3 4.9 5.0E-02 1.lE-02 l.SB-01 

VOLATILES 
Acetone -0.24 NA NA NA 
Toluene 2.79 NA NA NA 
Trichlorofluoromcthanc 2.5 NA NA NA 
X lencs 3.2 NA NA NA 

NOTES: 

S.0E.-02 [i] NA NA 
l.0E+OO 1.0E+OO 9.3E-03 (I] 
6.0E-01 1.6B-01 6.0E-02 (I] 
1.SE-02 NA NA 

2.3E+OO NA NA 
3.0B-01 2.3E-01 l.2E-02 [t] 
5.lE.-01 [w] NA NA 

2. lE+OO NA NA 

2.9E+OO [aa] 2.IE+0l [ab] 1.0E-02 [y] 
2.9E+OO [aa] 2.IE+OO [ab] l.0E-02 [y) 
2.9B+OO [aa] 2.lE+OO [ab] 1.0E-02 [y] 

l.SB-01 NA NA 
1.SE-01 NA NA 
l.SE.-01 5.0E-02 l.lE-02 
l.SB-01 NA NA 
l.SB-01 S.0B-02 1.lB-02 
1.SE.-01 NA NA 
1.5B-01 5.0B-02 1.lE-02 
1.SB-01 5.0B-02 1.lB-02 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

[a] Units for bioaccumulation facton (BAFs) are mg/kg fresh wt tissue over mg/kg dry wt soil for terrestrial invcrteb_rates and plants, mg/kg fresh wt. tissue 

over mg/kg fresh wt. food for small aw:nmals and small birds, and mg/kg fresh wt. tissue over mg/kg fresh wt. sediment for aquatic plants and organisms. 

No BAFs were calculated for VOAs since available evidence suggests that these analytcs do not bioaccumulate. 
[b] From Superfund Chemical Oats Matrix (USEPA, 1993b) unless otherwise noted. Log K,,.,s for classes of scmivolatilc compounds were 

averaged to provide an avenge BAF value. The average calculated for PAHs was 4.9. 
[c] Average of earthworm BAFs for SVOCs (Beyer, 1990) converted from dry weight to wet weight assuming earthworm is 80% water, 

unlcaa otherwise noted. When no earthworm data were available, the BAF for small mammals was used as a surrogate. 
[di Plant BAF calclulated using the following equation presented by Travis and Arms (1988) unless otherwise noted: 

log (Plant Uptskc Factor)= 1.58&-0.578 (log K,,.,). Converted from dry weight to wet weight plant concentration assuming 80% water content 

[e] Calculated using the following equation in Travis and Arms (1988) for semivolatilc organic analytcs with log K,,.,s >5: 

log BTF (biotnmsfcr factor) = log K,,., - 7.6; result multiplied by average ingestion rates for non-lactating and lactating test animals 

to convert from BTFs to BAFs, and divided by a factor of 0.2 to convert from dry feed to fresh feed. There is an uncertainty involved in using 

this equation for PAHs because this study did not use any PAHs in the regresaion analysis. BAFa for analytca with log K..s 
< S arc assumed to be 0. 15 because they arc unlikely to bioaccumulatc in animal tiasuc (Maughan, 1993). 

[f] Bioaccumulation data arc generally lacking for avians. When no bird data were available, the BAF for small mammals was used as a surrogate. 
[g] Used to represent bioaccumulation from sediment to aquatic invertebrates. Sediment BAFs arc presented for only those analytcs that were 

selected as sediment CPCs. When no aquatic BAF data were available, the BAF for terrcatrial invcrcbratea was used aa a surrogate. 
(b] Value from Bacs ct al. (1984) for leafy portions of plants multiplied by 0.2 to represent 80% water composition of plants. 
[i] Mean of value reported for Sora arcinell3 in MacFadyen (1980). 
[j] Prey-specific value no! available; value shown is small mammal BAF for this chemical. 
[k] Value derived from biotransfcr factors (BTFs), presented in Bacs ct al. (1984) for uptskc into cattle. BTF converted to BAF by 

multiplying by food ingestion rate of 50 kg/day wet weight 
[I) Aquatic plant BAFs derived from an uptskc srudy (Cherry & Guthrie, 1979) with two sedge apccica, Andropogon virginicll3 and Cypenu rl!lrojraall3, 

that were exposed to contaminated aedimenL Values were converted from dry weight plant tissue to wet weight by applying a factor of 0.2 
(asauming plants arc 80% water). 

[ml BCF for earthworms from Dicrcxacns ct al. (1985). 
[n) Median of values rcpomd from Levine ct al. (1989) . 
[o] Mammal value for copper from Levine cl al., 1989. Lead docs not accumulate in plant tisouc, therefore, a BAF of zero was assigned. 
[p] Geometric mean of BAF valuca (fresh wt./dry wts) for worms and woodlice (USEPA, 19851). Fresh weight tissue concentration• calculated 



usuming 80% body water contcnL 

Table P-2 
Summary of Bioaccumulation Data 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

[q] Uptake value (fresh wt./dry wt.) for earthworms from USEPA (1985b) sludge documcnL Fresb weight tissue concentratiODJ calculated assuming 80% body water cootcnL 
[r] USEPA, 1985b. . 
[s] Value from nickel sludge document (USEPA, 1985c) multiplied by 0.2 to represent 80% water composition of cutbworm1. 
[t) BAF for the tem:strial plant was ulcd II a 1urroga1e. 
{u] Average' of values for industrial aoib from Beyer and Cromatie (1987) multiplied by 0.2 to reptclCllt 80% water composition in cutbworm1. 
[~] Baled on reported ratio of selenium in plant ti11ue and iron fly uh amended 1oil (Stocwaand cL al., 1978). 
[w] Baaed 011 average of reported ratio of selenium in diet to liver, kidney, and breast tiuuc of chickens (Eisler, 1985). 
[x] Geometric means of 4,4'-DDT (Davia (1968), Davia & Harriaoo (1966), Wheatley & Hardman (1968), Bailey ct al. (1970), Cramp 

& Olney (1967), and Beyer & Gish (1980)), 4,4'-DDE (Davis (1968), Davis & Harrison (1966), Cramp & Olney (1967), Collett 
& Harrison (1968), Hunt & Sacho (1969), and Oish (1970)), and 4,4-DDD [Barter (1958), Davis (1968), Davis & Harrison (1966), 
Cramp & Olney (1967), Collett & Haniaoo (1968), Wheatley & Hardman (1968), Hunt & Sacho (1969), Bailey ct al. (1970), Dimond 
ct al. (1970), Gish (1970), and Beyer & Oish (1980)) reported for earthworms. Dry soil cooccntrations calculated u1uming IO'Jli 
moisture content in sandy-loam soib (Donahue ct al., 1977). 

[y] Geometric mean of 4,4'-DDT, 4,4'-DDD, and 4,4'-DDB BAFs (fresh wt/dry wt) reported for roots (carrot, potato, sugar beet), 
grains (com, oats), and legumes (alfalfa) derived from USBPA (1985d) converted from dry weight to wet-weight per values provided 
by Suter (1993). 

[z] BAF for shrews and voles calculated using measured concentrations of DDT 11 in stomach content and in whole body (Forsyth & 

Petric, 19&4). 
[aa] Whole-body pheasant BAF for 4,4'-DDT presented in USEPA (1985d); derived from Kenaga (1973). 
[ab] Amphipod to sediment mean biomagnification factor for total DDT in Lake Michigan and Lake Ontario (Evans ict al. , 1991). 
{ac] USEPA (1992), Dermal E.xpo1urc Guidance. 

NA = Not available 



Chemical 

INORGANIC ANALYTES 

Bcrylliwn 

Cobalt 

Copper 

Lead 

Mercury 

organomercury 

OIJ!anomercurv 

Test Species 

Rat 

Rat 
Rat 

Rat 

Rat 
Rat 
Rat 
Rat 
Dog 
Rat 

Ral 

Mouse 

Rat 
Rat 
Rat 
Rat 

Calf 

Rat 
Mouse 
Mouse 
Mouse 
Mouse 

Test Type 

OralLD,o 

Oral (chronic) 

Table P-3 
. Ingestion Toxicity Information for Wildlife 

AOC69W 

Remedial Investigation Report 
Devens, Muuchueetu 

Duration Effect 

NR Mortality 

NR Increase in lung sarcomas 

LcthalRTV 
mg/tgBW-day 

OralLD,o LOAEL 

~ 
Oral (chronic) 3 .2 years Respiratory, cardiopuhnonary, hematological, and hepatic effects 

Oral LD,o Mortality DO 
Single oral dose Hepatic/renal hyperemia 
Oral (subchronic) 8 weeks Decreased body weight gain 
Oral (chronic) 98 days Testicular degeneration 
Oral (chronic) 69 days Testicular atrophy 
Oral (subchronic) 4 weeks Increased red blood cell count 
Single oral dose Reproductive effects 

Oral LD,o NR Mortality ~ 
Oral (chronic) 30 days Decreased litter si7.es with teratogenic effects 

Oral NR Reproductive effects 
Oral NR Reproductive effects 
Oral NR Reproductive effects 
Oral NR Reproductive effects 

Oral LD,o NR Mortality 220 

Oral (subchronic) 12-14 days Decreased fetal body weight 
Oral NR Reproductive effects 
Oral NR Reproductive effects 
Oral NR Reproductive effects 
Oral NR Reproductive effects 

Domestic animal Oral NR Reproductive effects 

Mammal Oral NR Reproductive effects 
Kestrel Diet NR Decreased egg laying fertility; decreued egg shell 
Kestrel nestlings Oral 10 days Reduced growth and brain weight; abnormal dcvel 

J apancse quail Oral LD,o 5 days Mortality 24,752 

Rat Oral (chronic) 2 generation Developmental effects 

Guinea pig Oral LD,o Mortality C§ 
Rock dove Oral (chronic) NS Kidney pathology; learning deficicnces 

Rock dove Oral LD,o Mortality ~ 
Mouse Oral LD,o Mortality 22 

Mouse Oral (subchronic) Day 6-17 (g Stillbirths and nconatsl death 
Rat Oral (subchronic) Day 6-14 (g Retarded fetus growth 
Rat Oral (chronic) NR Reduced fertility 

Ral Oral LD,o Mortality C2!l 
Pil! Oral (aubchronic\ PrcPnlflCY H12h incidence of stiUbirths 

Sublethal RTV Reference 
mg/kgBW-day 

LOAEL NOAEL 

USEPA, 1985 

0.22 USEPA, 1985 

I o.8s I ATSDR, 1991a 

ATSDR, 1991b 

I 4.2 I 
ATSDR, 1991b 
ATSDR, 1991b 

13 ATSDR, 1991b 
20 ATSDR, 1991b 
5 ATSDR, 1991b 

152 NIOSH, 1985 
and RTECS, 1993 

Sax, 1984 

I 100 I Lecyt, ]980 

790 RTECS, 1993 
1,140 ' RTECS, 1993 

520 RTECS, 1993 
1,100 RTECS, 1993 

Eisler, 1988 

I 2.5, McClain and Becker, 1972 
1,120 RTECS, 1993 
6,300 RTECS, 1993 

300 RTECS, 1993 
4,800 RTECS, 1993 

662 RTECS, 1993 
2,118 RTECS, 1993 

I ml 
4.61 [a) Eisler, 1988 

Eisler, 1988 

Hill and Camardese, 1986 

7 Kimmel ct al., 1980 and 
Grant et al., 1980 

Sax, 1984 

6.25 Anders ct al., 1982 and 
Dietz ct al., 1979 

Kendall and Scanlon, 1985 

NIOSH, 1985 

4 Suzuki, 1979 

4 Suzuki, 1979 
0.5 Eisler, 1987a 

NIOSH, 1985 

o.s Ei,lcr, 1987a 



0.cmical 

organomercury 

organomcrcury 

organomercury 

organomercury 

methybnercury 

ethylmcrcury 

elhybnercury 

clhybnercury 

methylmcrcury 

mclhybncrcury 

mclhy !mercury 

melhylmercury 

melhylmercury 

e~ybnercury 

organomercury 

mclhy lmcrcury 

Nickel 

Selenium 

lz.nc 

Table P-3 
Ingestion Toxicity Information for Wildlife 

AOC69W 

Test Species Test Type Duration 

Mule deer Oral LD,o 

Rive,- otter Oral LD,o 

Mink Oral LD,. 

Dog Oral (subchronic) Pregnancy 

House sparrow Oral LD,o 

Rock dove Oral LD,. 

Chicken Oral LD,. 

Bantam chicken Oral LD,. 

Prairie chicken Oral LD,. 

O.ubr Oral LD,. 

Cortumix Oral LD,. 

Mallard Oral NR 
Black duck Oral (subchronic) 28 weeks 

Fulvous wlmtling Oral LD,o 

Northern bobwhit Oral LD,. 

Bobwhilc quail Oral LD,. 5 days 

Japanese quail Oral LD,o 

Gray partridge Oral LD,. 

Gray pheasant Oral (subchronic) 30 days 

Ring-necked phca Oral LD,. 

Mouse Oral (subchronic) 50 days 

Rat Oral NR 

Rat Oral LD,. NR 

Rat Oral (chronic) 2ycan 

Rat Oral LD,o NR 

Japanese quail Oral (aculc) 5 days 
Dog Oral (chronic) 2 years 

Rat Oral LD,. NR 

Rat Oral LD,. NR 

Mouse Oral NR 
Mallard Oral (subchronic) 3 monlhs 
Rat Oral (chronic) 2 years 
Rat Oral (chronic) NS 
Japanese quail Oral (chronic) NS 

Mallard Oral (subchronic) 3 monlhs 

Horse Oral LD,. 

Mallard Oral 6 weeks 

Black-crowned ni Oral NR 

Rat Oral LDJO 

Remedial lnv ... tig11tion Report 
Dettm. Mauachulletta 

Effect 

Mortality 

Mortalily 

Mortality 

High incideocc of atillbirthll 

Mortality 

Mortality 

Mortality 

Mortality 

Mortality 

Mortality 

Mortality 

Reproduction, behavior 
Reproduction inlul>ilcd 

Mortality 

Mortality 

Mortality 

Mortality 

Mortality 

Reduced reproductive ability 

Mortality 

Embryotoxicity and tcratogcni.city 
Reproductive effcc:u 

Mortalily 

Decreased body weight gain 

Mortality 

Mortality 
Histological lesion• in bone marrow 

Mortality 

Mortality 

Reproductive effects 
Reduced hatchabilily 
Decrease in breeding 
Histological chances in heart and kidney 
Reduced egg hatching 
NOAEL for tratogcnic effects 

MLD 

Increased mart,·· 

NOAEI.forq .ability 

Mortality 

ulhll RTV Sublethal RTV Reference 
mg/tgBW-day mg/qBW-day 

Oral LD,o LOAEL LOAEL NOAEL 

17.9 Eisler, 1987■ 

2 Eisler, 1987■ 

CJ] Eialer, 19871 

I 0.11 Eialer, 1987a 

12.6 Eialer, 1987a 

22.8 Eisler, 1987a 

20 Fimrcilc, 1979 

190 Fimrcilc, 1979 

11.5 Eis}er, 1987■ 

26.9 Eisler, 1987■ 

11 Eisler, 1987■ 

I 0.0641 USEPA, 1993a 
0.22 [a] Eisler, 1987a 

37.8 Eisler, 19871 

23.8 Eisler, 1987a 

523 Hill ct al., 1975 

Q3 Eisler, 1987a 

17.6 Eisler, 1987■ 

0.64 Eisler, 1987■ 

11.5 Eisler, 1987a 

I o.9 I Suzuki, 1979 

158 RTECS, 1994 

~ USEPA, 1985c 

I so I USEPA, 1985c 

350 Sax, 1984 

~ Hill and Camardcse, 1986 
62.5 USEPA, 1987 

6,700 RTECS, 1993 

~ Sax, 1984 

134 RTECS, 1993 

1.75 Eisler, 1985 

I 0.2 I ATSDR, 1988 
o.o.is Eisler, 1985 

I o.6 I Eisler, 1985 

0.72 0.36 Eisler, 1985 

3.3 Eisler, 1985 

C}IJ[a) , Heinz ct al., 1988 
0.61 [a) Smith ct al., 1988 

2,510 RTECS, 1993 



Chemical Test Species 

Rat 
Ferret 
Rat 

PESTICIDF.S/PCB, 

4,4'-DDE Rat 

Mouse 

Hamster 

Mallard 

Mallard 
Kestrel 

4,4 '-DDT (surrogatc for 4,4'-DDD Rat 

snd 4,4'-DDE) Rat 

Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 

Mouse 

Mouse 

Mouse 
Mouse 
Mouse 
Mouse 

Rabbit 

Rabbit 

Guinea pig 

Hamster 

Dog 

Dog 

Dog 
Dog 

Monkey 

Chicken 

Rock dove 

Black duck 

Mallard 

Test Type 

Oral 
Oral 

Table P-3 
Ingestion Toxicity Information for Wildlife 

AOC69W 

Duratioo 

Gestation 
3-13 days 

Remedial Investigation Report 
DevMt, l~fuachuoett. 

Effect 

Fetal resorptions in 4 to 20% or population 
Mortality and gastrointcstinal effects 

Oral (subchronic) NR Kidney toxicity 

Oral LD,o NR Mortality 

Oral LD10 NR Mortality 

Oral LD,o NR Mortality 

Oral NR Eggshell thinning 
Oral 2 years Reproductive: embryo mortality, cracked eggs 
Oral NR Eggshell thinning 

Oral LD,o NR Mortality 

Oral LD.,. Mortality 

Oral NR Reproductive 
Oral NR Reproductive 
Oral NR Reproductive 
Oral NR Reproductive 
Oral NR Reproductive 
Oral NR Reproductive 
Oral (chronic) 3 generation Reproductive 
Oral 2 years Reproductive 

Oral LD,o NR Mortality 

Oral LD,o Mortality 

Oral NR Reproductive 
Oral NR Reproductive 
Oral NR Reproductive 
Oral NR Reproductive 

Oral LD,o NR Mortality 

Oral NR Reproductive 

Oral LD,o NR Mortality 

Oral LD,o NR Mortality 

Oral LD,o NR Mortality 

Oral LD,o Mortality 

Oral NR 

Lethal RTV 
mg/kgBW-day 

Oral LD10 LOAEL 

L12Q] 

800 

~ 
>S,000 

~ 
I 

100 

I 

13S 

200 

250 

150 

>5,000 

150 

~ 
Reproductive 

Oral (chronic) 14 months Stillbirths, delayed estrus, reduced hllido, lact. or mammary gland develop I 
Oral LD,o NR Mortality 200 

Oral (subchronic) 10 weeks Decreased reproductive success; toxic symptoms 

Oral LD,o Mortality 4,000 

Oral (chronic) 2 years Reduced eggshell thickness I 
Oral LD.,., Mortality 2,240 

Sublcthal RTV Reference 
mg/tgBW-day 

LOAEL NOAEL 

200 I Sblict.er and Cox, 1968 
Straube et al. , 1980 

160 Llobet, et al., 1988 

RTECS, 1993 

RTE.CS, 1993 

RTECS, 1993 

2.91 USEPA, 1993c 

0.S8 USE.PA, 1993c 

0.391 USE.PA, 1993c 

RTE.CS, 1993 

USE.PA, 1985d 

112 RTE.CS, 1993 
100 RTECS, 1993 
430 RTECS, 1993 

1;s90 ' RTE.CS, 1993 
250 RTE.CS, 1993 
50 RTECS, 1993 

0.21 IRIS, 1991 
2.5 USE.PA, 1993c 

RTE.CS, 1993 

USE.PA, 198Sd 

504 RTE.CS, 1993 
81 RTE.CS, 1993 

124 .RTE.CS, 1993 
148 RTE.CS, 1993 

RTE.CS, 1993 

150 RTE.CS; 1993 

RTE.CS, 1993 

RTE.CS, 1993 

RTE.CS, 1993 

_USE.PA, 1985d 

31540 RTECS, 1993 

12 I ATSDR, 1992a 

RTECS, 1993 

91.4 [a] USEPA, 1985d 

USFWS, 1984 

0.14 lcaJ Longcorc and Stcndell, 1m 

USFWS, 1984 



Chemical Test Species 

Mallard 
Mallard 
Mallard 
Mallard 

California quail 

Japanese quail 

Pheasant 

Sandhill crane 

Kestrel 
Kestrel 
Barn owl 

SEMJVOLATILE ORGANIC COMPOUNDS 
AcCD1phtbykne Rat 
Anlhracene Mouse 

Rodents 
Mouse 

Benzo(k)fluoranthene Rodents 

Chrysene Rodents 

Fluoranthene Rat 

Mouse 
Fluoreoc Mouse 

Phenanthreoc Mouse 

Mouse 

Pyrene Rat 

Mouse 

VOLATILE ORGANIC COMPOUNDS 
Acetone Rat 

Rat 

Rat 

MOUJC 

Rabbit 

Table P-3 
Ingestion Toxicity Information for Wildlife 

AOC69W 

Test Type Duration 

Oral (subcbronic) 96 days 
Oral NR 
Oral NR 
Oral 2 years 

Oral LD.IO 

Oral LD,., 

Oral LD,., 

Oral LD,., 

Oral (chronic) 7 wk - 1 yr 
Oral (chronic) 1 year 
Oral (chronic) 2 years 

Oral (chronic) 40 days 

Oral LD,o NR 

Oral (chronic) NS 
Oral (chronic) 90 days 

Oral (chronic) NS 

Oral (chronic) NS 

Oral LD,o NR 

Oral (subchronic) 90 days 
Oral (chronic) 13 weeks 

Oral LD,., NR 

Oral (subchrooic) 6 DlOllths 

OralLD,o NR 

Oral LD,., NR 

Oral NR 

OralLD,., NR 

Oral LD,., 

Oral LD,., NR 

Oral LD,o NR 

Remedial Investigation Report 
.De,.,ena, Mas.achUNtta 

Effect 

Reduced eggshell thictneu 
Eggshell thinniDg 
Eggshell thinning 
Reproductive 

Mortality 

Mortality 

Mortality 

Mortality 

Reduced eggshell thickneas 
Reduced eggshell thickne11 
Reduced eggshell lbickneH 

Physiological changes 

Mortality 

Carcinogenicity 
Clinical and pathological effects 

Carcinogenicity 

Carcinogenicity 

Mortality 

Nephropathy; clinical and pathological effects 
Hematological change, 

Mortality 

Increased liver weight 

Mortality 

Mortality 

Reproductive effects 

Mortality 

Mortality 

Mortality 

Mortality 

Lethal llTV Sublethal R.TV Reference 
mg/kg.BW-day ~/kgBW-day 

Oral LD.IO LOAEL LOAEL NOAEL 

2.8 Longcore and Stcndell, 1977 
1.16 USEPA, 1993c 
2.91 USEPA, 1993c 
1.45 USEPA, 1993c 

~ USFWS, 1984 

841 USFWS, 1984 

1,334 USFWS, 1984 

1,200 USFWS, 1984 

0.561 USEPA, 1985d 
0.16a Wiemeyer, ct al., 1986 

I o.14. lc•1 Longcore and Slcndcll, 1977 

600 USEPA, 1984 

111,0001 RTECS, 1993 

3,,300 Eisler, 1987b 
1,000 IRIS, 1990 

40 Eisler, 1987b 

99 Eisler, 1987b 

I 2,000 I RTECS, 1994 

250 125 IRIS, 1990 
250 125 IRIS, 1990 

~ RTECS, 1994 

120 USEPA, 1989 

2,700 RTECS, 1993 

and NIOSH, 1985 

~ RTECS, 1993 

and NIOSH, 1985 

I 2731000 I RTECS; 1993 

5,800 RTECS, 1993 

9,750 Sax, 1984 

I 3,ooo I RTECS, 1993 

5,340 RTECS, 1993 



Chemical Test Species 

Toluene Rat 

Rat 

Mouse 

Trichlorofluorometbane Mouae 

Xylcncs (total) Rat 

Rat 
Japanese ouaiI 

NOTES: 
AOC = Arca of contamination 

Table P-3 
Ingestion Toxicity Information for Wildlife 

AOC69W 

Test Type Duration 

Oral (subchrooic) 13 weeks 

Oral LD.,. 

Oral (subchronic) 76 days 

Remedial Investication Report 
Dewna, Manac.busetta 

Effect 

lncreued liver and kidney weight 

Mortality 

Decreased open field activity 

LD,. (inter-peritoneal injection) Mortality 

Oral LD,. Mortality 

Oral (chronic) 103 weeks Hyperactivity, decreased BW, mortality 
Oral (acute) 5 davs Mortality 

LD,. = Dose resulting in 50% mortality in test population 

LOAEL = Lowest Observed Adverse Effect Level 
NOAEL = No Observed Adverse Effect Level 
BW = Body weight 
NR = Not reported 

IAhalRTV 
mg/kgBW-4y 

Oral LO,. LOAE.L 

I s,ooo I 
1,743 I 
4,300 I 

20.000 f""'2.oi'4l 

(a) Converted to dose per kilogram body weight by multiplying by ingestion and dividing ,by body weight. Body weights for birds obtained from Dunning, 1984. 

Subletbal RTV 
mg/kgBW-day 

LOAEL NOAEL 

446 

I 16 I 

I soo I 250 

Ingestion rates were calculated using the following regression equation (for all birds) from USEPA, 1993a: Food Ingestion (kg/day) = 0.00582 • Body Weight 0•
6,i (kg). 

Ingestion rates for the chicken from NRC, 1984 (pg. 13). 

Reference 

IRIS, 1991 

NlOSH, 1985 

ATSDR, 1992b 

Sax, 1984 

NIOSH, 1985 

IRIS, 1991 
Hill and Camardcse 1986 



Table P-4 
RTVs Selected for Ecological Risk Assessment (mg/kgBW/day) [a] 

AOC69W 

Small Mammal [b) 

Remedial Investigation Report 
Devens, Massachusetts 

Small Bird [c] Predatory Mammal (d] 
Compound Lethal I Sublethal I Selected RTV Lethal I Sublethal I Selected RTV Lethal I Sublethal I Selected RTV 

lnO<llnnlc ADIIIY!ea 

Beryllium 2 0.85 0.85 2 0.85 0.85 2 
Cooalt 18.2 4.2 4.2 18.2 4.2 _ 4.2 18.2 
Copper 188 100 100 188 100. 100 188 
Lead 60 2.5 2.5 75 125 - 75 60 
Mercury 3.6 0.9 0.9 2.9 0.064 0.064 0.2 
Niclaol 13 so 13 100 50- so 13 
Selenium 28 0.2 0.2 2.7 0.6 0 .6 28 
Zinc 390 200 200 390 200 200 390 

J>utlcidM/PCBs 
4,4'-DDD 17.4 0.2 0.2 119 0.14 0.14 12 
4,4'-DDE 140 0.2 0.2 119 0.39 0.39 140 
4.4 ' -DDT 17.4 0.2 0.2 119 0.14 0.14 12 

Semivolatllc On>anic Com""'•""• 
Accoaphlhylene 120 [e] 10 [e] 10 120 [e] 10 [e] 10 120 [c) 
Anthracene 3,400 10 [e] 10 3,400 10 [e] 10 3,400 
Benz.o(k)fluonmlhene 120 [e) 10 [e] 10 120 [e] 10 [e] 10 120 [e] 
Chryscne 120 [c] 10 [c] 10 120 [e] 10 [c] 10 120 [c) 
Fluonmlbcne 400 10 [e] 10 400 10 [e] 10 400 
Flm=ne 120 [e) 10 [e] 10 120 [e] 10 [e] 10 120 [e) 
Phcnanthn,ne 140 10 (e] 10 140 IO [e] 10 140 
Pvmne HiO IO lcl 10 160 10 fcl 10 1(,0 

VO:latlle Onumio Comnnuovl. 
Acetone 600 273,000 600 600 273,000 600 600 
Toluene 1,000 76 76 1,000 76 76 1,000 
Tricblorofluoromclhanc 350 35 [f] 35 350 35 [f] 35 350 
Xvlc11e1 8(,0 500 500 2,014 500 soo 860 

NOia!: 

[a] Lethal RTVs com:apoDd ID tbc boxed ledw RTV (0111>-fifth oflhe oral LDjC) or tbc LOAEL) preacut..i in Table P-3. When available, oral 

LDjC) data were preferentially cbo,;en. Sublethal RTVs oorrespond 10 the boxed sub:cthal RTV (LOAEL or NOAEL) prcgcnt..i in Table P-3. 

When available, sublethal LOAEL data were preferentially choacu. 

0.85 
4.2 
100 
2.5 
0.1 
50 

0.2 
200 

12 
12 
12 

10 [e) 
10 [c] 
10 [e] 
10 [e] 
10 [e) 
10 [c] 
10 [e] 
10 !el 

273,000 
76 
35 [f) 

500 

(b) These RTVs rcpreseut chemical oonccnlnlti011B that me not anticipal<d ID result in odvenc eftecu for lhe short-llliled ohrcw 811d whiie--foot..i mouse. 

0.85 
4.2 
100 
2.5 
0.1 
13 

0.2 
200 

12 
12 
12 

10 
10 
10 
10 
10 
10 
IO 
10 

600 
76 
35 

500 

[c] These RTVs represent chemical oonccolnltiOIIB that me not anticipal<d IO result in odvene eftecu for lbe American robin or red-winged blackbinl. When no data were available, 
lbe small mammal vlliue was used "" a ,urroglllt. 

[d] -r:,iese RTVs rcpreseut chemical oonoanlnltiOIIB that me not anticipal<d ID reoult in odvenc eftecu for lbe raccoon. When no data were available, 
the small m~ value w .. used as a surrogale. 

[e] The value for bell1..0(a)pyrcne Wll8 used "" a surrogale. 
(t] A sublelblll RTV wa. derived by applying a lilclor of0.1 ro lhe lethal RTV, which is expe<,"'ed ID be protective of99% oflbe population (USEPA, 1986). 

AOC = Area of conwn.inalion 

LDjC) = Modiao lethal dooe. 

LOAEL • Lowest Obscrved Advene Effect Level 
NOAEL = No Observed Advene Effect Level. 
RTV = Reference toxicity value. 
NA = Not available. 



TABLEP-S 

SUMMARY OF TOXICITY DATA FOR PLANT RECEPI'ORS 

AOC69W 

INORGANICS 
Beryllium 
Cobalt 
Copper 
Lead 
Me.rcury 
Nicke.1 
Selenium 
Zinc 

SEMI-VOLATILE ORGANICS 
Acenaphthylene 
Anthracene 
Benzo(k)flouranthene 
Chrysene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

VOLATILE ORGANICS 
Aceto11e 
Toluene 
TrichJorofluorometliano 

Remedial Investigation Report 

Will and Suter, 1-994 
Will and Suter,- 1994 
Will and Suter, 1994 
Will and Suter, 1994 
Will and Suter, 1994 
Will and Suter, 1994 
Will and Suter, 1994 
Will and Suter, 1994 

NA 
Will and Suter, 1994 
NA 

10 
20 

100 
so 

0.3 
30 

1 
so 

2S 
25 
2S 
25 
2S 
2S 
25 
25 

NA 
200 
NA 

X lene <to1.11l Hulzebos et al. 1993 c >I 000 

Notes: 

[b] 
[b] 
[b) 
[b) 
[b] 
[b] 

!bl 
[b) 

[a] RTVs in 'Soil are equal to chemical concentrations in soil that are not expected to result in adverse effects to plants. 

[b) Value for acenaphthene used as a surrogate (Hulzebos et al., 1993). 

[cl Value represents 14-day growth EC50s for Lactuca sativa in soil. 

NA = Not available 

-6F67PLANT.wk1 -6F1 -6F4/8/98 



TABLE P-6 

SUMMARY OF TOXICITY DATA FOR TERRESTRIAL INVERTEBRATE RECEPTORS 

AOC69W 

Remedial Investigation Report 

INORGANICS 
Beryllium NA NA NA NA NA NA NA 
Cobalt KA. NA NA NA NA NA NA 
Copper Soil Tell 14 day E.joetfda 10 0 'JI, mortality Bouche ct al., 1987 
Copper Soil Teat 14 day E.joetfda 30 20 'JI, mortality 30 Bouche ct al., 1987 
Copper Soil Teat 20wcet E.fodida 2,000 [a) Decrease in cocoon production Malccltl ct al., 1982 

~opper Soil Tclt 2 wcet E. joetfda 643 LC,o - NeuhaUllcr ct al., 1985 

Lead Soil Teat 20 wect E.fodida 5,000 [a] Decrease in cocoon production Malecki ct al., 1982 

Lead Soil Teat 2week E.foetida 5,941 LC,. 1,190 [b) NcuhaUllcr cl al., 1985 

Mercury Soil Teat 14 day E./«ll,da 36 0 'JI, mortality 36 Bouche cl al., 1987 
Mercury Soil Teat 14 day E.fomda 216 60 'JI, mortality Bouche ct al., 1987 
Nickel Soil Teat 20 weet E.fodida 400 [a) Decrease in cocoon production 400 Malecki ct al., 1982 

Nickel Soil Teat 2 week E.foedda 757 LC,. Neuhauser ct al., 1985 

Selenium NA NA NA NA NA NA NA 
Zinc Soil Tat 20wut E. fodidtJ 5,000 [a) Decrease in cocoon production Malecki ct al., 1982 

Zinc Soil Test 2wcck E. foetida 662 LC,o 130 [b) Neuhauser ct al., 1985 

SEMI-VOLATILE ORGANIC COMPOUNDS 

Accnaphlhylcnc Soil TCll 14 day E.Jom,la 173 LC,. 34 [c] Neuhauser ct al., 1985. 

Anthraccnc Soil Teat 14 day E.fodida 173 LC,. 34 [c] NcuhaUllcr ct al., 1985. 

Bcozo(k)flounmthcac Soil Teat 14day E.fomda 173 LC,. 34 [c] Neuhauser cl al., 1985. 

Chryscnc Soil Teat 14day E.fomda 173 LC,. 34 [c] Neuhawcr ct al., 1985. 

Fluoranlhcnc Soil Teat 14day E. joetfda 173 LC,. 34 [c] Neuhawcr cl al., 1985 

Fluorcne Soil Teat 14 day E.fodida 173 LC,. 34 [c] Neuhauser ct al., 1985. 

Fluorcnc Soil Tell 14 day 4lcllapccics 187 LC,. Neuhauser ct al., 1986. 

Phcnanthrcoc Soil Test 14 day E.JOdlda 173 LC,. 34 [c] NcuhaUllcr ct al., 1985 

Pymi.c Soil Test 14 day E.Jom,la 173 LC,. 34 [c] Ncuhallllcr ct al., 1985 

VOLATILE ORGANIC COMPOUNDS 
Acetone NA NA NA NA NA NA NA 

Toluene Soil Test 14 day E.f«ti,da 106 LC,. 21 [c] Neuhauser ct al. , 1985 

Trichlorofluoromelhane NA NA NA NA NA NA NA 

Xylene (IOtsl) Soil TClt 14 day E.foetlda 106 LC,. 21 [c] Neuhauser cl al., 1985 

NOTES: 
[a] Acetate salt 

[b) Cooservativc factor of 0.2 applied IO endpoint; resultant value should be protective of 99.9% of the cxposued population from acute effects (USEPA, 1986). 
[c] Equal IO the lowest LC,. in each chemical claH, multiplied by a safety factor of 0.2, as described in text. Value for carbaryl used for aromatic hydrocarbons. 

V aluc for fluorate UICd for polycyclic aromatic bydrocubom. 

AOC = Area of coawniDatioo 
NA = Not available 



Chemical Name Species 

Inorganic Compounds 

Arsenic Ceriodaphoia reticulata; Water flea; 

Daphnia magna; Water flea; 

Daphnia pukx; Water flea; 

lctalurus pwictallls; Channel catfish; 
Lepomis cyanellus; Green sunfish; 
Lepomis macrocbirus; Bluegill; 

Myriopbyllwn spicatum; Water-milfoil; 

Myriophyllwn spicatum; Water-milfoil; 

MyriopbyUum spicabun; Water-milfoil; 

Myriopbyllum spicalllm; Water-milfoil; 

Simocephaw vellllus; Water flea; 

Iron Dugesia dorotocephala; TurbeUarian, flatworm; 

Lemna minor; Duckweed; 

Oucorhynchus mykiss; Rainbow trout, donaldson trout; 

Salmo trutta; Brown trout; 
Salmo trutta; Brown trout; 
Salmo trutta; Brown trout; 
Salmo trutta; Brown trout; 
Tilapia spamnanii; Banded bream; 

Manganese Algae; Algae, phytoplankton, algal mat; 
Anabolia nervosa; Quiver fly; 
Chironomus tbummi; Midge; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Cyprinidae; Minnow, carp family; 
Gammarus roeseli; Scud; 

Lcmna minor; Duckweed; 

Oucorhyncbus mykiss; Rainbow trout, donaldaon trout; 
Oucorhyncbus mykiss; Rainbow trout, donaldson trout; 
Oucorhyncbus mykiss; Rainbow trout, donaldson trout; 
Oncorhyncbus mykiu; Rainbow trout, donaldson trout; 
Oucorhynchus mykiss; Rainbow trout, donaldson trout; 
Oucorhyncbus mylciss· Rainbow trout donaldson trout; 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC 69W 

Remedial Investigation Report 
Devens. Massachusetts 

Age Exposure 

<4H 48 H 

< 24H 48 H 

< 24H 48 H 

4000 0.1 to7 WK 
<4 YR, 5.5-90.7 0 4MO 
NR 6MO 

4CMAPEX 32 D 

4CMAPEX 32 D 

4CMAPEX 32 D 

4CMAPEX 32D 

< 24H 48 H 

18-20 MM lH 

20 COLONIES OR 40 FRONDS 4D 

EGGS AND LARVA NR 
ALEVIN NR 
EGG NR 
EYED EGGS NR 
NEWLY HAT ALEVIN NR 
10.24-99.43 0 2to72H 
NATURAL COLONY 38D 
LARVAE 7D 
LARVAE 7D 
I SUMMER 2.25 H 
1 SUMMER 24 H 
1 SUMMER 2S H 
1 SUMMER 4.17 D 
1 SUMMER 5.13 D 
1 SUMMER 6.63 D 
I SUMMER 7D 
1 SUMMER 78 H 
2SUMMERS 48 H 
NR 7D 

20 COLONIES OR 40 FRONDS 4D 

1 SUMMER l0H 
I SUMMER 13 H 
I SUMMER 34 H 
I SUMMER SD 
I SUMMER 7D 
I SUMMER 77 H 

Effect AQUIRE Year 

Effect Concentration Reference of 

l.elhal I Sublclhal Number Publication 

LC.50 1,800 311181 84 

LC.50 3,800 311181 84 

LC.50 1,900 311181 84 

RSD 1,910 to 2,500 315333 11 
HIS 1,000 to 20,000 311560 85 

MOR* S,000 212143 73 

EC.50BM • 2,600 212262 74 

EC,.BM • 2,900 212262 74 

EC,.GR • 3,600 212262 74 

EC.50GR • 4,100 212262 74 

Lc,.j 1,100 I 311181 84 

BEH • 11000 lo 501000 310581 91 

EC,oOR • I I· 11 

3,700 I 311789 86 

DVP • 5,700 315523 82 

MOR• 5,170 311637 83 
HAT• 460 311637 83 
MOR• 5,170 311637 83 

MOR* 3,020 311637 83 
oc. 881000 213066 89 

POP• I 2801 212862 69 
LET 2,000,000 210725 51 
LET 1,000,000 210725 51 

LET* 1,000,000 210725 57 
LET• 2,000,000 210725 57 
LET• 1,800,000 210725 51 
LET• 800,000 210725 57 
LET• 700,000 210725 51 

LET* 650,000 210725 51 
MOR• 600,000 210725 51 
LET• 900,000 . 210725 51 
LET• 2,000,000 210725 51 

LET 70,000 210725 S7 

EC,.OR • 31,000 311789 86 

LET• 700,000 210725 51 

LET* 600,000 210725 51 

LET• 300,000 210725 51 

LET• 100,000 210725 51 

MOR• 15,000 210725 57 

LET• 150 000 210725 57 



Chemical Name I Species 

Muiganoae (cont.) Oncorbynchus mykiaa; Rainbow trout, donaldson trout; 
Salvclinus fontinalis; Broot trout; 
Salvclinus fontinalis; Broot trout; 
Salvclinus fontinalis; Broot trout; 
Salvelinus fontinalis; Brook trout; 
Salvclious fontinali•; Broot trout; 
Salvclinus fontinalia; Broot trout; 
Tinca tinca; Tench; 
Tinca tinca; Tench; 
Tinca tinca; Tench; 
Tinca tinca; Tench; 
Tinca tinca; Tench; 
Tinca tinca; Tench; 
Tubifcx tubifex; Tubificid worm; 

Peedcides/PCBa 
gamma-Oilordanc (alpha-
Chlon.ne uaed as a s11rTogatc) Lcpomis macrocbirus; Btuccill; 

Sem.lYolatile Organic Compounds 
2-Mctbylm.phtbalcne cyprinus carpio; Common, mirror cup 

Scencdc!IIDUS IUbspicatus; Orccn algae; 
Scencdcmius subspicatus; Oreen algae; 

bia(2-Elhylbcxy0pbtbalali: An.acystis aeruginosa; Blue-green algae; 

Anacystis aeruginosa; Blue-green algae; 

Brachydanio rcrio; Zebra dmio, zcbrafiah; 

Brachydanio rcrio; Zebra danio, zcbrafiah; 
Brachydanio rcrio; Zebra danio, zcbrafish; 
Brachydanio rcrio; Zebra danio, 7.Cbrafuh; 
Brachydanio rcrio; Zebra danio, 7.Cbrafish; 
Brachydanio rerio; Zebra danio, zcbrafish; 
Brachydanio rcrio; Zebra danio, 7.Cbrafish; 

Brachydanio rcrio; Zebra danio, 7.Cbrafish; 

Brachydanio rerio; Zebra danio, 7.Cbrafish; 

Bufo woodhouaci fowlcri; Fowler's toad; 

Bufo woodhouaei fowleri; Fowler's toad; 

Carassius auratus; Goldfish; 

Carassius auratus; Goldfish; 

Carassius auratus; Goldfish; 

Carassius auratus; Goldfuh; 

Table P-7 
AQUIRE Toxicity lnformation1 

(in ug/1) 

AOC 69W 

Remedial lnvestigntion Report 
Devens, Massachusetts 

Age Exposure 

2SUMMERS 34H 
lSUMMER 15H 
lSUMMER 23 H 
lSUMMER 4.79D 
1 SUMMER 66H 
1 SUMMER 7D 
2SUMMERS 41 H 
1 SUMMER 48H 
1 SUMMER 6.75 D 
iSUMMER 7D 
1 SUMMER 7D 
1 SUMMER 96 H 
2SUMMERS 7D 
NR 7D 

NR 96H 

125-550 0 72H 
NR 10D 
NR 10D 

LOG-PHASE 500000 CELLS/ML 96H 

LOO-PHASE 500000 CELLS/ML 96H 

4-5 WK 96H 

4-5 WK 96H 
<4H, EGGS SWK 
1-2 D 96 H 
<4 H, EGGS SWK 
1-2 D 96 H 
4-5 WK 96 H 

1-2 D 96H 

<4 H, EGOS 5WK 

EMBRYO TO LARVA to 8 D • 

LARVA 96 H • 

EMBRYO TO LARVA 96H • 

EGOS, 4 D POSTHATCH 96H 

EGGS, 4 D POSTP. ·---u 96H 

EGGS, 4 D POST. I 8D 

Effect AQUIRE Year 
Effect Concculntion Reference of 

Lctbal I Sublclhal Nmnbcr Publication 

LE.T • 600,000 210725 51 
LET• 700,000 210725 51 
LE.T • 600,000 210725 51 
urr• 150,000 210725 51 
LE.T • 300,000 210725 51 

MOR* 100,000 210725 57 
LET• 600,000 210725 57 
LET• 2,000,000 210725 57 
LE.T • 1,500,000 210725 51 

MOR• 1,200,000 210725 57 
MOR* 1,300,000 210725 57 
LET• 1,800,000 210725 57 
LET• 2,000,000 210725 57 

LET 700,000 210725 57 

' 

Ldol 7.1 I 210666 80 

RSD 5 225915 80 
ORO• I !::::I 215189 80 

PGR 207839 80 

EC.!OGR > =320 215336 81 

POR • >=320 215336 81 

LC.,. >320 215390 84 

MOR* >=320 215390 84 
DVP • · > =1000 215390 84 

MOR* >=320 215390 84 
ORO* > =1000 215390 84 
BEH • > =320 215390 84 
BEH • >=320 215390 84 

LC.,. >320 215390 84 

MOR* > =1000 215390 84 

LC.,. 3,880 216772 78 

Le.,. 3,880 216772 78 

LC.,. 6,180 216772 78 

LC.,. > 191000 210563 79 

LC,o > 186000 ' 210563 79 

LC,o > 191000 210561 79 -



Chemical Name Species 

bis('2-Elhylbexyl)phthalo1e (coot.) Carassius 1untus; Goldfish; 

Chirooomus plumosus; Midge; 
Chirooomus plumosus; Midge; 

Chlorclla pyrenoidosa; Green algae; 

Chlorella pyrenoidosa; Green algae; 

Daphnia magoa; Water Dea; 

Daphnia magoa; Water nea; 
Daphni■ magna; Water nea; 
Daphnia magua; Water Dea; 
Daphnia magna; Water flea; 
Daphnia magua; Water Dea; 
Daphnia magua; Water Dea; 
Daphnia magna; Water Dea; 
Daphnia magoa; Water Dea; 
Daphnia magua; Water nea; 
Daphnia magua; Water flea; 

Daphnia magua; Water Dea; 

Daphnia magna; Water Dea; 
Daphnia magna; Water Dea; 
Daphnia magoa; Water Dea; 

Daphnia magna; Water Dea; 

Daphnia magna; Water Dea; 
Daphnia magna; Water Dea; 
Daphnia magna; Water Dea; 
Daphnia magna; Water flea; 
Daphnia magna; Water flea; 
Dapbnia magna; Water flea; 
Daphnia magua; Water flea; 
Daphnia magua; Water flea; 

Daphnia magna; Water flea; 

Daphnia magua; Water nea; 

Dapbnia roagna; Water Dea; 
Daphnia magna; Water flea; 
Daphnia magna; Water Dea; 
Daphnia pulex; Waler Dea; 

Euglcna gncilis; Flagellate cuglcnoid; 

Euglcna gncilis; Flagellate cuglcnoid; 
Gammarus pseudolimnaeus; Scud; 

Gammarus pseudolimnacus; Scud; 

Gammarus pulox- Scud· 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC 69W 

.Remedial Investigation Report 
Devens, Massachusetts 

Age Exposure 

EGGS, 4 D POSTHATCH 8D 

EGG 30D 
LARVAE 30D 

LOG-PHASE 10000 CELLS/MI. 96H 

LOO-PHASE 10000 CELLS/Ml. 96 H 

<24H 24H 

NR 21 D 
< 24H 21 D 
NR 21 D 
< 24H 21 D 
NR 21 D 
< 24H 48H 
NR 21 D 
<1D 2WK 
FIRST INSTAR, < 24 H 7D 
FIRST INSTAR, < 24 H 7D 

<1D 3WK 

FIRST INSTAR, < 24 H 7D 
<24 H 2WK 
NR 14D 
<24H 48H 

NR 14D 
FIRST INSTAR, < 24 H 21 D 
NR 14D 
FIRST INSTAR, < 24 H 7D 
< 24H 21 D 
<ID 3WK 
< 24H 21 D 
<24H 48H 

<1D 2WK 

<t'D 24 H 

FIRST INSTAR, < 24 H 21 D 
-lST INSTAR, 24 H 21 D 
<1D 2WK 
NEONATE, < 24 H 48 H 

LOG-PHASE 10000 CELLS/MI. 96H 

LOG-PHASE 10000 CELLS/MI. 96H 
NR 96H 

JUVENILE 96 H 

> 12MM JO D 

Effect 

LC,. 

HAT• 
DVP• 

EC,.OR 

POR• 

LC,. 

REP• 
MOR• 
REP• 

MOR• 
REP• 
LOC• 
REP• 

MOR• 
BIO• 

MOR• 

LC,. 

MOR• 
REP• 
REP• 

LC,. 

REP• 
MOR• 
REP• 
BIO• 

MOR• 
MOR• 
MOR• 
MOR• 

LC,. 

EC,olM 

MOR• 
REP 

MOR• 
EC,.IM 

EC,.GR 

POR • 

LC,. 

LC,. 

LOC• 

Effect AQUIRE Year 
Coiiceotnlion Reference of 

Lethal I Sublcthal Number Publication 

> 186000 210563 79 

560 217688 77 
560 217688 77 

>320 215336 81 

>=320 215336 81 

>68000 215184 80 

10 210736 73 
10 311061 82 

2.5 210736 73 
3.2 311061 82 

3 210736 73 
47 311061 82 
30 210736 73 

32 215336 81 

' 
811 312340 87 

158 312340 ' 87 
>320 215336 81 

811 312340 87 
320 215336 81 

10 210736 73 

11,000 215184 80 

3 210736 73 
158 312340 87 

30 210736 73 
158 312340 87 

100 311061 82 
>=320 215336 81 

32 311061 82 
1,100 215184 80 

>320 215336 81 

>320 215336 81 

811 312340 87 
3 210732 73 

> =320 215336 81 
133 312730 87 

>320 215336 81 

>=320 215336 81 

>32000 210732 73 

> 32000 210666 80 

JOO 210079 91 



Chemical Name Species 

bi•(2-Elhylhexyl)phlhala1e (cont.) Oamnwus pulex; Scud; 

Oastcrostcu1 aculeatus; Tbcee spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Oasterosteus aculeatus; Tbcee spine stickleback; 

Oasterosteus aculeatus; Three spine stickleback; 

Gasterosteus aculeatus; Tbcee spine stickleback; 

Ictalurus punctatus; Channel catfish; 

lctalurus punctatus; Channel catfish; 

JordaneUa floridae; Flagfish; 
JordaneUa floridae; Flagfisb; 

JordaneUa floridae; Flagfish; 

Jordanella floridae; Flagfisb; 

JordaneUa floridae; Flagfish; 

Jordanella floridae; Flagfisb; 

JordaneUa floridae; Flagfisb; 

JordaneUa floridae; Flagfisb; 
Jordanella floridae; Flagfisb; 

JordaneUa floridae; Flagfisb; 

Jordanella floridae; Flagfisb; 

JordaneUa floridae; Flagfish; 
Jordanella floridae; Flagfisb; 
JordaneUa floridae; Flagfisb; 

JordaneUa floridae; Flagfisb; 
Jordanella floridae; Flagfisb; 

Lepomis macrocbirus; Bluegill; 

Lepomis macrocbirus; Bluegill; 

Lepomis macrocbirus; Bluegill; 

Lepomis macrocbirus; Bluegill; 

Micropterus salmoides; Largemouth bass; 

Micropterus salmoides; Largemouth bass; 

Micropterus salmoides; Largemouth bass; 

TableP-7 
AQUIRE Toxicity lnformation1 

(in ng/1) 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

Age Exposure 

>12MM 10D 

4-5WK 48H 

4-5 WK 96H 

4-5 WK 24 H 

EGOS,< 6 H 35 D 

4-5WK 24H 

EGOS,< 6H 35 D 

4-5WK 72 H 

4-5WK 48 H 

4-5WK 72H 

4-5 WK 96H 

l.S 0 96H 

EMBRYO TO LARVA 96H • 

28-35 D 3WK 
<36 H 4WK 

<36 H 7D 

1-2 D 96H 

4-5 WK 96H 
4-5WK 96H 

1-2 D 48H 

<36 H 4WK 
28-35 D 4WK 

<36H 4WK 

4-5WK 48H 

1-2 D 96H 
28-35 D 4WK 
28-35 D 2WK 

28-35 D 4WK 
28-35 D 1 WK 

0.32-1.2 G, JUVENIU! 24 H 

0.32-1.2 G, JUVENIU! 96H 

0.60 96H 

JUVENILE, 35 - 60 MM 0.7H 

EGOS, 4 D POSTHATCH 84 H 

EMBRYO TO LAR'- • 96H • 

EMBRYO TO LAl 96H • 

Effect 

LOC• 

LC,. 

LC,. 

LC,. 

EC,.• 

EC,.• 

LC,. 

LC,. 

EC,.• 

EC,.• 

EC,.• 

LC,. 

LC,. 

MOR• 
MOR* 

LC,. 

LC,. 

BEH* 

LC,. 

LC,. 

ORO* 
MOR* 

LC,. 

LC,. 

BEH* 
ORO• 
MOR* 

REP* 
MOR* 

LC,. 

LC,. 

LC,. 

AVO* 

LC,. 

LC,. 

LC,. 

Effect AQUIRE Year 
Concenlnlioo Reference of 

Letbal I Subkthal Number .Publication_ 
500 210079 91 

> 300 210823 89 

> 300 210823 89 

> 300 210823 89 

> 320 210823 89 

> 300 210823 89 

> 320 210823 89 

> 3QO 210823 89 

> 300 210823 89 

> 300 210823 89 

> 300 210823 89 

> 100000 210666 80 

, 690 
' 

216772 78 

>=320 215336 ' 81 

>=320 215336 81 

>320 215336 81 

>320 215336 81 

>=320 215336 81 

>320 215336 81 

>320 215336 81 

>=320 215336 81 
>=320 215336 81 

>320 215336 81 

>320 215336 81 

> =320 215336 81 
>=320 215336 81 

>=320 215336 81 

>=320 215336 81 
>=320 215336 81 

>770000 215590 81 

>770000 215590 81 

> 100000 210666 80 

112,400 215272 80 

32,100 210563 79 

32,900 216772 78 

42,100 216772 78 -



Chemical Name Species 

bis(2-Eihylbcxyl)pb.thalatc (cont.) Microptcrus salmoides; Largemouth. bass; 

Microptcrus salmoides; Largemouth. bass; 

Microptcrus salmoides; Largemouth. bass; 

Oncorhynchus tisutch; Coho salmon, silver salmoo; 

Oncorhyochus mykiss; Rainbow trout, dooaldsoo trout; 
Oncorhynchus my kiss; Rainbow trout, dooaldsoo trout; 
Oncorhyochus mykiss; Rainbow trout, dooaldsoo trout; 

Oncorhynchus mykiss; Rainbow trout, dooaldsoo trout; 

Oncorhyochus mykiss; Rainbow trout, dooaldsoo trout; 

Oncorhyochus mykiss; Rainbow trout, dooaldson trout; 

Oncorhyocbus mykiss; Rainbow trout, dooaldson trout; 

Oncorhyochus mykiss; Rainbow trout, dooaldsoo trout; 

Oncomynchus mykiss; Rainbow trout, dooaldsoo trout; 

Oncorhynchus mykiss; Rainbow trout, dooaldson trout; 
Oncorhynchus mykiss; Rainbow trout, dooald•oo trout; 
Oncorhynchus mykiss; Rainbow trout, donaldson !rout; 
Oncorhyochus myki••i Rainbow trout, dooaldsoo trout; 

Oncorhynchus mytiss; Rainbow trout, dooaldsoo trout; 

Oocorhyocbus mykiss; Rainbow trout, dooaldsoo trout; 
Oncorhyocbus mytiss; Rainbow trout, dooaldsoo trout; · 
Oncorhynchus mykiss; Rainbow trout, dooaldsoo trout; 

Oncorhynchus mykiss; Rainbow trout, dooaldsoo trout; 

Oncorhynchus mytiss; Rainbow trout, donaldsoo trout; 

Oncorhynchu• mykiss; Rainbow trout, dooaldsoo trout; 

Oocomynchus mykiss; Rainbow trout, dooaldson trout; 
Oryzias latipcs; Mcdaka, high-eyes; 
Oryzias latipcs; Medak.a, high-eyes; 
Oryzias latipcs; Mcdaka, high-eyes; 

Oryzias latipcs; Mcdaka, high-eyes; 

Oryzias latipcs; Mcdaka, high-eyes; 
Oryzias latipes; Medak.a, high-eyes; 
Oryzias latipcs; Mcdaka, high-eyes; 

Oryzias latipcs; Medak.a, high-eyes; 

Oryzias latipes; Mcdaka, high-eyes; 

Oryzias latipes; Mcdata, high-eyes; 

Oryzias latipes; Medak.a, high-eyes; 

Oryzias latipcs; Medak.a, high-eyes; 

Ory7.lu latipcs; Mcdab, high-cyC.'1; 

Table P-7 
AQUIRE Toxicity lnformation1 

(in ug/1) 

AOC69W 

Remedial Investigation Report 
Devenst_ Massachusetts 

Age Exposure 

EGGS, 4 D POSTHATCH 7.S D 

EGGS, 4 D POSTHATCH 7.S D 

EGGS, 4 D POSTHATCH 84 H 

l.S G 96H 

EYEDEOOS 12 D • 
EYEDEOOS 100 D 
EYED EGGS 12 D • 

EGGS, 4 D POSTHATCH 23 D 

EYED EGGS 12 D * 

EGGS, 4 D POSTHATCH 27D 

1.SG 96 H 

EMBRYO TO LARVA 96H * 

EYEI?EGGS 24D • 
EYEDEOO 90D 
EYED EGGS 24D • 
EYED EGGS lOOD 
EYED EGGS 24D • 

EGGS, 4 D POSTHATCH 27 D 

EYED EGGS SD• 
EYED EGG 90D 
EYEDEOOS SD• 
EGGS, 4 D POSTHATCH 23 D 

EYED EGO 90D 

EMBRYO TO LARVA 96 H • 

EYED EGGS SD• 
28-35 D 4WK 
28-35 D 4WK 
1-2 D 96 H 

4-SWK 48H 

28-35 D lWK 
4-SWK 96H 
28-3S D 3WK 

4-SWK 96H 

28-35 D 4WK 

<36 H 4WK 

1-2 D 96 H 

<36H 4WK 

1-2 D 48 H 

Effect 

LCjO 

LCjO 

LCjO 

LCjO 

MOR• 
HAT* 
MOR* 

LCjO 

MOR• 

LCjO 

LCjO 

LCjO 

MOR• 
VTE* 
MOR• 
ORO• 

MOR* 

LCjO 

MOR• 
ORO* 
MOR* 

LCjO 

VTE • 

LCjO 

MOR* 
ORO* 
REP• 
BEH • 

LCjO 

MOR• 
BEH* 

MOR• 

LCjO 

LCjO 

LC,. 

LC,. 

MOR* 

LC,. 

Effect AQUIRE Year 
Cooccntrali<D Reference of 

Lethal I Sublcthal Number Publication 

45,SOO 210563 79 

SS,700 210563 79 

65,500 210563 79 

> 100000 210666 80 

54 217859 76 
S4 217859 76 

14 217859 76 

154,000 210563 79 

s 217859 76 

149,200 210563 79 

> 100000 210666 80 

149,200 216772 78 

14 217859 76 
I , , 14 215109 77 

5 217859 • 76 

62 217859 76 
54 217859 76 

139,500 210563 79 

14 2178S9 76 
S4 215109 77 

s 217859 76 

139,100 210563 79 

s 215109 77 
139,500 216772 78 

S4 217859 76 
>=320 215336 81 
>=320 215336 81 
>=320 215336 81 

>320 215336 81 

>=320 215336 81 
>=320 215336 81 

>=320 215336 81 

>320 215336 81 

>32,0 215336 81 

>320 215336 81 

>320 215336 81 

> =320 • 215336 81 

>320, 215336 81 



Chemical Name Species 

biJ('2-E1hylhexyl)pblhalalc (cont.) Oryziu Jatipcs; Mcdata, high-eyes; 
Oryziu Jatipcs; Medata, high-eyes; 

O,yzias latipes; Medata, high-eyes; 

Pimcpbales promelas; Fathead minnow; 
Pimcpbales promelas; Fathead minnow; 
Pimcpbalea promelaa; Fathead minnow; 
Pimcpbalea promelas; Fathead minnow; 

Poccilia reticulata; Guppy; 

Poccilia reticulata; Guppy; 

Poccilia reticulata; Guppy; 

Poccilia reticulata; Guppy; 

Rana arvalis; Moorfrog; 

Rana pipiens; Leopard frog; 

Rana pipiens; Leopard frog; 

Salvelinus footinalis; Brook trout; 
Salvelinus fontinalis; Brook trout; 

Selenastrum capricomutum; Green algae; 

Selenaatrum capricomutum; Green algae; 

Stcpbanodiscus banl7.scbii; Diatom; 

Stcpbanodiscus banttscbii; Diatom; 

Dibcnzofuran Dapbnia magna; Water flea 

Dapbnia magna; Water flea 

Dapbnia magna; Water flea 

Dapbnia magna; Water flea 

Poccilia reticulata; Guppy 

Dapbnia magna; Water flea 

Poccilia reticulata; Guppy 

Pimcpbalea promelas; Fathead minnow 

Pimcpbales promelas; Fathead minnow 

Volatile Organic Compounds 
I, 1, 1-Trichloroethane Dapbnia magna; Water flea 

Dapbnia magna; Water flea 

Dapbnia magna; Water flea 
Dapbnia magna; Water flea 

Lepomis macrocbirus; Bluegill 

1,1,1-Tric. 1&11e (coot.) Lcpomis macrochirus; Bluegill 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

Age Exposure 

28-3S D 2WK 
28-3S D 4WK 

<36H 7D 

7.S MO, 1.24 0 S6D 
7.S MO, 1.24 0 S6D 
FRY, l0D 127 D 
FRY,l0D 127 D 

21-28 D 2WK 

21-28 D 48H 

21-28 D 4WK 

21-28 D 1 WK 

EGOS 3WK 

EMBRYO TO LARVA to B D • 

LARVA 96H • 

ADULT, 1.5 YR lS0D 
ADULT, l.SYR lS0D 

LOG-PHASE S0000 CELLS/ML 96H 

LOO-PHASE S0000 CELLS/ML 96H 

LOG-PHASE 10000 CELLS/ML 96H 

LOG-PHASE 10000 CELLS/ML 96H 

<24H 24 H 

<24H 48 H 

<24H 48H 

<24H 48 H 

3-4 W 96 H 

<24H 48 H 

3-4 W 96H 

32 D, 21.7 MM, 0.134 0 96 H 

29 D, 22.B MM, 0.165 0 96 H 

<24H 48H 

< 24H 17D 

<24H 17D 
<24H 17D 

JUVENILE, 0.32-1.l 0 96H 

JUVENILE, 0.32- 24H 

I Effect I AQUIRE I Year 
Effect Conccntndion Reference of 

I Lethal I Sublcthal I Number Publication 
MOR• >=320 215336 81 
MOR• >=320 21S336 81 

LC,. >320 215336 81 

MOR• 62 2178S9 76 
ORO• 62 217859 76 
GRO* 100 215109 77 
VTE* 11 215109 77 

LC,. >320 215336 81 

LC50 >320 215336 81 

LC,. >320 21S336 Bl 

LC,. >320 21S336 81 

HAT 10.19 to m.40 I 215904 87 

LC,. 4,440 216772 78 

LC,. ~.440 216772 78 .. 
ORO• S2 21S109 - 77 
VTE• 3.7 21S109 77 

EC50OR >320 21S336 Bl 

POR• >=320 215336 Bl 

EC50OR >320 215336 Bl 

POR• >=320 21S336 81 

LC,. 7S00 S184 80 

LC,. 1700 S184 BO 

MOR! 2so I S184 80 

LC,. 1340 S374 90 

LC,. 1800 S374 90 

LC,. 12000 S374 90 

LC,. 18000 S374 90 

LC,. 1780 128S9 BB 

LC,. 1850 128S9 88 

' MOR S30000 203607 80 

LC,. 5400 309801 89 

REP 2400 309800 89 

REP -1 uool 309799 89 

LC,. 40000 208969 Bl 

LC,. 40000 208968 81 



O.cmical Name Species 
I 

Pimcphalea promelas; Fathead minnow 

Pimcpbales promelas; Fathead minnow 

Pimephales promelas; Fathead minnow 

Pimephalcs promclu; Fathead minnow 

Pimcphalcs promelas; Fathead minnow 

Pimcphales promclas; Fathead minnow 

Pimcphalcs promclas; Fathead minnow 

Pimephales promclas; Fathead minnow 

Pimephalcs promelas; Fathead minnow 

Acc:tooc Acdes acgypti;Mosquito 

Ambystoma mexicanum;Salamander 

Asellus aquaticus;Aquatic sowbug 

Chironomus thummi;Midge 

Chlorella pyrcnoidosa;Grecn algae 

Cipangopaludina malleata;Mud snail 

Cloeon dipicrum;Mayfly 

Corixa punclata; Waler boatman 

Culcx pipicns;Mosquito 

Culex rcstuans; White dotted mosquito 

Daphnia magna;Water flea 
Daphnia magna; Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna; Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 
Daphnia magna;Water flea 

Acetone (cont.) Daphnia magna;Watcr flea 

Daphnia magna;Water flea 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC 69W 

Remedial Investigation Report 
Devens-'- Massachusetts 

Age 

I 
Exposure 

1.04 O, 49.0 MM 96H 

31 D, 15.6 MM, 0.060 0 96H 

1.04 G, 49.0 MM 24 H 

1.04 O, 49.0 MM 96H 

1.04 0, 49.0 MM 96H 

1.04 0, 49.0 MM 72H 

31 D, 21.3 MM, 0139 0 96H 

1.04 0, 49.0 MMZ 72H 

1.04 0, 49.0 MM 48H 

3rd INST-AR 48H 

3-4 WK 48H 

NR 48H 

NR 48H 

LOO PHASE 48H 

NR 48 H 

NR 48H 

NR 48H 

3rd INST-AR 48H 

3rd INST-AR 18H 

< =;24 H 28D 
<=24H 28D 
<=24H 7D 
<=24 H 14 D 
<=24H 28D 
<=24H 7D 
<=24H 14 D 
<=24H 21 D 
SH 0.25 H 
<=24H 7D 
<=24H 21 D 
<=24H 14D 
<=24 H 28 D 
<=24 H 7D 
<=24 H 14 D 
<=24 H 28 D 
<=24 H 21 D 

<=24H 48H 

I 

Effect AQUIRB I Year 
Effect Concentration Refercoce of 

Lethal Sublethal Number Publication 

LC,o 52800 ~13685 78 

LC,. 42300 302682 86 

EC,.,IM 12100 213688 78 

EC.,.,IM 11100 213691 78 

LC,. 105000 213687 78 

LC,. 55400 213686 78 

LC,. 52900 302675 86 

EC,olM 11100 213690 78 

EC,.,IM 11500 213689 78 

LC,o 15,000,000 310S74 83 

LC,o 20,000,000 219740 80 

LC,o 7,551),000 315788 83 

LC,o 13,000,000 315788 • 83 

GRO 3,400,000 310574 83 

LC,o 48,000,000 219158 72 

LC,o 7,600,000 315788 83 

LC,o 5,000,000 315788 83 

LC,o 17,000,000 310574 83 

LC,o 6,190,000 212192 81 

MOR 1,100,000 310694 83 
MOR 4,300,000 310694 83 
MOR 2,200,000 310694 83 
MOR 4 300.000 310694 83 
MOR S50 000 310694 83 
MOR 550 000 310694 83 
MOR 550 000 310694 83 
MOR 550,000 310694 83 

LOC 9,280,000 212171 44 
LET 8,700,000 310694 83 

MOR 1,100,000 310694 83 
MOR 1,100,000 310694 83 
MOR 2,200,000 310694 83 
MOR 1,100,000 310694 83 
MOR 2,200,000 310694 83 
REP 4,300,000 310694 83 

MOR 4,300,000 310694 83 

LC,o 31000000 310694 83 



Chemical Name 

Acetone (c, 

Species 

Dapbnia magna; Water flea 

Daphnia magna;Water flea 

Dapbnia magna;Water flea 

Dapbnia magna;Water flea 
Dapboia magna;Water flea 

Daphnia pulex; Water flea 

Dugesia lugubris;Turbellarian 

Erpobdella octoculata; Leech 

Gambusia affinis;Mosquitofish 

Gambusia aff"mis;Mosquitofish 

Gambusia affmis;Mosquitofish 

Gammarus pulex;Scud 

Hydn oligactis;Hydra 

Hydra oligactis;Hydn 

Indoplanorbis exustus;Soail 

Isclmura'elegans;Dragonfly 

Lepomis macrocbirus;Bluegill 

Lepomis macrocbirus;Bluegill 

Lymnaea stagnalis;Great pond snail 

Lymnaea stagnalis;Great pond snail 

Nemoura cinerea;Stonefly 

Oncorhynchus mykiss;Rainbow trout 

Oncorbynchus mykiss;Rainbow trout 

Oncorbynchus mykiss;Rainbow trout 

Oncorbynchus mykiss;Rainbow trout 

Oryzias latipes;Medaka, high-eyes 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC69W 

Remedial Investigation Report 
Devens_!_ Massachusetts 

Age Exposure 

<=24H 24H 

<=24H 21 D 

<24 H 48H 

<=24H 28D 
<=24H 7D 

<24H 18 H 

NR 48H 

NR 48H 

ADULT FEMALE 96H 

ADULT FEMALE 24H 

ADULT FEMALE 48H 

NR 48H 

NR 48H 

BUD-LESS 48H 

NR 48H 

NR 48H 

5.3-7.2cm 3.5-3.9 g 96H 

NR 96H 

34WK 48H 

NR 48 H 

NR 48 H 

5-8 WK 48 H 

10.0cm 10.2 g 6H 

l.0g 96H 

9.4 cm 10.8 g 24 H 

4-5 WK 48H 

Palaemonetes kadiatensis;GraH shrimp, freshwater prawn JUVENILE 18 H 

Physa acuta;Bladder snail NR 48H 

Pimepbales promelas;Fathead minnow 28 D 96H 

Pimepbales promelas;Fathead minnow 0.12 g 96H 

Pimepbales promelas;Fathead minnow 33 D 96H 

Pimepbales promelas;Fathead minnow 32 D 96 H 

Pimepbales promelas;Fathead minnow 34WK 48 H 

Pimepbales promelas;Fathead minnow 0.12 g 96H 

Rasbora heteromorpha;Harlequinfisb, red rasbora 1.3-3 cm 48H 

Effect AQUIRE Year 
Effect Concentration Reference of 

Lethal I Sublelbal Numbec Publication 

LC.,. 35,000,000 310694 83 

MOR 2,200,000 310694 83 

EC.,.IM 13,500,000 212193 80 

REP 1,100,000 310694 83 
MOR 4,300,000 310694 83 

LC.,. 1,220,000 212192 81 

LC.,. 7,500,000 315788 83 

LC.,. 7,000,000 315788 83 

LC.,. 13,000,000 210508 57 

LC.,. 13,500,000 210508 57 

LC.,. 13,000,000 210508 57 

LC_,. 6,000,000 315788 83 

LC.,. 13,500,000 315788 83 
' I 

LC.,. 13,500,000 310574 . 83 

LC.,. 35,000,000 219158 72 

LC.,. 6,400,000 315788 83 

LC.,. 8,300,000 212406 68 

LC.,. 8,300,000 210949 68 

LC.,. 7,000,000 310574 83 

LC.,. 7,000,000 315788 83 

LC.,. 10,300,000 315788 83 

LC.,. 7,400,000 310574 83 

LET 12,500,000 210991 78 

LC.,. 5,540,000 210666 80 

LC.,. 6,100,000 210991 78 

LC.,. 14,300,000 310574 83 

LC.,. 2,610,000 212192 81 

LC.,. 35,000,000 219158 72 

LC.,. 7,280,000 312448 84 

LC.,. 7,310,000 310183 83 

LC.,. 8,120,000 312448 84 

LC50 6,210,000 312448 84 

LC.,. 15,000,000 310574 83 

LC.,. 8,140,000 310183 83 

LC.,. 4,000,000 210542 69 



Cmnical Name Species 

Rasbora hctcromorpha;Harlequinfish, red rasbora 

Sccncdesmus plJIDODicus;Orccn algae 
Selcnastrum capricomutum;Grcen algae 

Semisulcospira libertina;Marsh snail 

Tubificidae;Oligochaete family 

Xcnopus laevis;Clawcd toad 

ElhylbctlZCIIC Carassius auratus; Goldfish; 

Carassius auratus; Goldfish; 

Carassius auratus; Goldfish; 

Daphnia magna; Water flea; 

Daphnia magna; Water flea; 

Daphnia magna; Watcr flea; 

Daphnia magna; Watcr flea; 

Dapbnia magna; Water Ilea; 

Ictalurus punctatus; Channel catfish; 

Lcpomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lcpomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Leuciscus idus; Ide, silver or golden orfc; 

Oncorbynchus myltiss; Rainbow lrnut, donaldsoo trout; 

Oncorbynchus myltiss; Rainbow trout, donaldsoo trout; 

Pimephalcs promelas; Fathead minnow; 

Pimephales promelas; Fathead minnow; 

Pimepbales promclas; Fathead minnow; 

Pimephales promelas; Fathead minnow; 

Pimepbales promelas; Fathead minnow; 

Pimephales promclas; Fathead minnow; 

Pimephales promelas; Fathead minnow; 

Poccilia rcticulata; Guppy; 

Elhylbcn7.ca (conL) Poccilia reticulata; Guppy; 

Poccilia rcticulata; Guppy; 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC 69W 

Remedial Investigation Report 
Devens! Massachusetts 

Age Exposure 

1.3-3 cm 24H 

LOO PHASE. 48H 
LOO PHASE. 96H 

NR 48H 

NR 48H 

3-4 WK 48H 

3.8-6.4 CM, 1-2 G 24H 

NR 48 H 

NR 96H 

24 H 24 H 

<24H 24H 

<24H 48H 

<24H 48H 

NR 24H 

0.10 96H 

0.20 96H 

3.8-6.4 CM, 1-2 G 24H 

3.S-6.4 CM, 1-2 O 48H 

3.8-6.4 CM, 1-2 G 96H 

JUVENILE, 0.32-1.2 0 24H 

JUVENILE., 0.32-1.2 0 96H 

NR NR 

2.40 96H 

NR 96H 

3.8-6.4 CM, 1-2 0 24H 

3.8-6.4 CM, 1-2 0 24H 

3.8-6.4 CM, 1-2 G 48 H 

3.8-6.4 CM, 1-2 0 48H 

3.S-6.4 CM, 1-2 G 96H 

3.S-6.4 CM, 1-2 a 96H 

34 D 96H 

6 M, 1.9-2.5 CM, 0.1-0.2 0 24 H 

6 M, l.9-2.5 CM, 0.1-0.2 0 48H 

6 M, l.9-2.5 CM, 0.1-0.2 G 96H 

Effect AQUIRE Year 
Effect Concentration Reference of 

Lethal I Sublethal Number Puhlicati<• 

LC,. 5,700,000 210542 6 

ORO 4,740,000 310574 8 
ORO 7,000,000 310574 8 

LC,. 35,000,000 219158 7 

LC,. 15,000,000 315788 8 

LC,. 24,000,000 219740 8 

Le,. 94,440 210728 6 

LC,. 94,440 210728 6 

LC,. 94,440 210728 t, 

LC,. 190,000 215718 7 

LC,. 77,000 215184 8 

LC,. 75,000 215184 8 

. MOR • 
' 

6,800 215184 8 

E.C,.IM 2,200 313142 8 

LC,. 210,000 210666 8 

LC,. 88,000 210666 8 

LC,. 35,080 210728 6 

LC,. 32,000 210728 6 

LC,. 32,000 210728 6 

LC,. 169,000 215590 8 

LC,. 150,000 215590 8 

LC,. 44,000 210547 7 

LC,. 14,000 210666 8 

LC,. 4,200 313142 8 

LC,. 42,330 210728 6 

LC,. 48,510 210728 6 

LC,. 42,330 210728 6 

LC,. 48,510 210728 6 

LC,. · 42,330 210728 6 

LC,. 48,510 210728 fr 

LC,. 12,100 312858 8 

LC,. 97,100 210728 6· . 
LC,. 97,100 210728 fr 

LC,o 97,100 210728 (; 



Chemical Name I Species 

Rasbora hctcromorpha;Harlcquinfish, red l'aJlbon 

Sccncdcsmus pannonicus;Grccu algae 
Sclcnastrum capricomulllm;Grccn algae 

Scmisulcospira libertina;Marsh snail 

Tubificidae;Oligochactc family 

Xcnopus lacvis;Clawed toad 

Elhy lbcnzetlc Carassius auratus; Goldfish; 

Carassius auratus; Goldfish; 

Carassius auratus; Goldfish; 

Daphnia m.agn.a; Wat.er flea; 

Daphnia m.agn.a; Wat.er flea; 

Daphnia magna; Wat.er flea; 

Daphnia magna; Wat.er flea; 

Daphnia magna; Wat.er flea; 

IcWurus punctatus; Channel catfish; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lepomis macrochirus; Bluegill; 

Lcuciscus idus; Ide, silver or golden ode; 

Oncorbynchus mytiss; Rainbow lroUt, dooaldson trout; 

Oncorbyochus mytiss; Rainbow trout, donaldson trout; 

Pimcphalcs promelas; Fathead minnow; 

Pimcphales promelas; Fathead minnow; 

Pimcphales promelas; Fathead mimiow; 

Pimcphalcs promclas; Fathead minnow; 

Pimcphalcs promelas; Fathead minnow; 

Pimcphalcs promclas; Fathead minnow; 

Pimcphalcs promclas; Fathead minnow; 

Poccilia rcticulata; Guppy; 

Elhylbc=· '·ooL) Poccilia rcticulata; Guppy; 

Poccilia rcticulata; Guppy; 

Table P-7 
AQUIRE Toxicity Information1 

(m u&II) 

AOC69W 

Remedial lnvestigution Report 
Devens, Massachusetts 

Age Exposure 

1.3-3 cm 24H 

LOO PHASE. 48H 
LOO PHASE 96H 

NR 48H 

NR 48H 

34WK 48H 

3.8-6.4 CM, 1-2 0 24H 

NR 48H 

NR 96H 

24 H 24 H 

<24H 24 H 

<24 H 48H 

<24H 48H 
NR 24H 

0.1 G 96H 

0.20 96H 

3.8-6.4 CM, 1-2 0 24 H 

3.8-6.4 CM, 1-2 0 48 H 

3.8-6.4 CM, 1-2 0 96H 

JUVENILE, 0.32-1.2 0 24 H 

JUVENILE, 0.32-1.2 0 96 H 

NR NR 

2.4G 96H 

NR 96H 

3.8-6.4 CM, 1-2 0 24H 

3.8-6.4 CM, 1-2 0 24 H 

3.8-6.4 CM, 1-2 0 48H 

3.8-6.4 CM, 1-2 0 48 H 

3.8-6.4 CM, 1-2 0 96 H 

3.8-6.4 CM, 1-2 0 96 H 

34 D 96 H 

6 M, 1.9-2 . .S CM, 0.1-0.l 0 24 H 

6 M, 1.9-2.S CM, 0.1-0.2 0 48 H 

6 M, 1.9-2.S CM, ' O 96H 

Effect AQUIRE. I Year 
Effect Conceatration Reference of 

Lethal I Sublcthal Nuinber PUblication 

LC,. S,700,000 • 210542 69 

ORO 4,740,000 310574 83 
ORO 7,000,000 310574 83 

LC,. 35,000,000 219158 72 

LC,. 15,000,000 • 315788 83 

LC,. 24,000,000 219740 80 

LC,. 94,440 210728 66 

LC,. 94,440 210728 66 

LC,. 94,440 210728 66 

LC,. 190,000 215718 77 

LC,. 77,000 215184 80 

LC,. 75,000 215184 80 

MOR ~.aoo .. 21Sl84 80 
EC,.IM ' 2,200 313142 . 88 

LC,. 210,000 210666 80 

LC_,. 88,000 210666 80 

LC,. 35,080 210728 66 

LC,. 32,000 210728 66 

LC,. 32,000 210728 66 

LC,. 169,000 215590 81 

LC,. 150,000 115590 81 

LC50 44,000 210547 78 

LC,. 14,000 210666 80 

LC50 4,200 313142 88 

LC,. 42,330 210728 66 

LC50 48,510 210728 66 

LC,. 42,330 210728 66 

LC,. 48,510 210728 66 

LC,. 42,330 210728 66 

LC,. 48,510 210728 66 

LC,. 12,100 312858 86 

LC_,. 97,100 210728 66 

LC,o 97,100 210728 66 

LC.,. 97,100 21072P 66 -



Chemical Name Species 

Poccilia rcticulata; Guppy; 

Sclenastrum capricomutum; Greco algae; 

Toluene Acdes aegypti; Mosquito; 

Acdcs aegypti; Mosquito; 

Brachionus calyciflorus; Rotifer; Rotifers; 

Cblorclla vulgaris; Green algae; Chlorophyta; 

Daphnia magna; Waler flea; 

Daphnia magna; Water flea; 

Daphnia magna; Waler flea; 

Daphnia magna; Water flea; 

Daphnia magna; Water flea; 
Daphnia magna; Waler flea; 

Daphnia magna; Water flea; 

Oaphnia magna; Water flea; 

Oapbnia magna; Water flea; 

Oaphnia magna; Water flea; 

Dapbnia magna; Water flea; 

Dapbnia magna; Water flea; 

Oaphnia magna; Water flea; 

Diaptomus forbcsi; Calanoid copepod; Copepoda; 

Sceocdesmus subspicabls; Green algae; Cbloropbyts; 

Scenedesmus subspicabls; Greco algae; Cbloropbyta; 

Selenastrum capricomutum; Green algae; Cblorophyta; 

Sclenastnnn capricomublm; Greco algae; Chlorophyll; 

Trichloroelbylcnc Aedcs aegypti, mosquito 

Ambystoma mexicanum, salamander 

Asellw aquaticus, sowbug 

Brachydaoio rcrio, zcbrafish 

Cbironomus thummi, midge 

Clocon dipterum, mayfly 

Corixa punctsts, water boatman 

CU lex pipiens, mosquito 

Oaphnia magna, water flea 

Oapbnia magna, water flea 

Daphnia magna, waler flea 

Table P-7 
AQUIRE Toxicity lnformation1 

(in ug/1) 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

Age Exposure 

NR 96H 

NR 72H 

4TH INSTAR LARVAE 24H 

4TH !NSTAR LARVAE 24H 

NEONATE 24 H 

NR 24H 

1ST INSTAR 48 H 

24H 24H 

<24H 24 H 

<24H 48 H 

<24H 48H 
<=24H 21 D 

<= 24H 24 H 

NR 24H 

NR 24 H 

NR 24H 

NR 24 H 

NR 24H 

NR 24 H 

NR 96H 

LOG GRO PHASE 48 H 

LOG ORO PHASE 48H 

EXPO ORO PHASE 80 

NR 72H 

3RDINSTAR 48H 

3-4WK 48 H 

NR 48 H 

NR 48H 

NR 48 H 

NR 48H 

NR 48 H 

3RDINSTAR 48H 

<=24H 48 H 

NR 3D 

24 H 24 H 

Effect 

LC,. 

EC,.ORI 

EC,.IM 

MOR 

LC,o 

EC,oGR 

EC,.,IM 

LC,o 

LC,. 

LC,o 

MOR 

REPl 
EC,oIM 

EC., 

EC., 

EC,oo 

EC,. 

EC,. 

EC,.IM 

LC,o 

EC,.BM 

EC,.GR 

EC,.,OR 

EC,.GR 

LC,o 

LC,o 

LC,o 

LC,o 

LC,o 

LC,o 

LC,o 

LC,o 

LC,o 

ABO 

LC,o 

Effect AQUIRE Year 
Concentration Reference of 

Lethal I Sublcthal Number Publication 

9,600 313142 88 

4,600 I 313142 88 

21520 215700 77 

9950 215700 77 
113000 219385 91 

245000 212215 75 

19600 215087 79 

470000 215718 77 

310000 215184 80 

310000 215184 80 

28000 215184 80 

1000 I 210847 89 

84000 210847 89 
'. 53 ' 216628 88 

93 210707 82 

500 210707 82 

• 270 210707 82 

84 216628 88 

7000 313142 88 

447000 311282 83 

160000 212997 90 

125000 212997 90 

9400 213550 90 

12500 313142 88 

48,000 NA 83 

48,000 NA 80 

30,000 NA 83 

60,000 NA 79 

64,000 NA 83 

42,000 NA 83 

'110,000 NA 83 

55,000 NA 83 

18,000 NA 80 

25,000 • NA 84 

1,000,000, NA 77 



Chemical Name Species 

Tri~hl01'0Clhylene (cont.) Dapbnia magna, water flea 

Daphnia magna, water flea 

Daphnia magoa, water flea 

Dapbnia magna, water flea 

Dugesia lugubris, flatworm 

Erpobdclla octoculata, leech 

Gamroarus pulex, scud 

Hydra oligactis, hydra 

Hydra oligactis, hydra 

lscbnura elegans, dragonfly 

Lepomis macrocbirus, bluegill 

Lepomis macrocbirus, bluegill 

Lepomis macrochirus, bluegill 

Lymnaea stagnalis, great pond snail 

Lymnaea stagnalis, great pond snail 

Moina macrocopa, water flea 

Nemoura cineres, slonefly 

Oncorbynchus mykiss, rainbow trout 

Oncorbynchus mykiss, rainbow trout 

Oryzias latipes, mcdaka 

Oryzias latipes, medata 

Pimephalcs promclas, fathead minnow 

Pimepbales promelas, fathead minnow 

Pimephales proci!.elas, fathead minnow 

Pimepbales promclas, fathead minnow 

Pimephales promelas, fathead minnow 

Pimepbales promclas, fathead minnow 

Pimephales promclas, fathead minnow 

Pimephales promclas, fathead minnow 

Pimephales promclas, fathead minnow 

Pimepbalcs promclas, fathead minnow 

Pimephales promelas, fathead minnow 

Pimephales promelu, fathead minnow 

Pimepbalcs promclas, fathead minnow 

Pimephales promclas, fathead minnow 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/1) 

AOC 69W 

Remedial Investigation Report 
Devens, Massachusetts 

Age Exposure 

NR 24H 

NR 24 H 

<=24 H 24 H 

<=24H 48 H 

NR 48 H 

NR 48H 

NR 48 H 

BUDLESS 48 H 

NR 48 H 

NR 48H 

JUVENILE 75 D, 2.2 CM lH 

JUVENILE, 0.32-1.2 G 96 H 

JUVENILE, 0.32-1.2 G 24 H 

3-4WK 48H 

NR 48H 

SD 3H 

NR 48H 

NR 24H 

5-8 WK 48 H 

3 CM, 0.3 G 48 H 

4-5WK 48H 

1.04 G, 49.0 MM 48H 

31 D 96H 

30-35 D 24 H 

3-4WK 48H 

1.04 a, 49.0 MM 96H 

30-35 D 48H 

1.04 G, 49.0 MM 72 H 

1.04 G, 49.0 MM 24H 

30-35 D 96 H 

1.04 0, 49.0 MM 24 H 

0.12 G 96H 

30-35 D 72H 

1.04 O; 49.0 MM 96 H 

1.04 G, 49.0 MM 96 H 

Effect 
Effect AQUIRE Year 

Concentration Reference of 
Lethal I Sublethal Nmnber Publication 

leth ll0,000 NA 84 

LC,. 1,313,000 NA 82 

LC50 22,000 NA 80 

2,200 NA 80 

LC50 42,000 NA 83 

LC50 75,000 NA 83 

LC50 24,000 NA 83 

LC50 75,000 NA 83 

LC,. 75,000 NA 83 

LC,. 49,000 NA 83 

RES 100 NA 90 

LC50 45,000 NA 81 

LC,. 000 lo I0?,000 . NA 81 

LC,. 56,000 NA . 83 

LC50 56,000 NA 83 

LC,. 2,300 NA 86 

LC,. 70,000 NA 83 

RES S,000 NA 79 

LC,. 42,000 NA 83 

Lc,.j 1,9001 NA 86 

LC50 270,000 NA 83 

IMM 22,700 NA 78 

LC,. 44,100 NA 85 

LC50 58,800 NA 83 

LC50 47,000 NA 83 

IMM 21,900 NA 78 

LC,. 57,900 NA 83 

IMM 22,200 NA 78 

LC,. 52,400 NA 78 
' 

LC,. 45,000 NA 83 

IMM 23,000 NA 78 

LC,. 44,100 NA 83 

LC,. SS,400 NA 83 

LC,. 66,800 NA 78 

LC50 40,700 NA 78 -



Chemical Name Specie, 

Pimephales promelas, falbead minnow 

Pimephales promelas, fathead minnow 

Scenedesmus abundans, green algae 
Selenastrum capricomutum, green algae 

Tubificidae, tubificidae 

Xenopus laevis, clawed toad 

NOTF.s: 

Table P-7 
AQUIRE Toxicity Information1 

(in ug/lJ 

AOC69W 

Remedial Investigation Report 
Devens, Massachusetts 

Age Exposure 

1.04 o, 49.0 MM 72H 

1.04 O, 49.0 MM 48H 

I0E4 CELLS/ML 96H 
LOO PHASE 96H 

NR 48H 

3--4WK 48H 

1AQUIRE toxicity infonnation was not available for heptachlor epoxiile, acenaphthalene, diethylphthalate, naphthalene, phenanthrene, or xylene. 
ABD = Abundance O = Grams 
ABN = Abnomwitics 
BCF = Bioconcentration factor 
BEH = Behavioral change 
BIO = Biochemical effect 
BM= Biomass 
BMS = Biomass 
C = Celcius 

CLR = Chlorophyll content 

CM = Centimeter 
D = Days 

ECj() = Effect of concentration to SO% of the population 

EMS = Emergence? 
ENZ = Enzyme effect 
F = Farenbeit 

GR= Growth 
GRO = Growth 
H = Hours 
HAT = Hatcbability 
HEM = Hematological effect 
HIS = Histological effect 
IM = Immobilization 

LC,o = Lethal coocentratioo to SO% of test organisms 

LET = Lethality 
LOC = Locomotor Behaviour 

LT j() = Lethal threshold to 50% of test organism.1 

MM = Millimeter 
MOR = Mortality 
NR = Not reported 

._ ___________ _,= Lowest effect concentratioo (if a range is provided, the low end of the range is the lowest effect concentration). 

Effect 

LC,o 

LC,o 

ORO 
POR 
LC,o 

LC,o 

Effect AQUIRE 
Ccnceutrati.on Reference 

Lethal I Suhlclhal Number 

39,000 

53,300 

450,000 
175,000 

132,000 

45,000 

OC = Oxygen consumption 
OXC = Oxygen CODIIUllptiOO 
POR = Population growth 
PHY = Physiological effects 
POP = Population, ·species diversity 
PSE = Photosynthesis effect 
RE = Reproduction 
REP = Adverse effect to reproduction 

RES = Respiratory effects 

RN= Renewel 
RSD = Residue 

ST= Static 

STR = Stress 
THL = Thermal effect 
VTE = Vertebral effect 
pg/L = micrograms per liter 

NA 

NA 

NA 
NA 
NA 

NA 

Year 
of 

Publication 

78 

78 

85 
83 

83 

80 



Table P-8 
Estimated Chronic Exposure to Terrestrial Receptors from Ingestion or RME Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

BXPOSURB CONCBNTRA TION DATA 

RMB 
ANALYTI! CONCENTRATION 

m 

Beryllium 8.50E-0t 

Cobak 5.40E+OO 

Copper 2.99E+0I 

Lead 2.38E+02 

Mercury 7.S0E-02 

Nickel 1.81E+0l 

Selenium 5.l0E-01 

Zinc 7.17E+0l 

Acenaphthylene 2.00E+OO 

Anthracene l.00E+00 

B~nzo{k]fluoranthene 2.00E+OO 

Chrysene 5.00E+OO 

Fluoranthene 9.00E+OO 

Fluorene 1.00E+OO 

Phenanthrene 9.00E+OO 

Pyrene 1.00E+0l 

Acetone 6.908-02 

Toluene 2.l0E-03 

Trichlorofluoromcthane 7.70E-03 

Xylenes 2.70E-03 

CPC = Contaminant of Potential Concern 

[ a J Bioaccumulation data preserted in: 

UPSSMAX.wkl 

Appendix P, Table P-2 

HSTIMATBD CONTAMINANT CONCBNTllATIONS BAP VALUBS FOR 

IN PlllMARY FOOD ITBMS OTHBR FOOD IT8MS 
Concen1ra1ion in CoDCCntraticn in Smail SmbU 

Invert Invertebrate Tissue (bj Plalll Plant Th sue [ cl Mam.ma.I Bird 

DAfral (mollto\ BAF l~l {molb\ .BAF a 
NA 0.0E+OO 2.0E- 03 l .7E- 03 5.0E-02 5.0E-02 

1.0E+OO 5.4E+OO 4.0E-03 2.2E-02 l.0E+OO 1.0E+OO 

1.6E-0t 4.8E+OO 7.SE-01 2.3E+0l 6.0E-01 6.0E-01 

7.8E-02 1.9E+0l 0.0E+OO 0.0E+OO l.SB-02 t.5E-02 

6.8E-02 5.3E-03 t .SE-01 t.4E-02 1.0E-02 2.3E+OO 

2.3E.-0t 4.2E+OO 1.2E-02 2.2E-0l 3.0E-01 3.0E-01 

7.6E-0l 3.9E-0t 9.0E-03 4.6E-03 758-01 5.lE-01 

1.8E+OO l.3E+02 6.lE-01 4.4E+0l 2.lE+OO 2.lE+OO 

5.0E-02 l .0E-Ol 1.lE-02 2.3E-02 l .SE-01 l.SE-01 

5.0E-02 5.0E-02 1.lB-02 1.lE-02 J.SE-01 1.SE-01 

5.0E-02 1.0E-01 t.lE-02 2.3E-02 1.SE-01 1.5E-01 

S.0E-02 2.SE-01 1.lB-02 5.7E-02 1.SE-01 1.SE-01 

5.0E-02 4.58-0] 1.lE-02 l.0E-01 t .5E-0l l.SE-01 

5.0E-02 S.0E-02 1.lE-02 1.lE-02 1.SE-01 1.5E-01 

5.0E-02 4.SE-01 1.lE-02 1.0E-01 1.5E-01 1 . .SE-01 

5.0E-02 S.0E-01 1.lE-02 t.lE-01 1.SE-01 1.5E-01 

NA 0.0E+OO NA 0.0E+OO NA NA 
NA 0.0E+00 NA 0.0E!.+00 NA NA 
NA 0.0E+OO NA 0.0E+OO NA · , NA 
NA 0.0E+00 NA 0.0E+OO NA NA 

[b) CPC concentrations in invertebrate tissue equals the invertebrate BAF multiplied by the RMB soil concentration of the CPC. 

[ c) CPC concentrations in plant tissue equals the plant BAF muhiplied by the RMB soil concentration of the CPC. 

06-Apr-98 



Table P-8 
Estimated Chronic Exposure to Terrestrial Receptors from Ingestion of RME Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

POTENTIAL DIETARY EXPOSURE (mg/tgBW/day) ldl 

ANALYIE White-footed mouse Short-tailed shrew Amerkan robin Red';'riinged blacltbkd 
• iwccoon 

'/ ::·. 

Beryllium 2.3E-03 l.2E-02 9.2E-03 32E-03 1.tE-05 
Cooalt 8.2E-02 6.7E-0l 2.5E-01 1.8E-01 2.5E-04 
Copper 2.6E+OO l.3E+OO l.9E+OO 2.3E+OO 2.5E-03 
Lead 8.lE-01 5.4E+OO 3.2E+OO 1.4E+OO 3.3E-03 
Mercury l.8E-03 l.9E-03 l.9E-03 1.7E-03 2.2E-06 
Nickel l.2E-01 7.2E-01 3.5E-01 2.tE-01 3.5E-04 

Selenium 6.5E-03 5.0E-02 1.9E-02 l.3E-02 l.BE-05 
Zinc 6.5E+OO l.6E+0l 8.0E+OO 7.9E+OO 1.2E-02 

Acenaphthylene 8.6E-03 4.0E-02 2.6E-02 1.2E-02 2.9E-05 

Anthracene 4.3E-03 2.0E-02 1.3E-02 6.lE-03 1.5E-05 

Bemo[k ]tluoranthene 8.6E-03 4.0E-02 2.6E-02 1.2E-02 2.9E-05 

Chrysene 2.lE-02 9.9E-02 6.6E-02 3.0E-02 7.3E-05 

Fluoranthene 3.9E-02 l.8E-01 1.2E-01 5.5E-02 1.3E-04 

Fluorene 4.3E-03 2.0E-02 1.3E-02 6.lE-03 1.5E-05 

Phenanthrene 3.9E-02 l.8E-01 l.2E-01 5.5E-02 1.3E-04 

Pyrene 4.3E-02 2.0E-01 1.3E-01 6.lE-02 1.5E-04 

Acetone l.7E-04 9.7E-04 7.4E-04 2.5E-04 8.6E-07 

Toluene 5.lE-06 3.0E-05 2.2E-05 7.6E-06 2.6E-08 

Trichlorofluoromethane 1.9E-05 1.lE-04 8.2E-05 2.8E-05 9.6E-08 

Xylenes 6.6E-06 3.8E-05 2.9E-05 9.8E-06 3.4E-08 

[d) C'.alculatcd by summing the products of individual prey type concentrations and percent in dier, multiplying by the ingestion rate, and dividing by bodyweight (fable 9E-7) .. 

UPSSM,._ ,1kl 06-Apr-98 
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Table P-8 
Exposure Parameters and Assumptions for Terrestrial Receptors [e) 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

Rcprescntath-e 

Wildlife . 

Species 

-- - - -- - -- - --- - -- - - - - l'cl'Ccnl Prey In Diet - -- - -- - - - - - -- ..,...:..- .- .Hi:, me Range 

Inverts Plants ·small SmaU SOil (acres) 

White-rooted mouse 

Short-tailed shrew 

American robin 

Red-winged blackbird 

Racooon 

N"OTES: 

[ sITBAREA: 

(Herb. mammal) 

(Omn. mammal) 

(Omn. bird) 

(Herb. bird) 

(Oma. mammal) 

J.0 acres 

[ e J Documentuion of exposure par.-metcrs presented in: 

10% 

78% 

33% 

24% 

14% 

Mamma ls 

88% 0% 

12% 0% 

51% 0% 

73% 0% 

56% 19% 

TableP-1 

(11 ED = Exposure Duration (percentage of year receptor is expected to be found at study area)· 

(g) SFF = Site Foraging Frequency (calculated by dividing site area by receptor home range (cannot exceed 1.0)). 

UPSSMAX.wkl 

Birds . 

0% 2% 

0% 10% 

0% 10% 

0% 3% 

2% 9% 

Food 

Site .f.oragliJg Jilgciilon BodyWelgli\ 

ED{ll Frequ~n9>: (g} Rate (kg) 

~S!'.d-'ll 
0.147 1 1.00E+OO 0.0049 0.040 

0.96 1 1.00E+OO 0.0024 0.017 

0.48 0.75 l.OOB+OO 0.011 0.077 

054 0.75 l .OOE+OO 0.0087 0.054 

385 1 2..S7B-03 0.214 3.99 

06-Apr-98 



Table P-8 
Risk from Potential Lethal or Sublethal Effects for Terrestrial Receptors from RME Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

ANALYIE White-footed mouse Short-tailed shrew American robin 
PDE RlV HQ PDE R1V HQ PDE RTV HQ 

Berylliwn 2.3E-03 8.SOE-01 2.7E-03 l.2E--OZ 8.SOE-01 l.4E-02 9.ZE-03 8.SOE-01 I.IE-OZ 

Cobalt 8.ZE-02 4.20E+OO l.9E-02 6.7E-01 4.20E+OO 1.6E-01 2.SE-01 4.20E+OO 6.0E-02 

Copper 2.6E+OO l.OOE+02 2.6E-02 1.3E+OO 1.00E+02 1.3E-02 1.9E+OO l.OOE+02 1.9E-02 

Lead 8.IE-01 2.50E+OO 32E-01 5.4E+oo 2.50E+oo 2.2E+OO 3.2E+oo 7.50E+Ol 4.3E--OZ 

MerCW')' 1.BE-03 9.00E-01 2.0E-03 l.9E-03 9.00E-01 2.lE-03 1.9E-03 6.40E-02 2.9E-02 

Nickel 12E-01 1.30E+01 9.IE-03 7.2E-01 l.30E+01 5.SE-02 3.SE-01 5.00E+Ol 7.lE-03 

Seleniwn 6.SE-03 2.00E-01 3.2E-02 5.0E-02 2.00E-01 2.SE-01 1.9E-02 6.00E-01 3.2E-02 

Zinc 6.5E+OO 2.00E+02 3.2E-02 l.6E+Ol 2.00E+02 8.0E-02 8.0E+OO 2.00E+02 4.0E-02 

Acenaphthylene 8.6E-03 l.OOE+Ol 8.6E-04 4.0E-02 1.00E+Ol 4.0E-03 2.6E-02 1.00E+Ol 2.6E-03 

Anthracene 4.JE-03 l.OOE+OI 4.JE-04 2.0E-02 l.OOE+Ol 2.0E-03 l.3E-02 l.OOE+Ol 1.3E-03 

Benzo(k]fluoranthene 8.6E-03 l.ClOE+Ol 8.6E-04 4.0E-02 1.00E+Ol 4.0E-03 2.6E-02 l.OOE+Ol 2.6E-03 

Chrysene 2.lE-02 l.OOE+Ol 2.lE-03 9.9E-02 l.OOE+Ol 9.9E-03 6.6E-02 l .OOE+Ol 6.6E-03 

Fluoranthene 3.9E-02 I.OOE+Ol 3.9E-03 l.8E-01 l.OOE+Ol t.8E-02 1.2E-01 1.00E+Ol l.2E-02 

Fluorene 4.JE-03 1.00E+Ol 4.JE-04 2.0E-02 l.OOE+Ol 2.0E-03 1.3E-02 l.OOE+Ol 1.3E-03 

Phenanthrene 3.9E-02 1.00E+Ol 3.9E-03 1.BE-01 1.00E+Ol 1.BE-02 l.ZE-01 l.00Ef01 l.2E--OZ 

Pyrene 4.3E-02 l.OOE+Ol 4.JE-03 2.0E-01 l.OOE+Ol 2.0E-02 1.3E-01 l.CXJE+Ol 1.3E-02 

Acetone 1.7E-04 6.00E+02 2.8E-07 9.7E-04 6.00E+02 1.6E-06 7.4E-04 6.00E+02 1.2E-06 

Toluene 5.lE-CXi 7.60E+Ol 6.8E-08 3.0E-05 7.60E+Ol 3.9E-07 2.ZE-05 7.60E+Ol 3.0E-07 

Trichlorofluoromethane l.9E-05 3.50E+Ol 5.4E-07 l.lE-04 3.50E+Ol 3.lE-06 8.2E-05 3.50E+Ol 2.4E-06 

Xylenes 6.6E-06 5.00E+02 1.3E-08 3.BE-05 5.00E+02 7.6E-08 2.9E-05 5.00E+02 5.8E-08 

SUMMARY HAZARD INDEX I 4.7E-01 I 2.8E+OO I 2.9E-Ol 

PDE = Potential Dietary Exposure (mg/kgBW/day) RlV = Reference Ta,dcity Value (m~gBW/day) HQ = Hazard Quotient ( calculated by dividing PDE by RTV) 

UPSSMt-.. _ . .tel 1 06-Apr-98 



Table P-8 
Risk from Potential Lethal or Sublethal Effects for Terrestrial Receptors from RME Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

ANALYIE Red-winged blackbird Raccoon 
PDE R1V HQ PDE RlV HQ 

Beryllium 3.2E-03 8.50E-01 ' 3.8E-03 1.08E-0.S 8.50E-01 1.27E-05 
Cobalt 1.SE-01 4.20E+OO 4.2E-02 2.48E-04 420E+OO 5.90E-05 
Copper 2.3E+OO 1.00E+02 2.JE-02 2.53E-03 1.00E+02 2.53E-05 

Lead 1.4E+OO 7.50E+0I 1.9E-02 3.32E-03 2.50E+OO l.33E-03 

Mercury 1.7E-03 6.40E-02 2.6E-02 2.23E-06 1.00E-01 2.23E-05 
Nickel 2.lE-01 5.00E+0l 4.lE-03 3.47E-04 1.30E+0l 2.67E-05 

Selenium 1.3E-02 6.00E-01 2.2E-02 1.83E-05 2.00E-01 9.16E-05 

Zinc 7.9E+OO 2.00E+02 3.9E-02 l.16E-02 2.00E+02 5.81E-05 

Acenaphthylene 1.2E-02 1.00E+0l 1.2E-03 2.93E-05 1.00E+0l 2.93E-06 

Anthracene 6.lE-03 1.00E+0l 6.lE-04 l.46E-05 1.00E+0l 1.46E-06 

Benzo(k ]tluoranthene l .2E-02 1.00E+0l 1.2E-03 2.93E-05 1.00E+0l 2.93E-06 

Chrysene 3.0E-02 1.00E+0l 3.0E-03 7.31E-05 l.OOE+0l 7.31E-06 

Fluoranthene 5.5E-02 1.00E+0l 5.5E-03 1.32E-04 1.00E+0l 1.32E-05 

Fluorene 6.lE-03 1.00E+0l 6.lE-04 1.46E-05 l .OOE+0l 1.46E-06 

Phenanthrene 5.5E-02 1.00E+0l 5.5E-03 1.32E-04 1.00E+Ol 1.32E-:-05 

Pyrene 6.lE-02 l .OOE+0l 6.lE-03 1.46E-04 1.00E+0l 1.46E-05 
Acetone 2.5E-04 6.00E+02 4.2E-07 8.56E-07 6.00E+02 1.43E-09 

Toluene 7.6E-06 7.60E+0l 1.0E-07 2.61E-08 7.60E+Ol 3.43E- 10 
Trichlorotluoromethane 2.SE-05 3.50E+01 8.0E-07 9.56E-08 3.SOE+0l 2.73E-09 

Xylenes 9.SE-06 5.00E+02 2.0E-08 3.35E-08 5.00E+02 6.70E-ll 

SUMMARY HAZARD INDEX I 2.0E-01 I 1.68E-03 

PDE = Potential Dietary F.xposure (mg/kgBW/day) HQ = Hazard Quotient ( calculated by dividi~g PDE by RlV) 
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Table P-9 
Estimated Chronic Exposure to Terrestrial Receptors from Ingestion of Average Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

EXPOSURE CONCENTRATION DATA 

AVERAGE 

ANALYTE CONCENTRATION 

11) 

Beryllium 4.l0E-01 

Cobab. 4.l0E+OO 

Copper 1.20E+0l 

Lead 6.12E+0l 

Mercury 4.20E-02 

Nickel 1.33E+0l 

Selenium 1.60E-01 

Zinc 3.2SE+0l 

Acenaphlhylene 7.I0E-01 

Anthracene S.40E-01 

Benzo{k]fluoranthene 1.09E+OO 

Chrysene 2.04B+OO 

Fluoranthene 3.3DB+OO 

Fluorenc S.40B-01 

Phenanthrene 3.09E+OO 

Pyrene 3.80B+OO 

Acetone l .90E-02 

Toluene 9.J0E-04 

Trichlorofluoromethane 4.J0E-03 

Xylenes t.J0B-03 

CPC = Contaminant of Potential Concern 

[a] Bioaocwnulation data presetted in: 

UPSSMAX.wkt 

Appendix P. Table P-2 

BSTD,JATBD CONTAMINANT CONCBNTRATIONS BAPVALUBSPOR 

IN PRIMARY FOOD ITBMS OTBBR FOOD rI"BMS 

Concenlratlcin in co~)ifr'atloJ> !ii Small sfuari 
Invert Invertebrate T1.5sue [I>} Plall PIM'l llfaie'( cJ Mammal itrd 

J3AP a. 
NA 0.0E+OO 2.0E-03 8.2E-04 S.0E-02 S.0B-02 

1.0E+OO 4.lE+OO 4.0E-03 1.6E-02 1.0E+OO 1.0B+00 

1.6E-01 1.9E+OO 7.SE-01 9.4E+OO 6.0E-01 6.0E-01 

7.SE-02 4.8E+OO 0.0E+OO 0.0E+OO 1.SE-02 1.SE-02 

6.SE-02 2.9E-03 1.SE-01 7.6E-03 1.0E-02 2.3E+OO 

2.3E-01 3.lE+OO 1.2E-02 1.6E-01 3.0E-01 3.0E-01 

7.6E-01 1.2E-D1 9.0E-03 l.4E-03 7.SE-01 S.lE-01 

1.8E+OO S.8E+0l 6.lE-01 2.0E+0l 2.lE+OO 2.lE+OO 

S.0E-02 3.SE-02 1.lE-02 8.lE-03 t.sE-01 1.SE-01 

S.0E-02 2.7E-02 1.lE-02 6.2E-03 UE-01 1.SE-01 

S.0E-02 S.SE-02 1.lB-02 1.2B-02 1.SB-01 1.SB-01 

S.0E-02 l .0B-01 l.lE-02 2.3B-02 l .SB-01 l.SE-01 

5.0E-02 1.7B-01 1.lE-02 3.SB-02 1.SE-01 1.SE-01 

S.0E-02 2.7B-02 1.lE-02 6.2B-03 1.SE-01 1.SE-01 

S.0E-02 l.SE-01 1.lE-02 3.SE-02 1.SE-01 1.SE-01 

S.0B-02 l.9B-0l 1.lE-02 4.3B-02 1.SE-01 l.SE-01 

NA 0.0E+OO NA 0.0E+OO NA NA 
NA 0.0B+OO NA 0.0B+OO NA NA 
NA 0.0E+OO NA 0.0E+OO NA ' NA 
NA 0.0B+OO NA 0.0B+OO NA NA 

[b) CPC concentrations in invertebrate tissue equals the invertebrate BAF multiplied by the RMB soil concentration of the CPC. 

(c) CPC concentrations in plant tissue equals the plant BAF muhiplicd by the RMB soil concentration of the CPC. 
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Table P-9 
Estimated Chronic Exposure to Terrestrial Receptors from Ingestion of Average Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

POTENTIAL DIETARY EXPOSURE {mF}kgBW/day) (di 

ANALYJE Whn.-footed mouse Snort-tailed slreilif 

Beryllium l.lE-03 5.BE-03 

Ccbalt 6.2E-02 5.lE-01 

C'.opper l.lE+OO 5.4E-01 
Lead 2.lE-01 l.4E+OO 

Mercury 9.5E-04 1.0E-03 
Nickel 8.7E-02 5.JE-01 

Selenium 2.0E-03 1.6E-02 

Zinc 2.9E+OO 7.2E+OO 
Acenaphthylene 3.0E-03 1.4E-02 

Anthracene 2.JE-03 l.lE-02 

Benzo(k )tluoranthene 4.7E-03 2.2E-02 

Chrysene 8.8E-03 4.0E-02 

Fluoranthene 1.4E-02 6.5E-02 

Fluorene 2.3E-03 1.lE-02 

Phcnanlhrcne l.3E-02 6.lE-02 

l>yrene 1.6E-02 7.5E-02 

Acetone 4.7E-05 2.7E-04 

Toluene 2.2E-06 l.3E-05 

Trichloroflooromethane 1.0E-05 5.BE-05 

Xylenes 2.7E-06 1.6E-05 

Arnsricaii ,:abirl 
) 

4.4E-03 

1.9E-01 

7.7E-01 

8.2E-01 

1.0E-03 
2.6E-01 

6.lE-03 

3.6E+OO 
9.4E-03 

7.lE-03 

1.4E-02 

2.7E-02 

4.JE-02 

7.lE-03 

4.lE-02 

5.0E-02 

2.0E-04 

9.7E-06 

4.4E-05 

1.2E-05 

··;,-~-.~ ~ 

Rst#-wlnged b/ackblnl . -'i'-"' t° .: .· -/' 
• ·. ~ ·: i' .• 

. ~-!=/~ . . :~ t ·;:::'L' .. _.~)'.:.L :,f 

1.6E-03 

1.4E-01 

9.2E-01 

3.6E-01 

9.0E-04 
1.5E-01 

4.2E-03 

3.6E+OO 
4.JE-03 

3.JE-03 

6.6E-03 

1.2E-02 

2.0E-02 

3.3E-03 

1.9E-02 

2.3E-02 

6.9E-05 

3.3E-06 

1.5E-05 

4.0E-06 

(d) Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the ingestion rate, and dividing by bodyweight (Table 9E-7) .. 

UPSSMAA.wkl 

,,: 

-"'~ 
5.2E-06 

1.9E-04 

1.0E-03 

8.5E-04 

l.2E-06 
2.6E-04 

5.7E-06 
5.3E-03 

1.0E-05 
7.9E-06 

1.6E-05 

3.0E-05 

4.SE-05 

7.9E-06 

4.SE-05 

5.6E-05 

2.4E-07 

l.lE-08 

5.lE-08 

1.4E-08 
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Table P-9 
Exposure Parameters and Assumptions for Terrestrial Receptors [e) 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

Rep~son1ati~ 

Wudlife 

~eclo, 

- - - - ----- - - -- -- - -- - Percent Prey In Diet -- - - --- -- - - --..:.---Home Range 

lnveru Plant$ Small Small SOU (acres) 

White-footed mouse 

Shorr-tailed shrew 

American robin 

Red-i,•inged blackbird 

Racooon 

NOTES: 

[ s1iBAREA: 

(Herb. mammal) 

(Omn. mammal) 

(Omn. bird) 

(Herb. bird) 

(Omn. mammal) 

10% 

78% 

33% 

24% 

14% 

1.0 acres 

[e] Documentation of exposure parameters presented in: Table P-1 

Mammals 

88% 0% 

12% 0% 

57% 0% 

73% 0% 

56% 19% 

([]ED= Exposure Duration (percentage afyear receptor is expected to be found at study area). 

(g] SFF = Site Foraging Frequency (calculated by dividing site area by receptor home range (cannot exceed 1.0)). 

UPSSMAX.wlr.1 

Birds 

0% 2% 

0% 10% 

0% 10% 

0% 3% 

2% 9% 

Food 

Site For'l!glng lnge•tloli Body Weight 

EO[f) Frequency (g] Rate (kg) 

~~d•!l 
0.147 l 1.00E+00 0.0049 0.040 

0.96 1 1.00E+OO 0.0024 0.017 

0.48 0.75 l.00E+OO 0.011 0.077 

0.54 0.7S 1.00E+00 0.0087 0.054 

385 1 2.57E-03 0.214 3.99 
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Table P-9 
Risk from Potential Lethal or Sublethal Effects for Terrestrial Receptors from Average Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

-
: 

ANALYTE Wh;te-footed mouse Shbrt'-lailed shrew American robin 
PDE RlV 1-!Q ____ PDE R1V _J:!Q__ . . PDB RiV HQ --

Beryllium 1.lE-03 8.50E-01 l.3E-03 5.8E-03 8.50E-01 6.8E-03 4.4E-03 8.50E-01 5.2E-03 
Cobalt 6.2E-02 4.20E+OO l.5E-02 5.lE-01 4.20E+OO l.2E-01 1.9E-01 4.20E+OO 4.5E-02 
Copper 1.lE+OO l.OOE+02 1.lE-02 5.4E-01 1.00E+02 5.4E-03 7.7E-01 l.OOE+02 7.7E-03 
Lead 2.lE-01 2.50E+OO 8.JE-02 1.4E+OO 2.50E+OO 5.6E-01 8.2E-01 7.50E+0l l.lE-02 
Mercury 9.5E-04 9.00E-01 l.lE-03 1.0E-03 9.00E-01 l.2E-03 1.0E-03 6.40E-02 1.6E-02 
Nickel 8.7E-02 1.JOE+0l 6.7E-03 5.JE-01 1.JOE+0l 4.lE-02 2.6E-01 5.00E+0l 5.2E-03 
Selenium 2.0E-03 2.00E-01 l.0E-02 1.6E-02 2.00E-01 7.BE-02 6.lE-03 6.00E-01 1.0E-02 
Zinc 2.9E+OO 2.00E+02 1.5E-02 72E+OO 2.00E+02 3.6E-02 3.6E+OO 2.00E+02 1.8E-02 

Acenaphthylene 3.0E-03 l.CIOE+0l 3.0E-04 l.4E-02 1.00E+Ol . l.4E-03 9.4E-03 1.00E+0l 9.4E-04 
Anthracene 2.JE-03 1.00E+0l 2.JE-04 1.lE-02 1.00E+0l l.lE-03 7.lE-03 l.OOE+0l 7.lE-04 

Benzo(k Jfluoranthene 4.7E-03 l.OOE+0l 4.7E-04 2.2E-02 1.00E+0l 2.2E-03 1.4E-02 1.00E+0l 1.4E-03 
Chrysene 8.8E-03 1.00E+0l 8.SE-04 4.0E-02 1.00E+0l 4.0E-03 2.7E-02 l.OOE+0l 2.7E-03 

Fluoranlhene 1.4E-02 1.00E+0l 1.4E-03 6.5E-02 1.00E+0l 6.5E-03 4.JE-02 1.00E+0l 4.JE-03 
Fluorene 2.JE-03 l.OOE+0l 2.JE-04 1.lE-02 1.00E+0l 1.lE-03 7.lE-03 1.00E+0l 7.lE-04 
Phenanthrene l.JE-02 l.OOE+0l l.JE-03 6.lE-02 l.OOE+0l 6.lE-03 4.lE-02 l.CX)E+0l 4.lE-03 

' l.OOE+Ol Pyrc!ne 1.6E-02 l.OOE+0l l.6E-03 7.5E-02 l.OOE+0l 7.5E-03 5.0E-02 5.0E-03 

Acetone 4.7E-05 6.00E+02 7.8E-08 2.7E-04 6.00E+02 4.5E-07 2.0E-04 6.00E+02 3.4E-07 

Toluene 2.2E-06 7.60E+0l 2.9E-08 l.3E-05 7.60E+0l l.7E-07 9.7E-06 7.60E+0l l.3E-07 

Trichlorofluoromethane l.0E-05 3.50E+01 2.9E-07 5.BE-05 3.50E+0l l.7E-06 4.4E-05 3.50E+0l 1.JE-06 

Xylenes 2.7E-06 5.00E+02 5.4E-09 1.6E-05 5.00E+02 3.lE-08 1.2E-05 5.00E+02 2.4E-08 

. 

SUMMARY HAZARD INDEX I 1.5E-01 I 8.8E-01 ,I 1.4E-01 

PDE = Potential Dietary Exposure (mwkgBW/day) RlV = Reference Toxicity Value (m~gBW/day) HQ = Hazard Quotient (calculated by dividing PDE by RlV) 
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Table P-9 
Risk from Potential Lethal or Sublethal Effects for Terrestrial Receptors from Average Concentrations of CPCs in Food and Surface Soil 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

ANALYIE Red""- winged blackbird Raccoon 
PDE R'IV HQ PDE oc RTV HQ 

Beryllium 1.6E-03 8.50E-01 • l.8E-03 5.19E-06 8.50E-01 6.lOE-06 

Cobalt 1.4E-01 4.20E+OO 3.2E-02 l.88E-04 4.20E+OO 4.48E-05 

Copper 9.2E-0l l.OOE+02 9.2E-03 l.02E-03 1.00E+02 l.02E-05 

Lead 3.6E-0l 7.50E+0l 4.8E-03 8.54E-04 2.50E+OO 3.42E-04 

Mercury 9.0E-04 6.40E-02 l.4E-02 1.20E-06 1.00E-01 1.20E-05 

Nickel 1.5E-01 5.00E+0l 3.0E-03 2.55E-04 1.30E+0l 1.96E-05 

Selenium 4.2E-03 6.00E-01 7.IE-03 5.75E-06 2.00E-01 2.87E-05 

Zinc 3.6E+OO 2.00E+02 l.8E-02 5.27E-03 2.00E+02 2.64E-05 

Acenaphthylene 4.3E-03 1.00E+0l 4.JE-04 1.04E-05 1.00E+0l 1.04E-06 

Anthracene 3.3E-03 1.00E+0l 3.JE-04 7.9()E~06 1.00E+0l 7.90E-07 

Benzo[k ]fluoranthene 6.6E-03 1.00E+0l 6.6E-04 1.59E-05 l.OOE+0l l.59E-06 

Cbr)sene 1.2E-02 1.00E+0l l.2E-03 2.98E-05 l.OOE+0l 2.98E-06 

Fluocanthene 2.0E-02 1.00E+0l 2.0E-03 4.83E-05 1.00E+0l 4.83E-06 

Fluorene 3.3E-03 1.00E+0l 3.JE-04 7.90E-06 1.00E+0l 7.90E-07 

Phenanthrene 1.9E-02 1.00E+0l 1.9E-03 4.52E-05 1.00E+0l 4.52E-06 

Pyrene 2.3E-02 1.00E+0l 2.JE-03 5.56E-05 l.OOE+0l 5.56E-06 

Acetone 6.9E-05 6.00E+02 l.lE-07 2.36E-07 6.00E+02 3.93E-10 

Toluene 3.JE-06 7.60E+0l 4.JE-08 1.13E-08 7.60E+0l 1.49E-10 

Trichlorofluoromethane 1.5E-05 3.50E+0l 4.2E-07 5.09E-08 3.50E+0l 1.45E-09 

Xylenes 4.0E-06 5.00E+02 8.0E-09 1.37E-08 5.00E+02 2.73E-11 

SUMMARY HAZARD INDEX I 9.9E-02 I 5.12E-04 

PDE = Potential Dietary F.xposure (mg/kgBW/day) HQ = Hazard Quotient ( calculated by dividing PDE by R1V) 
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Table P-10 
Estimated Chronic Exposure to Semi-Aquatic Receptors from Ingestion of RME Concentrations of CPCs in Food and Sediment 

Remedial Investigation Report , AOC 69W 
Devens, Massachusetts 

llXPOSURB CONCBNTRATION DATA 

RME 
ANALYTE CONCBITTRATION 

ril 

Cobalt 6.9E+00 

Copper 2.3E+01 

Nickel 1.8E+01 

4,4-'DDD 1.2E-01 

4,4-'DD8 1.58-02 

4,4- 'DDT 4.6E-02 

Benzo[k]lluoranthenc 4.0E-01 

Fluoranthene 1.08+00 

Phenanthrene 9.08-01 

Pyrene 1.0E+OO 

Trichlorolluoromethane 9.68-03 

CPC = Contaminant or Potential Concern 

[a] Bioaccumulation data presetted in: 

UPSSMAX.wkl 

Appendix P. Table P- 2 

BSTIMATBD CONTAMINANT CONCBNTRATIONS BAF VALUES POR 

IN PRIMARY FOOD ITBMS OTIIBR FOOD ITBMS 

Con<:<:ntrallon in Concentration in siiiiiii s1na11 
Invett Invertebrate n n uc[bj Plal'I Plara n m1e ( c) Mammal .B\nl 

BAP a 
1.0E+OO 9.3E-03 6.4E-02 1.0E+OO 1.0E+OO 

1.6E-01 3.7E+OO 6.0B-02 t.4E+OO 6.0E-01 6.0E-01 

2.3E-01 4.2E+OO 1.2E-0Z 2.2E-01 3.0E-01 3.0E-01 

2.1E+01 2.SE+OO 1.0E-02 1.2E-03 1.2E+00 2.9E+OO 

2.1E+OO 3.28-02 1.08-02 1.58-04 1.28+00 2.98+00 

2.lE+OO 9.78-02 1.08-02 4.68-04 1.2E+OO 2.98+00 

5.08-02 2.08-02 1.lE-02 4.48-03 1.58-01 1.58-01 

S.0E-02 5.08-02 1.18-02 1.lE-02 1.58-01 1.58-01 

5.08-02 4.SE-02 1.lE-02 9.98-03 1.58-01 1.SE-01 

5.08-02 5.08- 02 1.lE-02 1.18-02 1.58-01 1.58-01 

NA 0.0E+OO NA 0.08+00 NA NA 

[b] CPC concentrations in invertebrate tissue equals the invertebrate BAF multiplied by the RME soil concentration of the CPC. 

[ c] CPC concentrations in plant tissue equals the plant BAF multiplied by the RME soil concentration of the CPC. 
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Table P-10 
Estimated Chronic Exposure to Semi-Aquatic Receptors from Ingestion of RME Concentrations of CPCs in Food and Sediment 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

POTENTIAL DIETARY EXPOSURE (mg/kgBW[day) ldl 

ANALYIE Shorl-tai/sd shrew Red-winged blackbird Raccoon 

Cd>alt 2.0E-02 9.0E-03 2.0E-05 

Copper l.7E-02 l.2E-02 l.6E-0S 

Nickel l.6E-02 8.0E-03 l.6E-0S 

4,4-'DDD 6.4E-03 2.9E-03 6.7E-06 

4,4-'DDE 8.4E-05 3.8E-0S 8.8E-08 

4,4-'DDT 2.6E-04 1.2E-04 2.7E-OO 

Benzo[k )fluoranthene l.8E-04 9.4E-05 1.6E-OO 

Fluoranthene 4.5E-04 2.4E-04 4.0E-00 

Phenanthrene 4.lE-04 2.lE-04 3.6E-00 

Pyrene 4.5E-04 2.4E-04 4.0E-00 

Trichloronuoromethane 3.IE-06 l.4E-06 2.5E-09 

[d) Calculated by summing the products of individual prey type concentratiom and percent in diet, multiplyiog by the ingestion rate, and dividing by body weight (Table 9E-7) .. 
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Table P-10 
Exposure Parameters and Assumptions for Semi-Aquatic Receptors (e) 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

Repr<:sentati~ 

W"tldllre 

- - - - - ---- -- - --- ..,. - - - Pen:cnt Prey In Diet - - - ..,. -- - --- - --- - - - Rome Range 

,Jnveits P!ams Soil (a0rcs) 

S c!es ····-·· ·····-··-·~·······------ -----
shon-tailed shrew 

Red-winged 1,/acl:bird 

Racroon 

NOTES: 

[srrEAREA: 

(Omn. mammal) 

(Herb. bird) 

(Omn. mammal) 

0.02 acres 

78% 

24% 

91% 

( e] Documentation of exposure parameters presented in: Table P-1 

12% 

73% 

0% 

(f] ED = Exposure Duration (Percentage of year receptor is expected to be found at study area). 

[g] SFF = Site Foraging Frequency (calculated by dividing site area by receptor home range (cannot exceed 1.0)). 

UPSSMAX.wkl 

10% 

3% 

9% 

0.96 

0.54 

385 

F~4 
Site Foraging lngcnlon ~dy Weight 

BO ff] Freque~ey [gJ ~MIC (kg) 

__ tkJ!'fday) ____ ...... .. ... - .... , .. 
i 2.198-02 0.002S 0.017 

0.7S 3.89B-02 0.0087 0.054 

1 S.458-05 0.214 3.99 
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Table P-10 
Risk from Potential Lethal or Suhlethal Effects for Semi-Aquatic Receptors from RME Concentrations of CPCs in Food and Sediment 

Remedial Investigation Report, AOC 69W 
Devens, Massachusetts 

• 1 ' 

Short-tailed shrew Red- wirig~d blackbir,~ 
.. 

Raccoon ANALY'IE :: 

PDE R1V HQ PDE R1V HQ PDE ~:I\1, '.:_:'· HQ 
Cobalt 2.0E-02 4.2E+OO 4.7E-03 9.0E-03 4.2E+OO 2.lE-03 2.0E-05 4.2E+OO 4.SE-06 

Copper 1.7E-02 l.0E+02 l.7E-04 l.2E-02 l.0E+02 l.2E-04 l.6E-05 1.0E+02 l.6E-07 

Nickel 1.6E-02 l.3E+Ol 1.3E-03 8.0E-03 5.0E+ol l .6E-04 1.6E-05 1.3E+0l l.2E-06 

4,4-'DDD 6.4E-03 2.0E-01 3.2E-O'l 2.9E-03 1.4E-01 2.0E-O'l 6.7E-06 l .2E+0l 5.6E-07 

4,4-'DDE 8.4E-05 2.0E-01 4.2E-o4 3.8E-05 3.9E-01 9.BE-05 8.BE-08 l.2E+01 7.3E-09 

4,4-'DDT 2.6E-04 2.0E-01 1.3E-03 1.2E-04 1.4E-01 8.4E-04 2.7E-o7 1.2E+0l 2.2E-08 

Benzo[k ]fluoranthene 1.SE-04 1.0E+0l 1.BE-05 9.4E-05 1.0E+0l 9.4E-06 1.6E-07 1.0E+0l l.6E-08 

Fluoranthene 4.IB-04 1.0E+0l 4.5E-05 2.4E-04 1.0E+0l 2.4E-05 4.0E-07 l.0E+0l 4.0E-08 

Phenanthrene 4.lE-04 1.0E+0l 4.lE-05 2.lE-04 1.0E+0l . 2.lE-05 3.6E-07 1.0E+0l 3.6E-08 

Pyrene 4.IB-04 1.0E+0l 4.IB-05 2.4E-04 1.0E+0l 2.4E-05 4.0E-07 1.0E+0l 4.0E-08 

Trichlorofluoromethane 3.lE-06 3.5E+0l 8.8E-08 1.4E-06 3.5E+0l 3.9E-08 2.5E-09 3.5E+01 7.2E-ll 

' . ' 

-

SUMMARY HAZARD INDEX I 4.0E-O'l I 2.4E-02 .I 6.9E-06 

PDE = Potential Dietary Exposure (mwkgBW/day) RlV = Reference Taticity Value (mwJcgBW/day) HQ = Hazard Quotient (calculated by dividing PDE by RTV) 
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ANALYIE 0.0£+00 
PDE R'1V HQ 

Cobalt ERR ERR 

Copper ERR ERR 

Nickel ERR ERR 

4,4-'DDD ERR ERR 

4,4-'DDE ERR ERR 

4,4-'DDT ERR ERR 

Benzo(k ]fluoranthene ERR ERR 

Fluoranthene ERR ERR 

Phenanthrene ERR ERR 

Pyrene ERR ERR 

Trichloronuoromcthane ERR ERR 

SUMMARY HAZARD INDEX I ERR 

PDE = Potential Dietary Exposure (m&-'kgBW/day) HQ = Hazard Quotient ( calculated by dividing PDE by RlV) 
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1.0 INTRODUCTION 

Decisions regarding the need for remediation and efficacy, of remedial alternatives at 

sites containing waste materials,· often depend on information concerning the environmental 

risks posed by conditions at the site. As part of the Comprehensive Environmental Response 

Compensation and Liability Act (CERCLA}, remedial alternatives or removal actions for 

hazardous waste sites should include an environmental impact study. An essential part of 

the environmental impact study is the assessment of the degree and spatial extent of 

contamination in sediments and/or soils at the site. 

In recognition of these concerns, ABB Environmental Services, Inc. in Wakefield, 

Massachusetts included a battery of screening evaluation assays with benthic organisms as a 

part of the environmental impact study. The toxicity of the bulk sediment samples was 

measured using epibenthic and benthic organisms, Hyalella azteca and Chironomus tentans, 

respectively. The bioaccumulation of xenobiotics in the sediments were measured using, a 

freshwater oligochaete, Lumbriculus variegatus. 

The objective of this testing program was to evaluate the toxicity of contaminated bulk 

sediments from nine sites at Fort Devens, Massachusetts and to evaluate the 

bioaccumulation c;,f xenobiotics from three of the nine sites at Fort Devens. All biological 

testing was conducted at Springborn Laboratories, Inc., Wareham, Massachusetts. The 

oligochaete tissue samples were analyzed by ESE Inc., Gainsville, Florida. All original raw 

data from the biological testing and the final report produced during this study are stored at 

Spring born. 

2.0 MATERIALS AND METHODS 

2.1 Test Samples 

The toxicity tests were conducted using sediment collected from Fort Devens, 

Massachusetts. Approximately 4 liters of sediment from each location were collected by ABB 

Springborn Laboratories, Inc. 
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Environmental Services, Inc. personnel, with an additional 8 liters of sediment collected from 

the three sites for the bioaccumulation exposure. The nine samples were identified as: Z.W0-

95-02X, Z.W0-95-03X, ZWD-95-06X, 57O-95-04X, 57O-95-05X, .57O-95-06X, 57D-95-07X, 

57O-95-0BX, and 57D-95-10X. The samples were received at Springbom on 15 September 

1995. Three of the six sample containers for sample 57D~95-06X had lost their lids during 

shipping and sample 57D-95-04X was not included in this shipment. These two samples were 

recollected by ABB Environmental Services and they were received on 20 September 1995 in 

tact. Following receipt at Springbom, any samples that were not immediately tested were 

stored refrigerated at approximately 4 ± 2°C. Refrigerated samples were warmed to room 

temperature before use in the toxicity tests. Prior to use in the toxicity test, all sediment 

samples were passed through a 2.0 mm stainless steel sieve to remove rocks, debris and 

large clumps of sediment. In addition, Springbom collected sediment from Strobs Folly Brook, 

Wareham, MA which was used as a reference control sediment. 

2.2 Overlying Water 

Laboratory water was used for the overlying water and culture water for the midge, 

Chironomus tentans. The laboratory water was well water which had been supplemented 

with untreated water from the Town of Wareham, Massachusetts. The laboratory water had a 

total hardness of 30 mg/Las CaC03, a pH range of 7.0 to 7.2, and a specific conductivity 

.within the range of 110 to 130 µmhos/cm. 

The laboratory water was fortified to a total hardness of 160 to 180 mg/L as CaC03; 

alkalinity 11 0 to 130 mg/L as CaC03; specific conductance of 400 to 600 !Jmhos/cm; and a 

pH of 7.9 to 8.3 for the overlying water and culture water for the amphipod, Hyalel/a azteca 

(U.S. EPA, 1975). 

2.3 Monitoring Environmental Conditions of the Test Systems 

Dissolved oxygen concentrations were measured using a Yellow Springs Instrument 

(YSI) Model #57 dissolved oxygen meter and probe; pH was measured with a Jenco Model 

Springbom Laboratories, Inc. 
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601A pH meter and combination electrode; and daily temperature was measured with a 

Fisher alcohol thermometer. Total hardness concentration was measured by the EDTA 

titrimetric method. Total alkalinity concentration was determined by potentiometric titration to 

an endpoint of pH 4.5 (APHA et. al.; 1985). Specific conductance was measured using a YSI 

Model #33 conductivity meter. The temperature of the test solutions was continuously 

monitored throughout the study using a Fisher Min/Max ther:mometer. Light intensity was 

measured with a General Electric type 217 light meter. 

2.4 Subchronic Toxicity Test with Midges 

2.4.1 Test Method and Conduct 

Test organisms were placed in beakers containing the sediment and clean laboratory 

overlying water on 25 September 1995 and were incubated under standard conditions until 5 

October 1995 (10 days). After the exposure, the surviving organisms were counted and 

weighed. Sediment toxicity was estimated by comparing the response of exposed organisms 

in the test sediment with the reference sediment. Procedures used in the subchronic toxicity 

test with midge followed those described in the Springbom test method entitled "Static

Renewal Partial Life-Cycle Toxicity Test with Midge Chironomus tentans" to Meet U.S. EPA 

Guidelines, Springborn Laboratories Test Method #SED-Ct-101. The procedures described in 

this test method meet the standard procedures described in the Methods for Measuring the 

Toxicity and Bioaccumulation of Sediment-Associated Contaminants with Freshwater 

Invertebrates (U.S. EPA, 1994). A copy of the test method is an attachment to this report. 

2.4.2 Test Organism 

Chironomus tentans were obtained from cultures maintained at Springborn. The 

culture system was maintained under static conditions and consisted of 38-liter glass aquaria, 

which contained approximately 20 L of laboratory well water, and were maintained at a 

temperature of 23 ± 2 °C. The culture area received a regulated photoperiod of 16 hours of 

light and 8 hours of darkness. Light at an intensity of 30 to 100 footcandles was provided at 

the culture solutions' surface by Durotest Vitalite® fluorescent bulbs. The midge cultures 
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were fed a combination of finely ground flaked fish food suspension (60 mg/ml) prepared at 

Spring born. 

Midge egg masses were obtained from culture vessels by aspirating several"adult 

male and females flies into a 250 ml flask approximately 12 to 14 days prior to test initiation. 

Egg masses deposited overnight, were removed and placed in a s_hallow glass pan with 

laboratory well water. Egg masses hatch occurs approximately 2 to 3 days after deposition. 

Larvae were fed a flaked fish food suspension (60 mg/ml) and overlying waster was replaced 

daily. test organisms, 9 to 11 days old (post hatch), were used to •initiate the sediment 

exposures. 

2.4.3 Test Procedures 

Eight replicate test vessels (300-mL glass beakers) were maintained for each 

sediment sample and control. Each vessel contained 100 ml (wet weight) of sediment and 

175 ml of laboratory water. The resultant sediment layer in each test vessel was 2 cm deep. 

Each sediment was tested as 100% with no dilutions. The test systems with sediment and 

water were allowed to sit overnight before introducing the test organisms. The test was 

initiated when ten midge larvae were introduced to each test vessel. Aeration was provided to 

each test vessel when dissolved oxygen dropped below 40% of saturation. 

The test was conducted in a temperature controlled water bath designed to maintain 

the temperature of the test solutions at 23 ± 1 °C. The test area had a photoperiod of 16 

hours of light and 8 hours of darkness, with a light intensity range of 30 to 70 footcandles. 

Lighting was provided by Sylvania Growlux® and Cool White® fluorescent bulbs .. 

The overlying water was renewed by adding two volume additions (350 ml total) per 

day, with a calibrated water-delivery system (Zumwalt et al., 1994). Midge larvae were fed 

daily. The amount fed ranged between 0.5 ml and 1.5 ml of a suspension of finely ground 

Tetramin® flaked fish food (4.0 mg/ml), per test vessel, based on the amount of food 

Springborn Laboratories, Inc. 
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collected on the sediment surface. The midge larvae were not fed on Day 8 since sufficient 

food was available on the sediment surface in the test vessels. 

Total hardness, alkalinity, specific conductance, and ammonia were determined at test 

initiation and test termination in the overlying water from a composite sample from all 

replicates. The composite sample was taken form 1 to 2 cm from the sediment surface using . 

a pipet. Dissolved oxygen, pH, and temperature .were measured in all replicate vessels at test 

initiation and test termination. Dissolved oxygen, pH, and temperature were monitored daily in 

at least one alternating replicate during the course of the study. Temperature extremes were 

recorded daily from readings of a minimum/maximum thermometer place in the water bath. At 

test initiation and at each subsequent 24-hour interval, biological observations and the 

physical characteristics of the test solutions were observed and recorded. 

Survival was determined at test termination by sieving the sediment from each 

replicate test vessel to remove the midges for observation. Midge larvae weight was 

determined by drying the surviving test organisms at 60 ° C for 24-hours· then weighing them 

on a calibrated analytical balance. 

2.4.4 Deviations to the Test Method 

No deviations to the test methods occurred during this study. 

2.5 Subchronic Toxicity Test with Amphipods 

2.5.1 Test Method and Conduct 

Test organisms were placed in beakers containing the sediment and clean laboratory 

water on 25 September 1995 and were incubated under standard conditions until 5 October 

1995 (1 O days). After the exposure, the surviving organisms were counted. Sediment 

toxicity was estimated by comparing the response of exposed organisms in the test sediment 

with the reference control sediment. Procedures used in the acute toxicity test with 

amphipod followed those described in the Springbom test method entitled "Static-Renewal 

Springbom Laboratories, Inc. 
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Acute Toxicity Test with Hyallela azteca" to Meet U.S. EPA Guidelines, Springbom 

Laboratories Test Method #SED-Ha-121. The procedures described in this test method meet 

the standard procedures described in the Methods for Measuring the Toxicity and 

Bioaccumulation of Sediment-Associated Contaminants with Freshwater Invertebrates {U.S. 

EPA, 1994). A copy of the test method is an attachment to this report. 

2.5.2 Test Organism 

The test organisms, Hyalella azteca, used in this study were obtained from 

Environmental Consulting and Testing. The approximately 1000 amphipods, 7 days old were 

received on 19 September 1995 and assigned SLI lot number 95A79. The test population 

was split in two groups of 500 and held for 6 days under static conditions in 9.5-liter aquaria 

containing 6 L of water.· Amphipods were held in fortified laboratory well water and fed a 

suspension of yeast, cerphyl and trout food suspension {YCT) and supplemented with flake 

fish food, daily. Temperature was maintained at 23 ± 1°C. The holding area received a 

regulated photoperiod of 16 hours of light and 8 hours of darkness. Light intensity of 30 to 

100 footcandles was provided at the culture solutions' surface by Durotest Vitalite fluorescent 

bulbs. Amphipods used to initiate the exposure were 13 days old. 

2.5.3 Test Procedures 

Eight replicate test vessels {300-mL glass beakers) were maintained for each 

sediment sample and control. Each vessel contained 100 ml {wet weight) of sediment and 

175 ml of laboratory water. The resultant sediment layer in each test vessel was 2 cm deep. 

Each sediment was tested as 100% with no dilutions. The test systems with sediment and 

water were allowed to sit overnight before introducing the test organisms. The test was 

initiated when ten amphipods were introduced to each test vessel. Aeration was provided to 

each test vessel when dissolved oxygen dropped below 40% of saturation. 

The test was conducted in a temperature controlled water bath designed to maintain 

the temperature of the test solutions at 23 ± 1 °C. The test area had a photoperiod of 16 

Springbom Laboratories, Inc. 
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hours of light and 8 hours of darkness, with a light intensity range of 30 to 70 footcandles. 

Lighting was provided by Sylvania Growlux® and Cool White® fluorescent bulbs. 

The overlying water was renewed by adding two volume additions (350 ml total) per 

day, with a calibrated water-delivery system (Zumwalt et al., 1994). The amphipods were fed 

daily. They were fed 1.0 ml of YCT per test vessel, except on Day 0 when they were fed a 

1.5 ml suspension of trout chow, per test vessel. 

Total hardness, alkalinity, specific conductance, and ammonia were determined at test 

initiation and test termination in the overlying water form a composite sample from all 

replicates. The composite sample was taken form 1 to 2 cm from the sediment surface using 

a pipet. Dissolved oxygen and temperature were measured in all replicate vessels at test 

initiation and test termination. Dissolved oxygen and temperature were monitored daily in at 

least one alternating replicate during the course of the study. Temperature extremes were 

recorded daily from readings of a minimum/maximum thermometer place in the water bath. At 

test initiation and at each subsequent 24-hour interval, biological observations and the 

physical characteristics of the test solutions were observed and recorded. 

Survival was determined at test termination by sieving the sediment from each 

replicate test vessel to remove the amphipods for observation. The amphipod weights were 

determined by drying the surviving test organisms at 60 ° C for 24-hours then weighing them 

on analytical balance. 

2.5.4 Deviations to the Test Method 

The following deviations from the test method occurred in this study. 

1. Fortified well water was used for the overlying water rather than well water as stated in the 

test method. We do not believe this deviation adversely affected the results of this study. 

Springborn Laboratories, Inc. 
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2. There was 64% survival of organisms exposed to the control sediment. This was below the 

80% acceptance criteria. This deviation alters statistical analysis of the data, however some 

inferences about sediment toxicity can still be drawn. These inferences are discussed further 

in the results section of the report. 

2.6 Bioaccumulation Tests with Oligochaetes 

2.6.1 Study Method and Conduct 

Test organisms were placed in aquaria containing the sediment and laboratory water 

and were incubated under standard conditions for 28 days. After exposure, the surviving 

Oligochaetes from each sediment sample an~ control were placed in 1 liter glass beakers 

containing approximately 900 ml of laboratory water for a period of 24 hours. This 24 hour 

period allowed the test organisms to eliminate their gut contents. Following the 24 hour 

elimination period, all Oligochaetes from each sediment sample and control were frozen then 

shipped on dry ice for analyses. Procedures used in the bioaccumulation test with 

oligochaetes followed those described in the Springborn Laboratories test method entitled 

"Bioaccumulation Test with Oligochaete Lumbriculus variegatus", Springbom Laboratories 

Test Method #SED-Lv-160. The procedures described in this test method follow 

methodology presented in the Methods for Measuring the Toxicity and Bioaccumulation of 

Sediment-Associated Contaminants with Freshwater Invertebrates (U.S. EPA, 1994). 

2.6.2 Test Organism 

lumbricu/us variegatus were obtained from cultures maintained at Springbom. 

Oligochaetes were cultured in 57-liter glass aquaria containing approximately 40 liters of 

laboratory water .and a 3 to 5 cm layer of artificial substrate, which was maintained at a 

temperature of 22 ± 2 °C. The artificial substrate consists of shredded unbleached paper 

towel, conditioned in laboratory water. The cultures were maintained under flow through 

conditions. The culture area received a regulated photoperiod of 16 hours of light and 8 

hours of darkness. Light at an intensity of 30 to 100 footcandles was provided at the culture 

solutions' surface by Durotest Vitalite® fluorescent bulbs. The overlying water was 

Springbom Laboratories, Inc. 
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continuously aerated with oil free air. Each culture aquaria was fed, three times per week, a 

10 ml suspension of salmon starter (5 mg/ml). 

2.6.3 Test Procedures 

The test vessels used during this test were 9.5-L aquaria. Three ·replicate aquaria 

were maintained for each sediment sample and a control. E_ach aquaria contained 1 liter of , 

sediment and 4 liters of overlying laboratory water. The resultant sediment layer in each test 

vessel was 3 cm deep. Each sediment sample was tested as 100% (no dilutions). The test 

system with sediment and water were allowed to sit overnight before introducing the test 

organisms. The test was initiated on 19 September 1995, when 100 oligochaetes were 

introduced to each test aquaria. Aeration was provided to each test vessel throughout the 

exposure period. The exposure period ended after 28 days on 17 October 1995. 

The test was conducted in a temperature controlled water bath designed to maintain 

the temperature of the test solutions at 23 ± 1 °C. The test area had a photoperiod of 16 

hours of light and 8 hours of darkness, with a light intensity range of 30 to 100 footcandles. 

Lighting was provided by Durotest Vitalite® fluorescent bulbs. 

Renewal of the overlying water in each replicate aquaria was performed weekly by 

carefully siphoning off 75% (approximately 3 liters) of the existing overlying water and gently 

replacing it with fresh site water. Oligochaetes were not fed during the 28 day exposure. 

Sufficient organic matter existed (>1.25% organic carbon) in each sample to eliminate feeding 

during the 28 day study. 

At test initiation and at each subsequent 24-hour interval, biological observations and 

the physical characteristics of the test solutions were observed and recorded. The dissolved 

oxygen concentration, pH and temperature were measured daily in alternating replicate test 

aquaria. At test initiation and weekly thereafter, dissolved oxygen, pH and temperature were 

measured in all replicate aquaria of each test sediment and control. At test initiation and 

Springborn Laboratories, Inc. 
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weekly thereafter until test termination, total hardness, total alkalinity, specific conductivity, 

and ammonia concentration of overlying water from each test sample and control were 

measured in alternating replicates. 

Surviving biomass was determined at test termination. The oligochaetes were 

collected by sieving the sediment from each replicate aquaria. Following a 24 hour gut 

elimination period the oligochaetes were frozen awaiting shipping to the analytical laboratory. 

2.6.4 Chemical Analysis of the Xenobiotic(s) 

The three exposure oligochaete samples and one control oligochaete sample were 

frozen and shipped on dry ice to ESE, Inc. on 19 October 1995 via Federal Express 

overnight service. The chemical analysis of the samples was arranged by ABB Environmental 

Services. 

2.6.5 Deviations to the Test Method 

The tissue samples were delivered in a 48-hr period, rather than the 24-hr period 

stated in the test method. The delay in the delivery was due to a faulty fuel line on a Federal 

Express jet. The samples were still partially frozen upon arrival at ESE, Inc. We do not 

believe this deviations adversely affected the results of this study. 

2. 7 Statistical Analysis 

The mean survival and growth of midge larvae and amphipods and total biomass of 

the oligochaetes from each test sediment and reference control sample were tested for 

normality and homogeneity of variance using Shapiro-Wilks Test or Chi-Square Test. Since 

the data passed the two qualifying tests, Dunnett's Test was used to evaluate the results of 

the mean survival and growth of each test sample for significant adverse effects. 

Springbom Laboratories, Inc. 
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3.0 RESULTS AND DISCUSSION 

3.1 Toxicity Tests 

3.1.1 Chironomus tentans 

A summary of the water quality characteristics of overlying water during the 10-day 

subchronic tests with Chironomus tentans is presented in Table 1. A summary of the 

biological results from the screening tests with C; tentans is presented in Table 2. The midge 

survival and growth in the laboratory control sample exceeded acceptable test criteria. There 

were no statistically significant midge survival and growth effects observed in any of the study 

site samples, compared to the laboratory control data. However, samples ZWD-95-06X, 57O-

95-04X, and 57O-95-0SX had midge survival of less than 70%. 

Comparison of study site samples with a reference sample (57O-95-0SX) showed that 

no significant survival effects were observed in any samples. Midge growth in sample 57O-

95-04X was significantly less than the growth observed in the reference sample. All other 

samples showed no significant growth effects when compared to the reference sample. 

3.1.2 Hya/ella azteca 

A summary of the water quality characteristics of overlying water during the 10-day 

acute tests with Hyalella azteca is presented in Table 3. A summary of the biological results 

from the screening tests with H. azteca is presented in Table 4. The H. azteca survival in the 

laboratory control sample did not meet the acceptable test criteria. The cause of this failure to 

meet the acceptable criteria is not known. Three of the study site samples had amphipod 

survival which exceed 80%. All of the organisms used in this study came from the same 

source and were impartially distributed among the nine study site samples and the laboratory 

control. 

Statistical comparisons of the study site samples against the laboratory control were 

conducted even though the control did not meet the survival acceptance criteria. Amphipod 
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survival in sample ZWD-95-06X was significantly less than the control survival. Sample ZWD-

95-06X also had the lowest midge survival (Table 2). 

Comparison of study site samples with a reference sample (57D-95-0BX) showed that 

amphipod survival in samples ZWD-95-02X and ZWD-95-06X was significantly reduced. No 

significant growth effects were observed when compared with the reference sample. 

3.2 Bioaccumulation Study 

A summary of the water quality characteristics of overlying water during the 28-day 

exposure with Lumbriculus variegatus is presented in Table 5. The mean oligochaete 

biomass from each sample at the termination is presented in Table 6. Results of the chemical 

analysis of the oligochaete tissue and sediment are presented in Table 7. 

Tetrachloro-m-xylene and decachlorobiphenyl were found in the three study site tissue 

samples and the laboratory control. Aldrin was found in two of the study site tissue samples 

(57D-95-0BX and 57D-95-06X) and the laboratory control. None of the analities found in the 

oligochaete tissue were measured in the sediments from the study site. There was an 

unusual correlation between the concentration of the three analities found in the oligochaete 

tissue samples and the order of the four tissue· samples. The control tissue had the highest 

concentration of all three analities, sample 57D-95-0BX had_ the second highest concentration 

of all three analities, sample 57D-95-06X had the third highest concentration of all three 

analities and sample 57D-95-0SX had the lowest concentration of all three analities. This 

trend suggests that either the quantification limits of each compound for the small mass of 

tissue were unreliable, or that there was some sort of systematic sample contamination. In 

either event, since the three analities were not found in the sediment from the study site, the 

tissue concentrations appear to be artifactual. 

Springbom Laboratories, Inc. 
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Table 1. Water quality parameters (dissolved oxygen, pH, temperature, total 
alkalinity, total hardness, specific conductivity) measured in the overlying 
water during the 10-day subchronic toxicity tests with Chironomus 
tentans. 

Dissolved Oxygen pH . Ammonia 
Sample (mg/L) (mg/Las N) 
Identification Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 
Control 8.1-8.3 4.2-4.8 6.~ 6.3-6.6 0.58 0.63 
ZWD-95-02X 8.7 3.9-7.2 7.0-7.1 6.5-6.6 0.21 0.80 
ZWD-95-03X 8.6-8.7 4.6-7.3 7.0 6.4-6.5 0.0 0.85 
ZWD-95-06X 8.7-8.8 5.6-7.3 7.1 6.1-6.7 0.0 0.87 
57D-95-04X 8.0-8.3 3.1-6.8 6.8-6.9 6.4-6.5 0.16 0.87 
57D-95-05X 7.4-7.6 5.3-6.9 6.7-6.8 6.4-6.5 0.08 0.70 
57D-95-06X 7.9-8.3 5.8-7.2 6.8-6.9 6.4-6.5 0.16 0.45 
57D-95-07X 7.5-7.9 1.4-6.9 7.0 6.1-6.5 0.28 0.72 
57D-95-08X 8.0-8.2 4.6-7.1 6.9-7.0 6.4-6.5 0.34 0.79 
57D-95-10X 7.5-7.9 4.4-7.4 6.8-6.9 6.5 0.30 0.68 

Alkalinity Hardness Conductivity 
Sample (mg/L as CaCO3) (mg/L as CaCO3) (µmhos/cm) 
Identification Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 
Control 20 20 44 32 160 110 
ZWD-95-02X 22 30 44 40 160 120 
ZWD-95-03X 22 26 40 36 170 110 
ZWD-95-06X 20 32 40 40 170 120 
57D-95-04X 20 22 36 32 160 110 
57D-95-05X 22 28 40 40 170 120 
57D-95-06X 20 18 44 40 160 110 
57D-95-07X 24 26 44 48 170 130 
57D-95-08X 24 24 44 40 160 120 
57D-95-10X 22 26 44 36 170 120 
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Table 2. Survival and average dry weights of Chironomus tentans at the termination of 
the 10-day subchronic toxicity tests. 

Sample Mean Percent Survival Mean Dry Weight in mg 
Identification (Standard Deviation) (Standard Deviation) 
Control 74(19) 1.70(0.32) 

ZWD-95-02X 75(15) 2.24(0.85) 

ZWD-95-03X 88(14) 2.94(0.67) 
ZWD-95-06X 60(19) 2.41(0.93) 
57O-95-04X 65(29) 1.36(0.30)1 

57O-95-0SX 64(29) 2.00(0.48) 
57O-95-06X 90(8) 1.80(0.19) 
57O-95-07X 71(24) 2.27(0.67) 
57O-95-08X 84(12) 1.81(0.30) 
57O-95-10X 83(12) 1.75(0.33) 

• Midge growth in this sample was significantly less than the reference sample (57D-95-
08X). 
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Table 3. Water quality parameters (dissolved oxygen, pH, temperature, total alkalinity, 
total hardness, specific conductivity) measured in the overlying water during 
the 10-day acute toxicity tests with Hyalella azteca. 

Dissolved Oxygen pH Ammonia -

Sample (mg/L) (mg/Las N) 
Identification Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 
Control 6.8-7.1 5.9-6.2 7.3-7.4 • 7.5-7.7 0.72 0.36 
ZWD-95-02X 7.4-7.8 5.5-6.4 7.6-7.8 7.4-7.7 0.28 0.41 
ZWD-95-03X 7.5-7.7 5.4-7.8 7.6-7.7 7.5-7.8 0.0 0.21 
ZWD-95-06X 7.2-7.5 5.0-6.4 7.6-7.7 7.2-7.6 0.02 0.33 
57D-95-04X 7.5-7.8 5.6-6.5 7.5-7.6 7.4-7.7 0.13 0.10 
57D-95-05X 6.2-6.6 4.7-6.0 7.3-7.4 7.4-7.6 0.07 0.23 
57D-95-06X 6.5-6.6 · 5.5-6.2 7.3-7.4 7.3-7.7 0.25 0.32 
57D-95-07X 6.1-6.6 4.8-6.2 7.6-7.7 7.4-7.7 0.32 0.20 
57D-95-08X 6.3-6.5 5.4-6.5 7.5 7.4-7.8 0.42 0.38 
57D-95-10X 6.5-7.7 5.1-6.3 7.4-7.6 7.6-7.8 0.28 0.21 

Alkalinity Hardness Conductivity 
Sample (mg/L as (CaCO3) (mg/L as (CaCO3) (µmhos/cm) 
Identification Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 
Control 98 112 156 164 500 500 
ZWD-95-02X 124 114 168 176 500 500 
ZWD-95-03X 110 112 168 172 450 500 
ZWD-95-06X 116 112 168 172 500 500 
57D-95-04X 104 106 160 160 500 500 
57D-95-05X 106 124 164 180 500 500 
57D-95-06X 102 106 156 168 500 500 
57D-95-07X 112 120 172 172 500 500 
57D-95-08X 116 116 168 172 500 500 
57D-95-10X 114 112 168 172 500 500 
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Table 4. Survival of Hyalella azteca at the termination of the 10-day acute toxicity 
tests. 

Sample Mean Percent Survival Mean Dry Weight in mg 
Identification (Standard Deviation) (Standard Deviation) 
Control 64(18)· 0.10(0.05) 
ZWD-95-02X 55(24)b 0.15(0.07) 
ZWD-95-03X 66(18) 0.10(0.05) 
ZWD-95-06X 36(23t•c 0.11(0.07) 
57D-95-04X 83(7) 0.08(0.01) 
57O-95-0SX 70(19) 0.16(0.05) 
57O-95-0SX 84(9) 0.08(0.03) 
57D-95-07X 74(7) 0.11 (0.04) 
57O-95-0SX 80(21) 0.10(0.03) 
57O-95-10X 71 (18) 0.11(0.06) 

• The control survival did not meet the acceptance criteria of 80%. 
b Amphipod survival in this sample was significantly less than the reference sample (57O-

95-0BX). • 
c Amphipod survival in this sample was significantly less than the control. 
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Table 5. Water quality parameters (dissolved oxygen, pH, temperature, total alkalinity, 
total hardness, specific conductivity) measured in the overlying water during 
the 28-day exposure with Lumbriculus variegatus. 

Dissolved pH Ammonia 
Oxygen 

Sample (mg/L) (mg/Las N) 
Identification Day 0-28 Day 0-28 Day 0-28 
Control 6.4-8.6 6.5-7.2 0.26-0.71 
57D-95-05X 6.4-8.1 6.9-7.6 0.47-0.79 
57D-95-06X 6.9-8.2 7.1-7.5 0.50-0.92 
57D-95-08X 6.9-8.3 7.2-7.6 0.48-0.68 

Alkalinity Hardness Conductivity 
Sample (mg/L as CaCO3) (mg/L as CaCO3) (µmhos/cm) 
Identification Day 0-28 Day 0-28 Day 0-28 
Control 16-38 24-56 90-220 
57D-95-0SX 22-82 32-88 110-300 
57D-95-06X 20-63 40-76 140-250 
57D-95-08X 24-50 44-80 150-250 
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Table 6. Mean biomass per aquarium of Lumbriculus varisgatus at the termination of 
the 28-day exposure. 

Sample 
Identification 
Control 
57O-95-05X 
57O-95-0SX 
57O-95-0BX 

Mean Biomass (g)/Aquarium 
(Standard Deviation) 

1.37(0.09) 
1.43(0.11) 
1.52(0.41) 
1.18(0.25) 
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Table 7. Concentration of analities measured in sediment and tissue of Lumbriculus 
variegatus after the 28-clay exposure. 

Sample Sample Concentration (µg/kg) Wet Weight 

Number Type Aldrin Tetrachloro-m-xylene Decachlorobipheny 
I 

Control tissue 39.7 2850 3380 

57D-95-08X tissue 21.6 919 1130 

57D-95-06X tissue 16.6 751 926 

57D-95-05X tissue <6.67 454 558 

Control sediment NA NA NA 

57D-95-08X sediment ND ND ND 

57D-95-06X sediment ND ND ND 

57D-95-05X sediment ND ND ND 

NA = not analyzed 
ND= not detected 
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RESPONSE TO COMMENTS AND REVISIONS 
ON THE FINAL REMEDIAL INVESTIGATION REPORT 

FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
DECEMBER 1998 

l\fADEP Comments on the Final Remedial Investigation Report for AOC 69W 
August 1998 

Qeneral Comment 

1. Comment: The MADEP disagrees with the Anny's contention that the groundwater underlying 
the site is not available as a source of potable drinking water. 

AOC 69W is located within the zone II groundwater protection area for the Devens MacPherson 
Well and as such, it has the potential to contribute water to the well under severe pumping and 
recharge conditions. 

Response: The Army's position is that the groundwater underlying AOC 69W is unlikely to be 
used as a source of potable water due to the hydrogeological limitations of the water table aquifer 
and the fact that the area is served by a public water supply. 

The Army recognizes that AOC 69W lies within the delineated Zone II groundwater protection 
area for the MacPherson Well. A soil removal action was therefore conducted to help mitigate 
the source of the groundwater contamination. In addition, the Army intends to adopt a long-term 
groundwater monitoring plan for AOC 69W including installation of additional monitoring 
wells. Details of the long-term groundwater monitoring plan will be provided for discussion and 
review in the near future. These measures will ensure that residual contamination at AOC 69W 
will not be allowed to migrate towards the MacPherson Well and that both human health and the 
environment will be protected. 

~~_, -cts\69WRCL\Fina1Com.Doc 9144-03 

4 



.. . 

APPENDIX Q 

RESPONSE TO COMMENTS ON THE DRAFf REMEDIAL 
INVESTIGATION REPORT FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS DATED APRIL 1998 

Harding Lawson Associates 
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RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION REPORT 

FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST 1998 

Harding Lawson Associates (HLA) formerly ABB Environmental Services, Inc. (ABB-ES') responses to regulatory 
comments are organized following the format in which the agencies provided comments to the Army. Responses 
have been provided for each comment. 

EPA Comments on Draft Remedial Investigation Report 
Area of Contamination (AOC) 69W, Devens, MA 
Aprill998 

General Comments 

1. Comment: The risk assessment should mainly present technical information (e.g., methodology, results, 
uncertainty, etc.). Risk management should be used to determine which information presented in the risk 
assessment requires mitigation and/or various other risk-related decisions. This risk assessment often 
makes risk management decisions either instead of or in conjunction with risk results. Unless all 
regulatory parties are in agreement with a change of standard evaluation practices (e.g., this repon 
includes general practice/guidance changes such as: -1-use ofbackground concentrations above risk-based 
regulatory standards for a means to evaluate discarding contaminants of concerns; -2- not performing risk 
assessment because pathway is only potentially complete; etc.), then the risk assessment should present all 
risk results with out any caveats. 

The uncenainty section should clearly define all variables (e.g., issues such as the unlikely use of 
groundwater as drinking water). Of course, uncenainty in the risk results may skew results either in a 
conservative or non-conservative fashion. The conclusions may also present some risk management 
concerns/recommendations. However, the risk assessment should remain straight forward and present all 
results. 

Response: There were no analytes selected as COPCs because they are detected at concentrations greater 
than RBCs but less than background. 

Please refer to Responses to USEPA Specific Comments 23 and 29 for further discussion. 

2. Comment: The surface soil inhalation pathway should be evaluated because analytes were detected above 
the Region III Risk-Based Concentrations (RBCs). Beryllium respirated through particulate may be a 
health concern. 

Response: The soil-derived particulate inhalation pathway was evaluated for the site maintenance worker 
and excavation worker; it was not evaluated for the pupil or trespasser. This exposure pathway was not 
evaluated for these two receptors because the area of the site where soil samples were collected is small 
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RESPONSE TO COMMENTS 
ON THE DRAFf REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST1998 

( continued) 

and grass-covered; no recreational· or other activities that may generate dust are expected. However, the 
Army agrees that beryllium respirated through particulates may be a health concern and, therefore, will 
include quantitative evaluation of the particulate inhalation exposure pathway for the pupil and trespasser 
receptors. 

3. Comment: Antimony analytical results could not be found in the report. Possibly all the antimony results 
were "not detected". Please provide a table of the analytes, along with the analytical method detection 
limits, that were excluded from the general tables because they were not detected. 

Response: Antimony was analyzed for as part of the PAL inorganics analysis and was not detected during 
the course of the RI investigation. A summary of target analytes and detection limits is provided in 
Appendix D and tabulated in Appendix J of the RI. Antimony results for all samples are included in 
AppendixL. 

4. Comment: From the data validation infonnation presented, the laboratory appears to have had problems 
with antimony recovery. Please evaluate this issue in terms of the potential effect on the risk evaluation. 
The Region III Risk-Based-Concentrations for antimony are 31 mg/Kg in soil and 15 ug/L in drinking 
water. Since they are non-cancer risk-based, the RBCs are adjusted to 3.1 mg/Kg for surface soil and 1.5 
ug/L for drinking water. 

Response: It is not clear to what data the commentor is referencing. The Anny is not ~ware of any 
problems with antimony recoveries in any of the data sets. 

5. Comment: Since sampling location ZWB-96-03X is inside the courtyard it would be representative of 
potential surface soil exposure. However, the location appears to have initial analytical results at the 6 
feet below ground surface level. Are there O to 1 foot analytical results? If so, please include these in the 
report. 

Response: Off-site analytical laboratory samples from boring ZWB-96-03X were collected 6 to 8 feet 
below ground surface (bgs) and 10 to 12 feet bgs in order to delineate potential source area contamination. 
A surface soil sample within the courtyard would not be representative of surface soil exposure as the 

courtyard is primarily paved and the small unpaved areas are heavily vegetated. 

6. Comment: While the data obtained in the RI tend to support the conclusions drawn, the presentation is 
sometimes rather sketchy on the reasoning that leads from the data to the conclusions. For example, the 
RI simply asserts that that contamination attributed to the 1978 spill "... does not appear to be migrating 
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RESPONSE TO COMMENTS 
ON THE DRAFI' REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSE'ITS 
AUGUST 1998 

(continued) 

hydrogeologically downgradient" (e.g., p. 10-4, para. 2). While this appears to be the case upon 
inspection of, say, Figure 7-3, the specific evidence and the logical arguments behind the conclusion are 
not developed in detail. Another example is the conclusion with regard to arsenic transport (e.g., p. 10-' 
11, first bullet), which appears to be reasonable, but is not supported by adequate discussion of controls on • 
transport of arsenic and their relationship to site-specific conditions. 

Response: The commentor references conclusions presented in Section 10. Section 10 is intended to be a 
synopsis of the RI findings as well as a summary of recommendations for further action at the site. 
Section 10 is not intended to defend all of the findings and conclusions as the supporting data and 
rationale is presented in preceding sections. Sections 7.2.2.1, 7.2.2.2, 7.2.3.1 and 7.2.3.2 as well as the 
supporting Figures detail the resul~ of the soil and groundwater analysis program. In these sections the 
analytical results are discussed in detail and the rationale for the conclusion that contaminants related to 
the old boiler room are not migrating is developed. Likewise, arsenic in groundwater and its fate and 
transport is discussed in both Sections 7 and 8. In an effort to better support the conclusions and clarify 
the rationale behind them, additional text will be added to the Executive Summary and Section 10. 

Comment: The human health risk assessment analysis of risks from exposure to subsurface soil are based 
on the analytical results from two samples. Two samples provide inadequate information to properly 
characterize subsurface soil. The inadequacy of two subsurface samples should be more thoroughly 
discussed in the uncertainty section. 

Response: The risk assessment analysis of risks from exposure to subsurface soils are based on the 
analytical results from 2 samples for inorganics, but the results from 30 samples for volatile organic 
compounds, semivolatile organic compounds, and total petroleum hydrocarbons. Although the results for 
VOCs in Table 9~2 indicate a frequency of detection out of only 2 samples, B'IEX were analyzed, but not 
detected in any of the 30 samples from the soil remedial action. Since the site has been investigated and 
remediated to address a fuel oil release, exposures to the primary chemicals of concern at the site (i.e., 
petroleum-related constituents) have been adequately evaluated. Uncertainties associated with 
characterization of exposure to VOCs and inorganics based on the results of 2 samples will be discussed in 
the uncertainty section. 

8. Comment: Inhalation exposures for the child receptor are not evaluated in the human health risk 
assessment. It is likely that children will be outside playing when or shortly after grass is being mowed. 
The likelihood that children will be exposed to particulates at the site should be addressed in the risk 
assessment. Please include in appropriate sections EPAs air results and risk assessment along with 
interpretations. • 
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RESPONSE TO COMMENTS 
ON THE DRAFf REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS,MASSACHUSETTS 
AUGUST 1998 

( continued) 

ReSJ)Onse: Please see the Response to USEPA General Comment 2. Regarding the USEPA indoor air 
sampling, the Army will include references to and results from USEPA's indoor air assessment as 
appropriate: The USEPA indoor air sampling and evaluation will be included as an appendix to the RI 
Report for AOC 69W. 

9. Comment: The RI recommendations seem reasonable considering the results of the risk assessment. 
However, the baseline risk assessment and RI conclusion sections need to be enhanced to better reflect the 
risk assessment results and justify the recommendations. 

Response: The Final RI will incorporate suggested changes to the risk assessment and conclusions as 
previously noted. 

Specific Comments 

10. Comment: Section 2.2.8, Page 2-27, Paragraph 2. The text (here and in subsequent sections, e.g., p. 6-
9, para. 2; also Table E-1) refers to hydraulic conductivity values in emfs, and then reports transmissivity 
values in units of feet squared per day, and growidwater velocities in units offeet per day. Please provide 
these data in consistent units. The simplest revision would be to give the conductivities in feet per day (if 
only parenthetically, recognizing that the slug test results are reported in emfs). 

Response: Hydraulic conductivities will be provided in units of feet per day and emfs for the sake of 
consistency. 

11, • Comment: Figure 6-3. The figure includes interpreted growidwater potential contours and flow-direction 
vectors. The flow directions indicated are not orthogonal to the equipotentials, which violates Darcy's 
Law (at least for a horizontally isotropic aquifer). The figure should be revised to correct this 
inconsistency. 

Response: The flow direction arrows were intended to assist the reader in ascertaining the general flow 
direction. The arrows were not intended as vectors as they have no relationship to flow rate. The 
groundwater flow direction arrows will be removed from Figure 6-3. 

12. Comment: Section 7.2.1.3, Page 7-24, Paragraphs 1 and 2. The text notes that several metals are above 
MCP standards, but the metals are not discussed in any depth in subsequent sections. A conceptual model 
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RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS,MASSACHUSETTS 
AUGUST 1998 

. (continued) 

for the presence of elevated metals concentrations should be developed, and its implications for the site 
remediation should be discussed. 

Response: The analytical results that the commento~ refers to are from samples that were collected in 
1993 and 1994 as part of the AREE 69 investigation. Since that time four additional groundwater 
sampling rounds have been conducted as part of the RI of which Rounds 1 and 2 were analyzed for 
inorganics. Results of the inorganic analyses for all subsequent rounds are discussed in Section 7.2.3.2. 

13. Comment: Section 7.2.2.4, Page 7-39, Paragraph 2. The text asserts, "Contaminants do not appear to be 
migrating to downgradient soils" from the 1978 spill near the old boiler room. While this conclusion is 
generally consistent with the data (e.g., Figure 7-3, which shows contours of TPHC suggesting that the 
contamination remained fairly local to the spill area in soils; and the groundwater data, which indicate 
minimal impact on groundwater), the logical connection between the data and the conclusion is not 
developed in detail. The reasoning behind this important conclusion should be presented. 

14. 

Response: The final sentence of Section 7.2.2.4 will be changed to "Contaminants appear to be localized 
in the area immediately adjacent to the school based upon the absence of site related contaminants in 
downgradient explorations (e.g., ZWR-95-27X, ZWR-95-54X, and ZWR-95-55X)." Additional text will 
be added which will discuss the effect of the asphalt parking lot and the age of the release. Soil 
contamination distribution in the vicinity of the old boiler room is also discussed in Section 7 .2.2.1. 

Comment: Figures 7-1 through 7-6: Only organic results appear to be tabulated in these figures. Please 
add other results (e.g., inorganics are missing) or change the titles of the figures. 

Response: Figures 7-1 through 7-4 provide field analytical results for which there were no inorganics 
analyses performed. The titles of Figures 7-5 and 7-6 will be changed to "Organic Analytes in Surface 
Soils" and "Organic Analytes in Subsurface Soils", respectively. 

15. Comment: Table 7-15, Page 2 of 9. The entry for the depth of the screen in monitoring well 69W-94-10 
on 10/01/96 is given as O feet. All other sampling events for this well record a depth of 9. 5 feet. The 
table should be checked and corrected if appropriate. 

16. 

Response: The entry for depth of screen will be changed to 9.5 feet. 

Comment: Tables 7-15 and 8-2. Table 7-15 indicates high levels of iron and manganese in wells 69W-
94-10, 69W-94-13, and 69W-95-16X (Mn only). The implications should be discussed in the sections 
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RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS,MASSACHUSETTS 
AUGUST 1998 

( continued) 
. . 

covering fate and transport (sec. 8) and µwnan health risk (sec. 9). The connection between elevated iron 
and manganese and the biodegradation of petroleum hydrocarbons should be developed in this discussion. 
The observed redox potentials and dissolved oxygen (Appendix G) and their relationship to the 
degradation process should be included in the discussion, as well. 

Response: A discussion of the relationship between biodegradation, redox potential, and observed 
inorganic concentrations will be added to Subsection 8.2. 

17. Comment: Section 8.2, Page 8-18. The text states, "The detection of these inorganics ... could not be 
correlated with the presence of fuel related compounds." As noted above, there are some strong 
associations between the inorganics and the presence of hydrocarbons, most notably in well 69W-94-10, 
which shows some of the highest hits of TPHC (in both subsurface soils and groundwater), lowest redox 
potential (Appendix G), and highest arsenic, iron, and manganese. The statement in this paragraph is at 
odds with these observations, and is inconsistent with concluding statements (e.g., sec. 10.2, p. 10-11) 
suggesting that the removal of hydrocarbon-contaminated soils will eventually lead to a mitigation of the 
aerobic microbiological activity, the tendency toward reducing conditions, and high metals in 
groundwater. The text should be revised to highlight these associations and to improve internal 
consistency. 

Response: The sentence, "The detection of these inorganics, it should be noted, could not be correlated 
with the presence of fuel-related organic compounds." will be removed. Additional text outlining the 
relationshop between biodegradation, redox potential and observed inorganic concentrations will be added 
to the end_ of Subsection 8.2. 

18. Comment: Table 8-1. The footnote entries defining the abbreviations used should be completed. 

Response: . The suggested additions will be made. 

19. Comment: Section 9.1, Page 9-6, Lines 4 through 7. The text asserts that the recent soil removal action 
will limit migration of contaminants to the current site boundaries. No reference is provided to support 
this assertion. This statement should be supported, or discussion of groundwater migration should be 
eliminated from this section. 

Response: This discussion will be supported by references to discussions in Section 7. 
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( continued) 

Comment: Page 9-6, lines 6-8: Why were only two of the indoor air samples chosen for risk analyses? 
Toluene should be included in the risk analysis since the migration potential exists. 

Response: Appendix 0-1 presents a detailed analysis of indoor air migration and exposure pathways. The 
discussions presented in that appendix provide technical justification for the chemicals selected for 
quantitative evaluation in the risk assessment. Please refer to USEPA Specific Comment 29 for additional 
discussion. 

Comment: Page 9-16, Indoor Air: It is not clear why the Appendix O data is not evaluated quantitatively 
or presented in this section. Please expand the text. 

Response: The evaluation presented in Appendix 0-1 is of a level of detail considerably greater than the 
discussions for other media provided in subsection 9.2.1.1. Please refer to the Response to USEPA 
Specific Comment 29 for additional discussion. 

22. Comment: Page 9-56, 1
st 

paragraph: Arsenic can be associated with fuel releases because it changes the 
soil' so that arsenic originally bound to soil is released. Therefore, arsenic should not be ruled out as a site 
related contaminant. Please change the paragraph and reflect this change in other appropriate area of the 
RI. 

23 . 

Response: The reference to arsenic not being directly related to the release has been removed from the 
paragraph. 

Comment: Page 9-66, 1
st 

paragraph, last sentence: This sentence is stating information that should be 
reserved for risk management. The risk assessment should report all the information along with 
uncertainty. Risk management should review the risk assessment results along with appropriate policy, 
regulations, potential future land use, cost and other issues. With all the information, risk management 
should determine what risks should be mitigated, to wh_at goal, and how to meet and keep that goal most 
effectively. Therefore, although future use of groundwater as drinking water may appear unlikely to the 
risk assessor, this information should be presented apart from the risk assessment 

Response: The referenced text is in the summary and conclusions section, and states "In addition, future 
use of the groundwater as a potable water source was evaluated. Since groundwater at and beneath AOC 
69W is not used as a source of drinking or industrial water, evaluation of potable use represents a 
hypothetical worst-case evaluation of potential risks." The text states that groundwater is not used a 
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(continued) 

source of potable water; it does not state that groundwater at AOC 69W will not be used as a source of 
potable water. The fact that groundwater at the site -is not used as a source of potable water under present 
land use, and the future use of the site is a school with off-site municipal water supply, suggests that it is 
unlikely that groundwater at the site will be used as a source of potable or industrial water in the future. 
The uncertainty with this assessment is associated with the possible use of groundwater as potable water 
in the future; because that future use cannot be ruled out, this uncertainty was addressed by evaluating 
future residential use of the groundwater. Therefore, these statements do not require revision. 

However, the statements presented in the uncertainty section, page 9-61, second paragraph, indicate that 
groundwater will not be used as a source of potable water. Although this section was not the subject of 
this comment, it will be revised to communicate the information presented in this comment response. 

24. Comment: Section 9.3, Page 9-69. The BERA does not list the most recent EPA ecological risk 
assessment guidance document. The following document should be added to the list and incorporated as 
appropriate. Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessments, Interim Final, USEPA ERT. June 1997. 

25 . 

Response: Agreed. The approach used in the AOC 69W ERA is generally consistent with the guidance 
cited by the reviewer. The guidance will be listed at the beginning of the document. 

Comment: Section 9.3.1.1, Page 9-73. It is not clear why the aquatic habitat characterization is presented 
in a section entitled "vegetative cover", it would be more appropriate to for a section to be dedi~ted to 
aquatic -and wetland habitat characterizations. Also, the following should be presented in the text 
presentation of the aquatic habitat characterization; general composition of substrate (e.g, cobble, sand), 
condition of bank (e.g., percent vegetative cover and erosion), and presence of aquatic vegetation, even 
though additional information is provided in an appendix. 

Response: Agreed. The first half of the first paragraph (ending with" ... little to no organic matter.") 
and the second paragraph in subsection 9.3.1.1 will be moved to a new subsection 9.3~1.2, entitled "Ditch 
and Wetland Habitat". The remainder of subsection 9.3.1.1 will remain as is since it describes the 
vegetative cover at AOC 69W. Other information about ditch substrate and bank condition is provided. 
There is no aquatic vegetation in the AOC 69W ditch (Willow Brook). 

26. Comment: Section 9.3.6.4, Page 9-110. The discussion of problems related to the toxicity testing should 
be focused on the survival of organisms in the performance control. The control survival did not meet the 
acceptance criteria in the Hyalel/a azteca 10-day acute toxicity test. However, the control survival for the 
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(continued) 

Chironomus tentans IO-day subchronic toxicity test . met the acceptance criteria: The discussion should 
highlight that the Hyalel/a azteca results are suspect but that the Chironomus tentans are acceptable. 

The discussion of the poor habitat quality or "unfavorable habitat" is out of place in this section. When 
interpreting toxicity test results, the grain size can make a difference, but the discussion should focus 
solely on whether the grain size in the sediment samples was outside of the toxicity test organism 
tolerance. 

Also, the interpretation of toxicity test results should indicate that the difference in organic carbon within 
the reference sediment and the site sediment could influence the bioavailability of some contaminants and 
therefore influence the comparative. results of the toxicity tests. 

Response: The Army believes that the text does highlight that the Hyalella azteca results are suspect, but 
that the Chironomus tentans results are acceptable. Subsection 9.3.5.3 (the ecological effects assessment) 
states that the control results for the amphipod toxicity test did not meet acceptance criteria, but that the 
control results for the midge toxicity test did meet acceptance criteria. In addition, both subsections 
9.3.5.3 and 9.3 .6.4 question the reliability of the amphipod toxicity test results because of the reduced 
survival for the control. 

The statement about the "unfavorable habitat" will be revised to say the following: 

"In addition, the sandy nature (i.e., low organic carbon content) of the ditch substrate may have 
contributed to the reduced survival observed in the amphipod toxicity tests as compared to the reference 
sample collected from Cold Spring Brook." 

27. Comment: Section 9.3.8, Page 9-116. This section summarizes the results of the ecological risk 
assessment. The section states, "IDs for these taxa [small birds, small mammals, and predatory mammals] 
were all less than one." This is not accurate, the risk to the shrew from surface soil exposure calculated 
with the RME concentration is an m of 2.8. This discrepancy should be corrected. 

Response: Agreed. This discrepancy will be corrected in the final AOC 69W RI. 

28 . Comment: Section 9.3.8, Page 9-117. The summary of results relative to benthic macroinvertebrates only 
discusses the toxicity test results. The conclusion from the comparison to sediment benchmarks should 
also be summarized in this section. The maximum concentrations of copper, nickel, DDT, DOE, ODD, 
and PAHs exceed sediment benchmarks. The average concentrations of DDT, DOE, DOD, and PAHs 
exceed ecological sediment benchmarks. • 
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Response: Whereas the second to last bullet discusses the results of the sediment toxicity test results, the 
last bullet 41 subsection 9.3.8 discusses the conclusions regarding potential risks to aquatic organisms 
from exposure to copper, nickel, and P AHs in groundwater and in sediment. The text in the last bullet 
will be revised to state the following: "Based on the benchmark comparisons for aquatic receptors, risks 
to aquatic receptors from exposure to ... ". 

The risk conclusions are intended to focus on those chemicals that may be site-related. Since the presence 
of DDTR in sediment is not likely related to the fuel oil spill at AOC 69W (as mentioned in Subsection 
9.3.6.4 under Sediment - Benchmark Comparison), the Anny feels it is not appropriate to mention these 
chemicals in the ERA conclusions. 

29. Comment: Table 9-2: This table presents the data summary and selection of contaminants of potential 
concern (COPCs) for AOC 69W. The surface and subsurface soil tables do not include all of the 
chemicals that were detected. For example, beryllium was detected in one of the two subsurface soil 
samples artd is not included in the analysis presented in the table for subsurface soil. The table should be 
revised to include all chemicals that were detected in soil. 

The table also presents a data summary for indoor air. The analytical data results also present detected 
values for chemicals that are not presented in this screening analysis (e.g. , 3-methylheptane, octane and 
tetrachloroethylene). The table should be revised to include all chemicals that were detected in air. 

The RBCs for ambient air that are used in the selection of COPCs appear to be incorrect. The values 
presented in the table are not consistent with the referenced Region Ill RBC table. For example the table 
presents values of 100 mg/m3 and 31 mg/m3 for ethylbenzene and xylene respectively. The table should 
be corrected to present the correct values of 110 mg/m3 and 730 mg/m3 for ethylbenzene and xylene, 

• respectively. The indoor air selection of COPCs should also be included in this table. 

Response: Beryllium was detected in one subsurface soil sample (ZWB-95-02), but this sample was not 
included in the risk assessment data set because the sample was excavated during the soil removal action. 
The Anny has not identified any chemicals or samples that were mistakenly excluded from the risk 
assessment data sets. 

As described in Appendix 0-1, the analytical indoor air data were evaluated with respect to potentially 
complete vapor migration pathways in order to segregate the chemicals that are potentially related to the 
subsurface fuel oil release at AOC 69W from those that are not. The evaluation determined that some 
chemicals (e.g., acetone, methylene chloride, and tetrachloroethene), although detected in indoor air, are 
not related to the fuel oil release because they are not constituents of fuel oil. For other chemicals that are 
present in fuel oil, the evaluation demonstrated that, in most cases, their detection in indoor air could not 
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reasonably be attributed the presence of those chemicals in subsurface soil and/or groundwater beneath the 
school because one or more of the components required to demonstrate the presence of a complete • 
exposur~ pathway was not present (e.g., chemical not present in• subsurface in vicinity of indoor air 
sampling point; chemical not present in crawl space 3:ir (the soil-to-air transfer medium)). The analytical 
data for indoor air samples presented in Table 9-2 represent chemical concentrations that are associated 
with a potentially complete vapor migration pathway, as described in Appendix 0-1. Chemicals and data 
not included in the data set summarized in Table 9-2 were determined to be associated with vapor 
migration pathways that are incomplete, as described in Appendix 0-1. 

The Army understands that USEPA views this approach as an exercising of risk management decision 
malcing at an inappropriate phase of evaluation. The Army agrees that the selection of COPCs should be 
used to identify those chemicals that are potentially site-related and could be associated with more than 
negligible risk based on comparisons to background concentrations and/or risk-based screening levels, and 
not based on a determination of potentially complete exposure pathways. However, considering the 
ambient interference that indoor air sampling is subject to (e.g., outdoor and off-site sources, indoor 
sources such as paint and carpeting that unrelated to fuel oil release) the Army strongly believes that the 
risk assessment should reflect the risks that are attributable to site-related contamination, and not those 
that are attributable to ambient sources unrelated to the fuel oil release at AOC 69W. To accommodate 
USEPA concerns, the Army will include all chemicals detected in indoor air in the COPC selection. In 
addition, results of USEP A's indoor air assessment will be referenced as appropriate. 

RBCs used for COPC screening will be consistent with those presented in the most recent USEPA Region 
III RBC table, adjusted for a hazard quotient of 0 .1. 

30. Comment: Table 9-4, & page 9-4, Bodv Weight : Since the school was formerly an elementary school 
and future reuse of the facility is currently unclear (i.e., what age the pupils will be), please use 35 Kg for 
the average pupil body weight. This value is based on the average of the average lowest 5 year old body 
weight and average highest average 13 year old body weight (based on data presented in EPA's Exposure 
Factors Handbook, EPA/600/P-95/002Fa Aug '97, Table 7-3). If you propose to keep a higher body 
weight for the risk assessment than institutional controls might be required. 

Response: The intended future use of the school is as a Charter School, which includes elementary, junior 
high, and high school-aged children. Therefore, the risk assessment will remain based on exposure 
parameters for children within these ages. However, an assessment of risks for pupils ages 5 to 13, based 
on the body weight recommend by USEP A for this age group, will be included in the risk assessment 
uncertainty section in order to provide additional information-for making risk management decisions. 
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31. Comment: Table 9-4: Please add units ,to appropriate variables. 

Response: Units have been provided in Table 9-4; no revisions are required. 

32. Comment: Table 9-9. This table presents the inhalation dose/response information for noncarcinogenic 
effects. rues are not provided for several chemicals because no data were available. However for 2-
methylnaphthalene, arsenic, bis(2-ethylhexyl)phthalate, chloroform, trichloroethene and naphthalene, 
inhalation RfDs are presented in the referenced MCP document from which the VPH/EPH chemicals' 
parameters were taken. This inconsistency should be corrected. These RfDs can be converted into rues. 

The second footnote states that RfDs are calculated from rues. It is unclear why this footnote is included 
as it is not referenced in the table. The footnote should be removed or the table amended to properly 
address the footnote. 

Response: USEPA risk assessment guidance states that dose-response values should be obtained from IRIS 
or HEAST, or from the Natiorial Center for Environmental Assessment (NCEA) when a dose-response 
value is not presented in IRIS or HEAST. USEPA Region I risk assessment guidance does not indicate 
that dose-response values derived from the Massachusetts Department of Environmental Protection 
(MADEP) should be used when values are not available in IRIS or HEAST. Therefore, dose-response 
values for COCs with no values published in IRIS or HEAST will not be obtained from MADEP sources. 
However, the risk assessment uncertainty section will be revised to present a discussion of risk estimates 
that include non-cancer dose-response values developed by MADEP for the inhalation exposure pathway . 

. 
Because the primary chemicals of concern at AOC 69W are associated with a historical fuel oil release, 
the dose-response values developed by MADEP for total petroleum hydrocarbons and hydrocarbon 
fractions, for which IRIS and HEAST do not publish values, were used in order to provide a conservative 
assessment of risks which does not overlook the primary chemicals of concern at the site. This evaluation 
also addressed concerns of MADEP. Had USEPA Region I risk assessment guidance been strictly 
followed, the toxicity of these COCs would not have been quantitatively evaluated in the risk assessment. 

Because rues, and not RfDs, were used to evaluate inhalation toxicity, the second footnote will be 
removed the table. 

33. Comment: Table 9-11. This table summarizes the quantitative risk results. In addition to the summary 
presented in this table, all risks to each receptor should be summed. For example, risks to the pupil from 
exposure to surface soil, sediment and groundwater should be totaled to provide a total risk value to the 
receptor. The NCP states that the total risks to receptors from all media simultaneously should be 
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considered when evaluating the relationship of site risks to the lOE-4 to lOE-6 risk range. For all current 
and future scenarios, risks sliould also~ totaled on-a receptor-basis . 

Response: The risk summary table will be edited to present total receptor risks for exposures to multi
media. The total receptor risks will be evaluated by comparison to NCP risk criteria, and discussed in the 
risk characterization section. 

34. Comment: Section 10,1, Page 10-4, Bullet 11. The text acknowledges that " ... EPH-VPH concentrations 
immediately adjacent to the school still exceed MCP S-1/GW-l soil standards." However, no rationale is 
given for neglecting this in recommending no further remedial action (e.g., sec. 10.2, p. 10-10, para. 1). 
Justification should be given for leaving in place soils with contamination in exceedance of standards. 

Response: The soil removal action excavated soils as close to the school as possible without jeopardizing 
the structural integrity of the school building. The Method 1 standards were used for comparative 
purposes only. The area of soil in question would be better described by S-2 or S-3 standards based on 
depth and proximity to the school foundation. In addition, the referenced analytical results were used in 
the calculation of the human health risk assessment which showed no unacceptable levels of risk as no 
completed exposure pathways exist. 

35. Comment: Section 10.1, Page 10-8, Paragraph 1. The text states that the arsenic in groundwater, which 
is a driver for the human health risk in drinking water use, "is not interpreted to be directly related to the 
release of fuel oil at AOC 69W." While the high arsenic in groundwater appears not to be due to, say, a 
direct release of arsenic containing compounds associated with the fuel spill, the report acknowledges 
elsewhere (e.g.-, sec. 10.2, p. 10-11, bullet 1) that the high arsenic may be due to the low redox potential 
that results from aerobic biodegradation of the hydrocarbons. The statement that the As in groundwater is 
not "directly related" to the fuel spill is somewhat at odds with the later statement that recognizes the link 
between the two. The statement should be revised for internal consistency. 

Response: The referenced statement will be removed from the text 

36. Comment: Section 10, Page 10-9. The first bullet should be revised to state that the ERA concluded no 
unacceptable risk to terrestrial wildlife receptors exposed to surface soil and no unacceptable risk to semi
aquatic wildlife receptors exposed to Willow Brook sediments. Currently the statement, "no risks to 
wildlife receptors exposed to chemicals in Willow Brook sediment" is too broad and is ·not reflective of the 
aquatic organism risk conclusions. 
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The last bullet should be revised so that it is more consistent with the results discussion presented in 
Section 9. Also, see comments on Section 9. 

The discussion should highlight that the Hyalel/a azteca results are suspect but that the Chironomus 
tentans toxicity test results are acceptable. The Chironomus tentans toxicity test results indicate a 
minimal likelihood of risk to aquatic receptors. 

Response: The first bullet regarding conclusions of the ERA will be revised to include the tenns 
"terrestrial wildlife" and "semi-terrestrial wildlife" in terms of discussing wildlife risks from exposure to 
surface soil and sediment, respectively. Aquatic organism risks are discussed in the third bullet regarding 
the ERA conclusions. 

The Army believes that the last bullet regarding ERA conclusions is consistent with the evidence 
presented in Subsection 9.3. The second-to-last bullet will be revised to state that "although significantly 
reduced amphipod survival was observed in toxicity tests, the reliability of these tests are questionable" 
and that "the Chironomus tentans toxicity test results indicate a minimal likelihood of risk to aquatic 
receptors". 

37. Comment: Section 10.2, Page 10-11, Bullet 1. The text discusses the relationship of elevated arsenic in 
groundwater and the aerobic degradation of hydrocarbons, which leads to reducing conditions and 
mobilization of arsenic. While this conclusion is consistent with what is known about arsenic mobility 
(e.g., Bhumbla, D. K., and RF. Keefer, "Arsenic mobilization and bioavailability in soils," ~n Nriagu, J. 
0., ed., Arsenic in the Environment, Part I: Cycling and Characterization, Wiley, 1994, 51-82), it seems 
to be at odds with the information tabulated in Table 8-2. The table indicates that arsenic is "immobile" 
under reducing conditions, and "relatively mobile" under oxidizing conditions. Either the table should be 
revised to be consistent with the statements regarding arsenic mobility, or the text should be expanded to 
discuss the special conditions to which the table summary applies and to which the conclusions of the RI 
apply. 

Response: Table 8-2 will be revised to be consistent with the statements in the text regarding arsenic 
mobility. A footnote will be added stating that As+3 is mobile under reducing conditions in the absence of 
sulfides and As +s is immobile under reducing conditions. 

38. Comment: Appendix E. The Bouwer-Rice analyses of the slug test data for wells 69W-94-09, ZWM-96-
19X, ZWM-96-20X, and ZWM-96-21X fit to a second linear segment of the data, in accord with 
standard practice when a high-conductivity sand or gravel pack around the well is manifested in the 
earliest response. In the present case, however, it is noted that the data in the second segment are not 
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convincingly linear, particularly for ZWM-96-19X, ZWM-96-20X, and ZWM-96-21X. Furthennore, it 
is curious that these particular wells should exhibit a.response so different from the other wells tested, for 
which the analyst used the earliest data. The wells for which the second linear segment of data was 
analyzed show consistently low conductivities in comparison to the remaining wells. These slug test 
analyses should be revisited, and the assumptions regarding the early-time response should be re
examined. In particular, the conductivity implied by the earliest linear segment should be evaluated and 
compared to both the other wells at the site and the expected conductivity for the sandpack material used 
in the well installation. The fits shown in Appendix E may bias the conductivity on the low side, resulting 
in a low bias to the inferred groundwater velocity. It is acknowledged that the conductivity and 
groundwater velocity for the site are not critical parameters for the purposes of the RI, which makes no 
use of them beyond the general description of the site hydrogeology. However, quantitative values and 
realistic uncertainties may be of interest in future studies of this site, and are likely to be sought out in 
investigations of other sites and the regional setting at Devens. 

Response: After review of the slug test data the Army stands by the interpretation and analyses presented 
in the RI, although the reviewer makes valid points regarding use of early time response and sandpack 
drainage. The straight line segments were chosen based upon the amount of drawdown/displacement 
measured and the elapsed time covered by a straight line segment. In general, well responses prior to 0.1 
minutes were not considered representative of aquifer response. Likewise, well recoveries (H) less than 
0.1 feet in magnitude were not considered as reliable as straight line segments incorporating greater 
magnitudes of displacement. 

Furthennore, the estimated hydraulic conductivities for the three wells in question are not that disparate 
from the other calculated conductivity values. The difference that does exist may be attributed to the fact 
that the three wells in question all are located within the footprint of the school building foundation or 
courtyard. • 

39. Comment: Appendix G. The geochemistry of the groundwater is central to understanding the 
distribution of metals at the site. In particular, there is some discussion of high arsenic in groundwater, 
and its impact on the human health risk assessment (e.g., sec. IO.I, p. 10-8, para. 1). Also, Table 7-15 
indicates high levels of iron and manganese in wells 69W-94-10, 69W-94-13, and 69W-95-l6X (Mn 
only). The redox state of the groundwater is critical to understanding these issues. Dissolved oxygen 
(DO), redox potential, and pH were recorded (not all of these parameters are available for every well and 
sampling event) in the field logs reproduced in Appendix G. The data are of sufficient importance that 
they should be extracted from the field log sheets, tabulated, and included in the Tables section of the RI. 
This would enable readers to assess, for example, the association of high TPHC, low Eh, and high metals, 
observed, for example, in 69W-94-10, a strong indicator ofbiodegradation. This association is important 
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to the conclusion, for example, . that the ·soils removal will eventually facilitate the lowering of metals 
concentrations in groundwater (e.g., (e.g., sec. 10.2, p. 10-11, bullet 1). 

Response: The Army agrees that the DO, redox potential, and pH data are valuable to the understanding 
of the geochemistry at the site. However, because the data were collected from several different sampling 
events incoipOrating both conventional and low-flow sampling protocol and different types of monitoring 
equipment the Army feels that it could be misleading to tabulate all of the data together. The field 
measurements will be available in Appendix G of the Final RI. A qualitative discussion of the field 
measurements and their relationship to site geochemistry will be added to Subsection 8.2. 

40. Comment: Appendix 0, Page 0-6 & 0-7: Please review the RBCs for indoor air and adjust those that 
are based on non-cancer risk by applying a factor of 0 .1 as stated on page 9-21 of the report. When indoor 
air information is added to Table 9-2 and the RBCs are adjusted, some indoor air contaminants (e.g., 
toluene and ethyl benzene) may require quantitative risk assessment. 

41. 

Response: Please refer to the Response to USEPA Specific Comment 29. 

Comment: Appendix 0-3, Tables 5 and 6. These tables present the inhalation exposure calculations for 
the maintenance worker receptor for the RME and CT scenarios. Arsenic, beryllium and iron are 
presented in the noncarcinogenic risk calculations but are excluded due to lack of toxicological data. It is 
inappropriate to exclude chemicals from quantitative analysis based on lack of toxicological data. Also, it 
is unclear why the values from IRIS were not used. These chemicals should be· reassessed for 
toxicological parameters and included in the quantitative analysis. 

• Response: Arsenic, beryllium, and iron were not excluded from the risk assessment; inhalation and 
ingestion exposures were quantified for these COCs. However, non-cancer inhalation dose-response 
values for arsenic and iron are not published in IRIS or HEAST. The inhalation dose-response value for 
beryllium was published in IRIS after compilation and publication of the Draft RI Report. The inhalation 
RfC for beryllium will be included in the revised risk assessment. 

42. Comment: Appendix 0-3, Table 18. This table·presents the inhalation exposure calculations for the 
future utility/construction worker receptor for the RME scenario. Several chemicals, including arsenic, 
beryllium and iron, are presented in the noncarcinogenic risk calculations but are excluded due to lack of 
toxicological data. It is inappropriate to excluded chemicals from quantitative analysis based on lack of 
toxicological data. Also, it is unclear why the values from IRIS were not used. These chemicals should be 
reassessed for toxicological parameters and included in the quantitative analysis. 
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. (continued) 

Response: Please refer to the Response to USEPA Specific Comment 41. 

43 . Comment: Appendix P, Table P-2. This table presents bioaccumulation factors (BAFs) for terrestrial 
invertebrates, terrestrial plants, manimals, birds, aquatic invertebrates, and aquatic plants. 

• The terrestrial invertebrate BAFs for P AHs are referenced as being the average of values 
presented in Beyer 1990. It would be preferable to use the individual PAH BAFs presented in 
Beyer 1990 instead of an average. In cases where an individual value is not presented, then use of 
an average P AH BAF as a surrogate is appropriate. 

• The terrestrial plant BAFs for P AHs are derived by using the Travis and Arms equations; 
however, an average log Kow value is used. The usefulness of averaging log Kow values is 
questionable. Since Kow values are chemical specific and can differ among P AH congeners, 
individual Kow values should be used to derive BAFs. 

• A terrestrial plant BAF is not calculated for lead. Footnote "o" states, "lead does not accwnulate 
in plant tissue, therefore, a BAF of zero was assigned. The literature varies regarding lead 
accumulation in vascular plants. ERAs performed for other AOCs at Fort Devens have utilized a 
terrestrial plant BAF for lead. 

• Footnote "e" states that small mammal and bird BAFs for analytes with a log Kow less than 5 
were assumed to be 0.15. Benzo(k)fluoranthene, chlysene, and pyrene have log Kow values that 
exceed 5, but the BAFs are presented as 0.15. Individual Kow values should be used to derive 
BAFs. 

Response: Comment noted. The Army averaged individual BAFs and log Kows to obtain one value for 
the entire class of P AHs. This approach was adopted assuming that P AHs generally have equivalent 
bioaccumulation potential for receptors, particularly since some of the BAFs (e.g., for plants and 
mammals) were calculated using a regression equation. Since the individual BAFs presented in Beyer 
(1990) and the log Kows presented in Table P-2 are all fairly close in value to the average, and because 

Food chain risk estimates for PAHs generally range from 10-2 to 10-8, revised PAH BAFs will not 
substantially increase risk estimates. Individual BAFs and log Kows will be considered for use in future 
ERAs. 

With regard to plant accumulation of lead, the reviewer is correct that the literature varies on this subject. 
However, the study cited has been reviewed and the conclusions are reasonable. An uncertainty will be 
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added to the ERA stating that the bioa~ulation potential of lead in surface soil to terrestrial plants may 
have been underestimated, but that risk conclusions are not likely to be changed substantially by using 
other lead BAFs. 

44. Comment: Tables P-3 and P-4. Table P-3 presents toxicity information for wildlife generated from a 
literature search. Table P-4 presents the reference toxicity values (RTVs) for a small mammal, small bird 
and predatory mammal. The column titles on Table P-4 should reflect the ecological receptors assessed in 
this risk assessment, i.e., shrew, mouse, robin, blackbird, and raccoon. The title of Table P-4 indicates that 
the table presents RTVs selected for the AOC 69 risk ~sessment. However, there is not good correlation 
between tables P-3 and P-4 for some COPCs. For example, Table P-3 presents one toxicity value for 
chrysene. The chrysene value is a sublethal LOAEL (99mg/kgBW-day) for a rodent test species. Table P-4 
presents a lethal RTV ·for chrysene of 120 and a sublethal RTV of 10 mg/kgBW-day. The footnote in 
Table P-4 states that the toxicity value for benzo(a)pyrene was used as a surrogate for the chrysene RTV, 
but Table P-3 does not present toxicity information for benzo(a)pyrene. Since Table P-3 presents the 
results from a literature search, it should present more toxicity values than presented on Table P-4. All of 
the selected toxicity values in Table P-4 should be presented with supporting information on Table P-3 . 

The tables need to be revised so that Table P-3 presents supporting literature toxicity information for the 
selected RTVs and Table P-4 presents RTVs for the ecological receptors modeled in this AOC ecological 
risk assessment. 

Response: The derivation of toxicity values present¢ in Table P-4 is generally described in footnote [a] of 
Table P-4._ The difference between many toxicity values presented in Tables P-3 and P-4 may be the factor 
of 0.2' applied to LDso values (as explained in footnote [a]). Footnotes [b] through [d] explain what 
receptors are represented by the general classes of wildlife receptors described in the headings of Table P-
4; a separate column of RTVs for each individual wildlife receptor would be repetitive and difficult to 
present legibly. 

The toxicity data for benzo(a)pyrene will be included in Table P-3 of the final AOC 69W RI. 

45. Comment: Table P-10. This table presents exposure assumptions for semi-aquatic ecological receptors. 
The percent sediment ingestion is erroneously titled as percent soil. 

Response: Comment noted. This discrepancy will be corrected in the Final AOC 69W RI. 
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MADEP Comments on the Draft Remedial ln".estigation Report 
Area of Contamination (AOC) 69W, Devens, MA 

• April 1998 

GENERAL COMMENTS 

1. Comment: The Draft Remedial Investigation Report (RI) and the May 1998 Phase IT Report prepared by 
Roy F. Weston (Weston Report) have some data limitations with respect to definition of the nature and 
extent of soil and groundwater contaminants. However, the available data may be adequate to finalize the 
RI on the conditions that the Draft RI is revised as requested in subsequent comments and that 
supplemental data is collected as part of a long term monitoring program. Specifically, additional 
downgradient groundwater monitoring wells and additional sampling of groundwater for petroleum and 
inorganics. 

Response: The Army is willing to discuss the potential of installing additional downgradient monitoring 
wells to support the long term groundwater monitoring remedy. The Army is of the opinion that the 
details of additional monitoring points would be most appropriately dealt with as part of the Long-Tenn 
Monitoring Plan and not the Final RI. 

2. Comment: The Draft RI and the Weston Report do not clearly present the amount of residual petroleum 
contamination in soil beyond the limits of the 1998 remedial excavation. The Draft RI Report also 
includes a misleading conclusion: the source of soil and groundwater contamination was removed in 
1998. 

Post excavation soil sample analytical data collected as part of both the Draft RI and the Weston Report, 
indicate that significant concentrations (i.e., greater than 5,000 ppm) of petroleum contaminated soil 
remain adjacent to the northern end of the School (near the southern portion of the remedial excavation). 
High concentrations of petroleum were also reported in soil and groundwater near well ZWM-96-19X and 
other locations indicate residual contamination is present beneath the existing school building. Field 
screening and/or laboratory confirmation sample analyses also indicate petroleum concentrations in excess 
of 1,000 ppm remain in subsurface soil, downgradient of the former fuel oil UST source areas. There are 
also apparently no soil petroleum data for the northwestern terminus of the remedial excavation. 
Therefore, although the primary sources of contaminated soil and groundwater (i.e., USTs and piping) 
have been removed, significant residual contamination remains in the subsurface. • 

A figure depicting isoconcentration contours of residual soil TPHC concentrations should be included in 
the summary of soil impacts section. The Draft RI Report should be revised accordingly. 
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(continued) 

Response: The statement on page 10-5 "The soil removal has removed the source of fuel oil contamination 
to groundwater, ... " will be changed to" The soil removal action has removed the majority of the source of 
fuel oil contamination to groundwater, ... " 

All soil and groundwater data collected as part of the AREE 69W investigation, the RI, and the soil 
removal excavation are provided in the report. The bulk of the data is provided in chem-box format in 
order to more clearly illustrate the effect of the Removal Action. A post removal EPH concentration 
contour figure will be added to Section 7. 

It is true that data suggests that residual petroleum contamination exists beneath the school. The soil 
removal excavated as close to the school building as possible without sacrificing the integrity of the 
foundation. There was no intent to excavate beneath the school building. 

Soil analytical data is available for locations ZWR-95-37X, -38X, -40X, -41X, -42X, -43X, -49X, and -
53X, all located near the northwestern terminus of the excavation. 

The Anny does not dispute that residual contamination exists in the subsurface. The Anny is of the 
opinion that the bulk of the contaminant source has been removed and the residual contamination has 
been adequately defined. The residual contamination is the rationale for the Anny to propose limited 
action consisting of long term monitoring of downgradient groundwater quality. • 

3. Comment: The expansion of the Phase II remedial excavation from the proposed volume of 1,200 cubic 
yards (cy) to the final amount of 3,500 cy as presented in the Weston Report, was not fully discussed in 
the Draft RI Report. According to the Weston Report, the expansion of the remedial excavation in the 
vi.cinity of 69W-94-10, was necessary to address "heavy staining and strong petroleum odor in soils 
immediately above and below the watertable". The area around 69W-94-10 is described as the "hot spot 
excavation" in the Weston Report. The "hot spot excavation" was not fully discussed in the Draft RI 
Report. Other important details regarding the location and condition of the USTs and underground 
piping that were included in the Weston report should also be included in the Draft RI Report. The Draft 
RI Report shoul~ be revised accordingly. 

Response: The discussion· of the soil removal in Section 5 and Section 7 will be augmented. The soil 
removal action memorandum which includes discussion of the USTs, expansion of the remedial 
excavation, and the 'hot spot excavation, was included with the Draft RI as Appendix N. 
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(continued) 

·4. Comment: The expansion of the remedial excavation northeast beyond well 69W-94-10, and the 
relatively high concentrations of petroleum contamination in groundwater and soil in this vicinity indicate 
a northeasterly component of shallow groundwater flow is or was present at AOC 69W. This apparent · 
northeasterly groundwater flow direction varies nearly 90 degrees from the groundwater flow direction 
presented by the Army. Because the site monitoring wells are aligned in a northwest trending linear 
fashion, it is difficult to identify the northeastern groundwater flow component. There appear to be 
seasonal fluctuations in groundwater flow directions, 'Yhich have not been identified in the relatively 
limited groundwater monitoring completed to date. Future groundwater monitoring at AOC 69W should 
include enough wells and sampling events to cover the entire range of groundwater flow directions from 
northwest to northeast. The Draft RI should be revised to acknowledge the groundwater flow variations 
and include recommendations for additional groundwater monitoring. 

Response: The Army does not acknowledge any groundwater flow variations at AOC 69W. Five water 
level measurement rounds are presented in the Draft RI, all of which support the interpreted north
northwest flow direction. If there were a northeasterly flow component the existing monitoring well 
network is sufficient to identify it. 

The observed contaminant distributions in groundwater support the interpreted flow direction as is 
evidenced by Figures 7-8, 7-9, and 7-10. Observed staining in soils does not adequately support variations 
in flow directions as these may be explained by mechanical dispersion and diffusion of contaminants. 
Local aquifer heterogeneities beneath the parking area may also be responsible for dispersion of 
contaminants. 

Future groundwater monitoring will include additional water level measurements and monitoring of 
groundwater flow directions. 

5. Comment: The Anny has concluded that the 1978 release has not impacted site groundwater quality. 
However, less than 3,000 gallons of fuel were recovered from the estimated 7,000 to 8,000 gallon release. 
Given the quantity of the release, permeable subsurface soils and high groundwater table, it does not seem 
plausible that fuel from this release did not result in a significant source of subsurface contamination. 

Response: Significant sampling both inside the school building and downgradient of the area of the 
reported 1978 release indicates that there is no significant contamination other than that identified 
immediately adjacent to the building (ZWR-95-26X and ZWM-95-16X). Also please refer to the 
Response to USEPA Comment 13. 
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6. Comment: The natural attenuation of residual petroleum contamination in the subsurface has been 
alluded to bµt not adequately documented for AOC 69W. As the Army recommended a no-action, 
monitoring only remedy for the site, additional characterization will be required to demonstrate natural 
attenuation of the significant concentrations of residual contamination is acceptable. 

Response: The Army acknowledges that residual soil contamination exists at AOC 69W but no completed 
exposure pathways exist to the soils in question. The Army proposes a lim,ited action remedy of long tenn 
groundwater monitoring and does not feel that additional characterization of aquifer properties is 
necessary. Natural Attenuation is not proposed as a remedy in the RI. 

7. Comment: Although inorganics were reported in groundwater in excess of background concentrations 
and MCP Method 1 GW-1 Standards in Round 1 and Round 2 sampling events, inorganics were 
apparently not analyzed for in the subsequent Round 3 and Round 4 events. Please clarify and justify that 
the nature and extent of inorganics have been adequately assessed at the site. 

Response: The reviewer is correct. Inorganics were not analyzed for during Rounds 3 and 4 sampling. 
The Army is of the opinion that the distributions of inorganics in groundwater was adequately delineated 
during the Rounds l and 2 sampling. In addition, the removal of the bulk of the soil contaminants will 
act to mitigate reducing conditions in the aquifer thereby decreasing concentrations of inorganics in 
groundwater. Method 1, GW-1 standards for inorganics were only exceeded in wells 69W-94-10 and 
69W--94-13, both of which were removed, along with the surrounding soil contamination during the soil 
removal. 

8. Comment: Installation and sampling of additional downgradient groundwater monitoring wells will be 
·required to adequately assess the impacts of residual subsurface contamination at AOC 69W. 

Response: Please refer to the Response to MADEP General Comment 1. 

9. Comment: Total risks (Cancer and Hazard Index) were not calculated for AOC 69W. Based on both 
EPA and DEP risk assessment guidance, quantitative estimation of risk, for cancer and non-cancer risks 
are additive for the various exposure routes. The risks presented for AOC 69W are for individual 
exposure media only. In order to correctly calculate risk associated with each exposure scenario, the 
calculated risks from each exposure media must be added together. For example, for the child trespasser, 
cancer and non-cancer risk associated with incidental ingestion of surface soil, incidental ingestion and 
dermal contact with surface water, and incidental ingestion and dermal contact with sediments must be 
added together to give a total cancer and non-cancer risk for the child trespasser. Table 9-11 needs to be 

G:\Projects\USAEC\Projects\69WRCL\69WRCL.Doc 9144-03 

22 



RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST1998 

( continued) 

revised to show the cumulative Excess Lifetime Cancer Risk (ELCR) and Hazard Index (Ill) for each 
~xposure scenario. In addition, Section 9.2.4.2 Risk Characterization Results, needs to be rewritten· to 
evaluate _additive risks associated with each exposure scenario (i.e., child trespasser, site maintenance 
worker, school occupants (children/faculty), utility/con,struction worker, and general public). 

The cumulative Reasonable Maximum Exposure (RME) cancer risk calculated from tables presented in 
Appendix 0-3, for the child trespasser, is l.96E-5. The RME and Central Tendency (CT) cancer risks for 
the adult resident are 3.0E-03 and 1.0E-04 respectively. These values exceed the MCP cancer risk level of 
1.0E-05. In addition, the RME and CT Ills for the adult resident are 25 and 4 respectively. These values 
exceed the Massachusetts Contingency Plan (MCP) non-cancer risk level of 1. These results indicate that 
a condition of "No Significant Risk" does not exist for AOC 69W Site. A Response Action per MCP 
40.0840 is required. 

Response: The risk summary table will be edited to present total receptor risks for exposures to multi
media. As AOC 69W is a CERCLA site, the total receptor risks will be evaluated by comparison to NCP 
risk criteria, and discussed in the risk characterization section. 

10. Comment: In comments dated February 11, 1997, regarding the draft Risk Assessment Approach Plan 
(RAAP), MADEP stated that the Massachusetts Contingency Plan (MCP) risk guidance should be used in 
conjunction with U.S. EPA guidance in order to ensure that the risk assessment is "essentially equivalent" 
(adequately regulated) to assessments conducted in accordance with the MCP. It was specifically stated in 
MADEP's comments, that a quantitative evaluation of dermal exposure should be completed rather than 
presenting a qualitative evaluation for this exposure pathway and that MADEP published toxicity values 
should be used for those chemicals which lack published EPA values. Total cancer risks can not 
currently be calculated for all pathways because dermal exposure to surface soil and sediment were not 
evaluated in this risk assessment These comments need to be addressed and incorporated in the Final 
Risk Assessment for AOC 69W. 

Response: Dermal exposures will be quantitatively evaluated in the revised risk assessment using MADEP 
dermal exposure absorption factors . 

11 . Comment: The sediment toxicity testing and contaminant concentrations within Willow Brook indicate 
possible impairment to macroinvertebrate species. Due to the uncertainties associated with the sediment 
toxicity testing (less than acceptable survival of Hyalella azteca in the control sample and the absence of a 
suitable reference sample), it is recommended that sediment .toxicity testing with H azteca be repeated 
using an up gradient sediment sample(s) from Willow Brook as a reference sample. 
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Response: : The Army does not plan on conducting any additional toxicity testing in Willow Brook·. 
During the planning stages of the AOC 69W ERA, it was decided that toxicity test samples would be 
collected in this ditch concurrently with a similar effort being planned for AOC 57, and that one reference 
sample from Cold Spring Brook would serve as the reference sample for both AOCs. However, _the 
decision to collect toxicity test samples in Willow Brook was conservative since this ephemeral ditch 
provides marginal aquatic habitat. The uncertainties surrounding the results of the amphipod toxicity 
tests have been identified, and the focus of the aquatic invertebrate evaluation has been on the results of 
the midge toxicity test (refer to Response to USEPA Comments 26 and 36) and the benchmark 
comparison. This response also pertains to MADEP Specific Comment 31. 

PAGE-SPECIFIC COMMENTS 

1. Comment: Page 6-8, Para. 2 The Anny's comparison of the groundwater flow presented in Figure 6-3 
with the basewide overburden groundwater flow model output (Figure 2-6) is not appropriate. The 
significant difference in the scale of these two figures and the lack of groundwater flow vectors in the 
vicinity of AOC 69W in Figure 2-6 makes such a comparison difficult to support. The text should be 
revised accordingly. 

Response: The referenced comparison will be removed from the text. 

2. Comment:_ Page 6-8, Para. 2. The nature of vertical hydraulic gradients in site groundwater are 
apparently not well understood given the limited data available. This should be discussed in the text. 

Response: The following will be added to the end of Page 6-8, Para. 2, "It was not possible to calculate 
vertical gradients at AOC 69W as there are no deep overburden wells; however, data collected from the 
streamside piezometer and gaging station show that groundwater discharges to Willow Brook indicating 
upward vertical gradients (see Section 6.1, Hydrology)." 

3. Comment: Page 6-10, Para. 2. A more thorough discussion of the site hydrostratigraphy and the 
relationship to the MacPherson production well should be provided. The MacPherson well appears to be 
screened in the overburden deposits and may be affected by AOC 69W contaminants. Please clarify. 

Response: Downgradient monitoring wells and Terraprobe points have shown the petroleum 
contamiantion has not migrated beyond ZWM-95-15X (see Figures 7-9, 7-10 and 7-11). The contaminant 
distributions indicate that the only reason contaminants migrated this far was because of the piping from 
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the oil recovery system installed in 1972. This conduit was removed during the Soil Removal Action in 
1998. Based upon this and the age of $e release the Anny is of the opinion that the MacPherson well, 
located 3,000 feet away has not, and will never be affected by AOC 69W contaminants. 

Comment: Page 7-24, Para. 1. The inorganics arsenic, lead, beryllium, chromium and nickel were 
reported in groundwater at concentrations which exceed MCP Method I GW-1 Standards. However, the 
it is not clear whether the nature and extent of these contaminants were fully defined. Please clarify. 

Response: Please refer to the Responses to USEPA Comment 12 and MADEP General Comment 7. A 
discussion of inorganic analytes detected in groundwater will be added to Section 7.2.3.3, Summary of 
Groundwater Impacts. 

5. Comment: Page 7-50, Para. 1. The text does not include a discussion of inorganic impacts to 
groundwater, particularly arsenic and manganese. Although the arsenic and manganese may not be 
directly attributable to site activities, the occurrence of these contaminants is likely the result of reducing 
conditions produced by the aerobic degradation of residual petroleum fuels in the subsurface. 

Response: The results of inorganic analyses for Rounds 1 and 2 are provided in Section 7.2.3.2 Page 7-42. 
A discussion of inorganic analytes detected in groundwater will be added to Section 7.2.3.3, Summary of 
Groundwater Impacts. 

6. Comment: Page 7-50, Para. 2. The text does not include a discussion of groundwater impacts northeast 
of the UST source area which are apparently a result of the variations in groundwater flow directions. 
The text should be revised. 

7. 

Response: Please refer to the Response to MADEP General Comment 4. 

Comment: Page 7-50, Para. 3. Please elaborate on the highly variant nature of groundwater 
contaminant concentrations reported from round to round and between samples and duplicates. 

Response: Variations of contaminant concentrations between rounds, and in sample duplicate pairs, will 
be discussed in the revised report. 
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8. Comment: Page 8-15, Para. 2. Although arc;,natic hydrocarbons may be rapidly degraded as long as 
dissolved oxygen and sufficient microorganisms (and nutrients) are available, the availability of these 
items has not been presented for AOC 69W. Therefore, the amount of contaminant reduction due to 
biodegradation at the site is not well understood. 

Response: Comment noted. Also please refer to the Response to MADEP General Comment 6. 

9. Comment: Page 8-17, Para. 2. Although P AHs may be degraded as long as dissolved oxygen and 
sufficient microorganisms (and nutrients) are available, the availability and ability of these items to 
degrade PAHs has not been demonstrated for AOC 69W. Therefore, the amount of PAH reduction due to 
biodegradation at the site is not known. 

Response: Comment noted. Also please refer to the Response to MADEP General Comment 6. 

10. Comment: Page 8-19, Para. 2. The fate and transport discussion for inorganic compounds is not 
adequate. A discussion of the mobility and fate of arsenic and manganese should be included in the text. 
The fate and transport of these inorganics are related to the presence of fuel contamination related to the 
site. 

Response: Please refer to the Responses to USEPA Comment 16 and 17. Discussion of the mobility and 
fate and transport ofinorganics will be provided in Subsection 8.2 of the Final RI. 

11: Comment: Page 8-20, Para. 3. The text should clearly indicate that residual soil contamination at and 
below the water table will continue to serve as a secondary source of groundwater contamination at the 
Site. 

Response: The Anny acknowledges that residual soil contamination exists at AOC 69W. However, it does 
not follow that said soil will act as a source to groundwater contamination. The Anny's proposal of long 
term downgradient groundwater monitoring is sufficient to ensure that the residual contamination will not 
eventually pose a risk to human health or the environment. Groundwater contamination at the site is 
attributed to a release that occurred over 25 years ago yet multiple sampling rounds indicate that no 
significant downgradient groundwater contamination exists. It is unlikely that the soil contamination 
remaining following the removal action will now cause a downgradient groundwater problem. 
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• 12. Comment: Page 8-26, Para. 3. The text notes that dissolved phase transport of·SVOCs in groundwater 
is considered a significant transport mechanism at AOC 69W. However, there is no discussion of how 
site related SVOCs may have impacted sediments in Willow Br~k. The pathway from contaminated 
groundwater to sediments and biota is confirmed in Figure 8-1. Please modify the text accordingly. 

Response: Sediment quality and SVOC concentrations in Willow Brook are discussed in Subsection 7.2.4. 

13 . Comment: Page 9-26, Para. 2. Clarify in the text that although Willow Brook is not ideal for swimming 
or wading, evaluation of pathways involving Willow Brook are considered in the Exposure Pathway and 
Scenarios discussions. 

Response: The text will be clarified as recommended. 

14. Comment: Page 9-29, Para. 2. The text should note that the groundwater under the site is in a Zone II 
groundwater protection area and is therefore a potentially productive aquifer and is treated as such 
regardless of its current or anticipated future use. 

Response: The text will be edited to note that the site is within a Zone II, potentially productive aquifer. 

15. Comment: Page 9-37, Para. 1. See General Comment 10 above. MCP risk guidance should be used in 
order to quantify risks associated with dermal exposure with soil/sediment . 

Response: Please refer to the Response to MADEP General Comment 10. 

16. Comment: Page 9-40, Para. 2. Clarify why an exposure duration of April - November is used for the 
child trespasser exposure to surface soil and an exposure duration of April - October is used for the 
maintenance worker. The rationale for both exposure durations appears to be that contact with the soil is 
negligible when the ground is frozen or snow-covered. The exposure durations should therefore be the 
same for both the child trespasser and the maintenance worker. 

Response: The exposure duration for the maintenance worker will be revised to reflect exposures for April 
through November. 
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Comment: Page 9-40, Para. 2. . In review of the assumptions made for-the exposure durations .for the 
future child trespasser and future pupil, it appears reasonable to combine the two pathways. A pupil may. 
also be a child trespasser after school, during school vacations, and on weekends. This evaluation should 
be conducted because it will provide a worst case exposure scenario for any one child. 

Response: The trespasser scenario will be retained to represent the potential exposures and risks under the 
current land use (i.e., school not yet re-opened). However, the exposure parameters for the future pupil 
scenario will be modified to include exposures to surface soil, surface water, and sediment during the 
summer months. 

18. Comment Page 9-51, Para. 2. See General Comment 9 above. This section of the RI Report should be 
structured such that it provides a summary of the total cancer risks and Ills for each exposure scenario 
evaluated (e.g., current child trespasser) . As presented. it only discusses risks associated for individual 
exposure media. In order to quantify estimation of risk, the cancer and non-cancer risks from various 
exposure routes must be added together. 

Response: Please refer to the Response to MADEP General Comment 9. 

19. Comment: Page 9-55, Para. 2. The Army's evaluation of risks associated with groundwater as a 
potential drinking water source only addresses risks associated with adults. Both the "adult" and "child" 
residential scenarios need to be evaluated for groundwater. 

Response: A child residential scenario will be added to evaluate risks associated with groundwater at the 
site as a potential future drinking water source. 

20. Comment: Page 9-56, Para. 1. Arsenic, iron, and manganese are present at concentrations above 
background and are demonstrating a level of significant risk. Therefore, their presence in groundwater at 
the site needs to be addressed by recommending some type of Response Action per MCP 40.0840. 

Response: The recently completed soil removal action was intended to address this issue. Clarification is 
requested. 

21. Comment: Page 9-<il, Para. 1. See General Comment 10 above regarding dermal absorption values. 
MADEP published toxicity values should be used for those chemicals which lack published EPA values. 
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~esponse: Please refer to the Response to MADEP General Comment 10. 

22. Comment: Page 9-61, Para. 2. See Comment 19, a~ve. Based on the total cancer and non-cancer risk, 
a total RME cancer risk of 3E-03 and a lil of 25 exists for the adult resident. These values exceed the 

23 . 

MCP cancer (1 x 10·5) and non-cancer (HQ=l) risk levels, indicating that a condition of"No Significant 
Risk" has not been achieved for this site. • 

Response: Please refer to the Response to MADEP Page-Specific Comment 19. 

Comment: Page 9-66, Para. 1. See Comment 20 above. The growtdwater under the site is in a Zone II 
groundwater protection area and is therefore a potentially productive aquifer and is treated as such 
regardless of its current or anticipated future use. A Response Action per MCP 40. 0840 is required. 

Response: Please refer to the Response to MADEP Page-Specific Comment 20. 

24. Comment: Page 9-68, Para. 1. The information in this paragraph and the paragraph that follows need 
to be revised once total risks are calculated to adequately characterize risk associated with each exposure 
scenario. 

Response: Please refer to the Response to MADEP General Comment 9. 

25 . -Comment: Page 9-84, Para. 1. Analytes detected in sediment of Willow Brook were eliminated as COCs 
if detected at concentrations less than background surface soil concentrations (mean plus standard 
deviation). All sediment analytes detected above screening values (e.g., MOE or NOAA sediment quality 
values) should be retained as COCs. The comparison of detected analyte concentrations with up gradient 
sediment concentrations should be discussed in the risk characterization. It is inappropriate to eliminate 
sediment analytes based on a comparison with surface soil background concentrations. 

Response: The Army maintains that the surface soil background data set for inorganic analytes is 
appropriate for screening sediment CPCs since the sediment in Willow Brook more closely resembles 
surface soil; this enables the ERA to be more focused on the issue of real concern at AOC 69W (i.e., fuel
related compounds). The analytes that were eliminated as CPCs based on this screen were aluminum, 
arsenic, barium, cobalt, iron, magnesium, manganese, potassium, and vanadium. Few of these analytes 
actually have sediment guidelines for evaluating effects to aquatic organisms. However, of the few for 
which there are sediment guidelines, only arsenic (detected at a maximum concentration of 10 ppm) 
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slightly exceeds a sediment ·guideline (~e OME LEL of 6 ppm). Rather than keep. these analytes in the 
ERA, the Army will provide an uncertainty in Subsection 9.3.7 regarding the potential underestimate of 
risk from exposure to arsenic in sediment. 

26. Comment: Page 9-93, Para. 3. The Risk Assessment Approach Plan (RAAP) for AOC 69W proposed to 
compare average and maximum concentrations of groundwater contaminants with surface water 
benchmarks protective of aquatic life. Although the risk assessment only discusses this exposure pathway 
qualitatively, a quantitative evaluation was, in fact, conducted as discussed in subsection 9.3.4.4. The 
groundwater exposure pathway discussion should · clarify this discrepancy. In addition, uncertainties 
associated with this pathway (e.g., dilution and limited exposure period) should be discussed in the 
uncertainty section of the risk assessment. 

Response: The text provided in paragraph 3 on page 9-93 regarding groundwater exposures to wildlife 
refers only to terrestrial wildlife receptors (i.e., mammals and birds). Subsection 9.3.4.4 states that 
exposures to aquatic life are evaluated using detected concentrations in groundwater and sediment. 

27. Comment: Page 9-96, Para. 1. It is stated that a summary of the sediment toxicity testing is presented 
in Subsection 9.2.5.3. The summary is actually presented in Subsection 9.3.5.3. Please correct. 

28 . 

29. 

Response: Comment noted. This discrepancy will be corrected in the Final AOC 69W RI . 

. 
Comment: Page 9-98, Para. 1. It is stated that a discussion of the uncertainties associated with using 
inter-taxonomic surrogates is presented in Subsection 9.2.7. This discussion is actually presented in 
Subsection 9.3.7. Please correct. 

Response: Comment noted. This discrepancy will be corrected in the Final AOC 69W RI. 

Comment: Page 9-106, Para. 2. The statement that average concentrations of lead and zinc are more 
representative of actual exposure to plants (rather than maximum concentrations) is confusing. Unlike the 
selected terrestrial wildlife indicator species, individual plants cannot shift their locations in order to 
reduce their exposure to maximum soil contaminant concentrations. The statement should either be 
deleted or clarified further. 
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Response: Comment noted. The text will be revised to state that average concentrations, rather than 
maximum concentrations, c:if lead and zinc are more representative of actual exposures to plant 
populations. 

30. Comment: Page 9-109, Para. 3. The risk assessment for sediment contaminants states that the evidence 
(i.e., maximum concentrations of sediment contaminants slightly exceed sediment levels associated with 
adverse effects while average sediment contaminant concentrations are below these effect levels) suggests 
that copper and nickel may not cause effects to aquatic organisms. However, the evidence presented 
indicates significant mortality of H. azteca at the two sediment samples (ZWD-95-06X and ZWD-95-
02X) having elevated inorganic concentrations above levels associated with adverse effects to 
macroinvertebrate species. Please revise the text accordingly. 

Response: The maximum concentrations of copper and nickel only slightly exceed (i.e., by less than a 
factor of 2) their OME LELs, which represent sediment concentrations that can be tolerated by the 
majority of benthic organisms (Persaud et al., 1996). These exceedances are not examples of high 
concentrations associated with adverse effects. The text will be revised accordingly. 

Please refer to Response to USEPA Comments 26 and 36 regarding the interpretation of the toxicity test 
results for amphipods. 

31. Comment: Page 9-110, Para. 2. The statement that the sand/gravel substrate of the sediment may be a 
greater factor in the observed Hya/e/la azteca mortality than contaminant concentrations is 
unsubstantiated. H. azteca tolerates a wide range of sediment grain sizes including a substrate comprised 
of 100% sand without any reduction in survival or growth. It seems more likely that the elevated 
concentrations of contaminants (PAHs and inorganics including arsenic, copper, and nickel) within the 
sediment samples at ZWD-95-06X and ZWD-95-02X are the cause of the reduced survival. 

Due to the poor survival of H. azteca in the control sample (less than 80 percent) and the lack of a suitable 
up gradient reference sample from Willow Brook, it is recommended that the toxicity tests be redone. A 
minimum of one up gradient sediment sample (reference) should be tested along with samples ZWD-95-
06X and ZWD-95-02X for effects on H. azteca mortality and growth. 

Response: The Anny does not propose collecting additional toxicity test samples from Willow Brook. 
Although originally thought to be suitable and protective of receptors at the site, the toxicity test 
evaluation was actually an overly conservative means of evaluating potential risks because Willow Brook 
(an ephemeral, asphalt-lined ditch comprised of a low organic-containing sandy substrate) provides 
marginal habitat for aquatic receptors. 
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Furthermore, the Army disagrees that the concentrations of P AHs, arsenic, copper, and nickel are the 
cause of the significant amphipod mortality observed in sediment toxicity tests. The metals were detected 
at concentrations that only slightly exceed toxicity benchmarks (refer to MADEP response to comments 
#25 and 30). The same is true for PAHs. There is no clear cause for the significant amphipod mortality 
observed in toxicity tests. However, it is clear than Willow Brook provides marginal habitat for aquatic 
invertebrates. Therefore, the results of the amphipod toxicity test are questionable, and the ERA focuses 
primarily on the results of the midge toxicity test and benchmark comparisons for evaluating risks to 
aquatic life. No additional toxicity testing is planned for Willow Brook in the vicinity of AOC 69W. 

32. Comment: Page 10-3, Para. 2. The text should clearly indicate that site contamination extends in to the 
wooded area approximately 300 feet northwest of the school, and acknowledge this area is a wetland. 

33 . 

Response: Comment noted. 

Comment: Page 10-3, Para. 3. The text implies the source of soil and groundwater contamination was 
removed in 1998, while significant residual contamination remains. The text should be modified 
accordingly, as noted in General Comment 2. 

Response: The last sentence on Page 10-3 will be revised to " ... thus removing the majority of the source of 
soil and groundwater contamination." 

34." Comment: Page 10-5, Para 2. Again, although much of the residual contamination was removed in 
1998, significant petroleum impacts remain and the reducing conditions which have mobilized arsenic 
and metals may not be reversed. Please revise the text. 

Response: Please refer to the first paragraph of the Response to MADEP General Comment 2. 

35. Comment: Page 10-8, Para. 1. The risk assessment assumptions include groundwater beneath AOC 
69W will not be used as a source of drinking or industrial water. The Army must ensure this assumption 
will remain valid through institutional controls. 

Response: The referenced text states that groundwater is not currently used as a source of drinking or 
industrial water. Future use of this aquifer for either of these uses is unlikely. 
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36. Comment: Table 9-1, Para. 1. Revise Table 9-11 to show the total quantitative estimation of risks 
associated with each exposure scenario evaluated. 

Response: Please refer to the Response to MADEP General Comment 9. 

37. Comment: Appendix 0-3, Table 18. Provide the CT cancer and non-cancer risk calculations for the 
inhalation exposure to particulates from surface and subsurface soil for the future utility/construction 
worker. 

Response: CT cancer and non-cancer risks will be provided for the utility/construction worker. 
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USACHPPM Comments on the Draft Remedial· Investigation Report, 
• for Area of Contamination (AOC) 69W, Devens, MA 
April 1998 

General Comments, L. Tannenbaum 

1. Comment: The installation name (i.e., Devens Reserve Forces Training Area) doesn't appear on the cover 
of any of the volumes of the report, nor in the glossazy of acronyms and abbreviations. Neither the first 
page of the executive summary nor that of Section 2. 0 clearly indicate the year of the renaming of the 
installation. Names of the entire installation or parts thereof are inconsistently applied, confusing the 
reader. Examples are "the Former Fort Devens", "Devens", "Fort Devens", and "Devens' Main and 
North Post". 

Recommendation: Provide the current installation name (Devens Reserve Forces Training Area) and its 
acronym (RFTA) on the cover of all volumes of the report, and include this in the glossazy. Make the 
revised report internally consistent by utilizing a singular tenn as often as possible, when referring to the 
installation. Consider moving the glossazy of acronyms and abbreviations to the front of the report, just 
prior to the executive summary. 

Response: The installation name will be included on the cover of the report as well as the glossazy of 
acronyms. Different names are used for the installation (e.g., Devens, Fort Devens, etc ... ) in an effort to 
accurately describe the status of the installation at a given time. An effort will be made to use a singular 
tenn as often as possible without sacrificing accuracy. 

2. Comment: A number of overly conservative and unnecessazy practices were conducted as part of the 
• remedial investigation. As examples, no dilution factor was assigned to the ground water that is present 
downgradient at the AOC 69W location, nor at the discharge to Willow Brook. The practices give rise to 
unfounded recommendations, such as the proposed "limited action consisting of long term monitoring of 
downgradient groundwater quality". Note that the second bullet point of page ES-11 (that finds no 
unacceptable human health risks at the site) conflicts with all recommendations to take limited and other 
actions. See Comment #3. 

Recommendation: In the revised report, delete evaluations for media that are in actuality absent, rather 
than including such evaluations and labeling them overly conservative approaches to evaluation. 

Response: We agree that evaluation of groundwater discharge to surface water in Willow Brook is 
conservative (because discharge only occurs during periods of high groundwater level, which are not times 
of the year when people would swim in the brook), and the method of developing EPCs for groundwater 
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discharge was conservative (because no dilution modeling was used). However, this assessment was 
performed because USEPA -required it. The uncertainties associated with the conservative nature of the 
assessment were explained in the exposure assessment. Likewise, the evaluation of groundwater beneath 
the site as potential future source of potable water is required by the USEP A. 

The proposed response action of groundwater monitoring is recommended in response to the existence of 
the MacPherson public supply well, which is located downgradient of AOC 69W. This response action 
was recommend primarily due to the location of AOC 69W with respect to the well, and the risk 
associated with on-site use of the groundwater as a source of potable water; it was not recommended in 
response to the assessment of groundwater discharge to Willow Brook. 

3. Comment: Pages 1-2 and 1-7, Sections 1.1 and 1.3. Toxicity tests are not conducted as a matter of 
routine in remedial investigations. They usually proceed only after there has been a preliminary data 
screening against appropriate benchmarks that indicates a risk condition. Conducting toxicity tests when 
a risk condition is not evident can lead to spurious results, that are both difficult to interpret, and that may 
falsely indicate a potential case of (unacceptable) risk. This was the case at the evaluation of AOC 69W. 
Specifically, the control sample in the amphipod survival test did not meet its 80% acceptance criteria 
(page 9-100), complicating the interpretation oftest results. The reality is that the test should not have 
been run altogether. Had it not been the difficulty in the interpretation of the data would not be an issue. 
Note that the RI's purpose as stated on page 1-7 does not mention sediment as a medium to be evaluated. 
See Comments #6 and # 10. 

Recommendation: In the revised report, consider deleting all references to the toxicity test work that was 
conducted. If it is to remain in the report, supply appropriate text that explains that the justification for 
conducting the procedure was not initially present. 

Response: The Anny agrees that toxicity tests should not be conducted as a matter of routine in remedial 
investigations. However, initial work at AOC 69W indicated that Willow Brook might potentially receive 
contaminants via groundwater discharge. Given the nature of contamination (i.e., petroleum), toxicity 
testing was thought to be the only means by which risks could be evaluated because few sediment toxicity 
benchmarks for petroleum related compounds were available during the planning stages of the evaluation. 
It was therefore decided that toxicity testing would be completed in the ditch concurrently with a similar 

effort being planned for another AOC, and that one reference sample would serve as the reference sample 
for both AOCs. It was later decided that collecting toxicity test samples from Willow Brook was overly 
conservative since this ephemeral ditch provides marginal aquatic habitat. The Anny believes that all 
data available for AOC 69W should remain in the remedial investigation. 
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4. Comment: Page 2-10, Section 2.2.3. The bald eagle is a federally listed threatened species, and not an 
endangered species. 

Recommendation: Please make the correction. 

Response: The RI will be corrected to change the federal status of the American bald eagle from 
endangered to threatened. 

5. Comment: Page 4-6, Section 4.1.3. There text of the Section is confusing regarding relevant regulations. 
The "NCP" is mentioned initially, followed by multiple usages of the "MCP". Is the usage of"NCP" a 
mistake? Also, does the MCP address CERCLA response actions, as the text presently indicates? 

Recommendation: Clarify the usage of "NCP". Verify that the statements regarding CERCLA provisions 
within the "MCP" are accurate. 

Response: The usage ofNCP (National Contigency Plan) and MCP (Massachusetts Contingency Plan) are 
correct as are the statements regarding the relationship between CERCLA and the MCP. The MCP does 
contain provisions 'that may be ARARs. There is an agreement between the USEPA, MADEP, and the 
Army to handle these provisions on a "case by case" scenario. In terms of AOC 69W the MCP Method I 
provisions are not ARARs . 

. 
6. Comment: Page 5-34, Section 5.4.9. What purpose was there in collecting sediment samples at the 

depth of 2 to 2.5 feet below surface, in the evaluation of potential ecological risks? Ecological receptors 
have no exposure to sediments of this zone. 

Recommendation: Delete references to collecting sediment data of the 2 to 2.5 foot below surface depth, 
as such data is irrelevant in the evaluation of ecological effects at the site. 

Response: The 2 to 2.5 ft. bgs sediment samples were collected to fully characterize the nature and extent 
of contamination. These samples were not used in the ERA for characterizing risks to ecological 
receptors 

7. Comment: Page 7-22, Section 7.2.1.2. Subsurface soils are defined in part as being of0 to 2 feet in 
depth. This is not correct. Samples from the surface to 2 feet below surface are termed "surficial", as per 
RAGS and other guidance. 

G:\Projects\USAEC\Projects\69WRCL\69WRCL.Doc 9144-03 

36 



RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST 1998 

(continued) 

Recommendation: In the revised report, define surface soil as that from ground surface to a maximum of 
2 feet below surface, and define subsurface as that soil below a depth of 2 feet. Ensure that evaluated 
subsurface exposures did not include surface soil data, as defined in this comment and recommendation. 
Make all necessary corrections. 

Response: The reviewer is correct. The depth interval from O to 2 feet below ground surface were 
erroneously included in Section 7 .2.1.2, Subsurface Soils. The references to this depth interval will be 
removed from this Section. Evaluated subsurface soil exposures in the risk assessments did not include 
soils from O to 2 feet. 

8. Comment: Page 7-51, Section 7.2.4. There is no basis for comparing background soil concentrations at 
the installation to onsite sediment concentrations (for any site). The media themselves, the manner in 
which contaminants in each exert toxicities, and the species that can be potentially affected at each 
medium are radically different. Why is there "no established set of background concentrations for 
sediments at Devens"? 

Recommendation: Delete all mention of soil and sediment chemical concentration comparisons that were 
performed. Explain why background sediment data does not exist. Include in the explanation, why there 
was not available nearby stream, etc. that could have supplied the critical background dataset. 

Response: The Anny maintains that the surface soil background data set for inorganic analytes is 
appropriate for screening sediment CFCs since the sediment in Willow Brook more closely resembles 
surface soil; this enables the ERA to be more focused on the issue of real concern at AOC 69W (i.e., fuel
related compounds). The analytes that were eliminated as CFCs based on this screen were aluminum, 
arsenic, barium, cobalt, iron, magnesium, manganese, potassium, and vanadium. With the exception of 
arsenic, none of these analytes actually have sediment guidelines for evaluating effects to aquatic 
organisms. 

9. Comment: Page 9-8, Section 9.1. The dimensions of AOC 69W are not clearly provided anywhere in the 
report, although the AOC is described in terms of its associated properties (i.e., former elementary school 
and adjacent parking lot and lawn). Are the dimensions 120 feet by 180 feet (the area encompassed by the 
removal action) the dimensions for all of AOC 69W? If so, could there be significant ecological risk at an 
area of this size, given that the territorial range of the ecological receptors considered? Would the 
receptors considered be exposed to the location on the basis of the habitat it currently supplies? 

G:\Projects\USAEC\Projects\69WRCL\69WRCL.Doc 9144-03 

37 



10. 

RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST1998 

( continued) 

Recommendation: In the revised report, provide the exact site size in acres. Indicate that relevance of the 
risk assessment modeling for ecological receptors under post-removal actions, and given the size of the 
site relative to territorial ranges, and overall attractiveness. 

Response: We agree; the size of the site will be included in appropriate areas of the report, including the 
human health and ecological risk assessments. 

Comment: Page 9-15, Section 9.2.1.1. There is no utility to the surface water evaluation as described 
here and in other parts of the Section. If, as stated, the surface water is absent, there is no purpose to 
evaluating the medium as though it was there. The exercise, said to be conservative, is better described as 
imaginary. 

Recommendation: Delete all mention of the surface water evaluation. 

Response: Please refer to the response to general comment 2. 

11 . Comment: Page 9-17, Section 9.2.1.2. This Section makes a number of sweeping statements, and 
doesn't provide critical details to clarify these points. As an example, the statement "blank-contaminated 
(data) were used in the risk assessment", does not provide an indication that RAGS guidelines on blank 
contamination were applied. On page 9-19, the text doesn't indicate what statistic was used when the 
there were fewer than 10 samples (precluding a calculation of the 95% UCis). Presumably the maximum 
value was used in that instance. 

Recommendation: Provide clarifications for the points raised in the comment. 

Response: These sections will be reviewed, and the suggested clarifications will be added as appropriate. 
The 95 percent UCL statistic and the selection ofEPCs is further discussed in Subsection 9.2.2.2. 

12. Comment: Page 9-17, Section 9.2.1.2. It is presumed that the data summary procedures do not apply to 
the indoor air samples. 

Recommendation: In the revised report, state that the presumption is correct. 

Response: The data summary procedures do apply to indoor air. References to this were inadvertently 
excluded from the text. The text will be revised as appropriate. 
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13 . Comment: Page 9-45, Section 9.2.3. A qualifier is needed for the absorption efficiencies mentioned in 
the discussion on the adjustment of oral toxicity factors. 

Recommendation: In the revised text, indicate that gastric absorption efficiencies are intended. 

Response: The requested qualifier will be inserted into the text. 

14. Comment: Page 9-47, Section 9.2.3. It is stated that MADEP approach of evaluating risk by applying 
Rills for indicator compounds to various fractions of petroleum products was used. It is then stated that 
when there is no information concerning the concentrations of the various fractions, but there are data for 
TPHC, pyrene is used as a surrogate. While there are some quantities of PAHs in weathered fuel, they are 
certainly not the most likely choice as a "default". Additionally, pyrene is carcinogenic, whereas not all 
components of TPHC are. 

Recommendation: Further explain this choice. 

Response: The MADEP approach for evaluating risk to constituents of petroleum hydrocarbon includes 
using the pyrene non-cancer dose-response value as a surrogate dose-response value for some of the 
petroleum fractions. Specifically, the RID for pyrene is used to evaluate the petroleum hydrocarbon 
fractions that are considered "most-toxic" (e.g., Cll-C22 aromatic EPH). Therefore, application of this 
dose-response value to petroleum hydrocarbon data quantified as "TPH'' (i.e., no petroleum fractionation 
determined) provides a conservative approach because it considers all the petroleum quantified as "TPH'' 
to be present as the most toxic petroleum fraction. In addition, pyrene is not considered carcinogenic by 
the USEPA; there are no cancer slope factors for pyrene published in IRIS or HEAST. 

15. Comment: Page 9-75, Section 9.3.1.2 The robin's habitat description is not fully correct. At best only 
forest edge habitat is used by the robin. 

Recommendation: Please notify the habitat description indicating that preferred areas for the robin 
include open areas along habitat edges, orchards, parks, lawns, and edges of streams. 

Response: Robins are ubiquitous, and as described in the Exposure Factors Handbook (USEPA, 1992), 
forage in a variety of habitats including forests . The habitat description in Subsection 9.3.1.2 will be 
revised to include "moist forests, swamps, open woodlands, orchards, parks, lawns, habitat edges, and 
streams". Regardless, the Army believes that the removal ac·tion at AOC 69W has mitigated the source of 
contamination and, therefore, the significant risks associated with the fuel spill at AOC 69W. 
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16. Comment: Page 9-84, Section .3.3. The specifics of the comparison of onsite and background chemical 
concentrations are not provided. In particular, the phrase "if the maximum detected concentration is less 
than the background" is vague. 

Recommendation: Indicate the background dataset statistic that was compl,U'ed with the maximum onsite 
concentration. 

Response: The sentences immediately following that cited by the reviewer explain what the background 
statistics represent, which state that "the background surface soil and groundwater data sets consist of 
chemical data gathered from locations designed to establish background concentrations of inorganic 
analytes for Group lA sites. The values approximately represent the 68th percentile upper bound limits 
(the mean values plus one standard deviation) of these chemicals ... " Regardless, the Army believes that 
the removal action at AOC 69W has mitigated the source of contamination and, therefore, the significant 
risks associated with the fuel spill at AOC 69W 

17. Comment: Page 9-97 and 9-98, Section 9.3.5.1. The text should note the favored toxicity reference value 
(the NOAEL for a relevant toxicological endpoint) rather than state the awkward "lesser of the lethal or 
sublethal RTVs derived from the literature." The implication is that lethal levels are more useful than 
they in fact are, in ecological risk assessments. Also, the use of sublethal toxicity information from 
"another taxonimic group" is potentially problematic: USACHPPM does not endorse interclass 
extrapolation of toxicity reference values. 

Recommendation: Modify the text of the Section to clarify the suitability of certain toxicity reference 
·values, following the concerns expressed in the comment. 

Response: The "lesser of the lethal or sublethal endpoints" more accurately describes the selected RTV 
since in some cases the lethal RTV (which may be one-fifth of an LD50) may be less than the sublethal 
RTV (LOAEL or NOAEL). The text will be clarified to make this point. The Army agrees that using 
inter-taxonomic surrogates is potentially problematic. However, most toxicological studies are conducted 
on laboratory rats, and there are few studies that are conducted on species that are often selected as 
representative receptors. Therefore, this is addressed·as an uncertainty in Subsection 9.3.7. Regardless, 
the Army believes that the removal action at AOC 69W has mitigated the source of contamination and, 
therefore, the significant risks associated with the fuel spill at AOC 69W. 

G:\Projects\USAEC\Projects\69WRCL\69WRCL.Doc 9144-03 

40 



RESPONSE TO COMMENTS 
ON THE DRAFT REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST 1998 

. (continued) 

18. Comment: Page 9-105, Section 9.3.6.2. The text makes a number of sweeping statements that many not 
be founded. Noting that the concentrations of chemicals are "extremely low" is insufficient to conclude· 
that ph}'1:otoxic effects are likely to be absent. Also, the text assumes·that acetone should be summarily 
dismissed because it is a common laboratory contami~t. RAGS however provides guidance on 
legitimate screening of such compounds, and these may not have been followed. 

19. 

Recommendation: Modify the text to clarify the vague statements. Cite references for procedures 
followed to indicate that appropriate guidelines were used. 

Response: The text will be modified to state the following: "There are no data available relating plant 
exposures to acetone, trichlorofluoromethane, or TPHC with adverse responses; therefore, risks to plants 
from exposure to these chemicals could not be evaluated." Since risks to plants could not be evaluated for 
these analytes, the remainder of the discussion was provided to reduce concerns associated with the 
presence of these chemicals in soil. Regardless, the Army believes that the removal action at AOC 69W 
has mitigated the source of contamination and, therefore, the significant risks associated with the fuel spill 
atAOC69W. 

Comment: Page 9-107, Section 9.3.6.3. The text indicates that Table 9-23 provides the results of surface 
soil evaluations for invertebrates but Table 9-23 does not do this. Additionally, the table is not 
understandable to the reader. 

Recommendation: Modify the text so as to reference a table that provides the analysis described. Provide 
a full explanation of the summary information Table 9-23 is providing. 

Response: Table 9-23 does provide results of the surface soil evaluation for soil invertebrates. The middle 
two columns provide RTVs for both plants and invertebrates, and the last two columns provide the results 
of the evaluation for both plants and invertebrates (i.e., whether or not the soil concentrations exceed plant 
or invertebrate benchmarks). 

20. Comment: Appendix M. The source of the indoor background air sample is not discussed in the report. 
From the map, it appears to be on the upwind side of the school, but the function of the room is not 
provided. While it is clear that it is not from a crawl space, it is not clear why this sample represents 
appropriate background. 

Recommendation: Please provide a clarification. 
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(continued) 

Response: The indoor air background lo'?ltion will be identified in the text, and the rationale for why this 
location represents indoor background will be provided. 

21. Comment: Appendix M. Although the report provides a rationale as to why it is not believed that 
contaminants in soil and groundwater are impacting the air, and also discusses the possibility of blank 
contamination, some of the values approach or exceed the inhalation toxicity values. These were not 
COPCs evaluated in the text by comparison with Region ill RBCs. 

Recommendation: Supply text addressing the concern in the comment. 

Response: Appendix O presents a detailed explanation and rationale for the selection of indoor air data 
evaluated in the risk assessment. Per USEPA comments on the human health risk assessment, all indoor 
air data ( collected from classrooms, kitchen, and library) will be screened in the COPC selection process. 

HTRW Comments on the Draft Remedial Investigation Report, 
for Area of Contamination (AOC) 69W 
April 1998 

I . Comment: P. ES-1. The section titled "Recommendations" should state what contaminants should be 
monitored in the groundwater down gradient to the site (e.g., TPHs as opposed to metals). 

Response: The details regarding specific analytes, frequency of sampling, and specific monitoring wells 
will be addressed in the Long Term Monitoring Plan following the Proposed Plan and Record of Decision 

General Comments 

2. Comment: The body of the report (e.g., Section 3.1.5) states that method blank contamination was 
evaluated using the PQL (Practical Quantitation Limit) for the on-site analyses. However, Appendix D 
states that method blank contamination was evaluated using the CRL (certified reporting limit) for the off
site analyses. However, the terms CRL and PQL are not well defined in the body of the report (e.g., in 
Section 3.1.6). The PQLs and CRLs should be defined in terms of detection and quantitation limits. The 
quantitation limit should be established by the low calibration standard and should be 5 to IO times higher 
than the detection limits (as defined by 40 CFR, Part 136, Appendix B). Reporting limits should be less 
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·( continued) 

than the decision limits but no lower than two to three times the MDL. Detections between the reporting 
limits and quantitation limits should be _qualified as estimated. 

It should also be noted that. contrary to what is implied-on page 3-12, the requirements that the MDL be 
below the reporting limit is a necessary but is not a sufficient condition to meet DQOs for sensitivity. The 
reporting limits should be no lower than two to three times the MDL and the quantitation and reporting 
limits must be below the action levels (i.e., decision limits). This is not explicitly stated in Section 3 .1.6. 

Response: Separate analytical goals for the on-site and off-site programs were established for the program. 
On-site laboratory PQLs were defined to establish reporting levels for the screening phase of the field 
program. The PQL was equivalent to the low concentration standard in the initial calibration. The off-site 
program was completed in accordance with the USATiiAMA QA Program and CRLs were defined in 
accordance with USA1HAMA guidelines and calculations specified in the USATiiAMA QA Plan. A 
reference to the QA Plan will be included in the revised discussion. The origins and objectives of the PQL 
and CRL will be clarified in Section 3.1.5, and Section 3.2 in the revised RI. 

3. Comment: Acceptance limits for surrogates should be comparable to the acceptance limits for target 
analytes. For example, page 3-10 indicates that the acceptance range for the surrogate BFB is 30% -
170%. However, the error tolerance for the VOC analytes is +/-30% (e.g., for the CCVs). The error 
tolerance for the surrogate was is over twice as high as that for the VOC analytes. Similarly, the 
acceptance window for the surrogate for the pesticide/PCB analyses is 30% - 170% (e.g., refer to page D-
24 ). However, PCBs, spike recoveries typically fall within 80% - 120% in a clean matrix. 

4. 

Response: Surrogate recovery limits were established in the Devens Project Operation Plan (POP), Section 
4.64 and Appendix D of the POP, based on the need to analyze a large number of screening quality 
samples with a 24 hour turnaround to direct field investigations. Data usability goals for the screening 
samples in the field program allowed for a wider range of accuracy because providing real time Level II 
quality data was the goal. The objectives and QC goals for the on-site laboratory program will be specified 
more clearly in the revised report. This field program need was the basis for the wide surrogate limits. 
Matrix spike results were used for interpretation of accuracy after the field program was completed; 
therefore, the limits were more comparable to what would be expected in an off-site laboratory. 

Comment: Appendix D (e.g., Section D.3.0) discusses the matrix spike recoveries. However, it is not 
clear how matrix interference can be evaluated without also addressing the laboratory control sample 
(LCS) recoveries. Matrix interference is demonstrated when the surrogates and target analytes in the LCS 
are acceptably recovered but the surrogates and target analytes in the MS are not. For example, page D-
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31 states that several surrogate recoveries were unacceptable but does not discuss the surrogate recoveries 
of the environmental samples relative to the surrogate recoveries of the associated LCSs. 

Response: In the USATHAMA program LCS recoveries are evaluated by the USAEC Chemistry Branch 
and results are qualified if LCS recoveries are outside established control limits. The review of LCS 
control chart data is discussed in Section 3.2.4. These qualifiers would be discussed if present. Section 
3.2.3 will be revised to include a discussion of the USAEC control chart reviews. The revised report will 
contain a statement on the LCS trends and identification of any data qualifier issues in the accuracy 
discussions 

Comment: The process USACE uses to determine CRLs is not clear. CRLs are not determined as part of 
the USACE laboratory validation process. Reporting limits should be determined by the project-specific 
action levels that need to met. 

Response: The process used to determine CRLs is outlined in the USATHAMA QA Program. A reference 
to the QA Program and applicable sections describing the calculations will be included in Section 3.2.1 of 
the revised report. 

6. Comment: The report implies that the data was validated but validation typically involves an evaluation 
all batch QC an instrument QC results (e.g., the initial calibration results) to the level of the raw data. 
However, Appendix D primarily discusses only the batch QC results. For example, matrix spike and 
method blank results are discussed for the 1995 field program but instrument QC results are not. 
Although the data was reviewed, it is not clear that the data were actually validated. 

7. 

Response: With the exception of a subset of data packages for Massachusetts hydrocarbon methods and 
USEPA air methods which were completed without using USAEC methods and data reporting procedures, 
data validation using USEPA guidelines was not done in this program. Data review procedures outlined 
by the USATHAMA QA Program and USAEC Chemistry Branch were conducted on the data sets. This 
includes a combination of laboratory reviews and use of flagging codes, USAEC reviews of control chart 
data and use of data qualifier codes, and subcontractor reviews of field and laboratory QC sample results 
obtained from the IRDMIS data base. Demonstrations of comparability of the USAEC process to USEPA 
validation were conducted early in the RI process at Fort Devens, and the USATHAMA/USAEC data 
evaluation process was accepted for use in future RI programs. 

Comment: Page D-57 states: "The primary assumption of the comparison was that the off-site data 
represented the accurate definitive data when comparing results." 
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However, if the VOC (and TPH-GRO) soil samples were prepared per Method 5030/5030A (e.g., rather 
than by Method 5035), it is more probable that the on-site VO.C soil.results are the more accurate. A 
large negative bias (e.g. several orders of magnitude) is associated with the sample preparatory procedure. 

Response: Comment noted. A statement will be added to Appendix D-1 indicating the potential for low 
biased off-site data. This statement will be identical to a. statement contained in Appendix D-2, page 10. 
The basic interpretation and assumption that the on-site data are potentially high biased due to 
hydrocarbon interferences will remain. 

Comment: The reference section of Appendix D, Section D.3.3.3, could not be found. Is this a typo? 

Response: Appendix D should have a reference section, and it will be included in the revised report. 

9. Comment: Table 4-1 lists Ambient Water Quality Criteria (A WQC) as ARARs for the site. This is not 
correct. Federal A WQC are only legally enforceable in States that do not have EPA approved state 
programs. (See 40 CFR Part 131.4, 131.5, and 131.36 for clarification on this issue). 

Massachusetts has an EPA approved state plan and therefore the State A WQC should be listed as the 
ARAR rather than federal A WQC. 

Response: The suggested edit will be incorporated. 

G:\Projects\USAEC\Projects\69WRCL\69WRCL.Doc 9144-03 

45 



RESPONSE TO COMMENTS 
ON THE DRAFI' REMEDIAL INVESTIGATION 
FOR AREA OF CONTAMINATION (AOC) 69W 

DEVENS, MASSACHUSETTS 
AUGUST 1998 

( continued) 

NED Comments on the Draft Remedial Investigation Report; 
for Area of Contamination (AOC) 69W 
Aprill998 

Geology Review Comments - Young 

1. 

2. 

3. 

4. 

5. 

Comment: 5-32/para 1. State rationale why ground water sampling Round 4 was conducted so soon 
after Round 3. 

Response: Round 3 groundwater sampling was conducted in September and October of 1996 while Round 
4 sampling was conducted over a year later in December of 1997. 

Comment: 5-41/para 2. Please give details regarding the construction of the stockpile area in the text. 
Was the soil pile covered with polyethylene? Were hay bales or some type of filter fabric placed around 
the perimeter of the stockpile to prevent runoff of soil into the adjacent manhole? 

Response: The completed Soil Removal Action Report containing all of the requested information will be 
provided as Appendix N of the Final RI. The Appendix will be referenced in Section 5. 

Comment: 6-6/top of page. State distance of Shepley's Hill Landfill from AOC 69W. 

Response: The referenced text will be changed to indicate that Shepley's Hill Landfill is approximately 
2,500 feet to the northeast. 

Comment: 7-41/7.2.3.2, Please show the different Areas on Figure 3. 

Response: The reference in Section 7.2.3.2 to Area 2 is in error. The text will be changed to indicate that 
" ... HLA installed four monitoring wells at AOC 69Win 1995 ... " 

Comment: 7-42/para 1. The text compares filtered/unfiltered ground water samples for arsenic but, in 
looking at Table 7-15, there are no footnotes that describes which ground water samples were/were not 
filtered. Please clarify. 
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Response: Footnotes describing the flagging codes and data qualifiers will be added to Table 7-15 . 

6. Comment: 7-50/last sentence It is stated in the text that the 1PHC ground water data is highly variable 
from round to round and between samples and duplicates. Please discuss in the final document, if 
possible, any factors that may have been an influence on this variability. 

Response: Variance in sample results from round to round and between duplicates will be discussed in the 
Final RI. 

7. Comment: 10-10/10.l . Does the recommendation for long term monitoring of down gradient ground 
water quality equate to a specific number of years or is it dependent on a yearly data review of 
contaminants that exceed specific State & Federal criteria? Please clarify in the narrative. 

Response: Please refer to the Response to HTRW Comment 1 as well as well as MADEP General 
Comment 1. 

General Comment - Geology concurs with the A-E's recommendation for a limited action consisting of long term 
monitoring of down gradient ground water quality. 

Chemistry Review Comments - Wojtas 

8. 

9. 

Comment: 3-18/3.2.3. In the fifth bullet on page 3-18, "matrix spike" should be changed to "mass 
spectrometer". 

Response: . Corrections will be made to Section 3.2.3. 

Comment: Appendix D-1/D-56/D.5.4. Table D-24 (as referenced) is not included. Please add. 

Response: Table D-24 will be added in the revised report. 
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10. Comment: Appendix D-1/D-59/D.5.4.2 .. Include discussion of high bias of on-site reSJIIts possibly 
attributed to volatilization ofVOCs during shipment to the off-site laboratory (see page 10 of Appendix 
D-2). 

Response: A statement will be added to Appendix D-1 indicating the potential for low biased off-site data. 
This statement will be identical to a statement contained in Appendix D-2, page 10. The basic 
inteipretation and assumption that the on-site data are potentially high biased due to hydrocarbon 
interferences will remain. 

11. Comment: Appendix D-ltrable D-5. Include a definition for footnote 1. 

Response: Footnote will be included on Table D-5, Appendix D-1. 

12. Comment: Appendix D-4/Air Sample Data Review and Validation. At the end of Appendix D-4, there 
are two reports titled "Air Sample Data Review and Validation, AOC 69W Fort Devens, March 1998". 
The first report appears to be superseded by the second report. Please remove unapplicable reports. 

Response: The Appendix will be reviewed and corrected to include only the final report. 
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1.0 Introduction 

Sectioff No. 1.0 
Revision No. 0 
Date June 4. 1998 
Page 1 of 15 

' The EPA New England, Office of Environmental Measurement and Evaluation, at the request of 
Jerry Keefe and Jim Byrne, Project Managers for the Fort Devens Superfund Federal Facilities 
Site in Devens, Massachusetts, performed an indoor air sampling study inside the Devens 
Elementary School for volatile a:nd semi-volatile organic compounds on April 21, 1998, between 
08:33 and 16:54 hours. 

Fort Devens is located in Devens, Massachusetts approximately 3 5 miles northwest of the city of 
Boston, within the towns of Ayer, Shirley, Harvard, and Lancaster, and occupies approximately 
9,280 acres of land area. Area of Contamination (AOC 69W), Devens Elementary School, is 
specifically located in the northwest portion of the former Main Post, on the comer of Antietam 
and MacArthur Streets. The area is comprised of an unoccupied elementary school, an 
associated parking lot, and surrounding grassy areas. 

In 1972 and 1978, fuel oil No. 2 was accidently released into subsurface soils at the school. The 
source of the release is assumed to be from damaged piping near and within the footprint of the 
school. Results of investigation activities have shown the presence of petroleum contamination 
in subsurface soils primarily at the water table, adjacent to and down gradient of the school's 
foundation. In addition, soil and groundwater contamination have been detected directly beneath 
the school, in the immediate vicinity of the new boiler room. 

In 1996 and 1997, the Army conducted air monitoring in the school to evaluate whether 
contaminants in the soil and groundwater were impacting indoor air quality. The results of the 
air monitoring efforts did indicate the presence of various volatile organic compounds (VOCs), 
however, due to questionable data quality no definitive conclusions could be derived. In 
addition, the methods used were not able to identify and quantitate the target semi-volatile 
organic compounds (SVOCs). As a result, further air sampling was requested to be performed 
within the school. 



2.0 Sampling Objectives 

Section No. 2.0 
Revision No. O 
Date June 4, 1998 
Page 2 of 15 

The study focused on collecting indoor and ambient air samples for VOCs and SVOCs at 
locations previously used during the October 20, 1997 study performed by ABB Environmental 
Services. The objective of the study was to collect quality data that would help determine if fuel
related contaminants present in the soil and groundwater adjacent to and beneath the school were 
volatilizing and migrating up through the soil and into the school's class rooms. The data 
presented in this report will be used by risk assessors to determine if contaminant levels in the 
school are a health risk to potential occupants of the building. 

2.1 Target Compounds and Reporting Limits 

The list of target analytes for this project is presented in Table 1. They are taken from the 
October 1997, ABB Environmental Services, Inc. Final Remedial Investigation/Feasibility Study 
Work Plan Addendum for Supplemental Air Sampling at AOC 69W. This list was compiled 
based on fuel-related compounds that have been detected in soil and groundwater in the 
immediate vicinity of the school and contaminants expected to be present in weathered No. 2 fuel 
oil. Table 2a and Table 2b lists the VOCs and Table 3 lists the SVOCs that were sampled and 
analyzed for using the methods described in this report. 

2.2 Data Use and Reporting 

This report will be provided to Jerry Keefe and Jim Byrne for their review. They will forward 
the report to the appropriate parties for risk assessment analysis. This report describes where 
samples were collected, the sampling and analytical procedures used for the survey, and the 
meteorological conditions during the sampling event. In addition, all the sampling and quality 
assurance/quality control (QA/QC) data are reported in tabular form. The results have been 
summarized and an evaluation performed to assess the quality of the data and what compounds 
were present at concentrations above background levels that could be impacting indoor air 
quality. This information is discussed in greater detail further on in the report. 



3.0 Sampling Locations 

Section No. 3.0 
Revision No. 0 
Date June 4, 1998 
Page 3 of 15 

The sampling locations described below and shown on Figure I were used during the April 21, 
1998 study. Eleven sampling locations were established as follows to collect voes: six 
locations in various rooms throughout the school; three outdoor locations for collecting 
background data; one sampling station in the crawlspace beneath the kitchen; and one sampling 
station in the crawlspace near the old boiler room. Two samples were collected side-by-side at 
the kitchen crawlspace sampling location to serve as duplicate samples for obtaining precision 
data. 

The following three sampling locations were established to collect SVOes: one sampling station 
in the crawlspace beneath the kitchen, one station in the room adjacent to and immediately south 
of the new boiler room, and one sampling station located outside the building to collect ambient 
background data. Two samples were collected side-by-side at the kitchen crawlspace sampling 
location to serve as duplicate samples for obtaining precision data. 

Descriptions of the sampling stations used for this survey are provided below. 

Sampling Station # 1 

This station was located in the middle of the room across the hall from the new boiler room. The 
oil supply line from the under ground storage tank to the new boiler room is located under this 
room. The area under this room was identified to contain subsurface soil contamination. Both 
voe and svoe samples were collected from this room. 

Sampling Station #2 • 

This station was positioned in the kitchen area adjacent to the access point to the crawlspace 
sampling station (Station 4). Subsurface soil contamination was identified in the parking lot 
adjacent to the school foundation which is located in the vicinity of this station. A voe sample 
was collected from this location. 

Sampling Station #3 

This sampling location was placed in the middle of the first room on the left-hand side of the 
northeast wing (Room 113). This room was chosen because it is close to the old boiler room and 
is representative of conditions in the northeast portion of the building. A voe sample was 
collected from this room. 



Sampling Station #4 

Section No. 3.0 
Revision No. 0 
Date June 4, 1998 
Page 4 of 15 

This station was located in the crawl space beneath the kitchen area. voe and SVOe Jamplers 
were placed adjacent to this access point on the dirt floor. This location collected two voe and 
two svoe samples side-by-side to serve as duplicate samples for obtaining precision data. Tnis 
location was chosen to measure contaminant migration from the ground and to represent worse 
case concentrations. 

Sampling Station #5 

This station was placed in the crawl space adjacent to the old boiler room. Access into the crawl 
space was thorough a door located in the old boiler room. A voe sample was collected on the 
dirt floor, adjacent to this access point. This location was chosen to measure contaminant 
migration from the ground and to represent worse case concentrations. 

Sampling Station #6 

This sampling location was positioned in a room located in the southwest portion of the school. 
A voe sample was collected from the middle of the room to collect data representative of 
indoor air background levels. 

Sampling Station #7 

This station was located in the room adjacent to and immediately south of the New Boiler Room. 
A voe sample was collected from the middle of the room. This room is close to the area where 
subsurface soil contamination was identified. 

Sampling Station #8 

This sampling station was placed in a class room located in the northwest comer of the school. 
A voe sample was collected from the middle of the room. This room is located over subsurface 
soils identified as containing elevated levels of TPHe. 

Sampling Station #9 

This station was located outside and along the northern side of the school building, 
approximately 3 5 feet south of monitoring well 69W-94- l l. A voe ambient air sample was 
collected to obtain background data. 
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This station was located outside and along the western side of the school building near the front 
parking lot area. Station # 10 was approximately 48 meters from the southwest comer of the 
building, 56 meters from the northwest comer of the building, and 43 meters west of the main 
entrance to the building. A VOC ambient air sample was collected to obtain l:iackground data. 

Sampling Station # 11 

This station was located outside and along the eastern side of the school building near the 
playground area. Station # 11 was approximately 52 meters from the northeast comer of the 
building, and 136 meters from the southeast comer of the building. VOC and SVOC ambient air 
samples were collected to obtain background data. 

4.0 Canister VOC Air Sampling and Analytical Methodology 

4.1 Description 

EPA Region I Standard Operating Procedure for the Sampling of Trace Volatile Organic 
Compounds using SUMMA Polished Stainless Steel Canisters, EPA-REG 1-ESD/CAN-SAM
SOP, March 1994, Revision 1, was used as the procedure to collect the ambient air samples. 
Sub-atmospheric samples were collected in evacuated 6 liter canisters using the procedure 
described in Part 2 of the Region I SOP, described above. Detailed descriptions of the quality 
assurance procedures are provided in Part 4. 

Canister samples were brought back to the EPA laboratory properly logged in and analyzed 
using a gas chromatograph/ion-trap mass spectrometer (GC/MS) following the EPA Region I 
standard operating procedure entitled, "The Determination of Volatile Organic Compounds in 
Ambient Air using Summa Passivated Canisters," a modification of EPA Method TO 14 - The . 
Determination of Volatile Organic Compounds in Ambient Air using SUMMA Passivated 
Canister Sampling and Gas Chromatographic Analysis, from the Compendium of Methods for • 
the Determination of Toxic Organic Compounds in Ambient Air, EPA-600/4-84-041, May 1987. 
This analytical procedure was used to identify and quantify the VOCs listed on Table 2a and 2b. 



4.2 Canister Cleanine and Leak Certification Procedures 

4.2.1 Canister Cleaning Procedure 

Section No. 4.0 
Revision No. 0 
Date June 4, 1998 
Page 6 of 15 

, . 

Prior to the sampling event, the canisters were cleaned by placing them in ovens maintained at 
150°C, evacuated to at least 10-3 Torr, and then pressurized with humidified nitrogen to 
approximately 30 psig. This process was repeated three times. Detailed descriptions of these 
procedures are provided in the document entitled, "Canister Cleaning Standard Operating 
Procedures, EPA-REGl-OEME/CANISTER-CLEANING-SOP, April 1998, Revision 2." 

4.2.2 Canister Leak Certification Procedure 

At the end of the cleaning process described above, the canisters were evacuated to less than I 0-3 

Torr, with a Pirani sensor the vacuum in each canister was measured. The canisters were then 
placed on a shelf for at least 24 hours. · At the conclusion of this period, the Pirani sensor was 
used again to measure the final canister vacuum which was then compared to the initial reading 
to determine if the canisters show signs ofleaking. No leaks were detected in any of the 
canisters, therefore, they were certified leak free on April 2, 1998. Detailed descriptions of these 
procedures are provided in the document entitled, "Canister Leak Certification Standard 
Operating Procedures, EPA-REGl-OEJ\.ffi/ CANISTER-LEAK-CERT-SOP, April 1998, 
Revision 2." 

4.2.3 Canister Cleanliness Certification Procedure 

After all the canisters were certified to be leak free, each canister was pressurized with nitrogen 
at 25% relative humidity and then analyzed for contamination using a GC/FID. After the first 
cleaning, the canisters· did not satisfy the clean certification criteria (levels greater than IO ppb/c 
TNMOC and greater than I ppb/c of any target compound). As a result, all the canisters were 
cleaned a second time using the procedure described in Section 4.2.1. The canisters were 
certified clean on April 20, 1998. Detailed descriptions of these procedures are provided in the 
document entitled, "Pressurized Canisters for Clean Certification Standard Operating Procedures, 
EPA-REG 1-OEJ\.ffi/CANISTER-PREP-SOP, April 1998, Revision 2. 11 

Canisters were stored under pressure until April 20, 1998, when they were re-evacuated to less 
than I 0-3 Torr. Detailed descriptions of these procedures are provided in the document entitled, 
"Canister Evacuation Standard Operating Procedures, EPA-REGl-OEME/CAN- • 
EVACUATION-SOP, May 1996." 
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All flow controllers were calibrated to 9 milliliters per minute (m.Vmin.) in the EPA laboratory. 
on April 1, 1998 following the procedures provided in the EPA Region I Standard Operating 
Procedure for the Sampling of Trace Volatile Organic Compounds using SUMMA Polished 
Stainless Steel Canisters, EPA-REGl-ESD/CAN-SAM-SOP, March 1994, Revision 1, Section 
4.1.2 . The flow controller was connected to a "dummy" evacuated canister and an Aalborg 
Electronic Mass Flow Meter, Model GFM-1700 was attached to the flow controller's inlet port. 
As room air was being drawn into the canister, the flow controller needle valve was adjusted 
until the mass flow meter read 9 m.Vmin. 

In the field, after all the canister samplers were placed at their sampling locations and collecting 
samples, the flow rate was checked using the Aalborg Electronic Mass Flow Meter. All canister 
samplers were collecting samples at the target flow rate of 9 ml/min. In addition, midway 
through the sampling period the flow rate was checked again and all the samplers continued to 
collect samples at 9 m.Vmin. The target ending pressure for the canisters was between -6 inches 
of Hg and -8 inches of Hg vacuum. At the end of the sampling event, the pressures in the 
canisters were between -13 inches of Hg and -6 inches of Hg vacuum. This indicates a 
representative sample was collected over the eight-hour sampling period. 

4.3.2 Flow Controller Cleaning Procedure 

After the flow controllers were calibrated they were cleaned on April 1, 1998. The flow 
controllers were placed in ovens maintained at 100 °C and purged with humidified nitrogen for 
approximately one hour. After a cool down period the controller inlet and outlet ports were 
capped and placed in a shipping case. 

4.4 Canister Analysis Quality Control/Quality Assurance 

4.4.1 Laboratory Blank 

Humidified nitrogen was introduced into the analytical instrument inlet line prior to analyzing 
the canisters to serve as a laboratory blank. Laboratory Blank # 1 was run prior to analyzing 
canisters #1584, #1576, 1582, 1560, and 1577. Laboratory Blank #2 was run prior to analyzing 
canisters #1574, 1565, 1594, 1577(duplicate), and 1587. Laboratory Blank #3 was run prior to 
analyzing canisters #1589, 1592, 1586, and 22689. The laboratory blank was analyzed to 
determine the background contamination present in the analytical instrumentation. If the canister 
samples detect compounds below three times the blank value, they were qualified as estimated 
values with a "B". If a compound concentration was not qualified, the blank value was not 
subtracted from the sample value. 
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The blank results are presented in Appendix A for the TO-14 compounds and in Appendix B for 
the P AMS compounds. There were no compounds detected above their reporting limit except 
for benzene, toluene, 4-ethyltoluene, and 1,2, 4-trimethylbenzene in Lab blank #I; benzooe, 
toluene, 1,3,5-trimethylbenzene, 1,3-dichlorobenzene, chloromethylbenzene, and 1,2-
dichlorobenzene in Lab Blank #2; and methylene chloride, benzene, toluene, 4-ethyltoluene, 
chloromethylbenzene, and 1,2-dichlorobenzene in Lab blank #3 . The following compounds are 
qualified as estimated values with a 118 11 for one or more samples: 1,2-dichloro-l, 1,2,2-
tetrafluoroethane, vinyl chloride, acetone, trichlorofluoromethane, benzene, toluene, m,p-xylene, 
styrene, 4-ethyltoluene, 1, 3, 5-trimethylbenzene, 1,2, 4-trimethylbenzene, I, 4-dichlorobenzene, 
n-decane, and n-undecane. 

4.4.2 Field/frip Blank 

Canister# 22689 went through all the procedures described in Section 4.2 and accompanied the 
canisters to the field and back to the laboratory to serve as a field /trip blank. The canister was 
pressurized by the laboratory along with the other samples prior to analysis. The canister was 
analyzed to determine if any cross contamination had occurred after the cleaning process and 
before analysis. If canister samples detect compounds below three times the blank value, they 
were qualified as estimated values with a "B" . If a compound concentration was not qualified, 
the blank value was not subtracted from the sample value. 

The blank results are presented in Appendix A for the TO-14 compounds and in Appendix B for 
the P AMS compounds. There were no compounds detected above their reporting limit except 
for methylene chloride and benzene. These compounds were qualified as estimated values with 
a 118 11

. 

4.4.3 Data Reproducibility/Precision Procedures 

Canister #1577 was analyzed a second time for assessing analytical precision. Two 0.5 liter 
aliquots' were withdrawn from the canister and analyzed in a similar manner. Those compounds 
having values above their report limits are reported in Table 4. The relative percent differences 
were calculated and all were below 9%, which is well within the± 25% performance criteria, 
showing excellent analytical precision. 

In addition, Canister #1577 and #1587 were collected simultaneously in parallel from Sampling 
Station #4 (Kitchen crawl space) to determine sampling precision. Those compounds having 
values above their report limits are reported in Table 5. The relative percent differences were 
calculated and all were within ± 25%, except for methylene chloride, I, I, I-trichloroethane, and 
2-methylpentane. The values detected for I, I, I-trichloroethane (0.11 and 0.46 ppb/v) were not 
10 times the reporting limit ( 0.11 x IO= I.I ppb/v), therefore, the ± 25% performance criterion 
does not apply. 
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The values reported in Table 5 for methylene chloride are estimated because they are above the 
analytical instruments calibration range and the data suggests the high levels detected in the 
canister samples are associated with the methylene chloride used to clean the XAD sam~ling 
tubes. Therefore, the data reported for methylene chloride probably does not represent what was 
present in the indoor or outdoor air during the sampling event. 

The concentrations reported for 2-methylpentane are quantified with a "J" to show they are 
e~timated values. All the P AMS data reported in Appendix B are reported as estimated because 
a one-point calibration curve was used for quantitation. Therefore, qualifying the 2-
methylpentane data as estimated because the relative percent difference of 59% was outside the 
performance criterion window, will not change how the data quality is evaluated. 

4.4.4 Data Accuracy Procedures 

A quality control canister sample (AAL-21380) containing selected VOCs was analyzed with the 
canister samples to determine analytical accuracy. The results of the observed concentrations 
were compared to the known acceptable range and are reported on Table 6. The observed 
concentrations did not fall outside of the acceptable QC range, therefore, the data does not need 
to be qualified as estimated values. 

4.4.5 Canister Surrogate Spiking Procedure 

Prior to analysis, surrogate compound's dichloroethene d4, toluene d8, and p-bromofluoro
benzene were added to the analytical system prior to analyzing each sample. The percent 
recovery data for the surrogate compounds are reported with the data in Appendix A. The results 
were evaluated to determine if they were within the acceptable range (60% - 140%). All the 
surrogates were between 91 % and 102%, which is well within the acceptable range, therefore, 
the data does not need to be qualified as estimated values. 

5.0 SVOC Air Sampling and Analytical Methodology 

5.1 Description 

EPA Region I Standard Operating Procedure for using the BGI PQ 100 air sampling pump, EPA
REG l-OEI\.1E/PM-SAM-SOP, February 1998, Revision 0, were used as the procedure to collect 
ambient air samples for SVOCs on solid adsorbent sampling cartridges consisting of a layer of 
XAD-2 resin (approximately 2 inches) sandwiched between two layers of glass wool to hold the 
XAD-2 in place. The XAD-2 resin and glass wool were fitted into custom-made glass tubes 
capable of being connected to the PQl00 sampling pumps. The sampling cartridges were 
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transported into the field and brought back to the EPA laboratory wrapped in hexane rinsed 
aluminum foil and stored in screw-capped glass jar. At the conclusion of the sampling event the 
sampled cartridges were placed in a cooler with ice to help minimize loss of sample. , 

The XAD-2 cartridge samples were brought back to the EPA laboratory properly logged in a~d 
placed in a refrigerator for storage. The cartridges were then extracted by sc5xhlet extraction with 
methylene chloride and concentrated by Kuderna-Danish (K-D) evaporation on May 15, 1998. 
The eluent was then analyzed later by gas chromatography equipped with mass spectrometer 
(MS) detection. The EPA Region I standard operating-procedure entitled, "Standard Operating 
Procedure for the Analysis of Polynuclear Hydrocarbons (PAHs) in Ambient Air", a 
modification of EPA Method TO13 - The Determination ofBenzo (a) Pyrene and other 
Polynuclear Aromatic Hydrocarbons in Ambient Air using Gas Chromatographic and High 
Performance Liquid Chromatographic Analysis, from the Compendium of Methods for the 
Determination of Toxic Organic Compounds in Ambient Air, EPA-600/4-84-041 was used to 
identify and quantify the SVOCs listed on Table 3. 

5.2 SVOC Quality ControVOuality Assurance 

5.2.1 BGI POlO0 Sample Pump Flow Rate Calibration 

The PQl00 sampling pump flow rate is maintained by a mass flow controller. Each sampler was 
calibrated using a primary flow calibrator manufactured by Gilian Instrument Corp., called the 
Gilibrator, on April 3, 1998. A "Dummy" sampling cartridges was connected to each sampling 
pump and calibrated to a flow rate of 15 liters per minute. After the pumps were calibrated, they 
maintained the flow rate within ±2% over the eight-hour sampling period, regardless of changes 
in temperature and atmospheric pressure. The PQ 100 displayed the current flow rate during the 
sampling event. 

5.2.2 Solvent Blank 

A laboratory blank ( only the solvents, internal standard, and glassware) was processed with th~ 
samples and analyzed before the sample analysis. If the sample cartridges detect compounds 
below three times the laboratory blank value, they were qualified as estimated values with a 11 B" . 
The laboratory blank results are reported in Appendix C. There were no compounds detected 
above their reporting limits. 
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.. . . . . • , 
One clean sampling cartridge accompanied the sample cartridges to the field and back to the 
laboratory to serve as a field /trip blank. The blank cartridge was not exposed to the atmosphere. 
If the sample cartridges .detected ·compounds below three times the blank value,. they were 
qualified as estimated values with a "B 11

• If a compound concentration was qualified, the value 
was reported as is. The field/trip blank results are reported in Appendix C. Undecane, dodecane, 
naphthalene, docosane, tricosane, tetracosane, and pentacosane were detected in the field/trip 
blank. As a result, the following compound concentrations are estimated and qualified with a 
11B": undecane- sample #11; dodecane - samples #4(primary), #4(duplicate), and #11; 
naphthalene - samples #4(secondary), and #11; docosane ·- sample #11; tricosane - samples 
#4(primary), #4(duplicate), and #11 ; tetracosane - #1, #4(primary), #4(secondary), and 
#4(duplicate); and pentacosane - samples #1, #4(primary), #4(secondary), #4(duplicate), and #11. 

The XAD-2 resin is extremely difficult to clean even after two overnight washings with 
methylene chloride. Therefore, the tentatively identified compounds reported for each sample 
must be used with caution, especially the adiapates (bialkyhexanedioic acid) and phthalates 
(bialkyl 1,2-benzenedicarboxylic acid). 

5.2.4 Surrogate Standard Recovery 

A surrogate standard is a chemically inert compound not expected to be detected in the 
environmental sample. The surrogates fluorobiphenyl and p-terphenyl,d-14 were added to each 
XAD-2 cartridge in the laboratory on April 21 prior to the sampling event. The percent recovery 
data for the surrogate compounds are reported in Appendix C with each sample. The EPA 
Method TO-13 recommends adding the surrogate compounds after sample collection with an 
acceptable range of 80% - 120%. EPA Region I procedure is to add the surrogates before 
collection which helps evaluate any loses during collection and storage. At this time the Region 
I method does not have an acceptable range, more data is needed to calculate performance 
windows. The percent recovery data for fluorobiphenyl were between 64% and 95% and for p
terphenyl the recoveries were between 79% and 105%. 

5.2.5 Breakthrough Determination 

At Sampling Location #4 (kitchen crawl space), a sampling train was configured with a primary 
and secondary cartridge connected in series: The secondary (backup) cartridge was analyzed 
separately for determining if any compounds had migrated through the primary cartridge into the 
secondary during sampling. The results are presented in Appendix C. The secondary trap 
detected naphthalene at 12 ng/m3

, tetracosane at 24 ng/m3
, and pentacosane at 57 ng/m3. All 

three of these values are qualified with a "B II and the concentrations for naphthalene and 
tetracosane are below the reporting limit ( 40 ng/m3). The primary trap detected naphthalene at 
1000 ng/m3, tetracosane at 88 ng/m3 

, and pentacosane at 210 ng/m3 and both tetracosane and 
pentacosane values are qualified with a "B". Therefore, given the backup cartridge showed both 
tetracosane and pentacosane had levels greater than 20% of those found on the primary cartridge, 
the reported values for these compounds are estimated and are probably biased low. 
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At Sampling Station #4, one set of duplicate sample cartridges (#4 primary/secondary a.pd #4 
duplicate), two samples simultaneously collected at approximately the same flow rate were 
collected to determine data precision. The results are presented on Table 7. The relative per_cent 
differences were calculated and all were below the ± 25% performance criteria except for 1-
methylnaphthalene, hexadecane, fluoranthene, tricosane, tetracosane, and pentacosane. The 
values reported are all below 10 times the reporting limit, therefore, the performance criterion 
does not apply. 

5.2. 7 Sample Storage and Transport 

Each XAD-2 sample cartridge was wrapped in hexane rinsed aluminum foil and placed in a 
sealed glass jar for storage and transport before and after the sampling event. In addition, after 
the sampling event each cartridge was placed in a cooler containing ice to minimize loss of 
sample. 

5.2.8 Chain of Custody 

Chain of custody documentation was completed by the field engineer. All samples were logged 
into the laboratory on April 22, 1998, transferring the sample custody to the laboratory 
personnel. 

6.0 Meteorological ·Measurement Method 

6.1 Description 

A portable meteorological measuring system was located in an open area outside the school, 
approximately 38 meters north of Sampling Station #11 and 36 meters fi:om the northeast comer 
of the building. The system measured wind speed, wind direction, ambient temperature, relative 
humidity, and atmospheric pressure continuously from 07:50 to 16:05 hours. The meteorological 
station operating and data reporting procedures in the manufacturers manual were followed. The 
system's sensors were attached to a 10 to a 15-foot high portable tripod. 

Components of the measuring system are described below: 

► The data recording system consists of an Omnidata International Easy Logger Field Unit, 
Easy logger Terminal, and a 32K EPROM Data Storage Pack. The Easy Logger Field Unit is 
housed in a 14.96" x 14.96" x 8.27", 25.3 pound, steel constructed FE Mental Field Enclosure. 

► The atmospheric pressure sensor-is a Weathertronics Model 7105-A Barometer housed inside 
the enclosure described above. 
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► Relative humidity and temperature are measured with an ES-120 Vaisala Temperature and 
relative Humidity Probe housed inside an EA-130 RM Young Radiation Shield. 

' ► Wind direction and horizontal wind speed are measured with an R.M. Young Wind Monitor -
AQ, Model 05305. The wind sensors will be oriented to magnetic north using a magnetic 
compass and checked for proper orientation prior to the sampling event. • 

6.2 Meteorolo&ical Results 

Temperature, atmospheric pressure, relative humidity, wind direction, and wind speed data were 
collected every 5 minutes from 05:50 to 16:05 hours. The recorded 15 minute average data are 
reported on Table 8. The ambient temperature measurements ranged from 6 °C to 17 °C with an 
average of 13 °C (55 °F), atmospheric pressure ranged from 29.92 "Hg to 29.97 "Hg with an 
average of29.95 "Hg (760 mm Hg), relative humidity measurements ranged from 90% to 27% 
with an average of 44%, wind speed ranged from O mph to 11 mph with an average of 6 mph, 
and the average wind direction was from the west northwest (280 degrees) relative to magnetic 
north. The wind was blowing from the west northwest 36 percent of the time, from the north
northwest 27 percent of the time, from the west southwest 24 percent of the time; so during the 
sampling period there was a westerly flow of air moving across the school property. Therefore, 
Sampling Stations #9 and # 10 were .upwind of the building and Station# 11 was downwind of the 
building during the sampling period. 

7.0 Air Sampling Results and Discussions 

On April 21, 1998, volatile organic and semi-volatile organic compound air samples were 
collected over an eight-hour period both inside and outside the former Fort Devens Elementary 
School. Sampling locations were established to collect data that would help detennine if fuel
related contaminants present in the soil and groundwater adjacent to and beneath the school were 
volatilizing and migrating up through the soil and into the school' s class rooms. The school was 
closed up with no heating/air-conditioning ventilation systems in operation prior to and during 
the sampling event to simulate a worse case situation. The data collected during the study are 
presented in Appendices A, B, and C and summarized on Tables 9, I 0, and 11. The data 
reported on these tables are only the values which were detected above the reporting limits. 

The volatile organic compound (VOC) summary data presented on Table 9 shows a comparison 
of the data collected from each sampling station. Stations #9, # I 0, and # 11 were positioned 
outside the school to collect ambient background data. The wind direction during the sampling 
event was generally from a westerly direction, which put stations #9 and # 10 upwind of the 
school and station #I 1 _downwind of the school. The target compounds, methyl-t-butyl-ether, 
toluene, ethylbenzene, m,p-xylene, and 1,2,4-trimethylbenzene were not detected above their 
reporting limits at Stations #9, #IO, and #11. Sampling Stations #4 and #5 were positioned 
beneath the school in the crawl space to measure contaminant migration from the ground and to 
represent worse case concentrations. At Station #4 and #5, methyl-t-butyl-ether and 
ethylbenzene were not detected above the reporting limit, Station #4 detected toluene at 2 ug/m3 
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and 0.9 ug/m3 at Station #5, Station #4 detected m,p-xylene at I ug/m3 and 0.6 ug/m3 at Station 
#5, and 1,2,4-trimethylbenzenewas not detected at Station #4 but 0.7 ug/m3 (B) was measured at 
Station #5. Indoor air background Station #6 measured the following: methyl-t-butyl-csther, 
ethylbenzene, and 1,2,4-trimethylbenzene were not detected, toluene was detected at 2 ug/m3 , • 

and m,p-xylene at 2 ug/m3
. The data collected from Station #6 is the same or higher than what 

was collected from Stations #4 and #5. In addition, the target compound data collected from the 
other five rooms in the school show relatively the same concentrations as those from Stations #4, 
#5, and #6. Therefore, the results described above show that the target compounds were riot 
migrating up through the soil and into the class rooms during the April 21 sampling event. 

Reviewing the other non-target VOC data presented on Table 9, take note that methylene 
chloride was detected at very high concentrations at several of the sampling locations. This has 
been determined to be associated with the methylene chloride used to clean the XAD sampling 
tubes. At Stations #1, #4, and #11 where canisters and XAD cartridge samples were collected 
side-by-side, the outlet of the sampler emitted the methylene chloride which was then drawn into 
the canister. The methylene chloride detected in the other canister samples was most likely 
related to handling the XAD cartridges and the canisters concurrently. Therefore, the data 
reported for methylene chloride probably dose not represent what was present in the indoor or 
outdoor air during the sampling event. Trichlorofluoromethane concentrations were also 
detected at relatively high levels in all of the indoor air samples compared to the outdoor 
samples. This compound is also called Fl 1, which is a Freon used in aerosol sprays, commercial 
refrigeration equipment, fire extinguishers, and as a blowing agent for polyurethane foams. It is 
apparent from the data that Fl 1 is present in the building and crawl space. The source cannot be 
determined from this data set. The other compounds presented on Table 9 did not vary in 
concentration over the sampling stations to indicate they were migrating up through the soil and 
into the class rooms during the April 21 sampling event. One exception might be 1,4-
dichlorobenzene, which was detected between 1 and 3 ug/m3 at Sampling Stations #1, #2, #3, #4, 
and #5 . The rest of the sampling stations did not detect 1, 4-dichlorobenzene above the reporting 
limit. 

The additional volatile organic compound (VOC) summary data presented on Table 10 like 
Table 9, shows a comparison of the data collected from each sampling station. The target 
compound, n-decane was not detected above the reporting limit at any of the sampling stations. 
However, 2-methylpentane had detectable levels at all of the sampling stations. At outside 
upwind Station #9 and #10 the concentrations were 6 ug/m3 and 7 ug/m3

, respectively and at 
downwind Station # 11, 16 ug/m3 was dete~ted. Indoor air background Station #6 measured 2-
methylpentane at IO ug/m3

. In the crawl space at Sampling Stations #4 and #5 the concentrations 
were 170 ug/m3 (E) and 17 ug/m3

, respectively. The 2-methylpentane data collected from 
Stations #2, #3, and #7 were between 10 ug/m3 and 14 ug/m3

. There is some indication from the 
data, particularly from the crawl space beneath the kitchen area that 2-methylpentane may be 
moving up through the soil into the crawl space. However, in other areas the levels are similar to 
or below what was detected at the indoor air background station (#6) and at one of the outside 
background stations ( # 11) with the exception of Station # 1 where 56 ug/m3 was detected. The 
non-target compounds reported on Table 10 were either not detected or were slightly below the 
reporting limits at all sampling stations. 
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The semi-volatile organic compound (SVOC) summary data presented on Table 11 shows a 
comparison of the data collected from Sampling Stations #1, #4, and #11. Station #11 was 
positioned outside the school to collect ambient background data and was downwind o, the 
school during the sampling event. The target compounds, decane, dodecane, naphthalene, 1-
methylnaphthalene, 2-methylnaphthalene, and tetradecane were not detected above their _ 
reporting limits at Stations #11 . Sampling Stations #4 was positioned beneath the kitchen area in 
the crawl space to measure contaminant migration from the ground and to represent worse case • 
concentrations. At Station #4, decane was detected at 0.15 ug/m3, dodecane at 0.08 ug/m3 (B), 
naphthalene at 0.90 ug/m3

, 1-methylnaphthalene at 0.11 ug/m3, 2-methylnaphthalene at 0.12 
ug/m3

, and tetradecane was detected at 0.03 ug/m3 (L). In the room near the old boiler room 
(Station #I), decane was detected at 0.43 ug/m3, dodecane at 0.17 ug/m3 (B ), naphthalene at 1.4 
ug/m3, 1-methylnaphthalene at 0. 19 ug/m3

, 2-methylnapbtbalene at 0.10 ug/m3
, and tetradecane 

was detected at 0.19 ug/m3 (L). The data described above shows the target compound 
concentrations in the crawl space to be generally lower than the concentrations found at Station 
#1 . For the non-target semi-volatile organic compounds the concentrations were all well below 1 
ug/m3 and generally did not show any significant variability among the sampling stations. There 
were a number of tentatively identified compounds detected at the three sampling stations and 
their estimated concentrations are reported in Appendix C. In general, the SVOC results 
described above show that the compounds were not migrating up through the soil and into the 
class rooms during the April 21 sampling event. 

The data presented in this report are of acceptable quality to represent the levels of volatile and 
semi-volatile organic compounds present at the sampling locations under the specific conditions 
prevailing during the sampling event on April 21, 1998. These levels may vary given differing 
site activities and meteorological conditions. 
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TABLES 



TABLE 1 

AOC 69W DEVENS ELEMENTARY SCHOOL TARGET ANALYTES 

COMPOUND 

1,2, 4-Trimethylbenzene 
1,3, 5-Trimethylbenzene 
1-Methylnaphthalene 
2-¥ethylheptane 
2-Methylnaphthalene 
3-Methylheptane 
Decane 
Dodecane 
Ethylbenzene 
Methyl-t-butyl ether 
Naphthalene 
Nonane 
Octane 
Tetradecane 
Toluene 
p-Xylene 



EPA METHOD TO14 TARGET voe LIST 

COMPOQND 

Dichlorodifluoromethane (F12) 
Chloromethane (Methyl Chloride) . 
1,2-Dichloro-1,1,2,2-Tetrafluoroethane 
Vinyl Chloride 
Methyl Bromide (Bromomethane) 
Chloroethane 
Acetonitrile 
Acrolien 
Acetone 
Trichlorofluoromethane 
Acrylonitrile 
1,1-Dichloroethylene 
Methylene Chloride 
3-Chloropropene 
1,1,2-Trichloro-1,2,2-Trifluoroethane 

(F114) 

(F113) 
1,1-Dichloroethane 
Methyl-t-butyl ether 
Vinyl Acetate 

(Target Compound) 

Methyl Ethyl Ketone 
cis-1,2-Dichloroethene 
Chloroform 
Ethyl Acetate 
Tetrahydrofuran 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Benzene 
Carbon Tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
Methylmethacrylate 
cis-1,3-Dichloropropene 
Methyl Isobutyl Ketone 
trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Toluene (Target Compound) 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethyl Benzene (Target Compound) 
m,p-Xylene (Target Compound) 
Styrene 
1,1,2,2-Tetrachloroethane 
a-Xylene 
4-Ethyl Toluene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylbenzene 
1,3-Dichlorobenzene 
Chloromethylbenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

(Target Compound) 
(Target Compound) 

' 



TABLE2b 

PAMS TARGET VOLATILE ORGANIC COMPOUNDS 

COMPOUND 

Propylene 
Propane 
lsobutane 
I-Butene 
n-Butane 
trans-2-Butene 
cis-2-Butene 
Isopentane 
1-Pentene 
n-Pentane 
lsoprene 
cis-2-Pentene 
2,2-Dimethylbutane 
Cyclopentane 
2,3-Dimethylbutane 
2-Methylpentane 
3-Methylpentane 
1-Hexene • 
n-Hexane 
Methylcyclopentane 
2, 4-Dimethylpentane 
Cylcohexane 
2-Methylhexane 
2,3-Dimethylpentane 
3-Methylhexane 

COMPOUND 

2,2,4-Trimethylpentane 
n-Heptane 

Methylcyclohexane 
2,3, 4-Trimethylpentane ' 
2-Metbylheptane (Target Compound) 
3-Methylheptane (Target Compound) 
n-Octane (Target Compound) 
n-Nonane (Target Compound) 
lsopropylbenzene 
n-Propylbenzene 

m-Ethyltoluene 
o-Ethyltoluene 
n-Decane (Target Compound) 
1,2,3-Trimethylbenzene 
1,3-Diethylbenzene 
1, 4-Dimethylbenzene 
n-Undecane • 
Dodecane * (Target Compound) 

NOTE: * These compounds have been added as calibration and retention time standards 
primarily for the purpose of retention time verification. They can be 
quantitated at the discretion of the user. 



TABLE3 

SEMI-VOLATILE ORGANIC COMPOUNDS 

PAD COMPOUNDS 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo( a)anthacene 
Benzo( a )pyrene 
Benzo(b )fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo( a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Naphthalene (Target Compound) 
Phenanthrene 
Pyrene 

OTBERSVOCS 

1-Methylnaphthalene (Target Compound) 
2-Methylnaphthalene (Target Compound) 
Decane (Target Compound) 
Tetradecane (Target Compound) 
Hexadecane 
Octadecane 
Eicosane 
Tricosane 
Pentacosane 
Undecane 
Dodecane (Target Compound) 
Tridecane 
Pentadecane 
Heptadecane 
Nonadecane 

) Docasane 
Tetracosane 
Heneicosane 



TABLE4 

DUPLICATE ANALYSIS RESULTS 

The following are the results of duplicate analyses performed on canister #1577. Note that only those compounds 
detected above the reporting limit (RL) are presented in this table for comparison, the other compounds are reported as 
none detected. The RL for the nonpolar compounds is 0.11 ppb,v/v and for the polar compounds they are 22, 11 , and 5 
(methyl-t-butyl ether) ppb,v/v. ,_ 

·COMPOUND SAMPLE DUPLICATE RELATIVE AVERAGE 
CONCENTRATION CONCENTRATION PERCENT 

-(ppb,v/v) (ppb,v/v) DIFFERENCE (ppb,v/v) 
'(%) 

Dichlorodifluoromethane 0.68 0.66 3 0.67 

Cbloromethane 0.38 0.37 3 0.38 

Trichlorofluoromethane 20 · 20 0 20 

Methylene Chloride 2020 E 2037 E 1 2028 E 

1, I. I-Trichloroethane 0.11 0.11 0 0.11 

Benzene 0.18 B 0.19 B 5 0.18 B 

':arbon Tetrachloride 0.12 0.13 8 0.12 

Toluene 0.37 0.38 3 0.38 

m,p Xylene 0.21 0.22 5 0.22 

1, 4-Dichlorobenzene 0.56 0.54 4 0.55 

2-Methylpentane 26 J 26 J 0 26 J 

Notes: B = Analyte is associated with blank contamination. Value is qualified when the observed concentration in 
the sample is less than three times the blank level. 

E = Estimated value, above the calibration range. 
J = Estimated value 



TABLES 

DUPLICATE SAMPLING RESULTS 

The following are the results of duplicate/replicate canister samples (#1577 and #1587) collected from sampling Station 
#4. Only those compounds detected above the reporting limits are provided below for comparison. The average 
concentrations reported for sample #1577 on Table 2 - Duplicate Analysis Results are used for comparing the 
concentrati~ns detected in duplicate sample #1587. 

' COMPOUND CANISTER #1577 CANISTER#l587 RELATIVE AVERAGE 
PERCENT 

"DIFFERENCE 

' 
~ 

., 
(ppb,v/v) (ppb,v/v) (%) (ppb,v/v) 

Dichlorodifluoromethane 0.67 0.67 0 0.67 

Chloromethane 0.38 0.38 0 0.38 

Trichlorofluoromethane 20 19 5 20 

Methylene Chloride 2028 E 3007 E 39 2518 E 

1, 1, I-Trichloroethane 0.11 0.46 123 0.28 

Benzene 0.18 B 0.18 B 0 0.18 B 

Carbon Tetrachloride 0.12 0.12 0 0.12 

rl'oluene 0.38 0.46 19 0.42 

im,p-Xylene 0.22 0.20 10 0.21 

1, 4-Dichlorobenzene 0.55 0.51 8 0.53 

111-Pentane ND (I.I) 1.7 J NA 1.7 J 

12,2-Dimethylbutane ND (I.I) 1.6 J NA 1.6 J 

12-Methylpentane 26 J 48 E,J 59 37 E,J 

~-Methylpentane ND (I.I) 1.3 J NA 1.3 J 

Notes: B = Analyte is associated with blank contamination. Value is qualified when the observed concentration in 
the sample is less than three times the blank level. 

E = Estimated value, above the calibration rang~. • • . 
ND =. Not detected above.reporting limit (1. l .ppb/v): 
J = Estimated value, 
NA = Not applicable, RPD cannot be calculated. 



TABLE6 

AUDIT CYLINDER RESULTS 

The following are the results of analyzing QC sample, AAL-21380. The QC samples were analyzed with the samples. 

COMPOUND OBSERVED ACCEPTABLE 
VALUE RANGE 

(ppb/v) (ppb/v) 

Vinyl Chloride 5.57 4.16 - 6.81 

Methyl Bromide 5.61 4.48 - 8.00 

Trichlorotluoromethane 5.27 4.30- 6.80 

Methylene Chloride 4.29 3.87 - 7.87 

Chloroform 5.39 4.09- 6.16 

1,2-Dichloroethane 5.00 4.21 - 6.38 

1, 1, I-Trichloroethane 4.88 3.87 - 6.13 

Benzene 4.89 3.93 - 6.08 

Carbon Tetrachloride 4.92 3.21 - 6.91 

1,2-Dichloropropane 5.00 3.26 - 7.19 

Trichloroethene 5.37 3.93 - 6.28 

Toluene 4.88 3.99- 6.23 

1,2-Dibromoethane 3.99 3.23 - 5.65 

Tetrachloroethene 5.04 4.14 - 6.34 

Chlorobenzene 5.15 4.33 - 6.21 

Ethylbenzene 4.51 3.84- 5.55 

o-Xylene 4.44 4.20- 6.60 



TABLE7 
DUPLICATE X.AD-2 CARTRIDGE SAMPLING RESULTS 

The following are the results of duplicate/replicate XAD-2 cartridge samples (#4-duplicate and #4-primary) collected 
from sampling Station #4. All the data reported in this table are estimated values. 

COMPOUND .. CARTRIDGE #4 CARTRIDGE #4 • RELATIVE AVERAGE 
(PRIMARY) (DUPLICATE) PERCENT 

DIFFERENCE 1 -

(uwm3
) (ug/m3

) (%) (uw'm3
) 

[Decane 0.16 0.J4 13 0.15 

IUndecane 0.19 0.17 11 0.18 

Dodecane 0.08 B 0.07 B 13 0.08 B 

Naphthalene 1 0.80 22 0.90 

Tridecane 0.03 L 0.04 L 25 0.04 L 

1-Methylnaphthalene 0.13 0.09 36 0.11 

2-Methvlnaohthalene 0.14 0.11 25 . 0.12 

Tetradecane 0.03 L 0.03 L 0 0.03 L 

Pentadecane 0.06 0.05 17 0.06 

Hexadecane 0.05 0.03 L 50 0.04 

Heptadecane 0.04 0.05 25 0.04 

Octadecane 0.02 L 0.02 L 0 0.02 L 

Phenanthrene 0.04 0.04 L 0 0.04 L 

Nonadecane 0.02 L ND NA 0.02 L 

iFluoranthene 0.02 L 0.01 L 50 0.02 L 

IPyrene 0.01 L ND NA 0.01 L (Max) 

Pocosane 0.05 ND NA 0.05 

[ricosane 0.03 L,B 0.02 L,B 33 0.03 L,E 

Tetracosane 0.09 B 0.03 L,B 100 0.06 L,E 

Pentacosane 0.21 B 0.08 B 93 0.14 B 

Notes: B = Analyte is associated with blank contamination. Value is qualified when the observed concentration in 
the sample is less than three times the blank level. 

ND = Not detected above reporting limit (1.1 ppb/v). 
L = Estimated value, below the calibration range 
NA = Not applicable, RPD can not be calculated 



TABLE 8 
METEOROLOGICAL DATA 

LOCATION: FORT DEVENS ELEMENTARY SCHOOL - DEVENS, MASSACIIlJSETTS 

DATE: APRIL 21 , 1998 
SCAN INTERVAL: 5 MINUTES 

07:50 29.94 90 6 

08:05 29.95 82 8 

08:20 29.95 72 9 

08:35 29.96 68 10 

08:50 29.97 65 11 

09.05 29.97 58 12 

09:20 29.97 54 12 

09:35 I 29.97 51 13 

09:50 29.97 50 13 

10:05 29.97 48 14 

10:20 29.97 48 14 

10:35 29.97 49 14 

10:50 29.97 43 15 

11 :05 29.97 42 14 

11 :20 29.96 42 15 

11:35 29.96 42 15 

11 :50 29.96 40 15 

12:05 29.96 40 15 

NA 0 

140 2 

228 3 

247 . I 4 

266 • 3 

255 3 

231 3 

284 4 

258 5 

286 7 

312 5 

270 5 

290 6 

291 4 

341 J 8 

262 7 

310 I 4 

296 . I 5 



TABLE 8 CONTINUED 
METEOROLOGICAL DATA CONTINUED 

LOCATION: FORT DEVENS ELEl\.IBNTARY SCHOOL-DEVENS, MASSACHUSETTS 

DATE: APRIL 21, 1998 
SCAN INTERVAL: 5 MINUTES 

12:20 29.96 40 15 

12:35 29.95 33 15 

12:50 29.95 36 16 

13:05 29.94 32 16 

13:20 29.94 31 16 

13:35 29.94 34 16 

13:50 29.94 32 16 

14:05 29.94 34 16 

14:20 29.93 31 17 

14:35 29.94 30 17 

14:50 29.93 28 17 • 

15:05 . 29.93 28 17 

15:20 29.93 27 18 

15:35 29.93 27 17 

15:50 29.92 27 17 

16:05 29.92 28 17 

228 3 

333 6 

218 8 

286 6 

318 11 

308 8 

330 9 

-105 4 

300 4 

298 6 

317 6 

319 JO 

323 8 

312 8 

335 -- 6 

338 JO 



TABLE 9 
VOLATILE ORGANIC COMPOUND AIR SAMPLING RESULTS SUMMARY 

This table shows a comparison of the data collected on April 21, 1998, from each air sampling station. Only those values 
detected above the reporting limits are presented. The concentrations reported in Appendix A were rounded-up and presented in 
this table. 

STATtOH 

COMPOUND 11 i2 "3 .. 
ti.g/:lll] . Ug/mj tig/1113 ug/1113 

Dichlorodifluoromethane 3 3 3 3 

Chloromethane 1 1 1 0.8 

Trichlorofluoromethane 235 130 43 B,D 112 

Me t hylene Chloride 849 B 84 B 6 10434 B 

1,1,2-Trichloro- ND ND ND ND 
1,2,2-trifluoroethane 

Methyl-t-Butyl Ether * ND ND 0.7 ND 

1,1,1-Trichloroethane ND ND ND 2 

IBenzene 0.8 B 0.9 B 0.7 B 0.6 B 

~arbon Tetrachloride ND ND 0.6 0.6 

Toluene * 2 2 2 2 

Ethylbenzene .. ND ND ND ND 

m,p-Xylene * 2 ND 1 1 

o-Xylene 0.6 0.6 ND ND 

4-Ethyl Toluene ND ND ND ND 

1,2,4-Trimethylbenzene * ND 0.6 B 0.6 B ND 

thloromethylbenzene ND ND ND ND 

1,4-Dichlorobenzene 1 3 2 3 

Notes: B • Analyte is associated with blank contamination 
ND• not detected above reporting limit (see Appendix A) 

E • Estimated value, above the calibration range 
* s Target Compound· 

15 
~g/Jitj 

3 

0.6 

114 

552 B 

ND 

ND 

ND 

0.4 B 

0.6 

0.9 

ND 

0.6 

ND 

ND 

0.•7 B 

ND 

3 

NtrMBER 

lt6 l'1 18 
.. ug/1113 ug/m3 ug/itt3 

3 3 3 

1 1 1 

270 283 253 

4· 189 B 29 B 

1 ND ND 

ND ND ND . 

ND 1 . 0.7 

0.8 B 0.7 B 0.6 B 

ND ND 0,5 

2 2 2 

ND 0.5 ND 

2 2 1 

0.6 0.6 0.5 

ND ND ND 

ND ND ND 

NP ND ND 

ND ND ND 

D = A dilution factor was not applied to bring the value within the calibration range 

--- : 

19 110 Ill 
ug/m3 ug/m.3 ug/a3 . 

3 3 3 

1 1 2 

2 2 2 

0.6 2 462 B 

0.8 ND 0.9 

ND ND ND 

1 ND ND 

0.4 B 0.3 B ND 

ND ND 0.6 

ND ND 0.5 B 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND 0.6 B 

ND ND ND 

ND ND 0.79 

,_ND ... ND ND 



TABLE IO 

ADDITIONAL VOLATILE ORGANIC COMPOUND Am SAMPLING RESULTS SUMMARY 

This table shows a comparison of the data collected on April 21, 1998, from each air sampling station. All the data reported on this table are estimated 
concentrations. The data reporte~ in Appendix B were rounded-up and presented in this table. 

COMPOUND #1 #2 #3 #4 
lie/m3 ue/mJ ue/in3 I uo/m.3 

Propane ND ND ND 

Isobutane ND ND ND 

trans-2-Butane 1 L 2 L 0.9 L 

Isopentane ND . 4 2 L 

n-Pentane ND ND ND 

~.2-Dimethylbutane 3 L 2 L 1 L 

Cyclopentane 0.8 L ND ND 

2,3-Dimethylbutane 2 L ND ND 

2-Methylpentane * 56 14 10 

3-Methylpentane ND 1 L 1 L 

1-Hexane ND ND ND 

2,4-Dimethylpentane ND ND ND 

~clohexane ND 1 L ND 

2,3-Dimethylpentane 1 L 2 L 1 L 

ln-Decane * ND . 2 L 2 B,L 

n-Undecane ND 2 L 2 B,L 

Notes: B = Analyte is associated with blank contamination 
ND= not detected above reporting limit (see Appendix B) 

E = Estimated value, above the calibration range 
L = Estimated value, below the calibration range 
• = Target Compound 

ND 

ND 

1 L 

3 L 

5 

6 L 

2 L 

ND 

170 E 

5 

4 L 

1 L 

ND 

ND 

ND 

ND 

STATION 
#5 

ug/m3 

ND 

ND 

1 L 

2 L 

ND 

2 L 

ND 

ND 

17 

1 L 

ND 

ND 

ND 

ND 

3 L 

3 L 

NUMBER .. 

#6 #7 #8 #9 #10 #11 
ug/m3 ug/m3 ug/m.3 ug/m.3 ug/m.3 ug/mJ 

ND ND ND ND 1 L 2 

2 L ND ND ND ND 0.9 L 

0.8 L 1 L 0.9 L ND ND ND 

2 L 2 L 2 L 1 L 0.7 L 1 L . 

ND ND ND ND ND ND 

1 L 2 L 1 L ND ND 0.8 L 

ND ND • ND ND ND ND 

ND ND ND ND ND ND 

10 11 7 6 7 16 

0.9 L 1 L 0.8 L ND ND ND 

ND ND ND ND ND ND 

ND ND ND 1 L ND 1 L 

ND ND 0. 7 L ND ND ND 

1 L ND 1 L ND ND ND 

ND ND ND ND ND ND 

ND ND ND ND .-ND ND 



TABLE 11 
SEMI-VOLATD.,E ORGANIC COMPOUND AIR SAMPLING RESULTS SUMMARY 

This table shows a comparison of the data collected on April 21, 1998 from indoor sampling stations # 1, #4 and from 
oc.tside station #11. Only the compounds with reported values above the reporting limit (0.04 ug/m3) are presented in 
this table. All the data reported in this table are estimated values . 

Decane • 0.43 0.15 ND 

Undecane 0.44 0.18 • 0.02 L,B 

Dodecane • 0.17 0.08 B 0.02 L,B 

Naphthalene • 1.4 0.90 0.03 L,B 

Tridecane 0.16 0.04 L ND 

1-Methylnaphthalene • 0.19 0.11 ND 

2-Methylnaphthalene • 0.10 0.12 ND 

Tetradecane • 0.19 0.03 L ND 

Pentadecane 0.23 0.06 ND 

Acenaphthalene 0.02 L ND ND 

Hexadecane 0.20 0.04 ND 

Fluorene 0.01 L ND ND 

Heptadecane 0.18 0.04 ND 

Octadecane 0.10 0.02 L ND 

Phenanthrene 0.05 0.04 L ND 

Nonadecane 0.06 0.02 L ND 

Eicosane 0.03 L ND ND 

Heneicosane 0.02 L ND 44 

Fluoranthene ND 0.02 L ND 

Pyrene ND 0.01 L ND 

Docosane ND 0.05 0.04 L,B 

Tricosane ND 0.03 L,B 0.01 L,B 

Tetracosane 0.02 L,B 0.06 L,B ND 

Pentacosane 0.04 B 0.14 B 0.12 B 

Notes: B = Analyte is associated with blank contamination, value estimated 
ND= not detected above reporting limit (0.04 ug/m3) 

L = Estimated value, below calibration range 
• = Target Compound 



June 8, 1998 

MEMORANDUM 

To: Jrny Keefe (EPA) 
Cindy Hanna (EPA) 
Peter Golonka (GF) 
Rayo Bhumgara (GF) 
Tom Rachford (GF) 

From: Emily Olds (OF) 

\;I.-.... ,.\..,.• r~_ ..... ,1..... 

Re: Ft Devens risk assessment for AOC-69W air data 

·This memo summarizes the assumptions, limitations and tasks under which Gannett Fleming to i 

produced the quick turnaround time, prdirnfoary risk assessment for EPA' s AOC-69W air 
quality data. This project was initiated by EPA on June 3, 1998. A draft deliverable, as defined 
below, is being delivered to EPA on Monday June 8, 1998. 

Gannett Fleming bas been tasked to produce a preliminary risk characterization for the air data 
collected by EPA on April 27, 1998. The following assumptions and limitations apply te this 
project. 

Assumptions a11d Limitations 

1. Data 

• Only the Target compounds plus clichlorodifluoromethane, chloromethane, 
1richlorofluorometbane, 1,1,1-trichloroethane, benzene and 1, 4-dichlorobenzcne were 
evaluated. 

• Maximum values were used as exposure point concentrations 

• No summary statistics for the data set such as range of detected values, number of 
positive hits, or average concentrations wiU be detemrined 

• Data qualified as B will not be used. Data qualified as E or L will be used at the stated 
concentrations. 

• Risks were calculated for both n-decane (VOC) and decane (SVOC) 

1 



Slatfon Number Date DlchlorodlRuoromethana . #1 4/27/98 3 

• #2 4/27/98 3 

#3 4/27/98 3 

• (#4"") 4/27/98 3 

(fll 4/27198 3 

Ts 4/27/98 3 

#7 4/27198 3 

• # 6 4127198 3 

#9 4/27198 3 

# 10 4/27/98 3 

# 11 4/27/98 3 

Maxlxmi ConcentraHon: 3 

Notes: 

Aff parameters In 1,1glm3 - mtcrogram per cubic merer 

8 • Analyle Is associated with blank contamlnaiton 

NO - nol delected above reporting Hmlt 

E - Estlmatell value, above the ca~brallon range 

NA • Nol Analyzed 

Qual. 

TABLE 1 
FT. DEVINS RISK ASSESSMENT 

Ambient Air Sampling Results 

ChloromeDlane Qual. Trlch loroll uoromethane 

1 235 

1 130 

1 43 

0.8 112 

0.6 114 , 270 

1 283 

1 253 

1 2 

1 2 

2 2 

2 283 

·---- - - ~·------ ---·--- ·---- --- ---

Page1 

0 

Qual. Methyl-t-Butyl Ether Qual. 1, 1, 1-Trlchloroethane 

ND ND 
ND ND 

E 0.7 ND 
ND 2 

ND ND 
ND ND 
ND 1 

ND 0.7 

ND 1 
ND ND 
ND ND 

0.7 2 

~ 

Qual. 

c· 
c · 

C 
c· 

«· 
<• 

~ 
~ 

► • 

C ' 

• • ., ' 
e 
►•' 

C' 
C 

( .. ,. 
C 

r. 
► , · 
.., 
h 
r · 
' 
(, 



Station Number Dale Benzene Qual. Toluene 

• #1 4n119a 0.8 B 2 . #2 4/27/98 0.9 B 2 

#3 4127/98 0.7 B 2 

• {t,4") 4127/98 0.6 B 2 

(#5) 4/27/98 0.4 B 0.9 

#6 4127/98 0.8 8 2 

#7 4/27198 0.7 B 2. . ;t8 4/27/98 D.8 B 2 

#9 4n1roa 0.4 B ND 

# 10 4127/98 0.3 B ND 
# 11 4/27/98 ND 0.5 

M axixum Concentralfon: 0 2 

Notes: 
µgfm3 

- microgram per cubic meter 

B - Analyte Is associated "Ith blank contamlnallon 

ND, not detected above repGrtlng limit 

E - Estimated value, above lhe callbratlon range 

NA - Not Analyzed 

Qua!, 

B 

TABLE 1 
FT. DEVINS RISK ASSESSMENT 

Ambient Air Sampling Results 

Elhylbenzene Qual. m,p-Xylene Qual. 1,2,4-Trlmethylbenzene 

ND 2 ND 
ND ND 0.8 

ND 1 0.8 

ND 1 ND 
ND 0.6 0,7 

ND 2 ND 
D.5 2 ND 

ND 1 ND 

ND ND ND 
ND ND ND 
ND ND ND 

0.5 2 0 

Qual. 1,4-Dlchlorobenzene Qual. 2-Methylpentane Qual. 

1 2 

B 3 1◄ 

B 2 10 

3 170 E 
B 3 17 

ND 10 

ND 11 
ND 7 

ND 6 

ND 7 

ND 18 

3 170 

-·-·---- - ·- - - ·····--... --,---- --·---·- ----·-· ------ ---• -- --- --· - ·-- ----·------- · 

J 
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Station Number Dale n-Decane Qual. 

#1 4/27198 ND 

#2 4127/98 0.002 L 
#3 4127/98 0.002 B,L 

1'14\ 4127/98 ND 

1#5) 4127/98 0.003 L 

Jll 4127/98 ND 

#7 4'27/98 ND 

18 4/27/98 ND 

•e 4/27/9B ND 

# 10 4/27/98 ND 

1' 11 4127/98 ND 

Maxlxum Concentration: 0.003 

Notes: 

µg/m3 
- microgram per cubic meter 

B - Analyte Is Hsoctated wllh blank contsmmallon 

ND - not detected above reporting lmlt 

E - Estimated value, above the calibration range 

NA - Not Analyzed 

Decane aual. 

0.43 

NA 

NA 

0.15 

NA 

NA 
NA 

NA 
NA 
NA 
ND 

0.43 

TABLE 1 
FT. DEVINS RISK ASSESSMENT 

Ambient Air Sampling Results 

Dodecane Qual. Napthalene Qual. 1-Melllylnaphthalene 

0.17 1.38 ~ 0.19 

NA NA NA 
NA NA NA 

0.074 B 0.9 -I 0.112 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

0.015 L,B 0.03 L,B NO 

0.17 1.38 0.19 

Qual. 2-Methylnaphlhalene Q11al. Tetradecan11 Qual. 

0,1 0.19 

W\ NA 
NA NA 

0.127 0.031 L 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
ND ND 

0.127 0.19 

\ 

~h~u\J 
\,\~ ~\JP 

,.c,.. ... f-✓ 
'" ,~~-' 

----- ---~ -··•- - ·- -- --------------------------•·-··----·-·-------- - --~--- -·------ --------- - -----------

,_ 
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TABLE2 
FT. DEVINS RISK ASSESSMENT 
Selection of Chemicals of Concern 

Chemical #of Samples 
Maximum Cone. 

(µgJm') 
Inhalation RBC 

(µglm') 

Dichlorodifluorornethane 11 
Chloromethane 11 
Trichlorofluoromethane 11 
Methyl-t-Butyl Ether 11 
1, 1, 1-Triehloroethane 11 
Benzene 11 
Toluene 11 
Ethylbenzene 11 
m, p-Xylene 11 
1,2,4-Trimethylbenzene 11 
1,4-0ichlorobenzene 11 
2-Methylpentane 11 
n-Decane 11 
Decane 3 
Dodecane 3 
Napthalene 3 
1-Methylnaphthalene 3 
2-Methylnaphthalene 3 
Tetradecane 3 

Notes: 
RBCs taken from Region Ill RBC Table 4/15/98 
µg/m3 

- micrograms per cubic meter 

3 
2 

283 
0.7 
2 
0 
2 

0.5 
2 
0 
3 

170 
0.003 
0.43 
0.17 
1.38 
0.19 

0.127 
0.19 

Page 1 

18 
1 

73 
310 
100 
0.22 
42 
110 
730 
0.62 
0.28 

0.037 

15 

I 

! ' 
Chemical jor Concern 

l 
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TABLE3 
FT. DEVENS RISK ASSESSMENT 

Human Health Risk Assessment Exposure Factors 
Adolescent Receptor 

Parameter 

Exposure Frequency 
~sure Duration 
Body Weight 
Exposure Time 
Averaging Time 

Carcinogens 
Noncarcinogens 

Inhalation Rate 
Fraction Inhaled 

Symbol 

EF 
ED 
BW 
ET 

ATc 
ATn 

IR 
Fl 

Value 

180 
11 
45 
8 

25550 
4015 

20 
1 

EPA (1991)- Standard Default Exposure Factors 

' 
I 

Units Reference I 
I 

days/year 
. I 

Legal Requirement 
years . EPA (1991) 1 

kg EPA (1991) ! 
hours/day Professional Judg~ment 

! 

days EPA (1989)! 
days Based on Exposure Duration 

m3/day EPA (1991) I 
Professional Judg~ment 
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TABLE4 
FT. DEVENS RISK ASSESSMENT 

Human Health Risk Assessment Exposure Factors 
School Age Child Receptor 

Parameter 

Exposure Frequency 
Exposure Duration 
Body Weight 
Exposure Time 
Averaging Time 

Carcinogens 
. Noncarclnogens 
Inhalation Rate 
Fraction Inhaled 

Symbol 

EF 
ED 
BW 
ET 

ATc 
ATn 
IR 
Fl 

EPA (1996) Exposure Factors Handbook. 

Value 

180 
7 

29 
8 

25550 
2555 

13 
1 

EPA (1989) Risk Assessment Guidance tor Superfund. 

Page 1 

, 
Units Reference 

days/year Legal Require nt 
years Professional Judgement 

kg EPA (1996) 1 
hours/day Professional Judg~ment 

days EPA (1989)1 
days Based on Exposure uration 

m3/day EPA (1996) 
Professional Judg ment 



Chemical 

TABLES 
FT. DEVENS RISK ASSESSMENT 

Inhalation Toxicity Values for Non-Carcinogenic Chemicals of Concern 
Adolescent Receptor 

! 
I 

RfD_, RfDinh■I RrcC•1 j 

(mg/kg/day) (mg/kg/day) (µg/m:t) Refe~nci 

Trichlorofluoromethane 3.00E-01 2.00E-01 4.50E+02 EPA (199~ 
1,4-Dichlorobenzene 229E-01 5.15E+02 EPA (1998D 

TOXNET! 

' 

2-Methylpentanelb> 6.00E-02 5.71E-02 1.281:+02 
n-Oecane 2.00E+03 Massachusetts Contin:

1 
ency Plan<.:> 

Decane 2.00E+03 Massachusetts Contin ency Plan1
0:> 

Dodecane 
Napthalene 4.00E-02 
1-Methylnaphthalene<dl 4.00E-02 
2-Methylnaphthalene 4.00E-02 

Tetradecane 

Notes: 
mg/kg/day - milligrams per kilogram per day 
µ.g/m3 

- micrograms per cubic meter 

1.00E-04 

1.00E-04 

2.00E+03 Massachusetts Conttniency Plan<c> 
2.25E-01 EPA (1998~ 

2.25E-01 EPA (1998! 
9.00E+01 EPA(1998 

2.00E+03 Massachusetts Contln ency Plan<c> 

(a) RfC calculated using RfDIIWII if available - RtD-i used If RFDma1 is not available , 

(b) 2-methylpentane RfDorar and Rf01nna1 values based on n-hexane values I 
(c)Massachusetts Contingency Plan value for C-9 through C-18 Aliphatics used- based on toxicity of rHldnane 
(d) 1-Methylnapthalene RfDon1 and Rf01n11a1 values based on Napthalene values I 
EPA (1998) EPA Region Ill RBC Table, April 15, 1998. j 
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06/08/98 MON 16:45 FAX '71~ 76J 7J2J GANNETT FLEMlN\; 

TABLES 
FT. DEVENS RISK ASSESSMENT 

Inhalation Toxicity Values for Non-carcinogenic Chemicals of Concern 
School Age Child Receptor 

Chemical 

Trichlorofluorornethane 
1,4-Dichlorobenzene 
2-Methytpentane<b> 

n-Decane 

Oecane 

Dodecane 
Napthalene 
1-Methylnaphthalene<cll 
2--Methylnaphthalene 

Tetradecane 

Notes: 

RfDorar 
(mg/kg/day) 

3.00E--01 

6.00E--02 

4.00E-02 

4.00E-02 
4.00E--02 

mg/kg/day - milligrams per kilogram per day 
µg/m3 

- micrograms per cubic meter 

RfD1n11a1 
(mglkg/day) 

2.00E-01 
2.29E-01 

5.71E-02 

1.00E-04 
1.00E.()4 

4.46E+02 
5.11E+o2 

1.27E+D2 

2.00E+03 

2.00E+03 

2.D0E+03 
2.23E-01 
2.23E.01 
8.92E+01 
2.00E+03 

I 
ReferencJ 

I 
I 

I 

EPA (199~ 
EPA (199, 
TOXNET, 

Massachusetts Contintency Plan1cJ 

Massachusetts Contin~ency Plan<c> 

Massachusetts Contin~ency Plan1cl 

EPA(199~ 
EPA (1998 
EPA (1998 

Massachusetts Conlin ency Plance> 

l 

(a) RfC calculated using RfDIMa1 if available - RfDond used if RFDimr is not available 1 

(b) 2-methylpentane RfDDlll1 and RfD1n11a1 values based on n-hexane values i 
(c)Massachusetts Contingency Plan value for C-9 through C-18 Aliphatics used- based on toxicity of rt-nonane 
(d) 1-Methylnapthalene RIDcnr and RfD1111a1 values based on Napthalene values 

EPA (1998) EPA Region Ill RBC Table, April 15, 1998. 
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Chemical 

Chloromethane 
1,4--0ichlorobenzene 

Notes: 

TABLE7 
FT. DEVENS RISK ASSESSMENT 

Inhalation Toxicity Values for Carcinogenic Chemicals of Concern 
Adolescent Receptor 

,CSFori11 
(1/mg/kgtday) 

1.30E-02 

CSFlnhl, 
(1/mg/kg/day) 

6.00E-03 
2.20E-02 

2.67E-06 
9.78E-06 

mg/kg/day - milligrams per kilogram per day 
1,1g/m3 

- micrograms per cubic meter 
(a) CSF calculated using CSFIMal if available - CSF a used if CSFMal Is not available 

EPA (1998) EPA Region 111. RBC Table, April 15, 1998. 
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Chemical 

u.: •. ,., ....... _ • ~--·\'-

TABLES 
FT. DEVENS RISK ASSESSMENT 

Inhalation Toxicity Values for Carcinogenic Chemicals of Concern 
School Age ChHd Receptor 

CSF-, CSF1n11a1 csp•l 
(1/mg/kg/day) (1/mg/kg/day) (1/µg/m3

) 

1.30E--02 6.00E-03 2.69E-06 

I 
' I 

Re~erete 

! 

I 

Chloromethane 
1,4-0ichlorobenzene 2.20E-02 9.86E-06 

EPA (19t8) 
. EPA (19 8) 

Notes: 
mg/kg/day - milligrams per kDogram per day 
µg/m3 

- micrograms per cubic meter • 
(a) CSF calculated using CSFiih■I if available - CSF CMW1 used if CSF..,., is not available 

EPA (1998) EPA Region Ill RBC Table, Apnl 15, 1998. 
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TABLE9 
FT. DEVENS RISK ASSESSMENT 

Calculation of Non-carcinogenic Risks 
Adolescent Receptor 

Chemical 
Air Concentration 

µgtm> 

Trichlorofluoromethane 283 
1,4-0ichlorobenzene 3 
2-Methylpentane 170 
n-Decane 0.003 
Decane 0.43 
Oodecane 0.17 
Napthalene 1.38 
1-Methylnaphthalene 0.19 
2-Methylnaphthalene 0.127 
Tetradecane 0.19 

Note: 
µg/m3 

• micrograms per cubic meter 

Page 1 

Dose 
µg/fflll 

4.65E+01 
4.93E-01 
2.79E+01 
4.93E-04 
7.07E-02 
2.79E-02 
2.27E-01 
3.12E-02 
2.09E-02 
3.12E-02 

Total: 

Hazard Quotient . 

1.03E-01 
9.57E-04 
2.18E-01 
2.47E-07 
3.53E-05 
1.40E-05 
1.01E+Oo-
1.39E-01 
2.32E-04 
1.56E-05 

8 ' 

' 



Chemical 

Chloromethane 
1,4-Dichlorobenzene 

N~te: 

TABLE 10 
FT. DEVENS RISK ASSESSMENT 
Cslculatfon of Carcinogenic Risks 

Adolescent Receptor 

Air Concentration 
µgtm> 

2 
3 

Dose 
Jlg/ffl:i 

5.17E-02 
7.75E-02 

Risk 

1.38E-07 
7.58E-07 

Total: 8.95E-07 

1,1g/m~ - micrograms per cubic meter 



TABLE 11 
FT. DEVENS RISK ASSESSMENT 

Calculation of No~rcinogenic Risks 
School Age Child Receptor 

' 
Chemical 

Air Concentration Dose 
Hazard Quotle"'t 

µgfm3 1,1gtm' 

Trichlorofluoromethane 283 4.65E+01 1.04E..Q1 
1,4-Dichlorobenzene 3 4.93E-01 9.65E--04 
2-Methylpentane 170 2.79E+01 2.19E-01 
n-Decane 0.003 4.93E..Q4 2.47E-07 
Oecane 0.43 7.07E-02 3.53E-05 
Dodecane 0.17 2.79E-02 1.40E-05 
Napthalene 1.38 2.27E-01 1.02E+00-
1-Methylnaphthalene 0.19 3.12E-02 1.40E-01 
2-Methylnaphthalene 0.127 2.09E-02 2.34E-04 
Tetradecane 0.19 3.12E-02 1.56E-05 

Total: 1.48E+00 J 

Note: 

µg/m3 
- micrograms per cubic meter 
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Chemical 

Chloromethane 
1,4-Dichlorobenzene 

Note: 

TABLE 12 
FT. DEVENS RISK ASSESSMENT 
Calculation of Carcinogenic Risks 

School Age Child Receptor 

Air Concentration 
µg/m, 

2 
3 

Dose 
µg/m:s 

3:29E-02 
4.93E-02 

Risk 

8.84E-08 
4.86E-07 

Total: 5.75E-07 

µg/m3 
- micrograms per cubic meter 

<· Page 1 
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