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.•.•; •L';•-.: ,. ¢-c,•. •'.•"'• 5ATTACHMENTS /t..'••

ABB Environmental Services, Inc.,
9312005S L3



TS. PI RECOR

Site: AOC S'7 Client: AEC ProjectNo.: q1-lof2

Test Pit DT- '- 6X Date - Time End

C oordinates T Z\ "

SO;& SKETCH MAP OF ES7 PIT SITE k '

L Crew Members:

A(
... _L -_ __.53 .

S•;./ • .• •S •:4.

./ .,\ ' f'

' 6.

" -'-& Monitor Equipment:
PI Meter GY' N

SCALE 1= FT. Explosive Gas y
Avail. Oxygen y

NOTES: OVA Y (9
S"] "?..- • • - ' Ž ' p "* x - ( ) -• ,• O t h e r

i, • -Photogoraphs, Roll

", -Exposure

ABB Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: 7E-3 S -- o 'x 2of 2

Site:- AOC S"7

SKETCH MAP OF TEST PIT PROFILE

SCALE 1 = - FT. V<.; ,\ " - I ,-ý\
DEPTH (FT). ,I/ "14,S - ..

NOTES. no. Sampe Number peptn HO. SP. VOA
(= .s ri.Si~~me (Ft.) PPM

2 C S-1' Ex 5 ~7 6- -' d0ý
*\er S-2 GS706L)c4, 64 40____ <ýL(6;-5

.) REFERENCE: FIELD BOOK, Pg.

ATTACHMENTS ___

SIGNATURE: (/700

ABB Environmental Services, Inc.-

9312005S L3



Site: AOC 'r 7 Client: AEC Project No.: qt 1 of 2

Test Pit 57,!E9- •'5- 7 X Date 12 25 Time 1Co End -

Coordinates

SKETCH MAP OF TEST PIT SITE

Crew Members:

T 4.

i •" ?•i C" 5.

4) 6.

Monitor Equipment:
--- ------- PI Meter C N

SCALE 1"= o-I.n • FT. Explosive Gas y
Avail. Oxygen y

NOTES: OVA y
__Other

!'7 . ,,.r. ,o.-.-, , Photogoraphs, Roll

Exposure /

a . - a-S4 -:§W

ABB Environmental Services, Inc.--
9312005S L 2



Profile Along Test Pit: "7 -3-- 0'7X 2of2

Site: AOc- 57

SKETCH MAP OF TEST PIT PROFILE

SCALE 1 aS -_,_w nP`T.

DEPTH (FT).

NOTES:

SamleNumer(Ft.) Ppm (101

Z 5 - , , s -12, i s7-47 C 0• , -

______________- ______. 4 _____e-,

I V105 __S6, _7 Y C. 4 s;

, .i" .REFERENCE: FIELD BOOK, Pg. 0

ATTACHMENTS Ak-'W

SIGNATURE:

ABB Environmental Services, Inc.

9312005S L 3



Site: AOC 57 Client: AL.-- ProjectNo.: - 1 of2

TestPit T 6- 'ZE -S '-5,0,P Date E d- - Time .8-4 ! En -3'o

Coordinates

SKETCH MAP OF TEST PIT SITE

Crew Members:

3.I 4.
N " •/ ",,3.

"5.

6.

Monitor Equipment:
___.__,,__ ___ __.,_-.__ P1 M eter . Q N

SCALE = -FT. Explosive Gas y
Avail. Oxygen Y

NOTES: OVA y V
N TE : . "- ,- Other

Photogoraphs, Roil l

- Exposure Aj,, -

-ASB Environmental Services, Inc.
9312005S L 2



TES PI. RECOR

2 of 2
Profile Along Test Pit: 7- (- " 2

Site: ACC 5-7

SKETCH MAP OF TEST PIT PROFILE "e),

0-

SCALE 1" _FT. J••3¢. .-\ ." . "• t'= l",

DEPTH (FT). 6-,- '

NOTES: no. Sample Number PPM HID. SP. v°A

4 i S 0 -X 2 tn

SREFERENCE: FIELD BOOK Pg.

C4,•I•..,.-,.,...- -,~'..,,-,, *o.•'ATTACHMENTS -.•

-A
'/' ~~ATTACHMENTS '-,•

V~r.•)1","5')bt,-x•,..•" I-,•&•i• SIGNATURE: 7.• d--- -. ,,

, ./ -- - , . ..

ABB Environmental Services, Inc.-
9312005S L3



Site: AOL 5 7 Client: Ai-. Project No.: 4 - 0.>1 of 2

Test Pit -- Date Time End

Coordinates

/N
SKETCHIMAP OF TEST PIT SITE

I ,Crew Members:

N 3

5.
6.

Monitor Equipment:
P1 Meter $ N

SCALE 1= A-'•,t FT. Explosive Gas y
Avail. Oxygen y

NOTES: OVA Y
A.• -Z ( .,. 1o,)oOther

.4 s

Photogoraphs, Roll .

/(,' .>-,, ,.,,.,,• £, . Exposure AJ-v--4

ABB Environmental Services, Inc.-
9312005S L 2



Profile Along Test Pit: X-749- 4 -'-- c.X 2 of 2

Site: A OC S"7

SKETCH MAP OF TEST PIT PROFILE T

SCALE1"= FT. " c"t• " "
DEPTH (FT) - ~ Ž)~,\~

NOTES: c, x no. Sample Number Oepth HD. SP. V0A

7~;~~I-~(Ft.) Ppm

~ ~ ~ S-2 I7q 57 ~ a

cc S- L;;ý 5* 010 !;q

/ - _ _ __-_

• ., , A ,,I_ "___ -_,_,____

-j IN

.-S 4  
' • \-.j• - _____

"~'~ ''¾ -' "EFERENCE: FIELD BOOK, Pg. 1 -

ATTACHMENTS ___

0I I~ i: ~ SIGNATURE: 2

V3Lqz -Al S4 T;&ý'

.ABB Environmental Services, Inc.
9312005S L3



Site: -ACC. g•"7 Client: AEC ProjectNo.: q( -02- 1 of 2

Test Pit S-7F- - Date -Time Yo C End t•( -

Coordinates

SKETCH MAP OF TEST PIT SITE
_ I ICrew Members:

________ "JI \••.2. Ti.'i ., C.&-NP.,)
N3.

5.

6.

Monitor Equipment:
___ __, PI Meter (Y) N

SCALE 1" = Nong. Fr. Explosive Gas y N
Avail. Oxygen Y N )

NOTES: OVA
NOTES" /L Or-'& Lf•\ ),/ 3' U..ijVj Other

-c"Xr'OU4 i 'ýow" '

~-W v~L ~x~I~ad ~Photogoraphs, Roll

___ ___ '__ ___ ___ ___ ___ __"_ _ Exposure _

ABB Environmental Services, Inc.-
9312005S L 2



Profile Along Test Pit: - E-4 -- 2o

Site: A0C5 S7

SKETCH MAP CF TEST PIT PROFILE

SCALE 1"
DEPTH (IFT)..JL..

NOTS.- Tcýno. Sample Number Depth' HO. SP. VOA
~~Q(~~AI (Ft. P WYLu~- ___

(S-4

t-0, AWir'. REFERENCE: FIELD BOOK Pg. l
ATTACHMENTS

SIGNATURE:

19312005S L 3 ABB Environmental Services, Inc.-



Site: A c S ,7 Client: AEC ProjectNo.: qY(-/- 7-. 1of2

Test Pit 97E- 15 -11 Date - Time 12) End i--"S~Coordinates

SKETCH MAP OF TEST PIT SITE

Cre( embrs:,

1.

J 4.• •- • LA-' o i3

6.

-4.- Monitor Equipment:
k PI Meter (''") N

SCALE 1"= _'rig FT. Explosive Gas
Avail. Oxygen Y

NOTES: OVA Y w
__O ther

3" /,P-.z A.: -,,;U '•

/o' bV" Photogoraphs, Roll

"Fj4*. - A.?. IO,•.U /-ti T r•.'/ d ,,/ Exposure 1 , .

ABB Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: 
2of2

site: AO,-5"7

SKETCH MAP OF TEST PIT PROFILE

L

2L2

SCALE I= FT4$ý
DEPTH (FT).r

NOES inc. Sample Nurnoer OePch H.D. SP. VOA
C~Ui-IL 1' (Ft.) PPM

S••--2 'L: M710,(........ I__',' _'_____ --

•c•.cd Q- r,- ••

EPTH (F)(A4 .- __ _

RE:ERENCE: FiELD BOOK, Pg.

-ArrACHMEINTS~

- SIGNATURE:

3ABB Environmental S es, Inc.9312005S L3



Site: AO0C 57 Client: A E-- ProjectNo.: 0,/-J l of 2

Test Pit "7c-'i- 1-> Date • Time 10.2e6 End h'O

Coordinates

SSKETCH MAP OF TEST PIT SITE

Crew Members:

Q• J2. -,• -o ,
3.

~: o/9' 54.

6.

(§7> Monitor Equipment:
-- ' __Z . PI Meter N

SCL- "- Explosive GasSCZ'EI' 1 ' ".o,-U, Fr. y q•p

Avail. OxygenNOTES: OVA y

__Other

/0 •A' ,• ' h •.,ut. )' '-, Photogoraphs, Roll -

Exposure

.ABB Environmental Services, Inc.•
9312005S L 2



Profile Along Test Pit: 7 .3,- 12* 2of2

Site: T7

SKETCH MAP OF TEST PIT PROFILE

• .... _._._ ._• - .• .... _.. . ....._.....••.

~~~...... L.. . ? ' .- _ • o = x • - 3

SCALE1"= v FT V ".-\, •."-.' ,

no.ESSampleo. Number Deomh HO. SP. VGA

Q (Ft.) PPM

-2 -2.....

V - 'vS " REFERENCE: FIELD BOOK. Pg. 'IA- I

",, .ATTACHMENTS )'J,,,,

" C'\Aý 4ýS :; -t'- . SIGNATURE: _4.,

9312005S L3 
ABB Environmental Services, Inc.--]



Site: AOC 5' 7 Client: A--e-" _Project No.: •l4q _0 1 of 2

Test Pit S-7 - -5 13 X Date 3:5-.Time -,; - End-:30
Coordinates

SKETCH MAP OF TEST PA, SITE

Crew Members:

18-L".3.

4.

-" L• 5.

1' 6.

Monitor Equipment:
P_ Meter

SCALE 1"=. FT. - Z Explosive Gas y N
Avail. Oxygen Y (@

NOTES: 
OVA y

ST'•'' Px. ,• •, /0 51 10,3 Other

Photogoraphs, Roll -

Exposure L.4--2-.

ABB Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: 7 7S'-- \1) 2 of 2

Site: AOC. S-7

SKETCH MAP OF TEST PIT PROFILE •' • "' "'J"'&

SCALEP 1"TF. v~z .A", c-- f2\
DEPTH (FT).2. 11 c&i ý\,qs~ -J~c~k~NOTES: ... = -; os.vA' '

NO :no. Sample Number HO. SP. VOA

(A_ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ (Ft.) PPM
CA)___ _____E_-__ ______7__1___ j c- J-' e-

V.L A.X •- I_ __

;-2 E)IL 7"05 5, 0 pC) A-)

ATTACHMENT ac CA. 6-1 c - L

.- X 5-7 j. ,1 i ill-

9312005S L 3~.j~. 0

It

r. 
-._ _ _ e,_ _ _ _

.4REFERENCE: FIELD BOOK, Pg. 13__

ATT ACHMENTS N

/%j.~ ~SIGNATURE:

ABB Environmental Services, Inc.-
9312005S L 3



Site: AOC 5"7 Client: Ag--- Projet No.: 1/r"' 1 of 2

TestPit Date - .5 Time Is -. 60Q End-JS:3o

Coordinates

SKETCH MAP OF TEST PIT SITE O'

1 �1- Crew Members:

U? ~2.

3.

4.

5.

6.

"7E-" .dV', Monitor Equipment:
__,__,,__ ___,__ _ P1 Meter N

SCALE 1" = //.;t - FT.- Explosive G as N
SCL 1Avail. Oxygen y

NOTES: OVA y

7 " , /C )O - -, O t h e r _

Ak 2kCY-. Photogoraphs, Roll .J--.

Exposure

ABB Environmental Services, Inc.
9312005S L 2



* SKETCH MAP OF TEST PIT PROFILE
_~~1LsL)

DEPTH___ (FT). PPM:

S no.2 Sapl Number

cA~~~t. Pi cRtM~c
04C\ 9A__ __

REFERENCE: FIELD BOOK Pg. _____It>

ATTACHMENTS ______

SIGNATURE:

r-ABB Environmental Services, Inc.
9312005S L 3



Site: A 0C 5 7 Client: A--"- ProjectNo.: ,' . , 1 _.2
Tet i -57 6- •- 15 Dat 1__ _ 5o n--~

TestPit Date Time End

Coordinates

SKET(: ,4AP OF TEST PIT SITE
C3A• ) '- -Crew Members:

N 7Q
/ 5 3.

Z 4.
5.

5 7G- -k / Z.

Monitor Equipment:
P1 Meter 0 N

SCALE 1" - FT. Explosive Gas y
Avail.*Oxygen y

NOTES: OVA y
T i"7 -¢'r pc'\ 6 *-•(••'•,d..-:,,<•\ - Io .- . Other

Photogoraphs, Roll

:5, ) Exposure

ABB Environmental services, Inc.
9312C05S L 2



2 of 2
Profile Along Test Pit: SA"74- Jý" /.)
Site: Ao- .O57

SKETCH MAP OF TEST PIT PROFILE

- -,_ ----_ - -
o-

DEPTH (FT). .- $!%

NOTES: n.SmlNubrDepth HO. SP. VOA
~ .~ ~no.Sanpl~umer(Ft.) PPM

S3-

,j•. ,4#: •,(.•--~'• e ,,-•; REFERENCE: FIELD BOOK, P9. I (71"1

ATTACHMENTS ____.__
i PA

ýe

ABR Environmental SOrvices, Inc.,

9312005S 
L3



Site: AOC 577 Client: A'-'. Project No.: .,•21 -1 of 2

TestPit 7 Date Time 16;0" End -.LO:3:5
Coordinates

SKEtCH MAP OF TEST PIT SITE

Crew Members:

I 3.

T' 7
4,0 4.

-2', - /" 6.

4• •,Monitor Equipment:

P1 Meter • N
SCALE 1" = ,_,_ FT'. Explosive Gas y

Avail. Oxygen y
NOTES:- OVA y

e,• pQ I p, ,-A, Other
/ 0 -I,. . .ro -0-, • t

"•'- t * / ,5~ ~ •'•.-} c-• •Photogoraphs, Roll

,',• bc\k\\'• , _ • Exposure

ABB Environmental Services, Inc.
9312005S L 2



"TS PIT -RECOR,
Profile Along Test Pit: -CZ-4 -2o
Site: 80i!ý 7

SKETCH MAP OF TEST PIT PROFILE

SCALE 1°= - FTr. va¢ "•,<.-ý \ z"• c'•,•,A-\"tlz

DEPTH (FT). 71-
NOTES: sT Depth HO. SP. V"A

"tO"/•". ->no. Sample Number OepP"t Ft.) Ppm

6 S-2 ,, K 7A-3' I'9 /),D.,, O 0-I'

7A \r~~

V k t • i , .Q • i • • 4 . A T T A C H M E N T S t J

b•'e4.,-• •• '•at'i'b&'• •.,d.,\SIGNATURE: )• ,., _

I3 5ABB Environmental Services, Inc.

931205S L



Site: A oC ,5"7 Client: AAL-.-¢ .Projet No.: ' , 1 of 2

Test Pit - 7• S- z Date - Time -0-0 End
Coordinates

SKETCH MAP OF TEST PIT SITE

,-Crew Members:

______ _____ If2. T ~

/3.

5f 7e- -q;-1-11 4.

5.

6.

"Monitor Equipment:
"P1 Meter N

SCALE 1" Pz=-_, __ _-FT. Explosive Gas Y
Avail. Oxygen y

NOTES: OVA yT•h • P• p•X A'(hx•'•"m•'r /d C-Other

,-¢ -•'•, X Photogoraphs, Roll No. ..

Exposure /j,4

ABB Environmental Services, Inc.
9312005S L 2



TES PI. RECOR

2 of 2

Profile Along Test Pit: S .M7 - S - -17 

2X

Site: AOc, S7

SKETCH MAP OF TEST PIT PRO JLE

DEPTH (FT).= FT. Vtz-•

NOTES:no. Sample Nb Depth HD. SP. VOA

-A (Ft.) PPM

. , S- 2 s-2 I,7I - -z 0, -. ?

4"•3S- 0

CA ' ' \ " , REFERENCE: FIELD BOOK, Pg. i--•
"~\ .. .ATTACHMENTS

t5 o;~ _ ý SIGNATURE: NPa ,

ABB Environmental Services, Inc.

9312005S L3



Site: AOC0 5"7 Client: A --. ProjectNo., : 1 o02
Test Pit Z--7' - >- (- Date -- -- 15-- Time 13'OO End )3"30

Coordinates

SKETCH MAP OF TEST PIT SITE
- ._ .Crew Members:

IW ____ 2.7>• -

5.

o 6.
S,.Monitor Equipment:

PI Meter Y N
SCALE 1"= Iv't... FT. Explosive Gas y <9

Avail. Oxygen
NOTES: OVA y

_ _ _ _ _ _ _ __"_ _ _ _ _ __"_ _ _ _ _ ___.. - O ther _

Photogoraphs, Roll ý,-4b ;

~&i ~ ~ ;-~ ~Exposure

ABB Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: S '7 5 -
2 of 2

Site: AOC S-7

SKETCH MAP OF TEST PIT PROFILE

SCALEr 1-FT. v~VcAK '~'~c~
DEPTH (FT). .. 4,' 5oi• '.,

NOTES: no. Sample Number Depdi HO. Sp. VOA
,_ r-'r o ' . , A (Ft.) PPM___-2 8IIS- '06

-3 ~ 2V3 c 2) -"hp

REFERENCE: FIELD BOOK Pg. ___

k~s- SINATRE:ATTACHMENTS N~ 1

ABSS Environmental Services, Inc._-
931 2005S L 3



Site: AA0C 9" 7 Cli'ent: A1;---f. Project No.: -!9 a" al of 2

TestPit 57E- .at- !3,, t 21- 1_ Time. - '-o End.
Coordinates

SKETCH MAP OF TEST PIT SITE

-- - Crew Members:

W 2.

1 4.

5.

Q X 1"14 P 6.

Monitor Equipment:
PI Meter 0 N

SCALE 1"=______., FT. Explosive Gas y
Avail. Oxygen y

NOTES: OVA y
7~~-j~~- ~ Other ______

" , ,Photogoraphs, Roll

Exposure

ABS Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: 7 2of 2

Site: AOC, 57

SKETCH MAP OF TEST PIT PROFILE

-& ---------- , '.

SCALE V - Fr. V4X.\ '%z V ~ c:
DEPTH (FT). k Z Z-.

NOTE S: _ __ _ __ _
NOTE: n. SapleNumber Depth 1-1. SP. VOA

\ - REFERE E (Ft. Ppm

RAE IELD soOK, Pg. In.

9312005S L 3



Site: 7' Client: AE -ý Project No.:

TestPit 57E'-? - 20)( Date 9. 2-1'- Time 15o'0 End --••:30O ~Coord~inates

SKETCH MAP OF TEST PIT SITE

A •f '-, Crew Members:

1 1.N

_ 5.

Sv6.

-' Monitor Equipment:
PI Meter N

SCALE 1 FT. Explosive Gas y <N
Avail. Oxygen y

NOTES: OVA y
~~ 4p0,>1i _I Other _______

tJI)\'U.V , i c -.•-,. )Y,, . f •-,,r ___"_ _ ___-_ _

-, o,.,? \.-4 7 -a --Z •Photogoraphs, Roll /yJ

', '-.,,.' ,, (s ,c , \ Exposure

ABB Environmental Services, Inc.
9312005S L 2



SKETCH MAP OF TEST PIT PROFILE

SCALE 1 FT. Xc.>, -

DEPTH (FT).~ ~ ~~r~ ~J--

NOTFS: no. 6Sample Number Depth Ho. Sp. V0A
%A- (Ft. PPM

13 17 So. 1o~ 41 '~ ri

_______________________________ )REFERENCE: FIELD BOOK. P9.

~~ ~ATTACHMENTS Fd~
SIGNATURE:

ABB Environmental Services, Inc.-
9312005S L 3



Site: AOCt 5 7 Client: AF4-'-- Project No.: q,1q1/. 1 of 2

TestPit X7"-'--"X. Date 21- 2 J5- Time 0;00 EndO Coordinates

SKETCH M OF TEST PIT SITE
Crew Members:

3.

4.

5.

06.

Monitor Equipment:
SCALE 1 PI Meter 0 N

SCALE 1-=__________FT. Explosive Gas y 0
Avail. Oxygen Y d9NOE:OVA y(

N i-r. . Other Y

~ ~3 A,

,,-,S • h ' •,,G , . Photogoraphs, Roll ikJog

&q -/ 'P Exposure

ABS Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: W ~l•- - TP L 2o12
Site:- AOL' ,S-7WZ• V-0- (k•\ ~o ,L •'a AN\

SKETCH MAP OF TEST PIT PROFILE

-. jo-.., .. ... ..... .• --- 7 L • _ _,,,'

-- --- --- -----------

q1 A. -j_ 
_ _

SCALE 1"= - FT. v-,-
DEPTH (FT). C0 ____-_

NOTES: .... . . .. . .Nmbr eph HD S. 0

,.,ATTACHMENTS, . , ...._

•ABB Environmental Services, Inc.. [

93120053 -3



Site: AOC. 57 Client: A -c Project No.:.qlqqvz 1 of 2
TestPit 5--e---.5- 22.X Date 2Z-.5 Time 44-,20 End J0:/6

Coordinates

SKETCH MAP OF TEST PIT SITE

Crew Members:

N ~~~~2.T> •OL ( e
3.

T't JC, xc-- 6.

A C ,, 111,01k Monitor Equipment:
S�"�_�"�_�__ _ Pl Meter

SA Explosive Gas N
Avail. Oxygen y 0

NOTES: 
OVA

YcA pY • ,.; •,,.,•.•,,\, ./c ,. Other

54 d

1 0ABB Environmental Services, Ienc.-
9312005S L 2



Profile Along Test Pit: S 7i '- 5 "-- 22-X 
2 of 2o12

Site: AOC- S7

SKETCH MA(FTEST1 7ROFILE

Deo, , SVO

DEPTH (IFT). et•"/~, •O a -•' .- ,•

NOTEN: Sample Number p . S.V
_______________________________________ (Ft.) PPMV

S-1NATURE: I Fr7VZO 0-2..,' A 6,.-,qS-2 I E iZi-zS

9312005S L 3LL) J

a k- 0- 0151n~ 4 -____

V 4.C4% .2 §/ 3 7 d ahý1xj -V_____ -__ __ _

(I ~REFERENCE: FIELD BOOK, P9 2

~ ~--~\ ~ATTACHMENTS
USIGNATURE: -o

ABB Enviro nmental Services, Inc. -
9312005S L3



Site: A oc 5 7 Client: A ."- ..'.- Project No.: 1 of 2

Test Pit Date ZZ- 2 Time (-2'End . !D0 Coordinates

SKETCH MAP OF TEST PIT.SITE
Crew Members:

1 ~~~~2. m teo
N 3.

"5.

- 176-A"- -Z-A Monitor Equipment:

P_ Meter 0 N

SCALE 1V =______..,__ Explosive Gas y 0
Avail. Oxygen Y

NOTES: OVA y
_ _ _ _ __ ýOther

.ia •,. . _ . Photogoraphs, Roll -

A ( 4 • ... Exposure

.,ABB Environmental Services, Inc.-
9312005S L 2



Profile Along Test Pit: '-74--95 2.3 E-p L,_ : .p 2- 2of2

Site: AOC 5"'7

SKETCH MAP OF TEST PIT PROFILE

-----------

SCALE 1 FT. v ' W' A"\, &j. " .' Po =- A .

DEPTH (FT). 2( L. /
NOTES: , -

NOES n. pNumber HO. SP. VOA

S-2 6r5 2 ___

~~ ~ ~ REFERENCE: FIELD BOOK Pg. ___

ATTACHMENTS Uy:.

SIGNATURE: 2 '

ABB Environmental Services, Inc.

9312005S L 3



TES PITRCR

Profile Along Test Pit: S7~ 71' 41 cof
*Site: A06 S7....

DEPTH (FT). to S4

n* ro. SmlNumber Depth HO. SP. VOA

~AT.. ~I ) bV J=S _____ _ __6

C~~~(t. P& c \- M_ _

A4 $prr~x.2Av~~ I4~2Yt9 - ______ _______

U- 17x
FIX 5 q F

931005 L3 ASS EnArn ena a",ies Y2,ncr.z 3



site: AOC 5"7 Cliet: .A-" .roject No.: qYd..-o. 1 of 2

"TestPit 2-A Date - " Time L)I1ai" End

Coordinates ,

SKETCH MAP OF TESTfIT SITE Y4 , ..

. JCrew Members:

___z 2. h t ( e
NX 3.

""Y3 jc .C 4.

6.

1* JL •Monitor Equipment:
" ---- _ _ ....__ _PI Meter 0 N

SCALE 1" =__,________ Explosive Gas y 0
Avail. Oxygen Y

NOTES: OVA Y
NOTES:, -Q"e.A.•. O\ ~ l • •., ••,,.• \ \0 "' Other

St14 Sk.•\ ,.-Photogoraphs, Roll ik2•.

'• ,. ' - "£ -.'* .. jI- Exposure ,

I __ __ _ __ __ _ __ _

ABB Environmental Services, Inc.
9312005S L2



Site: AQaC S"7 Client: ProjectNo.: qiq.4-,o 1 of2

TestPit Date Time 13:2-0 End

Coordinates60 
T35

SKETCH MAP OF TEST PIT SITE
. I~j4•l•,•Crew Members:l

N 42.

-_. 4.
•" 5.

Monitor Equipment:

P1 Meter 0 N

SCALE 1"= , F-1. Explosive Gas Y 0
Avail. Oxygen Y

NOTES: OVA y
T~~N~ ~A ~4 , ZQ Other _______

Photogoraphs, Roll "

Exposure

ABB Environmental Services, Inc.
9312005S L 2



Proifie Aiong Tast Pit: 2o2

Site: A•oC T5"7

SKETCH MAP OF TEST PIT PROFILE

SCALE 1'= iLT zB.\,&%{ cA
DEPTH (FT)./_ _ _

roT no. Sample Number Det HOPPMVO

A 3S-2 r ,",

S...l ~C-C - 3

931 5 s al Q

~~ ~~ REFERENCE. FIELD BOOK. Pg. ___

( ~~ATTACHMENTS '-.

SIGNATURE:0 ý '

I 931205S L 3AB8 Environmental Ser vices, Inc.-



Site: AOC~ 57 Cli'ent: A.Project No.: 1,1'-Z 1 of 2

TestPit Date R -7-2-Time I); 23 EndI--:O

"Coordinates

SKETCH MAP OF TEST PIT ST0. 150 " o,
Crew Members:

* ~ ~ < 2. h ( e )
- 3.

- ",4.

6.

Monitor Equipment:
•','A .• _______- __,-,4•.p PI Meter N

SCALE 1 "= , . . Explosive Gas N
Avail. Oxygen Y 0

NOTES: 
OVA y (

Other

i , \ . " - -, .76-QOsi)i, .Photogoraphs, Roll l

NN 2 ,. Exposure

SAS8 Environmental Senricas, Inc.
9312C0SS L 2



2 of 2
Profile Along Test Pit: '7 ' 95 "
Site: A, 0 0 7

SKETCH MAP OF TEST PIT PROFILE

F L .. .... ............ .- .

SCALE V= _5 FT. v,?x,..\, & .- £ , ' -

DEPTH (FT). I I 7 !Z

NOTES: Deoth HO. SP VOA

" W 2"1 q (Ft*. , C)
~5 ~ S-/e) ~S- 1 ~ .L

N\ •S , • _______ _______._.

S ___T -
*F,-.

.j4 UC'1 • -'; Io :,

0REF-ERENCE: FIELD BOOK Pg.___

ATTiACHMENTS t,

SIGNATURE: W1)!'

A1B Environmental Services, Inc. -
9312005S L 3



Site: AOc 5-7 Client: A--P Project No.: qtl--' 1 of 2

Testit ' 7 '- .- 27X Date 'Time 4End /d('1

Coordinates

SKETCH MAP OF TEST PIT SITE
Crew Members:

2.

_ _ __ _ C L,. - .I

(* ~~ ~ V 4.?~(L;

Monitor Equipment:
P1 Meter N

SCALA" .J=,-___,FT. Explosive Gas y (a
' Avail. Oxygen Y

NOTES: OVA
N , --- " /0 ¢- Other

Photcgoraphs, Roll .

Exposure

ABB Environmental Seriices, Inc.
9312C05S L 2



S~~ ~ 71-5* -72o

Profile Along Test Pit: 7 - -z-7 "* 2of2

Site:- A0C_ S7

SKETCH MAP OF TEST PIT PROFILE

S 3 • - -_-"- -- -- -- __--

SCALE 1'= FT. v'Z c, .1) -

DEPTH (FT). J2l_

NOTES:k \ ,. no. Sarnple Number Oepmi HD.SP. VGA 43'j'_ ' %,Q~ (Ft.) PPM•r;•• •/3" 1 1 ? ) , -',.'.\ '. I 'ýT, 1. -- 1b-F * 1e -/ 0 ##, ,

f~4~ -S-2 -F;-Z-70 2 ~ C

-n .S-3 7 7 .

' - 4 ... REFERENCE: FIELD BCOK. Pg.

oo( SIGATURE:ATTACHMENTS ?;f'• .

I ABB Environmental Services, Inc. -
9312005S L 3



Site: _-- ,7 Client: AL c-- Project No.:. I of 2

Test Pi Date Tie1:0 End-f.Y
Coordinates Ilk

SKETCH MAP OF TEST IIT SITE

'Tu 4k. 5;Crew Members:

N (2)
Tru3 ..& !- 2

(.• - -......- ap, , , 4

I - -.ov-L

.•ý 
6.

Monitor Equipment:
PI Meter (D N

SCALE 1" 5,, FT. Explosive Gas Y N
Avail. Oxygen Y N

S NOTES: OVA Y N
3 Other

A.Si - •. A"-l. o• !. 12'0 Photogoraphs, Roll

-,L' U , A , ,,.-. Exposure ŽA.

IABB Environmental Services, Inc.
9312005S L 2



I

Profile Along Test Pit: L'7 X' 
2 of 2

Site:

SKETCH MAP OF TEST PIT PROFILE

4;3 •-•,:.S• • °°
JC~

"SCALE 1 1 =1- S FT. J. Rlxk.S' 67-• .-.DEPTH (FT'). /0 ' --

NOTES: i1-

•. no. Sample Number Depth HO. SP. VOA

,2 T"• •"•mx - ' - _._-..- (Ft.) PPM

S-1 Er 78 -7 Rsz,
/ZL)� 2�,S -2L .g-5 Fr /"

x " kS3 7 a/0 1, . 1 A .JOd-

5 -4 _-

,r ,0 V,. ABBE i m ronmenti Serie4 , n.

Q) L3 REFERENCE: FIELD BOOK Pg.

(~ 2"~" ~ ~ ~ATTACHMENTS ___

~ ~i.~l E\~SIGNATURE: 
;

'ABB Environmental Services, Inc._p
9312005S L 3



Site: //1 • -' 7Client: is, iF C, Project No.: 0 6t• ,O 1 of 2

STest Pit 1ý FC ae z0- Tm ;5 End ;:

Coordinates

•'6=1,01,n1 MAP OF TE•T PIT SITE
i Crev. Members:

_......._2. S k-,., /0>p-o

16 3.

*- -rI
5.

6.

Monitor Equipment:
51\.,O I PI Meter N

.J SCALE 1" = hqo -..- r. Explosive Gas Y N
Avail. Oxygen Y N

NOTES: 
OVA Y N

Other Y N

Ko T' ýL-2.•'5 ýr- ,b•. /0 5-4ký Photogoraphs, Roll Ao.1

__ __ _ __ _ __ _Exposure

,ABB Environmental Services, Inc.9312005S L 2



Profile Along Test Pit: X-7E •" - A x 2o 2
Site:

ID-

ý"-'

SCALE',"T. o;-. -F v ,.
DEPTH (FT).____,___

NOTES: no. Sample Number 0eph HO. SP. VOA

9312005S L3

L/L-7'. S-1- eI-lbar (I1.Va, 7 r-

~ApIIa NO4J, so -

~i1 -p~ (a) -'A ýFRENCE: FIELD BOOK, Pg. .•..S

&:~ ~~~ttlL ~ ~ATTACHMENTS AJe~
N 'i.A-\wr -J5dQ~t SIGNATURE:

'ABB Environmental Services, Inc.-
9312005S L 3



Site: .* -7' Client:' U5 P , .. ProjectNo.: I of 2

Test Pit - Date ...Time End

Coordinates

SKET,., OF TST• 1"•",E
Crew Members:

I ________Meter________N

Avail_ . Oxygen /Y N

4.
44

* - 5.

6.

Monitor Equipment:
9P2 Meter GSCALE 1" j&J -. w_ T Explosive, Gas Y N

Avail. Oxygen Y N
*N0TES: OVA Y N

________________________ _____ Other ________

P~~b ~ ~ Photogoraphs, Roll A22L

eA V- \ Exposure 1

lo's

931205S 2 ABB Environmental Services, Inc.



Profile Along Test Pit: ~3 /Zf
Site: .- 7,O

SKZT CH MAP OF TEST PIT POFIF1LE

-1 ~ - ---------

SCALEdlx A "ST ~;~

_44

'C --- ---------- , _ _' ~ - - - ~ -

4-4777

--T (FT). to INAUE

so;] - (Ft.) P(i



Site: AOL -'7 Client: US5E C. ProjectNo.: qL qV/-. 0 of2

STest Pit Date Time End

Coordinates

KET, .H MAP OF TEST PIT STc_ _

"'Crew Members:

2. 0
N 3.

4.

5.

~ 4 6.

Monitor Equipment:
__10_ PMeter O N

SCALE 1- No0  ~ T Explosive Gas Y N
Avail. Oxygen Y N

NOTES: OVA Y N
________ ________ ________ ________ Other _ _ _ _ _ _ _ _

C)
~~ ~ 2~~ ~ Photogoraphs, Roll .22.i-

Exposure ýA

P

PAB Environmental Services, Inc.
9312005S L 2



Profile Along Test Pit: ¢ 31 X Zo,2

( ~Site:S

$K27CH MAP -ZF T ST 4EW K", NPRAKA5\A-~A

AAl

- GSCALE" FT. 4ir; s. -1 •,-r; 1,-\
DEPTH (FT). , /0 LS

OTESa. Sample Number Depth . SP. VASI'd( i-1- jAS4,. ___ Ft.) PPM
N' - s-1 !Er2.31,• fie' Yr P,-,

(I ~~~S-2 &CF57.31O Z 04!

(~~~) lf I •iz± ..
~~~~~~~~ 4fhk2 FI -7(3 1~c &A A~.~ o. - ~ - _ _ _

REFERENCE: FIELD BOOK Pg.

SATTACHMENTS ______

tt'jvA p"AA~ SIGNATURE: r6

ABB Environmental Services, Inc.
9312005S L 3



APPENDIX B

MONITORING WELL AND PIEZOMETER CONSTRUCTION DIAGRAMS

Harding Lawson Associates

C:\FDRITABL\57\APPCOVER 9144-03



Project Fort Devens Study Area ... A cN .L-- Driller K IiZQtAkl CbfL.tJ A 1
ProectNo. ()q144- 0Boring No. M - 5 - li Drilling Method
ProectNo.Date Installed _I Development Method

Field Geologist (i L1IAL5rT 1 lktEý

Stick-up of Casing Above Ground Surface:_L7±HT,

Ground ~~~Type of Surface Seal! Other Prtcko:4 w

Type of Surface Casing: TPC 'd i

ID ofSurface Casing: 14 v

Diameter of Borehole: xi 0iNC

Riser Pipe ID: 4 iK~i.4

Type of Riser Pipe: &cH go V

Type of Backfill:. K tMi hT- ze Lk -1L

Depth of Top of Seal: 'FE

Type of Seal: J T aLL

Depth of Top of Sand: ISF e e- b s')

Depth of Top of Screen: S (A 5)

Typedof Screen: )CHN 4C PV'C,

Slot Size xLength: O> FL4

I D of Screen: - 4 1 lC, ý-i
Z v-qo)

I ~~Type of Sandpack: *C
I A

Depth of Bottom of Scen

I ~Depth of Sediment Sump with Plug:-

Depth of Bottom of Boeoe - 1

1 932005 L16ASS Environmental Services, Inc.-



Project FotDvn Study Area Ao,9C S4 Drillerjf>.UL'A-. l~ ~~ ?L(

Project No. Boring No. - - i Drilling Method 6&!/g- "(xz•) 14SA~

FildGolgitDate Installed 2 9 - T9 " Development Method

Stick-up of Casing Above Ground Surface: c- -

GrondType of Surface Seal/ Other Protection:...6k (6k\g?0

Type of Surface Casing:

ID of Surface Casing:

Diameter of Borehole: V

ýxRiser 
Pipe JD:-_________________

Type of Riser Pipe: NJd/~~9 V

Type of Backfill: -

Depth of Too of Seal: ~~''~

Type of Seal: Xi" VA!'AE

Depth of Top of Sand:

Depth of Top of Sc-een:-

Type of Screen.:- ~

IISlot Si~ze xLength: MCAvh510t -x 1

- ID of Screen:

Type of Sandpack:-) ?~ &t

Depth of Bottom of Screen:

I I Depth of Sediment Sump wfth Plug:

Depth of Bottom of Borehole:-

__________________________________________________ABS Environmental Services, Inc.-
9312005S L16



MOIORN WEL COSRUTO DIAGRAM

Project Fort Devens Study Area ALc. 5 -t Driller .P. L. -vf Eta, C 3 ! rv
Project No. 9L - Boring No. STY"! -92::L?(Driiling Method )4 z'" L '~ 4

Field Geologist Dat Installed 16' 3 - 9:5 Development Method dQ9qw 1a16

Stick-up of Casing Above Ground Surface: . ~(

Grun Type of Surface Seal! Other Protection:_______
Elvto____ I

Type of Surflace Casing:%LJ2

ID of Surface Casing:-

Diameter of Borehole:______________

Riser Pipe ID: __________________

Type of Riser Pipe: S(~IL q0  h1

Type of Backfiil:~ - ~ 4-i V-,)

Depth of Top of Seal:3

Type of Seal: ' h~#, !-

Depth of Top of Sand: ~

Depth of Top of Screen:

Fj(N
1 ~Type of Scren

I ~Slot Size x Length:

I D of Screen:

I ~~~Type of Sandpack: ~ ~ '"

XX. Depth of Bottom of Screen:

I1Depth of Sediment Sump with Plug: Z2 6

Depth of Bottom of Brhl:

'ABB Environmental Services, Inc.-
9312005S L16



MOIOIGWL COSTUIO D0IAGA

Project FotDvn Study Area O ¶1Driller . 1.

Project No. otl 4~ q-c -L Boring No. :y-7af - '7:5 -A/01M Drilling Method InS A.

Date Installed __________95 Development Mehdp4

Field Geologist 5. 6iUL59.77V

Stick-up of Casing Above Ground Surface:i~ k

GroundType of Surface Seal! Other Protection:~

Type of Surface Casing:_ O'C-Or d -F

ID of Surface Casing: U NI

Diameter of Borehole: 10i U1':. o

Riser Pipe ID: 4 i4d

Type of Riser Pipe: S-i4 ~

Type of Backfill: riT ,ýI-T cL-

Depth of Top of Seal: P T

Type of Seal: P-ý pe7 L-( -T.10

Depth of Top of Sand: '

Depth of Top of Screen: 2 .4

Type of Screen: oSC- 40r '4 C

ISlot Size xLength: 0 010 i f~4 r- w

= ~ID of Screen:

IType of Sandpack: Ii L> (W1/0 no/

Depth of Bottom of Screen: 1 V .4 ~~

1Depth of Sediment Sump with Plug:. t-A

Depth of Bottom of Borehole: e

931205S 16 . ABS Environmental Service~s, Inc.



.,OITRN WEL COSRUTO D0IAGRAM

Project FortDeen Study Area RO 57 Driller .RG&A

Project No. ?Y9 t'4A02. Boring No. -51fl1-95-Q!LI. Drilling Method '
Date Installed 1011951 - Development Method 2

Field Geologist Ci 6u ti6eýh

Stick-up of Casing Above Ground Surface: _ 5f ee

Ground ~Type of Surface Seal/ Other Prote ction:LnlsL

Type of Surface Casing: 4"?CccX_-Z

ID of Surface Casing: tj( _ i4~ I

Diameter of Borehole: tiDIC-H

Riser Pipe ID: 4 1

Type of Riser Pipe: Sc"~ 4-6 PVC

Type of Backfill: F)~~h e ý7t-TF- jC E itM7 CCUT

Depth of Top of Seal: F~e

Type of Seal: F)''rt l 6L7T

Depth of Top of Sand: 13

Depth of Top of Screen: 18.5 F967T

Type of Screen: 4 V

I I ~~~Slot Size x Length: ~-k e-

ID of Screen: 4 tLI

I ~~~Type of Sandpack:O i'Z

Depth of Bottom of Screen: T

I ~Depth of Sediment Sump with Plug: -9I ~~

Depth of Bottom of Borehole: ýt 0

931200S L16ABB Environmental Services, Inc.-



Project Fort -Study-Are- AQC 5! - Driller ,__'__/_,___

ProjectNo. JLI-• .. Boring No. 'Y' <- < Drilling Method " "

Date Installed V -. •-" Development Method
Field Geologist • / ,,

Stick-up of Casing Above Ground Surface:______

Ground Type of Surface Seal/ Other Protection:. CJJ
E!evation•

Type of Surface Casing: ._ I v i

ID of Surface Casing: -

Diarneter ,f Borehole: 7

Riser Pipe 0D:

Type of Riser Pipe: - -

Type of Backfiil:.- P t 1.k! ,
,1 d-•. :•..,-

Depth of Top of SeaT__"___________if• r i, ,- 4
Type of Seal: 11 'r I~T>-k A. I",>ij~

Depth of Top of Sand: .___ ____

D eoth of Top of Screen:

Type of Screen: . ..

Slot Size x Length:

ID of Screen:

Type of Sandpack: - 'V1"

Depth of Bottom of Screen:

Depth of Sediment Sump with Plug:

Depth of Bottom of Borehole:.

9ABS Environmental Services, Inc.
9312005S L16



Project FotDvn Study Area AOC 5-7 - Driller K. 12'96MJ CDL A4-Z

Project No. nq 144 - o 2- Boring No. f57 M -1 - 0&x Drilling M t o
Date Installed JrJ J: Development Method39

Field Geologist L 7.Lsc1-l j77$)O

Stick-up of Casing Above Ground Surface: 2.1PT

Ground ~~Type of Surface Seal! Other Prtcto:

Type of Surface Casing:- PlROC,% L.

ID of Surface Casing: (L0 IN (,H&

Diameter of Borehole: 1b 1964C.

Riser Pipe ID:4 c4

Type of Riser Pipe: SCH 40 PV C..

Type of Backfill: t&l0M4 rr- 6 U wr

Depth of Top of Seal: 4 re-

Type of Seal: ?E N Jro f re T-PELa-r-

Depth of Top of Sand:

Depth of Top of Screen:

___ IType of Screen: SC.4 40 PVC.

- Slot Size xLength: 10 FEF4- 10

ID of Screen: 4IiJ4

IType of Sandpack: 00 SANID , (0 /4fJ n

Depth of Bottom of Screen: 2.~ e-r

I ~~~Depth of Sediment Sump with Plug:.Z L.Z

Depth of Bottom of Borehole: 2 6-

ASS Environmental Services, Inc.-
9312005S L16



Project Fort Devens Study Area .C X -57- DrillerD- L. & 31- -

Project No. 9)/9"T-- Boring No. -LM• -O:- Drilling Method S ,, jŽP J-)k__
Date Installed 0 '.Si Development Method

Field Geologist'S.-e, .(

Stick-up of Casing Above Ground Surface: ' - .

Ground ~Type of Surface Seal/ Other Protection: IVeElevation-X U V

Type of Surface Casing: k--0-I

ID of Surface Casing:

Diameter of Borehole: . /

Riser Pipe ID:

Type of Riser Pipe: 0,1,Q }I fVC

Type of S a aj

Depth of Top of Seal

Type of Sea[:

Depth of Top of Sand:.

:. .Depth of Top of Screen:

Type of Screen: .- 4Zd ' f - / C.

-!:.::i!ti [ I: : Slot Size x Length: Ox ,i X /9
,: :.- ::::

-10 Iof Screen:

Type of Sandpack: "

Depth of Bottom of Screen: 13

Depth of Sediment Sump withP ",

Depth of Bottom of Borehole:

,,ABB Environmental Services, Inc.

9312005S L16



Project No. Boring No. Sf '15 'A Driiling Method 6§.

Field Geologist c,

Stick-up of Casing Above Ground Surface:.j~.

GroundType of Surface Seal! Other Protection:.....,2A_( ald

Type of Surface Casing:

ID of Surflace Casing: '

Diameter of Borehole:

Riser Pipe ID:_________________

Type of Riser Pipe:_-,L tV\~

Type of Backfill:, ,P' .1 ~ \ 41 I24-

Depth of Top of Seal:

Type of Seal:/k 2'AI

Depth of Top of Sand:

_ ~Depth of Top of Screen: ~

TypeofScreen:L
,AI.

Depth of Bottom of Screen:

IDepth of Sediment Sump wfh Plug:--

Depth of Bottom of Borehole:

_________________________________________________ABB Environmental Services, In c.
9312005S L16



Project Fort Devens Study Area -AOL- .:_ - Driller 1L. U. 14 fE--..-'-'- .

Project No. 91qq__ __" Boring No. !-4-M./lT- Drilling Method (O/PzP

Date Installed Development Method

Field Geologista wz v

, •Stick-up of Casing Above Ground Surface:

Ground Type of Surface Seal/ Other Protection: .Ad 04

Type of Surface Casing:

ID of Surface Casing:

Diameter of Borehole: 0 -9

Riser Pipe ID: :"

Type of Riser Pipe: P-VC• -Z i. .- ,' ,

Type of Bacail~ 21A t#+

Depth of Top of Seal:

Type of Seal:
13

Depth of Top of Sand:

_. _ Death of Too of Screen:

I:::•i:,;!ii _ ::ii:Type of Screen: • ,LA.,. 1/Q _ !/C

Is. Siot Size x Length: ," n , ' ,¾, ix'. /

ID of Screen:q

Type of Sandpack: . 1-16 •1//Cj-. ,

Depth of Bottom of Screen:-

Depth of Sediment Sump withPlg

Depth of Bottom of Borehole: 3

__ABS Environmental Services, Inc.

9312005S L16



MONIORIN WEL COSRUTO DIAGRAM

Project For Dvns Study Area .AKL .... Driller 3.. Gas.
Project No. 01(40 Boring No. S2A9C &..3 Drilling Method q- 25 H sA

Date Installed :5-2 . Development Method Th. -s

Field Geologist .

Stick-up of Casing Above Ground Surface: .

Ground ~~~Type of Surface Seal/ Other Prtcin-(3'~4t ~

Type of Surface Casing: '5Tl5C-( ?5TAID ?LIPE

10 of Surface Casing:-

Diameter of Borehole:_______________

Riser Pipe ID:__________________

Type of Riser Pipe: 'C1b 0 ?iC-

r/AType of Backfill: %

Depth of Top of Seal: 30~

Type~of Seal: t 'Petk 4 6

Depth of Top of Sand: 017

Depth of Top of Screen: I2.S OS

jType of Screen: -5C-tErb P0 ?C-

I I Slot Size xLength: 10 S"~ 10-fOP

10 of Screen:2'

I IType of Sandpack: -

Depth of Bottom of Screen:. 1.' v
I ~~~Depth of Sediment Sump with Plug:.!.2i•

Depth of Bottom of Boeol:

MONITORING WELL CONSTRUCTION DIAGRAM
PROJECT OPERATIONS PLAN

FORT DEVENS, MASSACHUSETTS
-ABB Environmental Services, Inc.

9312005S L16



Project For Dvns Study Area S7...... Driller Alm/i?

Project No. L4 ~ . Boring No,<7~9 Y / Drilling Method AJ/iA 1 ,
Date Installed _________ Development Method T~ 4 'Si-.

Field Geologist / -4&

Stick-up of Casing Above Ground Surface:-_

GrudType of Surface Seal! Other Protection:________

TyploeS rfceCain : n -A , f;K

TyD of Surface Casing:S

10 ofSurfce Caing:

Diameter of Borehoe

Riser Pipe ID:- -2l

Type of Riser Pipe: ------

Type of Backfill: XL/ ,

Depth of Top of Seal:

Type of Seal: '''

Depth of Top of Sand._______

Depth of Top of Screen:-

S- ~Type of Screen:

I Slot Size xLength:

Ix - '4,
1D of Screen:

I IType of Sandpack:- A/a.

Depth of Bottom of Screen:* '

I I . ~Depth of Sediment Sump with Plug:-

Depth of Bottom of Borehole:-

MONITORING WELL CONSTRUCTION DIAGRAM
PROJECT OPERATIONS PLAN

FORT DEVENS, MASSACHUSETTS
_________________________________________________ABB Environmental Services, Inc.-ý

9312005S L16



Project Fort Devens Study Area .6 7 (Driller /!./?

ProjectNo. 11i,4 -S Boring No. ,Z'7,, -/- Drilling Method /'/ ' "A'
Date Installed _______--- Development Method ",.,., -4- , .

Field Geologist

Stick-up of Casing Above Ground Surface: 5.-

Ground Type of Surface Seal/ Other Protection: .4',j C L ?4 1ý.
Elevation -4- 71,P-_ kV r,,A 2

Type of Surface Casing:

o/z ID of Surface Casing: i.

z Diameter of Borehole:

Riser Pipe ID: f

Type of Riser Pipe:

Type of Backfill:

Depth of Top of Seal:_ _ _ _ _

Type of Seal: - ,

Depth of Top of Sand: /
•.- ...:.:- ..... Z

Depth of Top of Screen:

1 iType of Screen:

Slot Size x Length: - .Oi ""

I of Screen:

Type of Sandpack:, L.!Z

Depth of Bottom of Screen:

.I Depth of Sediment Sump with Plug:

Depth of Bottom of Borehole: /Z

MONITORING WELL CONSTRUCTION DIAGRAM

PROJECT OPERATIONS PLAN

FORT DEVENS, MASSACHUSETTS

ABB Environmental Services, Inc.
9312005S L16



Prolet~ ~ . Studyeverea Z.. Driller .46

Project No. 94.'& Boring No. 7A-6-~ Drilling Method __111

Date Installed U/ _f A7t' Development Method 4

Field Geologist / Ze•-

Stick-up of Casing Above Ground Surface:

GrudType of Surface Seal/ Other Protection: r-, \z

Type of Surface Casing: -!r c -

1D of Surface Casing*

Diameter of Borehole:______________

Riser Pipe ID: 2

Type of Riser Pipe:

Type of Backfill: A11A

Depth of Top of Seal:____________

Typeof Seal:

Depth of Top of Sands/

Depth of Top of Screen: 2
P=l

Type of Screen: V

I ~~Slot Size x Length:- 6C

1D of Screen:

I Type-of Sandpack: Ž

Depth of Bottom of Screen:-

Depth of Sediment Sump with Plug

Depth of Bottom of Borehole:-

MONITORING WELL CONSTRUCTION DIAGRAM`
PROJECT OPERATIONS PLAN

FORT DEVENS, MASSACHUSETTS

_____________________________________________ABB Environmental Services, Inc.
9312005SS L16



Project "Fr eesStudy Area 4/~C- Driller_________

Project No. 7/i44. Borng *No.5 IAI-9 4-1i Drilling Method I,4 1
Date Installe ______ Development Method 'uw

* Field Geologist k -"' *

Stick-up of Casing Above Ground Surface: 2 .

Greatound...... Type of Surface Seal/ Other Protectin , t71A

Type of Surface Casing:

10 of Surface Casing:

Diameter of Borehole: ~

Riser Pipe ID:2

Type of Riser Pipe:

Type of Backfill: A /

Depth of Top of Seal: ~''

Type of Seal: ~ ~ ib d7

Depth of Top of Sand

Depth of Top of Screen:

Type of Screen:_________

I I ~~~Slot Size x Length: (.-

* 10 of Screen:2

I ~~Type- of Sandpack: ~

..... Depth of Bottom of Screen:-~ /

I I Depth of Sediment Sump with Plug:

Depth of Bottom of Borehole:

MONITORING WELL CONSTRUC11ON DIAGRAM
PROJECT OPERATIONS PLAN

FORT DEVENS, MASSACHUSETTS

_____________________________________________ABS Environmental Services, Inc.
931 20OSS L16



Project Fort Devens Study Area ,4-.- - Driller / , !,4- L-.

Project No. 9/1?--2 " Boring No. '77.•- {-/' Drilling Method /" '/ :" 7.- _ ' .Date Installed I ( --/1'-9 7 Development Method ,__ .____

Field GeologistS '. i l, , ,,. -i-- ,

Stick-up of Casing Above Ground Surface: -

Ground Type of Surface Seal/ Other Protection: /3*-., . ,

Type of Surface Casing: ,,- 96,,/ ,_

ID of Surface Casing:

Diameter of Borehole: --.

Riser Pipe ID:_

Type of Riser Pipe: . f ,

Type of Bacitl: C ,.7

Depth of Top of Seal:

Type of Seal: ;Q/..i- , / LUC-Z

Depth of Top of Sand: -"

Depth of Too of Screen:

Type of Screen: , , -
:~~~~~~~~~~~. .. :.:.. . . .. . ...... _ i:ii:{{. .' i , .. , .,Q...... . ....

Slot Size x Length: .. ...

ID of Screen:

Type of Sandpack:

Depth of Bottom of Screen:

Depth of Sediment Sump with Plug: -

Depth of Bottom of Borehole:

_ _ _ _ _ _ _ _ _ ABB Environmental Services, Inc.
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Project No. ?N_______ Boring No. ~7-"S-- 'A rligMtod KV Z

Date Installed /-/9T Development Method ________

Field Geologist SV6r~~k tc-pfan

Stik-p f asngAbove Grouhid Surface:_____

GrudType ofSraeSeal! Other Protection: QX1)i2 6•

Type of Surface Casing: 44ch'Žý~~ ~

ID of Surface Casing: 1

Diameter of Borehole:_______________

Riser Pipe ID:_________________

Type of Riser Pipe: L)u d {1,1 '1

Type of Backfill: F 7 ý]h>~

Depth of Top of Sea'~l:

Type of Seal: j1Y; 4. -. /*A-

Det ofTp fSad

Depth of Top of Sarend:

___ I ~~Type of Screen: &;

Slot Size x Length.

ID of Screen:

Type of Sandpack: /-

Depth of Bottom of Screen:

I Depth of Sediment Sump with Plug:

Depth of Bottom of Borehole: -

.-Cc

K 'ASS Environmental Services, Inc.
9312005S L16



MOIORN WEL COSRUTO DIAGRAM

Project FotDvn Study Area Aoc- 51- A~ 2- Driller )4I L A.

Project No. q/4"!' 01 Boring No. -"4P -IS- OZ,< Drilling Method

.- , r~Date Installed 5 ~ 8Development Method _J/
Field Geologist 76 K_1

40Stick-up of Casing Above Ground Surface:- O

GroundType of Surface Seal/ Other Protection,

Type of Surface Casing: ~~

ID of Surface Casing: ~~-

Diameter of Borehole: 0.

Riser PipelID:I

Type of Riser Pipe: '1 P PIr'c

Type of Backfill: ~ 'i

Depth of Top of Seal: ".30i £

Type of Seal: tJP

Depth of Top of Sand 1- 6, E

Depth of Top of Screen:c) o3 Mc.s

-~~-~~ = ~Type of Screen: / i ./ ~

CS.2e..¶2) I Slot Size xLength: .2 ~ ~ ~

I. . ........
i

I I

I I ~Depth of Bottom of Screen:2.'

I I Depth of Sediment Sump with Plug:

Depth of Bottom of Borehole:-2

9312005S L16



MOIORN WEL COSRUTO DIAGRAM

Project FotDvn Study Area Ac 5 l au.3 Driller )9t.4
* ~Project No. 9/ff0Boring No. 5Y"' ?8 0)( Drilling Method /

4
d~9/&

Date Installed .0.26 - '?8 Development Method pOot..)I
Field Geologist C~ 4T.t

Stick-up of Casing Above Ground Surface:2.

GrondType of Surface Seal/ Other Protection: L

Typeton of4urfceCasng:.¶

IDp of Surface Casing: ~'

Diameter of Borehole: 3

Riser Pipe ID: 1

Type of Riser Pipe: - '

Type of Backfill: AA12 L

6t~Depth~ of Top of Seal: i.ao-L
54-tN't SILr-Det

tType of Seal:L

/.,0 '30 ~Depth of Top of Sand: A3C P1

Depth of Top of Screen:-2*

Type of Screen: c. Ila ?"

Slot Size xLength: 3' x Q C SA L2

%OTLL~~~ D IIof Screen: I

S IType of Sandpack: 4-1 1-"'-

I I Depth of Bottom of Screen: -

I I ~Depth of Sediment Sump with Plug---r

- Depth of Bottom of Borehole:

9312005S L16



Project Fort Deven Study Area 46C 5"3 - 4 Rc? Driller HL A

* Project No. /'l7//.O3 Boring No. 5" P- 5J .oHX Drilling Method -
Date Installed 5-,.26,-- 98 Development Method - ,jj/,

Field Geologist__ _ _ _ _ _ _ _ _

SStick-up of Casing Above Ground Surface: 0 (

Ground Type of Surface Seal/ Other Protection: _1A

Type of Surface Casing: A/A

ID of Surface Casing: ,A

&oCA~I Lcvt . Diameter of Borehole: _3 _

Riser Pipe ID: /" '%

Type of Riser Pipe: ,.k •'Llo -pre-

S-Type of Backfill: ,

acZ(" .. 78) Depth of Top of Seal: A.JA

* Type of Seal:l: _ _

Depth of Top of Sand- A. N•

Depth of Top of Screen: 8C.

Type of Screen: .se- q ? ""-

"" Slot Size x Length: . . 0( O.o/

ID of Screen:

S..... Type of Sandpack: A •

..... Depth of Bottom of Screen:

.. I iDepth of Sediment Sump with Plug-

Depth of Bottom of Borehole: - 3- S

9312005S L16
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APPENDIX C

1.0 Introduction

Geophysical surveying was completed over AOC 57 at the former Fort Devens in Ayer,
MA. Geophysical work was conducted in two separate areas in September 1995 and
August 1996. Several geophysical techniques were employed at AOC 57 to screen for
the presence or absence of buried waste at the site.

2.0 Equipment and Survey Methodology

Four types of geophysical surveys were conducted at AOC 57 and include an EM-61
Time Domain Metal Detection survey, an EM-31 electromagnetic ground conductivity
survey, a GEM gradiometer survey, and a ground-penetrating radar survey. A Geonics,
Inc. EM-61 High Resolution Time Domain Metal Detector was used to determine the
presence of ferrous as well as non-ferrous metallic wastes. A Geonics, Inc. EM-31
Electromagnetic Ground Conductivity instrument was used to detect the presence of
conductive wastes. A GEM-19 gradiometer was used to measure; deviations in the
earth's magnetic field to determine the presence of ferrous objects. A GSSI System mIT
GPR unit equipped with a 500 megahertz antenna was used to profile selected
electromagnetic and magnetic anomalies.

Prior to geophysical surveying a 50 by 50 foot grid was established using a tape and
compass. Pin flags and blaze orange marking paint were used to identify grid nodes.
Data was collected with reference to the preestablished survey grid by pacing. EM-31
and EM-61 surveys were conducted concurrently along survey lines spaced ten feet apart.
EM-61, EM-31, and gradiometer measurements were collected every five feet along each
survey line. GPR data was collected along selected lines in order to profile EM-31 and
EM-61 anomalies. EM-31 and EM-61 data was collected with data loggers. Data was
downloaded to a computer and processed using various geophysical software applications..

3.0 Results

The lateral extent of geophysical surveying is shown on the attached Figures. EM-31,
EM-61, and gradiometer surveying indicated the presence of several anomalies across the

W002979app.c 9144-03
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APPENDIX C

survey areas. The most prominent anomalies are contemporaneous with the escarpment
which parallels the drainage area bordering the southern portion of the site. This
suggests that whatever materials were dumped in this area appear to have disposed of just
over the edge of the bank. Surface debris was observed along the escarpment and
included motor vehicle parts, glass, concrete with rebar, and razor wire. Test pitting
was conducted at selected locations of high amplitude EM anomalies that could not be
attributable to the presence of surfacial metallic objects or debris.

W002979app .c 9144-03
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APPENDIX D

QUALITY CONTROL RESULTS AND ASSESSMENT

D-1 1993 ON-SITE AND OFF-SITE LABORATORY DATA

D-2 1996 ON-SITE LABORATORY DATA

D-3 1996 OFF-SITE LABORATORY DATA

D-4 1998 OFF-SITE LABORATORY DATA (SUPPLEMENTAL
*RI)

D-5 1999 OFF-SITE LABORATORY DATA (AREA 3 SOIL
REMOVAL)

Harding Lawson Associates
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1993 ON-SITE AND OFF-SITE LABORATORY DATA
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APPENDIX D

D.1.0 INTRODUCTION

This Data Quality Report (DQR) provides a detailed data quality assessment for

off-site analytical data generated during site investigations conducted at Fort

Devens during the fall 1995 at Areas of Concern (AOCs) 57, 63AX, and 69W.

The DQR also addresses data collected in February of 1996, during the Round 2

Groundwater sampling event at AOCs 57, 63AX and 69W. The data quality

assessment for the Round 2 Groundwater sampling event is presented separately

within this report.

Samples collected during the investigations for off-site laboratory analyses were

submitted to Environmental Science and Engineering (ESE), Gainesville, Florida.

* All laboratory data generated during the sampling programs were reviewed in

terms of data quality objectives (DQOs) established in the Fort Devens Project

Operations Plan (POP) (ABB-ES, 1995), published analytical methods (USEPA,

1988a; USEPA, 1989a) or applicable USEPA data validation guidelines (USEPA,

1988b; USEPA, 1989b). DQOs refer to a set of qualitative and quantitative

statements that assess the data generated during the sampling and analysis phases

of the project. The DQOs are defined by the parameters of precision, accuracy,

representativeness, completeness, and comparability (PARCC). These parameters

present an indication of the data quality, and the confidence that a particular

compound may be present or absent in an associated environmental sample. This

report describes the analytical methods performed at the on-site and off-site

laboratories, and presents an assessment of data quality and usability for samples

collected during the field investigations.

Harding Lawson Associates
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D.1.1 OFF-SITE LABORATORY ANALYTICAL METHODS

Subsurface soil, sediment, groundwater, and surface water samples were collected

during the 1995 Fort Devens Site Investigation. Groundwater samples were

collected during the Round 2 sampling event. Samples were analyzed for

chemical parameters on the Fort Devens Project Analyte List (PAL). The PAL

and analytical methodologies are outlined in the Fort Devens POP (ABB-ES,

1995). The analyses performed are summarized on Table D-1.

The USEPA has recently identified two general levels of analytical data quality,

Screening with Definitive Confirmation and Definitive Data, which replace the

former five levels of data quality (USEPA, 1993). All off-site laboratory data are

considered Definitive Data.

The contract laboratory which completed analyses of all off-site analytical samples

was Environmental Science and Engineering (ESE), Gainesville, FL. All analyses

run by the contract laboratory were completed implementing the 1990 U.S. Army

Toxic and Hazardous Materials Agency (USATHAMA) QA Program

(USATHAMA, 1990). Method performance demonstration, data management,

and oversight for USATHAMA analytical procedures are currently performed by

the U.S. Army Environmental Center (USAEC). A discussion of AEC-certified

methods used by ESE Laboratories for samples collected at Fort Devens is

provided in Section 7.0 of the Fort Devens POP (ABB-ES, 1995) and methods are

listed in Table D-1. This table includes a description of the methods used as well

as equivalent EPA methods, where they exist. The USAEC method numbers (i.e.,

method JS16) are specific to the project and to the particular laboratory

Harding Lawson Associates
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performing the analyses. For some analyses standard USEPA methods are used.

These methods are also indicated on Table D-1.

A detailed discussion of the USAEC laboratory QA program is presented in

Section 3.0 of this RI. The laboratory must document proficiency using each of

the methods by meeting USAEC performance protocols. Once the laboratory has

demonstrated this proficiency, they become certified to perform that particular

method. It is through this certification process that certified detection limits

(CRLs) are established. CRLs for USAEC methods and reporting limits (RLs)

for standard USEPA methods are presented in Appendix B of the Fort Devens

POP (ABB-ES, 1995).

Harding Lawson Associates
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D.2.0 OFF-SITE LABORATORY QUALITY CONTROL BLANK RESULTS

A quality control review was completed for off-site QC blanks including method

blanks, rinse blanks and trip blanks which were analyzed at an off-site laboratory.

Blank samples provide a measure of contamination that may have been

introduced into a sample set either (1) in the field while samples were being

collected or transported to the laboratory, or (2) in the laboratory during sample

preparation and analysis. This discussion is intended to provide an evaluation of

data generated at this laboratory based on method blank and field quality control

blank data.

D.2.1 METHOD BLANKS

Method blanks were analyzed at the laboratory with each lot of samples to

evaluate if sample processing and analysis resulted in sample contamination.

Method blanks were performed for both water and soil samples for the following

chemical classes: inorganics, VOCs, SVOCs, pesticides/PCBs. Method blanks

were also analyzed using USEPA methods for hardness, alkalinity, TOC, TPHC,

TDS, and TSS.

Harding Lawson Associates
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D.2.1.1 Inorganics

'Four aqueous method blanks were analyzed by the laboratory for PAL inorganics

during the 1995 Field Investigation. During the Round 2 Groundwater sampling

event three aqueous method blanks were analyzed. All results for aqueous

method blanks were below the respective CRI-s indicating there was no inorganic

contamination introduced at the laboratory.

Three soil method blanks were analyzed in association with field samples from the

1995 Fort Devens Investigation. Several elements were detected in soil method

blanks. The frequency and concentration ranges of elements detected in these

blanks are summarized in Table D-2. All res ults for mercury, selenium, arsenic

thallium, antimony, silver, beryllium, cadmium, copper, chromium, cobalt, sodium,

nickel, lead, vanadium, and zinc were below the CRL~s.

Soil method blank analyses were conducted by the laboratory using a USAEC
approved soil as the matrix. A Rocky Mountain Blend soil type was used. The

high frequency and concentrations of many of the inorganics are due to

background levels inherent in this soil and are consistent with previous data

collected from analysis of this soil blend. As a result; elements reported for soil

method blanks are not believed to represent laboratory introduced contamination.

Based on soil and aqueous method blank results, significant inorg anic

contamination was not introduced during laboratory handling and analysis.

Harding Lawson Associates
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D.2.1.2 VOCs

Method blanks were run with each lot of water and soil samples to determine if

VOCs were introduced during laboratory handling and analysis.

Seven aqueous method blanks were analyzed for VOC contamination during the

1995 Field Investigation. No target compound results were above CRLs with the

exception of acetone, methylene chloride, and chloroform. The concentration and

frequency of detection for these compounds are shown in Table D-3.

Acetone and methylene chloride are considered common laboratory contaminants

(USEPA, 1988b) and were likely introduced during laboratory handling.

Chloroform is commonly produced in chlorinated drinking water supplies. The

source of the chloroform in method blanks could potentially have been the off-site

laboratory. These results indicate that low concentrations of acetone, methylene

chloride, and chloroform may have been introduced during laboratory handling.

Field samples collected at Fort Devens, during the 1995 Site Investigation with

detections of these compounds at similar concentrations may not be representative

of site conditions.

Three aqueous method blanks were analyzed for VOC contamination during the

Round 2 Groundwater sampling event. No results for target VOCs were above

CRLs.

Ten method blanks were analyzed for VOCs in soil during the 1995 Field

Investigation. No method blank compound results were at concentrations above

the CRI~s with the exception of toluene. Toluene was detected in two out of ten

Harding Lawso n Associates
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method blanks at concentrations ranging from 0.00096 gg/g to 0.001 Ag/g. Theses

results indicate that low concentrations of toluene may have been introduced

during laboratory handling. Field samples collected at Fort Devens during the

1995 Field Investigation with similar concentrations of toluene may not be

representative of site conditions.

D.2.1.3 SVOCs

Five aqueous method blanks were analyzed for SVOC contamination during the

1995 Field Investigation and three during the Round 2 Groundwater sampling

event. The concentrations and frequency for compounds detected in aqueous

method blanks are outlined in Table D-4. With the exception of diethyl phthalate

and bis(2-ethylhexyl)phthalate, no target SVOCs were reported at concentrations

above CRL values. Phthalates are referenced as common laboratory contaminant

by the USEPA (USEPA, 1988b). Concentrations of diethyl phthalate and bis(2-

ethylhexyl)phthalate reported in Fort Devens field samples may have been

introduced as laboratory contamination. Dioctyl adipate (hexanedioic acid),

dioctyl ester, and toluene, which are tentatively identified compounds (TIC) or

non-target SVOCs, were also detected in method blanks.

Twelve method blanks for soil were analyzed for SVOC contamination during the

1995 Field Investigation. The concentrations and frequency for compounds

detected in soil method blanks are outlined in Table D-5. No target SVOC

results were at concentrations above CRLs with the exception of di-n-butyl

phthalate. Di-n-butyl phthalate is considered a common laboratory contaminant

by the USEPA (USEPA, 1988b) and was likely introduced during laboratory

Harding Lawson Associates
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sample handling and extraction. Samples with similar concentrations of this

compound are not considered representative of site conditions.

D.2.1.4 Pesticides/PCBs

Five aqueous method blanks and seven soil method blanks were analyzed for

pesticide compounds and PCB during laboratory sample preparation and analysis

during the 1995 Field Investigation. In addition, three water method blanks for

PCBs and four water blanks for pesticides were analyzed for the Round 2

Groundwater sampling event. No pesticides/PCBs target compounds were at

concentrations above CRL values, indicating no laboratory sample contamination

occurred.

D.2.1.5 TPHC

Several analytical methods were used to measure and characterize petroleum

hydrocarbons in aqueous method blanks. During the 1995 Field Investigation, five

water method blanks were analyzed for total petroleum hydrocarbons (TPHC) by

USEPA Method 418.1; four soil method blanks were analyzed for TPHC as

diesel, gasoline and aviation gasoline by modified USEPA Method 8015; and six

soil method blanks were analyzed for TPHC using USEPA Method 9071 to

extract the soils followed by a method 418.1 analysis. One soil method blank

analyzed by USEPA Method 9071/418.1 had 23 Ag/g of TPHC reported. All

other method blank results form the 1995 Field Investigation were below the

corresponding RLs.

Harding Lawson Associates
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Two water method blanks were analyzed for TPHC by Method 418.1 during the

Round 2 Groundwater sampling event with results below the RLs.

Based on method blank results, the off-site laboratory is not believed to be a

significant source of TPHC contamination for the Fort Devens field samples;

however, low concentrations (approximately 23 pg/g) of TPHC in soils may

represent laboratory contamination..

D.2.1.6 USEPA Methods for Water Quality Parameters

Method blanks were analyzed using USEPA methods for the following

parameters: nitrate and nitrite-nitrogen, kjeldahl-nitrogen, anions (chloride and

sulfate), total phosphate, hardness, alkalinity, TOC, TDS, and TSS.

Four water method blanks were analyzed during the 1995 Field Investigation and

two during the Round 2 Groundwater sampling event for nitrate and nitrite

nitrogen using USEPA Method 352.1. No blanks had concentrations above the

CRL of 10 4g/L. Nitrogen was also analyzed using the kjeldahl method for

organic nitrogen, USEPA Method 351.2. Three water method blanks were

analyzed in association with the 1995 Field Investigation and two for the Round 2

Groundwater sampling event. All results were less than the RL of 183 Pg/L.

Four water method blanks (three during the 1995 Field Investigation and one

during the Round 2 Groundwater sampling event) were analyzed for total

phosphate by USEPA Method 365.2. All results were less than the CRL of

13.3 lg/L.

Harding Lawson Associates
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Anions in water (bromide, chloride, fluoride, and sulfate) were evaluated using

ion chromatography, USEPA 300 Series Methods (USEPA, 1983). During the

1995 Field Investigation, one method blank was analyzed for bromide and

fluoride, and four method blanks were analyzed for chloride and sulfate. Three

additional water method blanks were analyzed in association with Round 2

Groundwater sampling event. All results for these method blanks were less than

the corresponding CRLs.

During the 1995 Field Investigation, five water method blanks were analyzed for

total dissolved solids (TDS) and total suspended solids (TSS) using USEPA

Methods 160.1 and 160.2, respectively. One method blank contained TDS at

17000 jtg/L and TSS at 8000 jzg/L. The TDS and TSS concentrations for all

other method blanks were below the RLs of 10,000 /g/L and 4,000 ,g/L,

respectively. Four water method blanks were analyzed during the Round 2

Groundwater sampling event for TDS and TSS. One blank contained TDS at

16,000 14g/L compared to the RL of 10,000 tzg/L. TSS was detected in two

method blanks at 6,000 /Lg/L and 7,000 ttg/L compared to the RL of 4,000 [g/L.

These results indicate that low concentrations of TDS and/or TSS may be

reported due to laboratory processing.

Two aqueous method blanks were analyzed for hardness (USEPA Method 130.2)

during the 1995 Field Investigation and four during the Round 2 Groundwater

sampling event. All method blank results for hardness were below the RL of

1,000 zg/L.

Three water method blank samples were analyzed for alkalinity (USEPA

Method 130.1) during the 1995 Field Investigation, and three during the Round 2

Harding Lawson Associates
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Groundwater sampling event. Three of these method blanks had alkalinity

reported at 1,000 ug/L compared to the RL of 5,000 Ag/L.

Four soil method blanks were analyzed during the 1995 Field Investigation for

total organic carbon (TOC) concentrations using USEPA Method 9060. The

TOC concentrations for these blanks were below the CRL of 360 tig/g.

Based on method blanks results for samples analyzed by USEPA methods, the

data collected during the Fort Devens Site Investigation was not significantly

impacted by laboratory contamination.

D.2.2 FIELD QUALITY CONTROL BLANKS

Field quality control blanks which were analyzed at the off-site laboratory include,

rinse blanks, and trip blanks. Results from analyses of the field quality control

blanks were used to evaluate the potential for contamination of samples during

collection and shipment and processing at the off-site laboratory.

Harding Lawson Associates
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D.2.2.1 Rinse Blanks

Rinse blanks were used to evaluate the potential for field sampling (e.g.,

insufficient cleaning of sampling equipment) cross contamination of site samples.

Rinse blanks were collected by pouring previously analyzed deionized water over

sampling equipment (i.e., split-spoons, trowels, and shelby tubes) and into sample

containers. Dedicated sampling equipment was used for the Round 2

Groundwater sampling event so collection of rinse blanks was not done. The

rinse blanks collected during the 1995 Fort Devens Investigation were analyzed

for the following chemical classes: inorganics, VOCs, SVOCs, and pesticides.

Rinse blanks were also analyzed by USEPA methods for TOC and TPHC.

Inorganics. Six rinse blanks were analyzed for PAL elements during the 1995

Field Investigation. PAL elements were not detected at concentrations above the

CRLs with the exception of mercury, lead, iron, potassium, and manganese. The

concentration range and frequency of detection for these elements is shown in

Table D-6. Detections of these elements may represent residual contamination

left on the sampling equipment prior to the rinse blank collection. In general, the

rinse blank data indicate that decontamination procedures were effective in the

removal of residual inorganic contamination from the sampling equipment.

VOCs. Six rinse blanks were analyzed for VOCs during the 1995 Field

Investigation. The concentration range and frequency for VOCs detected in rinse

blanks above the CRL are shown in Table D-7.

The USEPA considers methylene chloride and acetone common laboratory

contaminants (USEPA, 1988b). These compounds were detected in the method

Harding Lawson Associates
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blanks as well as the rinse blanks, indicating they may represent laboratory

contaminants. Fort Devens field samples with detections of these compounds at

similar concentrations should be considered laboratory related contamination.

Detections of carbon tetrachloride, chloroform, and 1,1,1-Trichloroethane in Fort

Devens Field samples at concentrations similar to those detected in rinse blanks

(Table D-7) may be related to field sampling or decontamination procedures.

SVOCs. Six rinse blanks were collected during the 1995 Field Investigation and

analyzed for SVOCs. The concentration range and frequency of detection for

semivolatile compounds detected in rinse blanks is shown in Table D-8. With the

exception of bis(2-ethylhexyl) phthalate and benzyl alcohol, all results for target

SVOCs were at concentrations below CRLs. The presence of low concentrations

of benzyl alcohol in Fort Devens field samples may be attributed to field sampling

activities and not representative of actual site conditions. The USEPA Region I

considers phthalates as common laboratory contaminants (USEPA, 1988b).

Phthalates were detected in the method blanks as well as the rinse blanks

indicating that they were likely introduced as laboratory contamination.

Several SVOC TICs including N,N-diethyl-3-methylbenzamide (N,N-diethyl-m-

tolumide), and benzyl adipate were detected in one rinse blank. Six additional

unknown non-target SVOCs were detected in the rinse blanks at concentrations

ranging from 4 /g/L to 10 /g/L; however, most of these unknown constituents

were also detected in the method blanks indicating that the contamination was

laboratory related.

Harding Lawson Associates
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Pesticides /PCBs. Four rinse blanks were analyzed for pesticides and PCBs during

the 1995 Field Investigation. All results for pesticides and PCBs were below

CRLs. The lack of pesticides and PCBs detected indicates there is no evidence of

cross contamination during field sampling.

USEPA Methods. During the 1995 Field Investigation, three rinse blanks were

analyzed for TOC and all results were at concentrations below the RL of

1000 1g/L. Six rinse blanks were analyzed for TPHC. Concentrations of TPHC

in all blanks were below the RL of 100 /g/L. These data indicate contamination

of TOC and TPHC during field sampling did not occur.

D.2.2.2 Trip Blanks

Trip blanks are analyzed to assess the potential for cross contamination of VOCs

during sampling, transit, and storage. The trip blank consists of a VOA sample

container filled at the contract laboratory with DI/carbon filtered water and

shipped to the site with the other VOA sample containers. Trip blanks were

included with each shipping container of field VOC samples.

Sixteen trip blanks were collected and analyzed in association with samples

analyzed for VOCs from the Fort Devens 1995 Site Investigation and two from

the Round 2 Groundwater sampling event. Target VOCs and associated TICs

detected in the trip blanks, including the frequency and range of concentrations

are shown in Table D-9.

The USEPA considers acetone and methylene chloride common laboratory

contaminants (USEPA, 1988b). Acetone, methylene chloride, and chloroform
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were detected in the method blanks as well as the trip blanks indicating they were

introduced at the laboratory. Fort Devens field samples with concentrations of

'these compounds in the range detected in trip blanks and method blanks, are not

considered representative of site conditions at Fort Devens.

The presence of carbon tetrachloride and tetrachloroethene in trip blanks

indicates that cross contamination may have occurred in shipment or handling of

the field samples. However, no carbon tetrachloride or tetrachloroethene was

detected in samples from AOC 63AX.
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D.3.0 ACCURACY OF OFF-SITE LABORATORY DATA

Accuracy is a quantitative parameter that determines the nearness of a result to

its true value. Accuracy measures the bias in a measurement system. The

accuracy of each analytical method was evaluated based on percent recoveries for

matrix spikes and/or surrogate standards.

A matrix spike is a sample of a particular matrix to which predetermined

quantities of standard solutions of certain target analytes were added prior to

sample extraction/digestion and analysis. Samples were spilt into replicates, one

replicate was spiked and both aliquots were analyzed.

Accuracy was also evaluated using the recovery of surrogate standards in the

volatile and semivolatile analyses. Surrogate standards are organic compounds

which are similar to the analytes of interest in chemical composition, extraction,

and chromatography, but which are not normally found in environmental samples.

These compounds are spiked into all volatile and semivolatile samples prior to

analysis.

Percent recovery of matrix spikes and surrogate spikes provide and indication of

data accuracy and potential data bias from matrix related effects. Percent

recovery was calculated using the equation shown in Section 3.3 of the Fort

Devens POP (ABB-ES, 1995). The percent recovery for these QC samples were

evaluated and are discussed below.
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D.3.1 MATRIX SPIKES

-Soil, sediment, surface water and groundwater samples were used for matrix spike

and matrix spike duplicate analysis. Spiked samples were analyzed for hardness,

alkalinity, nitrate and nitrite-nitrogen, kjeldahl-nitrogen, sulfate, total phosphate,

TPHC, TOC, PAL inorganics, and PAL pesticide/PCBs. Matrix spike and matrix

spike duplicate (MS/MSD) samples were collected at a rate of one per twenty

environmental samples. A summary of all MS/MSD data collected during the

Fort Devens Site Investigations are presented in Table D-10 and Table D-11.

The spike data for all samples collected during 1995 Fort Devens Site

Investigation were evaluated together, and are discussed below as one data set.

Similarly, all groundwater spiked samples collected during the Round 2

Groundwater sampling event were evaluated collectively. The data have been

segregated by method and by analytical parameter to show recovery trends of the

individual spiked analytes. In the tables, matrix spikes have been paired with the

corresponding matrix spike duplicates to make recovery comparisons. The

average recoveries, and maximum and minimum recoveries for water samples

(surface water and groundwater) and solid media (subsurface soil and sediment)

are presented to measure trends for each particular method. The criteria used for

interpreting MS/MSD data are taken from USEPA CLP analytical protocols

(USEPA, 1988a; USEPA, 1989a) and the Fort Devens Project Operations Plan

(ABB-ES, 1995).
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D.3.1.1 Inorganics

Matrix spike analysis was completed for recoveries of PAL elements. USEPA

CLP guidelines specify control limits of recovery for inorganic MS/MSD 75% to

125% (USEPA, 1988). The majority of PAL elements had recoveries within

USEPA control limits. A subset of elements had recoveries outside these limits.

Elements with at least one MS/MSD recovery outside USEPA CLP limits are

presented in Table D-12.

Groundwater, 1995 Field Investigation. The following samples were spiked with

target elements: one filtered and unfiltered groundwater sample from AOC 57;

one unfiltered groundwater sample from AOC 69W; one filtered groundwater and

two unfiltered groundwater samples from AOC 63AX. Elements with recoveries

outside the USEPA CLP limits include mercury, arsenic, antimony, calcium, iron,

and manganese.

For the elements arsenic, calcium, manganese, and iron, all matrix spike

concentrations were low relative to concentrations already present in the sample.

For example, the spike concentration for calcium was 10,000 [g/L compared with

sample concentration which was 52,800,4g/L. USEPA Region 1 data validation

guidelines (USEPA, 1989b) specify spike concentrations be greater than four

times the sample concentration for data qualification actions to reply. Since the

spike concentration is insignificant relative to the sample concentration, an

accurate matrix spike recovery cannot be measured. Based on these results,

results for arsenic, calcium, and manganese in groundwater are not qualified in

this RI.
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Percent recoveries for mercury and antimony were slightly below the lower CLP

control limit of 75% in a small subset of samples. Low recoveries for antimony

*and mercury were only observed in one or two of sixteen samples, respectively.

Based on this data, mercury and antimony data for aqueous samples is not

qualified.

Groundwater. Round 2. The following samples were spiked with target elements:

one filtered and unfiltered groundwater sample from AOC 57, 63AX and 69W;

and one additional unfiltered groundwater sample from AOC 63AX. The

Majority of PAL elements had recoveries within USEPA control limits. A subset

of elements had results outside these limits. Elements with recoveries outside the

USEPA CLP limits include lead, selenium, arsenic, antimony and manganese.

Spike recoveries for arsenic in one out of fourteen samples were above the upper

*control limit of 125%. The recovery in this sample was 135.7%; however, the

spiked sample duplicate recovery was acceptable (124.3%). The low frequency of

outlier recoveries for arsenic indicate there was minimal matrix related effects and

no qualification of results was conducted.

For manganese, the matrix spike concentration was low relative to concentrations

already present in the sample so matrix spike recovery cannot be measured.

Low spike recoveries were reported for lead and selenium in both the filtered and

unfiltered sample and duplicate from AOC 57 (MXG3O2X2). These data suggest

there may be some matrix interference -in AOC .57 .,groundwaters reported for lead

and selenium. Lead and selenium were not detected in any samples. CRLS
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reported for these elements should be considered estimated and potentially biased

low. Lead and selenium recoveries in the remaining ten samples evaluated were

all acceptable.

The percent recoveries for antimony were low in several spiked samples. A total

of six out of fourteen spiked samples had recoveries below the lower control

limits. Outlier recoveries ranged from 39.5% in the sample and sample duplicate

MXG302X2 and MDG302X2 to 74.9% in sample MXAX08A2. Antimony was

not detected in any groundwater samples. Based on these data, antimony CRLs

for aqueous samples are considered estimated and potentially biased low.

Surface Water. One surface water sample from AOC 57 (WX5705XX), including

both filtered and unfiltered samples, was spiked with target elements. All

elements had percent recoveries for MS/MSDs within the USEPA CLP limits

with the exception of iron. The MS for iron in the filtered surface water sample

had a recovery of 129%; however, iron recovery for the filtered MSD was

acceptable (118%) and results are not qualified. Recoveries of iron in the

unfiltered sample were acceptable. Overall, the inorganic spike data indicate that

aqueous concentrations were not significantly influenced by matrix effects.

Soil. Five soil MS/MSD samples were analyzed for PAL inorganics; for lead

analyses three matrix spike and matrix spike duplicate samples were analyzed by

GFAA and two by ICP. The majority of PAL elements had recoveries within

CLP limits. Elements for which at least one MS/MSD recovery was not within

USEPA CLP limits are presented in Table D-13.
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For the elements aluminum and iron, all matrix spike concentrations were low

relative to concentrations already present in the sample. Since the spike

concentrations were insignificant relative to sample concentrations, matrix spike

recoveries were not assessed.

The elements mercury, selenium, lead (by GFAA), arsenic, manganese, and nickel

in soil had MS/MSD recoveries above and below the USEPA CLP recovery

range. The frequency at which the recovery was outside the USEPA CLP limits,

and corresponding recovery ranges are shown in Table D-13.

For mercury, MS/MSD recoveries in soil sample EX571501 from AOC 57 were

below the USEPA control limits; however, recoveries in the other eight spiked

samples were within the control limits. Overall, mercury concentrations for soil

samples are acceptable based on the MS/MSD recovery data, and qualification of

the data was not conducted.

One selenium MS/MSD pair had recoveries just below the lower control limit,

and two other pairs had recoveries above the upper control limit. Based on spike

recovery data, positive detections of selenium in soil are considered estimated

with no particular low or high bias.

The recovery of lead by GFAA ranged from 50% to 60% in two of the three

MS/MSD pairs, slightly below the lower limit of 75%. Recoveries in the third

pair were 23.7% and 140.5%. Recoveries of lead in the two pairs of MS/MSD

analyzed by ICP were all acceptable. Results indicate lead results for soil

analyzed by GFAA are estimated, and results may be biased low.
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Five out of ten spliked soil samples had arsenic recoveries above the USEPA

control limit. One spiked soil sample (BXAXO2O6) was reported below the lower

limit; however, the spike concentration in this sample was low relative to the

concentration already present in the sample so recovery evaluations could not be

made. The high recoveries of arsenic in 50% of the spiked soil samples indicate

that there may be some matrix interference. Results for arsenic in soil samples

should be considered estimated and potentially biased high.

Manganese recoveries were outside the control limit in seven out of the ten

MS/MSD samples. However, with the exception of one sample (BX5703 19), all

MS were low relative to the sample concentration making the comparison invalid.

The recovery in the sample BX570319 (68.6%) was just below the lower control

limit of 75%. Due to the low frequency of valid outlier recoveries of manganese,

the soil matrix does not appear to have significantly impacted the data.

Qualification of manganese data based on spike recoveries in soil was not

conducted.

The recovery for nickel (128.3%) in soil sample BXAX0206 was slightly above the

upper control limit. All nine other MS/MSD recoveries ranged from 104% to

118%. Based on theses results, recovery of nickel in soil does not appear to be

impacted by the soil matrix. Qualification of nickel data for soil was not

conducted.

Sediment. Two sediment MS/MSD samples were analyzed for PAL inorganics;

for lead analyses one MS/MSD sample was analyzed by GFAA and one by ICP.

Thie majority of PAL element recoveries were within CLP control limits.
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Elements for which at least one MS/MSD recovery was not within USEPA CLP

limits are presented in Table D-14.

For the elements aluminum and iron, all matrix spike concentrations were low

relative to concentrations already present in the sample. Since the spike

concentration is insignificant relative to sample concentrations, an accurate matrix

spike recovery was not evaluated.

The elements arsenic, antimony, and manganese in sediment samples had

MS/MSD recoveries above and below the acceptable USEPA CLP recovery

range. The frequency at which the recoveries were outside the USEPA CLP

limits and the recovery ranges are shown in Table D-14.

The arsenic MS/MSD recoveries for one out of the two sediment samples were

approximately 12%, well below the USEPA control limits. The sample was

DX2W0200 collected from AOC 69W. Due to the low MS recovery, positive

results for arsenic in sediment samples from AOC 69W should be considered

biased low, and non-detect results are unusable.

Percent recoveries for antimony in sediment samples were slightly above the

upper USEPA control limit of 125% in two of the four samples. The recoveries

in these samples were 126% and 126.7%, indicating that matrix effects for

sediment were minimal. All sediment results for antimony are considered

acceptable based on the MS/MSD results for accuracy, and qualification of the

data was not conducted.
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Manganese recoveries for MS/MSDs in sediment were acceptable in three of the

four samples analyzed. The recovery in one MS for sample DXZW0200 from

AOC 69W was only 4%, well below the USEPA control limit of 75%. Due to the

low MS recovery, positive results for manganese in sediment samples from

AOC 69W should be considered biased low, and non-detect results should be

considered unusable.

D.3.1.2 Pesticides/PCBs

Pesticide and PCB compounds were spiked into groundwater, surface water, soil

and sediment samples to evaluate matrix effects. Nine target pesticide and two

PCB compounds were used for spiking including endosulfan I, endosulfan II,

aldrin, dieldrin, endrin, heptachlor, isodrin, lindane, methoxychlor, 4,4'-DDT,

aroclor 1016, and aroclor 1260. Percent recoveries for pesticides were compared

to the USEPA CLP guidelines (USEPA, 1988) control limits. The USEPA CLP

guidelines do not specify limits for spike recoveries of endosulfan I, endosulfan II,

isodrin, methoxychlor, and PCBs. For these compounds, the surrogate recovery

control limits of 30% to 150% specified in the USEPA CLP Guidelines (USEPA,

OLM03.1 August 1994) were used as guidance in evaluating spike recoveries.

Groundwater, 1995 Site Investigation. Three groundwater samples, one from

AOC 57, 63AX and 69W, were spiked with pesticides and PCBs. Recoveries were

within USEPA limits for all spike compounds with the exception of aldrin in one

of six spiked samples. A recovery of 121% was reported. This exceeds the upper

control limit of 120%. Due to the low frequency of recoveries out of limits no

qualification of results is done.
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Groundwater, Round 2. Three groundwater samples, one from each of the AOCs

57, 63AX and 69W, were spiked with target pesticides. Two groundwater

samples, one from AOC 63AX and one from AOC 69W were spiked for PCBs.

The recoveries of all analytes were within USEPA limits.

Surface Water. One surface water sample from AOC 57 was spiked with target

pesticides and PCBs. All spike recoveries were within the USEPA CLP control

limits for aqueous samples. The aqueous MS/MSD recovery data for

pesticides/PCBs indicate that there were no matrix effects and qualification of the

data was not required.

Soil. Four MS/MSD soil sample pairs from AOC 57 were spiked with pesticide

and PCB compounds. The majority of spike analytes were within recovery limits.

Analytes for which at least one MS/MSD recovery was not within USEPA CLP

limits are presented in Table D-15.

The recovery of endosulfan II in soil sample EX571502 exceeded the upper

control limit in both the MS and MSD. However, recoveries of endosulfan II in

the three other spiked sample pairs were within limits. Both MS and MSD spike

recoveries for 4,4-DDT in sample EX571600 exceeded the upper control limits

but recoveries in the remaining three soil samples were within control limits.

Spike recoveries for aroclor 1016 were acceptable; however, one of the spike

recoveries for aroclor 1260 in sample EX571502, and both MS and MSD

recoveries in sample EX571502 were above the upper control limit. The original
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analysis reported high aroclor 1260 concentrations relative to spike concentrations

and no actions were taken for the high recoveries.

High recoveries of endosulfan II, 4,4-DDT, and Aroclor-1260 in soil indicate some

matrix interference. There were no detects of endosulfan II in AOC 57 samples.

Positive results for 4,4-DDT in soil samples collected at AOC 57 should be

considered estimated and potentially biased high.

Sediment. Two sediment samples, one from AOC 57 and one from AOC 69W,

were spike with target pesticides and PCBs. The percent recoveries of the spiked

samples were compared to the USEPA CLP control limits and all recoveries were

within the criteria range with the exception of 4,4-DDT. One out of the four

reported recoveries for 4,4-DDT (166.7%) exceeded the upper control limit of

134%. Based on the low frequency of exceedances for recovery of 4,4-DDT

qualification of sediment data was not conducted.

D.3.1.3 USEPA Methods

Matrix Spike recoveries for USEPA methods water quality parameters were

evaluated for groundwater and surface water. The matrix recoveries for soil and

sediment were also evaluated for TOC, TPH as gasoline and diesel, and TPHC.

For water quality parameters of hardness, alkalinity, nitrate and nitrite-nitrogen,

kjeldahl-nitrogen, sulfate, and total phosphate, the USEPA CLP control limits for

inorganic matrix spikes (75% - 125% recovery) were used for guidance.

Professional judgement was used when evaluating the organic parameters TOC
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and TPHC. The MS/MSD recoveries for these parameters were evaluated on a

sample by sample basis and are discussed below.

Groundwater, 1995 Field Investigation. Five groundwater samples were spiked

for hardness including three groundwater samples from AOC 57, one from AOC

63AX, and one from AOC 69W. Hardness data for which at least one MS/MSD

recovery was not within USEPA CLP limits are presented in Table D-16.

Four out of eight spike recoveries for hardness were well below the lower control

limit of 75%. The outlier recoveries were found in the samples MXAX02X1 and

MXZWO1X3 from AOCs 69W and 63AX, respectively, and one of the two

samples (MX5701X1) from AOC 57. Based on these results, there appears to be

either significant matrix interference or other analytical performance issues

resulting in low spike recoveries. With the exception of groundwater sample

MXG302X1 in which acceptable hardness recoveries were reported, all hardness

results for groundwater samples should be considered invalid.

For alkalinity three groundwater samples from AOC 57 and one groundwater

sample from AOC 69W were spiked for matrix evaluation. All spiked sample

recovery results for alkalinity are within control limits. According to the data

downloaded from IRDMIS, percent recoveries for alkalinity reported for Lot

PJOW exceed the control limits. However, the high recoveries are believed to be

erroneous due to a unit conversion error for two spiked samples in Lot PJOW.

Corrective action for this discrepancy is currently ongoing.
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Spike sample recoveries for all other water quality parameters were within the

established control limits indicating no matrix effects.

Groundwater, Round 2. Five groundwater samples were spiked for hardness

including two groundwater samples from AOC 57, one from AOC 63AX and

AOC 69W. Two sets MS/MSDs were analyzed for the sample from AOC 63AX.

Hardness data for which at least one MS/MSD recovery was not within USEPA

CLP limits are presented in Table D-16.

Two spike recoveries for hardness were well below the lower control limit of 75%.

The outlier recoveries were found in the sample MXAX03X2 from AOC 63AX.

However, an additional spike and spike duplicate analysis for this sample was

performed and results were within the control limits. Based on these results,

there does not appear to be any significant matrix effects impacting the hardness

data. All hardness results for groundwater samples remained unqualified.

For alkalinity, two groundwater samples from AOC 57 and one groundwater

sample from AOC-69W were spiked for matrix evaluation. All recovery results

for alkalinity are within the established guidelines.

Spike sample recoveries for all other water quality parameters were within the

established control limits indicating no matrix effects. Spike recovery control

limits for TPHC are not available; however, spike recoveries ranged from 89% to

97.9% and are considered acceptable.

Surface Water. One surface water sample from AOC 57 (WX5705XX) was

spiked to evaluate matrix effects on the measurement of water quality parameters
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listed above. All results were within the established control limits indicating no

matrix interference.

Soil. Two MS/MSD soil sample pairs from AOC 57 were spiked and analyzed for

matrix effects on concentrations of TPH as diesel and gasoline by Modified

USEPA Method 8015. The recovery range for these samples was 74.9% to

112.4%. Based on these results, there does not appear to be any adverse effects

on the TPHC data analyzed by USEPA Method 8015.

A total of seven spiked sample pairs were analyzed for matrix effects on TPH by

USEPA Method 9071/418.1. These samples included three soil samples from

AOC 57, three from AOC 63AX, and one from AOC 69W. The majority of

samples had percent recovery ranging from 71.0% to 128.6%. -The spike

recoveries outside this range included one sample from AOC 57 (EX571502)

which exhibiting relatively low recoveries of 29.2% and 43.7% in the MS and

MSD, and one sample from AOC 63AX (AXE9503X) in which the MS had a

relatively low recovery of 52.6%. In general, spike recoveries for TPH by USEPA

Method 9071 in all other soil samples indicated acceptable method performance.

Low recoveries in samples EX571502 and AXE9503X may be attributed to

sample homogeneity in the unspiked samples and are not likely an indication of

poor method performance. Based on the spike recoveries for TPHC, qualification

of the data was not conducted.

Four soil samples were spiked for TOC analysis, including two from AOC 57, and

two from AOC 69W. The recovery, of these spiked samples ranged from 77.5% to

Harding Lawson Associates

W0059621.080 D-29 9144-03



APPENDIX D

132.3%. Based on these results, there appears to be no matrix related effects on

TOC concentrations in soil.

Sediment. Two pairs of sediment MS/MSD samples, one from AOC 57 and one

from AOC 69W, were analyzed for matrix effects on petroleum hydrocarbon

concentrations. Recoveries ranged from 88.9% to 171.9% for TPH as diesel, and

84.2% to 162.3% for TPH as gasoline, indicating good method performance.

The spike recoveries of TPHC for USEPA Method 9071 were 4.3% and 51.4% in

the MS and MSD in sample DX570500 from AOC 57. These spike recoveries are

low in comparison the spike recoveries observed for the second sediment sample

(DXZW0200) which were approximately 117% in the MS and MSD. Low spike

recoveries in sediment sample DX570500 may be attributed to sample

heterogeneity or from matrix interference. All positive sediment sample results

for TPHC for AOC 57 sediments should be considered estimated and biased low,

and all non-detect results should be considered invalid.

Matrix spike and MSDs were analyzed for two sediment samples from AOC 57 to

evaluate matrix effects on TOC concentrations. The percent recoveries in sample

DX570500 ranged from 83.9% to 125.0% indicating good accuracy within the

matrix. Spike recoveries for the second sediment sample from AOC 57

(DX570900) were only 0.9% and 54.0%. This sample had a high TOC

concentration in the original sample which likely contributed to the low

recoveries. No qualification of results was conducted.

D.3.2 SURROGATE RECOVERIES
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In addition to matrix spikes, the recovery of surrogate standards were also used to

assess matrix effects and accuracy of the analytical data. Surrogate standards

were used for VOC and SVOC analyses and were added to all soil, sediment,

surface water and groundwater samples prior to analysis.

D.3.2.1 SVOC

The SVOC surrogate standards used to evaluate matrix effects and analytical

accuracy included 2-fluorophenol, phenol-D6, 2,4,6-tribromophenol, nitrobenzene-

D5, 2-fluorobiphenyl, and terphenyl-D14. Recovery criteria for these surrogates,

are taken from analytical USEPA CLP protocols (USEPA, 1988a) and the Fort

Devens Project Operations Plan (ABB-ES, 1995) and are presented in

Table D-17.

Interpretations on data usability were based on guidance outlined in the USEPA

Region I Functional Guidelines for Data Validation (USEPA, 1988). According

to this guidance SVOA sample results are qualified based on independent

evaluations of surrogate recoveries for acid fraction compounds and base-neutral

compounds. Each fraction has three surrogates. The acid fraction surrogates

include 2-flourophenol, phenol-D6, and 2,4,6-tribromophenol. The base-neutral

surrogate standards include nitrobenzene-D5, 2-flourobiphenyl, and terphenyl-

D14. SVOA positive results are qualified as estimated if two or more surrogates

in either the acid or base-neutral fraction are outside the recovery limits. Positive

results are qualified as estimated and negative (non-detect) results are qualified as

unusable (rejected) if any surrogate is less than ten percent recovery for the

associated fraction.
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All SVOA samples were evaluated using the criteria outlined above. Sample

results were identified as usable, estimated, or rejected based on the USEPA

Region I Guidelines. Data bias was identified if trends in surrogate recoveries for

individual samples indicated low or high bias.

Groundwater, 1995 Field Investigation. All SVOC results for groundwater

samples meet USEPA surrogate standard recovery guidelines.

Groundwater, Round 2. All surrogate standard recovery data is within USEPA

guidelines. Based on surrogate standard recoveries, qualification of sample data

was not conducted.

Surface Water. Surface water samples with two or more surrogate standards from

acid fraction with recoveries outside the acceptable QC limits included samples

from AOC 57 sample (WX5704XX, WX5705XX ,WX5706XX, WX571OXX).

Surrogate recoveries above the control limits for 2-fluorophenol and phenol-D6

were observed for these samples. No acid fraction compounds were detected in

any of the surface water samples and no qualification of results was conducted.

Soil. Soil samples with two or more surrogate standards from the acid fraction

with recoveries outside the acceptable QC limits included AOC 57 samples

EX570405 and BX570200. High outlier recoveries for 2-fluorophenol and phenol-

D6 were reported for these samples. Soil sample EX572404 had two surrogate

standards in the base-neutral fraction (2-fluorobiphenyl and nitrobenzene-D5)

with high recoveries. No acid fraction compounds were detected in these samples

and no qualification of results was conducted. No base neutral fractions
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compounds were reported in these two samples, and no qualification of results

was conducted.

All soil samples spiked with SVOC surrogate standards had recoveries above the

10% minimum recovery criteria with the exception of 2,4,6-tribromophenol in

sample EX571602. All non-detect results in the acid fraction of this sample are

rejected and considered unusable.

Sediment. All sediment samples had recoveries of surrogate standards within the

USEPA CLP limits. All SVOC surrogate results for sediment samples are within

guidelines.

D.3.2.2 VOCs

Surrogate standards used for volatile organics include 1,2-dichloroethane-D4, 4-

bromoflourobenzene, and toluene-D8. The criteria used for interpreting surrogate

data are taken from analytical USEPA CLP protocols (USEPA, 1988a) and the

Fort Devens Project Operations Plan (ABB-ES, 1995) and are presented on

Table D-18. Interpretations on data usability were based on guidance outlined in

the USEPA Region I Functional Guidelines for Data Validation (USEPA, 1988).

According to the guidelines, positive results and quantitation limits are considered

estimated values if one or more surrogate standard per sample is outside the

recovery limits. If any surrogate standard is recovered at less than ten percent,

positive results are considered estimated values and non-detect results are

rejected and considered unusable.
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All VOC samples were evaluated using the criteria outlined above. Sample

results were identified as usable, estimated, or rejected based on the USEPA

Region I Guidelines. Data bias was identified if trends in surrogate recoveries for

individual samples indicated low or high bias.

Groundwater, 1995 Field Investigation. The surrogate recoveries for groundwater

samples at AOCs 57, 69W and 63AX were evaluated for matrix effects and

accuracy of the analytical data. All samples had recoveries within CLP ranges

with the exception of those discussed below.

Five groundwater samples from AOC 57 (MX5702X1, MX5703X1, MX5705X1,

MX5706X1, MDG307X1), one sample from AOC 69W (MXZW12X3), and three

samples from AOC 63AX (MXAX03X1, MXAX07X1, MXAX08X1) had

surrogate recoveries for 1,2-dichlorobenzene-D4 above the CLP criteria. Positive

results for VOCs in these samples should be considered estimated, and possibly

biased high; however, no positive detections were reported in samples MX5702X1,

MX5705X1, MX5706K1, MD6307X1, and MXlX08X1. Sample MXAX03X1 had

only chloroform reported, which was likely a contaminant (see Section 2).

Positive results for ethylbenzene, tetrachloroethene, toluene, xylenes, and

chloromethane reported in MX5703X1, MXZW12X3, and MXAX07X1 are

considered estimated and potentially biased high.

Groundwater samples, MXAX08B1 and MXAX09X1 from AOC 63AX, had

surrogate iecoveries for toluene-D8 and 4-bromoflourobenzene below the lower

control limits for these standards. Based on these results, positive results and

CRLs reported for volatile organics, these samples should be considered

estimated, and biased low values.
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Groundwater, Round 2. The surrogate recoveries for groundwater samples at

AOCs 57, 69W and 63AX were evaluated for matrix effects and accuracy of the

analytical data. All samples had recoveries within CLP ranges with the exception

of those discussed below.

Four groundwater samples from AOC 63AX (MXAX02X2, MXAX03X2,

MXAX04X2, and MXAX08B2) and six samples from AOC 69W (MXZW1OX4,

MXZW11X4, MXZW14X4, MXZW15X2, MXZW18X2, and MDZWllX4) had

surrogate recoveries for 1,2-dichlorobenzene-D4 above the CLP criteria. Positive

results for VOCs in these samples should be considered estimated, and biased

high; however, no positive detections, or only low concentrations of toluene

(< 1.2 Ag/L) were reported in all samples with the exception of MXZWlOX4.

The concentration of ethyl benzene reported in MXZW1OX4 is estimated and

* potentially biased high.

Surrogate recoveries for toluene-D8 and 4-bromoflourobenzene ranged from 86%

to 106%, and 88% to 100%, respectively. All recoveries were within the control

limits.

Surface Water. The recovery of surrogate standard 1,2-Dichloroethane-D4 in

surface water samples WX5704XX and WX5705XX from AOC 57 exceed the

upper control limit. No VOCs were reported in WX5704XX. Positive results

reported for 1,2-dichloroethene, tetrachloroethene, and trichloroethene in surface

water sample WX5705XX are considered estimated and potentially biased high.

The recoveries for all other surrogate standards in surface water samples were

within the established guidelines.
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Soil. The recoveries of surrogate standards toluene-D8 and 4-

bromoflourobenzene in soil sample BXZWO107 from AOC 69W exceeded the

upper control limit. Positive concentrations of ethylbenzene and xylenes in this

sample are estimated and possibly biased high. The surrogate recovery for

toluene-D8 in one sediment sample from AOC 69W (RXZW3006) also exceeded

the upper control limit. Positive results for toluene, xylene, and styrene should be

considered estimated, and potentially biased high. All other VOC surrogate

standard recoveries for soil samples were acceptable.

Sediment. Several surrogate recoveries reported for sediment samples from AOC

57 were above the upper control limits. These sediment samples include

DX570500, DX570502, DX570600, DX570800, DX570900, and DX571000. Only

acetone and low concentrations of toluene (< 0.01 jg/g) were reported in these

samples. Because acetone represents possible laboratory contamination, and

concentrations of toluene were so low, no qualification of these results was

conducted. All other VOC surrogate standard recoveries for sediment samples

were acceptable.

VOC surrogate recovery data indicate some matrix related effects. As indicated

some sample results should be considered estimated with potential high and low

bias, but overall the accuracy of the GC/MS method used for VOC analyses was

acceptable.
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D.4.0 PRECISION

Precision is a measure of the reproducibility of the analytical resnlts under a given

set of conditions. It is a quantitative measure of the variability of a group of

measurements compared to their average value. Precision is measured as the

relative percent difference (RPD) between a sample and its duplicate, as is

calculated for field duplicate samples, and matrix spike/matrix spike duplicate

samples. The following equation is used to calculate the RPD.

RPD = 100 X 1Dl-D2-
0.5(D 1 +D2)

D1 and D 2 are the reported concentrations for sample duplicate analyses.

When measuring precision for organic analyses, the RPDs of the field duplicates

are compared to established review criteria. The RPDs for field duplicates are

compared to the acceptance criteria of 50% RPD for soil matrices and 30% RPD

for water matrices (USEPA, 1988b). The criteria for RPDs for organic

compounds in field duplicates did not apply in cases where: 1.) the results are

non-detect and; 2.) the compounds detected are common lab contaminants. In

cases where one organic result is non-detect, the CRL value was used to calculate

the RPD. The acceptance criteria for inorganic analysis for field duplicate

samples only applies to analytes that are greater than 5 times the CRL (USEPA,

1989b).

Harding Lawson Associates

W0059621.080 D-37 9144-03



APPENDIX D

Precision is also evaluated by comparison of MS and MSD results. The USEPA

CLP control limits were used to evaluate duplicate precision between MS and

MSDs. In cases where USEPA CLP control limits for spikes are not available,

such for inorganics and various USEPA analytical methods, the control limits for

field duplicates listed above were used as guidance.

A discussion of the RPDs for field duplicates is presented below in Section 4.1,

and the RPDs for MS/MSDs are presented in Section 4.2.

D.4.1 OFF-SITE LABORATORY FIELD DUPLICATE RESULTS

Duplicate samples from AOCS 57, 63AX, and 69W at Fort Devens were collected

to measure the sampling and analytical precision for analyses performed at the

off-site laboratory. The duplicate samples were analyzed for the following Fort

Devens PAL analytes: inorganics; VOCs; SVOCs; pesticide and PCBs. Aqueous

field duplicate samples were also analyzed for various water quality parameters

including hardness, alkalinity, sulfate, phosphate and nitrogen. Soil and sediment

field duplicate samples were also analyzed for TOC and TPHC.

All field duplicate data collected during the Fort Devens Site Investigations are

,shown in Table D-19 and Table D-20. The RPD has been calculated for each

pair of field duplicates collected during the 1995 Fort Devens Site Investigation,

and the Round 2 Groundwater sampling event.
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D.4.1.1 Inbrganics

"An analysis of the precision of the inorganic duplicate data was completed for

each PAL element.

Groundwater, 1995 Field Investigation. The concentrations of inorganics in three

groundwater samples and corresponding field duplicates were used to evaluate

sampling and analytical precision for elements. One sample duplicate from each

of the three AOCs (57, 63AX, and 69W) were collected. The RPDs of all

inorganic groundwater concentrations for duplicates were below the USEPA

Region I limits with the exception of iron. However, outlier RPDs for iron were

only observed in one out of three sample duplicate pairs. Groundwater sample

results for elements were not qualified based on duplicate results.

Groundwater, Round 2. The concentrations of inorganics in four filtered and

unfiltered groundwater samples duplicate pairs were used to evaluate precision for

elements. One sample duplicate pair from each of the three AOCs (57, 63AX,

and 69W) and one additional sample "duplicate pair from AOC 57 were collected.

Elements for which at least one outlier RPD was observed are shown in the

Table D-21. Outlier RPDs were observed for arsenic, iron, and barium ; however,

the frequency at which an outlier RPD was observed was low. Groundwater data

for these elements were not qualified based on duplicate precision results.

Surface Water. One surface water sample and duplicate were collected and

evaluated for precision. The RPDs of all inorganic concentrations were within the
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USEPA Region I limits. Surface water sample results for inorganics were not

qualified.

Soil. One sample duplicate pair from each of the three AOCs (57, 63AX, and

69W) were collected. Elements for which at least one outlier RPD was observed

are shown in the Table D-22. Outlier RPDs were observed for arsenic and

potassium; however, the frequency at which an outlier RPD was observed was

low. Soil sample data for these elements were not qualified based on duplicate

precision results.

Sediment. Two sediment sample duplicate pairs, one from AOC 57 and one from

AOC 69W were collected and evaluated for precision. Elements for which the

RPD was greater than the control limit 50% are shown in Table D-22. All outlier

values were associated with sediment sample DX570300 from AOC 57. Based on

the variability of results in this sediment sample, concentrations of mercury,

manganese, sodium, and zinc in sediment samples from AOC 57 should be

considered estimated.

D.4.1.2 VOCs

Duplicate VOC sample results were evaluated to assess the sampling and

analytical precision.

Groundwater, 1995 Field Investigation. Three groundwater sample duplicate

pairs, one from each AOC, were collected. The majority of target compounds

were non-detects in both analyses. Compound RPDs were within the USEPA

Region I guidelines with the exception of ethylbenzene. Ethylbenzene was
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detected in sample MDZX12X3 from AOC 69W at 6 /g/L; the corresponding

sample duplicate MXZW12X3 was non-detect with a reporting limit of less than

"0.5 /g/L. The resulting RPD was 169.2%. High RPDs are commonly reported

for samples with results at or near the reporting limits as in sample MXZW12X3.

In general, the duplicate data indicate that there was good precision of the

aqueous VOC concentrations, and qualification of the data was not conducted.

Groundwater, Round 2. Three groundwater sample duplicate pairs, one from

each AOC, and one additional duplicate pair from AOC 57 were collected. The

majority of target compounds were non-detects in both analyses. Compound

RPDs were within the USEPA Region I guidelines with the exception of toluene.

Toluene was detected in sample MX5701X2 from AOC 57 at 1.2 /g/L; the

corresponding sample duplicate MD5701X2 was non-detect with a reporting limit

of less than 0.5/0g/L. The resulting RPD was 82.4%. High RPDs are commonly

reported for samples with results at or near the reporting limits. In general, the

field duplicate data indicate that there was good precision of the aqueous VOC

concentrations and qualification of the data was not conducted.

Surface Water. The concentrations of one duplicate pair of surface water samples

from AOC 57, WX5703XX, were assessed for precision. All surface water sample

duplicate results were reported as non-detect indicating good precision for surface

water VOC data.

Soil. One sample duplicate from AOCs 57, 63AX, and 69W was collected. The

majority of target compounds were non-detects in both analyses. The RPDs for

all duplicate groundwater results were below the USEPA Region I limits with the
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exception of toluene. The RPD for toluene in soil sample BXZW0100 from AOC

69W was 127.1%. Toluene results for sample BXZWO100 are considered

estimated values. However, the frequency at which an outlier RPD was observed

for toluene was only one out of three. Qualification of other sample results was

not conducted based on duplicate results.

Sediment. Two sediment sample duplicate pairs, one from AOC 57 and one from

AOC 69W, were collected. All VOC results for sediment samples and sample

duplicates were reported as non-detect. VOC results in sediment samples were

not qualified based on duplicate results.

D.4.1.3 SVOCs

Duplicate SVOC sample results were evaluated to assess sampling and analytical

precision.

Groundwater, 1995 Field Investigation. Duplicates for one water sample from

each AOC were collected. With the exception of phthalate esters, there were no

target SVOCs detected in groundwater sample duplicate pairs indicating good

agreement between results.

Groundwater, Round 2. Three groundwater sample duplicate pairs, one from

each AOC, and one additional duplicate pair from AOC 57 were collected. The

majority of target SVOCs were non-detects in both analyses. The RPDs of

duplicate results were within the USEPA Region I guidelines with the exception

of 1,3,5- trimethylbenzene. This compound was detected in sample MX5703X2

from AOC 57 at 30 gtg/L, and the corresponding sample duplicate MD5703X2 at
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20 pg/L. Results of 1,3,5-trimethylbenzene in sample MX5703X2 is considered

estimated. In general, the field duplicate data indicate that there was good

precision of the aqueous SVOC concentrations and additional qualification of the

data was not conducted.

Surface Water. One surface water sample from AOC 57 was collected. There

were no target SVOCs detected in either sample indicating good agreement

between the results.

Soil. Three duplicate soil samples, one from each AOC, were analyzed. The

majority of target SVOCs were non-detect in both analyses. All RPDs were

within USEPA limits.

Sediment. Two sediment samples, one from AOC 57 and one from AOC 69W,

were analyzed in duplicate. For most target SVOCs concentrations were non-

detect in both the sample and sample duplicate, and resulting in acceptable

agreement between results. Target SVOCs detected include pyrene and

fluoranthene. The sample duplicate RPDs for fluoranthene in sample

DXZWO100 and pyrene in sample DXZWO100 were 66.7%, exceeding the

precision control limit of 50%. Based on these results, concentrations of PAHs

reported in sediment samples should be considered estimated values.

D.4.1.4 USEPA Methods

An analysis of duplicate results for a variety of water quality parameters obtained

using standard USEPA methods was also conducted. Soil and sediment samples
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were also analyzed for TOC and TPHC. A discussion of precision between

sample duplicates analyzed for these parameters is presented below.

Groundwater, 1995 Field Investigation. Three groundwater samples, representing

one sample from each AOC, were collected. Hardness concentrations for

groundwater sample MXAX03X1 and the sample duplicate MXAX03X1 from

AOC 63AX were reported as 18,000 Ag/L and non-detect (less than 1000 jg/L).

The RPD was 178.9%, exceeding the control limit of 30%. However the RPDs

for the other two groundwater duplicate pairs ranged from 0% to 5.7% indicating

excellent precision.

Additional parameters evaluated for precision in groundwater include alkalinity,

sulfate, total phosphate, nitrate and nitrite-nitrogen, and nitrogen by the kjeldahl

method. With the exception of nitrate and nitrite-nitrogen data, all results had

RPDs within control limits. The RPD for nitrate and nitrite nitrogen in

groundwater sample MXAX03X1 from AOC 63AX was 85.5%. However the

RPDs for the other two groundwater duplicate pairs ranged from 9.2% to 26.1%,

indicating acceptable precision. Based on these results, nitrate/nitrite

concentrations from AOC 63AX groundwaters are considered estimated.

Overall, precision between groundwater samples for water quality parameters is

considered acceptable, and additional qualification of the data was not conducted.

Groundwater, Round 2. Three groundwater duplicate samples, representing one

sample from each AOC, and one additional sample from AOC 57 were collected.

Hardness concentrations for groundwater sample MXAX04X2 and the sample

duplicate MDAX04X2 from AOC 63AX were reported as 264,000 1g/L and
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6,800 /ig/L. The RPD was 190%, well above the RPD goal of 30%. Based on

these results, hardness results for AOC 63AX are considered estimated. The

'RPDs for the three groundwater duplicate pairs ranged from 5.8% to 7.8%

indicating excellent precision.

Additional parameters evaluated for precision in groundwater include alkalinity,

sulfate, total phosphate, nitrate and nitrite-nitrogen, and nitrogen by the kjeldahl

method. With the exception of nitrate and nitrite-nitrogen data, and total

phosphate data all results had RPDs within control limits.

The RPD for nitrate and nitrite-nitrogen in sample MXAX04X2 and sample

duplicate MDAX04X2 from AOC 63AX was 38.7%. The RPD in the sample

duplicate pair MXZWllX4 and MDZWllX4 from AOC 69W was 198%, also

exceeding the control limit. Based on these results nitrate/nitrite results are

considered estimated values. However, the RPDs for the other two groundwater

duplicate pairs ranged from 3.8% to 8.7%, indicating acceptable precision.

For total phosphate, two of the four sample duplicate pairs had outlier RPDs.

The RPDs were 48.9% for sample duplicate pair MX5703X2 and MD5703X2

from AOC 57, and 52.2% for sample duplicate pair MXZW11X4 and

MDZW11X4 from AOC 69W. Based on these results, phosphate results from

AOC 57 and 69W are considered estimated values. The remaining two field

duplicates analyzed for total phosphate had RIPDs of 0% and 2.2% indicating

acceptable precision.
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Surface water. One surface water field duplicate sample from AOC 57,

WX5703XX, was collected. Precision criteria for sulfate and alkalinity in this

surface water sample were acceptable. The control limit of 30% RPD was

exceeded for hardness, total phosphate, and nitrogen by the kjeldahl method.

The results for kjeldahl nitrogen for the sample and duplicate were 1430 jtg/L

and 229 /g/L. The RPD for these results was 144.8%. The results for total

phosphate ranged from 24.8 tg/L and 118 ug/L between the sample and sample

duplicate, with an RPD of 130.5%. The RPD for hardness was 32.5%. Positive

results in surface water samples for nitrogen determined by the kjeldahl method,

hardness, and total phosphate should be considered estimated.

Soil. One soil field duplicate sample from AOC 63AX (BXAX0410) was

collected and analyzed for TOC. Three soil duplicate samples including

BXAX0215 from AOC 63AX, sample BXZWO100 from AOC 69W, and sample

EX570405 from AOC 57 were collected for TPHC (USEPA Method 9071/418.1).

All RPDs for these parameters were within RPD goals demonstrating consistency

for the method and matrix.

Sediment. Two sediment sample duplicate pairs, DXZWO100 and DDZWO100

from AOC 69W, and DX570300 and DD570300 from AOC 57, were evaluated for

precision of TOC and TPHC data.

The TOC results for the sediment sample and duplicate from AOC 69W were

12,400 ,g/g and 7,420 tg/g. The RPD of these results is 50.5%, slightly above

the 50% RPD limit. The TPHC results (USEPA method 9071/418.1) for this

sample duplicate pair were 896 Rg/g and 360 1g/g, with an RPD of 85.4%. Based
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on these duplicate results, TPH results for all AOC 69W sediments should be

considered estimated values. The RIPDs for TOC and TPHC in the sediment

'sample from AOC 57 were within RPD goals and results for AOC 57 sediments

were not qualified.

D.4.2 OFF-SITE LABORATORY SPIKE DUPLICATE RESULTS

All matrix spike duplicate data and the corresponding RPDs for the 1995 Fort

Devens Site Investigation and Round 2 Groundwater sampling event are

presented in Table D-10 and Table D-11. The RPDs for spike duplicates were

calculated for TPH, TOC, inorganics, and pesticide/PCBs and compared to the

USEPA CLP control limits (USEPA, 1988a) to determine precision of analysis.

Samples with RPDs for spike samples outside control limits are discussed below.

D.4.2.1 Inorganics

Elements were spiked into groundwater, surface water, soil and sediment samples

to evaluate precision. The USEPA CLP guidelines do not specify limits for spike

RPDs for elements. As a result, the RPD limits for laboratory duplicates of 25%

in water samples and 35% in soil samples specified in the USEPA Region I

Guidelines (USEPA, 1989b) were used as guidance.

Groundwater, 1995 Field Investigation. Two groundwater samples from AOC 57,

MX5701X1 and MX5705X1, and one groundwater sample from AOC 69W

MXZW10X3 were evaluated for precision based on spiked samples. Both filtered

Harding Lawson Associates

W0059621.080 9144-03



APPENDIX D

and unfiltered samples were included in this evaluation. The percent recoveries

of iron for spike duplicates in sample MXZWlOX3 were 105.0% and 55.5%, with

and RPD of 62%. Iron results for groundwater from AOC 69W are considered

estimated. The RPDs for all other elements in spiked groundwater samples were

within EPA limits.

Groundwater, Round 2. Three groundwater MS/MSD samples, one from each

AOC, and one additional sample for AOC 69W were evaluated for precision

based on spiked samples. Both filtered and unfiltered samples were included in

this evaluation. The RPDs for all elements in spiked groundwater samples were

acceptable indicating excellent method performance.

Surface water. Filtered and unfiltered fractions of surface water sample

WX5705XX from AOC 57 were assessed for spike duplicate precision. The RPDs

for all elements were within USEPA limits.

D.4.2.2 Pesticides/PCBs

Pesticide and PCB compounds were spiked in duplicate into groundwater, surface

water, soil and sediment samples to evaluate precision. Nine target pesticide and

two PCB compounds were used including endosulfan I, endosulfan II, aldrin,

dieldrin, endrin, heptachlor, isodrin, lindane, methoxychlor, 4,4'-DDT, aroclor

1016, and aroclor 1260. The USEPA CLP control limits for pesticide compounds

used in the CLP methods are shown in Table D-23. The USEPA CLP guidelines

do not specify limits for spike RPDs for endosulfan I, endosulfan II, isodrin, and

PCBs. For these compounds, the RPD control limits for field duplicates of 30%
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in water samples and 50% in soil samples specified in the Region 1 USEPA

guidelines (USEPA, 1988b) were used.

Groundwater, 1995 Field Investigation. Three groundwater samples, MX5701X1,

MXAX02X1, and MXZW1OX3, from AOC 57, 63AX and 69W, respectively, were

spiked with target pesticides and PCBs. For the CLP spike compounds only

aldrin and lindane in the groundwater sample from AOC 69W exceeded the

USEPA control limits. The RPD for lindane was 15.3% and aldrin was 32.5%.

All other pesticides and PCBs had spike RPDs less than 30% with the exception

of methoxychlor in sample MXZW1OX3 from AOC 69W. The RPD for

methoxychlor (34.3%) was only slightly above the USEPA duplicate RPD limit.

These compounds were not detected in any groundwater samples and no

qualification of results was conducted.

Groundwater, Round 2. Three groundwater samples, MXG302X2, MXAX03X2,

and MXZW12X4, from AOC 57, 63AX and 69W, respectively, were spiked with

target pesticides and PCBs. The RPDs for spiked PCBs in all three groundwater

sample were within USEPA duplicate limits. For pesticides, eight out of the ten

spiked compounds had RPD exceedances in groundwater samples from AOC 57

and 69W. Based on frequency of RPD exceedances for pesticides in samples

MXG302X2 and MXZW12X4, positive results reported in samples from AOCs 57

and 69W should be considered estimated. The only positive detections were low

concentrations of endosulfan II in sample EX5706X1 and heptachlor epoxide and

gamma-chlordane in MXZW1OX4. These concentrations are considered

estimated. The RPDs for pesticides in sample MXAX03X2 from AOC 63W
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ranged from 2.2% to 5.8% indicating excellent precision for this sample.

Qualification of the data from AOC 63 AX was not conducted.

Surface water. One surface water spiked sample, WX5705XX, from AOC 57 was

evaluated for precision. All RPDs for this sample were within RPD limits

indicating good method performance and sampling precision.

Soil. The RPDs of four spiked soil samples from AOC 57 (EX570506, EX571502,

EX572500, BX570319) were used to evaluate precision. The RPDs for these

samples were within RPD limits indicating acceptable method performance and

sampling precision.

Sediment. The RPDs from two spiked sediment samples were used to evaluate

precision. These samples include DX570500 from AOC 57 and DXZW0200 from

AOC 69W. The RPDs for all pesticide and PCBs were within RPD limits with

the exception of aroclor 1260. The RPD for aroclor 1260 was 50.8%, which is

only slightly above the control duplicate control limit of 50%. Overall, pesticide

and PCB results for precision in sediment are acceptable and qualification of the

data was not conducted.

D.4.2.3 USEPA Methods

Precision for spiked samples was also evaluated for various water quality

parameters including hardness, alkalinity, total phosphate, sulfate, nitrate and

nitrite-nitrogen, and kjeldahl-nitrogen in water samples, and TPH and TOC in soil

and sediment samples. USEPA CLP guidelines for evaluating spike duplicate

RPDs are not available. The USEPA Region I control limits for field duplicates
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30% in water and 50% in soil were used to compare RPDs between spiked

samples.

Groundwater, 1995 Field Investigation. Several groundwater samples were spiked

in duplicate for the water quality parameters listed above to evaluate precision.

All RPDs between the MS and MSDs were less than the 30% control limit

indicating excellent method performance. The RPDs for hardness for both the

filtered and unfiltered fraction in sample MXAX03X2 were reported as 139.2%

However, evaluation of the raw data indicated the calculation of RPDs was

erroneous, and the actual RPDs ranged from 1% to 29.9%. Based on the

MS/MSD results, qualification of water quality data is not required.

Groundwater, Round 2. Several groundwater samples were spiked in duplicate

for the water quality parameters listed above to evaluate precision. All RPDs

between the MS and MSDs were less than the 30% control limit with the

exception of hardness in sample MXAX03X2 from AOC 63AX. The spiked

sample concentrations for hardness in this sample and the sample duplicate were

4000 pg/L and 1000 Ag/L, with an RPD of 120%. Based on these results

hardness in samples from AOC 63AX are considered estimated values. The

RPDs for hardness in the three other groundwater samples ranged from 0% to

2.4% indicating excellent method performance. The frequency of outlier RPDs.

for hardness was low so qualification of the data was not required.

Surface water. Two surface water samples from AOC 57 including WX5703XX,

and WX5705XX were spiked in duplicate for the water quality parameters listed
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above to evaluate precision. All RPDs between the MS and MSDs were less than

the 30% control limit indicating acceptable method performance.

Soil. Soil samples from AOC 57 (EX570506, EX571502) were spiked in duplicate

for TOC and TPHC (USEPA Modified Method 8015) to evaluate precision.

Samples BX570122, BX570615 from AOC 57, and BXZW1607 from AOC 69W

were also spiked in duplicate for TOC. All RPDs between the MS and MSDs

were less than the 50% RPD limit indicating acceptable method performance.

Sediment. Sediment samples from AOC 57 (DX570500) and AOC 69W

(DXZW0200) were spiked in duplicate for TOC, TPH as gasoline and diesel fuel

(USEPA Method 8015) and TPHC (USEPA Method 9071/418.1) to evaluate

precision.

Sample DX570900 from AOC 57 was spiked in duplicate for TOC and the results

were 54.0 tg/g and 0.9 /tg/g. An RPD of 193.5% was calculated for these TOC

results, exceeding the 50% control limit. This sample had high concentrations of

TOC relative to spike concentrations and no actions were taken based on these

RPDs. The two additional TOC duplicate sample pairs had RPDs of 30% and

50.2%.

The RPDs of sediment samples for TPHC as gasoline and diesel fuel exceeded

the 50% control limits in one of the two spiked sample pairs. These outlier RPDs

were from sample DX570500 and ranged from 54.8% (TPH as gasoline) to 63.7%

(TPH as diesel fuel). However, RPDs for the second sediment duplicate pair

were 8.2% (TPH as diesel) and 0% (TPH as gasoline) indicating excellent
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agreement between results. Based on duplicate spike data, TPH results for

sediment samples overall are acceptable. and do not require qualification.

The RPDs for spiked sediment samples for TPHC by USEPA Method 9071/418.1

exceeded the control limit in one of the two sample pairs. An outlier RPD of

169% was observed for sample DX570500. However, the RPD for the second

sediment duplicate pair was 0% indicating excellent agreement between results.

Based on duplicate spike data, TPHC (USEPA Method 9071/418.1) results for

sediment samples were not qualified.

Harding Lawson Associates
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APPENDIX D

D.5.0 COMPARISON OF OFF-SITE AND ON-SITE ANALYTICAL RESULTS

This section discusses the results of a comparison of data generated from chemical

analyses performed on soil samples collected during the 1995 AOC 57, 63AX, and

69W Remedial Investigations at Fort Devens, Massachusetts. A total of 36 split

samples were collected between September 12, 1995 through October 2, 1995.

The soil samples were split in the field and submitted for on-site and off-site

volatile analysis and petroleum hydrocarbons. The purpose of collection of the

split samples is to provide a comparison of the on-site data with the associated

off-site data, in order to evaluate data quality and establish the on-site results as

screening data with definitive confirmation (USEPA, 1993).

D.5.1 ANALYTICAL METHODOLOGIES

The analytical methods used on-site were purge and trap gas chromatography

(GC) analyses for volatile organic compounds (VOCs) in soil using a flame

ionization detector (FID) for benzene, toluene, ethylbenzene, m/p-xylene, and o-

xylene (BTEX), and chlorobenzene, and chlorinated VOCs using an electron

capture detector (ECD) for 1,1-dichloroethene, trichloroethene, tetrachloroethene;

1,1,1-trichloroethane, carbon tetrachloride, and chloroform. The purge and trap

GC field screening also provides an estimate of the concentration of non-target

fuel hydrocarbons, or total petroleum hydrocarbons (TPH). The TPH

concentration represents an estimate of total hydrocarbons present that are

detected by the FID. The TPH analysis is reported as the total TPH response of

peaks associated with the calibration of the FID with a JP-4 standard. The TPH
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data are the primary means of identifying volatile fuel-related contamination in

highly contaminated samples.

Soil samples were also analyzed at the on-site laboratory for semivolatile total

petroleum hydrocarbons (TPH) using modified USEPA Method 3500 followed by

analysis using USEPA Method 418.1.

The on-site field screening target compound data were evaluated using the

USAEC off-site analytical GC/mass spectrometry (MS) method for VOCs. As

discussed in Section D-2, this method is based on USEPA Method 8260 with

subsequent certification by USAEC. Off-site TPH results were generated using

USEPA Method 9071 to extract samples followed by analysis using USEPA

Method 418.1 (USEPA, 1983; USEPA, 1986).

D.5.3 PROGRAM OBJECTIVES

The objectives of the on-site soil field screening analytical program were to

evaluate the downgradient, lateral, and vertical distribution of contamination in

overburden soil, and identify critical samples for off-site laboratory analysis. For

the purpose of this on-site/off-site data comparison action levels to evaluate the

data sets were based on Category S-1 soils cleanup criteria outlined in the

Massachusetts Contingency Plan (MCP) (MADEP, 1995). A summary of target

compound action levels for each target compound evaluated using the on-site

methods is outlined below:
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W0059621.080 9144-03
S~D-55



APPENDIX D
Action 

Level 
(ugig)

Benzene 10
Toluene 90
'Ethylbenzene 80
Total Xylenes 500
1,1-Dichloroethene 0,3
Chloroform 0.1
1,1, 1-Trichloroethane 30
Carbon Tetrachloride 1
Trichloroethene 0.4
Tetrachloroethene 0.5
TPH 500

D.5.4 DATA COMPARISON AND EVALUATION

Comparability of the data was evaluated using two separate comparisons outlined

in Section 4.6 of the POP (ABB-ES, 1995). The first comparison evaluates

agreement based on detection of analytes relative to action levels. The second

comparison evaluates data based on relative percent differences (RPDs) between

split samples. Results of the on-site/off-site analyses are summarized on

Table D-24.

D.5.4.1 Comparison 1

In this comparison on-site and off-site results were organized into one of the four

categories described below:

1. Both on-site and off-site analyses had. the target compounds

detected/non-detected at concentrations less than the action levels.

Harding Lawson Associates
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2. Both on-site and off-site analyses had the target analytes detected at

concentrations greater than action levels.

3. The target compounds were reported above action levels for on-site

and the off-site data results were less than action levels.

4. The target compounds were reported above the action level off-site

and the on-site results were less than the action levels.

A primary assumption of the comparison was that the off-site data represented

the accurate definitive data when comparing results. Sample data which fall

within categories 1 and 2 represent agreement between on-site and off-site

analytical. results. Sample data in category 3 suggested a high bias in the on-site

results. Sample data in category 4 suggest a low bias in on-site results. The

analytical goal of the program was to have over 95 percent of the results fall into

categories 1, 2 and 3.

The detection of target VOCs by the on-site laboratory relative to action levels

was confirmed by the off-site laboratory. The majority of the soil samples fell

within Category 1. One exception was the split sample result for EX570704 and

EF570704, where one target compound (1,1-dichloroethene) fell into Category 3.

This sample was analyzed at a 145X dilution and the 1,1-dichloroethene detection

was identified as possible laboratory contamination at the time of analysis in the

field. 1,1,-Dichloroethene contamination was not observed in other field

screening samples and no trend is apparent. The off-site results confirm that the

on-site 1,1-dichloroethene detection was a false positive. Overall, these results
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indicate good comparison of on-site and off-site results for volatile organic

compounds, and that the goals of the field program for usability of on-site iesults

were met.

The results of all split sample analysis fell into Category 1 and Category 2

indicating complete agreement for the on-site and off-site analyses relative to

action levels for fuel hydrocarbons. These data indicate that the on-site data are

adequate for the evaluation of the distribution of hydrocarbons at the 500 Ag/g

action levels.

D.5.4.2 Comparison 2

For the second comparison, relative percent difference (RPD) values were

calculated for associated on-site/off-site surface soil samples. Calculation of RPD

is outlined in the POP (ABB-ES, 1995). RPD values were compared to USEPA

Region I duplicate criteria of 50%.

VOCs

The majority of results were non-detects in both the on-site and off-site laboratory

indicating consistent agreement with the absence of contamination for VOCs.

RPDs for the majority of samples with VOCs detected exceeded the 50 RPD

project goal. In many of the samples low concentrations of VOCs were reported

at, or near, the reporting limit of the other split sample. Examples of this can be

seen in samples BX570515, EX570200, EX571000, and EX571700. Detection

limits for soils are in the low part per billion range and lack of quantitative

agreement at these low concentrations are not interpreted to impact use of field
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screening results. .In some samples, concentrations of VOCs reported for the on-

site screening analysis was much greater than concentrations reported in the off-

site analysis. Example of these results can be seen in samples EX570704,

EX570502, and RXZW3006. Affected compounds include BTEX and

chlorobenzene. These results indicate high bias of on-site results by as much as

two of three orders of magnitude, and the possibility of false positive reporting of

additional target analytes. In all the above samples high concentrations of TPH

was detected indicating the presence of fuel contamination at the sample location.

The on-site method for BTEX and chlorobenzene utilized a single column

GC/PID analysis for BTEX and chlorobenzene with no second column

confirmation. It is highly likely that BTEX concentrations were over estimated

due to interference from non-target fuel hydrocarbons. False positive

identification of chlorobenzene may also have occurred due to interference with

non-target fuel hydrocarbons. The off-site analysis was conducted using GC/MS

confirmation of target analytes so interference from non-target hydrocarbon would

not results in quantitative interferences or false positive identification of

compounds.

It is important to note that evidence had also been published indicating the

possibility of low bias off-site results due to loss of VOCs during sample collection

and handling using bulk sampling procedures (Liikala, 1995). It is possible that

concentrations reported at the on-site laboratory may be more representative of

actual site conditions. However, for the purpose of this comparison, on-site

results are considered potentially biased high.
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TPH

In the majority of samples TPH was reported as a non-detect in both samples.

RPDs of samples with detected TPH ranged from 7% to 200% with the majority

of RPDs outside the 50% project goal. There was good correlation of split

sample results relative to general concentrations reported. In all samples with

detects reported, concentrations trends between high and low values agreed well.

These results indicate that TPH data are adequate for determination of presence

and absence of fuel contamination and the determination of the relative

concentrations of contamination at the sites, however, reported concentrations

should be considered estimated values.

D.5.5 CONCLUSIONS

There was a strong qualitative and quantitative correlation between the on-site

and off-site laboratories. The goal of 95 percent of on-site/off-site data

characterized by conditions specified in categories 1, 2 or 3 was achieved

(ABB-ES, 1995), based on results presented in Comparison 1. The comparison

results indicate that screening results provided adequate data to identify the

presence or absence of contamination at action levels based on MCP Category S-1

soil cleanup criteria (MADEP, 1995).

Comparison 2 reviewed RPD results. An evaluation of RPDs indicates low

concentrations of VOCs at, or near, the on-site laboratory reporting limits should

be considered estimated values. Results for on-site analyses for the VOC target
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compounds BTEX and chlorobenzene at sample locations containing fuel

contamination may be biased high and contain possible false positive

identifications for these compounds. Bias is possibly a result of interferences with

fuel-related compounds and limitations of the GC/PID used at the on-site

laboratory. Off-site data generated using GC/MS analyses should be used to

confirm the detections and concentration ranges of these compounds. The TPH

results are adequate for qualitative and semi-quantitative uses, but reported

concentrations should be considered estimated.
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TABLE D-1
SUMMARY OF ANALYTICAL PARAMETERS

AOC 57, 63AX, AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EQUIVALENT
USAEG USEPA LABORATORY/

MATRIX_ METHOD~ MýoMETHOD ARMY-ETiE
PARAMETER:. (SOIL/.WATR 0:ý ...-NUMBER:. NUMBER: DESCRIPTION REPORTING LIMIT

pH Water No Certified Method 150.1 Measured in Field N/A

Temperature Water No Certified Method 170.1 Measured in Field N/A

Turbidity Water No Certified Method 180.1 Measured in Field N/A

Conductivity Water No Certified Method 120.1 Measured in Field N/A
Electrode

RedOX Water No Certified Method SM 2580b Measured in Field N/A

Total Suspended Water No Certified Method 160.2 Gravimetric 4000 pg/L
Solids

Total Dissolved Solids Water No Certified Method 160.1 Gravimetric 10,000 /g/L

Alkalinity Water No Certified Method 301.0 Titrimetric 5000 pg/L

Total Organic Carbon Soil No Certified Method SW 9060 Infrared 360 /Jg/g

Water No Certified Method SW 9060 Infrared 1000 pg/L

Nitrate/Nitrite Water TF22 351.2 Colorimetric 10 pg/L

Hardness Water N/A 130.2 or Titration or Calculation 1000 pg/L
SM2340B

Anions Water TT1O 300.0 Ion Chromatography Chloride -
(Chloride, sulfate) 2,120 pg/L

Sulfate - 10,000 pg/L

Water TF27 365.2 Colorimetric Phosphate -
Total Phosphorous 13.3 pg/L

TKN (Kjeldahl) Water No Certified Method 351.2 Calorimetric 183 pg/L

Carbonate/ Water No Certified Method 310.1 Titrimetric N/A
Bicarbonate

Total Petroleum Water No Certified Method 418.1 Infrared 100 pg/L
Hydrocarbons Soil No Certified Method SW 9071/ 418.1 Infrared 21 pg/g

Aluminum Water SS1O 200.7 ICP 141 pg/L

Soil JS16 SW 6010 ICP 14.1 pg/g
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continued

TABLE D-1
SUMMARY OF ANALYTICAL PARAMETERS

AOC 57, 63AX, AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EQVivAU..NT

USAEC....USEPA LABORATORY/
MATRIX METHOD METHOD METHOD ARMY-CERTIFIED

PARAMETER (SOIL/WATER) NUMBER NUMBER DESCRIPTION REPORTING LIMIT
Antimony Soil JS16 SW 6010 ICP 3.8 pg/g

Water SD28 GFAA 3.03 pg/L

Soil JD25 GFAA 1.09 pg/g

Arsenic Water SD22 206.2 GFAA 2.54 pg/L

Soil JD19 SW 7060 GFAA 0.25 pg/g

Barium Water SS1o 200.7 ICP 5.0 pg/L

Soil JS16 SW 6010 ICP 29.6 pg/g

Beryllium Water SS1o 200.7 ICP 5.0 pg/L

Soil JS16 SW 6010 ICP 1.86 pg/g

Cadmium Water SS1o 200.7 ICP 4.01 pg/L

Soil JS16 SW 6010 ICP 3.05 pg/g

Calcium Water SS1o 200.7 ICP 500 pg/L

Soil JS16 SW 6010 ICP 59.0 pg/g

Chromium Water SS1o 200.7 ICP 6.02 /g/L

Soil JS16 SW 6010 ICP 12.7 pg/g

Cobalt Water SS1O 200.7 ICP 25 pg/L

Soil JS16 SW 6010 ICP 15.0 pg/g

Copper Water SS1o 200.7 ICP 8.09/ug/L

Soil JS16 SW 6010 ICP 58.6 pg/g

Iron Water SS1o 200.7 ICP 42.7 pg/L

Soil JS16 SW 6010 ICP 50.0 pg/g

Lead Soil JS16 SW 6010 ICP 6.62 pg/g

Soil JD17 SW 7421 GFAA 0.177pug/g

Water SD20 239.2 GFAA 1.26 pg/L
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continued

TABLE D-1
SUMMARY OF ANALYTICAL PARAMETERS

AOC 57, 63AX, AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EQUIVALENT
USAEC: USEPA: .LABORATORY/

MARXMETHOD: :ME OD Mmo.D....ARMY.CERTIFIED

PARAMETER ~ SI/AE)NUMBER NUMBER DESCRIPTION RiEPORTING LIMIT

Magnesium Water SS1O 200.7 lOP 500 pig/L

Soil JS16 SW 6010 lOP 50.0 pig/g

Manganese Water SS1O 200.7 lOP 2.75 pjg/L

Soil JS16 SW 6010 lOP 0.275 pig/g

Mercury Water S1301 245.1 CVMA 0.243 pg/L

Soil JB01 SW 7471 OVAA 0.05 pg/9

Nickel Water 5S10 200.7 lOP 34.3 pg/L

Soil JS16 SW 6010 lOP 12.6 p9g/9

Potassium Water SSloý 200.7 lOP 375 yg/L

Soil JS16 . SW 6010 lOP 37.5 pjg/g

Selenium Water SD21 270.2 GFMA 3.02 /pg/L

Soil J015 SW7740 GFMA 0.25 yg/9

Silver Water SD23 272.2 GFAA 0.25 pg/L

Soil . JD18 SW 7761 GFMA .025 pg/g

Water SS1O 200.7 lOP 4.6 pjg/L

Soil JS16 SW 6010 lOP 2.5Spg/g

Sodium Water SS1O 200.7 lOP 500 pjg/L

Soil JS16 SW 6010 lOP 150 /pg/g

Thallium Water SD09 279.2 GFMA 6.99 pg/L

Soil JD24 SW846 GFAA 0.5 p9/9
7841

Vanadium Water SS1O 200.7 lOP 11.0Opg/L

Soil JS16 SW 6010 lOP 13p/g/g

Zinc Water SSIO 200.7 lOIP 21.1 pg/L

Soil JS16 SW 6010 lOP 30.2 pjg/g

Semnivolatile Organic Water UM18 625 Extraction, GC/MS See POP
Compounds

Soil[ LM18 SW 8270 .Extraction,GC/MS See POP
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continued

TABLE D-1
SUMMARY OF ANALYTICAL PARAMETERS

AOC 57, 63AX, AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EouivALET
.................. SAEC USEPA LABORATORY/

MATRIX METHOD METHOD METHOD....ARY-.CERtIFiED
PARAMlETER (SOIL/WATER) NUMBER NUMBER DESCRIPTION REPORTING:.:LIMIT*'

Volatile Organic Water UM20 624 Purge and Trap, GC/MS See POP
Compound

Soil LM19 SW 8240 Purge and Trap, GC/MS See POP

Pesticides/PCBs Water UH13 608 Extraction, GC See POP

Soil LH10 SW 8080 Extraction, GC-EC See POP

GRO Water No Certified Method Modified 8015 GC/FID 400 pg/L

Soil No Certified Method Modified 8015 GC/FID 8 /g/g

DRO Soil No Certified Method Modified 8015 GC/FID 8 pg/g

Notes:

POP Project Operations Plan; Fort Devens, Massachusetts, Data Item AOO4/A006; U.S. Army Environmental Center; Aberdeen Proving
Ground, Maryland; May 1995.

SW = EPA "Test Methods for Evaluating Solid Wastes", SW-846, September 1986
GRO = Gasoline Range Organics
DRO = Diesel Range Organics

Source: ESE, 1991.
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TABLE D-2
ELEMENTS DETECTED IN SOIL METHOD BLANKS

1995 AOC 57, 63AX, AND 69W REMEDIAL INVESTIGATI ON
FORT DEVENS, MASSACHUSETTS

CONCENTRATION ::7
FRQUENCY OF RNE R

ELEMENT DETECTION (pg/g) (gg

Aluminum 3/3 482 -520 14.1

Barium 3/3 8.73 -19.51 29.6

Calcium 3/3 235 -269 59.0

Copper 1/3 1.01 58.6

Iron 3/3 955 -1030 50.0

Lead1  3/3 0.756 -0.816

Potassium 3/3 179 -198 37.5

Magnesium 3/3 130 -150 50.0

Manganese 3/3 21 - 28.9 0.275

1= Results from GFAA. Lead was also analyzed by ICP but all results were below the
CRI-s.
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TABLE D-3
VOCs DETEcTED IN METHOD BLANKS FOR WATER

1995 AOC 57, 63AX, AND 69 W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENTRATION
.:FREQUENCY.01: RANGE CRL

COP DDETCTO (og/L) AX

Acetone1  1/7 17 13

Methylene Chloride 11/7 5.7 2.3

Chloroform 11/7 2.1 0.5

1=Data from method blanks analyzed during the 1995 Field Investigation.
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TABLE D-4
SVOCs DETECTED IN WATER METOD BLANKS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

C ONCENTRATION
ýFREQUENCY F.. RNE CRL

COMPOUND::. DETECTIO(g/)(/L

Target SVOCs

Diethyl phthalate 11/5 2.2 2

bis(2-ethylhexyl)phthalate 2 1/3 400 4.8

SVOC TICs

Dioctyl adipate 11/5 20 Not determined

Toluene 11/5 3 Not determined

1=Detected in method blanks analyzed during the 1995 Field Investigation.
2 =Detected in method blanks analyzed during the 1996 Round 2 Groundwater sampling
event.
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TABL.E D-5
SVOCs DETECTED IN METHOD BLANKS FOR SOIL

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CNNTATION..
FRQU.C OF. RANGE..... CRL

... MPOUN -D-TCIN(,gg u/

Target SVOCs

di-n-butyl phthalate 11/12 0.,08 0.061

SVOC TiCs

nonacosane 11/12 0.3 Not determined

1=Detected in method blanks analyzed during the 1995 field investigation.
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TABLE D-6
-ELEMENTS DETECTED IN RINSE BLANKS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENRATION

Mercury 2/6 0.242 - 0.463 0.243

Lead' 1/6 1.63 1.37

Iron 4/6 70.5 -543 38.8

Potassium 1/6 755 375

Manganese 1/6 3.6. 2.75

1=Lead analyzed by graphite furnace atomic adsorption
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TABLE D-7
VOCs DETECTED IN RINSE BLANKS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTs

U NCENTRATIONI4:
FRQECY O A3 A

C.OMPOUNUD' .. DeTECTIO p/)(g

1,1,1 -Trichloroethane 5/6 1.2 -2.4 0.5

Acetone 2/6 18 13

Carbon Tetrachloride 1/6 1.2 0.58

Chloroform 3/6 0.59 -1.7 0.5

Methylene Chloride 5/6 4 -9.3 2.3
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TABLE D-8
SVOCS DETECTED IN RINSE BLANKS

1995 AOC 57, 53AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

....... ONCENTRATION.
FREQUENCY. OF, RANGE CRL

COPUDDETECTI-ON".. WONL pgL

Target SVOCs

Bis (2-ethyihexyl) phthalate 4/6 6.1 to 14 4.8

Benzyl alcohol 1/6 7.4 0.72

SVOC TICs

N,N-diethyl-3-methyibenzamide 1/6 9 Not

Determined

benzyl adipate 1/6 40 Not
Determined

unknown non-target SVOCs 1/6 to 3/6 4 -10 Not
Determined
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TABLE D-9
VOCS DETECTED IN TRIP BLANKS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CNCENTRATION
FRiEQUENCY OF RANGE......CRL

COPUND:.......ETECTION. -(PgL)(g)

Target VOCs

Carbon Tetrachloride' 1/16. 2.3 0.58

Tetrachloroethene' 1/16 3.4 1.6

Chloroform 1 1/6 3.5 0.5

Methylene Chloride 19/16 2.5 -5.6 2.3

Methylene Chloride 2 1/2 2.7 2.3

Acetone 2  1/2 14 13

VOC TICs

Hexane 1 1/16 6 Not Determined

1 = Detected in trip blanks analyzed during the 1995 Field Investigation.
2 =Detected in trip blanks analyzed during the 1996 Round 2 Groundwater sampling event.
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TABLE D-12
ELEMENTS WITH MATRIX SPIKE RECOVERIES IN WATER

. OUTSIDE USEPA CRITERIA

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

F::..:REQ!UENCY:-OF RECOVERY OUTSIDE',
......LEMENT: USEPA CLIP LIMITS 1  RECOVERY RANGE

Groundwater

Mercury 1 2/12 70.8-72.8

Arsenic 1 1/16 128

Antimony 1 1/16 74.5

Calcium 1 1/16 134

Iron 1 5/16 49 - 145

Manganese 1 2/16 58.8 -71.6

Lead 2 4/16 52.8 - 55.3

Selenium 2 4/16 35.2-53.6

Arsenic 2  1/16 135.7

Antimony 2 6/16 39.5 - 74.9

Manganese 2 1/16 133.4

Surface Water

Iron 1 1/4 129

1 = Spike results from the 1995 Fort Devens Site Investigation.
2 = Spike results from the Round 2 Groundwater sampling event.
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TABLE D-13

ELEMENTS WITH MATRIX SPIKE RECOVERIES IN SOIL

OUTSIDE USEPA CLP LIMITS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

FREQUENCY'OF RECOVERY OUTSIDE
ELEMENT'' USEPA- CLP::LIMITS......RECOVERY RANGE

Mercury 2/10 39.2 - 41.7

Aluminum 10/10 0.9-504.7

Iron 10/10 0.4 - 462.3

Selenium 6/10 60.0 - 134.5

Lead by GFAA 6/6 23.7-140.5

Arsenic 6/10 28.4 - 186.3

Manganese 7/10 4.0 - 477.4

Nickel 1/10 128.3

0
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TABL..E D-14

ELEMENTS WITh MATRIX SPIKE RECOVERIES IN SEDIMENT
OUTSIDE USEPA CRITERIA

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

FREOUENCY OF RECOVERY
LEMENT OUTSIDE USEPA CLP LIMITs RECOVERY RANGE

Arsenic 2/4 12.4-12.6

Antimony 2/4 126.0 - 126.7

Manganese 1/4 4.1

Aluminum 4/4 0.5-1.2

Iron 4/4 0.2 - 48.7
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TABLE D-15

PESTICIDE AND PCBs wiTH SOIL MATRIX SPIKE RECOVERIES
OUTSIDE USEPA CIP LIMITS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

REUNYOF RECOVERY.......
ELEMENT, OUTSIDE USEPA CIP LImiTS' RECOVERY RANGE

Endosulfan 11 2/8 169.8 - 181.1

Aroclor 1260 2/8 226 -226.0

4,4-DDT 2/8 143.8 - 153.4
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TABLE D-16

HARDNESS DATA WrTH MATRIX SPIKE RECOVERIES IN WATER SAMPLES

OUTSIDE CONTROL LIMITS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION

FORT DEVENS, MASSACHUSETTS

FREQUENCY OF RECOVERY
E.LEMENT OUTSIDE USEPA CLIP LIMITS RECOVERY RANGE

Groundwater

Hardness 1 6/10 1.3 -35.0

Hardness 2 2/10 17.1 - 23.1

1 = Data collected during the 1995 Fort Devens Field Investigation.
2 = Data collected during the 1996 Round 2 Groundwater sampling event.
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TABLE D-17
USEPA CLP SURROGATE RECOVERY CRITERIA FOR SVOCS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

PERCENT RECOVERY LIMITS FOR "PERCENT RECOVERY LIMITS
SURROGATEý WATER,. FR SOIL

2-Fluorophenol 21% to 100% 25% to 121%

Phenol-D6 10% to 94% 24% to 113%

2,4,6-Tribromophenol 10% to 123% 19% to 122%

Nitrobenzene-D5 35% to 114% 23% to 120%

2-Fluorobiphenyl 43% to 116% 30% to 115%

Terphenyl-D14 33% to 141% 18% to 137%
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TABLE D-18
USEPA CLP SURROGATE RECOVERY CRITERIA FOR VOCS

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
F OR T D EVENS, MAS SACIIU SErrs

PERCENT: RECOVERY: :LIMITS FOR:. :PERCENT RECOVERY LIMITS
SURROGATE WATER" FOR... SOIL

1 ,2-Dichloroethane-D4 76% to 114% 70% to 121%

4-Bromofluorobenzene 86% to 115% 74% to 121 %

Toluene-DB 88% to 110% 81% to 117%
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TABLE D-21
FIELD DUPLICATES FOR GROUNDWATER SAMPLES
WITH ELEMENTS EXCEEDING PRECISION CRITERIA

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION

FORT DEVENS, MASSACHUSETTS

ELEMENT FRQEC P XCEEDED RPD RANG

Total Metals

Arsenic 2 1/4 42.4

Iron 2  1/4 45

Dissolved Metals

Barium 2 1/4 123.9

2 = Data collected during the Round 2 Groundwater sampling event.

W0059621.TSO/20 9144-03



TABLE D-22
FIELD DUPLICATES FOR SOIL AND SEDIMENT SAMPLES

WITH ELEMENTS EXCEEDING PRECISION CRITERIA

1995 AOC 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

ELxME. FREQUENCY IP EXCEEDED:: RPD RNG

Soil

Arsenic 1/3 52.4

Potassium 1/3 77.6

Sediment

Mercury 1/2 138.1

Manganese 1/2 99.5

Sodium 1/2 178.7

Zinc 1/2 114.1

W0059621.TSO/21 9144-03



TABLE D-23
USEPA CLP SPIKE PRECISION CRITERIA FOR PESTICIDES

1995 AQO 57, 63AX, 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

::SPIKE COMPOUND RPI3 LIMITs.-FOR WATER%:,:.RPD LImITS:FOR:SpiL.

Lindane (gamma-BFHO) 15 50

Heptachlor 20 31

Aldrin 22 43

Ojeldriri 18 38

Endrin 21 45

4,4-DDT 27 50

W0059621.'TEO/22 9144-03



TABLE D-2
cOWAPISON OF CoNcD4MTEAONS

MDANALYOES VI. OPNDTKA1flOOATO0/YA34ALYSE

1993AOC 37. 4JAX 9WRED4DIAL0NV0/111ATION
FORT DEVENO3.MA

O14.-SM SAM?1Z 091737K LAN MCF~I IR

SA* COLUMCOOO CON7KSITRATION OWI TAIk
-MyE . IMO4 CATEGORY

BF570415 9121J95 TWH ND ND 0 1
VOC ND ND 0 1

BF3570513 VM Wm-19 M0037O -MO'.0024 200
WI! N ND 0 1

EF570612 94"0/9 WI N ND 01
VOC ND ND 0 0

SFlAX0506 W1/295 WPH ND ND 0 1
VOC ND ND a i

BFAX0502 10/2/9 TI! ND N

BFAX0510 D/IM9 WI! ND ND 0 0

VOC ND ND 00
E"020:304 1191"5 HO 4540 309 697 2

0.. .0.027 -020 2003
I.Ni-90.002X 200 1
l m 3 -0.0029 .09.70 a- I

M570405 9/19/95 WI! m7. ?73 a
VOC ND ND 01

EF5370506 9/19095 WI! 7ND ND4 20 1
9/Dc ND ND 0 1

EFS70704 9/1093~ WI! 3200 60 003 2
SO1.- 0.0031 1.424 190

1,4Woto 0.0039 4.002 200

wo.1.... 0.0059 M.782 20. 1
V.- -0.0001 -M.08 a-

EF570305 9120195 WI! ND. ND5 0-
VOC ND ND 0 1

EF570904 9/20/95 WI! 49.2 09 zo0
VOC ND ND 01

EY375502 M912095 WI! 2400 1050 71
0.1.. 0.0037 0.0054 007 1

.... 401007 0.0542 200 I

W.-. 0.. .0015 -0.0242 200 1
.. -0.0011 .0.001 70. 1

EF5717060 9120195 WI! 049. 020 31
9/DC ND ND 0 0

EF5717302 91201/9 WI! 24100 3400 33 2

.000.0.0072 4.0025 200 0
drb 0.0017 0.0023 200 1

to7w0 9209 WI!- 9..05 0.645 00
0.0C0D ND04 70 1

EFS576002 9121/93 WI! 130 170 200 0
9/Dc ND ND 0 1

EF572500 9/12293 WI! 20." 342 00 05

9/DC ND ND 0 0
EF572902 9/2 1/95 WI! 9302 270 200 2

0.10 ND. ND00 0.02 21

EF5723004 9100195 I 3240 772 00 12
0.1.. ND44 0.D2 04 0

6.....4.007 0.19 TH922100 200 0
I.W. 4... .0.0023 0.300/3 200 1

RFZWS306 9/12/95 WI!1 MC. 700 200 2

VOC ND ND I
10FZW3607 9412493 voc ND ND F.

WI! 54 11000 44 2
1052W3704 9125195 N.0. 0.0024 40.0444 0. 1

WI! 1400 1000 23 2
00:203X03 9/14/93 WI! 34.4 -<120 0. 1

9Dc ND I ND 0 1
RNDZW4504 9/5/3 H ND ND 0 1

0b.0.. 00203 40024u 0-

NOTES:
fl.pm.d RP90- Ob... It. ropart.dlb .. b.1-1wA. rt lii ...0 -of N~.. .pl.

ND 30. d..0.d .b- .W0y- tl0.0. 0h6
NA Not4 asplictibl

E R=%~.-0.d Ilwimmmatsfiiobt-

WI! Total 7.9.1... OHydocwo..
x .06.o .- C .4..4-pm&O.Jbvr 0.... o.4410. by 0.04 c.6...4 d d... fin dwopi..

C:\FDRITABL\63AXCMCN.K 06128196
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APPENDIX D-2
QUALITY CONTROL SUMMARY REPORT

1996 ON-SITE ANALYTICAL PROGRAM

AOCs 69W, 61Z, 50 and 57

DLO INTRODUCTION

The purpose of this Quality Control Summary Report (CQSR) is to present evaluations of
quality control (QC) measurements made during the 1996 on-site laboratory analyses and to
evaluate data precision and accuracy. Dates of on-site analysis are from June 17 through
November 6, 1996. The on-site laboratory provided field screening for AOCs 69W, 61Z, 50
and 57. Soil and water samples were analyzed for target volatile organic compounds and
petroleum hydrocarbons at Ft Devens, Ayer, Massachusetts.

D2.0 ANALYTICAL METHODS

The data quality objectives and general descriptions of on-site methodologies for the
investigations are presented in the Fort Devens Project Operation Plan (ABB-ES, 1995). On-
site analytical procedures used during the investigations included purge and trap USEPA
Method 5030A and modified USEPA Method 8021A for volatile organic compounds (VOCs)
(USEPA, 1995) and the modified Massachusetts hydrocarbon methods for extractable
petroleum hydrocarbons (EPIT) and volatile petroleum hydrocarbons (VPH) (MADEP, 1995a;
MADEP, 1995b). Total Recoverable Petroleum Hydrocarbons (TPHC) in soils will be
quantified with an infrared spectrophotometer using modified USEPA Method 418.1 (USEPA,
1983). Descriptions of the 1996 analytical methods, and any modifications to procedures in the
QAPJP incorporated into the 1996 field investigations are presented in Attachment 1.

D2.1 MDL Study for EPH/VPH/VOCs Analysis:

Prior to sample analysis a Method Detection Limit (MDL) study was performed for EPH,
VPI-, and VOCs target compounds.

Based on the extraction and analysis of seven spiked samples, the EPH MDL for soil analysis
was determined to be 18 mg/Kg. For purposes of this project the reporting limit (RL) has been
determined to be 100 mg/Kg. Only concentrations greater than 100 mg/kg are reported.
Sample quantitation limits (SQLs) consisting of the reporting limits adjusted for sample
volume, percent moisture, and dilution factor are reported for non detects. The results of the
EPH MDL study are listed in Table D2-1.
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Based on a methanol extraciion and analysis of seven spiked samples, the VPH MDL for soil
analysis was determined to be 0.57 mg/Kg. The reporting limit was established to be 6.3
mg/Kg. Only concentrations greater than 6.3 mg/kg are reported. Sample quantitation limits
(SQLs) consisting of the reporting limits adjusted for sample volume, percent moisture, and
dilution factor are reported for non detects. The results of the VPH MDL study are listed in
Table D2-1.

Based on the analysis of seven spiked samples, an initial VOC MDL for soil and aqueous
analysis was determined and reported in Table D2-1. The reporting limits were established to
be 2.0 jtg/L for all target analytes (m/p-Xylene is 4.0 gig/L). Only concentrations greater than
2.0 jtg/L (m/p-Xylene is 4.0 pkg/L) are reported. Sample quantitation limits (SQLs) consisting
of the reporting limits adjusted for sample volume, percent moisture, and dilution factor are
reported for non detects.

A second VOC MDL was made when a second field effort phase commenced in mid-summer.
Based on the analysis of seven spiked samples, the second VOC MDL for soil and aqueous
analysis was determined and reported in Table D2-1. The reporting limit was established to be
1.0 tg/L for all target analytes (m/p-Xylene is 2.0 jtg/L). Only concentrations greater than
1.0 jig/L (m/p-Xylene is 2.0 jig/L) are reported. Sample quantitation limits (SQLs) consisting
of the reporting limits adjusted for sample volume, percent moisture, and dilution factor are
reported for non detects.

D2.2 REPORTING LIMITS AND INSTRUMENT CALIBRATION

The calibration range for each instrument includes an initial calibration standard at the reporting
limit. EPH instrument calibration ranged from 50 mg/Kg through 150 mg/Kg with a reporting
limit of 50 mg/Kg. VPH instrument calibration ranged from 6.3 mg/Kg through 19 mg/Kg
with a reporting limit of 6.3 mg/Kg. Initial VOC instrument calibration ranged from 1.0 jtg/L
through 100 jig/L. The second phase VOC instrument calibration ranged from 1.0 jig/L
through 20 jtg/L. Each instrument calibration range is recorded in the laboratory logbooks and
saved electronically for future reference.

D3.0 QUALITY CONTROL BLANK SUMMARY

Routine QC blanks analyzed in the field laboratory include instrument blanks, equipment rinse
blanks (pump blanks and bailer blanks) and method blanks.

D3.1 Instrument Blanks:

Instrument blanks were run for the EPH and TPHC analyses. Instrument blanks consisted of
clean extraction solvent analyzed directly on the instrument to determine background response
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for the instrument. No instiument contamination was identified through instrument blank

analysis.

D3.2 Method Blanks:

Method blanks were run for EPH/VPH/VOC and TPHC analyses after initial and continuing
calibrations with a minimum of one blank per day of analysis to evaluate the potential for
sample contamination during sample preparation and analysis at the on-site laboratory. EPH
and TPHC soil method blanks were extracted daily with each extraction batch using the same
procedures as samples. VPH soil method blanks were purged and analyzed solutions of
analyte free water, methanol and surrogate. VOC method blanks were purged and analyzed
solutions of analyte free water and surrogate (methanol was added for soil method blanks).

Method blank data indicate that method contamination did not result in false positive
identification of EPH, VPH, or TPHC results during sample analysis. No method blanks had
EPH, VPH or TPHC detected at concentrations greater than the reporting limits.

VOC method blanks were analyzed each day using the same procedure as samples. The VOC
soil method blank analyzed on 8/29/96 had a detection of chloroform greater than the reporting
limit at 390 mg/Kg. Soil samples (RF571509 and RF571603) from AOC 57 associated with
this method blank were qualified (B) indicating the results may represent laboratory
contamination. The VOC method blank analyzed on 11/01/96 had a detection of naphthalene
greater than the reporting limit at 3.2 pg/Kg. Naphthalene was not detected in associated
samples, and no samples associated with this method blank were qualified (B). With the
exception of the VOC samples discussed above, VOC data indicate that no other laboratory
contamination introduced during sample preparation and analysis.

D3.3 Equipment Rinseate Blanks:

Equipment rinse blanks (pump blanks and bailer blanks) were collected periodically and
analyzed for VOCs. Rinse blanks were collected at a minimum of one per twenty samples as
specified in the POP. Five bailer blanks were collected and analyzed with two blanks exhibiting
low levels of toluene (2.5 ptg/L and 2.1 pAg/L). Samples associated with these blanks contained
no toluene detections.

D4.0 DATA ACCURACY AND PRECISION

The accuracy and precision of laboratory and field sampling methodologies was evaluated
using matrix spike/ matrix spike duplicate (MS/MSD), matrix spike (MS), field duplicate
analyses, and surrogate spikes as outlined below:
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"* EPH/VPH utilized MS/MSD and surrogate percent recovery (%R) goals of 50% - 150%

and MS/MSD relative percent difference (RPD) goals of less than 30%.

"* Duplicate analyses were also utilized with RPD goals of less than 50% for soil samples.

"* TPHC analyses utilized a single MS sample with a %R goal of 50% to 150%; duplicate
analyses were also utilized with RPD goals of less than 50% for soil samples.

"* VOC analyses utilized MS/MSD and surrogate percent recovery (%R) goals of 50% -
150% and a MS/MSD RPD goal of less than 30%.

"* Field duplicate analyses were also utilized with RPD goals of less than 30% for aqueous
samples and less than 50% for soil samples.

Field duplicates, matrix spikes and matrix spike/matrix spike duplicate collection frequency
goal was five percent for the program.

D4.1 Matrix Spikes:

EPH. Three samples were collected as matrix spike/matrix spike duplicates (this represented a
frequency of 5 percent). The samples were spiked at a mid-point of the calibration curve
(100 mg/Kg). The data are tabulated in Table D4-1. MS/MSD recoveries for two calculated
spike samples ranged from 43% to 54%. The RPDs for the sample sets were 15% and 18%.
One MS/MSD data set was not analyzed due to operator failure to spike the sample with the
MS/MSD spiking solution. Although two of four recoveries were outside the desired recovery
range the RPD results were well below the 30% goal, indicating good precision. These results
indicate a possible low bias shown by the MS/MSD recoveries. Sample results are usable as
estimated values with a possible low bias by a factor of two.

VPH. Two samples were analyzed as matrix spike/matrix spike duplicates. This represented a
3.3 percent frequency. Both samples were spiked at a mid-point of the calibration curve
(12.5 mg/Kg). The data is tabulated in Table D4-1. MS/MSD recoveries for the two spiked
samples ranged from 57% to 91%. The RPDs for the samples sets were 3.4% and 10%. The
established goals were partially met for this data set, however, the RPDs calculated are well
below the established goal of 30% indicating excellent accuracy and precision.

TPHC. Nine samples were analyzed as matrix spikes. This represents an 8.1 percent
frequency. The samples were spiked at a mid-point of the calibration curve (2500 mg/Kg).
The data is tabulated in Table D4- 1. Results for TPHC in two samples exceeded the
calibration range of the instrument and no MS results were obtained. MS/MSD recoveries for
the other seven spiked samples ranged from 88% to 162%. Two MS recoveries were not
calculated due to original sample concentrations above the instrument calibration range. One
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recovery exceeded the reco',ery goal of 150%. Eighty six percent of this data set met the
established goals indicating good accuracy and precision.

VOC. Twenty one samples were analyzed as matrix spike/matrix spike duplicates. This
represents a 4.7 percent frequency. The data is tabulated in Table D4-2. The samples were
spiked at a mid-point of the calibration curve (see Table D4-2 to find specific spike
concentrations). Ninety eight percent of the spike recoveries met the goal range of 50% to
150% recovery. Ninety eight percent of the RPDs met the goal of 30% or less. The
established goals were met for this data set indicating excellent accuracy and precision.

D4.2 Field Duplicates:

Field duplicate samples were collected at a rate of approximately 5 percent of the samples
during the field sampling effort and submitted to the field laboratory for analysis. Relative
percent difference goals of less than 30% for aqueous sample analysis and less than 50% for
soil analysis were outlined for the project.

EPH. Four samples were collected and analyzed as field duplicates (this represented a
frequency of 6.7 percent). The results of the EPH field duplicate samples are listed in
Table D4-3. The results of all sample sets were non-detects. In general, field duplicate results
indicate good precision of measurement was obtained for the EPH sample analyses. These
results indicated agreement for absence of EPH, however, evaluation of precision for positive
detection of EPH was not possible.

VPH. Four samples were collected and analyzed as field duplicates (this represented a
frequency of 6.7 percent). The results of the VPH field duplicate samples are listed in
Table D4-3. The results of all sample sets were non-detects. These results indicated
agreement for absence of VPH, however, evaluation of precision for positive detection of VPH
was not possible.

TPHC. Fourteen samples were collected and analyzed as field duplicates (this represented a
frequency of 13 percent). The results of the TPHC field duplicate samples are listed in
Table D4-3. The RPDs of three sample duplicate sets were calculated and ranged from 0.0%
to 33%. Seven results were non-detects for both samples. Four sample duplicate sets had a
non-detect for one of the samples in the duplicate pair with a positive detection at the reporting
limit in the associated duplicate. In general field duplicate results indicate good accuracy and
precision of measurement was obtained for the TPHC sample analyses, however, variability of
the TPHC measurement at the reporting limit are apparent. These results indicate detection
limits and low concentration positive detections are estimated values.

VOC. Thirty nine samples were collected and analyzed as field duplicates (this represented a•
frequency of 8.7 percent). The results of the VOC field duplicates are listed in Table D4-4.
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The results of the duplicate ýample sets (seventeen soil samples and twenty two aqueous
samples) were evaluated and RPDs calculated.

Eight soil RPDs were calculated and seven exceeded the 50% goal. Five of the seven were
duplicate sets that exceeded the goal included a detection one sample and the duplicate did not
(200% RPD). Two of these five results were chloroform. Chloroform was identified as a
possible laboratory contaminant in Subsection D3.2. One of the results is qualified "B"
indicating the sample was associated with a contaminated method blank. The differences
in the field duplicate results are interpreted to be related to laboratory contamination. The
three other results included o-xylene and naphthalene with positive and non-detect results
in samples RF571010, EF573106, and RF571603. In all cases reported detections were
only 2 to 3 times the reporting limits. These results demonstrate variability of xylenes and
naphthalene at or near, the reporting limit. The remaining field duplicate results included
detections of TCE, PCE, and cis-1,2-dichloroethene in samples BXG613B29 and
BX502025. Although two of three results had RPDs greater than 50, these results
showed good agreement with the presence of target compounds and the relative
concentrations reported. The field duplicate data indicate that all soil VOC results should
be considered estimated.

Nineteen aqueous RPDs were calculated and two exceeded the goal of 30. These results
indicate good accuracy and precision of measurement was obtained for the aqueous VOC
sample analyses.

D4.3 Surrogate Recoveries:

Surrogates were added to each EPH, VPH and VOC sample to monitor the efficiency of the
measurement and possible matrix effects on recovery of target analytes. Surrogate recovery
goals of greater than or equal to 50% were established for the project. Sample results
associated with surrogate recoveries below the goal are reported with an "S" qualifier.

EPH. All samples submitted for EPH analysis were spiked, prior to the extraction step, with
naphthalene or a-terphenyl as a surrogate. The surrogate recoveries were recorded and used
to determine accuracy of each sample analysis. No EPH samples had surrogate percent
recoveries below the goal of 50%. Surrogate recoveries ranged from 75% to 160% with the
mean equal to 98%, indicating good recoveries were obtained during the program. Upper and
lower control limits (mean ±3 standard deviations) were 144 and 53 respectively.

VPH. All samples submitted for VPH analysis were spiked, prior to the methanol extraction
step, with 2,5-dibromotoluene as a surrogate. The surrogate recoveries were recorded and
used to determine accuracy of each sample analysis. Surrogate goals were a minimum of 50%
recovery. Sample results associated with surrogate recoveries below the goal are reported with
an "S" qualifier. Sample BX610215XF had a 45% surrogate recovery and was qualified 'S'.
Sample BXBD0227XF had a 174% surrogate recovery and was qualified 'S'. With the

W002974.doo 6



exception of sample BXBD0227XF, surrogate recoveries ranged from 59% to 149% with the
mean equal to 101%, indicating good recoveries were generally obtained during the program.
Upper and lower control limits (mean ±3 standard deviations) were 178 and 24 respectively.

VOC. All samples submitted for modified USEPA Method 8021 analysis were spiked prior to
analysis with 4-Bromofluorobenzene. The surrogate recoveries were recorded and used to

'determine the accuracy of each sample analysis. Surrogate goal was a minimum of 50%
recovery. Soil surrogate recoveries ranged from 58% to 138% with the mean equal to 104%.
Upper and lower soil control limits (mean ±3 standard deviations) were 158 and 50
respectively. Aqueous surrogate recoveries ranged from 63% to 166% with the mean equal to
103%, indicating good recoveries were generally obtained during the program. Upper and
lower aqueous control limits (mean ±3 standard deviations) were 149 and 57 respectively. All
samples had surrogate recoveries above the goal and no VOC results were qualified.

D4.4 Data Qualification:

The on-site analytical data was qualified as needed during the field program. A secondary
review was made after the laboratory was dismantled and the database reviewed for any further
qualification. The qualifiers in each case were applied through guidance found in the ABB
SOP: purge and trap field chromatography, 1995.

B qualifier is added to values as evidence of method blank contamination.

E qualifier is added to values that exceed the calibration range of the instrument.

S qualifier is added to values that exceed surrogate acceptance range requirements.

D5. 0 ON-SITE/OFF-SITE LABORATORYSPLITSAMPLE DATA COMPARISON

This section discusses the results of a split samples collected during the 1996 AOC 50, 57,
612, and 69W Remedial Investigations at Fort Devens, Massachusetts. The soil samples
were split in the field and submitted for on-site and off-site volatile analysis (14 samples),
EPH!VPH (7 samples), and petroleum hydrocarbons by 418.1 (22 samples). The purpose
of collection of the split samples is to provide a comparison of the on-site data with the
associated off-site data, in order to evaluate data quality and establish the on-site results as
screening data with definitive confirmation (USEPA, 1993).

D.5.1 ANALYTICAL METHODOLOGIES

The on-site field screening target compound data were evaluated using the USAEC off-
site analytical GC/mass spectrometry (MS) method for VOCs and SVOCs.
Dichlorobenzenes and naphthalene off-site data were taken from the SVOC analyses. Off-
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site TPH results were gen6rated using USEPA Method 9071 to extract samples followed
by analysis using USEPA Method 418.1 (USEPA, 1983; USEPA, 1986). EPH and VPH
results were obtained using methods developed by the MADEP (MEDEP, 1995a;
MEDEP, 1995b).

D.5.3 PROGRAM OBJECTIVES

The objectives of the on-site soil field screening analytical program were to evaluate the
downgradient, lateral, and vertical distribution of contamination in overburden soil, and
identify critical samples for off-site laboratory analysis. For the purpose of this on-site/off-
site data comparison action levels to evaluate the data sets were based on Category S-1
soils cleanup criteria outlined in the Massachusetts Contingency Plan (MCP) (MADEP,
1995c). A summary of target compound action levels for each target compound evaluated
using the on-site methods is outlined below:

Action Level (Vglg)

Benzene 10
Toluene 90
Ethylbenzene 80
Total Xylenes 500
Chlorobenzene 8
1,1 -Dichloroethene 0.3
1,2-Dichloroethene 2
Chloroform 0.1
1,1,1 -Trichloroethane 30
Carbon Tetrachloride 1
Trichloroethene 0.4
Tetrachloroethene 0.5
TPH 500
Dichlorobenzene (each isomer) 100
Naphthalene 4
Vinyl Chloride 0.3

D.5.4 DATA COMPARISON AND EVALUATION

Comparability of the data was evaluated using two separate comparisons outlined in
Section 4.6 of the POP (ABB-ES, 1995). The first comparison evaluates agreement based
on detection of analytes relative to action levels. The second comparison evaluates data
based on relative percent differences (RPDs) between split samples. Results of the on-
site/off-site analyses are summarized on Table D-5-1, Table D-5-2, and Table D-5-3 for
EPHIVPH, TPHC, and VOCs, respectively.
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Comparison 1

In this comparison on-site and off-site results were organized into one of the four
categories described below:

1. Both on-site and off-site analyses had the target compounds detected/non-
detected at concentrations less than the action levels.

2. Both on-site and off-site analyses had the target analytes detected at
concentrations greater than action levels.

3. The target compounds were reported above action levels for on-site and
the off-site data results were less than action levels.

4. The target compounds were reported above the action level off-site and the
on-site results were less than the action levels.

A primary assumption of the comparison was that the off-site data represented the
accurate definitive data when comparing results. Sample data which fall within categories
1 and 2 represent agreement between on-site and off-site analytical results. Sample data in
category 3 suggested a high bias in the on-site results. Sample data in category 4 suggest
a low bias in on-site results. The analytical goal of the program was to have over 95
percent of the results fall into categories 1, 2 and 3.

EPH/VPH

EPH/VPH split sample results are presented in Table D5-1. With the exception of VPH
reported by the off-site laboratory in sample BXBD0123, results were reported as non-detect
by both the on-site and off-site laboratory. All results were less than the 500 mg/g action level
indicating good agreement on hydrocarbon levels relative to the MCP soil criteria.

TPHC. The results of 21 of 22 (95.5%) split sample analysis fell into Category 1 and
Category 2 indicating good agreement for the on-site and off-site analyses relative to
action levels for fuel hydrocarbons. These data indicate that the on-site data are adequate
for the evaluation of the distribution of hydrocarbons at the 500 mg/g action levels.

VOCs. The detection of target VOCs by the on-site laboratory relative to action levels
was confirmed by the off-site laboratory. All but one soil sample results fell within
Category 1. The one exception was BF570705, where one target compound
(Naphthalene) fell into Category 3. Overall, these results indicate good comparison of on-
site and off-site results relative to MCP soil cleanup goals and that the goals of the action
level comparison were met.
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Comparison 2

For the second comparison, relative percent difference (RPD) values were calculated for
associated on-site/off-site surface soil samples. Calculation of RPD is outlined in the POP
(ABB-ES, 1995). RPD values were compared to USEPA Region I soil field duplicate
criteria of 50%.. No comparison was conducted for the VPH/EPH results because no

'comparative positive detections were available.

VOCs

The majority of results were non-detects in both the on-site and off-site laboratory
indicating consistent agreement with the absence of contamination for VOCs.
Approximately half the positive detections were low concentrations of VOCs reported in
the off-site laboratory at concentrations below the reporting limit of on-site split sample.
These results are at low concentrations are not interpreted to impact use of field screening
results.

In the remaining samples, concentrations of VOCs reported for the on-site screening
analysis are consistently greater than concentrations reported in the off-site analysis.
Example of these results can be seen in samples BF570700 for naphthalene, BF570705 for
ethylbenzene, xylenes, and naphthalene, and BF573006 for ethylbenzene and naphthalene.
These results indicate a possible high bias of on-site results. In the above samples high
concentrations of TPH were detected indicating the presence of fuel contamination at the
sample locations. The on-site method for VOCs utilized a single column GC/PID analysis
for BTEX and naphthalene with no second column confirmation. It is highly likely that
compound concentrations were over estimated due to interference from non-target fuel
hydrocarbons. The off-site analysis was conducted using GC/MS confirmation of target
analytes so interference from non-target hydrocarbon would not results in quantitative
interferences or false positive identification of compounds.

It is important to note that evidence had also been published indicating the possibility of
low bias off-site results due to loss of VOCs during sample collection and handling using
bulk sampling procedures (Liikala, 1995). It is possible that concentrations reported at
the on-site laboratory may be more representative of actual site conditions. However, for
the purpose of this comparison, on-site results are considered potentially biased high.
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TPHC

TPHC was detected in approximately 63% of the samples. RPDs of samples with
detected TPH ranged from 6% to 200% with the majority of RPDs outside the 50%
project goal. There was good correlation of split sample results relative to the magnitude
of concentrations reported. In all samples with detects reported, concentrations trends
between high and low values agreed well. These results indicate that TPH data are
adequate for determination of presence and absence of fuel contamination and the
determination of the relative concentrations of contamination at the sites, however,
reported concentrations should be considered estimated values.

D.5.5 CONCLUSIONS

There was a strong qualitative and quantitative correlation between the on-site and off-site
laboratories. The goal of 95 percent of on-site/off-site data characterized by conditions
specified in POP for data categories 1, 2 or 3 was achieved (ABB-ES, 1995), based on
results presented in Comparison 1. The comparison results indicate that screening results
provided adequate data to identify the presence or absence of contamination at action
levels based on MCP Category S-1 soil cleanup criteria (MADEP, 1995).

An evaluation of RPDs (Comparison 2) indicates results for on-site analyses for the VOC
target compounds BTEX and naphthalene contamination may be biased high. Bias is
possibly a result of interferences with fuel-related compounds and limitations of the
GC/PID single column analysis used at the on-site laboratory. The TPH results are
adequate for qualitative and semi-quantitative uses, but reported concentrations should be
considered estimated.
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APPENDIX D-2
TABLE D2-1

1996 METHOD DETECTION LIMIT STUDY SUMMARY
1996 ON-SITE LABORATORY

FORT DEVENS, MASSACHUSETTS
EPH MDL Study

COMPOUND SPIKE CONC. R1 R2 R3 R4 R5 R6 R7 STD. DEV. MDL RL

EPH 50 mg/Kg 53 48 41 44 44 39 36 5.7 18 100 mg/Kg

VPH MDL Study

COMPOUND SPIKE CONC. RI R2 R3 R4 R5 R6 R7 STD. DEV. MDL RL

VPH 2.5 mg/Kg 2.0 2.1 2.3 2.3 1.9 2.4 1.9 0.19 0.57 6.3 mg/Kg

Initial VOC MDL Study

COMPOUND SPIKE CONC. RI R2 R3 R4 R5 R6 R7 STD. DEV. MDL RL

VC 0.10 l.g/L 0.320 0.358 0.287 0.296 0.260 0.302 0.297 0.0303 0.095 2.0 1g/L
t-1,2-DCE 0.10 p4g/L 0.096 0.096 0.098 0.104 0.093 0.098 0.108 0.0053 0.017 2.0 p.g/L
c-I,2-DCE 0.10 4g/L 0.093 0.096 0.092 0.093 0.089 0.095 0.097 0.0026 0.008 2.0 pg/L

TCE 0.10 ltg/L 0.093 0.091 0.093 0.090 0.086 0.083 0.094 0.0042 0.013 2.0 p.g/L. PCE 0.10 p.g/L 0.108 0.103 0.102 0.103 0.099 0.101 0.110 0.0039 0.012 2.0 p.g/L
BEN 0.10 4g/L 0.575 0.589 0.577 0.578 0.566 0.553 0.564 0.0117 0.037 2.0 1g/L
TOL 0.10 ig/L 0.416 0.423 0.415 0.429 0.409 0.423 0.422 0.0066 0.021 2.0 jg/L

EBEN 0.10 4g/L 0.385 0.411 0.377 0.400 0.391 0.397 0.542 0.0572 0.180 2.0 1g/L
m/p-X 0.20 jg/L 0.796 0.828 0.728 0.798 0.784 0.756 0.716 0.0405 0.127 4.0 pg/L

o-X 0.10 p.g/L 0.371 0.393 0.348 0.479 0.362 0.392 0.376 0.0429 0.135 2.0 p.g/L

Second VOC MDL Study

COMPOUND SPIKE CONC. R1 R2 R3 R4 R5 R6 R7 STD. DEV. MDL RL

Vc 0.10 4g/L 0.065 0.059 0.055 0.043 0.052 0.044 0.050 0.0079 0.025 1.0 jg/L
1,1-DCE 0.10 Rg/L 0.080 0.071 0.067 0.066 0.054 0.054 0.048 0.0111 0.035 1.0 p.g/L

t-1,2-DCE 0.10 p.g/L 0.104 0.089 0.099 0.092 0.092 0.085 0.080 0.0079 0.025 1.0 4g/L
c-I,2-DCE 0.10 Rg/L 0.086 0.078 0.087 0.079 0.083 0.073 0.077 0.0050 0.016 1.0 p.g/L
Chloroform 0.10 4g/L 0.110 0.105 0.114 0.106 0.110 0.101 0.105 0.0043 0.014 1.0 1g/L
1,1,1-TCA 0.10 lg/L 0.095 0.090 0.098 0.089 0.096 0.086 0.088 0.0047 0.015 1.0 4g/L
Carbon tet. 0.10 4g/L 0.093 0.087 0.097 0.085 0.094 0.085 0.086 0.0050 0.016 1.0 p.g/L

TCE 0.10 i±g/L 0.090 0.085 0.091 0.084 0.085 0.081 0.081 0.0039 0.012 1.0 4g/L
PCE 0.10 4g/L 0.090 0.084 0.095 0.089 0.086 0.082 0.079 0.0054 0.017 1.0 1g/L
BEN 0.10 4g/L 0.110 0.106 0.102 0.104 0.109 0.106 0.109 0.0029 0.009 1.0 1g/L
TOL 0.10p.g/L 0.118 0.117 0.115 0.114 0.119 0.115 0.118 0.0019 0.006 1.01 g/L

CBEN 0.10 1g/L 0.101 0.095 0.096 0.097 0.102 0.096 0.097 0.0028 0.009 1.0 1g/L
EBEN 0.10 plg/L 0.112 0.105 0.106 0.110 0.113 0.108 0.115 0.0037 0.012 1.0 1g/L
m/p-X 0.20 4gIL 0.244 0.223 0.222 0.227 0.239 0.230 0.222 0.0088 0.028 2.0 p.g/L

o-X 0.10 Rg/L 0.128 0.124 0.122 0.122 0.125 0.123 0.124 0.0021 0.007 1.0 1g/L



APPENDIX D-2
TABLE D4-1

EPH, VPH, TPHC MATRIX SPIKE and MATRIX SPIKE DUPLICATE RESULTS

1996 ON-SITE LABORATORY
FORT DEVENS, MASSACHUSETTS

EPH MS/MSD

SAMPLE SAMPLE MS CONC. MS MSD
ID CONC. ADDED RECOVERY RECOVERY RPD

(mg/Kg) (mg/Kg) (%) (%) (%)

BX613A17XF <100 100 45 54 18
BX610123XF <100 100 50 43 15

VPH MS/MSD

SAMPLE SAMPLE MS CONC. MS MSD
ID CONC. ADDED RECOVERY RECOVERY RPD

(mg/Kg) (mg/Kg) (%) (%) (%)

BX613A17XF <6.3 12.5 88 91 3.4
BX610123XF <6.3 12.5 57 63 10

. TPHC MS

SAMPLE SAMPLE MS CONC. MS
ID CONC. ADDED RECOVERY

(mg/Kg) (mg/Kg) (%)

RF571503 12,OOOE 2500 NC
EF573004 12,OOOE 2500 NC
BF570900 <53 2500 104
RF572002 <54 2500 104
BF571005 <53 2500 96
EF572803 <52 2500 92
RF571409 64 2500 92
BFZW1 909 840 2500 162
BFZW0302 <54 2500 88

NC = Not calculated
E = Exceeded calibration range



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIKE and MATRIX SPIKE DUPLICATE RESULTS
1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Aqueous samples

vMXBD0P 1XF VC <2.0 5.0 101 101 0
t-1,2-DCE <2.0 5.0 99 103 4.0
c-1,2-DCE <2.0 5.0 93 102 9.2

TCE <2.0 5.0 101 104 2.9
PCE <2.0 5.0 102 105 2.9
BEN <2.0 5.0 90 100 11
TOL <2.0 5.0 87 129 39

EBEN <2.0 5.0 94 109 15
m/p-X <4.0 10 93 104 11

o-X <2.0 5.0 90 104 14

XFSA0315 VC <2.0 5.0 105 109 3.7
t-1,2-DCE <2.0 50 85 89 4.6
c-1,2-DCE <2.0 50 87 92 5.6

TCE <2.0 50 86 91 5.6
PCE <2.0 50 88 92 4.4
BEN <2.0 50 94 96 2.1
TOL <2.0 50 94 95 1.1

EBEN <2.0 50 94 96 2.1
mn/p-X <4.0 100 95 97 2.1
o-X <2.0 50 95 97 2.1

XFSA0265 VC <2.0 5.0 101 105 3.9
t-1,2-DCE <2.0 50 103 101 2.0
c-1,2-DCE 8.5 50 95 93 2.1

TCE <2.0 50 105 104 1.0
PCE 15 50 81 79 2.5
BEN <2.0 50 97 97 0
TOL <2.0 50 98 98 0

EBEN 3.1 50 96 98 2.1
m/p-X <4.0 100 105 104 1.0

o-X <2.0 50 103 104 1.0

XFSA0660 VC <1.0 10 87 89 2.3
1,1-DCE <1.0 10 96 97 1.0

t-1,2-DCE <1.0 10 95 101 6.1
c-1,2-DCE <1.0 10 60 97 47
Chloroform <1.0 10 84 108 25
1,1,1-TCA <1.0 10 101 105 3.9
Carbon tet. <1.0 10 101 103 2.0

TCE <1.0 10 95 101 6.1
PCE <1.0 10 67 55 20

1,3-DCB <1.0 10 70 104 39
1,4-DCB <1.0 10 64 102 46



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIKE and MATRIX SPIKE DUPLICATE RESULTS
1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Aqueous samples
.. .. .. .. ... .. .. ... ...

T.L <1....0.9.10.1

CBENDC <1.0 10 79 106 29
EBEN <1.0 10 93 103 10
TOLp <2.0 20 92 104 12
o-XN <1.0 10 79 102 25

Naph <1.0 10 12* 101 158*
XFSA0755 VC <1.0 10 85 91 6.8

1,1-DCE <1.0 10 98 102 4.0
t-1,2-DCE <1.0 10 102 104 1.9
c-1,2-DCE <1.0 10 108 ill 2.7
Chloroform <1.0 10 110 110 0
1,1,1-TCA <1.0 10 105 107 1.9
Carbon tet. <1.0 10 104 107 2.8

TCE <1.0 10 110 109 0.9
PCE <1.0 10 116 117 0.9

1,3-DCB <1.0 10 106 108 1.9
1,4-DCB <1.0 10 107 109 1.9
1,2-DCB <1.0 10 114 114 0

BEN <1.0 10 105 106 0.9
TOL <1.0 10 108 108 0

CBEN <1.0 10 106 105 0.9
EBEN <1.0 .10 105 104 1.0
mlp-X <2.0 20 109 108 0.9

0-X <1.0 10 106 106 0
Naph <1.0 10 99 113 13

X(FSA1O15 VC <1.0 10 110 113 2.7
1,1-DCE <1.0 10 112 114 1.8

t-1,2-DCE <1.0 10 118 120 1.7
c-1,2-DCE <1.0 10 114 116 1.7
Chloroform <1.0 10 113 116 2.6
1,1,1-TCA <1.0 10 112 113 0.9
Carbon tet. <1.0 10 112 115 2.6

TCE <1.0 10 115 116 0.9
PCE <1.0 10 114 115 0.9

1,3-DCB <1.0 10 118 119 0.8
1,4-DCB <1.0 10 120 123 2.5
1,2-DCB <1.0 10 125 128 2.4

BEN <1.0 10 103 104 1.0
TOL <1.0 10 106 107 0.9

CBEN <1.0 10 103 105 1.9
EBEN <1.0 10 102 103 1.0

nl-x <2.0 20 102 103 1.0



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIK and MATRIX SPIKE DUPLICATE RESULTS
'1996 ON-SITE LAIBORATORATORY
FORT DEVENS, MASSACHUSETTS

Aqueous samples
.... ... . .. .. .. . CO~~~~~~C. .......V~Y RE OV ~1~1

......... .C.1..1.8. 9 .3 .4 .......
........C.. <1.0..... 10.. 96 .......... 99..3.1

.- ,-C <1.0..10...7.102..5.0

C arbon........ . e <1. 10.6.004.

1,-DC <1.0 10 964 105 9.0
1,4-DC <1.0 10 925 105 10

XFSA220DC <1.0 10 88 910 174
B~DEN <1.0 10 101 104 2.9

TOL2-C <1.0 10 103 106 2.9
c--CBEN <1.0 10 100 104 3.9

EhlrooN <1.0 10 100 103 3.0
1,lp-XC <2.0 20 100 103 3.0
Cron-Xt <1.0 10 101 105 3.9

Naph <1.0 10 94 127 301

XFA4 CE <1.0 10 82 842 2.4
1,1-DCE <1.0 10 96 985 2.1
t1,2-DCE <1.0 10 104 108 3.8
-1,2-DCE <1.0 10 102 107 4.8
CBErooN <1.0 10 105 109 3.7
111TCA <1.0 10 103 107 3.8
Cabon tt <1.0 10 105 1104 4.7

TEBE <1.0 10 108 1103 1.8
nlPCE <1.0 10 112 115 2.6
1,-DC <1.0 10 101 115 3.5
1,4-DC <1.0 10 122 126 3.2

FSA420DCB <1.0 10 128 132 3.1
BDEN <1.0 10 99 99 0.

TOL2-C <1.0 10 100 101 1.0
c--CBEN <1.0 10 102 103 1.0
EhlrENr <1.0 10 100 101 1.0

1,1lp-XC <2.0 20 100 101 1.0

o-X <1.0 10 102 1103 1.0
NPhE <1.0 10 102 136 296



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIK and MATRIX SPIKE DUPLICATE RESULTS
-1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Aqueous samples
.... .... .... .... ....

zOC ~ bI 1CWk ~O~~
XFSA3M VC. <1.0 10.8479.6.

1,1-DC.. <1.0.10.02.99.3.

Carbo tet.... <1. 101610 .
TFA35CE <1.0 10 106 108 619
P,-CE <1.0 10 992 101 2.0

t1,2-DCB <1.0 10 110 109 0.
c1,4-DCB <1.0 10 121 1208 0.8
ChlorofCr <1.0 10 121 118 2.5

BEN1TC <1.0 10 101 100 1.0
CabnTOL <1.0 10 103 102 1.0

TCBE <1.0 10 106 105 0.9
PEBE <1.0 10 103 102 1.0

mlp-XC <2.0 20 103 102. 10
o,-XC <1.0 10 105 1204 1.0

NaphDC <1.0 10 135 146 7.8

BEN23OV <1.0 10 691 740 7.0
1,1DC <1.0 10 973 103 6.0

t-,-CBE <1.0 10 108 112 3.6
c-,2DEN <1.0 10 113 116 2.6
Chloofor <1.0 10 114 116 1.7

0,,-TC <1.0 10 109 114 4.5
Carbn et <1.0 10 110 . 146 3.6

TFA0 CE <1.0 10 110 114 3.6
P,-CE <1.0 10 117 117 5.3

t1,3-DCB <1.0 10 1208 1125 4.1
c1,4-DCB <1.0 10 123 133 7.8
Chlorofor <1.0 10 127 1416 107

BEN,1 TC <1.0 10 190 934 3.3
CabnTOL <1. 0 10 930 964 3.2

CBEN <1.0 10 970 100 3.0
PEBE <1.0 10 94l 997 5.2

ni/p-XC <2.0 20 947 100 6.2
BEN <1.0 10 98 99 1.0

Naph <1.0 10 144 151 4.7



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIKE and MATRIX SPIK DUPLICATE RESULTS
1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Soil samples

Choofr <12 62 10 . 10 0.9 ..... ..

R570802TCA <125 625 .107 109 1.9
CarbonCet <125 625 103 112 40.
T-,-CE <125 625 109 108 0.

P-,-CE <125 625 107 106 0.9
ChlENor <125 625 987 978 1.0

CabnTOL <125 625 98l 982 0.
TCBE <125 625 909 102 30.9
PEBE <125 625 997 996 0.
BEN- <1250 1250 98 99 1.0

O-X <125 625 99 98 10

EF5300 V <125 625 102 104 1.9.
1,-DEN <125 625 97 92 5.
t/-1,-C <1250 6250 106 108 1.9

0-1,xC <125 625 106 108 1.9

Ch57oroform <125 625 106 108 1.9
11,1-TCA <125 625 106 108 1.9

Carbon tet <125 625 108 108 0.
T-,-CE <125 625 107 109 1.9
PChlrfr <125 625 112 113 0.9
BEN1TC <125 625 996 998 0.

CabnTOL <125 625 100 100 0
CBEN <125 625 100 102 2.0

PEBE <125 625 107 110 2.8
BEN <1250 1250 113 113 0
TO- <125 625 117 117 0

BFZ19O V <125 625 103 992 4.0
1,-DEN <125 625 105 1102 2.9
t/-1,-C <1250 6250 107 105 1.

c1,2-DCE <125 625 106 105 0.9

Chloroform <125 625 105 105 0
1, 1, 1-TCA <125 625 105 104 1.0
Carbon tet. <125 625 107 104 2.8

Page 1



APPENDIX D-2
VOC ATRX SIKEandTABLE D4-2
VOCMARIXSPKE ndMATRIX SPIKE DUPLICATE RESULTS

1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Soil samples
SAMP.U .A~i~.......... ... ..... S

Ip ~ ~ ~ ~ ... ..... ~OVR R~OVR
TC.. <125. 62.0715..

... C... <12 62.0 0.

.. 3C <125. 62.0110..1,4-CB <25 25 13 10 1.

CBEN <125 625 957 905 0.
PEBE <125 625 968 906 0.

rnp-XC <1250 1250 961 960 10
o,-XC <125 625 973 974 10

NaphDC <125 625 84 101. 187

BEN105V <125 625 81 81 0
1,1DC <125 625 897 86 3.

t-,-CBE <125 625 94 94 0
c-,2DEN <125 625 103 103 0
Chloofor <1250 6250 113 112 0.

0,,-TC <125 625 108 108 0
Carbn et <125 625 104 102 1.9

T760 CE <125 625 810 810 0
P,-CE <125 625 102 103 1.0

t1,3-DCB <125 625 107 108 0.
c1,4-DCB <125 625 108 107 0.
Chlorofor <125 625 107 109 0.9

BEN1TC <125 625 708 798 1.
CabnTOL <125 625 804 810 1.2

TCBE <125 625 802 802 0
PEBE <125 625 832 803 10
m/p-XC <1250 1250 810 181 0.
o,-XC <125 625 183 837 0.

NaphDC <125 625 907 197 7.5

BEN105V <125 625 76 76 0.
1,1DC <125 625 62 64 3.2

t-,-CBE <125 625 125 126 0.
c-,2DEN <125 625 103 104 10

C0lroor <125 625 122 123 0.

t1,,-DCA <125 625 106 106 0.

Page 2



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIKE and MATRIX SPIKE DUPLICATE RESULTS
1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUJSETTS

Soil samples
... P~ ...... ~ .1 J E .................... ..

ID CONC .......... "CV~R EOV.. Y ~
.... .. .... ... ........ ... ... ... ....

Carbon tet. <125 625 108 107 0.9
TCE <125 625 103 103 0
PCE <125 625 102 104 1.9

1,3-DCB <125 625 104 107 2.8
1,4-DCB <125 625 104 108 3.8
1,2-DCB <125 625 104 109 4.7

BEN <125 625 78 79 1.3
TOL <125 625 82 83 1.2

CBEN <125 625 81 81 0
EBEN <125 625 82 83 1.2
ni/p-X <250 1250 80 81 1.2

o-X <125 625 82 83 1.2
Naph <125 625 77 89 14

BFZW2110 VC <125 625 73 73 0
1,1-DCE <125 625 61 61 0

t-1,2-DCE <125 625 99 99 0
c-1,2-DCE <125 625 101 101 0
Chloroforma <125 625 116 116 0
1,1,1-TCA <125 625 105 105 0
Carbon tet. <125 625 107 107 0

TCE <125 625 104 103 1.0
PCE <125 625 104 102 1.9

1,3-DCB <125 625 108 108 0
1,4-DCB <125 625 118 112 5.2
1,2-DCB <125 625 120 115 4.3

BEN <125 625 78 77 1.3
TOL <125 625 83 83 0
CBEN <125 625 80 80 0
EBEN <125 625 82 82 0
ni/p-X <250 1250 80 80 0

o-X <125 625 82 82 0
Naph <125 625 84 95 12

RF572002 VC <125 625 101 98 3.0
1,1-DCE <125 625 108 105 2.8

t-1,2-DCE <125 625 130 127 2.3
c-1,2-DCE <125 625 108 106 1.9
Chloroform <125 625 112 ill 0.9
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APPENDIX D-2
VOC ATRX SIKEandTABLE D4-2
VOCMATIX PUMandMATRIX SPIKE DUPLICATE RESULTS

1996 ON-SITE LAJ3ORATORATORY
FORT DEVENS, MASSACHUSETTS

SOi samples

. . .. ..

Carbn .... <12 62 110 10 4.7...

11,4-DCB <125 625 102 104 1.9
Car-Dbont <125 625 1107 112 4.6

CEN <125 625 100 992 1.0
TOL <125 625 101 995 2.0

CBENDC <125 625 100 100 10
EBENDC <125 625 100 994 1.0

BNi- <1250 1250 100 99 1.0
TO- <125 625 971 96 1.0

Naph <125 625 840 102 19

BF5090 V <125 625 920 93 1.1
1,1-DC <1250 6250 102 104 1.9
t-1,-C <125 625 118 123 4.1
c-1,-DC <125 625 107 109 1.9

ChloroformC <125 625 112 116 3.5
1,1,1-TCA <125 625 1052 106 0.9

Carbon tet <125 625 102 104 41.
T-,-CE <125 625 101 109 3.9
PCElrfr <125 625 102 103 1.0

11,3-DCB <125 625 100 103 3.0
Car-Dbont <125 625 992 102 3.0
1,-CB <125 625 101 107 5.8
BEN <125 625 992 102 3.0
TOLDC <125 625 102 103 1.0

CBENDC <125 625 100 1032 3.0

EBEN <125 625 100 102 2.0
T/p- <1250 1250 100 103 3.0
o-XN <125 625 100 104 3.9

Naph <125 625 72 94 27

BX502005 VC <1.0 10 61 95 44
1,1-DCE <1.0 10 93 94 1.1

t-1,2-DCE <1.0 10 71 95 29
c-1,2-DCE <1.0 10 78 93 18

Page 4.



APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIKE and MATRIX SPIKE DUPLICATE RESULTS
1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Soil samples
........... . .. . . ... .... .. . .... ..

X.1,41.1,91PniD ............ Y ,ECam ::

"".''AC <1.0: 10 .. 72. 952
Carbon tet..<.0 . 10.70.97.3

T CE... .... .... ... < 1. 1 0 7 5.... .. . 9 3..2 1

Thoroor <1.0 .10 71 84 17
CBEN .TC <1.0 10, 78 85 28.
Eabo EN. <1.0 10 75 8132

o-X <1.0 10 78 85 8.6
NphE <1.0 10 126 101 22

BX5001 CB <1.0 10 111 97 13.
1,1-DCE <1.0 10 110 99 6.3
t1,2-DCE <1.0 10 110 102 7.5

B-,DEN <1.0 10 109 102 6.6
ChLorfr <1.0 .10 110 104 5.6
1,,-CAE <1.0 10 111 103 7.5
Cabon tt <1.0 10 112 104 7.4

TCE <1.0 10 108 100 7.7
NpCE <1.0 10 116 106 9.0

BX50015DC <1.0 10 108 103 4.7
1,4-DCB <1.0 10 110 104 5.6
t1,2-DCB <1.0 10 110 106 3.7

B-,DEN <1.0 10 198 892 9.6
Thoroor <1.0 10 98. 894 9.6

Cabo EN. <1.0 10 972 910 6.4
TEBE <1.0 10 908 910 7.4

nilp-XC <2.0 20 908 910 4.74

o-XN <1.0 10 98 91 7.4

Naph <1.0 10 90 101 12
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APPENDIX D-2
TABLE D4-2

VOC MATRIX SPIK and MATRIX SPIK DUPLICATE RESULJTS
1996 ON-SITE LABORATORATORY
FORT DEVENS, MASSACHUSETTS

Soil samples
S~~1PL AI~AtYT*............. 2

BX502025 VC. < 1.0 10 88 87 1.1
1,1-DCE <1.0 10 91 88 3.4

t-1,2-DCE <1.0 10 98 96 2.1
c-1,2-DCE <1.0 10 101 100 1.0
Chloroform <1.0 10 103 100 3.0
1,1,1-TCA <1.0 10 96 91 5.3
Carbon tet. <1.0 10 95 91 4.3

TCE <1.0 10 97 93 4.2
PCE <1.0 10 166 163 1.8

1,3-DCB <1.0 10 104 103 1.0
1,4-DCB <1.0 10 107 109 1.9
1,2-DCB <1.0 10 108 1.12 3.6

BEN <1.0 10 84 82 2.4
TOL <1.0 10 84 82 2.4

CBEN <1.0 10 89 87 2.3
EBEN <1.0 10 85 83 2.4
m/p-X <2.0 20 85 83 2.4

o-X <1.0 10 87 85 2.3
Naph <1.0 10 106 106 0
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APPENDIX D-2
TABLE D4-3

EPH, VPH, TPHC FIELD DUPLICATE RESULTS
1996 ON-SITE LABORATORY

FORT DEVENS, MASSACHUSETTS

EPH Duplicates

SAMPLE SAMPLE DUPLICATE
ID CONC. CONC. RPD

(mg/Kg) (mg/Kg) (%)

BX613A17XF <100 <100 NA
BX610115XF <100 <100 NA

MXBD0323XF <100 <100 NA
MXBD0217XF <100 <100 NA

VPH Duplicates

SAMPLE SAMPLE DUPLICATE
ID CONC. CONC. RPD

(mg/Kg) (mg/Kg) (%)

BX613A17XF <6.3 <6.3 NA
BX610115XF <6.3 <6.3 NA
MXBD0323XF <6.3 <6.3 NA
MXBD0217XF <6.3 <6.3 NA

TPHC Duplicates

SAMPLE SAMPLE DUPLICATE
ID CONC. CONC. RPD

ppm ppm (%)

RF571206 <52 <52 NA
EF573106 10,000 14,000 33
BFZW1901 <53 53 200
BFZW1905 <53 <53 NA
RF571503 12000E 12000E 0
RF571603 53 53 0
BFZW0304 <58 <58 NA
BFZW0306 <57 <59 NA
RF571709 65 <65 200
RF572002 <54 <54 NA
BF571110 <62 <65 NA
BF570910 <70 <70 NA
EF572803 <52 52 200
RF571409 64 <64 200

NC = Not calculated
NA = Not applicable
E = Exceeded calibration range



APPENDIX D-2
TABLE D4-4

VOC DUPLICATE RESULTS
1996 ON-SITE LABORATORY

FORT DEVENS, MASSACHUSETTS

Aqueous Samples
............. ............ ............

...... ...... . ... ... . .
............~~(~ .... .. . .

.........F ALL ..L ND. ND. NA....
..1 X ............ ..... ND ND... NA.

XFSA3O3 1 ALL BRL ND ND NA

XFSA0345 VC 4.0 4.3 7.2
c-1,2-DCE 86 85 1.2

TCE 25 24 4.1
PCE 67 65 3.0

EBEN 3.3 3.0 9.5
nilp-X 9.0 8.1 11

0-X 2.7 2.2 20

XFS025 -1,2-DCE 8.5 6..22
PCE 15 12 22

EBEN 3.1 <2.0 200.0

NF571305 TOL 2.9 2.6 11
EBEN 2.8 2.6 7.4

XFSA0420 PCE 33E 33E 0

XFSA0520 c-1,2-DCE 4.1 4.6 11
PCE 2.3 2.5 8.3

XNFSAO64O ALL BRL ND ND NA

XFSA0650 ALL BRL ND ND NA

XFSA0755 ALL BRL ND ND NA

XFSA0840 ALL BRL ND ND NA

XFSA1015 ALL BRL ND ND NA

XFSA1035 ALL BRL ND ND NA

XFSA1 130 PCE 64E 63E 1.6

XFSA1330 PCE 4500 4100 9.3

XFSA1420 ALL BRL ND ND NA

XFSA1446 PCE 3.0 3.2 6.5

XNFSA135O PCE 12000 8000 40



APPENDIX D-2
TABLE D4-4

VOC DUPLICATE RESULTS
1996 ON-SITE LABORATORY

FORT DEVENS, MASSACHUSETTS

Aqueous Samples
. . . . . .... .................. ... . .......

XFSA1945 -1 ......... 7.7.3
P.. 2.E 20 26.......

XFSA1945 c-1,2-DCE 11E 7.7 930

TCE 17 18 5.7
PCE 93E 100E 7.3
TOL 4.9 7.8 46

XFSA2020 BRL ND ND NA



APPENDIX D-2
TABLE D4-4

VOC DUPLICATE RESULTS
1996 ON-SITE LABORATORY

-FORT DEVENS, MASSACHUSETTS

SOIEL Samples
.....SAMP....LYE APE )~LI~T

...... X O C ...C ... P........
11.. ...

RF570802 BRL ND ND

EF573004 BRL ND ND NA

RF571010 o-X 880 <300 200

RF57 1206 BRL ND ND NA

EF573 106 Naph 560 <270 200

BFZW1901 BRL ND ND NA

RF571603 Chloroform 380 B <260 200
Naph <260 930 200

BFZWO304 BRL ND ND NA

BFZWO306 IBRL ND ND NA

RF571719 BRL ND ND NA

ýRF572002 Chloroform 340 <270 200

BF57 1005 BRL ND ND NA

BF571110 BRL ND ND NA

BXG613B29 c-1,2-DCE 12 .6.5 59
PCE 220E 100E 75

BX502025 PCE 17 21 21

BX502030 BRL ND ND NA

*=data not included with statistics of the table, data is an outlier.
BRL =All target compounds reported below reporting limits
ND = non-detect



APPENDIX D-2
TABLE D5-1

VPH/EPH SPLIT SAMPLE RESULTS
1996 FIELD PROGRAM

FORT DEvENS, MASSACHUSETTS

SAML..T.........gj I RP SCENRIO

6/21/96 BX610127 0.18U 120 U NC 1
6/24/96 BX610225 0.16 U 110U NC 1
6/20/96 BX613A25 0.16U 110U NC 1
6/19/96 BX613B27 0.17 U 130 U NC 1
6/18/96 BXBD0123 0.17 U 110 U NC 1
6/25/96 MXBD0327 0.16 U 110 U NC 1
6/25/96 MXBD0229 0.18 U 120 U NC 1

OF-SITEVP ON-SrrEVPR SC2ENARO
______ _____ Jg -~k mtRPD 1,2,3,4

6/21/96 BX610127 13 U 7800 U NC 1
6/24/96 BX610225 25 U 6700 U NC 1
6/20/96 BX613A25 13 U 6600 U NC 1
6/19/96 BX613B27 13 U 7900 U NC 1
6/18/96 BXBD0123 280 7000 U 0 1
6/25/96 MXBD0327 25 U 7100 U NC 1
6/25/96 MXBD0229 25 U 7500 U NC 1

Notes:

BC = Not Calculated
RPD = Relative Percent Difference
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APPENDIX D-2
TABLE D5-2

TPHC SPLT SAMPLE RESULTS

1996 FmD PROGRAM
FORT DEVENS, MAssACHUSETrS

Fl~w SAMPLE OPF-SrrE ON-SrrE ISEAI
EF 573106 TPHC 18300 1000 57* 2
EF573006 TPHC 6960 8900 24 2
EF572911 TPHC 262 160 48 1
EF572810 TPHC 36100 160 198* 4
BF571110 TPHC 27.8 U 62U NC 1
BF571105 TPHC 4250 7400 54* 2
BF571010 TPHC 27.8 U 65 200* 1
BF571005 TPHC 27.6 U 53 U NC 1
BF570905 TPHC 27.8 U 61 U NC 1
BF570900 TPHC 39.4 150 65* 1
BF570805 TPHC 27.8 U 67 U NC 1
BF570800 TPHC 50 53 6.0 1
BF570705 TPHC 31600 14000 E 77* 2
BF570700 TPHC 41400 12000 E 110* 2
BFZW0306 TPHC 57.5 57 U 200* 1
BFZW0310 TPHC 27.8 U 61 U NC 1
BFZW1905 TPHC 27.8 U 0.4 U NC 1
BFZW1909 TPHC 1740 840 67* 2
BFZW2002 TPHC 27.8 U 62 200* 1
BRZW2004 TPHC 27.8 U 62 U NC 1
BFZW2104 TPHC 27.8 U 55U NC 1
BFZW2108 TPHC 27.8 U 57 200* 1

Notes:

1. Conccnrations in Igfg
RPD = Relative Percent Difference
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APPENDIX D-2
TABLE D5-3

SUMMARY OF VOLATILE SPLIT SAM[PLE RESULTS
1996 FIELD PROGRAM

FORT DEVENS, MASSACLHUSETTS

[ ...... .AP. .. GR .......~~IT EUL'..... ~ CA E

........... 1 .4 N A....1

BF770 11ITCE .0044 U 1.4 U NA1
12DCB .039U 1.4 U NA1
12DCEB .03U 1.4 U NA1
12DCLB 1 U 1.4 U NA1

C2H3CL .0062 U 1.4 U NA1
C6H6 .0015 U 1.4 U NA1
CCL4 .007 U 1.4 U NA1
CHCL3 .00087 U 1.4 U NA1
CLC6H5 .00086 U 1.4 U NA1
ETC6H5 .0017 u 1.4U NA1
MEC6H5 .00078 U 1.4U NA1

TIRCLE .0028 U 1.4U NA1
XYLEN .0015 U 1.4U NA1

BF570705 I I1TCE 0.022 U 1.6 U NA1
11DCE 0.02 U 1.6 U NA1
12DCE 0.015 U 1.6 U NA1
C2H3CL 0.031 U 1.6 U ~ NA1
C6H6 0.0075 U 1.6 U NA1
CCL4 0.035 U 1.6 U NA1
CHCL3 0.0044 U 1.6 U NA1
CLC6H5 0.0044 U 1.6 U NA1

........ ....... ................. ..........
TCLEE.......0041 U 1.6 U 1A
TRCLE 0.014 U 1.6U NA1

3CL-B .6 U 1.6U NA1

.4 1

BF570800 111TCE 0.0044 U 0.27 U NAI
11DCE 0.0039 U 0.27 U NA1
12DCE 0.003 U -0.27 U NA1
C2H3CL 0.0062 U 0.27 U NA1
C6H6 0.0015 U 0.27 U NA1
CCL4 0.007 U 0.27 U NA1
CHCL3 0.00087 U 0.27 U NAI
CLC6H5 0.00086 U 0.27 U NAI
ETC6H5 0.0017 U 0.27U NA1

~.... ....... .. 1
T...... ...81 .7 NA 1...

_________. TR L .0 8 .7 NA 1...



APPENDIX D-2
TABLE D5-3

SUMMARY OF VOLATILE SPLIT SAMPLE RESULTS
1996 FIELD PROGRAM

FORT DEVENS, MASSACHUSETTS

XYLEN 0.0015 U 0.54 U NA1
12DCLB .11 U 0.27 U NA1
13DCLB .13 U 0.27 U NAI
14DCLB .098 U 0.27 U NA1

______NAP .037 U 0.27 U NA1

BF570805 111TCE 0.0044 U 0.33 U NA1
I1LDCE 0.0039 U 0.33 U NAI
12DCE 0.003 U 0.33 U NA1
C2H3CL 0.0062 U 0.33 U NA1
C6H6 0.0015 U 0.33 U NA1
CCL4 0.007 U 0.33 U NAI
CHCL3 0.00087 U 0.33 U NA1
CLC6H5 0.00086 U 0.33 U NA1
ETC6H5 0.0017 U 0.33 U NA1
MEC6HS5 0.00078 U 0.33 U NA1
TCLEE 0.00081 U 0.33 U NA1
TRCLE 0.0028 U 0.33 U NA1
XYLEN 0.0015 U 0.66 U NA1
12DCLB .11 u 0.33 U NA1
13DCLB .13 U 0.33 U NA1
14DCLB .098 U 0.33 U NA1
NAP .037 U 0.33 U NAI

BF570900 I11 TCE 0.0044 U 0.26 U NA1
11DCE 0.0039 U 0.26 U NA1
12DCE 0.003 U 0.26 U NA1
C2H3CL 0.0062 U 0.26 U NA1
C6H6 0.0015 U 0.26 U NA1
CCL4 0.007 U 0.26 U NA1
CHCL3 0.00087 U 0.26 U NA1
CLC6H5 0.00086 U 0.26 U NA1
ETC6H5 0.0017 U 0.26 U NA1

TCLEE 0.00081 u 0.26U NA1
TRCLE 0.0028 U 0.26 U NA1
XYLEN 0.0015 U 0.52 U NA1
12DCLB 11 u 0.26U NAI
13DCLB .13 U 0.26 U NA1
14DCLB .098 U 0.26 U NA1"....... .1.

BF570905 11 1TCE 0.0044 U 0.31 U NA1
I11DCE 0.0039 U 0.31 U NA1
12DCE 0.003 U 0.31 U NA1
C2H3CL 0.0062 U 0.31 U NA1
C6H6 0.0015 U 0.31 U NA1
CCL4 0.007 U 0.31 U NA1

______CHCL3 0.00087 U 0.31 U NA1



APPENDIX D-2
TABLE D5-3

SUMMARY OF VOLATILE SPLIT SAMPLE RESULTS
- 1996 FIELD PROGRAM

FORT DEVENS, MASSACHUSETTS

FJEL1 SAMPE OW S*T~ JLV~ ~~;~O*S1T1 RJ..................O

.......... . ....
1

TCLEEH 0.000861U 0.31 U NAI

TRCLE 0.0028 U 0.31 U NA1
XYLEN 0.0015U . 0.61U NA1
12DCLB .11U 0.31U NA1
13DCLB .13 U 0.31 U NA1
14DCLB .098 U 0.31U NA1

_____NAP .037 U 0.31 U NA1

BF571005 11ITCE .0044 U 0.26 U NA1
11DCE .0039 U 0.26 U NA1
12DCE .003 U 0.26 U NA1
12DCLB .11 U 0.26 U NA1
13DCLB .13 U 0.26 U NA1
14DCLB .098 U 0.26 U NA1
C2H3CL .0062 U 0.26 U NA1
C6H6 .0015 U 0.26 U NA1
CCL4 .007 U 0.26 U NA1
CHCL3 .00087 U 0.26 U NA1
CLC6H5 .00086 U 0.26 U NA1
ETC6H5 .0017 U 0.26 U NA1
MEC6H5 .00078 U 0.26 U NA1
NAP .037 U 0.26 U NA
TCLEE .0008 1 U 0.26 U NA1
TRCLE .0028 U 0.26 U NA1
XYLEN ~ .00 15 U 0.39 U NA1

BF571010 I11TCE .0044 U 0.33 U NA1
11DCE .0039 U 0.33 U NA1
12DCE .003 U 0.33 U NA1
12DCLB, .11 u 0.33 U NA1
14DCLB .098 U 0.33 U NA1
C2H3CL .0062 U 0.33 U NA1
C6H6 .0015 U 0.33 U NA1
CCL4 .007 U 0.33 U NA1
CHCL3 .00087 U 0.33 U NA1
CLC6H5 .00086 U 0.33 U NA1
ETC6H5 ..0017 U 0.33 U NA1
MEC6H5 .00078 U 0.33 U NA1
NAP .037 U 0.33 U NAI
TCLEE .00081 u 0.33 U NA1

TRCLE .0028 U 0.33 U NA
XYEN.0015 U 0.49 U NA1

WBF571105 I1I1TCE .0044 U 0.27 U NA1

I11DCE .0039 U 0.27 U NA1
________12DCE .003 U 0.27 U NA1



APPENDIX D-2
TABLE D5-3

SUMMARY OF VOLATILE SPLIT SAMPLE RESULTS
* 1996 FIELD PROGRAM

-FORT DEVENS, MASSACHUSETTS

.... l~.........fS t ....... AEG
N COMP .. ........
12DCLB .6 U 0.27 U NA 1
13DCLB .6 U 0.27 U NA 1
14DCLB ,5 U 0.27 U NA1
C2H3CL .0062 U 0.27 U NA 1
C6H6 .0015 U 0.27 U NA 1
CCL4 .007 U 0.27 U NA 1
CHCL3 .00087 U 0.27 U NA 1
CLC6H5 .00086 U 0.27 U NA I
ETC6H5 .0017 U 0.27 U NA 1
MEC6H5 .00078 U 0.27 U NA 1
NAP .2 U 0.27 U NA 1
TCLEE .00081 U 0.27 U NA 1
TRCLE .0028 U 0.27 U NA 1
XYLEN .0015 U 0.41 U NA 1

BF571110 111TCE .0044 U 0.31 U NA 1
llDCE .0039 U 0.31 U NA 1
12DCE .003 U 0.31 U NA 1
12DCLB .11 U 0.31 U NA 1
13DCLB .13 U 0.31 U NA 1
13DCLB .13 U 0.31 U NA 1
14DCLB .098 U 0.31 U NA 1
C2H3CL .0062 U 0.31 U NA 1
C6H6 .0015 U 0.31 U NA 1
CCL4 .007 U 0.31 U NA 1
CHCL3 .00087 U 0.31 U NA 1
CLC6H5 .00086 U 0.31 U NA 1
ETC6H5 .0017 U 0.31 U NA 1

NAP .037 U 0.31 U NA 1
TCLEE .00081 U 0.31 U NA 1
TRCLE .0028 U 0.31 U NA 1

[. " XYLEN .0015 U 0.62 U NA 1

EF572810 111TCE .0044 U 0.31 U. NA 1
LLDCE .0039 U 0.31 U NA 1
12DCE .003 U 0.31 U NA 1
C2H3CL .0062 U 0.31 U NA 1
C6H6 .0015 U 0.31 U NA 1
CCL4 .007 U 0.31 U NA 1
CHCL3 .00087 U 0.31 U NA 1
CLC6H5 .00086 U 0.31 U NA 1

MEC6H5 .00078 U 0.31 U NA 1

TRCLE .0028 U 0.31 U NA 1

EF572911 111TCE .0044 U 0.31 U NA 1



APPENDIX D-2
TABLE D5-3

SUMMARY OF VOLATILE SPLIT SAMPLE RESULTS
1996 FIELD PROGRAM

FORT DEVENS, MASSACHUSETTS

................ IT39 O... NA 1 ........12DCE... .... . 00.U0.1..N
........ . 0062. . .. .. 1 N

CHCL3 . . 00087.. U .... 1 N

ClDC6H .00086 U 0.31 U NA1
12DCE5 .0017 U 0.31 U NA1
MC6H5C .00078 U 0.31 U NA1
TC6116 .00015U 0.31 U NA1
TRCLE .007 U 0.31 U NA1

______XLEN .00157 U 0.62 U NA1

EF5300 11TC .00446 U 0.26 U NAI
11DCEH .0039 U 0.26 U NA1
12DCE1 .0037 U 0.26 U NA1
C2H3CL .00621 U 0.26 U NA1

C6H6N .0015 U 0.626 U NA1

E706 11CEL .0044U 0.26 U NA1

CHCL3 .00087 U 0.26 U NA
LC6H6 .00086 U 0.26 U NA1

*IC1 .00 UZ1 0.26~ 1 N

MEC6H5 .00078 U 0.26 U NA
TCLEE .00081 U 0.26 U NA1
TRCLE .0028 U 0.26 U NA1
XYLEN .13 3.8 971

EF573106 111TCE .0044 U 0.27 U NA1
11DCE .0039 U 0.27 U NA1
12DCE .003 U 0.27 U NA1
12DCLB .6 U 0.27 U NA1
13DCLB .6 U 0.27 U NA1
14DCLB .5 U 0.27 U NA1
C2H3CL .0062 U 0.27 U NA1
C6H6 .0015 U 0.27 U NA1
CCL4 .007 U 0.27 U NA1
CHCL3 .00087 U 0.27 U NA1
CLC6H5 .00086 U 0.27 U NA1
ETC6H5 .0017 U 0.27 U NAI
MEC6H5 .00078 U 0.27 U NA1

....... .. .. ...... .. .. ....1
TCLEE .00081 U 0.27 U NAI
TRCLE .0028 U 0.27 U NA1

_____XYLEN .0015 U 0.41 U NA1
NOTES:.NA= not applicable
J =estimated result
U =non-detect
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PROJECT OPERATION PLAN ADDENDUM
1996 FIELD SCREENING METHODOLOGY

TARGET VOLATILE ORGANIC COMPOUNDS(VOCS)
ESTIMATION OF TOTAL VOLATILE PETROLEUM HYDROCARBONS(TVPH)

AND TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS(TEPH)

1.0 Introduction

Field screening procedures for Fort Devens remedial investigations are described in Section 4.6
of the Fort Devens Project Operation Plan (POP) (ABB-ES, 1995). Modifications to some of
these field screening procedures have been made for the 1996 field investigations. The purpose
of this addendum is to outline modifications to field screening procedures that will be
incorporated into the 1996 field program. Field screening gas chromatography (GC)
procedures have been developed to provide on-site results for target volatile organics (VOCs)
and estimates of total volatile petroleum hydrocarbons (TVPH) and extractable petroleum
hydrocarbons (TEPH). The TVPH and TEPH measurements will provide an estimate of total
hydrocarbons present in each fraction that are comparable to results generated using analytical
methods developed by the Massachusetts Department of Environmental Protection (MADEP),
however, TVPH and TEPH will be reported as a total concentration and not broken down into
aliphatic and aromatic fractions as outlined in the MADEP methodology (MADEP, 1995).
The purpose of the field analyses is to provide quick turnaround of analytical results for real
time decision making during the field investigation.

A summary of the field methodologies instrumentation, sample preparation, instrument
calibration, target compounds and detection limits, sample quantitation, and analytical quality
control analyses are presented below.

2.0 Field Instrumentation and Analytical Methods

Investigations at AOC 50 are driven by the potential presence of fuel hydrocarbons including
benzene, toluene, ethylbenzene, and xylene (BTEX), and solvents including tetrachloroethene
(PCE) and the de-chlorination degradation products trichloroethene (TCE), cis-1,2-
dichloroethene, trans-1,2-dichloroethene, and vinyl chloride in groundwater. Groundwater
samples collected at AOC 50 will be analyzed using purge and trap Method 5030A and
modified USEPA Method 8021A and modified USEPA Method 8015A (USEPA, 1995). As
outlined in Method 8021A, BTEX compounds will be identified and quantified with a
photoionization detector (PID) and the chlorinated solvents will be identified and quantified
using an electrolytic conductivity detector (ELCD). As outlined in Method 8015, TVPHI will
be quantified using a Flame ionization detector (FID). Target compounds and reporting limits
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for AOC 50 groundwater shmples are summarized in Table 1. For target compound analyses,
analytical procedures for instrument calibration, sample identification, quality control blank
analyses, and sample preparation will be consistent with those outlined in the POP. TVPH
proceduresare described below in Subsection 2.2.

Investigations at AOCs 61Z and 63BD are driven by the potential presence of fuel
"hydrocarbons as a result of fuel oil and waste oil products releases to soil. Soil samples
collected at AOCs 61Z and 63BD will be analyzed for TVPH and TEPH using modified
USEPA Method 8015A for TVPH and TEPH. Soil samples analyzed for TVPH will be
prepared using a methanol extraction as outlined in USEPA Method 5030A and the POP.
Methanol extracts will be analyzed using purge and trap GC/FID for the TVPH. Soil samples
analyzed for TEPH will be prepared using a methylene chloride micro-extraction technique and
direct injection by GC/FID. A summary of target compounds and reporting limits for the soil
analyses is presented in Table 1.

Laboratory techniques used for sample preparation for the TEPH method, and calibration and
sample quantitation procedures for the TVPH and TEPH methods are outlined in the following
sections.

2.1 TEPH Sample Preparation:

Sample analysis and preparation techniques have been adapted from protocols outlined in
SW-846 3rd ed. USEPA Methods 3550A (USEPA 1995).

Soil Samples. Weigh 2 grams (± 0.1 g) wet soil into a 12 ml screw cap test tube. Spike the
sample mixture with appropriate concentration of surrogate solution. For MS/MSD samples
the appropriate aliquot of spike solution is added to the sample. Add approximately 2 grams of
anhydrous sodium sulfate, Na2SO4 (a drying agent) to the sample. With a Teflon spatula
thoroughly mix the sample and sodium sulfate (break the sample up to form a uniform free
flowing mixture). Add 10 mL of methylene chloride to the sample.

Shake or vortex vigorously for 3 minutes to mix and extract the sample. The field chemist will
pay close attention to the sample extraction to ensure that the soil and solvent are actively
mixing during the 3 minute extraction. Allow the sample to stand and separate or centrifuge
the sample to separate the solvent phase. Withdraw a the extract solvent and transfer the
sample extract to a sample vial and cap, sample in now ready for analysis.

Dilutions. If high concentrations of fuels are suspected, then samples should be analyzed prior
to concentration, otherwise the extract can be diluted with methylene chloride to bring the
target compound concentrations within the instrument calibration range. To dilute the sample,
remove a measured quantity of extract and add to an appropriate volume of extraction solvent.
The results of diluted samples will be adjusted for by the dilution factor.
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2.2 TVPH and TEPH Instrument Calibration

Initial and continuing calibration will be established for TVPH and TEPH. A commercial
gasoline standard will be used for TVPH calibration. A commercial Fuel Oil #2 or diesel
standard will be used for TEPH calibration. The retention time markers identified in the
MADEP methods to determine the retention times of the TVPH and TEPH determination will

'be used to define the hydrocarbon molecular weight range of the TVPH and TEPH analyses.
The hydrocarbon range quantified in the TVPH analysis will extend from 0.1 minutes before
the marker compound pentane to 0.1 minute after naphthalene. The TEPH hydrocarbon range
quantified will extend from 0.1 minute before naphthalene to 0.1 minute after hexatriacontane.
The concentration of hydrocarbons in standards and samples will be determined based on the
total baseline to baseline area response of the standards within the designated retention time
widows. A three point initial calibration and continuing calibration will be conducted as
outlined in the POP. The concentrations of TVPH and TEPH will be added together to
determine the total concentration of petroleum hydrocarbons present at a given sample
location.

3.0 Quality Control:

Quality control steps outlined below will be conducted during the field analyses including an
MDL study for target compounds, initial and continuing calibrations, method blank extraction
and analysis with each sample batch, matrix spikes and field duplicate sample analyses, and
evaluation of accuracy using a surrogate standard.

holding times: Soil: 14 days
Water: 7 days

• Surrogate %/oR goal of 50% (<3 0% re-analysis limit)
* MDL study (Appendix B part 136, CFR 40)
* Initial calibration by linear regression (.95) or average response factor (RSD 25%) with

low standard at or near reporting limit
* Continuing calibration each day and after 20 samples (30% difference)
* Extraction blank (method blank) with each extraction batch prepared or daily with each

purge and trap analytical sequence
Matrix spike/Matrix spike duplicates will be prepared by spiking 5 percent of samples
with target compounds, a commercial gasoline standard, or a commercial diesel fuel
standard, as appropriate for each analysis, at approximately the mid-range of the
calibration curve. Percent recoveries (%oR) and relative percent difference (RPD) will
be used to evaluate the accuracy and precision of measurements and to qualify results.
Percent recovery goals: 60% to 140%; RPD < 20
Field duplicates will be submitted to the field laboratory routinely during the program.
Relative percent difference of the duplicate results will be used to evaluate the precision
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of field measuremeiits and qualifyv results. RPD goals are 30% for aqueous samples
and 50% for soil samples.

4.0 Data Review and Reporting:

The field chemist will review results based on project data quality control goal outlined above.
Sample results not meeting data quality control goals will be qualified as outlined below:

Qualification flags for data evaluation

(J) The J flag is used to indicate estimated data. This can occur when a compound
does not meet calibration criteria for initial calibration, continuing calibration,
or both.

(B) The B flag is used when a target compound is detected in an associated method
blank. All values within five times of the method blank result are flagged.

(E) The E flag is used to indicate estimated data. The flag is used when a
compound is detected at a concentration that is above the highest calibration
standard.

(S) The S flag is used when the associated surrogate recovery is less than 50%.
For soils the surrogate recovery must be greater than 50 percent for results to
go unqualified, however, re-analysis will only occur if recoveries are less than
30%.

Matrix spike and field duplicate results will be tabulated and summarized on an ongoing basis
during the field program. Results will be used by the field chemist, FOL, and project manager
on an ongoing basis to evaluate the usability of results. Associated field sample results
presented in the final data reports may be qualified based on the judgment of the field and
project chemist.

REFERENCES:

Massachusetts Department of Environ~mental Protection (MADEP), 1995. "Method for the
Determination of Extractable Petroleum Hydrocarbons (TEPH-); Division of Environmental
Analysis; Office of Research and Standards; Bureau of Waste Site Cleanup; August 1995.

Massachusetts Department of Environmental Protection (MADEP), 1995. "Method for the
Determination of Volatile Petroleum Hydrocarbons (TYPH-); Division of Environmental
Analysis; Office of Research and Standards; Bureau of Waste Site Cleanup; August 1995.
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U.S. Environmental Protection Agency (USEPA), 1995. "Test Methods for Evaluating Solid
Waste"; Laboratory Manual Physical/Chemical Methods; Office of Solid Waste and Remedial
Response; Washington, DC; SW-846; November 1986; Revised January 1995.
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ATTACHMENT D-1
TABLE 1

SUMMARY OF TARGET COMPOUNDS AND REPORTING LIMITS
1996 FIELD SCREENING PROGRAM

FORT DEVENS REMEDIAL INVESTIGATION

TAGTANALIr SILJIJ WATER ~ga/L
Benzene 0.25 2
Toluene 0.25 2
Ethylbenzene 0.25 4
m/p-xylene 0.5 2.
o-xylene 0.25 2
Tetrachloroethene 0.25 2
Trichloroethene 0.25 2
cis-1,2-dichloroethene 0.25 2
trans-1,2-dichloroethene 0.25 2
Vinyl chloride 0.25 2
1,2-dichlorobenzene* 0.25 2
1,3-dichlorobenzene* 0.25 2
1,4-dichlorobenzene* 0.25 2
Naphthalene* 0.25 2
TVPH 6.25 50
TEPH 100 NA
TPH-IR 50 NA

Notes:

NA = soil not analyzed
ýLg/g =microgram per gra
ig/L = microgram perliter

* Added to target list part way through field program
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APPENDIX D

D.1.0 INTRODUCTION

This Data Quality Report (DQR) provides a detailed data quality assessment for
off-site analytical data generated during site investigations conducted at Fort
Devens during the fall of 1996 at Areas of Concern (AOCs) 57 and 69W.

Samples collected during the investigation were submitted to Environmental
Science and Engineering (ESE), Gainseville, Florida. All laboratory data
generated during the sampling programs were reviewed in terms of Data Quality
Objectives (DQOs) established in the Fort Devens Project Operations Plan (POP)
(ABB-ES, 1995), published analytical methods (USEPA, 1990; USEPA 1994) or
applicable USEPA data validation guidelines (USEPA, 1988; USEPA 1989).
DQOs refer to a set of qualitative and quantitative statements that assess the data
generated during the sampling and analysis phases of the project. The DQOS are
defined by the parameters of precision, accuracy, representativeness,
completeness, and comparability (PARCC). These parameters present an
indication of the data quality, and the confidence that a particular compound may
be present or absent in an associated environmental sample. This report
describes the analytical methods performed at the on-site and off-site laboratories,
and presents an assessment of data quality and usability for samples collected
during the fall 1996 field investigation.

D.1.1 OFF-SITE LABORATORY ANALYTICAL METHODS

Subsurface soil and groundwater samples were collected during the 1996 Fort
Devens Site Investigation. Samples were analyzed for chemical parameters on the
Fort Devens Project Analyte List (PAL). The analytical methodologies performed
include PAL inorganics, PAL volatile organic compounds (VOCs), PAL
semivolatile organic compounds (SVOCs), PAL pesticides and polychlorinated
biphenyls (PCBs). In addition samples were analyzed for total petroleum
hydrocarbons (TPHC), and several water quality parameters including hardness,
nitrate and nitrite-nitrogen, kjeldahl-nitrogen, total phosphate, total organic
carbon (TOC), total dissolved solids (TDS) and total suspended solids (TSS). The
analyses performed are summarized on Table D-1.

Harding Lawson Associates
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APPENDIX D

The USEPA has identified two general levels of analytical data quality, Screening
with Definitive Confirmation and Definitive Data (USEPA, 1993). All off-site
laboratory data are considered Definitive Data.

The contract laboratory which completed analyses of all off-site analytical samples
was Environmental Science and Engineering (ESE), Gainesville, Florida.
Analyses were completed implementing the 1990 U.S. Army Toxic and Hazardous
Materials Agency (USATHAMA) QA Program (USATHAMA, 1990). Method
performance demonstration, data management, and oversight for USATHAMA
analytical procedures are currently performed by the U.S. Army Environmental
Center (USAEC). A discussion of AEC-certified methods used by ESE
Laboratories for samples collected at Fort Devens is provided in Section 7.0 of
the Fort Devens POP (ABB-ES, 1995), and methods are listed in Table D-1. This
table includes a description of the methods used as well equivalent EPA methods,
where they exist. The USAEC method numbers (i.e., method JS16) are specific
to the project and to the particular laboratory performing the analyses. For some
analyses standard USEPA methods are used. The methods are also indicated in
Table D-1.

A detailed discussion of the USAEC laboratory QA program is presented in
Section 3.0 of this RI. The laboratory must document proficiency using each of
the methods by meeting strict USAEC performance protocols. Once the
laboratory has demonstrated this proficiency, they become certified to perform
that particular method. It is through this certification process that certified
reporting limits (CRIs) are established. CRLs for USAEC methods and
reporting limits (RLs) for standard USEPA methods are presented in Table D-1
and in Appendix B of the Fort Devens POP (ABB-ES, 1995).

Samples collected from AOC 612 and 69W were also analyzed for petroleum
hydrocarbon analysis using methods developed by the Massachusetts Department
of Environmental Protection (MADEP, 1995a; MADEP, 1995b) for volatile
petroleum hydrocarbons (VPH) and Extractable Petroleum Hydrocarbons (EPH).
Results of these analyses were used to provide more detail on the chemical
composition of hydrocarbons present. Analyses were performed by Groundwater
Analytical, Inc., Buzzards Bay. A summary of the data quality review of VPH and
EPH results is presented in Attachment D-1.

Harding Lawson Associates

Appendix-D
W0029712.080 D-2 9144-03



APPENDIX D

D.2.0 OFF-SITE LABORATORY QUALITY CONTROL BLANK RESULTS

"A review was completed on QC blanks including method blanks, rinse blanks and
trip blanks analyzed at the off-site laboratory. Blank samples provide a measure
of contamination that may have been introduced into a sample set either (1) in
the field while samples were being collected or transported to the laboratory, or
(2) in the laboratory during sample preparation and analysis. This discussion is
intended to provide an evaluation of data generated at this laboratory based on
method blank and field quality control data.

D.2.1 METHOD BLANKS

Method blanks were analyzed at the laboratory with each lot of samples to
evaluate if sample processing and analysis resulted in sample contamination.
Method blanks were performed for both water and soil samples for the following
chemical classes: inorganics, VOCs, SVOCs, pesticides/PCBs. Method blanks
were also analyzed using USEPA methods for hardness, TOC, TPHC, TDS, and
TSS. All method blank data from the AOC 57 and 69W Fort Devens Site
Investigation conducted in the fall of 1996 are presented in Table D-2.

D.2.1.1 Inorganics

Seven aqueous method blanks (one for each IRDMIS inorganic method) were
analyzed by the laboratory for PAL inorganics during the 1996 Field Investigation.
All results for aqueous method blanks were below the respective CRLs indicating
there was no inorganic contamination introduced at the laboratory.

One soil method blank, representing one for each IRDMIS inorganic method, was
analyzed in association with field samples from the 1996 Fort Devens
Investigation. Several elements were detected in soil method blanks. The
frequency and concentration ranges of elements detected in these blanks are
summarized in Table D-3. Results for mercury, selenium, arsenic thallium,
antimony, silver, beryllium, cadmium, chromium, cobalt, sodium, molybdenum,
nickel, vanadium, and zinc were below the CRLs.

Soil method blank analyses were, conducted using a USAEC approved soil as the
matrix. The concentrations of the detected inorganics are due to background
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levels inherent in this soil. As a result, elements reported for soil method blanks
are not interpreted to represent laboratory introduced contamination.

'Based on soil and aqueous method blank results, significant inorganic
contamination was not introduced during laboratory handling and analysis.

D.2.1.2 VOCs

Method blanks were run with each lot of water and soil samples to determine if
VOCs were introduced during laboratory handling and analysis. Three aqueous
method blanks were analyzed during the 1996 Field Investigation. All aqueous
results for target VOCs were below CRLs. Three soil method blanks were
analyzed for VOCs during the 1996 Field Investigation. All method blank results
were at concentrations below the CRLs with the exception of acetone, methylene
chloride, and trifluorochloromethane. The concentration and frequency of
detection for these compounds are shown in Table D-4.

Acetone, methylene chloride, and trichlorofluoromethane, a tentatively identified
compound (TIC), are considered common laboratory contaminants (USEPA,
1988) and were likely introduced during laboratory handling. These results
indicate that low concentrations of acetone, methylene chloride, and
triflorochloromethane may have been introduced during laboratory handling.
Field samples with similar concentrations of these compounds may not be
representative of site conditions.

D.2.1.3 SYOCs

Two aqueous method blanks were analyzed for SVOC contamination during the
1996 Field Investigation. All method blank results were at concentrations below
the CRLs.

Three method blanks for soil were analyzed for SVOC contamination during the
1996 Field Investigation. The concentrations and frequency for compounds
detected in soil method blanks are outlined in Table D-5. All target SVOC
results for soil method blanks were at concentrations below CRLs. Dioctyl
adipate (hexanedoic acid dioctyl ester) and heptacosane, which are non-target
SVOCs or TICs, were .detected in soil method blanks.
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D.2.1.4 Pesticide/PCB

Two aqueous method blanks and two soil method blanks were used to determine
if pesticides and PCB compounds were introduced during laboratory preparation
and handling. All PCB method blank results were at concentrations below CRL
values indicating no sample contamination occurred. The pesticide malathion was
detected in water method blanks and the pesticides alpha-chlordane and gamma-
chlordane were detected in soil method blanks. The concentration and frequency
of detection of these pesticides in water and soil method blanks are shown in
Tables D-6 and D-7, respectively. Samples with similar concentrations of these
compounds in the media in which they were detected may not be representative
of site conditions.

D.2.1.5 TPHC

Several analytical methods were used to measure and characterize petroleum
hydrocarbons. During the 1996 Field Investigation, two water method blanks
were analyzed for total petroleum hydrocarbons (TPHC) by USEPA Method
418.1; two soil method blanks were analyzed for TPHC as diesel, gasoline and
aviation gasoline by USEPA Method 8015; and three soil method blanks were
analyzed for TPHC using USEPA Method 9071. All method blank results from
the 1996 Field Investigation were below the corresponding CRLs. Based on
method blank results, the off-site laboratory is not a significant source of TPHC
contamination for the Fort Devens field samples.

D.2.1.6 USEPA Methods for Water Quality Parameters

Method blanks were analyzed in association with USEPA methods for the
following water quality parameters: nitrate and nitrite-nitrogen, kjeldahl-nitrogen,
total phosphate, hardness, TOC, TDS, and TSS. No positive detections above
RLs were reported in any of the above methods.

Based on method blanks results for samples analyzed by USEPA methods, the
data collected during the Fort Devens Site Investigation was not impacted by
laboratory contamination.
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D.2.2 FIELD QUALITY CONTROL BLANKS

Field quality control samples which were analyzed at the off-site laboratory
'include, rinse blanks, and trip blanks. Results from analyses of the field quality
control blanks were used to evaluate the potential for contamination of samples
during collection, and shipment and processing at the off-site laboratory.

D.2.2.1 Rinse Blanks

Rinse blanks were used to evaluate the potential for field sampling contamination
of site samples. Rinse blanks were collected by pouring deionized water over
sampling equipment and into sample containers. The rinse blanks collected
during the 1996 Fort Devens Investigation were analyzed for the following
chemical classes: PAL inorganics, SVOCs, and PCBs. Rinse blanks were also
analyzed by USEPA methods for TOC and TPHC. All rinse blank data collected
during the 1996 investigation have been tabulated and are presented in Table D-8.

Inorganics. One rinse blank was analyzed for a subset of PAL elements analyzed
by graphite furnace (mercury, thallium, lead, selenium, arsenic, and antimony)
during the 1996 Field Investigation. These elements were not detected at
concentrations above the CRLs. Rinse blank data for PAL elements analyzed by
ICP were not reported. In general, the rinse blank data indicate that
decontamination procedures were effective in the removal of residual inorganic
contamination from the sampling equipment.

SVOCs. One rinse blank was collected during the 1996 Field Investigation and
analyzed for SVOC contamination. With the exception of bis(2-ethylhexyl)
phthalate detected at i2 ltg/L, all results for target SVOCs were at concentrations
below CRLs. The USEPA Region I considers phthalates as common laboratory
contaminants (USEPA, 1988), however, phthalates were not detected in the
method blanks collected during this investigation. The presence of phthalates in
rinse blanks may be attributed to sampling activities. Detection of bis(2-
ethylhexyl)phthalate in Fort Devens field samples at concentrations similar to
those detected in rinse blanks may be related to field sampling or
decontamination procedures.

Pesticides PCBs. One rinse blank was analyzed for PCBs during the 1996 Field
Investigation. All results reported for PCBs in rinse blanks were below CRLs.
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The lack of PCBs detected in rinse blanks indicates there is no evidence of cross
contamination during field sampling. Rinse blank samples were not submitted for
pesticide analysis during this investigation.

USEPA Methods. During the 1996 Field Investigation, one rinse blank was
analyzed for TOC and all results were at concentrations below the reporting limit
of 1000 jzg/L. Six rinse blanks were analyzed for TPHC. Concentrations of
TPHC in the rinse blank was below the reporting limit of 181 jg/L, as well as
TPH as gasoline and diesel (reporting limit of 340 zg/L). These data indicate
contamination of TOC and TPHC during field sampling did not occur.

D.2.2.2 Trip Blanks

Trip blanks are analyzed to assess the potential for cross contamination of VOCs
during sampling, transit, and storage. The trip blank consists of a VOA sample
container filled at the contract laboratory with DI/carbon filtered water and
shipped to the site with the other VOA sample containers. Trip blanks were
included with each shipping container of field VOC samples. No VOCs were
detected in three trip blanks indicating cross contamination of VOCs during
shipment or handling did not occur. Trip blank data collected during the 1996
investigation are presented in Table D-9.
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D.3.0 ACCURACY OF OFF-SITE LABORATORY DATA

"Accuracy is a quantitative parameter that determines the nearness of a result to
its true value. Accuracy measures the bias in a measurement system. The
accuracy of each analytical method was evaluated based on percent recoveries for
matrix spikes and/or surrogate standards.

A matrix spike is a sample of a particular matrix to which predetermined
quantities of standard solutions of certain target analytes were added prior to
sample extraction/digestion and analysis. Samples were spilt into replicates, one
replicate was spiked and both aliquots were analyzed.

Accuracy was also evaluated using the recovery of surrogate standards in the
volatile and semivolatile analyses, and for pesticides and PCBs. Surrogate
standards are organic compounds which are similar to the analytes of interest in
chemical composition, extraction, and chromatography, but which are not normally
found in environmental samples. These compounds are spiked into all samples
prior to analysis.

Percent recovery of matrix spikes and surrogate spikes provide an indication of
data accuracy and potential data bias from matrix related effects. Percent
recovery was calculated using the equation shown in Section 3.3 of the Fort
Devens POP (ABB-ES, 1995).

D.3.1 MATRIX SPIKES

Soil and groundwater samples were used for matrix spike and matrix spike
duplicate analyses. Spiked samples were analyzed for hardness, nitrate and
nitrite-nitrogen, kjeldahl-nitrogen, total phosphate, TPHC, TOC, PAL inorganics,
and PAL pesticide/PCBs. Matrix spike and matrix spike duplicate (MS/MSD)
samples were collected at a rate of one per twenty environmental samples. A
summary of all MS/MSD data collected during the Fort Devens Site
Investigations are presented in Table D-10.

The spike data for samples of a specific matrix and analytical method were
evaluated together, and are discussed below as one data set. The data have been
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segregated' by method and by analytical parameter to show recovery trends of the
individual spiked analytes. In the tables, matrix spikes have been paired with the
corresponding matrix spike duplicates to make recovery and RPD comparisons.
The average recoveries, and maximum and minimum recoveries for groundwater
samples and soil are presented to measure trends for each particular method.
The criteria used for interpreting MS/MSD data are taken from analytical
USEPA CLP protocols (USEPA, 1990; USEPA, 1994) and the Fort Devens
Project Operations Plan (ABB-ES, 1995).

D.3.1.1 Inorganics

Matrix spike analysis was completed all PAL elements. The USEPA CLP
guidelines specify control limits for recoveries of inorganic MS/MSDs of 75% and
125% (USEPA, 1990). The majority of PAL elements had recoveries within the
USEPA control limits. A subset set of elements had recoveries outside these
limits. Elements with at least one MS/MSD recovery outside USEPA CLP limits
are presented in Table D-11.

Groundwater. The following groundwater samples from AOC 57 were spiked
with target elements: MX5703X3 and MX571OX1. All elements had recoveries
within the USEPA CLP limits indicating that groundwater data for inorganics was
not significantly influenced by matrix effects.

Soil. One soil MS/MSD sample from AOC 57 (BX570905) was analyzed for PAL
inorganics. For the elements aluminum and iron, all matrix spike concentrations
were low relative to concentrations already present in the sample. For example,
the spike concentration for aluminum was approximately 230 ug/g compared with
the sample concentration of 5610/zg/g. The spike concentration for iron was
approximately 1,200 tg/g while the sample concentration was 6410 /Lg/g. The
USEPA Region I Data Validation Guidelines (USEPA, 1989) specify spike
concentrations be greater than four times the sample concentration for data
qualification actions to apply. Since the spike concentrations for aluminum and
iron were insignificant relative to sample concentrations, matrix spike recoveries
could not be accurately assessed. Based on these results, results for aluminum
and iron in soil are not qualified in this RI.

For the elements mercury, arsenic, and manganese the MS/MSD recoveries were
below the acceptable USEPA CLP recovery ranges. The frequency at which the
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MS/MSD recoveries were outside the USEPA CLP limits, and the corresponding
recovery ranges are shown in Table D-11. The outlier recoveries ranged from
52.7% to 74.7%. Outlier recoveries may have been obtained as the result of non-
"homogeneous concentrations throughout the sample matrices or from matrix
interference. Overall, usable results were obtained for all PAL inorganics. The
MS/MSD data for soil suggests that there may be some matrix interference in soil
samples with detected concentrations of mercury, arsenic, and manganese.
Results for mercury, arsenic, and manganese in soil samples should be considered
estimated and may be biased low.

D.3.1.2 Pesticides/PCBs

Pesticide and PCB compounds were spiked into groundwater samples to evaluate
method accuracy. Ten target pesticide and two PCB compounds were used for
spiking including endosulfan I, endosulfan II, aldrin, dieldrin, endrin, heptachlor,
isodrin, lindane, methoxychlor, 4,4'-DDT, aroclor 1016, and aroclor 1260. Percent
recoveries for pesticides were compared to the USEPA CLP control limits
(USEPA, 1994) to determine if results were acceptable. The USEPA CLP
guidelines do not specify limits for spike recoveries of endosulfan I, endosulfan II,
isodrin, methoxychlor, and PCBs. For these compounds, the surrogate recovery
control limits of 30% to 150% specified in the USEPA CLP Guidelines (USEPA,
1994) were used as guidance in evaluating spike recoveries.

Groundwater. One groundwater sample from AOC 57 (MX5703X3) was spiked
with target pesticides and PCBs. The spike recoveries of pesticides and PCBs
were within USEPA limits with the exception of lindane. The percent recoveries
for lindane were 37% and 36%, below the USEPA control limit of 46%. Lindane
was not detected in any groundwater samples. Based on these data, lindane
reporting limits for groundwater samples collected during this RI may be biased
low. Acceptable recoveries for all other pesticide and PCBs indicate there was no
matrix effects and the data is acceptable.

D.3.1.3 USEPA Methods

Matrix spike recoveries for water quality parameter analyzed by USEPA methods
were evaluated for groundwater. The matrix recoveries for soil were also
evaluated for TOC, TPH as gasoline-and diesel, and TPHC.
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For water quality parameters of hardness, nitrate and nitrite-nitrogen, kjeldahl-
nitrogen, and total phosphate, the USEPA CLP control limits for inorganic spikes
(75% - 125% recovery) were used for guidance. Professional judgement was used
when evaluating the organic parameters TOC and TPHC. The MS/MSD
recoveries for these parameters were evaluated on a sample by sample basis and
are discussed below.

Groundwater. One groundwater sample from AOC 57 (MX5703X3) was spiked
for hardness, nitrogen and phosphate for matrix evaluation. Spike sample
recoveries for total phosphate, nitrate and nitrite-nitrogen, and kjeldahl-nitrogen
were within the established control limits indicating good accuracy.

According to the data downloaded from IRDMIS, percent recoveries for hardness
reported for Lot ZKGN exceeded the control limits. However, the high
recoveries are believed to be erroneous due to a unit conversion error samples in
this lot. Corrective action for this discrepancy is currently ongoing. Qualification
groundwater data based on spike recoveries was not conducted.

Soil. Two MS/MSD soil samples (EX573106 and BX570905) from AOC 57 were
spiked and analyzed for matrix effects on concentrations of TPH as diesel and
gasoline by USEPA Method 8015. The spike recovery range for these samples
was 69.7% to 134.2%. Based on these results, recoveries are within an acceptable
range for TPHC data analyzed by USEPA Method 8015.

A total of three spiked soil sample pairs were analyzed for TPHC by USEPA
Method 9071. These samples included two soil samples from AOC 57 (EX573106
and BX570905) and one from AOC 69W (BXZW0310). Spike recoveries ranged
from 95.4% to 100.1% with the exception the MS recovery in AOC 57 soil sample
EX573106. The MS and MSD recoveries reported for this sample were 2.5% and
4.0%, respectively. The low spike recovery reported in sample EX573106 is
attributed to sample heterogeneity between the spike and unspiked samples and
no site wide qualification of TPHC results was done. TPHC results in sample
EX573106, are considered estimated and biased low. Sample EX573106 had
18,300 gtg/g of TPHC reported in the original sample.

One soil sample (BX570914) from AOC 57 was spiked for TOC analysis. The
recovery of this spiked sample was .92.2% and 107.6% in the. MS and MSD
fractions, respectively, indicating acceptable method performance.
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D.3.2 SURROGATE RECOVERIES

In addition to matrix spikes, the recovery of surrogate standards were also used to
'assess matrix effects and accuracy of the analytical data. Surrogate standards
were used for VOC, SVOC, pesticide and PCB analyses and were added to all
soil and groundwater samples prior to analysis.

D.3.2.1 SVOC

The SVOC surrogate standards used to evaluate matrix effects and analytical
accuracy included 2-fluorophenol, phenol-D6, 2,4,6-tribromophenol, nitrobenzene-
D5, 2-fluorobiphenyl, and terphenyl-D14. Recovery criteria for these surrogates,
are taken from analytical USEPA CLP protocols (USEPA, 1994) and the Fort
Devens Project Operations Plan (ABB-ES, 1995) and are presented Table D-12.
All SVOC surrogate recovery data for the 1996 Fort Devens Site Investigations
are presented in Table D-13.

Interpretations on data usability were based on guidance outlined in the USEPA
Region I Functional Guidelines for Data Validation (USEPA, 1988). According
to this guidance SVOA sample results are judged based on independent

* evaluations of surrogate recoveries for acid fraction compounds and base-neutral
compounds. Each fraction has three surrogates. The acid fraction surrogates
include 2-flourophenol, phenol-D6, and 2,4,6-tribromophenol. The base-neutral
surrogate standards include nitrobenzene-D5, 2-flourobiphenyl, and terphenyl-
D14. SVOA positive results are considered estimated values if two or more
surrogates in either the acid or base-neutral fraction are outside the recovery
limits. Positive results are considered estimated values and negative (non-detect)
results are considered as unusable (rejected) if any surrogate is less than ten
percent recovery for the associated fraction.

All SVOA samples were evaluated using the criteria outlined above. Sample
results were identified as usable, estimated, or rejected based on the USEPA
Region I Guidelines. Data bias was identified if trends in surrogate recoveries for
individual samples indicated low or high bias.

Groundwater. All SVOC results for groundwater samples meet the USEPA
surrogate standard recovery guidelines and are considered acceptable.
Qualification of the groundwhter data was not required.
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Soil. Four soil samples had recoveries of surrogate standards outside the USEPA
CLP guidelines shown in Table D-12. However, qualification of data was not
required because there was only one surrogate outlier from either acid or base-
'neutral fractions. All SVOC results for soil samples are considered acceptable
based on surrogate standard recoveries.

D.3.2.2 VOCs

All VOC surrogate recovery data for the Fort Devens Site Investigations are
presented in Table D-14. Surrogate standards used for volatile organics include
1,2-dichloroethane-D4, 4-bromoflourobenzene, and toluene-D8. The criteria used
for interpreting surrogate data are taken from analytical USEPA CLP protocols
(USEPA, 1994) and the Fort Devens Project Operations Plan (ABB-ES, 1995)
and are presented in Table D-15. Interpretations on data usability were based on
guidance outlined in the USEPA Region I Functional Guidelines for Data
Validation (USEPA, 1988). According to the guidelines, positive results are
considered estimated values if one or more surrogate standard per sample is
outside the recovery limits. If any surrogate standard is recovered at less than ten
percent, positive results are considered estimated values and non-detect results
are rejected and considered unusable.

All VOC samples were evaluated using the criteria outlined above. Sample
results were identified as usable, estimated, or rejected based on the USEPA
Region I Guidelines. Data bias was identified if trends in surrogate recoveries for
individual samples indicated low or high bias.

VOC soil and groundwater surrogate recovery data indicate the overall accuracy
of the GC/MS method used for VOC analyses was acceptable.

Groundwater. The surrogate recoveries for groundwater samples at AOCs 57 and
69W were evaluated for matrix effects and accuracy of the analytical data. All
groundwater had surrogate recoveries within the USEPA CLP criteria indicating
acceptable method performance. Qualification of groundwater data was not
required.

Soil. The recovery of surrogate standard 1,2-Dichloroethane-D4 in soil sample
BX571010 from AOC 57 exceed the upper control limit. The surrogate recovery
was 126%. Detected concentrations of VOCs in this sample would be qualified as
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estimated and potentially biased high based; however, no VOC were detected in
this sample.

'The recovery of surrogate standard 4-bromoflourobenzene in soil samples
EX572810 and EX573006 from AOC 57 exceeded the upper control limit. The
recoveries were 176% and 182%, respectively, compared to the upper control
limit of 121%. Positive results for 2-hexanone, ethylbenzene, tetrachloroethene,
and xylenes in sample EX572810 and 2-hexanone and xylenes in sample
EX573006 are judged as estimated and biased high based on elevated surrogate
recoveries.

D.3.2.3 Pesticide/PCBs

All pesticide surrogate recovery data for the Fort Devens Site Investigations are
presented in Table D-16. Surrogate standards used for pesticide and PCB
analyses include tetrachlorometaxylene and decachlorobiphenyl. The surrogate
recovery control limits of 30% to 150% specified in the USEPA CLP Guidelines
(USEPA, 1994) were used as guidance in evaluating surrogate spike recoveries in
soil and groundwater samples.

Interpretations on data usability were based on guidance outlined in the USEPA
Region I Functional Guidelines for Data-Validation (USEPA, 1988). According
to the guidelines, professional judgement should be used do determine if
recoveries reported below or above the control limits require qualification.
All Pesticide and PCB sample data were evaluated using this criteria.
Sample results were identified as usable, estimated, or rejected based on the
USEPA Region I Guidelines.

Groundwater. The pesticide and PCB surrogate recoveries for groundwater
samples at AOCs 57 and 69W were evaluated for matrix effects and accuracy of
the analytical data. All surrogate recoveries for tetrachlorometaxylene were
within the USEPA CLP control limits and are considered acceptable.

Several groundwater samples had recoveries of decachlorobiphenyl below the
USEPA control limits. The outlier recoveries for this surrogate standard ranged
from 13.9% to 18.4% for the PCB method and 14.6% to 28.6% in the pesticide
method. Low recoveries. for.decachlorobiphenyl were reported for the following
AOC 57 samples: MD5711X1, MX5711X1, MX5712X1 from the PCB fractions
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and; MX5713X1, MX5703X3 from the pesticide fraction. Reporting limits and
detected concentrations results for pesticides and PCBs in these samples would be
qualified as estimated and potentially biased low based on low surrogate
recoveries. Pesticides and PCBs were not detected in these soil samples, and
reporting limits are considered estimated.

Soil. All surrogate recoveries reported for the pesticide method in soil samples
were within the USEPA CLP control limits and are considered acceptable.
Outlier RPDs for both surrogate standards, tetrachlorometaxylene and
decachlorobiphenyl, were reported for the PCB method for AOC 57 soil samples.

Samples with decachlorobiphenyl recoveries below the control limit included
AOC 57 samples EX572810, EX573006, and EX573106. The surrogate recoveries
in these samples were 15%, 15%, and 19.6%, respectively. Based on these results,
Aroclor 1242 and Aroclor 1248 in these three samples and Aroclor 1260 in
sample EX572810 are considered estimated and potentially biased-low values.

Soil samples BX570805, BX570905, BX570800, BX570805, and had high surrogate
recoveries of decachlorobiphenyl. The recoveries for these samples ranged from
157.4% to 182.9%. Based on these results, Aroclor 1242 and Aroclor 1248 in
these four soil samples are considered estimated and potentially biased-high
values.

All other soil samples had surrogate recoveries within the USEPA CLP guidelines
and are considered acceptable.
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D.4.0 PRECISION

Precision is a measure of the reproducibility of the analytical results under a given
set of conditions. It is a quantitative measure of the variability of a group of
measurements compared to their average value. Precision is measured as the
relative percent difference (RPD) between a sample and its duplicate, as is
calculated for field duplicate samples, and matrix spike/matrix spike duplicate
samples. The following equation is used to calculate the RPD.

RPD = 100 X DI-D2

0.5(Dl +D2)

D, and D2 are the reported concentrations for sample duplicate analyses.

When evaluating precision for organic analyses, the RPDs of the field duplicates
are compared to the acceptance criteria of 50% RPD for soil matrices and 30%
RPD for water matrices (USEPA, 1988). In cases where one organic result is
non-detect, the CRL value was used to calculate the RPD. The acceptance
criteria for inorganic analysis for field duplicate samples only applies to analytes
that are greater than 5 times the CRL (USEPA, 1989).

Precision is also evaluated by comparison of MS and MSD results. The USEPA
CLP control limits were used to evaluate duplicate precision between MS and
MSDs. In cases where USEPA CLP control limits for spikes are not available,
such as inorganics and various USEPA analytical methods, the control limits for
field duplicates listed above were used as guidance.

A discussion of the RPDs for field duplicates is presented below in Section D.4.1,
and the RPDs for MS/MSDs are presented in Section D.4.2.

D.4.1 OFF-SITE LABORATORY FIELD DUPLICATE RESULTS

Field duplicate samples from AOCS 57 and 69W at Fort Devens were collected to
measure the sampling and analytical precision for the analyses performed at the
off-site laboratory. Soil and groundwater duplicate samples were analyzed for the
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following Fort Devens PAL analytes: inorganics; VOCs; SVOCs; pesticide and
PCBs, and TPH. Groundwater field duplicate samples were also analyzed for
various water quality parameters including hardness, phosphate and nitrogen and
soil duplicate samples were analyzed for TOC and TPHC.

All field duplicate data collected during the 1996 Fort Devens Site Investigation is
shown in Table D-18. The RPD has been calculated for each pair of field
duplicates.

D.4.1.1 Inorganics

An analysis of the precision of the inorganic duplicate data was completed for
each PAL element.

Groundwater. One sample duplicate pair (MX5711X1 and MD5711X1) from
AOC 57 was collected. The RPDs of inorganic concentrations for duplicates
ranged from 1.5% to 21.6% indicating excellent sampling and analytical precision.
All field sample duplicate RPDs were within the USEPA Region I limits.

Soil. One sample duplicate pair from AOC 57 was collected. Calcium was the
only element for which the duplicate RPD (78.5%) exceeded the USEPA
Region I control limit of 50% RPD. In general, the RPDs between field
duplicates indicated good precision. Soil sample data for inorganic elements was
considered acceptable based on duplicate precision results.

D.4.1.2 VOCs

Groundwater. One groundwater sample field-duplicate from AOC 57 was
collected. Detected target compounds included 1,2-DCE, ethylbenzene, toluene,
trichloroethene, and tetrachloroethene. The RPDs ranged from 0% to 18.4% and
were well within the USEPA Region I guidelines (30%). The duplicate data for
VOCs indicate good precision of the aqueous VOC concentrations.

Soil. One sample duplicate pair from AOC 57 was collected. With the exception
of methylene chloride and 1,1,2-trichloro-1,2,2-trifluoroethane, there were no
target VOCs detected in groundwater sample duplicates. The RPDs for all VOC
results were below the USEPA Region I limit (50%) with the exception of
methylene chloride at 79.1% RPD. However, methylene chloride is considered a
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common laboratory contaminant so it's presence in these samples may not be site
related. No qualification of the precision of results was performed.

D.4.1.3 SVOCs

Groundwater. The RPD for duplicates for one groundwater sample pair from
AOC 57 was evaluated. Most target SVOCs concentrations were reported as non-
detect in both the sample and sample duplicate, resulting in acceptable agreement
between results. Target SVOCs detected include 1,2,3-trimethylbenzene, 1,2-
dichlorobenzene, 1-ethyl-4-methylbenzene, naphthalene, and bis(2-
ethylhexyl)phthalate. RPDs for 1,2-dichlorobenzene, 1-ethyl-4-methylbenzene, and
naphthalene were within limits ranging from 10.5 to 27.6. The sample duplicate
RPD for 1,2,3-trimethylbenzene in samples MX5711X1 and MD5711Xl was
46.2%, exceeding the precision control limit of 30%. The concentration of 1,2,3-
trimethylbenzene in sample MX5711Xl is considered an estimated value. The
outlier RPD for bis(2-ethylhexyl)phthalate is not considered significant because
this compound is a considered a potential laboratory contaminant.

Soil. The RPDs of SVOC concentrations for one duplicate soil sample from
AOC 57 was evaluated. The samples evaluated were BX571110 and duplicate
sample BD571110. There were no target SVOCs detected in either soil sample
indicating excellent agreement for non-detected target compounds.

D.4.1.4 Pesticide/PCBs

Groundwater. One groundwater field duplicate was collected from AOC 57. The
samples evaluated were MX5711X1 and duplicate sample MD5711X1. All results
were reported as non-detect indicating excellent agreement for non-detected
target compounds.

Soil. One field duplicate soil sample was collected from AOC 57 for pesticides
and PCBs. The samples evaluated were BX571110 and duplicate sample
BD571110. All results were reported as non-detect indicating excellent agreement
for non-detected target compounds.

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03D-18



APPENDIX D

D.4.1.5 Other Methods

An evaluation of duplicate results for various water quality parameters obtained
using non-USAEC performance demonstrated methods was conducted. Duplicate
soil samples were analyzed for TOC and TPHC. A discussion of precision
between sample duplicates analyzed for these parameters is presented below.

Groundwater. Two groundwater duplicate samples, representing one sample from
each AOC were evaluated. The RPD reported for hardness for groundwater
sample MX5711X1 and the sample duplicate MD5711X1 from AOC 57 was
34.2%, just above the USEPA Region I control limit of 30%. However, the RPDs
for the other groundwater duplicate pair was 3.1% indicating excellent precision.
As discussed in Section D.3.1.3, the data downloaded from IRDMIS shows
hardness concentrations for samples in Lot ZKGN that are believed to be
erroneous due to a unit conversion error. Corrective action for this discrepancy is
currently ongoing.

Additional parameters evaluated for precision in groundwater include TSS,
TPHC, total phosphate, nitrate and nitrite-nitrogen, and nitrogen by the kjeldahl
method. With the exception of TSS data, all results had RPDs within control
limits demonstrating consistency for the method and matrix. The RPD for TSS in
groundwater sample MDZW19X1 and the sample duplicate MXZW19X1 from
AOC 69W was 66.7%. Concentrations of TSS were only slightly greater than the
RLs, and no qualification of data usability was done. The RPD for the other
groundwater duplicate pair was 3.9%, indicating acceptable precision.

Soil. Soil sample duplicate pairs BX571110 and BD571110 from AOC 57, and
samples BXZW0306 and BDZW0306 from AOC 69W were evaluated for
precision of TPHC (Method 9071) data. The TPHC results for the soil sample
and duplicate pair from AOC 57 were 35.4 kg/g and a non-detect value of less
than 27.8 lg/g. Similarly, the TPHC results in the AOC 69W sample duplicate
pair were 57.5 /g/g and less than 20.9 Ag/g. Variability of results found in this
soil sample duplicate pair may be attributed to sample heterogeneity. These
results indicate variability of TPHC at concentrations at or near the reporting
limits, and that TPHC results in soil should be considered estimated.
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D.4.2 OFF-SITE LABORATORY SPIKE DUPLICATE RESULTS

All spike duplicate data and the corresponding RPDs for the 1996 Fort Devens
Site Investigation are presented in Table D-10. The RPDs for spike duplicates
were calculated for hardness, TPHC, TOC, inorganics, and pesticide/PCBs. The
results were compared to the USEPA CLP control limits (USEPA, 1988) to
determine if results were acceptable. Samples with RPDs for spike samples
outside control limits are discussed below. For most fractions which exhibited
RPDs outside the established QC limits, qualification of the data was not
required.

D.4.2.1 Inorganics

Elements were spiked into groundwater, surface water, soil and sediment samples
to evaluate precision. The USEPA CLP guidelines do not specify limits for spike
RPDs for elements. As a result, the RPD control limits for laboratory duplicates
of 25% in water samples and 35% in soil samples specified in the USEPA
Region I Guidelines (USEPA, 1988) were used as guidance.

Groundwater. Two groundwater samples from AOC 57, MX5710X1 and
MX5703X3 were evaluated for precision based on spiked samples. The RPDs for
elements in spiked groundwater samples ranged from 0.2% to 10.5%. These
results were within the USEPA guidelines indicating acceptable precision between
results.

Soil. Soil sample BX570905 from AOC 57 were assessed for spike duplicate
precision. The RPDs for all elements ranged from 0.1% to 12.4% with the
exception of iron and aluminum. Aluminum and iron RPDs were 193.6% and
198.1%, respectively. However, as discussed in Section D.3.1.1, the spike
concentrations low relative to the concentrations present in the unspiked sample
making the comparison invalid. The RPD results for elements in soil samples
were considered acceptable indicating good method performance.

D.4.2.2 Pesticides/PCBs

Pesticide and PCB compounds were spiked in duplicate into groundwater and soil
samples to evaluate precision. Nine target pesticide and two PCB compounds
were used as spikes including endosulfan I, endosulfan II, aldrin, dieldrin, endrin,
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heptachlor, isodrin, lindane, methoxychlor, 4,4'-DDT, aroclor 1016, and aroclor
1260. The USEPA CLP control limits for pesticides are shown in Table D-17.
The USEPA CLP guidelines do not specify limits for spike RPDs for endosulfan I,
endosulfan II, isodrin, and PCBs. For these compounds, the RPD control limits
for field duplicates of 30% in water samples specified in the USEPA CLP
Guidelines (USEPA, 1994) were used. Spiked soil samples were not analyzed for
pesticides and PCBs during this investigation.

Groundwater. One groundwater sample MX5703X3, from AOC 57, was spiked
with target pesticides and PCBs. The RPDs for pesticides ranged from 0.3% to
18.9% and PCBs ranged from 5.1% to 17.2%. These results were all within the
USEPA control limits described above. These results indicate excellent precision
between sample results.

D.4.2.3 Other USEPA Methods

Precision for spiked samples was also evaluated for various water quality
parameters including hardness, total phosphate, nitrate and nitrite-nitrogen, and
kjeldahl-nitrogen in water samples, and TPHC and TOC in soil samples. USEPA
CLP guidelines for evaluating spike duplicate RPDs for these parameters are not
available. The USEPA Region I control limits for field duplicates 30% in water
and 50% in soil were used to compare RPDs between spiked samples.

Groundwater. One groundwater sample MX5703X3 from AOC 57 was spiked in
duplicate for the water quality parameters listed above to evaluate precision. All
RPDs between the MS and MSDs were less than the 30% control limit indicating
excellent method performance.

Soil. Soil samples from AOC 57 (BX570914) were spiked in duplicate for TOC to
evaluate precision. Samples EX573106, BX570905 from AOC 57, and
BXZW0310 from AOC 69W were spiked in duplicate for TPHC analysis by
USEPA Method 9071. All RPDs between the MS and MSDs were less than the
50% control limit indicating acceptable method performance for TOC and TPHC
(Method 9071).

Two soil samples from AOC 57 (EX573106 and BX570905) were spike in
duplicate to evaluate precision for TPHC as diesel and gasoline (USEPA

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03D-21



APPENDIX D

Method 8015). The RPDs of soil samples for TPHC as gasoline were within the
USEPA control limits indicating acceptable precision.

'The RPD for TPHC as diesel fuel (63.3%) exceeded the 50% control limits in
sample EX573106. Diesel was not detected in either sample. RPD for TPH as
diesel in the second soil duplicate pair was 2.6% indicating excellent agreement
between results. Based on duplicate spike data, TPH results (USEPA Method
8015) for soil samples overall are acceptable and no qualification of the use of
TPH diesel results was done.
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ATTACHMENT D-1
PROJECT CHEMIST REVIEW SUMMARY

MADEP VOLATILE PETROLEUM HYDROCARBON (VPH) AND
EXTRACTABLES PETROLEUM HYDROCARBONS (EPH) METHODS

AOC 69W
FORT DEVENS, AYER MASSACHUSETTS

Introduction

This memo summarizes the ABB-ES chemist review of the analytical results
generated by Groundwater Analytical for VPH and EPH analyses for Ft. Devens
Task 001 Modification (1996). The VPH and EPH methods were conducted as
outlined in accordance with Massachusetts Department of Environmental
Protection (MADEP, 1995a; MADEP, 1995b).

The data review summaries below discuss the control elements to which the data
were evaluated. The data that are available for review included: method control
blanks, laboratory control samples, duplicates, matrix spikes/matrix spike
duplicates, holding times and a % surrogate recovery.

Extractable Petroleum Hydrocarbons

Method Control Blanks
The method demonstrated no evidence of contamination of EPH or any of the
targeted polynuclear aromatic hydrocarbon analytes.

Laboratory Control Samples
The laboratory control sample analyses demonstrated percent recovery values
within the specified acceptable ranges.
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Duplicates
One field duplicate sample was analyzed; no EPH or targeted polynuclear
aromatic hydrocarbon analytes were detected. The results of the sample sets were
non-detects. In general, the duplicate results indicate good precision of
measurement was obtained for the EPH sample analyses. These results indicated
agreement for absence of EPH, however, evaluations of precision for positive
detection EPH was not possible.

Matrix Spike/ Matrix Spike Duplicates
Two matrix spike/matrix spike duplicate pairs were analyzed. All target
compounds with the exception of naphthalene met the quality control limits for
one set of spikes. The associated samples had no detection of naphthalene and
were not qualified. Although naphthalene recovery of one set was outside the
desired recovery range and the RPD result (RPD =37) slightly exceeded the 30%
goal, the balance of analytes results indicate good precision was achieved.

Holding Times.
All holding and extraction time limits established for sample analysis were met.

% Surrogate recoveries

All- surrogate recoveries were within the acceptance criteria of 60-140%.

Data Ouality Objectives (DOOs)

DQOs are based on the premise that different data uses require different levels of
data quality. Data quality refers to the degree of uncertainty of analytical data
with respect to precision, accuracy, representativeness, completeness, and
comparability (PARCC). These objectives are established based on site
conditions, the purpose of the field program, and the knowledge of the
measurement systems used for generation of the analytical data.

No major quality control problems were observed during the data validation
process which would affect the usability of the sample results. A discussion of the
laboratory data quality as it relates to the PARCC objectives is presented below.

Precision and Accuracy
Precision refers to the reproducibility of a measurement under certain specified
conditions, and accuracy measures the bias associated with the sampling and
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analysis process. Precision and accuracy are affected by both field and laboratory
conditions. Precision was monitored through the analysis of field and laboratory
blanks, matrix spikes, and surrogate spikes. The Massachusetts Department of
'Environmental Protection protocols used for the analysis of samples define the
criteria for acceptable precision and accuracy. No major precision and accuracy
problems were observed which would affect usability.

Representativeness
Measurements are made so that the results obtained are representative of the
sampling population, the medium (e.g., soil, groundwater, sediment, etc.) and the
site conditions. The sampling protocols were developed to ensure that the
samples were representative of the media, that sampling locations were properly
selected, and that a sufficient number of samples were collected. Sample handling
protocols (chain-of-custody, storage, and transportation) were adequate to
preserve the sample integrity. Proper documentation established that the correct
protocols had been followed. Co-located samples (field duplicates) were also
collected to assess representativeness, and no major problems were observed
which would affect usability.

Completeness
The characteristic of completeness is regarded as providing the results of all
samples in the data reporting format outlined in the VPH and EPH methods of
Massachusetts Department of Environmental Protection. The completeness
requirement for sample analysis has been met for this program.

Comparability
The characteristic of comparability reflects both the internal consistency of
measurements and the expression of results in units which are consistent with
other organizations reporting similar data. Each value reported for a given
measurement should be similar to other values within the same data set and with
other related data sets. Comparability was assured through use of standardized
sampling procedures and the use of VPH and EPH methods of Massachusetts
Department of Environmental Protection analytical methods.
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TABLE D-1

SUMMARY OF ANALYTICAL PARAMETERS

AOC 57 AND 69W REMEDIAL INVESTIGATION

FORT DEVENS, MASSACHUSETTS

EQUIVALENT LABORATORY/:
MARXUSAEC USEPA ARMY-CERTIFIED
MARXMETHOD METHOD METHOD REPORTING

PARAMETER (SOIL/WATER) NUMBER NUMBER DESCRIPTION LIMIT.

pH Water No Certified Method 150.1 Measured in Field N/A

Temperature Water No Certified Method 170.1 Measured in Field N/A

Turbidity Water No Certified Method 180.1 Measured in Field N/A

Conductivity Water No Certified Method 120.1 Measured in Field N/A
Electrode

RedOX Water No Certified Method SM 2580b Measured in Field N/A

Total Suspended Water No Certified Method 160.2 Gravimetric 4000 pg/L
Solids

Total Dissolved Water No Certified Method 160.1 Gravimetric 10,000 pg/L
Solids

Total Organic Soil No Certified Method SW 9060 Infrared 360 pg/g
Carbon

Water No Certified Method SW 9060 Infrared 1000 pg/L

Nitrate/Nitrite Water TF22 351.2 Colorimetric 10 pg/L

Hardness Water N/A 130.2 or SM2340B Titration or 1000 pg/L
Calculation

TKN (Kjeldahl) Water No Certified Method 351.2 Calorimetric 183 pg/L

Total Petroleum Water No Certified Method 418.1 Infrared 167 pg/L
Hydrocarbons Soil No Certified Method SW 9071/ 418.1 Infrared 21 pg/g

Aluminum Water SS18 200.7 ICP 141 pg/L

Soil JS16 SW 6010 ICP 14.1 pg/g

Antimony Soil JS16 SW 6010 ICP 7.14 pg/g

Water SD28 - GFAA 3.03 pg/L

Soil JD25 - GFAA 1.09 pg/g

Arsenic Water SD22 206.2 GFAA 2.54 pg/L

Soil JD19 SW 7060 GFAA 0.25 pg/g

Barium Water SS18 200.7 ICP 2.5 pg/L

Soil JS16 SW 6010 ICP 5.91 pg/g
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continued

APPENDIX D-3
TABLE D-1

SUMMARY OF ANALYTICAL PARAMETERS

AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EauivALENT LABORATORY!
SUSAEC.....USEPA ARMY-CER-nFIED

METODMEHO METHOD REPORTING

PARAMETER...(OLWTR NUMBER NUMBER DESCRIPTION LIMIT

Beryllium Water $S18 200.7 ICP 5.0 pg/L

Soil JS16 SW 6010 lCP 0.5 pg/g

Cadmium Water SS10 200.7 ICP 3.01 pg/L

Soil JS16 SW 6010 lCP 0.7 pg/g

Calcium Water SS18 200.7 ICP 1000 pg/L

Soil JS16 SW 6010 ICP 100 pg/g

Chromium Water SS18 200.7 ICP 6.96 pg/L

Soil JS16 SW 6010 ICP 4.05 pg/g

Cobalt Water SS18 200.7 ICP 50 pg/L

Soil JS16 SW 6010 ICP 1.42 pg/g

Copper Water SS18 200.7 lCP 5 pg/L

Soil JS16 SW 6010 ICP 0.965,pg/g

Iron Water SS18 200.7 ICP 36.8 /g/L

Soil JS16 SW 6010 lCP 3.68 pg/g

Lead Soil JS16 SW 6010 ICP 10.5 pg/g

Soil JD17 SW 7421 GFAA 0.177,g/g

Water SD20 239.2 GFAA 1.26 pg/L

Magnesium Water SS18 200.7 ICP 1000 pg/L

Soil JS16 SW 6010 lCP 100 pg/g

Manganese Water SS18 200.7 lCP 2.5 pg/L

Soil JS16 SW 6010 ICP 2.05 pg/g

Mercury Water SBO1 245.1 CVAA 0.243 pg/L

Soil JB01 SW 7471 CVAA 0.05 pg/g

Nickel Water SS18 200.7 lCP 7.11 pg/L

Soil JS16 SW 6010 lcP 1.71 pg/g
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continued

APPENDIX D-3
TABLE D-1

SUMMARY OF ANALYTICAL PARAMETERS

AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EQuivALENT LABORATORY/
LJSAEC USEPA ARMY-CERTIFIED

MATRIX METHOD METHOD METHOD REPORTING
.,..PARAMETER, (SOILIWATER) NUMBER NUMBER DESCRIPTION LIMIT

Potassium Water SS18 200.7 lCP 1000/.,g/L

Soil JS16 SW 6010 ICP 100 pg/g

Selenium Water SD21 270.2 GFAA 3.02 pg/L

Soil JD15 SW7740 GFAA 0.25 pg/g

Silver Water SD23 272.2 GFAA 0.25 pg/L

Soil JD18 SW 7761 GFAA .025.ug/g

Water SS18 200.7 ICP 4.42 pg/L

Soil JS16 SW 6010 ICP 0.589 pg/g

Sodium Water SS18 200.7 lCP 2290 pg/L

Soil JS16 SW 6010 ICP 100 pg/g

Thallium Water SD09 279.2 GFAA 6.99 pg/L

Soil JD24 SW846 GFAA 0.5 pg/g
7841

Vanadium Water SS18 200.7 ICP 4.69 pg/L

Soil JS16 SW 6010 lCP 3.39 pg/g

Zinc Water SS18 200.7 lCP 35.8 pg/L

Soil JS16 SW 6010 lCP 8.03 pg/g

Semivolatile Organic Water UM18 625 Extraction,GC/MS See POP
Compounds

Soil LM18 SW 8270 ExtractionGC/MS See POP

Volatile Organic Water UM20 624 Purge and Trap, See POP
Compound GC/MS

Soil LM19 SW 8240 Purge and Trap, See POP
GC/MS

Pesticides/PCBs Water UH13/UH02 608 Extraction, GC See POP

Soil LH10/LH16 SW 8080 Extraction, GC-EC See POP

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03



continued

APPENDIX D-3
TABLE D-1

SUMMARY OF ANALYTICAL PARAMETERS

AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

EQUIVALENT LABORATORY/
ýUSAEC USEPA ARMY-CERTIFIED

MARI......METH.OD METHOD METHOD REPORTING
PARAMETER .. (ýsOIL/WATER) NUIMBER ýNUMBER DESCRIPTION LIMIT

GRO Water No Certified Method Modified 8015 GC/FID 400 pig/L

Soil No Certified Method Modified 8015 GO/FID 8 pg/g

DRO Soil No Certified Method Modified 8015 GO/FID 8,pg/g

Notes:

POP = Project Operations Plan; Fort Devens, Massachusetts, Data Itemn A004/AOOS; U.S. Army Environmental Center; Aberdeen Proving
Ground, Maryland; May 1995.

SW = EPA "Test Methods for Evaluating Solid Wastes", SW-846, September 1986
GRO = Gasoline Range Organics
DRO = Diesel Range Organics.Source: ESE, 1991.
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APPENDIX D-3
TABLE D-3

ELEMENTS DETECTED IN SOIL METHOD BLANKS

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENTRATION
FREQUENCY OF RANGE CR1

ELMN:DETCTION (pg/g) Wig/g)

Aluminum 1/1 636 14.1

Barium 1/1 13.4 29.6

Calcium 1/1 421 3.05

Lead 1/1 .649 1.26

Copper 1/1 1.01 58.6

Iron 1/1 1160 42.7

Potassium 1/1 215 37.5

Magnesium 1/1 202 50.0

Manganese 1/1 27.3 0.275

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03



APPENDIX D-3
TABLE D-4

VOCs DETECTED IN METHOD BLANKS FOR SOIL

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENTRATION
FREQUENCY OF RAN~GE CRL

COMPOUND DETECTION (pg/g) (ug/g)

Target VOCs

Acetone 1/3 0.017 0.017

Methylene Chloride 3/3 0.0015 - 0.0039 0.012

VOC TICs

Trichlorofluoromethane 1/3 0.011 NA

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03



APPENDIX D-3
TABLE D-5

SVOCs DETECTED IN SOIL BLANKS

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENTRATION
FREQUENCY OF RANGE CRL

COMPOUND DETECTION (pg/g) (uig/g)

SVOC TICs

Dioctyl adipate 1/3 3 Not determined

heptacosane 2/3 0.3 Not determined

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03



APPENDIX D-3
TABLE D-6

PESTICIDES DETECTED IN METHOD BLANKS FOR WATER

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENTRATION
FREQUENCY OF RANGE CRIL

COMPOUND DETECTION (ug/L) (pg/L)

Malathion 2/2 0.188 Not Available

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03



APPENDIX D-3
TABLE D-7

PESTICIDES DETECTED IN METHOD BLANKS FOR SOIL

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

CONCENTRATION
FREQUENCY Of RANGE CRL

COMPOUND DETECTION(g/)g/L

alpha-Chlordane 1/2 0.00596 0.005

gamma-Chlordane 2/2 0.00655 - 0.0108 0.005

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03
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APPENDIX D-3
TABLE D-11

ELEMENTS WITH MATRIX SPIKE RECOVERIES IN SOIL

OUTSIDE USEPA CRITERIA

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

FREQUENCY OF RECOVERY OUTSIDE
ELEMENT- USEPA CLP LIMITS ~. RECOVERY RANGE

Mercury 1/2 74.7

Arsenic 2/2 52.7-68.1

Manganese 1/2 64.1

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03



APPENDIX D-3
TABLE D-12

USEPA CLP SURROGATE RECOVERY CRITERIA FOR SVOCS

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

PERCENT RECOVERY LIMITS FOR PERCENT RECOVERY LIMITS
SURROG ATE WATER FOR SOIL

2-Fluorophenol 21% to 100% 25% to 121%

Phenol-D6 10% to 94% 24% to 113%

2,4,6-Tribromophenol 10% to 123% 19% to 122%

Nitrobenzene-D5 35% to 114% 23% to 120%

2-Fluorobiphenyl 43% to 116% 30% to 115%

Terphenyl-D14 33% to 141% 18% to 137%

0

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03
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APPENDIX D-3
TABLE D-15

USEPA CLP SURROGATE RECOVERY CRITERIA FOR VOCS

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

PERCENT RECOVERY LIMITS FOR PERCENT RECOVERY LIMITS
SURROGATE WATER FOR SOIL

1,2-Dichloroethane-D4 76% to 114% 70% to 121%

4-Bromofluorobenzene 86% to 115% 74% to 121%

Toluene-D8 88% to 110% 81% to 117%

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03
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APPENDIX D-3
TABLE D-17

USEPA CLP SPIKE PRECISION CRITERIA FOR PESTICIDES

1995 AOC 57 AND 69W REMEDIAL INVESTIGATION
FORT DEVENS, MASSACHUSETTS

SPIKE- COMPOUND RPD LIMIs FOR WATER

Lindane (gamma-BHC) 15

Heptachlor 20

Aldrin 22

Dieldrin 18

Endrin 21

4,4-DDT 27

Harding Lawson Associates

Appendix-D
W0029712.080 9144-03
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1.0 INTRODUCTION

This Quality Control Summary Report (QCSR) provided a summary of quality control
sample measurement associated with field sampling and analysis activities conducted
during the 1998 Supplemental Field Investigation. Samples were analyzed at on-site and
off-site laboratories. Data quality objectives and analytical methods for the 1998
investigation are the same as those described in Appendix D-2 and Appendix D-3 for the
1996 investigation. During the 1998 program, on-site analyses included only Total
Recoverable Petroleum Hydrocarbon (TPHC) analysis. Off-site analyses included a
subset of inorganics (As, Ba, Cu, Mn, Pb, Sb, Se, and Zn), volatile, semivolatiles,
pesticides, PCBs, TPHC, and Total Suspended Solids.

2.0 OFF-SITE DATA QUALITY CONTROL REVIEW

Quality control sample data associated with the off-site analytical program include
method blanks, field QC blanks (rinse blanks and trip blanks), field duplicates, matrix
spike/matrix spike duplicates (MS/MSD). Surrogate recovery data for volatile,
semivolatiles, pesticides, and PCB analyses were also reviewed. Data quality
interpretations were based on Quality Control limits specified by USEPA (USEPA, 1994;
USEPA,1996; USEPA, 1989). With the exception of the items listed below, all analytical
results generated during the field investigation met project QC goals and are usable
without qualification. No results were rejected based on the QC review. A subset of
results are considered estimated values.

2.1 METHOD BLANKS

Method blanks results are summarized in Table D-1 and Table D-2. With the exception
of the semivolatile compound bis(2-ethylhexyl)phthalate at 29 ug/L, and the metal
manganese at 11 gg/L, target analytes were not reported in aqueous method blanks.
These results indicate the laboratory was free of laboratory introduced contamination for
the majority of aqueous target analytes. Similar concentrations of bis(2-
ethylhexyl)phthalate and manganese in aqueous samples may represent laboratory
contamination.
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A small subset of target analytes were detected in soil method blanks including TPHC at
36.5 gg/g, barium (8.31 gg/g), manganese (21.2 ýtg/g), alpha-chlordane (.0058 - .0082
gg/g), gamma-chlordane (.0092 - .013 ýtg/g), diacetone alcohol as a semivolatile
tentatively identified compound. With the exception of the above analytes, the laboratory
soil analyses were free of laboratory introduced contamination. Similar concentrations
of the analytes listed above in soil samples may represent laboratory introduced
contamination.

2.2 RINSE BLANKS

Rinse blank results are summarized in Table D-3. With the exception of low
concentrations of arsenic (2.93 gg/L) and manganese (6.28 gg/L), no other target analytes
were detected in rinse blanks. These results indicate that field sampling processes did not
contribute to sample contamination for the majority of target analytes. The low
concentration of arsenic and manganese in the rinse blanks is not interpreted to have an
impact on sample data usability.

2.3 TRIP BLANKS

Trip blank results are summarized in Table D-4. No target compounds were detected in
any of the three trip blanks associated with this data set. These results indicate that no
cross contamination of samples occurred during shipment and storage.

2.4 SURROGATE RECOVERIES

Surrogate data were reviewed for all volatile (Table D-5), semivolatile (Table D-6), and
pesticide and PCB (Table D-7) analyses. Surrogate recoveries were compared to limits
specified in the USEPA Contract Laboratory Program (CLP).

Volatiles

Surrogate recoveries for all aqueous samples were within CLP limits indicating usable
results were obtained for all water samples. Surrogate recoveries were within limits for
all soils with the exception of DX570600 (57D-98-06X) and DX570800 (57D-98-08X)
which had high recoveries of one of three surrogates. No volatile target analytes were
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reported in sample DX570800. Results for benzene, chlorobenzene, and toluene in
samples DX570600 are potentially biased high.

Semivolatiles

Surrogate recoveries for all soil/sediment samples were within CLP limits indicating
usable results were obtained. With the exception of water samples WX570300 (57W-98-
03X) and WX570400 (57W-98-04X), all surrogate recoveries for water samples met
USEPA guidelines. Low recoveries (28% - 30%) were reported in two base/neutral
surrogates for samples WX570300 (57W-98-03X) and WX570400 (57W-98-04X)
indicating a low bias for base/neutral compounds in these samples. All non-detect and
detected results for these samples are considered estimated and potentially biased low.

Pesticides

With the exception of water sample MX570200 (57W-98-02X), sediment sample
DX570500 (57D-98-05X), and soil samples SX570302 (57S-98-03X) and SX570701
(57S-98-07X), all samples had surrogate recoveries within CLP limits. Low recoveries
were observed in the samples listed above, and all results for pesticides in water sample
MX570200 (57W-98-02X), sediment sample DX570500 (57D-98-05X), and soil samples
SX570302 (57S-98-03X) and SX570701 (57S-98-07X) are considered estimated and
potentially biased low.

PCBs

Surrogate recoveries for all soil/sediment samples were within CLP limits indicating
usable results were obtained. With the exception of water sample WX570400 (57W-98-
04X) with low recoveries (19% - 29%), all water sample recoveries were within CLP
limits. All results for water sample WX570400 (57W-98-04X) are considered estimated
and potentially biased low.

2.5 MATRIX SPIKE RESULTS

Matrix spike data were reviewed for TOC, TPHC, and inorganics (Table D-8).
Recoveries for all spike analytes were within USEPA Region I limits of 75%-125% for
inorganic parameters with the exception of TOC, arsenic, and antimony in soils. TOC
recoveries were 130% and 206%. Arsenic recoveries ranged from 27% to 148%. The
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spike concentration of TOC and arsenic in the matrix spikes was relatively low compared
to the concentrations reported in the original samples. No data use qualifications were
applied to the TOC or arsenic data based on these results. Antimony recoveries in two
sets of MS/MSD samples ranged from 33% - 56%. Based on these results all antimony
soil results are for method JS 16 are considered to be estimated and potentially biased low.

2.6 FIELD DUPLICATE RESULTS

One water duplicate MX571 1XX and one soil duplicate SX570700 were collected during
the 1998 program. Duplicate results are presented in Table D-9 and Table D-10.
Relative percent difference (RPD) of results was compared to USEPA Region I goals of
30% for waters and 50% for soils.

Inorganics

All soil results were within USEPA limits. Results for barium and copper in water
sample MX571 1XX exceeded limits. Results for copper included detection at 8.54 gg/L
and a non-detect at <5 gg/L. No data qualification was done because the detected
concentration only slightly exceeded the reporting limit. Results for barium in all water
samples should be considered estimated values.

Pesticides/PCBs

Results for all aqueous samples were reported as non-detects with agreement between
duplicates for absence of contamination. Target analytes DDT and aroclor 1260 were
reported in the soil duplicate with RPDs within USEPA limits indicating good
precision.

Semivolatiles

No target compounds were reported in the soil duplicate pair. The compounds 1,2-
dichlorobenzene, 1,4-dichlorobenzene, and naphthalene were detected in the aqueous
samples. RPDs for all results exceeded the USEPA limits; however, concentrations were
low (<7 ýig/L) relative to reporting limits and no qualification of data was done based on
these duplicate results.
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Volatiles

With the exception of acetone in the soil duplicate, no VOCs were reported in soil
samples demonstrating agreement for the absence of contamination. Acetone was
reported at a concentration slightly greater than the reporting limit, and it was not
interpreted to be a site related compound.

A number of target compounds were reported in the water duplicate pair. Detections
include 1,2,4-trimethylbenzene, ethylbenzene, xylenes, trichloroethene, and
tetrachloroethene. All RPDs were within USEPA limits indicating excellent precision for
the sample pair.

Total Suspended Solids

One aqueous duplicated pair was collected. An RPD of 191 was observed in the data set
indicating a large difference in results. These data indicate that all TSS data should be
considered estimated.

TPHC

One soil duplicated pair was collected. An RPD of 108 was observed in the data set
indicating a large difference in results. These data indicate that all off-site soil TPHC
data should be considered estimated.

2.7 TENTATIVELY IDENTIFIED COMPOUNDS (TICS)

A subset of samples had non-target compounds reported as tentatively identified
compounds (TICs) in the VOA and SVOA data. TICs are summarized on Table D-1 1.

The majority of SVOA non-target compounds were reported as unknowns. TICs
included alkanes (C16 -C29), J3-sitosterol, and alpha-pinene. Sediment and soil samples
contained numerous unknowns ranging in total concentration per sample from <5 jig/g to
171 jig/g. The B-sitosterol, and alpha-pinene are interpreted to represent natural
organics. The alkanes and unknowns may represent fuel related contamination.
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No TICs were reported in VOA soils. A number of fuel related hydrocarbons were
reported in aqueous samples including light alkanes, alkyl-substituted benzenes, and
cyclohexanes which are indicators of possible gasoline contamination.

3.0 ONSITE DATA QUALITY CONTROL REVIEW

The 1998 field program included the on-site analysis of soil samples for Total Petroleum
Hydrocarbons using a Modified USEPA Method 418.1 methodology. The data use
objectives for the program was to provided data on the presence or absence of
hydrocarbon contamination use in direction of the sampling program. Field data were
used to locate explorations and select samples for off-site analysis. Data quality was
assessed by evaluation of comparability of on-site results to split samples analyzed at the
off-site laboratory.

3.1 DATA COMPARISON AND EVALUATION

Comparability of the data was evaluated to determine if results were usable for defining
the presence/absence and relative concentrations of TPH using the on-site data. Relative
percent difference (RPD) calculations were used to determine the comparability of the on-
site/off-site results. Results of the on-site/off-site analyses are summarized on Tables 1-4
and 1-5.

Soil Matrix

Fourteen soil split samples were submitted for off-site TPH-IR analysis. Split sample
data for TPH is presented for soil matrices on Table 1-4

Sediment Matrix

Eight sediment samples were submitted for off-site TPH-IR analysis. Split sample data
for TPH is presented for sediment matrices on Table 1 -5.

3.1.1 Split-Sample Comparison Conclusions

There was a high degree of correlation between the on-site and off-site laboratories
relative to soil and sediment data. Comparison of the on-site/off-site soil results indicate
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that 100 percent of the calculated soil sample results agree within the 100 percent RPD
requirement set forth by the USEPA for field duplicates (USEPA, 1996). The remaining
two soil samples were a duplicate pair (570700) that was reported below the reporting
limit of the on-site lab but had positive detections in the off-site lab. Evaluation of the
on-site results indicate that the sample matrix had a high water content, 25 percent and 27
percent total solids. This was a probable interference in the modified extraction
procedure utilized by the on-site laboratory. The percent difference of the off-site
duplicate result was 70 percent. This demonstrates a notable variance for the off-site
results, and implies a high degree of variation within the homogeneity of the sample
matrix for this sample.

For sediment samples, 75 percent of calculated RPDs were within the USEPA field
duplicate limits. Two samples that exceeded RPDs of 100 had higher concentrations
reported at the on-site laboratory. These results indicate a possible high bias at the on-site
laboratory.

Based on the split sample results, field TPH results are usable for the determination of
presence/absence and relative concentrations of TPH in the soil and sediment media.

TABLE D-4 Soil Comparison

11Sample 570101 570200 570302 570401 570503 570601 570700
AD
On-site 1000 1400 14000 680 3200 2500 <800
result
Off-site 393 1200 14800 1150 1750 4620 6170
result I_____

RPD 8715 6 51 59 60*
Sape 5770 570701 570800 570900 571301 571401 571503

On-site <740 32000 <800 1500 1600 1200 <270
result
Off-site 1830 17000 494 1930 951 895 <27.9
result I_____ _____

RPD 1 61 10 25 51 29 0

*Refer to "Split Sample Comparison Conclusions".

Harding Lawson Associates

G:\Projects\UiAEC\PROJECT<\57R0TEXT057DQR98.DOC 45001
10/26/99

D-4-7



APPENDIX D-4

TABLE D-5 Sediment Comparison

Sample 570100,. 570200 570300 570400 570500 570600 570700 570800
ID' ____
On-site 2500 <31000 <1800 <1500 5500 <380 5500 <390
result
Off-site 103 452 185 246 3540 160 200 109
result
RPD 184 0 0 0 43 0 186 0
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TABLE D-11
SUMMARY OF TENTATIVELY IDENTIFIED COMPOUNDS

AOC 571998 SUPPLEMENTAL FIELD INVESTIGATION
DEVENS, MASSACHUSETTS

FIELD SAMPLE IRDMIS PARAMETER FLAG
MEDIA SITE ID NUMBER TEST NAME NAME VALUE CODE-

SVOA 57D-98-01X DX570100 C29 nonacosane 6.7 S
sediment UNK646-687 unknown (7) 14 S
(LM 18) 57D-98-02X DX570200 C16A hexadecanoic acid 1.6 S

C27 heptacosane 5.2 S
SMOLE sulfur 2.1 S
UNK532-687 unknown (20) 145 S

57D-98-03X DX570300 C29 nonacosane 9.4 5
UNK644-687 unknown (12) 45 S

57D-98-04X DX570400 C29 nonacosane 13 S
PHENAA phenacetin 1.3 S
UNK597-689 unknown (32) 121 S

57D-98-05X DX570500 C16A hexadecane 5.5 S
C27 heptacosane 7.4 S
SMOLE sulfur 1.8 S
UNK517-695 unknown (18) 54 S

57D-98-06X DX570600 C29 nonacosane 7.2 S
UNK538-687 unknown (21) 69 S

57D-98-07X DX570700 3S5E3L I9-sitosterol 1.8 5
1 UNK597-687 unknown (30) 97 S

57D-98-08X DX570800 3S5E3L I1-sitosterol .66 S
UNK612-687 unknown (21) 31 S. SVOA. 57S-98-01X SX570101 UNK636-695 unknown (3) 2 S

soils 57S-98-02X SX570200 UNK645-669 unknown (6) 59 S
(LM18) 57S-98-03X SX570302 UNK667 unknown 20 S

57S-98-05X SX570503 UNK667 unknown 2 S
57S-98-06X SX570601 UNK653-669 unknown (5) 21 S
57S-98-07X SD570700 ALPHPN alpha-pinene 1 SD

C27 heptacosane 1.5 SD
UNK526-682 unknown (10) 27 SD

57S-98-07X SX570700 ALPHPN alpha-pinene 10 S
UNK645-669 unknown (8) 170 S

57S-98-07X SX570701 UNK577-628 unknown (4) 50 S
57S-98-08X SX570800 C29 nonacosane 11 S

UNK636-695 unknown (6) 68 S
57S-98-09X SX570900 UNK653-695 unknown (6) 56 S
57S-98-13X SX571301 UNK653 unknown .8 S
57S-98-14X SX571401 UNK667 unknown 1 S
57S-98-15X SX571503 UNK695 unknown .4 S

SVOA 57M-96-1IX MD5711XX UNK525-621 unknown (4) 49 SD
water 57M-96-1IX MX571IXX ETC6H5 ethylbenzene 7 S
(UM18) PRC6H5 propylbenzene 4 S

UNK519-621 unknown (4) 50 s
57P-98-02X MX5702XX UNK519-582 unknown (2) 19 S
57P-98-03X MX5703XX PRC6H5 propylbenzene 5 S

UNK530-592 unknown (15) 171 S
__XYLEN xylene 5 S
57W-98-05X WX570500 UNK528-666 unknown (3) 21 S

57tic2.xls Page 1



TABLE D-11
SUMMARY OF TENTATIVELY IDENTIFIED COMPOUNDS
AOC 57 1998 SUPPLEMENTAL FIELD INVESTIGATION

DEVENS, MASSACHUSETTS

FIELD SAMPLE IRDMIS PARAMETER FLAG
MEDIA SITE ID NUMBER TEST NAME NAME VALUE CODE

57W-98-08X WX570800 UNK662 unknown 4 S
VOA 57M-96-11X MD5711XX 124TMB 1,2,4-tdmethylbenzene 20 S
water 1 E2MB 1 -ethyl-2-methylbenzene 20 S
(UM20) 2MEPEN 2-methylpentane 10 S

3MEPEN 3-methylpentane 30 S
CL2BZ chlorobenzene 18 S
CYHX cyclohexane 20 S
MECYPE methylcyclopentane 20 S
NAP naphthalene 10 S
PRC6H5 propylbenzene 10 S
UNK219 unknown 10 S

57M-96-IIX MX5711XX 124TMB 1,2,4-trimethylbenzene 20 S
1E2MB 1 -ethyl-2-methylbenzene 20 S
3MEPEN 3-methylpentane 10 S
CL2BZ chlorobenzene 19 S
CYHX cyclohexane 20 S
INDAN indan 10 S
MECYPE methylcyclopentane 20 S
NAP naphthalene 10 S
PCYMEN 4-(1-methylethyl)toluene 10 S
PRC6H5 propylbenzene 10 S

57P-98-03X MX5703XX 124TMB 1,2,4-trimethylbenzene 70 S
1 E2MB 1 -ethyl-2-methylbenzene 10 S
INDAN indan 6 S
NAP naphthalene 8 S

IUNK237 unknown 7 s
Notes:
soils = pg/g wates = pg/L
S = non-target compound; D = duplicate
Unknown (#) = total concentration of specified number of unidentified non-target compounds
SVOA = semivolatile organic analysis
VOA = volatile organic analysis

57tic2.xls Page 2



APPENDIX D-5

1999 OFF-SITE LABORATORY DATA (AREA 3 SOIL REMOVAL)
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APPENDIX D-5

A data quality review was completed on analytical data collected during confirmation
sampling associated with the AOC 57 Source Area 3 Removal Action. Samples were
analyzed for extractable petroleum hydrocarbon (EPH), volatile petroleum hydrocarbon
(VPH), organochlorine pesticides by USEPA Method 8081, and polychlorinated
biphenyls (PCBs) by USEPA Method 8082 (USEPA, 1996). Soil samples were analyzed
for EPH/VPH using Massachusetts Department of Environmental Protection (MADEP)
procedures (MADEP, 1998). Samples were analyzed by Katahdin Analytical Services in
Westbrook, Maine. Soil samples were collected during field investigations completed in
March, April, and June 1999. Data were validated to evaluate quality control
measurement data associated with the laboratory analytical results, and to determine the
usability of reported results.

Based on the data quality review described below, all VPH/EPH and PCB results are
considered to be usable for quantitative and qualitative assessment of the presence and
concentration of specified target analytes. Results for some hydrocarbon groups and
target compounds have been qualified J indicating that reported results are interpreted to
be estimated values. A subset of pesticide results has been qualified rejected R or
estimated J due to poor matrix spike performance. Qualified sample results are discussed
in detail below.

Data Review

The data quality review was performed by the HLA project chemist in accordance with
reduced data validation guidance provided by the USACE New England. During the
validation process, the major QC measurement specified in the analytical data sets are
evaluated. Data validation actions were based on qualification procedures outlined in the
USEPA validation guidance documents (USEPA, 1994). The following QC measurement
and method requirements were evaluated:

* holding time compliance
0 sample shipping and custody records
• laboratory control sample (LCS) results
0 matrix spike (MS) results
* surrogate recoveries
0 laboratory and field QC blank results
* field duplicate results

Harding Lawson Associates
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APPENDIX D-5

VPH

All soil samples were preserved in methanol and analyzed within the 28 day holding time
specified in the method. No target analytes were reported in laboratory method blanks,
trip blanks, or rinse blanks associated with the data sets. LCS recoveries and duplicate
data associated with the soil samples were within method specified limits indicating the
analytical method was in control during the analysis of all samples in the data set. No
matrix spike analyses were completed on samples in the data set due to lack of adequate
volume of samples supplied to the laboratory. With the exception of samples discussed
below, surrogate recoveries were within method specified limits for all samples.

A subset of samples was run at dilutions due to the presence of C9-C12 non-target
compounds in the sample analysis. Reporting limits for BTEX and MTBE were elevated
due to dilution in samples EX57WllX, EX57W14X, EX57Wl5X and the associated
field duplicate, EX57Wl6X, and EX57Wl7X. It is possible that BTEX and MTBE
might be present at concentrations below these elevated reporting limits; however, the
overall VPH target compound results suggest that the contamination is primarily
weathered hydrocarbons with the majority of BTEX has degraded.

The following data qualification actions and data use considerations should be
incorporated into assessments made with this data set:

1. Aromatic fractions and target compound results in samples EX57Wl5X and the
associated field duplicate, and EX57W 17X, were qualified estimated J due to
surrogate recovery outside the method specified limits of 70%-130%. Surrogate
recovery for the aromatic fraction was 62% - 67% indicating a slight low bias in
the results.

2. All results for sample EX57Wl3X were qualified estimated J because of
surrogate recovery outside the method specified limits of 70%-130%. Surrogate
recovery for the aromatic and aliphatic fractions were 66% - 69% indicating a
slight low bias in the results.

3. Results for the C9-C10 aromatic fraction in sample EX57W 02X and the
associated duplicate were qualified estimated J due to differences in the field
duplicate results.

Harding Lawson Associates
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APPENDIX D-5

EPH

All samples were analyzed within the 14 day soil holding time specified in the method.
LCS and MS recoveries, and duplicate data were within method specified limits for the
majority of analytes indicating the analytical method was in control during the analyses.
With the exception of two samples discussed below, surrogate recoveries were within
method specified limits for all samples.

The following data qualification actions and data use considerations should be
incorporated into assessments made with this data set:

1. Aromatic fraction and target compound results for soil sample EX57W13X were
qualified estimated J due to low surrogate recovery (34%). Results for these
samples are considered potentially biased low.

2. Aliphatic fraction and target compound results for soil sample EX57W12X were
qualified estimated J due to low surrogate recovery (19%). Results for these
samples are considered potentially biased low.

3. Naphthalene results for a subset of samples were qualified estimated J due to low
matrix spike recoveries of (31% - 43%).

4. In samples EX57WO2X, EX57WO6X, EX57WO8X, and EX57Wl2X results
reported for C19-C36 aliphatics were qualified non-detect U due to similar
concentrations being reported in the laboratory method blank.

Pesticides

All samples were analyzed within the14 day soil holding time specified in the method.
LCS recoveries, and duplicate data were within method specified limits. All reported
surrogate recoveries were within method limits. Data from the MS/MSD pairs analyzed
with each of the 3 data delivery groups indicate that there were matrix effects limiting the
accuracy of the pesticide results. Different matrix effects were observed for each
MS/MSD pair including inconsistent low and high recoveries in a subset of the target
compounds. In two of three MS/MSD samples, high concentrations of PCBs were
present in the samples causing interference in the data. No clean up steps were taken
during the analysis of these samples. It is possible that more reliable data could have
been obtained if clean up steps including Forisil or Silica clean ups were undertaken at
the laboratory. Results were qualified based on USEPA guidelines.

Harding Lawson Associates
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APPENDIX D-5

1. Results for dieldrin, 4,4'-DDD, 4,4'-DDT, alpha-chlorodane, beta-BHC,
endosulfan I and II, endosulfan sulfate, endrin, gama-BHC, gama-chlordane, and
heptachlor epoxide were qualified estimated J in a subset of samples due to matrix
spike recoveries outside limits.

2. A subset of methoxychlor results were rejected R due to low MS recoveries.

PCBs

All samples were analyzed within the 14 day soil holding time specified in the method.
LCS, MS, surrogate recoveries, and duplicate data were within method specified limits
indicating the analytical method was in control during the analyses. No data qualification
was done on the PCB data sets.

0

Harding Lawson Associates
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Reference:

Massachusetts Department of Environmental Protection (MADEP), 1998. "Method for the
Determination of Volatile Petroleum Hydrocarbons (VPH)"; Division of
Environmental Analysis; Office of Research and Standards; Bureau of Waste Site
Cleanup; January 1998.

Massachusetts Department of Environmental Protection (MADEP), 1998. "Method for the
Determination of Extractable Petroleum Hydrocarbons (EPH)"; Division of
Environmental Analysis; Office of Research and Standards; Bureau of Waste Site
Cleanup; January 1998.

U.S. Environmental Protection Agency (USEPA), 1996. "Test Methods for Evaluating
Solid Waste"; Laboratory Manual Physical/Chemical Methods; Office of Solid
Waste and Emergency Response; Washington, DC; SW-846; November 1986;
Revision 4 -December 1996.

U.S. Environmental Protection Agency (USEPA), 1994. "USEPA Contract Laboratory
Program National Functional Guidelines for Organic Data Review"; Office of Solid
Waste and Emergency Response; EPA-540/R-94/012; February 1994.
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