
  

 

 

 

 

 

 

APPENDIX D  
BORING LOGS COMPILATION 
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Length of 
Screen (feet) 
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5 
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T A B L E 1 

HONITOR WELL CONSTRUCTION DETAILS 

' 
Casing Depth 

Length of Blank Stickup of Well 
Pipe (feet) (feet) (feet) Comments 

2.6 1. 1 6.6 Installed with hand auger on 10/20/86 

2.3 1.0 6.3 Installed with hand auger on 10/20/86 

2.8 1. 2 6.6 Installed with hand auger on 10/20/86 

2.6 1.0 6.6 Installed with hand auger on 10/20/86 

1.4 -0. l 6.5 Installed with hand auger on 10/20/86 

) 2.0 8.5 Installed with backhoe on 10/30/86 

3 2. l 8.4 Installed with backhoe on 10/31/86 
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MOl..JITOn WELL NO. 8 

WELL SCHEMATIC 

Casing Elevation:16.76 
Casing Stickup: 1. 7 It. 

2- I ~c,-
DI M'.:O-::;.., 
SCh:OD'-'L'.: 40 
PVC :>: "':O 

.~'-+-2- INCc-
DI AM:OT::r:, 
SCHEDLi~": ~O 

PVC W":_L 
SCREc~, 

0.02-1;-;:,., 
SLOT ;.,·1 )TH 
WAT E R · ~ :: \' c L 
ON l.': 3 .' S 7 

MEDI -o 
COAR 
BACK 

1-
): c: 
0 ::> _o 

!DC) 

CA 

II) 

~ 
0. 

~ Group 
UJ Symbol 

I 

DESCRIPTION 

Surface Elevation: 15.1 It. 

GRADES TO Sr:JWNISH-GRAf 

GRADcS TO GRAY AND WET 

MODER,:,-:: PRC'CJUCT ODOR BELllW 7 r: == 

F t f T (H, . I ~ : , : i 

Note: See Figure A-2 for Explanation of Symbols 

Geo5ngineers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-3 
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MONITOR WELL NO. 9 

WELL SCHEMATIC 

Casing Elevation: 18.32 
Casing Stickup: 3.5 ft. 

,_ 
3: t: 
0 ::i _o 
CDC,) 

"' .! 
0. 

~ Group 
(f) Symbol 

DESCRIPTION 

Surface Elevation: 14.8 ft. 

SP &R OW N FI NE TO MEDIUM SAN: WiT H OCCASIONAL 

2- I IKH­
DIAMETER, 
SCHEDULE 40 
PVC PIPE 

2-INCH­
DIAMETEP., 
SCHEDULE 40 
PVC WELL 
SCREEN, 
0.02-INCH 
SLOT WIDTH 
WATER LEI/EL 
ON 1 I l 3 I 8 7 

MEDIUM TO 
COARSE SAND 
BACKFILL 

CA I 

CONCRETE AND GRAVEL N~~~ GROUND SURFACE 
(LOOSE, MOIST) 

STRONG PRODUCT ODOR B~_ow 3.5 FEtT 
GRADES TO \vET 

BORING COMPLETED AT 7 F~~- ON 1/13/87 

Note: See Figure A-2 for Explanation of Syrnbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-4 
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WELL SCHEMATIC 1 -
3: c: 

Casing Elevation: 17.63 Eg 
Casing Stickup: 3.5 ft. o(.) 

NATIVE 
SOIL 

2- I IJCH 
)IAME::TE,:, 
SCHEDULE 40 
PVC PIPE 
2-1 rJCh 
DIAMET:OR, 
SCrlEDULE 40 
?VC YIELL 
SCREEN, 
0.02-INCH 
SLOT WIDTH 

'V>IATER LEVEL 
ON 1/13/87 

MEDIUM TO 
COARSE SMID 
3ACKFJLL 

MONITOR WELL NO. 1 O 

"' .!£ 
c. 
~ Group 

r.tJ Symbol 

SP 

DESCRIPTION 

Surface Elevation: 14. 1 ft. 

BLACK OIL (?) CE~ENTED SAND 
DARK BROWN FINE S~ND (LOOSE, MOIST) 

SP BROWN FINE TO ME:!UM SAND (LOOSE, MOIST) 

MODERATE PRODU:7 ODOR AT 3.0 FEET 

GRADES TO GR;;c .:.,;m WET 

BORING COMPLETE D 7 FF.::;T ON 1/8 ," 87 

Note: See Figure A-2 for Explanation of Symbols 

GeoEngineers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-5 
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MONITOR WELL NO. 11 

"' 
WELL SCH:MATIC 1 - ~ 

3: c: E 
Casing Elevation: 16.28 ..!2 g .., Group 
Casing Stickup: 1.5 ft. cou v, Symbol 

DESCRIPTION 

Surface Elevation: 14.8 ft. 
o~..,.....,......,.....,,..._~~~~~~-.-~~~~--~--.-~~~~~~~~~~~~~~~~~~~~~~~~~-r-

~~-; vE SOIL ML BROWN SILT WITH A TR~CE OF SAND GRAVEL 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

~-: · -.:~-

S :-:: :) •J LE 4 0 
::- , : " I·" C: 

'··:::_:: ... .'', 70 
: . .:.:;;s:: SAiW 
:..:..:,=ill 
,,..:..-=::;:, ~~VEL 

::·. : : 13/87 

- : .. :h-
: :.. i..•:: TERI 
>EJULE 40 

::=N, 
:- I NCH 
- ·,.;I DTH 

(MEDIUM STIFF, MOIS"'.") 

::.A I 

SP 

Note: See Figure A-2 for Explanation of Symbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-6 
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WELL SCHEMATIC 
Casing Elevation: 15.2 7 
Casing Stickup: -0.3 ft. 

1-
~ c:: 
0 :J _o 
CO() 

MONITOR WELL NO. 1 2 
., 
~ 
c 
~ Group 
rn Symbol 

DESCRIPTION 

Surface Elevation: 15.6 ft. 

CAST IRON o-...,~,,-,.,..,.,..--------------.---------.-----.---------------------------------------------------......-

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2 

1 3 

1 4 

1 5 

16 

MONUM:ONT 
WI TH 
CONCRETE 

BENTONllE 
SEAL 

2-INCH 
DIAMETER, 
SCHEDULE 40 
PVC PIPE 

WATER LEVEL 
ON 1/13/87 

MEDIUM TO 
COARSE SAND 
BACKFILL 

"""""!,_,.,!--- 2- I NCH 
DIAMETER, 
SCHEDULE 40 
PVC WELL 
SCREEN, 
0 . 0 2 - I ~K H 
SLOT 'r.' I DTH 

c.:. 
12 I 

17 D 

21 I 

GP 0 - 2" ASPHALT CONCRETE: PAVEMENT 
BLACK GRAVELLY FINE TO ~EDIUM SAND WITH A TRACE 

OF WOOD (MEDIUM DENSE. MOIST) 

SP BROWNISH-GRAY FINE TO ~::JIUM SAND WITH A 
MODERATE PRODUCT ODOR (LOOSE, MOIST) 

SP - GRAY FINE TO MEDIUM St-:, L) WITH SILT MW ORGANIC 
51'\ MATTER (LOOSE, WET) 

GRAY FINE SAND AND LENS~S OF 51LT (LOOSE , WE7 ) 

Note: See Figure A-2 for Explanation of Symbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-7 
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WELL SCHEMATIC 1 .. 
3: c: 

Casing Elevation: 16.53 .£ 5 
Casing Stickup: -o. 1 ft. cou 

- -·-. .., 
MONITOR WELL NO. 1 3 

"' .!£ 
Q. 

~ Group 
(/) Symbol 

DESCRIPTION 

Surface Elevation: 16.6 ft. 
o~,.,,..,,.._.,..,.....-~~~~~~-.-~~~~...-~-.--.-~ ...... ~~...---~~~~_..__,,,.....,,.,..,..,._..,..... ................ ~~-.--.--.-........ ~ 

CAST-IRON GP - 2 · ~ nA • ~ ~~ c1c P V McN1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

, 2 

13 

14 

15 

1 6 

MONUMENT GRAY COARSE GR " VC:~ (MEDIUM DENSE, MOIST) 
WITH 
CONCRETE 

BENTO~: I TE 
SEAL 

2-!NCH­
{)J,\METER, 
SCHEDULE 40 
PVC PIPE 

MEDIUM TO 
COARSE SAND 
BACKFILL 

WATEP. LEVEL 
ON 1 I l 3 I 3 7 

2-INCH 
DIAMETER, 
SCHEOULC: 40 
PVC WELL 
SCREE~<, 

0.02-INCH 
SLOT 'ti I DTH 

'18 I 

CA 

s I 

SP 

ML 

GRAY FINE TO MC:JJUM SAND WITH A SLIGHT PROD.: ­
ODOR (MEDIUM JC:NSC:, MOIST) 

GRADES TO A MG~~RATE PRODUCT ODOR 

GRAY FINE SAND ~17H LENSES OF SILT (LOOSE, ~~-) 

- ·-- -- :~.)FEET ON l/9/87 

Note: See Figure A-2 for Explanation of Symbols 

~a GeoEngineers 
~~ Incorporated 

LOG OF MONITOR WELL 

FIGURE A-8 
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MONITOR WELL NO. 14 

WELL SCHEMATIC 

Casing Elevation: 16. 11 
Casing Stickup: 1.6 ft. 

·:·. · 

:.:;~~ • ~_,:.·.~.· .. ·.:· ~ > i NC H D; ..:.MC:TC:R, 
:.-: -:-: : s:::,-,:CDULE 0 

?\'C PI PE 

\\'ATER LEVEL 
ON 1/13/87 

~§@ ~;;:~; ~~~~E~~, 40 

;.1r; ~:i: ~~h ~~ ~~ H 

l~i SCOT WI Drn 

{~~ Jf:f.;'-- ~·~?~~d ~?ND 
i:~:~. ~ :::·:~I B ~ ~ K F ~ L !_ ~ 

,~H 

I 

1-
3': c: 
o= 
-0 
CO(.) 

31 

i& 

CD 

.!! 
~ 

~ Group 
tn Symbol 

SP 

I 

CA 

I 

DESCRIPTION 

Surface Elevation: 14.5 It. 

BROh'N ~Jt'-JE TO MEDIUM SAND (Loos::. -..• ;; 5:) 

GRAD:O:S TO GRAY 

MODERATE PRODUCT ODOR 

GRAY Sl~TY FJNE TO MEDIUM SAND WITH• TRACE OF 
GR.:-VO:L (LOOSE, WET) 

Note: See Figure A-2 for Explanation of Symbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-9 
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WELL SCHEMATIC 

Casing Elevation: 16.12 
Casing Stickup: 1. 7 ft. 

1-
~ c: 
o~ _o 

CD(.) 

MONITOR WELL NO. 15 

"' .! 
Q. 

~ Group 
UJ Symbol 

DESCRIPTION 

Surface Elevation: 14.4 It. 
o--,'t"01~:-:--~~~~~-.~~~-.~-.-~~~~~~~~~~~~~~~~~-,-~~~-.-

sP aROWN FINE TO MEDIUM SAND (LOOSE, MOIST) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

NATIVE SOIL 

.~ . 

::\~~ 

= S 8C:NTONITE 
~ SEAL 

n 2-INCH 
DIAMETER, 
SCHEDULE 40 
PVC PIPE 

, RODUCT 
LEVEL 
ON l I l 3 I 8 7 
WATC:R LEVEL 
ON 111 3 I 8 7 

MEDI UM TO 
C:lARSE SAND 
5!'.<0'.FILL 

S.:HEDULE 110 
PVC WELL 
SCR EN, 
0.0 0-INCt-1 
SLO WIDTH 

1 g 

l 7 

a 

SP 

I 
SP 

CA 

I 

SM 

8LACK SILTY FINE TO MEDIUM ~AND ~/TH A TRACE OF 
GRAVEL AND A SLIGHT PRODUCT ODOR (LOOSE, 
MO I ST) 

aROWN FINE TO MEDIUM SAND 

GRADES TO GRAY WITH MODERATE ?RJDUCT ODOR 

~RAY SIL7Y FINE TO MfDl~M S~ND Wi- SH~LL 

FRAG~\EIHS (LOOSE,. '..!t<; 

Note: See Figure A-2 for Explanation of Symbols 

~~ GeoEngineers 
Ill~ Incorporated 

LOG OF MONITOR WELL 

FIGURE A-10 
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WELL SCHEMATIC 

Casing Elevation: 17 .62 
Casing Stickup: 2.3 ft. 

1-
3: c: 
0 ::i _o 

a:ic..:> 

MONITOR WELL NO. 1 6 
., 
~ 
c. 
~ Group 

Cl) Symbol 

DESCRIPTION 

Surface Elevation : 15.3 ft . 

o~.......,.,,.-,....,,---N-A-T-J-V-E~S-0-1-L~..--~~~-.--5-M~...-D-A-R-K~B-R-0-W-N~S~ll-T-, -, ~~-l -N-E~T-0~•\-E-D-J-U-M-, -S-A-N-D~~( -L-0-0-S-E-,~~~ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1, 

13 

1 4 

15 

, 6 

;J~t 
:: 

i .... 
!:.:· . ... 

(it 
'1·:: ' 
~ :·.·. 

.. ':: .. <· ~· 

BENTO~: I TE 
SEAL 

2-JNCH 
DI AMEE'<, 
SCHEDULE 40 
PVC PIP!: 

WATER LE"IE.L 
ON 1/13/87 

2-lr,Crl 
DIAMEER., 
SCHEDUL!: 40 
PVC WELL 
SCREC:r\ 
0.02-JNCH 
SLOT WIDTH 

MED!Ur-'. TO 
COARSE SAND 
BACKFILL 

24 

2 I 

2 

MOIST) 

SP BROWN Fll~E TO MEC>IUM S.:-iW (~OOSE, MOIST) 

GRADES TO GRAY 

SP GRAY FINE TO MEDIUM SAND WITH SHELLS AND 
MODERATE PRODUCT ODOR (LOOSE, WET) 

SOR I NG COMPLETED l ~ . 5 {' !. : / g ,' 8 7 

Note: See Figure A-2 for Explanation of Symbols 

.... ~ .... 
~~ GeoEngineers 
q~ Incorporated 

LOG OF MONITOR WELL 

FIGURE A-11 
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MONITOR WELL NO. 17 

co 
~ 
0. 

; Group 
r.t; Symbol 

CA 

I 

DESCRIPTION 

Surface Elevation: 14. 7 ft. 

GRADES :c GR~Y WITH MODERATE PRODuc- ~ ~J~ 

BORING COMP ~ ~iED AT &.5 FEET ON i / 9/87 

Note: See Figure A-2 for Explanation of Symbols 

GeoEngineers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-12 
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WELL SCHEMATIC 

Casing Elevation: 18.97 
Casing Stickup: 0 .3 ft. 

1-
:i:: c: 
0 ::i _o 
C:H • .) 

MONITOR WELL NO. 1 8 
0) 

.! 
0. 

~ Group 
rn Symbol 

DESCRIPTION 

Surface Elevation: 1 8 . 7 ft. 
0--ir=,--,;:=r~~~~~~-r-~~~--,-~~..--~~~~~~~~~~~~~~~~~~~~~~-.-

\L 3ROWN SILT (MEDIUM STIFF, : ~: ~~ ) 

2 

3 

4 

5 

6 

I- 7 
UJ 
UJ 
u.. 

z 8 
J: 
I­
C.. 
UJ 

c 9 

10 

11 

1 2 

13 

1 4 

15 

15 

SOIL 

: : .'...METER I 

5:-EDULE Y 0 
=.c PIPE 

''EJIUM TO 
c::.:..RsE SAND 
3:.•CKF I LL 

---~- ~-I •\JCH 
'.:l-'METER, 
SC-EDULE '+O 
". C: WE LL 
5 '.:RE:ON, 
C.02-JNCH 
Sc.OT WIDTH 

.,;_-ER LEVEL 

.. .. :/13/87 

Cf.. 

I 

5? 3~JWN FINE TO MEDIUM SAND ~ors=, MOIST) 

~RADES TO GRAY AND WET 

5~~!NG COMPLETED AT iD.5 .. . : .' : ~ · : 8 ~ 

Note: See Figure A-2 for Explanation of Symbols 

-~-'l•· 
~~ GeoEnglneers 
~~ Incorporated 

LOG OF MONITOR WELL 

FIGURE A-1 3 
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MOt-JITOR W::LL NO. 1 9 

WELL SCHEMATIC 

Casing Elevation: 17 .4 5 
Casing Stickup: 1. 1 ft. 

,_ 
3: c: 
0 :::> _o 

CDC) 

U) 

.!E 
c. 
; Group 

C1J Symbol 

CA 

I 

DESCRIPTION 

Surface Elevation : 16.3 ft. 

GRADES TO DARK GRAY 

50RING COMPLETED AT CJ FEf. T (.: ;. : .' ! 2.'87 

Note: See Figure A-2 for Explanation of Symbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-14 
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WELL SCHEMA TIC 

Casing Elevation: 17.13 
Casing Stickup: 2.4 

BENTOl•ll E 
SEAL 

2- I roKH 
SCHEDULE ;,o 
NON-SLOTTED 
PVC PIPE 

\\',:O,TER LEVt:L 
J~; 2/19/87 

1-
3: c:: 
o=> _o 
CDU 

MONITOn WELL NO. 2 0 

"' ~ 
Q. 

; Group 
r;; Symbol 

SP 

SP 

DESCRIPTION 

Surface Elevation: 14.7 

BLACK FINE TO MEDIUM S~ND WITH GRAVEL (LOOSE, 
MOIST) 

GRAYISH-BROWN F:~E TO ME81UM SAND (LOOSE, MC:~ - ) 

~ GRADES TO Wf ' 

, 

; 

., 
! 

:•: 

=-

1 2 

, 3 

, ..; 

15 

1 6 

0 •' .. ~ . 
. . . ·~. 

MEDIUM TO 
COARSE SAND 
BACKFILL 

i:- I NCH 
SCHEDULE ~O 

F'\IC WELL 
SCRC:EN, 
G . () 2 - I ':CH 
SLOT W!8!H 

5,0. SE 0 
\'IE LL A 

l 2 . 5 F C: T 

SM GRAY SILTY Fi~iE s;.:0:D ,.. ; -,_. ~ i• ·:SES Of- Fl'1E 5.:0i.:· 
AND OCCASIONL~ 5,,,=::,, =:·.C,M:'YTS \LOOSE, WE7. 

BOR l NG COMP~~-::: - --- 0~1 :/l3/S7 

Note: See Figure A-2 for Explanation of Symbols 

GeoEngineers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-15 
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WELL SCHEMATIC 

CasinQ Elevation : 16.88 
CasinQ Stickup: 2.4 

1-
~ c: 
0 :::> _o 

CDC) 

MONITOR WELL t~O. 2 1 

"' a> 
~ 

~ Group DESCRIPTION 
er, Symbol Surface Elevation: 14.5 

o~....-....-~..,--N~~~T-l-v~·:---:;~~~. ~,:..~ ....... ~~~~-.--5-P~,.--,B~L-A~C-K~S-~-"-::-. -~-- -J T~;M-. ......,.C-O_A_L---:C:---,~~. o,,.-..,..-~1-N~C~n~~~~~~~~~,.... 
/.;. ,.,f.? 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

1 2 

13 

14 

15 

16 

i,:'.~---~.;.:_.. ~~· ~ t~: 

2- I NC,-
SC HE D~ :..: -C 
NON-s:..: - -::8 
PVC Pi:::: 

WI:; i:: i< _ ::1,•:; ;_ 
ON Z .' '. ~ Z 7 

2 - I ~C :-. 
SCH:OD •-~: -0 
PVC ~1 :.L.._ 

SC R:O:.: :--, , 
0.02-1.\: -

MEDIU.''. - 8 
COARS:: .;:..· .D 
8ACKF J :__ 

6/'SE '.)r ,·,'.:'-.L 

i..T ~2.S ==::T 

BROWN r:~:: TU M::DIUM SAND :LOOSE, MO ! ~ - • 

10 El 

GRAD::s -:-o GR,l) WiH-l ~iODERt.Tc PRODu-• • ..: •. •. 

SP GRAY FJ:,:_ SANC v:ITH SIL~ Ar·.JD A - R.'.\CE t F .=<:~.: · . ; r.; 
MATE;<. CLOOS'.:, WET) 

Note: See Figure A-2 for Explanation of Symbolb 

GeoEngineers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A- 16 
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WELL SCHEMATIC 

Casing Elevation: 16.93 
Casing Stickup: 2.9 

1-" ::: 0 ::> _o 
CD() 

MONITOR WELL NO. 2 2 

DESCRIPTION 

Surface Elevation: 14.0 

:;'\ADES TCJ lo/o T 

Note : See Figure A-2 for Explanation of Symbols 

GeoEnglneers 
Incorporated 

LOG OF MONITOR WELL 

FIGURE A-1 7 
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MONITOR W:::LL ~JO. 23 

WELL SCHEMATIC 

Casing Elevation: 15.20 
Casing Stickup: -0.3 

c .:..5- - I ~ DN 
~'.0'.'\ • ..'MENT 
Vii 7 r. 

:::::! 
,.. ""'',......, = T~ \..I,,,. ...... ,_ -

3 = 3:. ·.-:-0;-;ITE 
::: :.-_ 

-. ·~ 

~ : -. ~ J .. · ~:: .. 0 
!" , .._ .... . -:: ~~ -1 ED 
::> • . 

"I":. . ~ 

. ...,, .: - ::~ LEVEL 
o: . : . ! 9 I 8 7 

v:: : : - ,. ";- :) 

.. - ; ·. : -

~ r :: ~ ~ '., 
\. - : :- - ! ~;C-

=.:-:.:.. : = ,,.= __ 

'° 
DESCRIPTION 

I .!£ 
0. ~::: E 0;;, Group _o C!I 

CCU en Symbol Sur1c.ci: Ele v ution: 15.5 

SP ,:..., S :: - .:. _ "7" CJ'."~•: RE 7 E 0 T 0 '.!. t , : ' r-;. ~ : 

:; ~;.. . = : ~ ! :: 7 0 M f D I u ~ s : ... 1 J SI ~ - j ~'; : I "' - : =- - .. 

5 II 

.. : : .: : :. 5 -- · r : ~ ::... ... 

3 

Note : See Figure A-2 for Explanation of Symb o ls 
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Ci. 
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Cl 

WELL SCHEMATIC 

Casing Elevation: 15.18 
Casing Stickup: -0.3 

I -3: c: 
0;:) _o 
III(.) 

MONITOR W~LL NO. 2 4 
., 
CD 

c. 

~ Group 
Cl) Symbol 

DESCRIPTION 

Surface Elevation: 15.5 
o ~..,,--.,--~~~~~~~'""'T""~~~~~~..--~~~~~~~~~~~~~~~~~~~~~~~ 

~
)[' CST IROd ASPf1ALT COMCRO:TE 0 TC~ '.< \:-l:OS 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 4 

1 5 

16 

' .· ~NL'~~f·. IT 
l '"°I 7 f-

A I: -o •c R=-~ 
L ' - ' -

§ I S':l\i()t1J7:. 

~
, ;: :: ~~' CH 
j · '" ' ;; c-, ;:ovL:: 
1 l ·:,, :-.:or. - 5 L c - - :. :. 
~ ;; PvC •J PE 

l

: .. ::i ·--. 
··" ::i::·.: 

.<~!< ··.=:i 
·.·~ --

BRlll-.'!·J F Jr,:: ro r'.:':D i UI", ;. :. · . :: • .. •) (J:O':. ;- (I I S7 I 

GRADES TO GR .1'~ WITr• :.- -~ - "RODUC"' ODOR 

G R,). DE s l 0 F Ii' J [ 7 (J .'\:: :.,; - ... s I, r'rn w I T ,., s H::: - L 
FRAGMENTS (NO PRODuc- ~ JO~ OETECT::D) 

\-R -'. · SJLT'r' Fll·JI: SMJD 

Note : See Figure A-2 for Explanation of Symbols 
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MONITOR WELL NO. 2 5 

WELL SCHEMATIC 

Casing Elevation: 18.25 
Casing Stickup: 3.8 

:;"TIVE SOI~ 

L-lr~CH 

SCrlEDu:..:: c,Q 

f·JON-SLC7 TED 
PVC Pl?:O 
ME:DIUM TO 
co;:..RSE s .~~~D 

f. : .. er.:= I LL 

1_ .. : :1c~ 

SCrlEDUL.:: ~G 

P'/C WELL 

SC?..EEN, 0. c: -
1 !·ICH SLOT 
Vlli)Th 

1-/t-.TER LEVEL 
ON 2/19/87 

~.:...s:: 0F \\1 :::L!... 
·- b FEET 

1-
~= 
0 :l 
-0 
COU 

"' (J) 

Cl 

~ Group 
r.n Symbol 

SP 

DESCRIPTION 

Surface Elevation: 14.5 

BORING COMPLE-EJ ~T r::'C:T ON ?/l?•/87 

Note: See Figure A-2 for Explanation of Symbols 
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w•Lr.. SCHUIAT1C 
CaM'G e ........ l•.11te 
Cae .. o Staca&- ••• J1 

~i;:~.-1-1 CM., IC>alSMIUI 
•o '"IC ICUllt 
a.OH•INCM l&.OT 
Wl~TH 

AT 

MOffn'OR WELL. NO. ~W-2SA 

•J i ._ I • ~ 
o•ac1t.-na• 

s ..... ...., • ....,. l•.n 

~ II.AC& Sl&.T~ SANO ~lfM o•~·c l'IAT~!• 
S- 1aow.. ~IMI TG "CDl\#'t SANO wlTM OCC•Sla.&4~ 

;H'll_L. CL.OOH., l'IOISTl 

1.&...-r HOWi ,, ... TO 1'8DIUM SMID (VII., DlleH. 
lllOllT) 

VATll·c..avlL. AT l ••• OH 1117/11 

. 
UAMS TO dT.., S&.llMT TO MOOIUTI 
NTOIOCAUON oooa 

MAY ,, .. IMO WI"' A TUCI O' 11&.T (MDI"" 
OOH.., WST) li'OML\1'1 oooa. SMllN 

Reference: GeoEngineers 1988 
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MONITOR W£L~ NO. Mw-2e 

W8~L. 3C" .. •ATIC 
c ...... eie ....... 1•.M 
C••~ 3ttca._ ·•.z• '] i ! . 

Reference: GeoEngineers 1988 

SP 

·MATIA !.&VII. AT I.St OM il/7/11 

UAT 1'1• TO "8DIUM SMID WITM S .. U. 
,,_ 'IJ DTS CMOIUM HMll. WCT) flOOUATI. 
llTHOCAUOM oooa 

IAAOIS COAaSIA. lllOOllATI NTDIOCAalON 0001 

LOG OF MONITOR WELL 
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MONITOR WEL.L. ~o. •w-2 7 

w•LI. SCMEM.ATIC 

Ce ... 111 El•"• .... 1~Z 
C••'"11 S 11e•- ~ 

~~~ 2-INCH,SCJCDUU 
140 ltVC SCUlN 
• 020-INCH SLOT 
WIDTH . 

ISASI Oft WU.I. 
U U.ltl "llT 

Reference: GeoEngineers 1988 

o•scR•TIOM 
Swte•• ............. .. 

·~ex 'INI ~·AVIL ~ITM SANO. r•AC! 0, SILT 
CLOOH. l'IOI ST) 

LltHT 1aow. ,.., ... SANO CMIDlUM OINSI,. MOIST) 

WATI& LIVIL AT 6.9- ON 10/7/11 

lltAT 'INI TO ..aDIUM SAND WITH OCCASIONAL 
SMILL 'UCfmlrl (L.0011,. dT) MOOCUTI 
TO STaGI• trrD4lOCAAIOll OOCHI 

. -;uocs TO COAASH . . 

LOG OF MONITOR WELL 
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WIL~ SCH .. IAT1C 

Ce_... Ele••- 14..M C•• .. 9 s •ec•.- -Goa• 

? •I NCJit. SCHIDCA.1 
:.o ~ ~ .... 

!All Q, "9LI. 
4T ti.st 'llT 

MONITOR WELl.. NO. MW-29 

laowM 'INI SANO WITM OCCASIQNM. ;uv11. 
CND I UM OCNSI,. MO I ST) 

1. 12 ON 1117111 

DAU ti.AT '1• TO ..O&U.. IMO 1111;,_ OCCAtlONAL. 
UAYIL .. TUCS 0.- 11&.T CVST. "'8DIUM HNSI) 
..OOUATI TO STllON9 ICTOCOCMIOM OOOll 

15 IO~JHG c~~!TCO AT 1-.s 'llT OH 09/%9/11 

LOG OF MONITOR WELL 
Reference: GeoEngineers 1988 
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MONITOR WEL.L. NO. MW-29 

• 
• 

W•l.1. SC:MaMAT10 
C.eirt4 Eie ...... , .... 
c .. .-.. 3uea._ -o.J9 

!I-SI 0, "11.L. 
4T 12.U 'llT 

Reference: GeoEngineers 1988 

HAY 'Itel TO MaDIUM S.U.0 VITM OCCASIONAi. 
t&AYl1. (L.0011# NOIST) S~&GMT "TDAOCAAION 
oooa 

YATta &..IWI. AT 7.12 ON U/7/11 

&UT 'INC SANO WITH SIU AHO OCC.UI~ S"ll.1. 
~IMNMTS (MD IUM OIHSI# VIT) l'OOIUTI 
NTDAOCAllON ooo• 

IOllNQ C°"'91.ITID AT l' 'llT ON ~•12,/11 

LOG OF MONITOR WELL 
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W•L&. SCHaMATIC 

Cee~ El•,.•- 1~ 
Cee~ S11ea._ ~ 

fr-r ....... - i 1'!1&. SU1U'ACI 
~NUfilaMT 

? •I NCM, SCMIDU\.I 
'ta ""C CAI U• 

IUI:~- 2-1 NCH. SCMIDUU 
ltO ,.ye SC:UIN 
• 1120-INCH S&.OT 
WIDTH 

9ASI 01' WU.L. 
AT 12.U '1IT 

MONITOR WEL.f.. NO. MW-30 

11 i ~ 
•Q • s,..... 

a•acR•TION 
s.te .. U..ellee 14.IO 

s~ Q••& ••OWle ''"' ro "IDIU" SANO WITH 
OCCASIONAL. ~aAVIL. (l"OfST, 1.0011) 

L.IGMT HOWi TO HAT ~INt SANO (NDIUM 
OINSI, ~IST) 

WATER LIVEL AT So'l OH 10/7/11 

OM& UA1' 'INS SNIO WITH Sll.T, Oll&AlllCS • 
ANO OCCASIONAL Stt8LL. "'INJn'S (LOOSI. vaT) 

IOIJNG ~~~!T!D AT 1' '!!T ON ~9/%,/11 
HO "TDIOC~ION 0001 O!T!CT!O 

LOG OF MONITOR WELL. 
Reference: GeoEngineers 1988 
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WWL.L. SCHUAAT10 

C:...-. Ele••- 1U9 
C••"'• St~ ~ 

MONITOR W!l.l. MO. MW•3 1 

a....,.~:F".".--:-:-::~~~~~..,..------"T-":":".,..~~~~~=-~~~~~~~!!"!"'!~~""!-~--.j 
~ Hill\. S.,.l'ACI s• ••ow. ", ... T'O l"CDI"" S.-...0 •ITM -·-··n .. Stt!L.L 

I 

• 

~ -.0,,,_..MT ,....,..NTS (II.OOH, "°UT) . 

~ ~·' 1• I NCM. SOllU&.I k:: .. ,, ""IC CAii• 
.~i 

. ~t 
·.~1 
;~7~ ;;;, 
~~? ~ 

UAT llf ... SMID WITN OCCASIOMM. O•..,._"tlCS 
0.DIUM OOSI TO OPSI, MOIST) 

VATll 1..&Vll. AT ..... 2 Ole 1117/11 

• • 
i 

, 

1S 

,. 

Reference: GeoEngineers 1988 

UAOIS SLl9"Tl.'f COMUa .ue WIT 
VUY 11.leMT NTIMOCHI• 00Ga 

QM& HAT ,. ... SAND WITM A TIACI '" SIU, 
OCCASIONAL Rt9 L.1. 11....,..,.,S (WIT• f'CD I UM 
OINSI) s1.1•"T "TD•OCA•ION aoo• 

-

LOG OF MONJTOR WELL 
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MONITOR WELL NO. MW-32 

D•ICR•Tm .. 
••t.1. SCH•MAT1C 
c-....Ei.••-- t&.M 
CaeM4 suca--. -o.,a, twt ............ , ... , 

Q-.,..~~...-~------------.,...------.,..--..,.. ..... -io:~:....-.rl"lr.,...~"~.,,.,.~QHC;:;:~.~.~.~-----------------4 
IUC1' ll'INI T'G c:~sc ;uv1&. WIT .. s.a...o 

1 

14 

,._. 

MIDIUM SANO 
9ACOIU. 

U.SI Ofl WSt.&. 
.a.r U.U l'llT 

Reference : GeoEngineers 1988 

••OWll ll'INI TO "''''""' S£llO WIT" woao, ca .. " 
c:Ml~t CL.OOH T'O ""DIWt DINH. "GIST) 

·. 

WATIA ~L AT •• 7~ Oii 11/7/11 

UH HAT l'INC SAMO WITN Sll.T. l'INI C8AVIL., 
S"ll.1. l'~NTS CVIT, MDIUM OClllSI) S&.lG"f 
NTO.OCAalOH ooo• 
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·0i 

AS..BUILT 0 
WELL CONSTRUCTION 0 

Q) 

Ol 
0 .... 

Elevation: Casing: 15.39 ft .... Water "'0-~ >-C 

Ground: 15.B ft. •• Level I::> 

n1=.=~-•;--_omcrete seal with -:;:: ==' surlucc cover 
--: .. . Cap 

._ I~~ ~~; Ben ton i te sea 1 

:/:=-.: 4-IN.l.D. flush-threaded ._ : := · Sch 40 PVC blank 
·.-:· E :_-.--- No. 8 f'Q.JA snnd \] ._ 

._ ·:; ::;.· filtcrpn:::k 

·:'. .=. .. c./ ~-TN. 1.0. [iush 
• .. - I.>:"' threaded Sch 40 PVC - .: = .. ~ ~.CZ slot screen 

·· -· .. 
.. 

·· - .. : .. = .. - :.· 

- " 

t-- I •• ~', • 

~= .. = ... ,,;..-. +--

12" d ia-reter 

-
-

-
-

-

Bottcrn plug 

AID 

Cii 
t: 
Q) 

c: 
.t: - CD 
(/) a. 
~ E 0 Cl:) co Cf) 

5 I 
8 i 

11 I 
9 I 

2 I 

14 { 

a; "' (l) ~ 
~ >-

Cii 
.E c 

<( -"5. "'O 
-al (l) 

0 u: 

.... -
0 

.... 5 -
0 

.... - 0 

10 
0 

.... -

15 
0 

- -
'-20 1 

.... -

25 

.... -

'-30 

.... -

35 

... -
'"40-

.... -

45 

.... -
50 

.... -

Ol 
0 
_J 

u z: DESCRIPTION 
a. 
~ 
(!) 

Loose, 1T1Jist, brawn to gray, fine to -
:-...:~· ~!~U: ~~~h_t_::a.:_:_ :'.'_s~ ~~t ____ _ 
·7 . .,i_:-:' 
.,.·~_:..: Loose, wet to saturated, gray to brCMn, 
?f.:i! silty fine to rrediLrn SAND with trace 

-
'"'·-.:..·c...caars..e...5and.J111d grl'U!eL ________ _ 

' ' 
•' 

~.~ 
· ·':'"'· · 
:·.·:.·:·· 
·' .. 

Loose to rrediLrn dense, saturated, gray, 
fine to rrediLrn SAND with trace of silt 
layers and scattered wood and shell 
frawrents 

Very loose, saturatec!, gray-brown, gravelly, 

-
.-
' 

-

s i 1 ty fine to rred i Lrn SAND with s i 1 t layers :-­
and scattered v.ood and shell fragn-ents 

-
Medium dense, saturated, gray, silty fine 
to rredi um ~with trace of gravel and -
scattered v.ood end shell fra~nts 

-
Notes: 1) Boring tenTiinated at 21.5 feet 

2) No hydrocarbon-like sheens or 
odors noted on Sl!n'lJles -

*Denotes analyzed Sln1Jle 

** Based on survey ccrrpleted for 
this project 

AJIF Water level at tirre of dri 11 ing 

Field Analysis: PlD headspnce 
concentrationsin pµ-n 

-

-

-

-

-

-

-

-

Date Started: 6/26/89 

Date Completed: 6/26/89 

Logged By: C.R. Andersen Drilled By:Geoboring & Develop., Inc. 

Drilling Method: H.S.A. 

~TI-K:>RNE ~·ti: ENVIRONMENTAL 

Project Number: SE-1030-1 

HYDROGEOLOGIC LOG AND AS-BUil T 
FOR MONITORING WELL 
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L-

r 
i-
l 
L-·· 

i 
L 
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AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing: 14 .!J6 ft. .... Water 
Ground: 15.5 ft. 0 Level 

r;J =..J~ Concrete seal with 
'[ If?'--.. surf:u.:c cover 
.". ;.t--.... Qip 

- ".;~i;; ' --......_ Bentoni te seal 

)'.: _ j '-'-.HN. l .D. flush· ,_ :: = " threaded Sch 40 
:~ = .· PVC blnnk 

AID 

·'·: - :· V -IN. l.D. flush-threaded 
- {·:! = ~: Sch 40 PVC 0.02 slot 

-
-
-
-
-

-

-
-

:.:- :: 
-- · 

._ ....___ 
:. - :· 
· .. ~ :.: 

.. .. -
·:: ~~ 
:~ : : 

12" dia-reter 

screen 

No. B ~A sand filter 
peck 

Bottcrn plug 

Date Started: 6/ 26/ 89 

Date Completed: 6/26/89 

~TID\NE ~ ENVIP.ONMENTAL 
SE-1030-1 

u rel 

"'5i c: Qi 
0 QJ Q) 

0 c: LL. -Q) .:::: .E Ol - QJ 

2 (/) a. ..c 
-0~ ~ E a. 0 >- c:: rel Q) 

I::> Ci5 en 0 

- 22 

10 

16 

.... -

4 I 
15; 

I- -

i 
... 20· 

11 

-~-; 
'- . 

--'4 

25 

.... -

'-30 

.... -

35 

.... -

... 40-

I- -

45· 

.... -

50 

L- -

Ul ·;;;; 
>-
tii 
c:: 
<( 

-0 
(ii 
u:::: 

0 

0 

0 

0 

0 

0 

l Ol 
0 

._J 

C..l 
:E DESCRIPTION 
a. 
rel .... 
(!) 

":j. ·~ .. ·:: 
•·"· - M:?diun dense, rroist, irray, fine lo rncditrn 
i,'.-_.~s ~~~ ~~ trace s i 1 t and see t tered shell _ 

-=:·~ - - - - - - - - - - - - - "":"' - - -- -
:;:_;.-:,:; Loose, saturated, gray, si I ty fine to rredilrn­

SAND with silt layers and scattered wood 
fragrrents -

._·o __ ·.-_:-.;~_;;_·." Loose to rrediun dense, saturated, gray, fine 
to rrediun SAND with trace to scrre si 1 t, _ 

:.f..: :-.'.-.' trace gravel, occasional silt layers, and ·;)r scattered wood and shell fragrrents 
-

i±:'+:::-- ---- -- -- - - - - - - - -- --· .. ~+ 
Ji 
t.":± 
:..;..7.::.:..,: 

Very loose to loose , saturated, gray, 
gravelly, si I ty fine to rrediun SAND 
with scattered wood and shell fregrrents 

-

-
------ ---------- -----
Medilln dense, saturated, gray, silty fine _ 
to rreditrn SAND with scattered wood and 
shell fraerrents 

1-0IE>: 

(1) Boring temiinated at 21.5 feet 
(2) No hydrocarbon-like sheens or 

odors noted on s11Tples 

• Denoted analyzed s11Tple 
•• Based on survey ccrrpleted for this 

project 

A'.ID= Water level nt tirre of dri I ling 

.-
-

-

-

-

-
Field Analysis: PID headspace concentrations 

in pµ-n - I 

-

-

-

-
i 

- 1 

l 

- 1 

Logged By: C.R. Andersen Drilled By: Geoboring & Develop., Inc. 

Drilling Method: H.s .A. 

HYDROGEOLOGIC LOG AND AS-BUILT 
FOR MONITORING WELL 

MW - 3~ 

TABLE 
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I"'"'"' 
l-. .-·. ;.· 

r 
j'.: •. 

' I 
I..:;__ 

[ 

AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing: 15.15 ft. •• Water 
Ground: 15.s rt. •• Level 

-~: _ - _ ~Concrete sea I wi lh 
\~ ~' ~ t.Jlrfnce cover 

,__ / ...__ : ". :::::--- Be~ ton i te sea 1 

X: = ~~.I ~· IN.t .D. flush-threaded ,._ :·:'. = '.;". Sch 40 P\C \> lnnk 

·t ~ : __ : 'V 
· · · · - lN.1.u. flush- -

- {; ~· j./ threRdcd Sch 40 A'ID 
P\.C 0.02 slot screen 

-

-

-

-

-

-

-

-

-

-
-

::: = •. 
} ~ :". -No. 8 /QJA sand f i I ter 

:=.: = -:: 
.. -.. . . . , = ·; ·.: = .:-
~ 

12" diareter 

pack 

Bottcrn plug 

Date Started: 6/26/89 

Date Completed: 6/26/89 

~TI-ORNE ~ EHVIRONMEHTAL 
Project Number: 5E-10Jo-1 

u Cl) 

"Ci 2:: Qi 
0 Ql Cl) 

"E LI.. 0 -Ql .= £ Cl - Ql 

2 u, a. .!: 

"O ·"= 3: E c. 
>- c: 0 Cl) (l) 

I::> a5 (f) Cl 

.... -

.... 5 -

- -

10 

- -

10 I 15 

- -

15 ·r 20 

.... -

25 

- -

30 

- -

35• 

- -

40 -

-
45· 

... -

50 

... -

Cl) 

·u; 
>-

"'ffi 
c:: 
<( 

"O 
Qi 
u:: 

0 

0 

4 

44 

42 

0 

Cl 
0 
_J 

u 
:.E DESCRIPTION 
a. 
~ 

(.!) 

--:o.\:-::;" !Vediun dense, rroist, gray-bro.vn, fine to 
.. . ,...., mediun SAND with trace coarse sand, gravel _ 

:.....:<C ands i"Jt and seat tered wood and she 1 I 
.. ·:·. ·· fragrrents 
8~ --- -- -- ------ ----~ 

%-:.;. Loose to rredit.m dense, wet to saturated, 
···· · grey to brCM'!'l, si 1 ty fine to mediun SAl'V -

":::'c:2-~ with trace coarse sand and gravel, trace 
:C::.'=:::: silt layers and scattered wood and shell 
~.:: fragrrents 
:·:_-~j 

-
-

2: 
l~i· -

--- - ·-------- -- - -- ---- ---!Veditnl dense, saturated, gray, gravelly SAM)_ 
with trace to saTE silt and scattered shell 
fragrrents 

1'lJlES: 

(1) Boring terminated at 21.5 feet 
(2) Hydrocarbon-I ike sheens noted on 

sarq:>les frcrn about 6 to 20 feet 

• Denotes analyzed sin-pie 
•• Based on survey c~leted for this 

project 

A'.ID= Water level at time of drilling 

-
-

-
-

-

-
Field Analysis: PID headspace concentrations 
in pi::m -

-

-

-

-

.-

Logged By: C.R. Andersen Drilled By: Geoboring & ~velop . • Inc. 

Drilling Method: H.s .A. 
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AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing: 15.49 ft. 0
. Water 

Ground : 15.9 ft. •• Level 
-::,Q~ i==~"' Conc;r~te se11T w1 tn 

" ·: =- s11r I nee r.over 
= =" Cnp 

- 7~ .:;;.0 Bentoni te seal 
.'.:=: ·.:~:, °"-4-IN.l .D. flush-threaded - ~:: : = ,. Sch 40 P\C blank 

./ = ·::·-\ __ No. 8 /'Q.JA sand 
- = f i I ter pack 

:··= ··· 

-
-

··- · -
'.;: ::: J ·. - .. 

-._·~· __ .,.; .. -J~~l .D. rtush-threaded 
:::~ :: ... '. / Sch ~o P\C 0.02 slot 

,r screen _ 1:::--" 

-

-

-
-

-

-

-

- .. 
1
·:.: - :i·i 
\G7 

Bottan plug 

12" diirreter 

Date Started: 6/27/89 

Date Completed: 6/27189 

~TI-ORNE ~ ENYIP.ONMEHTAL 
Project Number: SE-1030-1 
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DESCRIPTION 

Loose to rrediun dense, rroist to saturated, 
gray to brown, fine to rrediun SAND with 
trace coarse sand, gravel nnd silt, trace 
s i It I ayers and sea tlcred wood and she I I 
fragrr-ents 

-

-

-
-

-
Loose, saturated, brown-grny,gravelly, silty~ 
~with scattered shell fragrrents 
-- -- -- ------ -- -- -----Mediun dense, saturated, gray, fine to rrediun 
SA!IV with trace coarse sand, trace silt -
Javers and scattered shell fra111Tents 

NJIE>: 

(1) Boring terminated at 21.5 feet 
(2) Hydrocarbon-like sheens and odors 

noted on sen-pies fran about 7 to 
15 feet 

• Denotes analyzed san-ple 
•• Based on survey c~leted for 

this project 

A'.ID= Water level at tirre of drilling 

·-

-
-

-
-

Field Analysis: PID headspace concentrations­
in ppTI 

-

-
-

·-

Logged By: C.R. Andersen Drilled By: Geoboring & Develop., Inc. 

Drilling Method: H.s.A. 
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AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing: 15.14 ft. .. Water 
Ground: 1s .s rt. •• Level 

L._~ .• r-, --,..,,~-- -
~·" - -.o; Conc rele seal with sl!rfeco 

"= l;:-~P cover 

:;.' :;:::: ·.-: · ~-IN. J.D. flush-threaded [ 
1;:: _~ ......__ Bentoni te seal 

·;·; ::;: ;: Sch 40 PVC blank 
"· - ·' 
·~::; = .:: 

_ :";": = : ·>---- No. 8 1QJA sand ·:: = .": f i I ter pack ··· - . 
AID 

- ·." ~ {. 

--
- .. . ·: - .. 

. _.;-,;.-~;;· ·1N.J.D. flush-threaded :;:= ; v Sch 4DPVC0.02slot ·.· = ;.; screen 
- ... ~\'·) 

... = _:.:.1 -
Bottom plug 

-
12" di1nctcr 

-

-
....... 

--

-

-
-

--

-
-
,__ 

-
....... 

Date Started: 6 / 27 / 89 

Date Completed: 6/27/89 

~l}K)RNE 
~ ENVJP.OHMENTAL 

Project Number: SE-1030-l 

(.) co 
"5> (: a; 
0 Q) Q) 

'E LL. 0 
Cl) ~ £ Cl - Q) 

0 (f) a. .r:. ..... ~ E 0. 1:l ~ 0 >- c: ('Cl Q) 

I ::J en Cf) Cl 
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9 :I '-20· 
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>-co 
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Cl ' 
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....J 
(.) 

:.c: 
c. 
~ 
(!) 

DESCRIPTION 

J'rediLm dense, rroist . gray, r ine to rnediirn 
SAND with trace t o scrre si lt .~nd scattered 
she 11 f ragrren ts --
- - - - - - - -- - - - - - - - - - ---
Very I oose to med i irn dense , sn tura ted, gray, 
si I t y fine to mediirn SAND with trace gravel. __ 
trace silt layers and scattered wood and 
she 11 f ragrren ts 

-
--

-

I 

'·::~_-G:.,....,.:0: c·~:.,..·-~.;_.· Very loose, saturated, gray, gravelly, 
si 1 t y &AN:> with trace si 1 t layers and -

i°!:'; scattered wood fragments 

~·:·g;~- - - -- -- -- - - -- - --
~\;:::;· Loose, saturated, g ray, s i 1 ty, fine to med i Lm 
·.;;,:~'" SAND with trace silt 1avers 

-
tun:s : 

--(1) Boring terminated at 21 . 5 feet 
(2) 1-!vdrocarbon-like sheens noted on slnlJles 

fran about 7.5 to 10 feet --
• Denotes analyzed Slflllle. 

•• Based on survey CCJ'fllleted for this -
project 

AID="~ter level al time of dri II ing -

Field Analysi s : PID headspace concentrations 
in p~ -

-

-
-

--

-

--

Logged By: C.R. Andersen Drilled By: Geoboring & Devel op., Inc. 

Drilling Method: H.s .A. 
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AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing: 14. 78 rt. .. Water 
Ground: 15.o rt. ** Level 

~9!1 - L~i!--- umcreLe sea1 with 
\= I~ surlace cover = - Cap 

....._ -::-. N l>cntonite seal 

:<~ ~·:~IN. l .D. flush-threaded 
~ :·. = ' Sch 40 PVC blank .:sz__ 

- .. 
·· - AID . -

- ::" § ·,:-_>--- No. 8 PQJA sand f i I ter 

-
-

-

-

-

-

-

·.·· - pack -1··.=·: . - ... 
'-h"'l---...i., -JN.I.D. flush-threaded 

~ . .<_: ~/·;_ .. ( Sch 40 PVC 0.02 slot 
v ·, screen 

·· - . • ,•: 

··· -.. 
· ... . · :.·.:.:.· Botton plug 

12" diin-eter 

Date Started: s12s1s9 
Date Completed: s/28/ss 

~THJRNE ~ EHVIP.OHMEtHAL 
Project Number: sE-1030-1 

(.) ctS 

Tu c: (ii 
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QJ ~ - ,s; 
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-0 - 3 E 0. 
>- ·2 0 ctS QJ 

:r: ::> OJ en D 
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.... -
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~ 
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6 
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7 ·r -20 
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... -
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- -

35 

.... -
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... -

45 

- -
50 -

- -

<~ 

tii 
>-
$ 
-d: 
v 
]! 
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0 

0 

0 

0 

0 
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Cl 
0 

_J 

.g 
a. 
~ 

C!J 

'" · ... ~ - : 
'o.:.:: -.. i: 
'-.. •'• ... ... 
'Ou':·. ... .. .o:;:·; 
····. 
:.~.::..: 

;~~ :. 
·-· --··-·· -·-··~·. 

~-- .. 
.·-·· .. - .. 

DESCRIPTION 

Loose to rrediLm dense, ITDist to saturated, -
gray, fine to rrediLm SAND with trace to 
sare silt, trace gravel, trace conrse snnd 
nnd silt layers and scattered v.uod and -
shell fragrrents 

Soft, saturated, brown, fine sandy SILT 
with scattered wood fragrrents 

-

-
-

--
~;:.j:: _______ --------- - - --
~~·:.: Loose, saturated, gray, silty fine to rredi; 
'~-~;~_-~\.· SAND with trace si It layers and scattered 
. .,,-.- . wood and she I I fragrrents -

7:IS 

~: 

(1) Boring Lerminnted at 21.5 feet 
(2) No hydrocarbon-like sheens or 

odors noted on saTples 

1-R= Sfnllle not recovered 

* Denotes analyzed saTple 
*"' Based on survey Crr!l>leted for 

this project 

AID= Water level at tirre of dri 11 ing 

.-

-

-

-

-

-
Field Analysis: PID headspace concentrations 
in P>m -

-

-

·-

-

·-

Logged By: C. R. Andersen Drilled By: Geoboring & D;!velop., Inc. 

Drilling Method: H.s.A. 
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[ 

r-. 
L 

r: u 

[ 

AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing: 15. 36 rt. .. . Water 
Ground: 1s.8 rt. •• Level 

-(~I ~- ·Concrete seal w 1 tn suri ac 
\_: ':=· Cap cover 

.._ I:': -~ Bentoni te sen! 
~ -.~ -=:·,~IN . I .D. flush-threaded :.:. = ::.. Sch 40 f"vc: blank 

...... ·:•'---No. 8 PQJA sand .·: = . f i I ter pack 
AlD 

-
- ~ ; :::.:.'f-+.1N.· I.D. 

·:: - ::v Sch 40 
flush-threaded 
f"vc: 0.02 slot >-, !). screen 

.'-. 

:·.- .. 
lo-- • . . - •' 

:. -
;·. - .·· ...... ··. -
~.!::: • . =,. .~· ""': --Bottcrn plug 

12" diirreter 

-

-
-

Date Started: s12s/89 

Date Completed: 6/28189 

~m:JRNE PCi: ENVIP.OHMEHTAL 
Project Number: 5E-1<'3~l-1 

u C1l 
"Ci c: a; 
0 Q) Q) 

Ci 'E u.. 
Q) - .E Cl :::::.. Q) 

0 en a. .1:. .. ~ E a ~.~ 0 >:::: as C1l Q) 

I::> Cf) Cl 

10 I 
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- -

en ·u; Cl 
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-ro ..J 
c::: u 
<{ :c 
1:l 0. 
]2 . ~ 
u.. (!) 

0 

0 

0 

0 

0 

0 

DESCRIPTION 

Loose to rnediLJTI dense, rruist, gruy-brO'Ml, fine 
to rnediLJTI SAND with trace to sare silt and 
scattered wood and shell fregrrents -
------ -- -- -- -- -- -- ---Loose, saturated, gray, silty fine to rnedium-­
SAND with trace silt and coarse sand layers 
and scattered wood end shell fragrrents ---------- -- - - -- -- --- --
Loose, saturated, gray, fine to rnediLJTI SAND 
with trace to scrne silt, trace gravel, trace 
s i It I ayers and seat tered wood and she l 1 -
fragrrents 

-

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

Loose, saturated, gray, silty fine to rnediuii""" 
SAND with trace coarse sand I ayers and 
scattered wood and shell fragrrents 

NJIES: 

(1) Boring terminated at 21.5 feet 
(2) No hydrocarbon-like sheens or odors 

noted on SlnlJles 

~= SlnlJle not recovered 

• Denotes analyzed SlnlJle 
** Based on survey ccrrpleted for 

this project 

A'.ID= Water I eve I at t irne of dr i 11 i ng 

-

-
-

-

-
...... 

Field Analysis: PID headspace concentrations 
in pp-n -

-

-
-

Logged By: C.R. Andersen Drilled By:Geoboring & Develop. , Inc . 
Drilling Method: H.s .A. 
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L 

,--· 

AS-BUILT 
WELL CONSTRUCTION 

(.) 

·0i 
0 
0 
Q) 

Cl 
0 ..... 

Elevation: Casing: 15.88 ft. 
Ground: 16.1 rt. 

11..-..-.ir----,,_,.._ 

*' Water ~·2 
"*Level I::::> 

c~dl ~ ! :~Concrete seal with surfac 
cover =- ::::- Cap 

- -::;: ';'-----aentonite seal 

-
-

-
-

-
-

-

-

-

-
-

-

-

...__. 
•:_ 

·.- .. .. -
·:=:: .. ·· - .. -

4-JN. l .D. flush-threaded 
Sch 40 P\C blank 

..5L --
AID 

· · .-No. 8 !QJA sand 
::.= filter pack 
···-:.· 
:,.-
.·.-... - .. 
·· -\-<, 
::_ 
·· - · 
~:.~ .:.~) 
~ 

' ·-IN.! .D. flush-threaded 
Sch 40 P\C 0.02 slot 
screen 

Bot tern plug 

12" diimeter 

-

ro c: 
Q) 

'E 
.s= 

Q) -:n 0. :;:: E 0 co C5 Cl) 
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Q) a; 
Cl u::: 
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30 

.... -

35 

- -

40-

.._ -

45• 
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0 
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a. 
~ 
CJ 

_::::~:··~: 
·o .,· ·: 

F):~· 
:. ~ .:....: . 

DESCRIPTION 

Loose to rredillTl dense, rroist to snturated, _ 
gray to bro.vn, fine to rred i llTl SAND with 
trace to scrre silt, coarse sand and gravel, 
trace si It layers and scnttered wood and _ 
she I I fragrrents 

-

-

·:~-.~·:; .. ~~ -
~.-:::._·. - - - - - - - - - - - - -- - - -- - - -
·;t""'_~·.:: I..cose •. saturated, gray, silty fine torrediun_ 
::-.:. •. • SANJ w1 th scattered wood and shell fragrr.ents 

.~l;;f.. Loose, saturated, gray, gravelly, silt~· SAN:L. 
~ft·f with scattered wood and she! 1 fragrrents 
:.;:..:::-.:.· - - - - - - - - - - - - - - - - - - - -;=;;:;·;;:: MsdillTl dense, saturated, gray, SN<D with tree. 
:·.-.:~: ·.: to sane silt and gravel , trace silt layers snc 7::.,o:. seat tered wood and she l l f ragrren ts 

NJIES: 

(1) Boring tenninated at 21.5 feet 
(2) Hydrocarbon-like odors noted in 

s~les frcrn about 7.5 to 10 feet 

• Denotes analyzed S!ITPle 
•• Based on survey c~leted for 

this project 

A'.ID= Water level at tirn! of drilling 

.-

-

-

-

-
Field Analysis: PlD headspace concentrations­
in pp-n 

-

-

-

-
-

·-

Date Started: 6/28/89 

Date Completed: 6/28/89 
Logged By: C.R. Andersen Drilled By: Geoboring & Develop . • inc. 

Drilling Melhod: H.S.A. 

~'IK:JRNE P& ENVIP.OHMEHTAL 

Project Number: sE-1030-1 

HYDROGEOLOGIC LOG AND AS-BUILT 
FOR MONITORING WELL 
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L-
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r 
L 
,-­

' I 
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0 

(.) 

"6> AS-BUILT 0 
WELL CONSTRUCTION 0 

QJ .t: 
Ol -0 rn .... 3: 

Elevation: Casing: 13.90 rt. **·Water 
"O -~ 0 >- r:: 

Ground: 14.2 ft. .. Level I:::> iii 

"1l.1..=1 .. ..J~eoncr-eLe seal w1 Lh sur 1ace 
-:::::: 1::::::/-eip cove r 

_.. '7:· ~ Benton i te seal 
'7 '= ,: ['..,. . ·.,= ·: ~ -11'. l.O. f lush- threaded 18 

,__ :· = :: Sch 40 P\C blank 
..:sz_ ~ 14 --

-
-

,,,- -: 
" - ·. 1--No. 8 PQ.JA sand AID 

" _ filter pack 
··. -

. , _·:.·. 
··· -
. . !----,,A I ' '.·;· i::-: V ~ N. I .D. 
_..--~ Sch 40 
::· ... · screen 

·· -· :·: - .. ·. .. . -

flush-threaded 
P\C 0.02 slot 

~ ·::· =·· 
bt:::.- -::::1-·:.'""'·:1-- Bottan plug 

12" dia-reter 

-
-

-

-

20 
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12 
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r:: 
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'E 
QJ 
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u.. >-ca 
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~s-
149 
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0 _. 
(.) 

:c 
0. 
Ill .... 
(!) 

DESCRIPTION 

Loose to rrediun dense, rroist to saturated, -
gray, fine to rrediun ~with trace to 
sare silt, trace coarse sand and gravel 
and scattered wood and shell frngrrents -

-

-
A::;i::;; Very loose, saturated, brOo\Tl, gravelly, -

t~ '"'' """wHh •ooHmd •hell '"""'"" -

~i .... -------------------= ;::;.:;:;;:; MediLm dense, saturated, gray, si I ty fine 
:-7--·~; ~.o.lr\ UJ; +r c:-,.. ... +i ...... p.4 ----~ :. .J c:hPl I lranrncn.te 

N:JTIS: 

(1) Boring te1TT1inated at 21.5 feet 
(2) Hydrocarbon-I ike sheens and odors 

-

-

noted on sa-rples fran about 6 to 20 fee-t-

* Denotes analyzed scrrple 
** Based on survey cOTpleted for 

this project 

AlD=Water level at tirre of drilling 

-

-

Field Analysis: PJD headspace concentrationL 
in pµ-n 

# =No concentrations obtained due to 
PID malfunction 

-

-

-

-

-

-

Date Started: 6/28/89 

Date Completed: 6/ 28/89 
Logged By: C.R. Andersen Drilled By: Geoboring & Develop., Inc. 

Drilling Method: H.s.A. 

p~~ 
Project Number. 5E-1030-1 

HYDROGEOLOGIC LOG AND AS-BUILT 
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AS-BUILT 
WELL CONSTRUCTION 

Elevation: Casing:t4.22 rt. •• Water 
Ground: 14.6 rt. •• Level 

>-;-:,,.·: 1 .~··7 u:mfrnLe se111 
\~~1_ · sur ace cover 
'-=' § Cap 

._ T.~.1~~~ Bentoni le seal 
.. i- "\"' 

Wl l.n 

,_ : ~i= ·.: 
,__ :::1~ .. 

4-IN. 1.0. flush-threaded 
Sch 40 P\IC blank 

-

-

-
-

-

-

,__ 

·:·::;:: ·:.. AID 
<I~ ._., . .....__ No 8 IQ.JA send f i I ter 
<J:;;:: :.:· pa~k 
·'.{= ..;.:17""4-IN I .D. flush-threaded 
·;i::-v,:·l/ Sch 40 PVC 0.02 slot 

:.:J::. : screen • 

~-~: r-= ·f. 
:.:.'1= ··.~: 

\5 
Bottcrn plug 

12" di11Teter 

Date Started: S/28189 

Date Completed: s/28/89 

~n«:)RNE ~ EHVIF\OHMEHTAL 

Project Number: SE-1030-1 

u -ro 
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Cl 
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(!) 

:p:::':':. 

>:~,'~~ .. .--.. . .. . 

DESCRIPTION 

MediLl'Tl dense, rmist to wet, gray·bruwn to 
black, fine to rredit.m SAND with trace to 
sane silt, trace coarse sand and gravel 
and t race s i I t I a ye rs 

-
..... ·... -
-~;(~·;= 
~::¥·"" LOose, 'Sa tu r iit eO:- gray-;- S1 I TY I )net o-med' i i:re.: 
7';-::(. SAND with trace si It layers and scattered d:.:i:·,_ illel.l_ f.La~.n.ts_ _ _ _ _ _ ___ _ 

-S)\: Very loose to rredit.m dense, saturated, gray -
..... fine to rrediirn S~'lD with trace to sare silt, 
., .. -. .• trace silt layers and scattered wood and -
::::-.>; shell fra~nts 

~ .. >~t -
Very loose to loose, saturated, brown-gray, 

g!!"..!:J.Y..:. ~i .!._lt_ ~ !!_i .!.!.1 ~C!._l ~~d 2h~l l~ --

Medit.m dense, saturated, gray, silty fine 
SAND with scattered wood and shell frawrents--

-
l'OTI:S; -
(1) Boring terminated at 21.5 feet 
(2) Hydrocarbon-I ike sheens and odors _ 

noted on sa-rples f rcrn about 7 to 15 feet 

* Denotes analvzed SBnlJle 
** Based on sur~ey ccrrpleted for 

this project 

A'1D= Water level at tirre of drilling 

-

-

Field Analysis: PID headspace concentrations -
in p~ 

#=No concentrations obtained due to 
PID rre I function 

-

-
-

-

-

-

Logged By: C.R. Andersen Drilled By: Geoboring & Develop., Inc . 

Drilling Method: H.s.A. 

HYDROGEOLOGIC LOG AND AS-BUILT 
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GROUND ELEVATION 

-

-
-
-

-

-
-
-

-

-

-

-

-

-
-

-

Date Started: 6/ 211 as 
Date Completed: s 1n1 so 

~TKJRNE Pti~ENYIP.ONMENTAL 
Project Number: :iE-l 03G- l 

Water 
Level 

AID 

(.) 

'Ci 
0 
0 

C1l 
Cl 
0 .... 

'O -~ 
>C 
I :::::> 

-

-:::::.. 
Cfl 
3; 
0 
ii) 

25 

26 

co c: ~ 

~ 
C1l 

u... 
C1l .s: 

Ci.. .r::. 
E a. 
C'O C1l 
en 0 

-1-
I - 5 -

10 ·I - -

8 I 10 

- -

15 

.... 20 

- -
25 

30 

... -

35 

- -

-40-

... -

45 · 

- -

50 

- -

Cfl ·c;; 
>-cu 
c 

<t: 
'O 
Qi 
u::: 

0 

0 

3.4 

4 

Ol 
0 
-l 
(.) 

~ 
~ 
(!) 

:..:. ·.·. 

·· · . . . 

.. . .. 

DESCRIPTION 

Loose to rrediun dense, rroist to saturated, 
gray to rust, fine torrediLm SAND with 
trace to SCJTE si It, trace gravel and 
scattered charcoal nnd she! I fregrrcnts 

NJIES: 

( 1) Boring tenTiinated at 11.5 feet and 
backfilled to surface with bentonite 

chips 
(2) Hydrocarbon-like sheens and odors 

were noted fran about 6.5 to 11.5 feet 

• Denotes analyzed s8Tple 

AJIF Water level at tirre of drilling 

-
-

-

-
-

-
-
-

-
Field Analysis: PID headspace concentrations 
in PIJTI -

-

-

-
-

-
-

-

-

-

-

Logged By: C.R. Andersen Drilled By: G<Joboring & Develop., inc. 

Drilling Method: H.s.A . 

HYDROGEOLOGIC LOG 
FOR SOILS BORING 

8-1 

TABLE 

h.-11 



ro ..,._ 
(.) 

·ei ~ Ci) C/} 

GROUND ELEVATION 0 Q) Q) Cii Ol 
c: u.. >- 0 

Ci -m -1 
Q) .3:: £ c: (.) Cl - Q) <( :E DESCRIPTION 0 C/} a. ... 3': E 0. "'O c. 

Water "'O ~ 0 Qi ctl >- c: ctl Q) ... 
Level ::i::: ::> iii (J) 0 u:::: <.') 

~ . .::·-· Loose, mi is t , brCM~l, gravelly fine to rred i Lm 

:.:.::t: SAND with trace to sare silt and scattered ...._ 

I - - wood fragrrents -
7 0 ·:: ::· ... 

~- '.::·~ ------ -- -- -- -- --- ------ -- --- ·I - 5 - :.: .·. -
36 65 .~ : . .. 

Very loose to dense, l'."et to saturated, brown .1·.:··. ·:· 
-5Z..._ ~-\~ 

to gray, fine to rred iLrr. SANO w i th trace to - - I - - sane s i 1 t, trace gravel and seat tered wood -- 31 130 ...... fragrrents ···· -
- AID 

10 
·.·.:::. -

4 ·r 15 "i · ;~; 

- - - -
t-UIES: 

- 15 (1) Boring terminated at 11.5 feet and -
backfilled to surface with bentonite 

- ,... - chips -(2) Hydrocarbon-like sheens end odors 
noted fran about 6 to 11.5 feet 

- 20 -• Denotes analyzed S!JTll le 

- .... - A1D= Water level at t irre of dr i 11 i ng -
Field Analysis: PID heedspace concentrations 

.._ 25- in PJJTI -

...._ ... - -

- 30 -

- - - . -

- 35 -

- - - -
- -40- -
'-- ,_ - -
..__ 45 · -
...._ ... - -
- 50- -

- ... - -

Date Started: 6/27/39 Logged By: C.il. Amhrsen Drilled By: G€oborin~ ~Develop., Inc. 

Date Completed: 6/27/89 Drilling Method: P..S .A. 

~ TrK:)RNE HYDROGEOLOGIC LOG TABLE p~~EHVIRONMEHTAL FOR SOILS BORING 
B-~ t.- ~2 

Project Number: ~:::-.lO:_l0-1 



[ 

r·-

' ' l-

I 

L __ 

[ 

L 

GROUND ELEVATION 

-

._ 

-

-

-
._ 

._ 

._ 

-
._ 

-

-
-
-

-

-

,__ 

-
,__ 

-
-

Date Started: 6/27 /F/J 

Date Completed: ~/~7/SD 

~TI-ORNE ~ ENVIRONMENTAL 

Project Number: SE-1030-1 

(.) 

en 
0 
0 
Cl) ~ 

Cl :::::.. 
0 r.r .... '.!: "O .. ~ 

Water >C 0 

Level :::c :J as 

9 

~ - G 

AID 16 

17 

Logged 

co I 2: a:; en 
Cl) Cl) ' (ii Cl 

c LL >- 0 
(ii ...J - .~ Cl) 
c (.) 

a. <( :E DESCRIPTION 
E a. "O c. 
co Cl.l ]l ~ 
en D LL (.!) 

.:1:'2:':'.: 
::; .1:: -I - - :r.-::.:-:- Loose, rmist to wet, gray to orange-brown , 

0 ~;..:_: gravelly, silty SAND with wood frawrents 

·I - 5 -

j~ ------- -- ----- -- ---
-

58 

·I - - -- -- -
25 \AJ Medi un dense, saturated, gray, gravelly 

10 SAND with trace silt and scattered roots -I 35 ·.:~:f 
-- -

15 NJIES: -
(1) Baring terminated at 11.5 feet 

- - and backf i I led to surf ace with -
bentonite chips 

(2) Hydrocarbon· like sheens and odors 
20 noted fran about 6 to 11.5 feet -

* Denotes analyzed SflTP I e - - -
A'.ID= Water level at tirre of dr i 11 ing 

25 Field Analysis : PID headspace concentrations-
in pp:n 

- - -

30 -

- - -

35 -

- - -

40- -

- - -

45 -
... - -

50 -

- - -

By: C.R. Andersen Drilled By: Geoboring & Develop., Inc . 

Drilling Method: H.S.A. 

HYDROGEOLOGIC LOG TABLE 
FOR SOILS BORING 

B- ~ A-13 
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I 
L_ 
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L 
~­

i 
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\ 
!: 
• 

L 

[ 

GROUND ELEVATION 

Water 
Level 

,__ 

- 'V 

-
AID 

-
-
...._ 

-
-
-
...._ 

-

-
r-

...._ 

-
-

,...__ 

-
...._ 

-
-

Date Started: ~/7.7/89 

Date Completed: 6/27/89 

~TI+ORNE ~ EHVIP.ONMENT~L 
Project Number: SE-1030-1 

c..> C5 
·c;, 2: 
0 w 
0 c 
w ::: -
Cl - Q) 

0 en 0.. ... ;:;; E ,,~ 
0 >C: ('I] 

I=:> iii Cl) 

13 I 
~ 2 

-
2 ·I 
7 I 

Logged By: 

a; CJ) 

w (ii Cl 
u.. >. 0 

C5 _.J 

.s;; c: c..> <: 1: DESCRIPTION J::. 
a. "O 0. 

Qi ('I] w c!i 0 u::: 

,•, ·....:... 

;:oil: 
Very loose to rrediun dense, rroist to - - (.:; -

0 
saturated, brown to gray, fine to rred i lJl1 

SAND with trace s i I l and gravel 

- 5 - ... · .. ·: -······ -- -·.· ........ 
;-0:::..:_: 

- - .::~·:.:· ·: -
10 _' 1•.·.·:· 

f:'f-i:..· ----------------- --
10 :0".""-2 Loose, saturated, gray, silty fine to rrediun_ 

8 ff Tu' SAND with trace gravel and scattered wood 
and shell fra.;nents 

- - -
15 

NJI'ES: -
(l) Boring tenni na ted at 11. 5 feet and 

.... - backfilled to surface with bentonite -chips 
(2) Hydrocarbon-like sheens and odors 

>-20 noted fran about 6.5 to 11. 5 feet -
JIR= Sirrple not recovered 

.... - -.. Denotes analyzed sa-rple 

25 A'.II>= Wa t er level at t irne of dr i I ling -
Field Analysis: PID headspace concentrations - - in P!1" -

30 -

... - -

35 -

- - -

40- -
... - -

45 - -

- - -
50 -

.... - -

C.R. Andersen Drilled Sy:Geoboring & r:P-1·elop. , Inc. 

Drilling Method: H.S.A. 

HYOROGE.OLOGIC LOG TABLE 
FOR SOILS BORING 

B- 4 A-H 
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D ' . 

r 
""- · 

[ 

r . . .:._ 

r. 
L 

r 
L., 

I 

f~ 

r-· 
! .! 

i 
I 
i,_, 

n 
LJ 
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GROUND ELEVATION 

Water 
Level 

.__ 

- ~ - AID 

-
-
-
1--

-
-
-
-
>--

-
-
...._ 

,_ 

-
-
-
..__ 

.__ 

Date Started: 61~7/3~ 
Date Completed: 6/27/89 

~TI-ORNE ~ EHVIJ>.OHMEHTAL 
Project Number. SE-1030-1 

(..) co 
Ci c: w 
0 ~ 

Q) 
u... 0 

Q) - - .£: Cl ' Q) 

0 (/) a. .::. .... ~ ~ "5.. 'O :'::! 0 ca >- c: Q) 

J: ::> iii C/) Cl 

:c '- -
14 

·I - 5 -.....__ 20 

I 
'- . 

10 

I 10 
15 

'- -

15 

>- -

20 

- -

25 

'- -

30 

'- -

35 

... -

40-

>- -

45 · 

... -

50· 

-

tfl en Cl 
>- 0 

"'ffi _J 

c: (..) 
<( :c 
'O c. 
a; t'C .... 
u: (.9 

89 

110 

3 

48 

DESCRIPTION 

Medil.lTl dense, rroist to saturated, brown to 
gray, fine to rredil.lTl SAND with trace to 
sare si It 

i'OIES: 

(1) Boring tenninated at 11.5 feet and 
backfilled to surface with bentonite 
chips 

(2) Hydrocarbon-like sheens and odors 
noted fran about 6 to 11.5 feet 

• Denotes analyzed sirrple 

A'.lD= Water level at tirTE of drilling 

-

-

-
-
-

-
Field Analysis : PlD headspace concentrations_ 
in PP'TI 

-

-

-

-

-

-

-
-

-

-

-

Logged By: C.R. Andersen Drilled By: Geoboring & Develop., Inc. 
Drilling Method: H.s.A. 

HYDROGEOLOGIC LOG 
FOR SOILS BORING 

B- s 

TABLE 

A-15 



-
AS-BUILT 

WELL CONSTRUCTION 

Casing Elevation: 14.83 •• 

- 11~~: 
a~ ...=- "!:: 

... ¢.§ c::. 
:.>. ·:·.: 

... ;;:::,_ ~:,: 
~ : :- ~ !:: : .· 

,_ ~ ::-: !:: : 

-

,_ . ,_ . ,_ 
1- . 
I= '.:. ,_ . ,_. ,_ =: . -= =': -- . - · ... = ::. '= ·· .. - . - · -- . ,_ . 
:= .. . := ·· .. 
1- . . ,_ . ... . ,_ ·· -

-

.... 

.... 

,_ 

Concrete seal with 
surface cover 
Bentonite seal 

4-in. l.D. fluah-threaded 
Sch. 40 PVC blank pipe 

16 Colorado silica sand 

4-in. l.D. flush-threaded 
Sch. 40 PVC 0.01-in. slot 
well screen 
Screened Interval: S.8 to 
20.2 feeL 
Bottom cap 
Bottom or 8-in. diameter 
boring 

Date Started: 11/2/89 

Date Completed: 11/2/89 

Water 
Level 

i 

u .... 
Ill 
a .... 
a .... • ~ 
Ill ' a • '-"" 3 
lJ·"4 a 
:1 c: .... 
::C::I ID 

9 

- 11 

9 

s 

3 

.... • , .. 
I.. I • I .. "'-c: 

1-4 c: .... 
• .... ~ 
Q. .... 
e Q. • • Cl'I c 

[I'-
... s 

... .... 

'-

I- 10 . .... 

~ 
.... 15 

[I'-
.... 20 

.... 30 

lS 

,_ 40 

.... 45 

• . ... 
• :1 .... • c: 
~ 

lJ .... • .... 
u.. 

0 

0 

0 

0 

1.2 

Ill 
a 
-I 

u .... 
~ 
Q. 

• I.. 
C?I 

Logged By: Tony Bahnick 

DESCRIPTION 

Loose, slightly moist to dry, medium gray, fine to ~ry fine, 
silty SAND, with some small gravel 
Loose, slightly moist to moist, dark gray-red-brown, ~ry 
fine to fine, silty SAND, medium to poor cohesion 

Gravel in shoe, blocked 
Loose, ~rywet to saturated, dark gray, ~ry fine, silty 
SAND, little gravel, poor cohesion 

Notes: 1) Boring terminated at 20.9 reeL 

•• Based on su~y completed ror this project. 

Drilled By: Geoboring & Develop 

¥'. = Water Level at time of drilling Drilling Method: HSA 

Field Analysis: PID concentrations in ppm. Sheet 1 or 1 

~JTHORNE 
·r~ ENVIRONMENTAL 

A-38 

HYDROGEOLOGIC LOG AND AS-BUILT TABLE 

FOR MONITORING WELL 

Project Number: SE-1030-2 MW-43 
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-
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-
-

-
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-

.... 

.... 

.... 

.... 

AS-BUILT 

WELL CONSTRUCTION 

Casing Elevation: 14.42 •• 

C.Oncrete seal with 
surface cover 
Bentonite seal 

4-in. I.D. flush-threaded 
Scb. 40 PVC blank pipe 

16 C.Olorado silica sand 

4-in. 1.0. flusb-tbreaded 
Scb. 40 PVC 0.01-in. slot 
well screen 
Screened Interval: S.6 to 
20.0 feet 
Bottom cap 
Bottom or !HD. diameter 
boring 

Date Staned: 11/2/89 

Date C.Ompleted: 11/2/89 

Water 
1-1 

.... • • u ::> .. •"4 
·"4 I.. • • a • • :JI a 
0 .. .... .... 0 ... c • .J 
0 ..., M c c • .... ·"4 « u a ' • •"4 
0 • .... I; 'ti I; 1....., ] a. ..., .... a. 
'tl-4 0 E a.. • • :JIC .... • • .... I.. 
l:~ m en Q IL Cl 

·-
10 [] '- 0 

L.. s 

-
4 [I "" 0 

L.. 10 

6 [) '- 0 - ·:...;-;; 
--15 -------[I '- -

2 0 ..= ---
L.. 20 --
L.. 

L.. 2S 

.... 

.. 30 

I-

I- 3S 

.... 

I- 40 

L.. 

L.. 45 

.... 

Logged By: Tony Bahnick 

DESCRIPTION 

Loose, moist, brown-gray, very fine to fine, silty SAND, 

Loose, moist, red-brown to medium gray, very fine to fine 
silty SAND 
Moist, dar:lt gray, silty SAND 

Soft, saturated, dar:lt gray, very fine to fine, silty SAND 

Soft to medium stiff, moist to wet, olive-brown to olive gray, 
SILT/CIA Y, some fine sand, good cohesion, poor to good 
plasticity 

Notes: 1) Boring terminated at W.7 feet. 

• • Based on survey completed for this project. 

¥'. "' Water Level at time of drilling 

Drilled By: Geoboring & Develop 

Drilling Method: HSA 

Field Analysis: PID concentrations in ppm. Sheet 1 of 1 

~ .. ~THORNE 
'r~ ENVIRONMENTAL 

Project Number: SE-1030-2 

HYDROGEOLOGIC LOG AND AS-BUILT 

FOR MONITORING WELL 

MW-44 

TABLE 

A-39 
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-

-

AS-BUILT 

WELL CONSTRUCTION 

Casing Elevation: 14.63 ** 

Concrete seal with 
surface c:over 
Bcntonite seal 

4-in. l.D. flush-threaded 
Sch. 40 PVC blank pipe 

16 Colorado silica sand 

4-in. I.D. flush-threaded 
Scb. 40 PVC 0.01-in. slot 
well screen 
Screened Interval: 5.6 to 
20.0 feet 
Bottom cap 
Bottom of 8-in. diameter 
boring 

Date Started: 11/2/89 

Date Completed: 11/2/89 

Water 
r -"""I 

-4 • u ~ ..., 
•"4 I. • [J • • 0 ..., 

~ 
-4 c: . 
0 ..., .... c • ~ •"4 
ti ' • 0 • -4 J: 
I...., 3 a.. ..., 
~·"4 a e a.. 
:I c -4 • • J:~ m en Q 

12 [] 
s 

,___ 

3 [] 
10 

7 Ci 
lS 

13 [] 
20 

25 

30 

35 

40 

45 

• •"4 • :I 
-4 • c: 
~ 

~ 
-4 • •"4 
IL 

0 

0 

0 

0 

ti 
0 DESCRIPTION .J 

u 
-4 
J: a.. • I. 
Cl 

:-~- ;;,;: Loose, moist, red-brown, sandy GRAVEL with silt 

- -:t~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---<< '.~!..11!0~ ~'! (I'l.}'o_Ye_ry_f~e_t<?_ f!!14:! Silty~ ______ J --

.:::::: Loose, moist to wet, gray-brown. fine to medium, SAND, 
with silt, trace gravel. poor cohesion 

-

- - -~~ --------- -------- ---- ------- -----. ~:· · ' ·--=- 1 Loose, very moist to wet, dark gray, very fine to fine, silty 1 

- -

-::_.1SAND '-- · ------- -------------- ---- ----J -------~ -----~ ----
·~-... . 
. . 

. .. 

Soft to medium stiff, very moist, olive-gray to olive-brown, 
SILT/CIA Y, some fine sand, some woody material, good 
cohesion, poor to good plasticity 

-
-Mediu-m t; d~~~ ;~~ed.-~ iaY'. fin~ to ~~iu.; - - - - - - -

SAND, some silt, shell fragments _ 

-

Notes: 1) Boring terminated" at 20.7 feeL -
•• Based on survey completed for the project. 

-

-

-

-

-
-

-

Logged By: Tony Babnick Drilled By: Geoboring & Develop 

Drilling Method: HSA g = Water Level at time of drilling 

Field Analysis: PID concentrations in ppm. Sheet 1 of 1 

~ ... THORNE 
,~~ ENVIRONMENTAL 

Project Number. SE-1030-2 

HYDROGEOLOGIC LOG AND AS-BUILT 

FOR MONITORING WELL 

MW-45 

TABLE 

A-40 



PROJECT: Chevron Bulk Plant W.O. 77-70067-00WELLNO.MW-7A 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 3 7 January 7 995 
Casing elevation: Unknown 

10 

15 

20 

25 

SOIL DESCRIPTION 

Medium dense. moist, gray. fine SAND 
with some grovel and some sift 

Medium dense, moist, light gray, fine 
to medium SAND with trace silt and 
trace grovel 

--8ecomes7oose: saturated. fine to 
medium SAND 

(Fill Soils) -----------?NaHvesoiis) __________ _ 
Loose to soft, saturated, gray-brown, 
lnterbedded fine SAND with trace to 
some silt to fine sandy SILT with 
organics 
Loose, saturated, gray-brown. fine 
SAND with shells fragments 

Grades with some organics 

Bottom of boring at 2 7 .5 feet. 

Pb 

S-7 14 0 

S-2 24 2 

S-3 13 

S-4 2 

S-5 2 11 

S-6 2 12 

S-7 2 0 

AID 

AS-BUil..T DESIGN 

Above Ground Riser 
(Approx. 3? 

ement 

Bentonlfe 
Cosing 

(Schedule-40 
2-lnch l.D. PVC) 

7(}20sand 
fitter pock 

3"'&--- Screen 
(2-lnch I. D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

Note: Collapsed formation from 
7 9 to 20 feet. 

Page 1 
of 1 

TESTING 

j 

"'iii c: 
~ 

3Q..1-~~~~~~~~~~~~~--f'"'l'!?,PA~Hrio+~.L....~....l...~...l...~.....l.~~L-~~~~~~~~~~~~~~.i--~~~ 
D·Ex 
TOC -~ LEGEND f& AG RA , I 2~nch O.D. Arlytlcal Testn; :J 

~ spttt·spoonsomple Pb-TotatLeod.EPAMethod7420 Earth & Environmental 
~ y_ Observed groundwater level PAH = Polynuclea Aromatic Hyctocorbons, EPA Method 8310 . 
Cil ATD ATD =at time ot drilling G/BTEX=WTPl-l-Gwtth BTEXDistinction. byMethodTPH-G/EPA8020 11335 NE 122nd Way, Swte 100 i D-EX z WTPH-D Extended. by Method WTPK-D Exterded Kirkland, Washington 98034-6918 

0 WDOE ID No. ABN-144 TOC=TotdOrganlcCorbon.byEPA9060tv\ocifled. 
<L....~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Drilling started: 31 January 1995 Drilling completed: 3 7 January 7 995 Logged by: SLN 



PROJECT: Chevron Bulk Plant W.O. 7 7- 70067-00 WELL NO. MW-2A 
Elevation reference: Unknov.m 
Ground surface elevation: Unknov.m 

Well completed: 31 January 1995 
Casing elevation: Unknov.m 

5 

IO 

15 

20 

25 

SOIL DESCRIPTION 

Loose to medium dense, moist, dark 
gray, fine to medium SAND 

Medium dense, wet to saturated, gray 
SAND (blowcounts overstated) 

(Fiii So/ls) -----------(Nativesoiis) __________ _ 
Loose, saturated, block to groy­
brown, fine to medium SAND 

Loose, saturated, gray-brown, fine to 
medium SAND with shell fragments 

Becomes sl/ty with organic-rich layers 

Bottom of boring of 79 feet. 

S-1 7 

S-2 39 

S-3 5 

S-4 5 

S-5 5 

S-6 3 

20 

10 .Y._ 
AID 

16 

9 

3 

~1----1 
"lii 

AS-BUILT DESIGN 
Page 1 
of 1 

Above Ground Riser TESTING 
(Approx. 3.S) 

ement 

Bentonffe 
Cosing 

(Schedule-40 
2-lnch l.D. PVC) 

10-20sond 
fitter pock 

Screen 
(2-lnch l.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

~ 
30-'-------------------------------------J---....l....---.._-L-__ -1-__ -L-______________________ .._ __ ~ 

. .e LEGEND 
·~ I 2~nch O.D. Arfytieol Testng 
~ spilt-spoon sample Pb - Toto! Leed. S'A Method 7423 

l: Observed groundwoter level PAH = Polynuclecr Aromatic Hyaoeotbons, S'A Method 8310 
Jj ~ ATD =at time of drilling G/BTEX =WTPl+G wtth BTEX Distlrctbn. byMethodTPH-G/EPA8020 

ATO D-EX = WTPl+D Extended, by Method WTPl+D Extended 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

~ WDOE ID No. ABN- 143 TOC = Totd Organic Corbon, by EPA 9060 fvlodlied. 
~L-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~---

Drilling started: 31 January 1995 Drilling completed: 3 1 January 1995 Logged by: SLN 
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PROJECT: Chevron Bulk Plant W.O. 7 7-70067-00 WELLNO.MW-JA 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 3 7 January 7995 
Casing elevation: Unknown 

SOIL DESCRJPTION 

--8ecomes-graY--
Loose to medium dense. moist to wet, 
gray, fine to medium SAND with some 
gravel and silt 

S- 7 9 0 

5 --8ecomes-.bro"W"n 

Loose to medium dense. moist, light 
gray, fine to medium SAND with trace 
to some gravel 

S-2 79 0 

S-3 7 8 

10 --8ecomes-satlirated 

15 

20 

25 

30 

(Fifi Soils) 
-----------(fJaRveson55--~-------

Loose, saturated, gray-brown. fine 
SAND with some silt and shell 
fragments 

Bottom of boring at 2 7.5 feet. 

LEGEND 
An/yllcal T esttng 

S-4 5 

S-5 2 

S-6 3 

I 2-inchO.D. 
split-spoon sample 

Pb- Total Lead. EPA Method 7420 

7 AID 

8 

0 

~ Observed groundwater level 
AID ATD = at time of drilling 

WDOE ID No. ABN- 742 

PAH = Polynuclea Aromatic Hyd'ocarbons. EPA Method 8310 
G/BTEX: WTPl+G with BTEX Distlrctbn. by MethodTPH-G/EPA 8020 
D-EX = WTPl+D Exlendect by Method WTPl+D Extended 
TOC =Tota Organic Corbon. by EPA 9060 Moctfed. 

AS-BUILT DESIGN 

ement 

Bentonfte 
Casing 

(Schedule-40 
2-lnch l.D. PVC) 

70-20sand 
filter pack 

~~--Screen 

(2-lnch I. D. PVC 
with 

0.02-lnch slots) 

Threaded end cap 

Note: Collapsed formation from 
7 9 to 20 feet. 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 31 January 1995 Drilling completed: 3 7 January 1995 Logged by: SLN 

Page 1 
of 1 

TESTING 



PROJECT: Chevron Bulk Plant W.O. 7 7-70067-00 WELL NO. MW-4A 
Elevation reference: UnknoMJ 
Ground surface elevation: Unknown 

Well completed: 31 January 1995 
Casing elevation: Unknown 

5 

10 

15 

20 

25 

~1----f 
] 

~ 

SOIL DESCRIPTION 

Loose to medium dense, moist, brown, 
gravelly, silty SAND 

(Fill Soils) -----------(NanvesoHi5 ___________ _ 
--1--.,...-; 

Loose to soft, moist to wet, brown, silty 
SAND to sandy SILT 

Very soft, moist, gray-brown, gravelly 
SILT with some to trace sand 

--[oosetom-ed!um dense, saturated, 
black to gray/brown, gravelly SAND 
with some silt 

Wood fragments ore common 

Loose to medium dense, saturated, 
gray-brown, fine to medium SAND w/tr+·+-.-~ 
trace silt and gravel with wood 
fragm en ts 

Bottom of boring at 21.5 feet. 

0 
-~0 LEGEND 

I 2-lnchO.D. 
2 spilt-spoon sample Arlytlcal Tesftlg 

S-1 16 3 

S-2 3 2 

S-3 0 4 

S-4 8 8 

S-5 12 10 

S-6 17 3 

S-7 17 2 

y_ 
AID 

iii Pb- Total Leed. EPA Me!hod 7420 :g ~ Observed groundwater level PAH = Polynuclea- Aromotlc H',doccrtx>ns. EPA Method B31D 
Ul AID ATD =ct time of drlHlng G/BTEX=WTPH-G with BTEXDislin::tbn. byMelhodTPH-G/EPA 8020 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

.....----. ~round surface 

op of casing 

ement 

Bentonlte 
Casing 

(Schedule-40 
4-lnch l.D. PVC) 

10-20sand 
fitter pack 

.,.,...,,i- -- Screen 
(4-/nch J.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

Note: Collapsed formation from 
19.5 to 20 feet. 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Page 1 
of l 

TESTING 

PD 
G!BTEX 
/Hx 

~ WDOE ID No. ABN-141 D-EX = WTPH-D Extended. by Method WTPH-D Exterded 

~L---------~~~~~-------TOC __ =_T_ct_a_Or....:.gcn~lc-Co __ rtio_n~._by~EP-A_9060~-Mod11ed-----·--------------------------~---------------
Drilling started: 31 January 1995 Drilling completed: 31 January 1995 Logged by: SLN 
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PROJECT: Chevron Bulk Plant W.O. 7 7-70067-00 WELL NO. MW-5A 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 31 January 7995 
Casing elevation: Unknown 

5 

SOIL DESCRIPTION 

Loose. moist, gray, fine SAND with 
trace to some gravel 

(RI/ Solis) -----------c!VanvesoTis} ___________ _ 
--1·-..--t 

Loose, moist to wet, gray-brown, silty, 
fine SAND wlffl shell fragments 

S-1 3 7 

S-2 2 

..... ~-4---------------- S-3 5 

10 

15 

20 

25 

30 

Wood fragments are common 

Loose, saturated, gray-brown, fine to 
medium SAND with trace to some 
gravel 

Loose, saturated, gray-brown, SAND 
with some gravel to silty, fine SAND 
with shell fragments 

Loose to medium dense, saturated, 
gray-brown, fine to medium SAND with 
trace slit and wood fragments 

Bottom of boring at 2 7.5 feet. 

LEGEND 
Anlyttcal T esttng 

6 

S-4 4 4 AID 

S-5 5 

S-6 10 3 

I 2~nch0.D. 

spltt-spoon sample 
Pb· Total Leed, EPA Method 7420 

_y_ Observed groundwater level 
AID ATD = at time of drilling 

WDOE ID No. ABN- 740 

PAH = Polynuclea lvomctlc Hyaoccrbons. EPA Method 8310 
G /STEX = WTPl+G with BTEX Dlstirctbn. by Method TPH-G/EPA 8020 
D-fX = WTPl+D Extended, by Method WTPl+D Exterded 
TOC =laid Organic Corbcn, by EPA 9060 Moctfed. 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

r--~ ~round surface 

op of casing 

ement 

Benton/ta 
Cosing 

(Schedule-40 
4-lnch l.D. PVC) 

10-20sand 
fllterpack 

Screen 
(4-/nch l.D. PVC 

with 
0.02-/nch slots) 

Threaded end cap 

Note: Collapsed formation from 
19 to 20 feet. 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 3 7 January 7 995 Drilling completed: 3 7 January 7995 Logged by: SLN 

Page I 
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PROJECT: Chevron Bulk Plant W.O. 7 7- 70067-00 WELL NO. MW-6A 
Elevation reference: Unknown 

Ground surface elevation: Unknown 
Well completed: 07 February 7995 

Ca.sin& elevation: Unknown 

Loose, moist, gray, fine to medium 
S-7 4 0 SAND 

5 ---a-ecomes-;;,i0r-
S-2 4 0 

--8ecomes-5k:iCi<-
S-3 3 30 

10 --"GraC:festotrace gravel 
S-4 6 7 

15 
S-5 2 4 

20 Grades to some gravel 
S-6 6 6 

Bottom of boring at 2 7.5 feet. 

25 

_y_ 
ATD 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

.----. ~round surface 

Casing 
(Schedule-40 
4-lnch l.D. PVC) 

~;?!+---- Screen 
(4-lnch l.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

Note: Collapsed formation from 
7 9 to 20 feet. 

Page 1 
of 1 

1ESTING 

30..1....-----------------------'----l...--..J.._--L.---L---J..---------------------'------

I 2-inchO.D. 
$pltt-spoon sample 

LEGEND 
Arlyflcal T astTig 

Pb- Total Laoo. EPA Mett-od 7420 
PAH = Polynu:::lea Aromoti:: Hyaoccrbons, EPA Method 6310 

.Y_ Observed groundwater level G/BTEX = WTPH-G \Mlh BTEX Dlsllrctbn, by Method TPH-G/EPA 80'20 

@AGRA 

AID A TD = at time of drilling D-0< = WTPH-D Extended, by Method WTPH-0 Exferded 

Earth & Environmental 
11335 NE 122nd Way, Suite 100 

Kirkland, Washington 98034-Q918 
~ WDOE ID No. ABN-139 
~L-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

TOC., Tatel Orgcrk: Ccrbon. by EPA 9060 Mod!led. 

Drilling started: 31 January 7995 Drilling completed: 31 January 1995 Logged by: SLN 



~ 
iii c 
"' E 
" 0 ... 
i: 
u 
g .. 
.i;; .. 
UJ 

~ 
(!) 
< 

PROJECT: Chevron Bulk Plant W.O. 7 7-70067-00 WELL NO. MW-7A 
Elevation reference: Unknown 

Ground surface elevation: Unknown 
Well completed: 07 February 1995 
Casing elevation: Unknown 

0 

5 

SOIL DESCRIPTION 

Loose, saturated. brown to black. fine 
to medium SAND S-1 3 16 

S-2 2 35 

.,...___,... ______________ _ 
Becomes gray-brown. fine to medium 

15 SAND 

20 

25 

30 

Bottom of boring at 15.5 feet. 

LEGEND 

I 2~nch0.D. 

splM-spoon sample 

1 Observed groundwater level 
ATC A TD = at time of drinlng 

WDOE ID No. ABN-737 

Arlytical Testi"lg 
Pb· Total Lead, EPA Method 7420 
PAH = Polynuclea Aromatic Hycicx:orbon5, EPA Method 8310 
GJBTEX = WTPH-G with BTEX Olstlrcibn, by Method lPH-G/EPA 8020 
~ = WTPH-D Extended, by Method WTP!+D Extended 
TOC =Told Organic COlbon, by EPA 9060 Modfied. 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

.----. "E--Ground surface 

op of casing 

ement 

Bentonfte 
Casing 

(Schedule-40 
4-lnch 1.D. PVC) 

10-20sand 
fitter pack 

"+----- Screen 
(4-lnch l.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 01 Febuary 7 995 Drilling completed: 0 7 Febuary 7 995 Logged by: SLN 

Page 1 
of 1 

'Il!STING 

I 

' J 



~ 
;; 
c 
"' E c: 
0 

·"' f; 
u 
.> c: ., 

-€ 
~ 

~ 
~ 

PROJECT: Chevron Bulk Plant W.O. 7 7-70067-00 WELL NO. MW-BA 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 07 February 7995 
Cuini elevotion: Unkno1Nn 

5 

10 

15 

20 

25 

30 

Loose, saturated, black to dark gray, 
fine to medium SAND s- 7 3 320 

--£iecomes-9r0i-'brown with shell 
fragments S-2 32 

S-3 7 7 

Wood fragments are common 
S-4 4 60 

Bottom of boring at 21.5 feet. 

LEGEND 
Arlytlcal T estklg I 2~nch0.D. 

spilt-spoon sample Pb- Total Leed, EPA Method 7420 

y_ 
ATD 

1 Observed groundwater level 
AID ATD =ct time or drlnlng 

WDOE ID No. ABN-138 

PAH = Potynuclecr Aromatic ffydocabons, EPA Method 8310 
G/BTEX = WTPH-G wtlh BTEX Dislinctbn. by Method TPH-G/EPA 8020 
D-8< = WTPK-0 Extended, by rvlethod WTPH-D Exterded 
TOC= Total Orgcric Ccrbon. by EPA 9060 Modfled. 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

--- ~round surface 
op of casing 

emenf 

Bentonlte 
Casing 

(Schedule-40 
4-lnch l.D. PVC) 

"if"'~+--- Screen 
(4-lnch l.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

Note: Collapsed formation from 
79.5 to 20 feet. 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 0 7 Febuary 1995 Drilling completed: 0 7 Febuary 7 995 Logged by: SLN 

Page 1 
of 1 

TESI"ING 
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PROJECT: Chevron Bulk Plant W.O. 7 7-70067-00 WELL NO. MW-9A 
Elevation reference: Unknov.m 
Ground surface elevation: Unknown 

Well completed: 01 February 1995 
Ca.sing elevation: Unknown 

Loose, moist, tan to llght gray, SAND 
with trace gravel 

(RI/ Solis) 

S-1 6 8 

S-2 4 2 

__ .... -----------(NativesoiisJ ___________ _ 

10 

15 

20 

25 

30 

Loose, saturated, gray-brown, fine 
SAND with trace to some slit and shelf 
fragments 

Loose, saturated, gray-brown, silty 
SAND with trace to some gravel and 
shell fragments 

Loose, saturated, gray-brown, fine to 
medium SAND with trace to some sf/t 

Bottom of boring of 27.5 feet. 

LEGEND 
Anlylcol Tesltlg 

S-3 2 

S-4 2 

S-5 4 

I 2~nch0.0. 
split-spoon sample 

Pb- Total Lead. EPA Method 7420 

_y_ 
AID 

3 

0 

2 

i Observed groundwater level 
AlD ATO =at time of drllllng 

WDOE ID No. ABN-136 

PAH = Polynuclea Aromatic Hyaocorbofls. EPA Method 8310 
G/BTEX = WTPH-G wth BTEX O~lnctlon, t:1i' MelhodTPH-G/EPA 8020 
D-8< = WTPH-0 Exlended. t:1i' Method WTPH-0 Exterded 
TOC =Tota Organic Carbon. t:1i' EPA 9060 Modf'ed. 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

__ ......, 4E--Ground surface 

op of casing 

ement 

Benton/ta 
Casing 

(Schedule-40 
2-/nch l.D. PVC) 

10-20sand 
filter pack 

Screen 
(2-/nch f,D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 01 Febuary 1995 Drilling completed: 01 Febuary 1995 Logged by: SLN 

Page 1 
of 1 

TESTING 
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PROJECT: Chevron Bulk Plant w.o. 7 7-70067-00 WELLNO. MW-70A 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 0 7 February 7 995 
Casini elevation: IJnkfl(')wn 

5 Loose, moist to wet. tan, fine to 
medium SAND with irace gravel 

10 (RI/ Solis) 1----1-----------(fJafivesoiis) ___________ _ 
Grades with trace gravel 

15 Loose. saturated. gray-brown. SAND 
with shell fragments 

20 

Bottom of boring at 2 7 .5 feet. 

25 

30 

LEGEND 
Arlytlcal Testhg 

S- 1 6 

S-2 3 

5-3 2 

S-4 5 

I 2~nch0.D. 
spilt-spoon sample Pb· Total Leo:t EPA Method 7420 

7 

779 AID 

16 

7 

_y_ Observed groundwater level 
ATD A TD = ct time of drllllnlj 

WDOE ID No. ABN- 135 

PAH" Pot(nu::lea Aromatic H)O'ocabon;, EPA Method 8310 
G/BTEX = WTPH-G v.ith BTEX Distlrctbn. by Method TPH-G/EPA 8020 
~ = WTPH-0 Extended. by Method 'NTPH-0 Exterded 
TOC"' Total Orgaric Carbon. by EPA 9060 Mcx:f11ed. 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

.-----. 4E--Ground surface 

op of casing 

ement 

Casing 
(Schedule-40 
2-lnch l.D. PVC) 

70-20sand 
filter pack 

:i---- Screen 
(2-lnch J.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

Note: Collapsed formation from 
18.75 to 20 feet. 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 0 7 Febuary 1995 Drilling completed: 01 Febuary 199 5 Logged by: SLN 

Page 1 
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PROJECT: Chevron Bulk Plant w.o. 7 7-10067-00 WELL NO. MW- 71A 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 0 7 February 7 995 
Casini elevation: Unknown 

~ ~ SOII- DESCRIPTION ~ ~ i ~ ~ ~ ~ ~ ~ ~ 
o ..... ~i'.:: .,,~ ca8 ogi ~p: 
0 -t---------------------------------------+----+----+---1---.:;;....i.~-f 

5 

10 

Loose, wet to saturated, gray mottled 
brown, fine to medium SAND 

(RI/ Solis) __ ... -----------<Nafivesoiis) __ _________ _ 

15 

20 

25 

30 

Loose, saturated, gray-brown, fine to 
medium SAND with shell fragments 

Becomes medium dense with some 
gravel 

Bottom of boring at 19 feet. 

LEGEND 
ANy!lcal T estrig 

s-7 6 

S-2 2 

S-3 3 

S-4 10 4 

I 2-lnchO.D. 
spltl·spoon somple 

Pb· Total Lead. EPA Method 7420 

AID 

AS-BUILT DESIGN 

Flush mounted 
/steel monument 

r-----. 4E-Ground surface 

op of casing 

ement 

Casing 
(Schedule-40 
2-/nch /.D. PVC) 

"El---- 10-20sand 
filter pock 

"f.i+--- Screen 
n a -.iri (2-/nch l.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

@AGRA 
Earth & Environmental 

1 Observed groundwater level 
AlD ATD = at time of drinlng 

PAH= Potynu::lea ArorrotbHyctocaborG,EPA MethodB3lO 11335 NE 122nd Way, Suite 100 
G/BTEX=WTPH-GwtthBTEXDlstlnc::tbn.byMethodTPH-G/EPAB020 Kirkl d w hin 98034-6918 
D-EX = WTPK-0 EJC!ended. by l"-Aelhod WTPH-0 Extended an , as gton 
TOC =Total Orgoric Corbon. by EPA 9060 Moclfled. WDOE ID No. ABN- 7 34 

Drilling started: 0 7 Febuary 7 995 Drilling completed: 0 7 Febuary 7 995 Logged by: SLN 

Page 1 
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PROJECT: Chevron Bulk Plant w.o. 7 7-70067-00 WELLNO. MW-72A 
Elevation reference: Unknown 
Ground surface elevation: Unknown 

Well completed: 07 February 1995 
Casini elevation: Unknown 

SOIL DESCRIPTION 

S Loose, wet, brown, gravelly SAND with 
some silt to gravelly, silty SAND S-1 6 

10 

15 

20 

25 

30 

__ __________ JBfl§gf.!sJ _____________ _ 
(Native Solis) 

Loose, wet to satruated, gray-brown, 
fine to medium SAND with shell 
fragments 

Bottom of boring ot 27.5 feet. 

LEGEND 
Arlyleal Tesmg 

S-2 2 

S-3 3 

S-4 10 4 

I 2~nch0.D. 
spltt-spoon sample 

Pb- Total Lecx:l, EPA Method 7420 
1 Observed groundwater level 

ATD ATD = ot time of drlDlng 

WDOE ID No. ABN- 7 33 

PAH = Polynu::lea Aromolc HyaocabclrG, EPA Method 8310 
G/BTEX = WTPH-G with BTEX Disllrclbn. by Method TPl-1-G/EPA 8020 
D-EX = WTPH-0 Extended, by Method WTPH-0 Exterded 
TOC =Total Orgoric Corbon. by EPA 9060 Mod1ied. 

AS-BUILT DESIGN 

Flush mounted /steel monument 

--- ~round surface 
op of cosing 

ement 

Casing 
(Schedule-40 
2-lnch I. D. PVC) 

1~20sand 
filter pock 

Screen 
(2-lnch l.D. PVC 

with 
0.02-lnch slots) 

Threaded end cap 

@AGRA 
Earth & Environmental 

11335 NE 122nd Way, Suite 100 
Kirkland, Washington 98034-6918 

Drilling started: 0 7 Febuory 7 995 Drilling completed: 01 Febuory 1995 Logged by: SLN 

Page 1 
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Gettler-Ryan Inc. Log of Boring MW-50 

PROJECT: Chevron Bulk Terminal No. /00-1350 LOCATION: 1020 c Street, Bellingham, WA 

PROJECT NO. : 346606.01 CASING ELEVATION: 

DA TE STARTED: 10/21/98 WL (ft. bgs): 10 DATE: 10/21/98 TIME: 10:53 am 

DA TE FINISHED: 10/21/98 WL (ft. bgs): DATE: TIME: 

DRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 14 Feet 

DRILLING COMPANY: Cascade On1/ing GEOLOGIST: Steve Carter 
w 

"' 
al {!) :>: ~ 0 en WELL DIAGRAM 

" ~ ::> 

"" 
..J en 

"-
z 

(.) <t GEOLOGIC DESCRIPTION "' ._ w w ~ ..J 
I ~ en ..J ..J I (.) ... _ 

"' a. a. a. ..J 

a. "' 0 0 :>: :>: <t 0 w., a: ..J <t <t a: 
Cl- al en en (!) en 

Pavement - asphalt over baserock. 
~ '\ - ' ' • 
~ "§ ~ "- "c 0 

SP ~r::,,. -T -... ... !!! 
il 

,. 
- 0" -• -0 

~ "~ ... 0 ... V) 

-

1: SAND (SP) - light yellowish brown (2.5Y 6/2), damp 
~ -0 (!~ 

to moist, dense, 100% fine to medium sand, shell "' ~- " " ., (i.,, 

- 40 MW-50-4 fragments. "' -
... 

5- - -... . . . . . . ... Becomes moist, 85-90% fine to medium sand, 10-15% . . . . . . 
silt, trace lithic fragment at 6 feet. 

I. 52 MW-50-7 
Color change to very dark gray (2.5Y N3) at 6.5 

- feet. becomes 100% fine to medium sand, ... hydrocarbon odor. \: ... "' ... "-

" ... " ... ~? """ . . . ... -0 o~ ... !? 0 ·~ " - "" . . . ' - • ... 
•"' 

. ... 
:~ § ~t 

0 ... ... ~2 0 
~ ... 

¥ 
0 ''n = -~; 

10- r- ••• ••• 
m 

i I ill -Becomes saturated at 10 feet, hydrocarbon odor. ~ ... ... 
"' . . . . . . 

- 21 . :::::: 

~; !t 
... . . . . . . . . . . . . 

- - :-: -: . -... ... 

!~; 
. . . . . . . . . . 

35 Ill SM SIL TY SANO (SM) - very dark gray (2.5Y N3), ... SP saturated, dense, 70-80% fine sand, 20-30% silt, 

j . . . 

r" 
. . . hydrocarbon odor . .c . 

SAND (SP) - very dark gray (2.5Y N3), saturated, 
dense. 100% fine to medium sand, trace coarse sand 15- - to fine gravel, hydrocarbon odor. :;'; -

0 

* Converted to standard penetration blows/foot. 
-

-

20- - -

. . 

JOB NUMBER: 346606.01 Page 1 of I 



Gettler-Ryan Inc. Log of Boring MW-51 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 CASING ELEVATION: 

DATE STARTED: 10/21/98 WL (ft. bgs): 10 DATE: 10/21/98 TIME: 11:39 am 

DA TE FINISHED: 10/21/98 WL (ft. bgs): DATE: TIME: 

DRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 14 Feet 

DRILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter 

it 
* 

Ql (!) 
:E ,_: 0 (f) WELL DIAGRAM ,_: :::> :s _, (f) 

'E u. z u « GEOLOGIC DESCRIPTION 0. - w w ~ 
_, 

:i:: .9 (f) _, _, u 
~ 1i) "' 0.. 0.. 0.. _, 

8 0 :E :E < c: w., _, < < a: 
o- 0.. Ql (f) (f) (!) (f) 

'-oo Road base. I ' - ' ~ ~ c-
~ " 

o~ <>. I'- u u ;; :,.. . 
SM SIL TY SANO (SM) - olive brown (2.5Y 4/4), 60-70% ,__ T 

fine sand, 30-40% silt, wood fragments, roots. ~ ' ~ c: :!::'. . 
~ ~c 

" "~ u 

~~:.: SP 0) 

. 

I SAND (SP) - grayish brown (2.5Y 5/2) to light olive 
~ c } "' !'.(~" 

brown (2.5Y 5/ 4), damp to moist, dense, 100% fine to .Q .•. " 
41 MW-51-4 medium sand. Color change to dark gray (2.5Y N -~ 

fif~ !!, . 

l!l 
. . . 4/) at 3.5 feet, no hydrocarbon odor . . . . 

5- - -... . . . 

I Color change to very dark grayish brown (2.5Y 3/2) 
. 

grading downward to very dark gray (2.5Y N/3), 
. 28 MW-51-7 hydrocarbon odor. 

~ ~ i~ ... \;' 
" ... ... . <>. ... ;;; . . ... " ~.;;: = (l< ... 

il::c; 

~; J, 
",. ... ... -u c' ... ~ .s: '"' . . . 
"" ... ... ,_ 
~ . ... ~C> c 

~2 0 

SANO (SP) - black (2.5Y N 2/), medium dense, 

~I~ iii 

~ 

¥'. 
u 

10- ... saturated, !00% fine to medium sand, shell fragments, ' -• hydrocarbon odor. 

"' ... 
20 j j SM SILTY SAND (SM) - black (2.5Y N 2/), saturated, 

/ ~ ~ jJ 

... 
SP 70-80% fine sand, 20-30% silt. 

. . .. SANO (SP) - black (2.5Y N 2/), medium dense, ... saturated, 100% fine to medium sand, shell fragments, ... .,·: = '.r ... hydrocarbon odor. ·'·· = '.r 
LLLl SM - SILTY SAND (SM) - black (2.5Y N 2/), saturated, 

::~ .:t . 
/ :1..J! 32 SP 70-80% fine sand, 20-30% silt. 

... SAND (SP) - black (2.5Y N 2/), saturated, medium . 
dense, 95-!00% fine to medium sand, 0-5% silt, wood f - . 
and shell fragments. 

15- ·- * Converted to standard penetration blows/foot. ~ -
u 

-

- . 

- . 

20- - -

- -
JOB NUMBER: 346606.01 Page I of I 



Gettler-Ryan Inc. Log of Boring MW-52 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 CASING ELEVATION: 

DATE STARTED: 10/21/98 WL (ft. bgs): 6.5 DATE: 10/21/98 TIME: 1:35 pm 

DATE FINISHED: 10/21/98 WL (ft. bgs): DATE: TIME: 

DRILLING METHOD: 8" ho/low-stem auger TOTAL DEPTH: 14 Feet 

DRILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter 

tt 

"' 
Cl "' :>: ,...: 0 (f) WELL DIAGRAM ,...: ::> 

~ ..J (f) -e LL z 
(..) ... GEOLOGIC DESCRIPTION 0. .... w w ~ 

..J 
::i: E- (f) ..J ..J (..) .-_ "' "- "- "- ..J 

"- " 0 0 :>: :>: ... 0 w" ~ ..J ... ... tr: 
o- "- Cl (f) (/) "' (/) I I 

Qo Base rock. " " - . '. 0 itl'\ "" § ~ - SP \i:,.. ~1-0 
SAND (SP) - light olive yellow (2.5Y 6/6), damp to 
moist, 100% fine to medium sand. • ,. 

- ~ (";;~ . • •< 
~ ""' 0 
Vl 

- 2l 
... Color change to very dark gray (2.5Y N 3/), 

~ ... < f; ~ir 0 57 becomes 85-90% fine to medium sand, 10-15% coarse "' ~': ... " ..... (;;, . . . 
sand to fine gravel, concrete fragments (from 

"' 

!!! 
- ... . . . cuttings): shoe blocked by concrete . . . . 

5- - -

- . . . 
Concrete in shoe 6 to 6.5 feet. . 

I/ ¥'. 
- 2,300 57 

Color change to black (2.5Y N2/0), hydrocarbon ~ ~ 1! " odor. '" "' ... " '- ;;, - ... 
" 

~ ~i~ 
~'?; "" ... -o <~ ... ~-S ·-"" - ,_ • . ... . " < ... .s: a 0 ... <> ::: ~ '~: 

~ 0 
10- - ... • -Shell fragments, hydrocarbon odor. • ... ... 

"' 314 19 111 SM SILTY SAND (SM) - black (2.5Y N2/0), saturated, - medium dense, 80-85% fine sand, 15-20% silt. SP 

- -
Trace fine gravel at 12.5 feet. ... - . 

649 to 
0

111 SM SIL TY SAND (SM) - very dark grayish bro.wn (2.5Y 

111 ML 3/2) to black (2.5Y N2/0), saturated, loose to 

l r- ;~m. - medium dense, 60-70% fine sand, 30-40% sill. . 
SILT (ML) - very dark grayish brown (2.5Y 3/2), 

15- saturated, no plasticity, stiff, 90-100% slit, 0-10% - fine sand, hydrocarbon odor. :i} -0 
~ Converted to standard penetration blows/foot. 
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20- - -
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Gettler-Ryan Inc. Log of Boring MW-53 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 c Street, Bellingham, WA 

PROJECT NO. : 346606.01 

DATE STARTED: 10/21/98 

DA TE FINISHED: 10/21/98 

DRILLING METHOD: 8" hollow-stem auger 

DRILLING COMPANY: Cascade Drilling 

w 
* "' (!) :>: ,..: 0 (J) ,..: ::> z -' (J) e u. z ~ 

(.) <{ 
a. - w w :;: -' 

:t: 2- (J) -' -' (.) 

!:;: (i) 3' a. a. a. -' 
Cl 0 :>: :>: <{ 0 w" ii: -' <{ <( a: 

o- "' (J) (J) (!) (J) 

-r.o 
SP 

. 

. 
62 MW-53-3.5 •. 8 

5- -

. 
35 MW-53-6.51. 11 

. 

10-

. 14 11 . 

-

-
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CASING ELEVATION: 

WL (ft. bgs): 6.5 DATE: 10/21/98 

WL (ft. bgs): DATE: 

TOTAL DEPTH: 14 Feet 

GEOLOGIST: Steve Carter 

GEOLOGIC DESCRIPTION 

Base rock. 

SANO (SP) - grayish brown (2.5Y 5/2). damp to 
moist. very dense, 100% fine sand. 

Color change to dark gray (2.5Y N4/0) to very dark 
gray (2.5Y N3/0) at 6 to 6.5 feet. becomes 100% 
fine to medium sand, trace fine sand; becomes 
saturated at 6.5 feet. 

Shell fragments, loose to medium dense. 

SIL TY SANO (SM) - very dark gray (2.5Y N3/0), 
saturated, medium dense, 70-80% fine sand, 20-30% 
silt, wood fragments at 13.5 feet. 

* Converted to standard penetration blows/foot. 

TIME: 2:45 pm 

TIME: 

WELL DIAGRAM 
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Gettler-Ryan Inc. Log of Boring MW-54 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 c Street, Bellingham, WA 

PROJECT NO. : 346606.01 CASING ELEVATION: 

DATE ST AR TED: 10/21/98 WL (ft. bgs): 9 DATE: 10/21/98 TIME: 3:40 pm 

DA TE FINISHED: 10/21/98 WL (ft. bgs): DATE: TIME: 

DRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 14 Feet 

DRILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter 
w 

* 
aJ (.!) 

"' ..: 0 UJ WELL DIAGRAM 
-e ..: ::> :s -' UJ 

LL z u <( 
GEOLOGIC DESCRIPTION 0. .... w w s: -' 

I 3 UJ -' -' u .... ~ J: a. a. a. -' a."' El 0 "' "' <( 
0 w"' -' <( <( 0:: 

o- a. aJ UJ UJ (.!) UJ 

,-00 Base rock. s. '\ - ' ~ "'c-
0 .8 " 

o~ 
"- """ SP ;; ::,,.. ~T 

. 
... ... 

~ ,~ 

. (;';~ . 
~ ~§ 

"' "-0 ... <n 
. 

•• (SP) - gray (5Y 5/1), damp to moist. very 
~ 

SAND c :{<· )!i 7 66 MW-54-3.5 dense, 100% fine to medium sand, shell fragments. "' i:' ... " 1-;r i;· . . . 

Iii 
... -"' . . . . . . . . . . . . . . . . . . 

5- r -

- 7 33 MW-54-6 . 

ii ll! - .. SM <J .· .... . ~ " "- .-..: = ·'.~i " " ~! i ~I; "' . 
.:1:!~ "" -0 c~ 

"'c "'~ ¥' " - "" SIL TY SAND (SM) - dark gray (2.5Y N4/0) lo very ' - ~ 
~"' ~~ ~ {t: c 

dark gray (2.5Y N3/0), saturated, medium dense, s2 0 

13 

Ill 
~ 

10- 7 20 70-80% fine sand, 20-30% sill, shell fragments. "' -wood fragments. silt stratum 1 inch thick at 9.8 feet. • 
"' - .. 

- .. 

UJ! ML SILT (ML) - very dark grayish brown (2.5Y 3/2), 
8 22 SM saturated, no plasticity, stiff. 90-95% silt. 5-10% I fine sand, wood fragments. 

[ SIL TY SAND (SM) - dark gray (2.5Y N4/0) lo very -! .c -
dark gray (2.5Y N3/0), saturated, medium dense. 

15- - 70-80% fine sand, 20-30% silt, shell fragments, -
wood fragments, stratum of sand (SP) 1 inch thick at "' 0 

13.6 feet. 
. • Converted to standard penetration blows/foot. . 

. -
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20- - -
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Gettler-Ryan Inc. Log of Boring MW-55 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 

DA TE STARTED: 10/22/98 

DA TE FINISHED: 10/22/98 

DRILLING METHOD: 8" hollow-stem auger 

DRILLING COMPANY: Cascade Drilling 

tt 
* 

m (!) 

"' ,_: 0 (/) 

" 
,_: ::> 

"' 
...J (/) 

u. z 
(..) ... a. - UJ UJ 

"' 
...J 

J: .3 (/) ...J ...J (..) 

~di "' 0.. 0.. 0.. ...J s 0 "' "' ... 0 UJ"' ...J ... ... a: 
o- 0.. m (/) (/) "' (/) 

ML 

-

-

-

I 7 27 MW-55-3.5 

-

5- -
SP 

' -

-

-

- 4 10 

10- -

-

-

3 12 l l SM 
-

15- -

-

-

-

-

20- -

-
JOB NUMBER: 346606.01 

CASING ELEVATION: 

WL (ft. bgs): 3 DATE: 10/22/98 

WL (ft. bgs): DATE: 

TOTAL DEPTH: 14 Feet 

GEOLOGIST: Steve Carter 

GEOLOGIC DESCRIPTION 

SANDY SILT (ML) - olive brown (2.5Y 4/4), 
saturated, very stiff, 70-80% silt, 20-30% fine sand, 
trace coarse sand to fine gravel. 

SAND (SP) - very dark gray (2.5Y N3/0), saturated, 
loose to medium dense, 100% fine to medium sand, silt 
layer I inch thick at 8.4 feet, silt layer (100%) 3 
inches thick in bottom of sample (olive gray (5Y 
4/2), shell fragments in sand. 

Becomes 95-100% fine to medium sand, 0-5% silt, 
trace fine gravel. 

SIL TY SANO (SM) - dark grayish brown (2.5Y 4/2), 
saturated, medium dense, 70-80% fine sand, 20-30% r 
silt, shell fragments. / 
* Converted to standard penetration blows/fool. 

TIME: 8:05 am 

TIME: 

WELL DIAGRAM 

I 

i~'. '.fi 
':;.~ ;{ 

i!I 
~iii 

-

-

. 

"' ' "' . 
"" a' 
~!". 
~~ 

~ a 
a 
~ 

-

. 

-~=(t; 

llil 
-

-

' 

-

-

-

Page I of I 



Gettler-Ryan Inc. Log of Boring MW-56 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 

DA TE STARTED: 10/22/98 

DA TE FINISHED: 10/22/98 

DRILLING METHOD: 8" hollow-stem auger 

DRILLING COMPANY: Cascade Drilling 
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CASING ELEVATION: 

WL (ft. bgs): 5 DATE: 10/22/98 

WL (ft. bgs): DATE: 

TOTAL DEPTH: 14 Feet 

GEOLOGIST: Steve Carter 

GEOLOGIC DESCRIPTION 

Base rock. 
Asphalt and base rock. 

SAND (SP) - grayish brown (2.5Y 3/2), damp to 
moist, dense, 100% fine sand, shell fragments. 

Color change to black (2.5Y N2/0) at 4.5 feet, 
becomes 95-100% fine sand, 0-5% coarse sand to 
fine gravel. 

SAND (SP) - black (2.5Y N2/0), saturated, medium 
dense, 90-95% fine to medium sand, 5-10% coarse 
sand to fine gravel, shell fragments. 

4 24 

SIL TY SAND (SM) - dark olive gray (2.5Y 3/2), 
saturated, medium dense, 70-80% fine sand, 20-30% 

H-l-H~M~L-1-,, sill, shell and wood fragments. / 

15-

. 

. 

20-

-

-

. 

-

SILT (ML) - olive gray (SY 4/2), saturated, very 
'-~s~ti~ff~·~n~o~p~la~s~ti~c~it~y,~1~0~0~%~s~ilt~·~~~~~~~~~.../,/" 

* Converted to standard penetration blows/foot. 

TIME: 9:25 am 
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Gettler-Ryan Inc. Log of Boring MW-57 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 CASING ELEVATION: 

DATE STARTED: 10/22/98 WL (ft. bgs): 5 DATE: 10/22/98 TIME: 12:39 pm 

DATE FINISHED: 10/22/98 WL (ft. bgs): DATE: TIME: 

DRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 14 Feet 

DRILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter 
~ 
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I SAND ISP) - light brownish gray (2.5Y 6/2), damp 
~ + -c .ti 

73 79 MW-57-3.5 to moist, very dense, 100% fine to medium sand. "' ~~· ·.t; ... " % (t,' 

5;i 
.. (l: 

l ii~i 
. 

5- 352 36 MW-57-5 ~ 
Color change to dark yellowish brown (IOYR 4/4) 

... grading to black (2.5Y N2/0), hydrocarbon odor. -. . . ... 

~ ~ 1/1 

. . . . . . 
- . . . ... . . . . . . . . . ... 
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SAND ISP) - very dark gray (2.5Y N3/0), saturated, ": = (~; ~ 

u 

ii~ il 10- L ... medium dense, 95% fine to medium sand ~ -~ ... (predominantly fine), 5% coarse sand, shell and 
wood fragments, hyrdrocarbon odor . "' . 

l!l 
... 
... -. . . 
. . . . 

41 20 TTI ML SILT (ML) - dark grayish brown (2.5Y 4/2), 

UJ s.e. ' saturated, very stiff, no plasticity, 100% silt. / ~~m . 
SM r\ SAND WITH SILT (SP-SM) - black (2.5Y N2/0), 

I IL - . 
saturated, medium dense, 90-95% fine sand, 5-10% 

15- - silt, wood and shell fragments, hydrocarbon odor. 
~ -

• Converted to standard penetration blows/foot. u 
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Gettler-Ryan Inc. Log of Boring MW-58 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 c Street, Bellingham, WA 

PROJECT NO. : 348808.01 CASING ELEVATION: 

PA TE ST ARTEO: 10/22/98 WL (ft. bgs): 6 DATE: 10/22/98 TIME: /0:55 am 

DA TE FINISHED: 10/22/98 WL (ft. bgs): DATE: 

DRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 19 Feet 

DRILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter 
t::; 
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GEOLOGIC DESCRIPTION 

SANO (SP) - light grayish brown (2.5Y 6/2) to light 
yellowish brown (2.5Y 6/4), damp to moist, dense to 
very dense, 100% medium sand, shell fragments. 

Becomes 100% fine sand. 

SANO (SP) - very dark gray (2.5Y N3/0) to black 
(2.5Y N2/0), saturated, loose, 100% fine to medium 

sand, fining downward, 1 inch thick silt layer at 11 
feet, shell and wood fragments. 

SANO (SW) - black (2.5Y N2/0), saturated, loose, 
95-100% fine to coarse sand, trace fine gravel, 

t":.rl'"'l·.rt--;S"M.,--r-., trace silt, shell and wood fragments. 
SIL TY SANO (SM) - very dark gray (2.5Y N3/0), 
saturated, loose, 70-80% fine sand, 20-30% silt, ( 

TIME: 

I 

20- -
'-s'-h'-'e"'ll-'f'-'ra"g"mcce.cn.cts"-, -'s.cul""p""hu'-r_o'"'d"o __ r ·------.,.,..---, 

* Converted to standard penetration blows/foot. g 
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Gettler-Ryan Inc. Log of Boring MW-59 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346806.01 

DA TE ST AR TED: 10/22/98 

DA TE FINISHED: 10/22/98 

DRILLING METHOD: 8" hollow-stem auger 

DRILLING COMPANY: Cascade Drilling 
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CASING ELEVATION: 

WL (ft. bgs): 6 DATE: 10/22/98 

WL (ft. bgs): DATE: 

TOTAL DEPTH: 19 Feet 

GEOLOGIST: Steve Carter 

GEOLOGIC DESCRIPTION 

SANO (SP) - light brownish gray (10YR 6/2), damp 
to moist. dense, t00% fine to medium sand, shell 
fragments. Trace coarse sand at 4.5 feet. Oxidized 
layer 3 inches thick at 4.7 feet. 

Color change to black (2.5Y N2/0), becomes 
saturated, 95-100% fine to medium sand, 0-5% 
coarse sand to fine gravel, shell fragments, sulphur 
smell, 1 inch thick sill layer at 10.9 feet. 

SIL TY SAND (SM) - very dark grayish brown (2.5Y 
3/2), saturated, medium dense, 65-75% fine 1o 
coarse sand, 25-35% silt (increasing downward), 
shell and wood fragments, sulphur smell. 

SANO (SP) - black (2.5Y N2/0), saturated, loose, 
90% fine to medium grained sand, 5% coarse sand to 
fine gravel, trace silt, shell and wood fragments, 
sulphur smell, silt layer (dark yellowish brown (10YR 
3/4)) 1 inch thick at 18.5 feet. 

TIME: 3:02 pm 

TIME: 
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Gettler-Ryan Inc. Log of Boring MW-60 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 

DA TE STARTED: 10/23/98 

DA TE FINISHED: 10/23/98 

DRILLING METHOD: 8" hollow-stem auger 

DRILLING COMPANY: Cascade Drilling 
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JOB NUMBER: 346606.01 

CASING ELEVATION: 

WL (ft. bgs): T DATE: 10/23/98 

WL (ft. bgs): DATE: 

TOTAL DEPTH: 19 Feet 

GEOLOGIST: Steve Carter 

GEOLOGIC DESCRIPTION 

SAND (SP) - light brownish gray (2.5Y 6/2), damp 
to moist, 100% fine to medium sand. 

Rock in front of sampler. 

SAND WITH SILT AND GRAVEL (SP-SM) - black 
(2.5Y N2/0), moist, medium dense, 50-60% fine to 

medium sand, 30-40% gravel, 10% silt. 

SIL TY SAND (SM) - very dark grayish brown (2.5Y 
3/2) to black (2.5Y N2/0), saturated, 70-80% fine 
to medium sand, 20-30% silt. trace coarse sand to I 
fine gravel, shell fragments, hydrocarbon odor. 1 

,__i~n~ch"-"th~i~ck'-"'si~lt~s~t~ra~t~um"--"a~t~10~.~87f~ee~t~·~~~~~~--' 
SAND (SP) - black (2.5Y N2/0), saturated, loose, 
100% fine to medium sand, shell fragments, 

'-~h~y~d~ro~c~a~rb~o~n~o~d~o~r·'--~~~~~~~~~~~__;,/" 
SILTY SANO (SM) - black (2.5Y N2/0), saturated, 
medium dense, 70-80% fine to coarse sand, 20-30% 
silt, shell framents, hydrocarbon odor, product 
sheen. 

SANO (SP) - very dark gray (2.5Y N3/0), saturated, 
medium dense, 100% medium sand, 5-10% coarse sand 
to fine gravel from 18.5 to 19 feet, hydrocarbon 
odor, shell fragments. 

• Converted to standard penetration blows/foot. 

TIME: 8:19 am 

TIME: 
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Gettler-Ryan Inc. Log of Boring MW-61 

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO. : 346606.01 

DA TE STARTED: 10/23/98 

DA TE FINISHED: 10/23/98 

DRILLING METHOD: 8" ho//ow-stem auger 

DRILLING COMPANY: Cascade Drilling 
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JOB NUMBER: 346606.01 

CASING ELEVATION: 

WL (ft. bgs): 7 DATE: 10/23/98 

WL (ft. bgs): DATE: 

TOTAL DEPTH: 19 Feet 

GEOLOGIST: Steve Carter 

GEOLOGIC DESCRIPTION 

SANO (SW) - dark yellowish brown (IOYR 4/4), damp 
to moist, dense, 100% fine to coarse sand, 
predominantly fine to medium. 

SAND (SP) - black (2.5Y N2/0), moist, dense, 100% 
fine to medium sand, hydrocarbon odor. 

SAND (SW) - black (2.5Y N2/0), saturated, loose, 
100% fine to coarse sand, predominantly fine to 
medium, hydrocarbon odor. 

SAND (SP) - black (2.5Y N2/0), saturated, medium 
dense, 100% fine to medium sand, hydrocarbon odor 
and sheen. 
SIL TY SANO (SM) - very dark grayish brown (2.5Y 
3/2), saturated, medium dense, 50-60% fine to 
coarse sand, 20-30% fine gravel, 10-20% silt, wood 
and shell fragments, hydrocarbon odor and sheen . 

Becomes 70-80% fine to medium sand, 20-25% silt, 
0-5% coarse sand to fine gravel at 17.5 feet. 

• Converted to standard penetration blows/foot. 

TIME: 9:51 am 

TIME: 
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Gettler-Ryan Inc. Log of Boring MW-62 

PROJECT:. Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA 

PROJECT NO.: 346606.01 CASING ELEVATION: 

DATE STARTED: 10/23/98 WL (ft. bgs): T DATE: 10/23/98 TIME: 11:42 am 

DA TE FINISHED: 10/23/98 WL (ft. bgs): DATE: TIME: 

DRILLING METHOD: 8" hollow-stem auger TOT AL DEPTH: 19 Feet 

DRILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter 
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Applied Geotechnology Inc. 

APPBRDIJ: A 

Test Pit and Band-Augered Boring Log• 

Depth Below Ground 
Surface rfeetl 

0 to l.5 

l.5 to 5 

5 to 7.5 

Soil Type 

Light brown SAND (SM) 
with bricks and wood 
fragments (Fill) 

Light brown SAND (SP), 
loose, moist with some 
shell fragments (Fill) 

Gray SANO (SP), trace 
fine gravel 

Comments 

Hydrocarbon odor, grab 
sample at 7. 5 feet. Organic 
vapor meter (OVM) reading at 
6.5 feet • 127 parts per 
million (ppm) • 

Note: Bottom cf hole (BOH) at 7.5 feet, water seeping into hole at 7 feet, 
hole discontinued due to caving. 

TEST PI:T T-2 

Depth Below Ground 
Surface (feet> Seil Type 

0 to l.5 Brown to gray GRAVEL 
(Fill) 

1.5 to 4 Gray SANO (SP), fine­
to medium-grained (Fill) 

4 to 6. 5 Dark brown SAND (SP), 
fine-grained 

Comments 

Abandoned pipe at l foot. 

Hydrocarbon odor, hydro­
carbon staining 

Note: Bottom cf hole at 6.5 feet due to caving. 



Applied Geotechnology Inc. 

Test Pit Loqs 
Excavated Jwie 4, 1991 

Chevron Bu1k TeraiD&l •o. 61001350 
Belli.Dghaa, Washington 

!rl!!ST PIT T-3 

Depth Below Ground 
Surface Cfeetl 

0 to 1.5 

1.5 to 3 

3 to 4 

4 to 6 

6 to 8.5 

Soil Type 

Brown, sandy SILT with 
soma gravel, roots 
present to l.S feet (Fill) 

Brown silty SAND 

Gray silty CLAY 

Gray SAND 

Gray silty SAND to 
sandy SILT 

Note: Bottom of hole at 8.5 feet. 

~ST PIT T-4 

Depth Below Ground 
Surface (feet> Soil Type 

0 to 1.5 Tan gravelly SAND with 
cobbles to 6-inch 
diameter 

1.5 to 6 Tan SAND, grading to 
silty SAND with depth 

6 to 7 Dark gray silty SAND 

Note: Bottom of hole 7 feet due to caving. 

Comments 

Timber debris. 

Timber debris. 

Hydrocarbon odor; hydro- "') 
carbon staining; timber J rf\ , 
debris. ~ 

Timber debris; hydrocarbon 
staining/sheen; hydrogen 
sulfide odor; grab sample 
at 7.5 feet. 

Comments 

Hydrocarbon staining/ 
sheen; hydrocarbon odor. 



'rEST PIT T-5 

Depth Below Ground 
Surface <feet> 

O to l 

1 to 3.5 

3.5 to a 

Applied Geotechnology Inc. 

'!rest Pit Logs 
BzcaTated Jwie 4, 1991 

CheTroD Bulk '!renain.al. Bo. 61001350 
BelliDghaa, Washington 

Soil TvPe 

GRAVEL (!'ill) 

Light brown SAND (SP) 

Dark brown SAND (SP) 

C9mments 

Hydrocarbon odor to full 
depth, OVM reading at 4 
feet • 385 ppm, grab •am­
ple at 7 feet. 

Note: Bottom of hole at 8 feet; test pit was dry. 

'rEST PIT T-6 

Depth Below Ground 
Surface (feet> 

0 to 7 

7 to 9 

Soil Type 

Light brown SAND (SP) 

Light brown SAND (SP) 

Note: Bottom of hole at 9 feet ; 

'rEST PIT T-7 

Depth Below Ground 
Surface (feet) 

0 to 5 

5 to 7 

Soil Type 

Light brown SAND (SP) 

Dark gray SAND (SP) 

Comments 

Hydrocarbon odor, grab sam­
ple at 7 feet, OVM reading 
at 7 feet • 206 ppm. 

Comments 

Hydrocarbon odor. 

Note: Bottom of hole at 7 feet. Grab sample taken from test pit spoils; 
depth unknown. 



Applied Geotechnology Inc. 

'!rest Pi.t Logs 
Excavated Jun• 4, 1991 

Chevron Bulk '!l!arai.D.al Xo. 61001350 
Balli.ughaa, Washington 

'l'ES'!I! PIT '!l!-8 

Depth Below Ground 
Surface Cfeetl Soil Type 

0 to 5 Light brown SAND (SP) 

5 to 7 Dark gray SAND (SP) 

Note: Bottom of hole at 7 feet. 

'l'EST PIT '!l!-9 

Depth Below Ground 
Surface Cfeetl 

0 to 1/2 

1/2 to 6 

6 to 7 

Soil Type 

GRAVEL (Fill) 

Light brown SAND (SP) 
with some shell frag­
ments (Fill) 

Dark gray, gravelly 
SAND (SP) 

Comments 

Hydrocarbon odor. 

Comments 

OVM reading at 4.5 feet 
- 135 ppm. 

Hydrocarbon odor. 

Note: Bole left open for approximately 4 hours, water level at 7 feet 
below ground surface (BGS) just prior to backfilling. Bottom of 
hole at 7 feet. 

'l'EST PIT T-10 

Depth Below Ground 
Surface <feet) 

0 to 2 

2 to 4 

4 to 8.5 

Soil Type 

GRAVEL (Fill) 

Light brown, gravelly 
SAND (SP) 

Dark gray SAND (SP) 

Note: Bottom of hole at 8.5 feet. 

Comments 

Hydrocarbon odor at 4.5 
feet; odor increasing with 
depth; OVM reading at 5.5 
feet • 29 ppm. 



Applied Geotechnology Inc. 

~est Pit Logs 
JbccaTated June 4, 1991 

CheTroD Bul.k ~aJ:111i.nal Xo. 61001350 
Bellinghaa, Washington 

DST PIT T-11 

Depth Below Ground 
Surface Cfeetl 

0 to 1.5 

1.5 to 3. 5 

3.5 to 8.5 

Soil Type 

GRAVEL (Fill) 

Yellow, silty, gravelly 
SAND (SM) 

Dark gray, silty SAND (SM) 
with old landfill mater­
ials (bottles, shoes, 
etc.). Becomes moist with 
depth 

Note: Bottom of hole at 8.5 feet. 

TEST PIT T-12 

Depth Below Ground 
Surface Cfeetl Soil Type 

Comments 

Hydrocarbon odor, aheen 
observed at 7.5 feet. 
OVM reading at 7.5 
feet • 320 ppm. 

Comments 

------
0 to 2.5 GRAVEL with some wood 

fragments and old land­
fill materials (bottles) 

2.5 to 8 Light brown SAND (SP) 
fine- to medium-grained 

-- ....... 

/-c;~-·reading at 4. 5 feet. -,_) 
I , 

/ 
''--~--·-----8 to 10 Dark gray SAND, moist 

Note: Bottom of hole at 10 feet. 

TEST PIT T-13 

Depth Below Ground 
Surface Cfeetl Soil Type 

0 to 2 Brown, silty SAND (SM), 
loose, dry, fine- to 
medium-grained, with cobbles 
a.t 2 feet (Fill) 

2 to 6 Gray SAND (SP), loose, 
moist, trace fine-grained 

Comments 

Hydrocarbon odor at 6 feet. 

Note: Bottom of hole at 6 feet. Water seeping into hole a.t 6 feet bgs. 



Applied Geotechnology Inc. 

'!rest Pit Logs 
Excavated June 4, 1991 

Chevron Bul.k Terai.Da.l Ro. 61001350 
Bellingb.aa, Was~gtoD 

'!r!:ST PIT T-14 

Depth Below Ground 
Surface (feet) Soil Type 

0 to 3.5 Brown, silty SAND (SM), 
loose, dry, fine- to 
medium-grained, trace roots 
with cobbles at 2 tc 3 
feet (Fill) 

3.5 to 5.5 Dark gray SAND (SP), loose, 
wet to saturated, medium­
grained 

Cormnents 

Note: Bottom of hole at 5.5 feet. Water seeping into hole at 5.5 feet 
bgs. 

'!rEST PIT T-15 

Depth Below Ground 
Surface (feet) Soil Type 

Oto 1 Dark brown, silty SAND (SP), 
loose, moist, fine-grained, 
trace roots 

1 to 6 Gray SAND, loose, moist, 
medium-grained, orange 
striations; with silty 
interbadding at 6 feet bgs 

Note: Bottom of hole at 6 feet. 

'!r!:ST PIT T-16 

Depth Below Ground 
Surface lfeetl Soil Type 

Oto 0.5 Dark brown silty SAND (SM), 
loose, moist, fine-grained, 
trace roots 

0.5 to 6 Light gray SAND, loose, moist, 
medium-grained, with orange 
striations 

Comments 

Comments 

Note: Bottom of hole at 6 feet. Water seeping into hole at 6 feet bgs. 

n 



Applied Geotechnology Inc. 

Tes't Pit Logs 
Bzcavated June 4, 1991 

Chevron Bu.1k Tez:ai.Dal Ho. 61001350 
Bellin9haa, Wa•hiDgton 

TEST PIT T-17 

Depth Below Ground 
Surface Cfeetl Soil TvPe Comments 

0 to l Dark brown, silty SAND Bydrocarbon odor 

l to 6 

(SM), loose, dry to moist, 
fine-grained, trace shell• 

Gray SAND (SP), loose, moist, 
medium-grained, with orange 
striations. Becomes wet at 
5.5 feet bgs 

Note: Bottom of hole at 6 feet. Water seeping into hole at 6 feet bgs. 

DST PIT T-18 

Depth Below Ground 
Surface Cfeetl Soil Type 

0 to 0.5 Brown, silty SAND (SM), 
loose, moist 

0.5 to 3 Gray, SAND (SP), loose, 
moist, medium-grained, with 
orange streaks 

3 to 6 Black SAND (SP), loose, 
moist, medium-grained, 
with orange streaks 

Comments 

Strong BC odor. 

Note: Bottom of hole at 6 feet. Water seeping into hole at 5 feet bgs. 

DST PIT T-19 

Depth Below Ground 
Surface Cfeet) 

O to 1 

l to 6 

Soil Type Comments 

Brown, silty SAND (SM), loose, 
moist, fine- to medium-grained 

Gray-brown SAND (SP), loose, 
c:lry to moist, becoming gray 
and wet with depth, trace 
ahells 

Bydrocarbon odor at 4.5 
feet. OVM reading at 5 
feet • l. 0 ppm. 

Note: Bottom of hole at 6 feet. Water seeping into hole at 5 feet bgs, 
sheen observed on water. 



TEST PIT T-20 

Depth Below Ground 
Surface Cfeetl 

O to 0.25 

0.25 to 1.5 

1.5 to 2 

2 to 6 

Applied Geotechnology Inc. 

~est Pit Loe}• 
Bzcavated June ,, 1991 

Chevron Bu1k ~ermin&l Ro. 61001350 
Bellinghaa, Wa•hiDgton 

Soil Type 

Asphalt 

Brown, sandy GRAVEL (GP), 
loose, moist 

Black silty SAND (SM) 

Light gray, silty SAND 
(SM), loose, moist, fine­
grained, trace ahell• 
becoming dark gray at 4 
feet, wet 

Comments 

Odor of unknown •ource 
detected at 5 feet, OVM 
reading at 5 feet "" 0 ppm. 

Note: Bottom of hole at 6 feet. Water seeping into hole at 5 feet bgs. 

TEST PIT T-21 

Depth Below Ground 
Surface Cfeetl 

O to 1 

1 to 5 

Soil Type 

Light brown, silty SAND 

(SM) 

Light brown SAND (SW) 
fine- to medium-grained 

Comments 

OVM reading at 3.S feet 
• 45 ppm; grab •ample at 
3.5 feet. 

Note: Bottom of hole at S feet. Vertical interface encountered 3 feet 
east of concrete wall. Black, glossy BC-stained material to the 
west, clean SAND to the east. BC appeared to be heavy-end petro­
leum. 

TEST PIT T-22 

Depth Below Ground 
Surface Cfeetl 

0 to 3.5 

Soil Type 

Brown, silty SAND (SM), 
loose, dry to moist, 
fine-grained with trace 
fine to coarse gravel 

Comments 

Hydrocarbon odor, 
sample at 2 feet. 
reading at 2 feet 
ppn. 

grab 
OVM 

"" 120 

Note: Bottom cf hole at 3.5 feet. Encountered north-south trending pipes 
(4 each) at 3.5 feet bga. 



.!.. 

Applied Geotechnology Inc. 

'!r•st Pit Log• 
Bxcavatltd Jwi• 4, 1991 

Ch•vron Bulk '!r•zainal Ro. 61001350 
Balli.Dgb.aa, Wa•hi.Dgton 

DST PIT '!r-23 

Depth Below Ground 
Surface (feet\ Soil Type 

0 to 4 Brown SAND (SP), loose, 
moist, medium-grained 

4 to 6 Black SAND (SP) loose, 
moist, medium-grained 

6 to 8.5 Gray SAND (SP) looae, 
saturated, course-grained 
with trace of gravel 

Note: Bottom cf hole at 8.5 feet. 

DST PI:I' T-24 

Depth Belew Ground 
Surface Cfeetl Soil Type 

0 to 3.5 Brown SAND (SP), loose, 
moist, fine-grained 

3.5 to 6 Dark gray SAND (SP) loose, 
moist, fine-grained 

6 to 8.5 Black SAND (SP) 
saturated at a feet 

Note: Bottom of hole at S.5 feet. 

TEST PI:I' T-25 

Depth Below Ground 
Surface (feetl Soil Type 

0 to 5 Brown SAND (SP), loose, 
moist, medium-grained 

5 to 7 Gray SAND (SP) 

7 to 8.5 Gray SAND (SP) with 
shell fragments, coarse­
grained, saturated 

Note: Bottom cf hole at 8.5 feet. 

Comments 

OVM reading at 3 feet • 
l ppm. 

Hydrocarbon odor, OVM read­
ing at 6 feet • 663 ppm. 

Hydrocarbon staining/sheen 
OVM reading at S feet • 
225 ppm. 

Comments 

3 feet OVM • 352. 

Hydrocarbon odor, 6 feet, 
OVM reading = 290 ppm. 

Hydrocarbon staining/sheen 
8 feet, OVM reading • 465. 

Comments 

OVM reading at 3 feet • 
0.2 ppm. 

Hydrocarbon odor, OVM read­
ing at 6 feet • 360 ppm. 

OVM reading at S feet • 125 
ppm; hydrocarbon staining. 



Applied Geotec:hnology Inc. 

~est Pit Logs 
Bzcavated Ju:ae 4, 1991 

Chevron Bulk ~er.i.D&1 •o. 61001350 
Be11inghaa, Wa•b.ington. 

~ST PIT T-26 

Depth Below Ground 
Surface Cfeet) Soil Type 

0 to 5 Brown SAND (SP), looae, 
moist, medium-grained 

5 to 7 Gray SAND (SP) 

7 to 8.5 Gray SAND (SP) looae, 
saturated, coarse­
grained, trace of gravel 
and shell debris 

Note: Bottom of hole at 8.5 feet. 

~ST PIT T-27 

Depth Below Ground 
Surface Cfeet) Soil Type 

0 to 4.5 Brown SILTY SAND (SM), 
moist, dense, fine- to 
medium-grained 

4.5 to 7.5 Gray SAND (SP) looae, 
moist, fine-grained, trace 
gravel, shell debria 

7.5 to 8.5 Gray SILTY SAND (SM) 
medium dense, saturated 
fine- to medium-grained, 
trace of gravel and 
shell debris 

Note: Bottom of hole at 8.5 feet. 

Comments 

OVM reading at 3 feet • l.3 
ppm. 

Hydrocarbon odor, OVM read­
ing at 6 feet • 81 ppm. 

OVM reading at 8 feet • 38 
ppm. 

Conunents 

OVM reading at 3 feet = 4 
ppm. 

OVM reading at 6 feet • 124 
ppm. 

Hydrocarbon oder, OVM read­
ing at 8 feet • 175 ppm. 



Applied Geotechnology Inc:. 

Te•t Pit l.og• 
EZC&Y&ted JUD• ,, 1991 

Ch•vron Bu1k T•naiA&l Ro. 61001350 
B•ll.i.llghaa, Wa•hingtcm 

TEST PIT T-.28 

Depth Below Ground 
Surface Cfeetl Soil Type 

O to 5 Brown SAND (SP) looae, 
moist, medium-grained 

5 to 8.5 Gray SAND (SP) looae, 
moist, saturated at 
7.5 feet 

Note: Bottom of hole at 8.5 feet. 

TEST PIT T-.29 

Depth Below Ground 
Surface <feet> Soil Type 

0 to 5 Light brown SAND (SP) 
loose, moist, madiwn­
grained 

5 to 8.5 Gray SAND (SP) moist, 
saturated at 8 f aet 

Note: Bottom of hole at 8.5 feat. 

TEST PIT T-30 

Depth Below Ground 
Surface <feet) Soil Type 

0 to 4 Light brown SAND (SP), 
loose, moist, medium­
grained 

4 to 7 Light to dark gray 
SAND (SP) 

7 to 8.5 Dark dray SAND (SP) 
saturated with trace 
shell debris 

Note: Bottom of hole at 8.5 feet. 

Comments 

OVM reading at 3 feet • 
4 ppm; OVM reading at 6 
:feet • 437 ppm. 

OVM reading at 8 feet • 
102 ppm; hydrocarbon odor 
7.5 feat. 

Comments 

OVM reading at 3 feet • 0.2 
ppm; OVM reading at 6 feet 
- 1.8 ppm. 

OVM reading at 8 feet • 59 
ppm; hydrocarbon odor. 

Comments 

OVM reading at 3 feet • 0.2 
ppm. 

Bydrocarbon odor, OVM read­
ing at 6 feet • 428 ppm. 

OVM reading at 8 feet s 510 
ppm. 



.. 

Applied Geotechnology Inc. 

Test Pit Logs 
Bzcavated. Jwae ,, 1991 

Chevron Bu1k Tend.Dal Bo. 61001350 
Bell.i.Jlgbaa, Washington 

Depth Below Ground 
Surface Cfeetl Soil Type 

0 to S.S Light brown SAND (SP) 
loose, moist, medium­
grained 

5.5 to 7 Orange brown SAND (SP) 
with trace of gravel 

7 to 8.5 SAND (SP), become• coarae­
grained, saturated 

Note: Bottom of hole at 8.5 feet. 

!r!!ST PIT T-32 

Depth Below Ground 
Surface Cfeetl 

O to 7 

7 to s.s 

Soil Type 

Light gray SAND (SP) 
loose, moist, medium­
grained 

Dark gray SAND (SP) 
trace shell fragments, 
saturated at S feet 

Note: Bottom of hole at 8.5 feet. 

!r!!ST PIT T-33 

Depth Below Ground 
Surface Cfeetl 

Surface 

0.5 to 7 

7 to s.s 

Soil Type 

Asphalt 

Gray brown SAND (SP) 
loose, moist, medium­
grained, some gravel 
0 to 4 feet 

Gray SAND (SP) 
saturated at S feet 

Note: Bottom of hole at 8.5 feet. 

Comments 

OVM reading at 3 feet • 0.2 
ppm. 

OVM reading at 6 feet • 0.2 
ppm. 

OVM reading at S feet • 0.2 
ppm. 

Comments 

OVM reading at 3 feet • 
0.2 ppm; OVM reading at 
6 feet • 0.2 ppm. 

OVM reading at S feet • 
502 ppm; strong hydrocar­
bon odor. 

Comments 

OVM reading at 3 feet • 0.2 
ppm; OVM reading at 6 feet 
- 0.2 ppm. 

OVM reading at S feet = 466 
ppm; hydrocarbon odor. 



DST PIT T-34 

Depth Below Ground 
Surface Cfeetl 

Surface 

0.5 to 7.5 

7.5 to 8.5 

Applied Geotechnology Inc. 

'!rest Pit I.ogs 
Excavated June 4, 1991 

Chevron Bulk '!renainal Ro. 61001350 
B•lli.Dghaa, Washiagton 

Soil Type 

Asphalt 

Gray SAND (SP) 
loose, moist, medium­
grained 

Gray SILTY SAND (SM), 
medium dense, saturated, 
fine-grained, trace 
coarse sand, trace of 
roots debris 

Comments 

OVM reading at 3 feet • 39 
ppm; hydrocarbon odor; OVM 
reading at 6 feet s 547 ppm. 

Hydrocarbon odor, OVM read­
ing at 8 feet • 49. 

Note: Bottom of hole at 8.5 feet. 

DST PI'!r '!r-35 

Depth Below Ground 
Surface lfeetl 

Surface 

0.5 to 7 

7 to 8.5 

Soil Type 

Asphalt 

Gray SAND (SP) 
loose, moist, medium­
grained 

Gray SILTY SAND (SM) 
trace shell fragments 

Note: Bottom of hole at 8.5 feet. 

Comments 

Hydrocarbon odor; OVM read­
ing at 3 feet • 198 ppm; OVM 
reading at 6 feet • 450 ppm. 

OVM reading at S feet • 458 
ppm. 



DST PI~ T-36 

Depth Below Ground 
Surface Cfeetl 

Surface 

o.s to 8 

8 to 8.5 

Applied Geotechnology Inc. 

'!rest Pit Logs 
Bzcavated June t, 1991 

Chevron Bulk '!re~l Ila. 61001350 
Bellingham, Washington 

Soil Type 

Asphalt 

Dark gray SAND (SP) 
loose, moist, medium­
gra.ined 

Bla.ck SILTY SAND (SM) 
medium dense, saturated, 
fine-grained, trace •hell 
debris 

Comments 

OVM reading at 3 feet • 169 
ppm; hydrocarbon odor; OVM 
reading at 6 feet - 305 ppm. 

Hydrocarbon odor, OVM 
reading at 8 feet • 2 ppm. 

Note: Bottom of hole at 8.5 feet. 

DST PIT T-37 

Depth Below Ground 
Surface Cfeetl 

Surface 

o.s to 8.5 

Soil Type 

Concrete 

Dark gray SAND (SP), 
loose, moist, becomes 
saturated at 8 feet, 
tra.ce silt, trace shell 
debris at 8 feet 

Note: Bottom of hole at 8.5 feet. 

DST PIT T-38 

Depth Below Ground 
Surface Cfeetl 

Surface 

0.5 to 7 

7 to 8.5 

Soil Type 

Concrete 

Gra.y SAND (SP) loose, 
moist, fine- to medium­
grained 

Gray SAND (SP) with 
trace shell debris 

Note: Bottom of hole a.t 8.5 feet. 

Comments 

OVM reading at 3 feat = 614; 
OVM reading at 6 feet z 434 
ppm; OVM reading at 8 feet 
• 442 ppm; strong hydrocar­
bon odor. 

Comments 

OVM reading at 3 feet s 

489; hydrocarbon odor; OVM 
reading at 6 feet - 522 ppm. 

OVM reading at S feet • 233 
ppm. 



Applied Geotechnology Inc. 

~est Pit Logs 
Excavated June 4, 1991 

Chevron Bul.Jc ~•z:ain&l. Bo. 61001350 
Bellingb.aa, Washington 

DHD AUGER Dl 

Depth Below Ground 
Surface (feet) Soil Type 

0 to 4 Brown SILT (ML), soft, 
moist, trace fine sand 

4 to 10 Gray SAND (SP) loose, dry, 
very fine to fine-grained 

10 to 10.5 Gray SILTY SAND (SM) 
loose, saturated, fine­
to medium-grained 

Note: Bottom of hole at 10.S feet. 

llAHD AUGER. BA2 

Depth Below Ground 
Surface <feet\ Soil Type 

0 to 1 Brown SAND (SP), dry 

1 to 4 Brown SILT (ML) soft, 
moist, trace, very fine 
sand 

4 to 10 Light gray SAND (SP) loose, 
dry, very fine to medium­
grained 

10 to 10.5 Brown gray SILTY SAND (SM) 
loose, saturated, fina­
to medium-grained 

Note: Bottom of hole at 10.S feet. 

Cormnents 

OVM reading at 1.S feet c 

0.2 ppm. 

OVM reading at 4 feet • 0.2 
ppm. 

Hydrocarbon odor; OVM read­
ing at 10 feet • 826 ppm. 

Cormnents 

OVM reading at 1.5 feet c 

0.2 ppm. 

OVM reading at 3 feet ., 0.2 
ppm. 

OVM reading at 7 feet • 0.2 
ppm. 

OVM reading at 10 feet ., 0. 2 
ppm. 



Applied Geotechnolo9y Inc. 

~••t Pit Log• 
BzcaTatad Jwia 4, 1991 

ChaTron Bu1k ~•rai.D.a1 Ro. 61001350 
Be11i.Dghaa, Wa•hington 

HARD AtJGEll JIA3 

Depth Below Ground 
Surface C feet> · Soil Type 

0 to l Brown SAND (SP), dry 

l to 4 Brown SILT (ML) aoft, 
moist, trace of very 
fine sand 

4 to 9 Gray SAND (SP) loose, 
dry, very fine to fine­
grained 

9 to 10.5 Brown gray SILTY SAND (SM) 
loose, •aturated, fine­
to medium-grained, trace 
gravel 

Note: Bottom of hole at 10.5 feet. 

HARD AUGER KA4 

Depth Below Ground 
Surface Cfeetl 

0 to l 

1 to 4 

4 to 9 

9 to 10.5 

Soil Type 

Brown SAND (SP), dry, 
loose 

Brown SILT (ML) soft, 
moist, trace of very 
fine sand 

Light to dark gray SAND 
(SP), loose, dry, very fine 
to medium-grained 

Dark gray SAND (SP) 
with trace silt, fine­
grained, saturated 

Note: Bottom of hole at 10.5 feat. 

Cormnents 

OVM reading at 1.5 feet • 
0.2 ppm. 

OVM reading at 3 feet • 
0.2 ppm. 

OVM reading at 7 feet • 0.2 
ppm. 

OVM reading at 10 feet = 0.2 
ppm. 

Comments 

OVM reading at 1.5 feet = 
0.2 ppm; OVM reading at 3 
feet • 0.2 ppm. 

OVM reading at 7 feet • 0.2 
ppm. 

OVM reading at 10 feet • 0. 2 
ppm. 



KAHD AlJGER JlAS 

Depth Below Ground 
Surface <feet> 

O to 1 

1 to 4 

4 to 9.5 

9.5 to 10.5 

Applied Geotechnology Inc. 

~est Pit Logs 
BzcaTated June 4, 1991 

Chevron Bu1k ~•nainal Ro. 61001350 
:a.l.l.inghaa, Washington 

Soil Type 

Brown SAND (SP), dry, 
loose 

Brown SILT (ML) aoft, 
moist, trace of very 
fine sand 

Light gray SAND (SP) 
loose, dry, very fine 
to fine-grained with 
some shell debris 

Brown SILTY SAND (SM) 
loose, saturated, 
medium-grained 

Comments 

OVM reading at 1.5 feet • 
0.2 ppm; OVM reading at 3 
feet • 0.2 ppm. 

OVM reading at 7 feet • 0.2 
ppm. 

OVM reading at 10 feet = 0. 2 
ppm. 

Note: Bottom of hole at 10.5 feet. 

























































Installation Date:

Project #:

Client: Easting/LONG:

Sheet 1 of 1

Project:

Northing/LAT:

Location: Total Depth of Boring (ft):

Well Construction Notes

Central Waterfront RI/FS

120007-01.01

Port of Bellingham

Well Construction Details

Cascade Drilling, LP

Central Waterfront, Bellingham WA

Program: 2016 Compliance Monitoring

Flush Mount

Horiz. Datum:

Contractor: Hollow Stem Auger

Screened Interval:

Logged By:

Drilling Method:

G
ro

u
n

d
 s

u
rf

a
ce

F
e

e
t 

b
e

lo
w

Well Type:

Drilling Equipment:

NAD 1983 State Plane Washington North (US ft)

720 Olive Way
Suite 1900
Seattle, WA 98101
P: (206) 287-9130  F: (206) 287-9131

Notes:

0

-10

-20

642881.17

CWF-CW-1

1241004.44

7/12/2016

5.0-15.0 ft bgs

15 ft bgs

JA

Hollow Stem Auger

bgs = below ground surface

ft = feet

Surface Seal

Filter Pack Seal

Sand Pack

Material

Well Screen

Cap

0.0-1.0 ft bgs: suface seal of eight-inch Morris-steel shroud flush-mount road box in

concrete

0.7-5.0 ft bgs: two-inch diameter, schedule 40 PVC  well casing

1.0-3.0 ft bgs: two-foot bentonite chips as filter pack seal

3.0-15.4 ft bgs: 12.4 feet 10/20 silica sand as sand pack seal

5.0-15.0 ft bgs:  two-inch diameter PVC with 0.010-inch slot well screen, ten-feet long

with #00 filter sand prepack

15.0-15.4 ft bgs: two-inch diameter, 0.4-inch long schedule 40 PVC flush-thread end

cap



Installation Date:

Project #:

Client: Easting/LONG:

Sheet 1 of 1

Project:

Northing/LAT:

Location: Total Depth of Boring (ft):

Well Construction Notes

Central Waterfront RI/FS

120007-01.01

Port of Bellingham

Well Construction Details

Cascade Drilling, LP

Central Waterfront, Bellingham WA

Program: 2016 Compliance Monitoring

Flush Mount

Horiz. Datum:

Contractor: Hollow Stem Auger

Screened Interval:

Logged By:

Drilling Method:

G
ro

u
n

d
 s

u
rf

a
ce

F
e

e
t 

b
e

lo
w

Well Type:

Drilling Equipment:

NAD 1983 State Plane Washington North (US ft)

720 Olive Way
Suite 1900
Seattle, WA 98101
P: (206) 287-9130  F: (206) 287-9131

Notes:

0

-10

-20

643335.27

CWF-CW-2

1241518.39

7/12/2016

5.2-15.2 ft bgs

15.2 ft bgs

JA

Hollow Stem Auger

bgs = below ground surface

ft = feet

Surface Seal

Filter Pack Seal

Sand Pack

Material

Well Screen

Cap

0.0-1.1 ft bgs: suface seal of eight-inch Morris-steel shroud flush-mount road box in

concrete

0.8-5.2 ft bgs: two-inch diameter, schedule 40 PVC  well casing

1.1-4.1 ft bgs: two-foot bentonite chips as filter pack seal

4.1-15.5 ft bgs: 12.4 feet 10/20 silica sand as sand pack seal

5.2-15.2 ft bgs: two-inch diameter PVC with 0.010-inch slot well screen, ten-feet long

with #00 filter sand prepack

15.1-15.5 ft bgs: two-inch diameter, 0.4-inch long schedule 40 PVC flush-thread end

cap



  

 

 

 

 

 

 

APPENDIX E  
DATA SCREENING SUPPORTING 
INFORMATION 
  



Appendix E
Figure List - Central Waterfront Data Screen

Figure No. Figure Title
1a Historical and RI Soil Sampling Locations - Saturated Zone
1b Historical and RI Soil Sampling Locations - Unsaturated Zone
2 Historical and RI Groundwater Monitoring Well Locations

3a Soil Results - Gasoline Range Hydrocarbons
3b Groundwater Results - Gasoline Range Hydrocarbons
4a Soil Results - Benzene
4b Groundwater Results - Benzene
4c Soil Results - Benzene (Non-Detect Reporting Limits Above Screening Level)
4d Groundwater Results - Benzene (Non-Detect Reporting Limits Above Screening Level)
5a Soil Results - Diesel Range Hydrocarbons Silica Gel Cleanup Analysis
5b Groundwater Results - Diesel Range Hydrocarbons Silica Gel Cleanup Analysis
5c Soil Results - Diesel Range Hydrocarbons
5d Groundwater Results - Diesel Range Hydrocarbons
6a Soil Results - Motor Oil Range Hydrocarbons Silica Gel Cleanup Analysis
6b Groundwater Results - Motor Oil Range Hydrocarbons Silica Gel Cleanup Analysis
6c Soil Results - Motor Oil Range Hydrocarbons
6d Groundwater Results - Motor Oil Range Hydrocarbons
6e Groundwater Results - Motor Oil Range Hydrocarbons (Non-Detect Reporting Limits Above Screening Level)
7a Soil Results - Total cPAHs
7b Groundwater Results - Total cPAHs
7c Soil Results - Total cPAHs (Non-Detect Reporting Limits Above Screening Level)
7d Groundwater Results - Total cPAHs (Non-Detect Reporting Limits Above Screening Level)
8a Soil Results - Naphthalene
8b Groundwater Results - Naphthalene
8c Soil Results - Naphthalene (Non-Detect Reporting Limits Above Screening Level)
9a Soil Results - Arsenic
9b Groundwater Results - Arsenic
9c Soil Results - Arsenic (Non-Detect Reporting Limits Above Screening Level)
9d Groundwater Results - Arsenic (Non-Detect Reporting Limits Above Screening Level)
9e Groundwater Results - Dissolved Arsenic
9f Groundwater Results - Dissolved Arsenic (Non-Detect Reporting Limits Above Screening Level)

10a Soil Results - Cadmium
10b Groundwater Results - Cadmium
10c Groundwater Results - Cadmium (Non-Detect Reporting Limits Above Screening Level)
11a Soil Results - Chromium
11b Groundwater Results - Chromium
11c Groundwater Results - Dissolved Chromium
12a Soil Results - Copper
12b Groundwater Results - Copper
12c Groundwater Results - Dissolved Copper
13a Soil Results - Lead
13b Groundwater Results - Lead
13c Groundwater Results - Lead (Non-Detect Reporting Limits Above Screening Level)
13d Groundwater Results - Dissolved Lead (Non-Detect Reporting Limits Above Screening Level)
14a Soil Results - Mercury
14b Groundwater Results - Mercury
14c Soil Results - Mercury (Non-Detect Reporting Limits Above Screening Level)
14d Groundwater Results - Mercury (Non-Detect Reporting Limits Above Screening Level)
14e Groundwater Results - Dissolved Mercury (Non-Detect Reporting Limits Above Screening Level)
15a Soil Results - Nickel
15b Groundwater Results - Nickel
15c Groundwater Results - Nickel (Non-Detect Reporting Limits Above Screening Level)
15d Groundwater Results - Dissolved Nickel
15e Groundwater Results - Dissolved Nickel (Non-Detect Reporting Limits Above Screening Level)
16a Soil Results - Zinc
16b Groundwater Results - Zinc
16c Groundwater Results - Dissolved Zinc
17a Vapor Results - Methane Gas
17b Vapor Results - Soil Gas
18 Sediment Quality Adjacent to Central Waterfront Site

Note:  The figures in Appendix E present previous "subareas" based on historical Site use and reference to historical data 
            collection investigations.  Central Waterfront CSM Subareas are shown in figures in Section 5 and 6 of the RI report.

Final RI/FS Report
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Figure 1a
Historica l a nd R I Soil Sa m pling  Loca tions – Sa tura te d Zone

Ce ntra l Wa te rfront R I/FS
Be lling h a m , WA

NOTES:
1. Sa tura te d zone  is de fine d a s 5 or g re a te r fe e t b e low th e  g round surfa ce .
2. Ae ria l ph oto b y ESR I.

Key to Previous Investigations
(B) Be lling h a m  Marine  Industrie s
(C) Ch e vron
(O) Olivine
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Figure 1b
Historica l a nd R I Soil Sa m pling  Loca tions – Unsa tura te d Zone

Ce ntra l Wa te rfront R I/FS
Be lling h a m , WA

NOTES:
1. Unsa tura te d zone  is de fine d a s 0-5 fe e t b e low th e  g round surface .
2. Ae ria l ph oto b y ESR I.

Key to Previous Investigations
(B) Be lling h a m  Marine  Industrie s
(C) Ch e vron
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Figure 2
Historical and RI Groundwater Monitoring Well Locations

Central Waterfront RI/FS
Bellingham, WA

NOTES:
1. Aerial photo by ESRI.

Key to Previous Investigations
(B) Bellingham Marine Industries
(E) Ecology
(C) Chevron
(O) Olivine
(W) Roeder Avenue Warehouse Feasibility
Analysis and Pre-Design Testing
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Figure 3a
Soil Results – Ga solin e Ra n ge Hydroc a rb on s

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 30 m g/kg = M TCA M ethod A Un restric ted soil clea n up level (sa turated, direc t c on ta c t, when  b en zen e is n ot presen t) [W AC 173-340-740].
2. For station s with m ultiple sa m ples, the highest con c en tra tion  is used.
3. Aeria l photo b y ESRI.
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Figure 3b
Groundwa ter Results – Ga soline Ra nge Hydroca rb ons

Centra l W a terfront RI/FS
Bellingha m , W A

NOTES:
1. 800 µg/L  = MTCA Method A groundwa ter clea nup level (b enzene present in groundwa ter) [W AC 173-340-720].
2. Results shown include the m a xim um  concentra tion detected from  2002 - current.
3. Aeria l photo b y ESRI.

Key to Previous Investigations
(B) Bellingha m  Ma rine Industries
(E) Ecology
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Figure 4a
Soil Re sults – Be nze ne
Ce ntral Wate rfront RI/FS

Be llingham , WA

NOTES:
1. 0.005 m g/kg = MTCA Me thod  A Unre stric te d  soil c le anup  le ve l (saturate d , d ire c t c ontac t) [WAC 173-340-740].
2. For stations with m ultip le  sam p le s, the  highe st c onc e ntration is use d .
3. Ae rial p hoto b y ESRI.
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Figure 4b
Groun dwa ter Results – Ben zen e

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 2.4 µg/L  = MTCA Method B groun dwa ter clea n up level (un restricted la n d use, va por in trusion ) [Ta b le B-1; Ecology, 2009].
2. Results shown  in clude the m a xim um  con cen tra tion  detected from  2002 - curren t.
3. Aeria l photo b y ESRI.
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Figure 4c
Soil Re sults – Be nze ne

Non-d e te c ts Ab ove  the  Scre e ning Le ve l
Ce ntral Wate rfront RI/FS

Be llingham , WA
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NOTES:
1. 0.005 m g/kg = MTCA Me thod  A Unre stric te d  soil c le anup  le ve l (saturate d , d ire c t c ontac t) [WAC 173-340-740].
2. O nly Non-d e te c ts ab ove  0.005 m g/kg are  shown.
3. For stations with m ultip le  sam p le s, the  highe st re p orting lim it is shown.
4. Ae rial p hoto b y ESRI.
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Figure 4d
Gro un dwa ter Results – Ben zen e
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NOTES:
1. 2.4 µg/L = M TCA M etho d B gro un dwa ter c lea n up level (un restricted la n d use, va po r in trusio n ) [Ta b le B-1; Ec o lo gy, 2009].
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Figure 5a
Soil Results - Diesel Range Hydrocarbons Silica Gel Cleanup Analysis

Silica Gel Cleanup Analysis
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NOTES:
1. 2,000 mg/kg = MTCA Method A Unrestricted soil cleanup level (saturated, direct contact) [WAC 173-340-740].
2. NWTPH-Dx Results with silica gel cleanup.
3. For stations with multiple samples, the highest concentration is used.
4. Aerial photo by ESRI.



"

# !!R !R#* #* #* #* #* #*

")

")

") ")CW-SP-01 CW-SP-02
CW-PW-01

CW-PW-02

CW-PW-03

CW-PW-04

CW-PW-05 CW-PW-06
CWMW-18

CWMW-2
CWMW-65C MW-1B

Whatcom Waterway

Former ASB

I & J Waterway

Ro
ed

er 
Av

e

Central Waterfront Site Boundary
Site Subareas

Chevron Subarea
Colony Wharf Subarea
Olivine Upland Subarea
Roeder Avenue Landfill
Refuse Boundary

Diesel Range Hydrocarbons (µg/L)
With Silica Gel Cleanup
") < 500
") 500 - 1,000
") 1,000 - 2,500
") > 2,500

" Groundwater Well Sample Location
# Porewater Sample Location
! Seep Sample Location

Figure 5b
Groundwater Results - Diesel Range Hydrocarbons Silica Gel Cleanup Analysis
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NOTES:
1. 500 µg/L = MTCA Method A groundwater cleanup level [WAC 173-340-720].
2. NWTPH-Dx results with silica gel cleanup.
3. Results shown include the maximum concentration detected from 2002 - current.
4. Aerial photo by ESRI.



!(

!(

!(!(!(
!(
!(!(
!( !(

!(

!(

!(

!( !( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(!(
!(

!(

!(

!(
!(

!(

!(
!(

B-1_Oliv

B-2

CBA-SB-1

CBA-SB-2

CBA-SB-3
CBA-SB-4

CBA-SB-5

CBA-SB-6

CBA-SB-7

CBA-SB-8
CBA-TP-7

CWMW-1

CWMW-18

CWMW-2
CWSB-1

CWSB-10

CWSB-11
CWSB-12CWSB-13

CWSB-14

CWSB-15
CWSB-16

CWSB-17

CWSB-2

CWSB-3
CWSB-4

CWSB-5

CWSB-6

CWSB-7

CWSB-8

CWSB-9

CWSS-10

CWSS-11

CWSS-12

CWSS-13

CWSS-14

CWSS-15CWSS-16

CWSS-17

CWSS-18

CWSS-19

CWSS-20

CWSS-21

CWSS-22CWSS-23

CWSS-4

CWSS-5
CWSS-6

CWSS-7

CWSS-8 CWSS-9

CW-TP-01
CW-TP-02
CW-TP-03

CW-TP-04
CW-TP-05

CW-TP-06
CW-TP-07

CW-TP-08

CW-TP-09

MW-1(O)

MW-10(C)

MW-10A(C)

MW-11(C)

MW-11A(C)

MW-12(C)MW-12A(C)

MW-13(C)

MW-14(C)

MW-15(C)

MW-16(C)

MW-17(C)

MW-18(C)

MW-19(C)

MW-1A(C)

MW-2(O)

MW-2A(C)

MW-3(O)

MW-3A(C)

MW-4(O)

MW-4A(C)

MW-5(O)

MW-5A(C)

MW-6A(C)

MW-7A(C)

MW-8(C)

MW-8A(C) MW-9(B)

MW-9A(C)

OL-TP10-1

OL-TP11-1
OL-TP13-1

OL-TP16-1

OL-TP4-1OL-TP5-1

OL-TP8-1
OL-TP9-1

TP3

Whatcom Waterway

Former ASB

I & J Waterway

Ro
ed

er 
Av

e

Centra l Wa terfro nt Site Bo und a ry
Site Subareas

Chevro n Sub a rea
Co lo ny Wha rf Sub a rea
Olivine Upla nd  Sub a rea
Ro ed er Avenue La nd fill
Refuse Bo und a ry

Diesel Range Hydrocarbons (mg/kg)
Without Silica Gel Cleanup
!( < 2,000
!( 2,000 - 4,000
!( 4,000 - 10,000
!( > 10,000

\\o
rca
s\g
is\
Jo
bs
\12
00
07
-01
.01
_C
en
tra
l_W
ate
rfro
nt_
RI
FS
\M
ap
s\D
ata
_S
cre
en
\C
WF
_D
ata
Sc
ree
n_
Ma
pb
oo
k.m
xd
  c
kib
lin
ge
r  9
/6/
20
17
  5
:43
:55
 PM

0 100 200 300 400
Feet

Figure 5c
So il Results – Diesel Ra nge Hyd ro c a rb o ns

Centra l Wa terfro nt RI/FS
Bellingha m, WA

NOTES:
1. 2,000 mg/kg = MTCA Metho d  A Unrestric ted  so il c lea nup level (sa tura ted , d irec t c o nta c t) [WAC 173-340-740].
2. N WTPH-Dx Results witho ut silic a  gel c lea nup.
3. Fo r sta tio ns with multiple sa mples, the highest c o nc entra tio n is used .
4. Aeria l pho to  b y ESRI.
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Figure 5d
Groun dwa ter Results – Diesel Ra n ge Hydroc a rb on s

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 500 µg/L = M TCA M ethod A groun dwa ter clea n up level [W AC 173-340-720].
2. NW TPH-Dx Results without silic a  gel clea n up.
3. Results shown  in c lude the m a xim um  con c en tra tion  detec ted from  2002 - curren t.
4. Aeria l photo b y ESRI.
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NOTES:
1. 2,000 m g/kg = M TCA M ethod A Un restricted soil c lea n up level (sa tura ted, direc t con ta c t) [W AC 173-340-740].
2. NW TPH-Dx Results with silic a  gel c lea n up.
3. For station s with m ultiple sa m ples, the highest con c en tra tion  is used.
4. Aeria l photo b y ESRI.
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NOTES:
1. 500 µg/L  = MTCA Method A groundwa ter clea nup level [W AC 173-340-720].
2. NW TPH-Dx results with silica  gel clea nup.
3. Results shown include the m a xim um  concentra tion detected from  2002 - current.
4. Aeria l photo b y ESRI.



!(!(
!(!(!(

!(
!(!(
!(

!(

!(

!(

!(

!(

!( !( !(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(

!(
!(

!(!(!(
!(!(

!( !(

!( !(

!(

!(

!(!(

CBA-SB-1

CBA-SB-2

CBA-SB-3
CBA-SB-4

CBA-SB-5

CBA-SB-6

CBA-SB-7

CBA-SB-8
CBA-TP-7

CWMW-1

CWMW-18
CWMW-2 CWSB-1

CWSB-10

CWSB-11

CWSB-12
CWSB-13

CWSB-14
CWSB-15

CWSB-16

CWSB-17

CWSB-2

CWSB-3
CWSB-4

CWSB-5 CWSB-6

CWSB-7

CWSB-8

CWSB-9

CWSS-10

CWSS-11

CWSS-12

CWSS-13

CWSS-14

CWSS-15CWSS-16

CWSS-17

CWSS-18

CWSS-19

CWSS-20

CWSS-21
CWSS-22CWSS-23

CWSS-4

CWSS-5

CWSS-6 CWSS-7

CWSS-8 CWSS-9
CW-TP-01

CW-TP-02
CW-TP-03

CW-TP-04

CW-TP-05

CW-TP-06
CW-TP-07

CW-TP-08

CW-TP-09

Whatcom Waterway

Former ASB

I & J Waterway

Ro
ed

er 
Av

e

Centra l Wa terfro nt Site Bo und a ry
Site Subareas

Chevro n Sub a rea
Co lo ny Wha rf Sub a rea
Olivine Upla nd  Sub a rea
Ro ed er Avenue La nd fill
Refuse Bo und a ry

Motor Oil Range Hydrocarbons (mg/kg)
Without Silica Gel Cleanup
!( < 2,000
!( 2,000 - 4,000
!( 4,000 - 10,000
!( > 10,000

\\o
rca
s\g
is\
Jo
bs
\12
00
07
-01
.01
_C
en
tra
l_W
ate
rfro
nt_
RI
FS
\M
ap
s\D
ata
_S
cre
en
\C
WF
_D
ata
Sc
ree
n_
Ma
pb
oo
k.m
xd
  c
kib
lin
ge
r  9
/6/
20
17
  5
:43
:59
 PM

0 100 200 300 400
Feet

Figure 6c
So il Results – Mo to r Oil Ra nge Hyd ro c a rb o ns
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NOTES:
1. 2,000 mg/kg = MTCA Metho d  A Unrestric ted  so il c lea nup level (sa tura ted , d irec t c o nta c t) [WAC 173-340-740].
2. N WTPH-Dx Results witho ut silic a  gel c lea nup.
3. Fo r sta tio ns with multiple sa mples, the highest c o nc entra tio n is used .
4. Aeria l pho to  b y ESRI.
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Figure 6d
Groun dwa ter Results – M otor Oil Ra n ge Hydroc a rb on s

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 500 µg/L = M TCA M ethod A groun dwa ter clea n up level [W AC 173-340-720].
2. NW TPH-Dx Results without silic a  gel clea n up.
3. Results shown  in c lude the m a xim um  con c en tra tion  detec ted from  2002 - curren t.
4. Aeria l photo b y ESRI.
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Figure 6e
Groun dwa ter Results – M otor Oil Ra n ge Hydroc a rb on s

Non -detec ts Ab ove the Sc reen in g Level
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NOTES:
1. 500 µg/L = M TCA M ethod A groun dwa ter clea n up level [W AC 173-340-720].
2. On ly Non -detects a b ove 500 µg/L a re shown .
3. NW TPH-Dx Results without silic a  gel clea n up.
4. Results shown  in c lude the m a xim um  reportin g lim it from  2002 - curren t.
5. Aeria l photo b y ESRI.
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Figure 7a
Soil Results – Tota l cPAHs
Cen tra l W a terfron t RI/FS

Bellin gha m , W A

NOTES:
1. 0.086 m g/kg = Region a l Ba c kgroun d
(Ecology, 2014)
2. 0.14 m g/kg = M TCA M ethod B
Un restric ted soil c lea n up level (satura ted,
direc t con ta c t) [W AC 173-340-740].
3. For station s with m ultiple sa m ples, the
highest con c en tra tion  is used.
4. Aeria l photo b y ESRI.
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Figure 7b
Groun dwa ter Results – Tota l cPAHs

Cen tra l Waterfron t RI/FS
Bellin gha m , WA

NOTES:
1. 0.02 µg/L  = Applic a b le Pra c tic a l Qua n titation  L evel (PQL ) for RI An a lyses.
2. Results shown  in c lude the m a xim um  con c en tra tion  detec ted from  2002 - curren t.
3. Aeria l photo b y ESRI.
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Figure 7c
Soil Results – Tota l cPAHs

Non -detec ts Ab ove the Sc reen in g Level
Cen tra l W a terfron t RI/FS
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NOTES:
1. 0.14 m g/kg = M TCA M ethod B Un restric ted soil c lea n up level (sa tura ted, direc t c on ta c t) [W AC 173-340-740].
2. On ly Non -detects a b ove 0.14 m g/kg a re shown .
3. For station s with m ultiple sa m ples, the highest reportin g lim it is shown .
4. Aeria l photo b y ESRI.
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Figure 7d
Gro und wa ter Results – To ta l c PAHs

No n-d etec ts Ab o ve the Sc reening Level
Centra l W a terfro nt RI/FS

Bellingha m, W A

Key to Previous Investigations
(B) Bellingha m M a rine Ind ustries
(E) Ec o lo gy
(C) Chevro n
(O) Olivine
(W ) Ro ed er Avenue W a reho use Fea sib ility
Ana lysis a nd  Pre-Design Testing
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NOTES:
1. 0.02 µg/L = Applic a b le Pra c tic a l Qua ntita tio n Level (PQL) fo r RI Ana lyses.
2. Only No n-d etec ts a b o ve 0.02 µg/L a re sho wn.
3. Results sho wn inc lud e the ma ximum repo rting limit fro m 2002 - current.
4. Aeria l pho to  b y ESRI.
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Figure 8a
So il Results – Na phtha len e
Cen tra l W a terfro n t RI/FS

Bellin gha m , W A

NOTES:
1. 0.8 m g/kg = M TCA Un restric ted so il
c lea n up level pro tec tive o f lea c ha b ility to
gro un dwater [W AC 173-340-740; Equa tio n
747-1].
2. 99 m g/kg = sedim en t c lea n up o b jec tive
(b a sed o n  sedim en t m a n a gem en t
sta n da rds c riteria ).
3. 1,600 m g/kg = M TCA M etho d B
Un restric ted so il c lea n up level (satura ted,
direc t c o n ta c t) [W AC 173-340-740].
4. Fo r statio n s with m ultiple sa m ples, the
highest c o n c en tra tio n  is used.
5. Aeria l pho to  b y ESRI.

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(C) Chevro n
(O) Olivin e
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Figure 8b
Groundwa ter Results – Na phtha lene

Centra l Wa terfront RI/FS
Bellingha m , WA

NOTES:
1. 83 µg/L  = Ca lcula ted Porewa ter Concentra tion Protective of Ma rine Sedim ent [SQS; WAC 173-204-320].
2. Results shown include the m a xim um  concentra tion detected from  2002 - current.
3. Aeria l photo by ESRI.

Key to Previous Investigations
(B) Bellingha m  Ma rine Industries
(E) Ecology
(C) Chevron
(O) Olivine
(W) Roeder Avenue Wa rehouse Fea sibility
Ana lysis a nd Pre-Design Testing
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Figure 8c
So il Results – N a p htha lene

N o n-d etec ts Ab o ve the Sc reening Level
Centra l Wa terfro nt RI/FS

Bellingha m , WA

Key to Previous Investigations
(B) Bellingha m  Ma rine Ind ustries
(C) Chevro n
(O) Olivine
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NOTES:
1. 0.8 m g/kg = MTCA Unrestric ted  so il c lea nup  level p ro tec tive o f lea c ha b ility to  gro und wa ter [WAC 173-340-740; Equa tio n 747-1].
2. Only N o n-d etec ts a b o ve 0.8 m g/kg a re sho wn.
3. Fo r sta tio ns with m ultip le sa m p les, the highest rep o rting lim it is sho wn.
4. Aeria l p ho to  b y ESRI.



!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

Whatcom Waterway

Former ASB

I & J Waterway

Ro
ed

er 
Av

e

B-1_Oliv

B-2

CWMW-1

CWMW-2

CWSB-10

CWSB-11
CWSB-12

CWSB-2

CWSB-3
CWSB-4

CWSB-5 CWSB-6

CWSB-7

CWSB-8

CWSB-9

CWSI-02CWSI-05CWSI-06

CWSI-07

CWSS-10 CWSS-12

CWSS-13

CWSS-14

CWSS-15
CWSS-16

CWSS-17

CWSS-18

CWSS-20

CWSS-4

CWSS-7

CWSS-8 CWSS-9

OL-TP1-1

OL-TP13-1

OL-TP14-1
OL-TP15-1 OL-TP16-1

OL-TP-18-2

OL-TP2-2
OL-TP4-1

OL-TP6-1

OL-TP8-1

OL-TP9-1 TP1

TP3
TP4

TP5

Ce ntral Wate rfront Site  Bound ary
Site Subareas

Che vron Sub are a
Colony Wharf Sub are a
O livine  Up land  Sub are a
Roe d e r Ave nue  Land fill
Re fuse  Bound ary

Arsenic (mg/kg)
!( < 7
!( 7 - 20
!( 20 - 57
!( > 57

\\o
rca
s\g
is\
Jo
bs
\12
00
07
-01
.01
_C
en
tra
l_W
ate
rfro
nt_
RI
FS
\M
ap
s\D
ata
_S
cre
en
\C
WF
_D
ata
Sc
ree
n_
Ma
pb
oo
k.m
xd
  c
kib
lin
ge
r  1
/31
/20
18
  1
1:0
4:0
2 A
M

0 100 200 300 400
Fe e t

Figure 9a
Soil Re sults – Arse nic

Ce ntral Wate rfront RI/FS
Be llingham , WA

NOTES:
1. 7 m g/kg = Natural Background
Conc e ntration [Ecology, 1994].
2. 20 m g/kg = MTCA Me thod  A
Unre stric te d  soil cle anup  le ve l (saturate d ,
d ire c t c ontact) [WAC 173-340-740].
3. 57 m g/kg = se d im e nt cle anup  ob je c tive
(b ase d  on se d im e nt m anage m e nt
stand ard s crite ria).
4. For stations with m ultip le  sam p le s, the
highe st c onc e ntration is use d .
5. Ae rial p hoto b y ESRI.

Key to Previous Investigations
(B) Be llingham  Marine  Ind ustrie s
(C) Che vron
(O ) O livine
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Figure 9b
Gro und wa ter Results – Arsenic

Centra l Wa terfro nt RI/FS
Bellingha m, WA

NOTES:
1. 5 µg/L = Ba c kgro und  Co nc entra tio n in Wa shingto n sta te [WAC 173-340-900 Ta b le 720-1].
2. Results sho wn inc lud e the ma ximum c o nc entra tio n o f the to ta l a nd  d isso lved  fra c tio ns fro m 2002 - current.
3. Aeria l pho to  b y ESRI.

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(E) Ec o lo gy
(C) Chevro n
(O) Olivine
(W) Ro ed er Avenue Wa reho use Fea sib ility
Ana lysis a nd  Pre-Design Testing
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Figure 9c
Soil Re sults – Arse nic

Non-d e te c ts Ab ove  the  Scre e ning Le ve l
Ce ntral Wate rfront RI/FS

Be llingham , WA

Key to Previous Investigations
(B) Be llingham  Marine  Ind ustrie s
(C) Che vron
(O ) O livine
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North

NOTES:
1. 7 m g/kg = Natural Background  Conc e ntration [Ecology, 1994].
2. O nly Non-d e te c ts ab ove  7 m g/kg are  shown.
3. For stations with m ultip le  sam p le s, the  highe st re p orting lim it is shown.
4. Ae rial p hoto b y ESRI.
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Figure 9d
Groun dwa ter Results – Arsen ic

Non -detec ts Ab ove the Sc reen in g Level
Cen tra l W a terfron t RI/FS

Bellin gha m , W A

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(E) Ecology
(C) Chevron
(O) Olivin e
(W ) Roeder Aven ue W a rehouse Fea sib ility
An a lysis a n d Pre-Design  Testin g
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NOTES:
1. 5 µg/L = Ba c kgroun d Con c en tration  in  W a shin gton  state [W AC 173-340-900 Ta b le 720-1].
2. On ly Non -detects a b ove 5 µg/L a re shown .
3. Results shown  in c lude the m a xim um  reportin g lim it of the tota l a n d dissolved fra c tion s from  2002 - curren t.
4. Aeria l photo b y ESRI.
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Figure 9e
Gro und wa ter Results – Disso lved  Arsenic

Centra l Wa terfro nt RI/FS
Bellingha m, WA

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(E) Ec o lo gy
(C) Chevro n
(O) Olivine (Po rt)
(W) Ro ed er Avenue Wa reho use Fea sib ility
Ana lysis a nd  Pre-Design Testing

NOTES:
1. 5 µg/L = Ba c kgro und  Co nc entra tio n in Wa shingto n sta te [WAC 173-340-900 Ta b le 720-1].
2. Results sho wn inc lud e the ma ximum c o nc entra tio n o f the to ta l a nd  d isso lved  fra c tio ns fro m 2002 - current.
3. Aeria l pho to  b y ESRI.
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Figure 9f
Gro und wa ter Results – Disso lved  Arsenic
N o n-d etec ts Ab o ve the Sc reening Level

Centra l Wa terfro nt RI/FS
Bellingha m, WA

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(E) Ec o lo gy
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(O) Olivine
(W) Ro ed er Avenue Wa reho use Fea sib ility
Ana lysis a nd  Pre-Design Testing
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NOTES:
1. 5 µg/L = Ba c kgro und  Co nc entra tio n in Wa shingto n sta te [WAC 173-340-900 Ta b le 720-1].
2. Only N o n-d etec ts a b o ve 5 µg/L a re sho wn.
3. Results sho wn inc lud e the ma ximum repo rting limit o f the to ta l a nd  d isso lved  fra c tio ns fro m 2002 - current.
4. Aeria l pho to  b y ESRI.
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Figure 10a
Soil Re sults – Cad m ium
Ce ntral Wate rfront RI/FS

Be llingham , WA

NOTES:
1. 1 m g/kg = Natural Background
Conc e ntration [Ecology, 1994].
2. 5.1 m g/kg = se d im e nt cle anup  ob je c tive
(b ase d  on se d im e nt m anage m e nt
stand ard s crite ria).
3. 80 m g/kg = MTCA Me thod  B
Unre stric te d  soil cle anup  le ve l (saturate d ,
d ire c t c ontact) [WAC 173-340-740].
4. For stations with m ultip le  sam p le s, the
highe st c onc e ntration is use d .
5. Ae rial p hoto b y ESRI.

Key to Previous Investigations
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Figure 10b
Ground wate r Re sults – Cad m ium

Ce ntral W ate rfront RI/FS
Be llingham , W A

NOTES:
1. 8.8 µg/L = Surfac e  W ate r ARAR - Aquatic Life  - M arine  - Cle an W ate r Act §304.
2. Re sults shown inc lud e  the  m axim um  conc e ntration of the  total and  d issolve d  fractions from  2002 - curre nt.
3. Ae rial p hoto b y ESRI.

Key to Previous Investigations
(B) Be llingham  M arine  Ind ustrie s
(E) Ecology
(C) Che vron
(O) Olivine
(W ) Roe d e r Ave nue  W are house  Fe asib ility
Analysis and  Pre -De sign Te sting
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Figure 10c
Ground wate r Re sults – Cad m ium

N on-d e te c ts Above  the  Scre e ning Le ve l
Ce ntral Wate rfront RI/FS

Be llingham , WA

Key to Previous Investigations
(B) Be llingham  Marine  Ind ustrie s
(E) Ec ology
(C) Che vron
(O) Olivine
(W) Roe d e r Ave nue  Ware house  Fe asibility
Analysis and Pre -De sign Te sting
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NOTES:
1. 8.8 µg/L = Surfac e  Wate r ARAR - Aq uatic  Life  - Marine  - Cle an Wate r Ac t §304.
2. Only N on-d e te c ts above  8.8 µg/L are  shown.
3. Re sults shown inc lud e  the  m axim um  re porting lim it of the  total and  d issolve d  frac tions from  2002 - c urre nt.
4. Ae rial photo by ESRI.
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Figure 11a
So il Results – Chro mium
Centra l Wa terfro nt RI/FS

Bellingha m, WA

NOTES:
1. 260 mg/kg = MTCA Unrestric ted  so il c lea nup  level p ro tec tive o f lea c ha b ility to  gro und wa ter [WAC 173-340-740; Equa tio n 747-1].
2. Fo r sta tio ns with multip le sa mp les, the highest c o nc entra tio n is used .
3. Aeria l p ho to  b y ESRI.

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(C) Chevro n
(O) Olivine
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Figure 11b
Groun dwa ter Results – Chrom ium

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 260 µg/L = Ca lcula ted Porewa ter Con cen tra tion  Protective of M a rin e Sedim en t [SQS; W AC 173-204-320].
2. Results shown  in clude the m a xim um  con cen tra tion  of the tota l a n d dissolved fra ction s from  2002 - curren t.
3. Aeria l photo b y ESRI.

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(E) Ecology
(C) Chevron
(O) Olivin e
(W ) Roeder Aven ue W a rehouse Fea sib ility
An a lysis a n d Pre-Design  Testin g
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Figure 11c
Groun dwa ter Results – Dissolved Chrom ium

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(E) Ecology
(C) Chevron
(O) Olivin e (Port)
(W ) Roeder Aven ue W a rehouse Fea sib ility
An a lysis a n d Pre-Design  Testin g

NOTES:
1. 260 µg/L = Ca lcula ted Porewa ter Con cen tra tion  Protective of M a rin e Sedim en t [SQS; W AC 173-204-320].
2. Results shown  in clude the m a xim um  con cen tra tion  of the tota l a n d dissolved fra ction s from  2002 - curren t.
3. Aeria l photo b y ESRI.
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Figure 12a
So il Results – Co pper

Centra l Wa terfro nt RI/FS
Bellingha m , WA

NOTES:
1. 36 m g/kg = N a tura l Ba c kgro und
Co nc entra tio n [Ec o lo gy, 1994].
2. 390 m g/kg = sed im ent c lea nup o b jec tive
(b a sed  o n sed im ent m a na gem ent
sta nd a rd s c riteria ).
3. 3,200 m g/kg = MTCA Metho d  B
Unrestric ted  so il c lea nup level (sa tura ted ,
d irec t c o nta c t) [WAC 173-340-740].
4. Fo r sta tio ns with m ultiple sa m ples, the
highest c o nc entra tio n is used .
5. Aeria l pho to  b y ESRI.

Key to Previous Investigations
(B) Bellingha m  Ma rine Ind ustries
(C) Chevro n
(O) Olivine
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Figure 12b
Gro und wa ter Results – Co pper

Centra l Wa terfro nt RI/FS
Bellingha m, WA

NOTES:
1. 3.1 µg/L = Surfa c e Wa ter ARAR (Aqua tic  Life, Ma rine) [WAC 173-201A].
2. Results sho wn inc lud e the ma ximum c o nc entra tio n o f the to ta l a nd  d isso lved  fra c tio ns fro m 2002 - current.
3. Aeria l pho to  b y ESRI.

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(E) Ec o lo gy
(C) Chevro n
(O) Olivine
(W) Ro ed er Avenue Wa reho use Fea sib ility
Ana lysis a nd  Pre-Design Testing
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Figure 12c
Gro und wa ter Results – Disso lved  Co pper

Centra l Wa terfro nt RI/FS
Bellingha m, WA

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(E) Ec o lo gy
(C) Chevro n
(O) Olivine (Po rt)
(W) Ro ed er Avenue Wa reho use Fea sib ility
Ana lysis a nd  Pre-Design Testing

NOTES:
1. 3.1 µg/L = Surfa c e Wa ter ARAR (Aqua tic  Life, Ma rine) [WAC 173-201A].
2. Results sho wn inc lud e the ma ximum c o nc entra tio n o f the to ta l a nd  d isso lved  fra c tio ns fro m 2002 - current.
3. Aeria l pho to  b y ESRI.
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Figure 13a
Soil Re sults – Le ad

Ce ntral Wate rfront RI/FS
Be llingham , WA

NOTES:
1. 81 m g/kg = MTCA Unre stric te d  soil
cle anup  le ve l p rote c tive  of le ac hab ility to
ground wate r [WAC 173-340-740; Eq uation
747-1].
2. 250 m g/kg = MTCA Me thod  A
Unre stric te d  soil cle anup  le ve l (saturate d ,
d ire c t contact) [WAC 173-340-740].
3. 450 m g/kg = se d im e nt cle anup  ob je c tive
(b ase d  on se d im e nt m anage m e nt
stand ard s c rite ria).
4. For stations with m ultip le  sam p le s, the
highe st conc e ntration is use d .
5. Ae rial p hoto b y ESRI.
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Figure 13b
Groun dwa ter Results – Lea d
Cen tra l W a terfron t RI/FS

Bellin gha m , W A

NOTES:
1. 8.1 µg/L = Surfa c e W a ter ARAR (Aquatic  Life, M a rin e) [W AC 173-201A].
2. Results shown  in c lude the m a xim um  con c en tra tion  of the tota l a n d dissolved fra c tion s from  2002 - c urren t.
3. Aeria l photo b y ESRI.
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Figure 13c
Groun dwa ter Results – Lea d

Non -detec ts Ab ove the Sc reen in g Level
Cen tra l W a terfron t RI/FS

Bellin gha m , W A

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(E) Ecology
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NOTES:
1. 8.1 µg/L = Surfa c e W a ter ARAR (Aquatic  Life, M a rin e) [W AC 173-201A].
2. On ly Non -detects a b ove 8.1 µg/L a re shown .
3. Results shown  in c lude the m a xim um  reportin g lim it of the tota l a n d dissolved fra c tion s from  2002 - c urren t.
4. Aeria l photo b y ESRI.
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Figure 13d
Groun dwa ter Results – Dissolved Lea d
Non -detec ts Ab ove the Sc reen in g Level

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(E) Ecology
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(O) Olivin e
(W ) Roeder Aven ue W a rehouse Feasib ility
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NOTES:
1. 8.1 µg/L = Surfa c e W a ter ARAR (Aquatic  Life, M a rin e) [W AC 173-201A].
2. On ly Non -detects a b ove 8.1 µg/L a re shown .
3. Results shown  in c lude the m a xim um  reportin g lim it of the tota l a n d dissolved fra c tion s from  2002 - c urren t.
4. Aeria l photo b y ESRI.
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Figure 14a
So il Results – Merc ury
Centra l Wa terfro nt RI/FS

Bellingha m , WA

NOTES:
1. 0.1 m g/kg = MTCA Unrestric ted  so il
c lea nup  level p ro tec tive o f lea c ha b ility to
gro und wa ter [WAC 173-340-740; Equa tio n
747-1].
2. 0.41 m g/kg = sed im ent c lea nup  o b jec tive
(b a sed  o n sed im ent m a na gem ent
sta nd a rd s c riteria ).
3. 24 m g/kg = MTCA Metho d  B
Unrestric ted  so il c lea nup  level (sa tura ted ,
d irec t c o nta c t) [WAC 173-340-740].
4. Fo r sta tio ns with m ultip le sa m p les, the
highest c o nc entra tio n is used .
5. Aeria l p ho to  b y ESRI.

Key to Previous Investigations
(B) Bellingha m  Ma rine Ind ustries
(C) Chevro n
(O) Olivine
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Figure 14b
Groundwa ter Results – Mercury

Centra l Wa terfront RI/FS
Bellingha m , WA

NOTES:
1. 0.059 µg/L  = Ca lcula ted Porewa ter Concentra tion Protective of Ma rine Sedim ent  [SQS; WAC 173-204-320].
2. Results shown include the m a xim um  concentra tion of the tota l a nd dissolved fra ctions from  2002 - current.
3. Aeria l photo by ESRI.
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Figure 14c
So il Results – Merc ury

N o n-d etec ts Ab o ve the Sc reening Level
Centra l Wa terfro nt RI/FS

Bellingha m, WA

Key to Previous Investigations
(B) Bellingha m Ma rine Ind ustries
(C) Chevro n
(O) Olivine
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NOTES:
1. 0.1 mg/kg = MTCA Unrestric ted  so il c lea nup  level p ro tec tive o f lea c ha b ility to  gro und wa ter [WAC 173-340-740; Equa tio n 747-1].
2. Only N o n-d etec ts a b o ve 0.1 mg/kg a re sho wn.
3. Fo r sta tio ns with multip le sa mp les, the highest rep o rting limit is sho wn.
4. Aeria l p ho to  b y ESRI.
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Figure 14d
Groundwa ter Results – Mercury

Non-detects Above the Screening L evel
Centra l Wa terfront RI/FS

Bellingha m , WA

Key to Previous Investigations
(B) Bellingha m  Ma rine Industries
(E) Ecology
(C) Chevron
(O) Olivine
(W) Roeder Avenue Wa rehouse Fea sibility
Ana lysis a nd Pre-Design Testing
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NOTES:
1. 0.059 µg/L  = Ca lcula ted Porewa ter Concentra tion Protective of Ma rine Sedim ent  [SQS; WAC 173-204-320].
2. Only Non-detects a bove 0.059 µg/L  a re shown.
3. Results shown include the m a xim um  reporting lim it of the tota l a nd dissolved fra ctions from  2002 - current.
4. Aeria l photo by ESRI.
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Figure 14e
Groundwa ter Results – Dissolved Mercury
Non-detects Above the Screening L evel

Centra l Wa terfront RI/FS
Bellingha m , WA

Key to Previous Investigations
(B) Bellingha m  Ma rine Industries
(E) Ecology
(C) Chevron
(O) Olivine
(W) Roeder Avenue Wa rehouse Fea sibility
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NOTES:
1. 0.059 µg/L  = Ca lcula ted Porewa ter Concentra tion Protective of Ma rine Sedim ent  [SQS; WAC 173-204-320].
2. Only Non-detects a bove 0.059 µg/L  a re shown.
3. Results shown include the m a xim um  reporting lim it of the tota l a nd dissolved fra ctions from  2002 - current.
4. Aeria l photo by ESRI.
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Figure 15a
Soil Results – Nic kel

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 48 m g/kg = Natura l Ba c kgroun d
Con c en tration  [Ecology, 1994].
2. 211 m g/kg = Site-spec ific  prelim in a ry
sedim en t c lea n up level for n ic kel
developed for I&J W aterwa y.
3. 1,600 m g/kg = M TCA M ethod B
Un restric ted soil c lea n up level (satura ted,
direc t con ta c t) [W AC 173-340-740].
4. For station s with m ultiple sa m ples, the
highest con c en tra tion  is used.
5. Aeria l photo b y ESRI.
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Figure 15b
Groun dwa ter Results – Nic kel

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

NOTES:
1. 8.2 µg/L = Surfa c e W a ter ARAR (Aquatic  Life, M a rin e) [W AC 173-201A].
2. Results shown  in c lude the m a xim um  con c en tra tion  of the tota l a n d dissolved fra c tion s from  2002 - c urren t.
3. Aeria l photo b y ESRI.
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Figure 15c
Gro und wa ter Results – N ic kel

N o n-d etec ts Ab o ve the Sc reening Level
Centra l Wa terfro nt RI/FS

Bellingha m , WA

Key to Previous Investigations
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NOTES:
1. 8.2 µg/L = Surfa c e Wa ter ARAR (Aqua tic  Life, Ma rine) [WAC 173-201A].
2. Only N o n-d etec ts a b o ve 8.2 µg/L a re sho wn.
3. Results sho wn inc lud e the m a xim um  repo rting lim it o f the to ta l a nd  d isso lved  fra c tio ns fro m  2002 - current.
4. Aeria l pho to  b y ESRI.
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Figure 15d
Groun dwa ter Results – Dissolved Nic kel

Cen tra l W a terfron t RI/FS
Bellin gha m , W A

Key to Previous Investigations
(B) Bellin gha m  M a rin e In dustries
(E) Ecology
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(O) Olivin e (Port)
(W ) Roeder Aven ue W a rehouse Feasib ility
An a lysis a n d Pre-Design  Testin g

NOTES:
1. 8.2 µg/L = Surfa c e W a ter ARAR (Aquatic  Life, M a rin e) [W AC 173-201A].
2. Results shown  in c lude the m a xim um  con c en tra tion  of the tota l a n d dissolved fra c tion s from  2002 - c urren t.
3. Aeria l photo b y ESRI.
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Figure 15e
Gro und wa ter Results – Disso lved  N ic kel
N o n-d etec ts Ab o ve the Sc reening Level

Centra l Wa terfro nt RI/FS
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1. 8.2 µg/L = Surfa c e Wa ter ARAR (Aqua tic  Life, Ma rine) [WAC 173-201A].
2. Only N o n-d etec ts a b o ve 8.2 µg/L a re sho wn.
3. Results sho wn inc lud e the m a xim um  repo rting lim it o f the to ta l a nd  d isso lved  fra c tio ns fro m  2002 - current.
4. Aeria l pho to  b y ESRI.
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Figure 16a
So il Results – Zinc

Centra l Wa terfro nt RI/FS
Bellingha m , WA

NOTES:
1. 85 m g/kg = Na tura l Ba c kgro und
Co nc entra tio n [Ec o lo gy, 1994].
2. 410 m g/kg = sed im ent c lea nup o b jec tive
(b a sed  o n sed im ent m a na gem ent
sta nd a rd s c riteria ).
3. 24,000 m g/kg = MTCA Metho d  B
Unrestric ted  so il c lea nup level (sa tura ted ,
d irec t c o nta c t) [WAC 173-340-740].
4. Fo r sta tio ns with m ultiple sa m ples, the
highest c o nc entra tio n is used .
5. Aeria l pho to  b y ESRI.
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Figure 16b
Groundwa ter Results – Z inc
Centra l W a terfront RI/FS

Bellingha m , W A

NOTES:
1. 81 µg/L = Surfa ce W a ter ARAR (Aqua tic Life, M a rine) [W AC 173-201A].
2. Results shown include the m a xim um  concentra tion of the tota l a nd dissolved fra ctions from  2002 - current.
3. Aeria l photo b y ESRI.

Key to Previous Investigations
(B) Bellingha m  M a rine Industries
(E) Ecology
(C) Chevron
(O) Olivine
(W ) Roeder Avenue W a rehouse Fea sib ility
Ana lysis a nd Pre-Design Testing
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Figure 16c
Groundwa ter Results – Dissolved Z inc

Centra l W a terfront RI/FS
Bellingha m , W A

Key to Previous Investigations
(B) Bellingha m  M a rine Industries
(E) Ecology
(C) Chevron
(O) Olivine (Port)
(W ) Roeder Avenue W a rehouse Fea sib ility
Ana lysis a nd Pre-Design Testing

NOTES:
1. 81 µg/L = Surfa ce W a ter ARAR (Aqua tic Life, M a rine) [W AC 173-201A].
2. Results shown include the m a xim um  concentra tion of the tota l a nd dissolved fra ctions from  2002 - current.
3. Aeria l photo b y ESRI.
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Figure 21
Methane and Soil Gas Results

Central Waterfront RI/FS
Bellingham, WA
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Notes (soil gas):
1. Results in ug/m3.
2. Soil gas screening levels consistent with Ecology's draft guidance for evaluating vapor intrusion (Ecology 2009).
3. Soil gas sampling was conducted in August 2008 as part of the Central Waterfront RI.  Sample intervals were all at 5-ft below
ground surface.
Notes (landfill gas-methane):
1. Methane concentrations were evaluated by measuring the combustible gases present in the headspace of the monitoring wells
and results are reported as a percentage of the lower explosive limit (LEL).
2. Landfill gas (methane) measurements presented for monitoring well locations with measurements greater than 10% LEL.
3. Landfill gas measurements were performed as part of the 2001 Roeder Avenue Landfill RI and 2007/2008 Central Waterfront RI.

Soil Gas:

Landfill Gas-methane:

Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron
(E) Dept. of Ecology
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MW-5(B) 4/20/2001 273

MW-12(B) 4/20/2001 293

4/20/2001 276
9/17/2007 20.0

MW-8(B)

RMW-5 5/12/2008 59.5

RMW-20 9/17/2007 13.0

RMW-10 3/22/2008 78.0

4/20/2001 337
5/12/2008 62.9

RMW-9

RMW-8 5/12/2008 86.1

MW-54(C) 9/17/2007 20.0

GP 
Warehouse 
South

9/17/2007 42.0

RMW-16 4/20/2001 229

10/12/2007 58.0
3/22/2008 52.0
5/12/2008 52.1

MW-7(B)

CWMW-1 270 830,000 150,000 M

CWSB-12 5,300 16,000,000 360,000 M

CWSB-11 2,300 6,700,000 720,000 M

CWSB-7 210 11,000 21,000

CWSB-5 110 210,000 46,000 M

CWSB-6 180 340,000 74,000 M

CWSB-8 97 4,200 6,800 M

CWSB-9 27 4,300 4,200

CWSB-10 43 18,000 6,300

Soil Gas ID Benzene APH 5-8 APH 9-12
Screening Level 3.2 27,000 1,400

Well ID Date LEL (% LEL)

CWMW-2 61 5,400 5,900
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Notes (soil gas):
1. Results in ug/m3.
2. Soil gas screening levels consistent with Ecology's draft guidance for evaluating
vapor intrusion (Ecology 2009).
3. Soil gas sampling was conducted in August 2008 as part of the Central Waterfront RI.
Sample intervals were all at 5-ft below ground surface.
4. M = matrix interference - result may be biased high.

Soil Gas:

Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron
(E) Dept. of Ecology

Figure 17b
Vapor Results - Soil Gas
Central Waterfront RI/FS

Bellingham, WA
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Notes (landfill gas-methane):
1. Methane concentrations were evaluated by measuring the combustible gases present in the
headspace of the monitoring wells and results are reported as a percentage of the lower explosive limit
(LEL).
2. Landfill gas (methane) measurements presented for monitoring well locations with measurements
greater than 10% LEL.
3. Landfill gas measurements were performed as part of the 2001 Roeder Avenue Landfill RI and
2007/2008 Central Waterfront RI.

Landfill Gas-methane:

Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron
(E) Dept. of Ecology

Figure 17a
Vapor Results - Methane Gas

Central Waterfront RI/FS
Bellingham, WA
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Figure 21
Methane and Soil Gas Results

Central Waterfront RI/FS
Bellingham, WA
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Notes (soil gas):
1. Results in ug/m3.
2. Soil gas screening levels consistent with Ecology's draft guidance for evaluating vapor intrusion (Ecology 2009).
3. Soil gas sampling was conducted in August 2008 as part of the Central Waterfront RI.  Sample intervals were all at 5-ft below
ground surface.
Notes (landfill gas-methane):
1. Methane concentrations were evaluated by measuring the combustible gases present in the headspace of the monitoring wells
and results are reported as a percentage of the lower explosive limit (LEL).
2. Landfill gas (methane) measurements presented for monitoring well locations with measurements greater than 10% LEL.
3. Landfill gas measurements were performed as part of the 2001 Roeder Avenue Landfill RI and 2007/2008 Central Waterfront RI.

Soil Gas:

Landfill Gas-methane:

Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron
(E) Dept. of Ecology

[
Project
North

True
North

MW-5(B) 4/20/2001 273

MW-12(B) 4/20/2001 293

4/20/2001 276
9/17/2007 20.0

MW-8(B)

RMW-5 5/12/2008 59.5

RMW-20 9/17/2007 13.0

RMW-10 3/22/2008 78.0

4/20/2001 337
5/12/2008 62.9

RMW-9

RMW-8 5/12/2008 86.1

MW-54(C) 9/17/2007 20.0

GP 
Warehouse 
South

9/17/2007 42.0

RMW-16 4/20/2001 229

10/12/2007 58.0
3/22/2008 52.0
5/12/2008 52.1

MW-7(B)

CWMW-1 270 830,000 150,000 M

CWSB-12 5,300 16,000,000 360,000 M

CWSB-11 2,300 6,700,000 720,000 M

CWSB-7 210 11,000 21,000

CWSB-5 110 210,000 46,000 M

CWSB-6 180 340,000 74,000 M

CWSB-8 97 4,200 6,800 M

CWSB-9 27 4,300 4,200

CWSB-10 43 18,000 6,300

Soil Gas ID Benzene APH 5-8 APH 9-12
Screening Level 3.2 27,000 1,400

Well ID Date LEL (% LEL)

CWMW-2 61 5,400 5,900

!

!
! !

!

!

!
!

!
!

!

!

!
!

!

!

!

!

!

!

Whatcom Waterway

Former ASB

I & J Waterway

R
oe

de
r A

ve

Central Waterfront Site Boundary
Site Subareas

Chevron Subarea
Colony Wharf Subarea
Olivine Upland Subarea
Roeder Avenue Landfill Refuse Boundary

! Exceeds Soil Gas Screening Level

! Soil Gas Location (2007)

\\o
rc

as
\g

is
\J

ob
s\

12
00

07
-0

1.
01

_C
en

tra
l_

W
at

er
fro

nt
_R

IF
S

\M
ap

s\
R

IF
S_

Ec
ol

og
y\

Va
po

r_
Fi

gu
re

_S
oi

lG
as

.m
xd

  c
ki

bl
in

ge
r  

9/
6/

20
17

  4
:4

3:
22

 P
M

0 100 200 300 400
Feet

[

Notes (soil gas):
1. Results in ug/m3.
2. Soil gas screening levels consistent with Ecology's draft guidance for evaluating
vapor intrusion (Ecology 2009).
3. Soil gas sampling was conducted in August 2008 as part of the Central Waterfront RI.
Sample intervals were all at 5-ft below ground surface.
4. M = matrix interference - result may be biased high.

Soil Gas:

Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron
(E) Dept. of Ecology

Figure 17b
Vapor Results - Soil Gas
Central Waterfront RI/FS

Bellingham, WA
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Notes (landfill gas-methane):
1. Methane concentrations were evaluated by measuring the combustible gases present in the
headspace of the monitoring wells and results are reported as a percentage of the lower explosive limit
(LEL).
2. Landfill gas (methane) measurements presented for monitoring well locations with measurements
greater than 10% LEL.
3. Landfill gas measurements were performed as part of the 2001 Roeder Avenue Landfill RI and
2007/2008 Central Waterfront RI.

Landfill Gas-methane:

Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron
(E) Dept. of Ecology

Figure 17a
Vapor Results - Methane Gas

Central Waterfront RI/FS
Bellingham, WA
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Figure 18
Sediment Quality Adjacent to Central Waterfront Site

Central Waterfront RI/FS
Bellingham, WA
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NOTES:
1. Surface sediment biological and chemical exceedances are shown for the most
recent sampling for both the I & J Waterway and Whatcom Waterway cleanup projects.
2. Those chemicals exceeding SMS SQS criteria are shown in parentheses. Nickel
exceedances are based on the former DMMP screening level.
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Table 1a
Soil Summary Statistics

No. of 
Detections

No. of 
Samples

Frequency 
of Detection

No. of 
Usable 
Data

Most Stringent 
Screening Level 

(MS SL)

No. of 
Detections > 

MS SL

Exceedance 
Frequency 
(Usable)

Usable Data 
2x MS SL

Maximum 
Detected 

Concentration

Maximum 
Exceedance 

Factor
No. of Non-
Usable Data

No. of Non-
Usable Data 
with RL > 2x 

MS SL

Exceedance 
Frequency 
(w/Non-
Usable)

Chemical 
Selected for 

Mapping

Gasoline range hydrocarbons 77 147 52% 147 30 42 29% 27% 16,000 533 0 0 29% X
Diesel range hydrocarbons 125 181 69% 181 2,000 21 12% 9% 34,000 17 0 0 12% X
Motor oil range hydrocarbons 110 161 68% 161 2,000 10 6% 2% 5,600 2.8 0 0 6% X
Total petroleum hydrocarbons 103 105 98% 105 2,000 26 25% 23% 130,000 65 0 0 25%

Diesel range hydrocarbons (silica gel treated) 10 11 91% 11 2,000 6 55% 55% 27,000 14 0 0 55% X
Motor oil range hydrocarbons (silica gel treated) 10 11 91% 11 2,000 1 9% 0% 3,200 1.6 0 0 9% X

Antimony 1 14 7% 14 -- 0 -- 5 -- -- -- --
Arsenic 41 93 44% 71 7 23 32% 14% 33 4.7 22 8 48% X
Barium 76 79 96% 79 16,000 0 0% 0% 545 -- 0 0 0%
Beryllium 6 14 43% 14 -- 0 -- -- 0.2 -- -- -- --
Cadmium 29 44 66% 41 1.0 7 17% 7% 11.7 12 3 1 23% X
Chromium 93 93 100% 93 260 0 0% 0% 128 -- 0 0 0% X
Chromium VI 2 64 3% 64 48 0 0% 0% 1.83 -- 0 0 0%
Copper 63 63 100% 63 36 27 43% 19% 403 11 0 0 43% X
Lead 71 93 76% 93 81 19 20% 13% 1,260 16 0 0 20% X
Mercury 39 93 42% 85 0.1 21 25% 7% 0.92 9.2 8 8 31% X
Nickel 64 64 100% 64 48 9 14% 11% 1,240 26 0 0 14% X
Selenium 11 44 25% 16 1.0 2 13% 13% 15 15 28 27 68%
Silver 6 44 14% 6 0.02 6 100% 100% 12.4 620 38 38 100%
Zinc 92 93 99% 93 85 29 31% 14% 5,050 59 0 0 31% X

1-Methylnaphthalene 25 50 50% 50 35 0 0% 0% 8.9 -- 0 0 0%
2-Methylnaphthalene 25 63 40% 63 320 0 0% 0% 18 -- 0 0 0%
Acenaphthene 10 89 11% 61 0.13 5 8% 3% 1.35 10 28 14 37%
Acenaphthylene 11 89 12% 89 -- 0 -- -- 0.08 -- -- -- --
Anthracene 17 89 19% 89 1.7 0 0% 0% 0.60 -- 0 0 0%
Benzo(a)anthracene 30 89 34% 51 0.056 17 33% 23% 2.7 48 38 13 62%
Benzo(a)pyrene 32 89 36% 75 0.14 11 15% 13% 3.5 25 14 13 28%
Benzo(b)fluoranthene 34 88 39% 76 0.19 11 14% 15% 6.12 32 12 3 26%
Benzo(k)fluoranthene 26 88 30% 89 0.19 0 -- 2% 0.5 2.6 17 5 19%
Total Benzofluoranthenes (lab reported total) 1 1 100% 1 -- 0 -- -- 0.11 -- -- -- --
Benzo(g,h,i)perylene 24 89 27% 71 -- 4 6% -- 2 -- -- -- --
Chrysene 34 89 38% 56 0.062 19 34% 21% 3.9 63 33 14 58%
Dibenzo(a,h)anthracene 11 89 12% 69 0.14 0 0% 0% 0.08 -- 20 17 22%
Dibenzofuran 15 50 30% 50 80 0 0% 0% 0.47 -- 0 0 0%
Fluoranthene 36 89 40% 89 1.3 3 3% 2% 5.7 4.4 0 0 3%
Fluorene 19 89 21% 74 0.18 11 15% 4% 2.93 16 15 2 29%
Indeno(1,2,3-c,d)pyrene 23 88 26% 86 0.55 1 1% 2% 2.3 4.2 2 0 3%
Naphthalene 31 89 35% 87 0.8 5 6% 2% 12 15 2 0 8% X
Phenanthrene 41 89 46% 89 -- 0 -- -- 5.31 -- -- -- --
Pyrene 38 89 43% 87 8 0 0% 0% 6.8 -- 2 0 2%
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) 37 89 42% 78 0.14 16 21% 16% 4.78 34 11 10 30% X

Analytes
Total Petroleum Hydrocarbons (mg/kg)

Total Petroleum Hydrocarbons - Silica Gel Treated (mg/kg)

Metals (mg/kg)

Polycyclic Aromatic Hydrocarbons (mg/kg)

Final RI/FS Report
Central Waterfront Site

1 of 2 March 2018
120007-01



Table 1a
Soil Summary Statistics

No. of 
Detections

No. of 
Samples

Frequency 
of Detection

No. of 
Usable 
Data

Most Stringent 
Screening Level 

(MS SL)

No. of 
Detections > 

MS SL

Exceedance 
Frequency 
(Usable)

Usable Data 
2x MS SL

Maximum 
Detected 

Concentration

Maximum 
Exceedance 

Factor
No. of Non-
Usable Data

No. of Non-
Usable Data 
with RL > 2x 

MS SL

Exceedance 
Frequency 
(w/Non-
Usable)

Chemical 
Selected for 

MappingAnalytes
   
bis(2-Ethylhexyl)phthalate 2 39 5% 37 0.86 0 0% 0% 0.29 -- 2 0 5%

--
1,2,4-Trimethylbenzene 4 28 14% 28 -- 0 -- -- 0.21 -- -- -- --
1,3,5-Trimethylbenzene (Mesitylene) 2 28 7% 28 800 0 0% 0% 0.074 -- 0 0 0%
2-Butanone (MEK) 4 28 14% 28 48,000 0 0% 0% 0.0068 -- 0 0 0%
4-Isopropyltoluene (4-Cymene) 3 28 11% 28 -- 0 -- -- 0.35 -- -- -- --
Acetone 15 28 54% 28 72,000 0 0% 0% 0.088 -- 0 0 0%
Benzene 15 111 14% 53 0.005 4 8% 8% 0.14 28 58 57 56% X
Carbon disulfide 12 28 43% 28 0.26 0 0% 0% 0.063 0.2 0 0 0%
Dichloromethane (Methylene chloride) 4 28 14% 19 0.034 4 21% 21% 0.44 13 9 9 46%
Ethylbenzene 9 111 8% 111 3.9 2 2% 0% 4.3 1.1 0 0 2%
Isopropylbenzene (Cumene) 7 28 25% 28 8,000 0 0% 0% 0.76 -- 0 0 0%
Methyl isobutyl ketone (4-Methyl-2-pentanone or (MIBK)) 1 28 4% 28 6,400 0 0% 0% 0.0059 -- 0 0 0%
Naphthalene 7 35 20% 35 0.8 7 20% 9% 32.5 41 0 0 20%
n-Butylbenzene 6 28 21% 28 -- 0 -- -- 2.3 -- -- -- --
n-Propylbenzene 7 28 25% 28 8,000 0 0% 0% 1.8 -- 0 0 0%
sec-Butylbenzene 7 28 25% 28 -- 0 -- -- 2.6 -- -- -- --
tert-Butylbenzene 2 28 7% 28 -- 0 -- 0% 0.34 -- -- -- --
Toluene 18 111 16% 111 10 0 0% 0% 0.58 -- 0 0 0%
m,p-Xylene 10 54 19% 54 -- 0 -- -- 0.35 -- -- -- --
o-Xylene 6 54 11% 54 0.95 0 0% 0% 0.032 -- 0 0 0%
Total Xylene (reported, not calculated) 5 57 9% 57 16,000 0 0% 0% 15 -- 0 0 0%

Notes:
1. "Usable data" includes all detected results and non-detects below the most stringent screening level.
2. Most Stringent Screening Level = Unrestricted Land Use-Saturated Soil
mg/kg = milligram per kilogram
MS SL = Most Stringent Screening Level
ND = non-detect
RL = reporting limit (from laboratory)
TEQ = toxic equivalency quotient
-- = Not Available or Not Applicable

Volatile Organics (mg/kg)

Semivolatile Organics (mg/kg)

Final RI/FS Report
Central Waterfront Site

2 of 2 March 2018
120007-01



Table 1b
Soil Summary Statistics - Non-detected Chemicals

No. of 
Detections

No. of 
Samples

Most Stringent 
Screening 

Level (MS SL)
No. of Non-
Usable Data

No. of Non-
Usable Data 

with RL > 
2x MS SL

Exceedance 
Frequency 
(RL>MS SL)

Thallium 0 14 -- -- --

1,2,4-Trichlorobenzene 0 26 0.01 26 26 100%
1,2-Dichlorobenzene 0 26 0.02 26 26 100%
1,3-Dichlorobenzene 0 26 -- -- -- --
1,4-Dichlorobenzene 0 26 0.026 26 26 100%
2,2'-Oxybis (1-chloropropane) 0 26 14 0 0 0%
2,4,5-Trichlorophenol 0 26 46 0 0 0%
2,4,6-Trichlorophenol 0 26 0.01 26 26 100%
2,4-Dichlorophenol 0 26 0.11 26 26 100%
2,4-Dimethylphenol 0 26 0.38 2 0 8%
2,4-Dinitrophenol 0 26 0.40 26 5 100%
2,4-Dinitrotoluene 0 26 0.01 26 26 100%
2,6-Dinitrotoluene 0 26 80 0 0 0%
2-Chloronaphthalene 0 26 6,400 0 0 0%
2-Chlorophenol 0 26 0.12 5 4 19%
2-Methylphenol (o-Cresol) 0 26 4,000 0 0 0%
2-Nitroaniline 0 26 800 0 0 0%
2-Nitrophenol 0 26 -- -- -- --
3,3'-Dichlorobenzidine 0 26 0.1 26 26 100%
3-Nitroaniline 0 26 -- -- -- --
4-Bromophenyl-phenyl ether 0 26 -- -- -- --
4-Chloro-3-methylphenol 0 26 -- -- -- --
4-Chloroaniline 0 26 5 0 0 0%
4-Chlorophenyl phenyl ether 0 26 -- -- -- --
4-Methylphenol (p-Cresol) 0 26 400 0 0 0%
4-Nitroaniline 0 26 -- -- -- --
4-Nitrophenol 0 26 -- -- -- --
Benzoic acid 0 26 320,000 0 0 0%
Benzyl alcohol 0 26 8,000 0 0 0%
bis(2-Chloroethoxy)methane 0 26 -- -- -- --
bis(2-Chloroethyl)ether 0 26 0.01 26 26 100%
Butylbenzyl phthalate 0 26 0.038 26 6 100%
Carbazole 0 26 -- -- -- --
Diethyl phthalate 0 26 0.69 0 0 0%
Dimethyl phthalate 0 26 -- -- -- --
Di-n-butyl phthalate 0 26 1.8 0 0 0%
Dinitro-o-cresol (4,6-Dinitro-2-methylphenol) 0 26 -- -- -- --
Di-n-octyl phthalate 0 26 130 0 0 0%
Hexachlorobenzene 0 26 0.12 5 4 19%
Hexachlorobutadiene (Hexachloro-1,3-butadiene) 0 26 0.084 5 5 19%
Hexachlorocyclopentadiene 0 26 480 0 0 0%
Hexachloroethane 0 26 0.047 26 5 100%
Isophorone 0 26 0.39 2 0 8%
Nitrobenzene 0 26 0.84 0 0 0%
n-Nitrosodi-n-propylamine 0 26 0.01 26 26 100%
n-Nitrosodiphenylamine 0 26 0.039 26 12 100%
Pentachlorophenol 0 26 0.10 26 26 100%
Phenol 0 26 110 0 0 0%

1,1,1,2-Tetrachloroethane 0 28 38 0 0 0%
1,1,1-Trichloroethane 0 28 15 0 0 0%
1,1,2,2-Tetrachloroethane 0 28 0.005 13 13 46%
1,1,2-Trichloroethane 0 28 0.0069 13 13 46%
1,1,2-Trichlorotrifluoroethane 0 28 2,400,000 0 0 0%
1,1-Dichloroethane 0 28 1.6 -- -- --
1,1-Dichloroethene 0 28 0.005 13 13 46%
1,1-Dichloropropene 0 28 -- -- -- --
1,2,3-Trichlorobenzene 0 28 -- -- -- --
1,2,3-Trichloropropane 0 28 0.033 13 13 46%
1,2,4-Trichlorobenzene 0 28 0.01 13 13 46%
1,2-Dibromo-3-chloropropane 0 28 1.3 0 0 0%
1,2-Dichlorobenzene 0 28 0.02 13 13 46%
1,2-Dichloroethane 0 28 0.005 13 13 46%
1,2-Dichloroethene, cis- 0 28 0.091 0 0 0%
1,2-Dichloroethene, trans- 0 28 0.076 2 0 7%
1,2-Dichloropropane 0 28 0.0098 13 13 46%
1,3-Dichlorobenzene 0 28 -- -- -- --
1,3-Dichloropropane 0 28 -- -- -- --
1,3-Dichloropropene, cis- 0 28 -- -- -- --
1,3-Dichloropropene, trans- 0 28 -- -- -- --
1,4-Dichloro-2-butene, trans- 0 28 -- -- -- --
1,4-Dichlorobenzene 0 28 0.026 13 11 46%
2,2-Dichloropropane 0 28 -- -- -- --
2-Chloroethylvinyl ether 0 28 -- -- -- --
2-Chlorotoluene 0 28 1,600 0 0 0%
2-Hexanone (Methyl butyl ketone) 0 28 -- -- -- --
4-Chlorotoluene 0 28 -- -- -- --

Metals (mg/kg)

Semivolatile Organics (mg/kg)

Volatile Organics (mg/kg)

Analytes
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Table 1b
Soil Summary Statistics - Non-detected Chemicals

No. of 
Detections

No. of 
Samples

Most Stringent 
Screening 

Level (MS SL)
No. of Non-
Usable Data

No. of Non-
Usable Data 

with RL > 
2x MS SL

Exceedance 
Frequency 
(RL>MS SL)

 
Analytes

Acrolein 0 28 40 0 0 0%
Acrylonitrile 0 28 1.9 0 0 0%
Bromobenzene 0 28 -- -- -- --
Bromochloromethane 0 28 -- -- -- --
Bromodichloromethane 0 28 0.005 13 13 46%
Bromoform (Tribromomethane) 0 28 0.18 0 0 0%
Bromomethane (Methyl bromide) 0 28 0.005 13 13 46%
Carbon tetrachloride (Tetrachloromethane) 0 28 0.005 13 13 46%
Chlorobenzene 0 28 0.2 0 0 0%
Chloroethane 0 28 -- -- -- --
Chloroform 0 28 0.005 13 13 46%
Chloromethane 0 28 0.005 13 13 46%
Dibromochloromethane 0 28 0.005 13 13 46%
Dibromomethane 0 28 800 0 0 0%
Ethyl bromide (Bromoethane) 0 28 -- -- -- --
Ethylene dibromide (1,2-Dibromoethane) 0 28 0.02 13 13 46%
Hexachlorobutadiene (Hexachloro-1,3-butadiene) 0 28 0.084 13 13 46%
Methyl iodide (Iodomethane) 0 28 -- -- -- --
Methyl tert-butyl ether (MTBE) 0 7 -- -- -- --
Styrene 0 28 0.58 0 0 0%
Tetrachloroethene (PCE) 0 28 0.0079 13 13 46%
Trichloroethene (TCE) 0 28 0.005 13 13 46%
Trichlorofluoromethane (Fluorotrichloromethane) 0 28 24,000 0 0 0%
Vinyl acetate 0 28 2.6 0 0 0%
Vinyl chloride 0 28 0.005 13 13 46%

Notes:
1. Most Stringent Screening Level = Unrestricted Land Use-Saturated Soil
mg/kg = milligram per kilogram
MS SL = Most Stringent Screening Level
ND = non-detect
RL = reporting limit (from laboratory)
-- = Not Available or Not Applicable
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Table 2a
Groundwater Summary Statistics

No. of 
Detections

No. of 
Samples

Frequency 
of Detection

No. of 
Usable 
Data

Most Stringent 
Screening Level 

(MS SL)

No. of 
Detections > 

MS SL

Exceedance 
Frequency 
(Usable)

Usable Data 
2x MS SL

Maximum 
Detected 

Concentration

Maximum 
Exceedance 

Factor
No. of Non-
Usable Data

No. of Non-
Usable Data 
with RL > 2x 

MS SL

Exceedance 
Frequency 
(w/Non-
usable)

Chemical 
Selected for 

Mapping

Gasoline range hydrocarbons 54 152 36% 152 800 35 23% 17% 41,000 51 0 0 23% X
Diesel range hydrocarbons 76 153 50% 152 500 62 41% 31% 500,000 1,000 1 0 41% X
Motor oil range hydrocarbons 52 154 34% 134 500 34 25% 16% 30,000 60.0 20 8 35% X

Diesel range hydrocarbons (silica gel treated) 1 4 25% 4 500 0 0% 0% 180 -- 0 0 0% X

Antimony 2 82 2% 82 -- 0 -- -- 21.5 -- -- -- --
Arsenic 56 132 42% 63 5.0 56 89% 78% 2,460 492 69 47 95% X
Barium 50 50 100% 50 -- 0 -- -- 715 -- 0 0 0%
Beryllium 15 82 18% 82 -- 0 -- -- 4.7 -- 0 0 0%
Cadmium 15 82 18% 50 8.8 4 8% 4% 55.9 6.4 32 0 44% X
Chromium 104 132 79% 132 260 10 8% 4% 2,010 7.7 0 0 8% X
Chromium VI 6 49 12% 49 50 0 0% 0% 2.7 -- 0 0 0%
Copper 77 132 58% 108 3.1 74 69% 56% 2,920 942 24 22 74% X
Lead 57 151 38% 71 8.1 42 59% 46% 12,400 1,531 80 69 81% X
Manganese 20 20 100% 20 100 13 65% 60% 1,910 19 0 0 65%
Mercury 22 132 17% 22 0.059 22 100% 68% 3.4 58 110 25 100% X
Nickel 55 129 43% 65 8.2 40 62% 43% 419 51 64 2 81% X
Selenium 23 82 28% 82 71 0 0% 0% 69.6 -- 0 0 0%
Silver 16 82 20% 82 1,900 0 0% 0% 80.8 -- 0 0 0%
Thallium 6 82 7% 82 -- 0 -- -- 28.5 -- -- -- --
Zinc 76 132 58% 132 81 31 23% 13% 11,400 141 0 0 23% X

Arsenic 1 17 6% 1 5.0 1.0 100% 100% 150 30 16 16 100%
Barium 17 17 100% 17 -- 0 -- -- 202 -- -- -- --
Chromium 10 17 59% 17 260 2 12% 12% 2,000 7.7 0 0 12%
Nickel 2 17 12% 2 8.2 2 100% 100% 20 2.4 15 0 100%
Zinc 2 17 12% 17 81 0 0% 0% 20 -- 0 0 0%

1-Methylnaphthalene 14 53 26% 53 -- 0 -- -- 40 -- -- -- --
2-Methylnaphthalene 7 53 13% 53 -- 0 -- -- 65 -- -- -- --
Acenaphthene 56 113 50% 113 3.3 0 0% 0% 3.0 -- 0 0 0%
Acenaphthylene 21 113 19% 113 -- 0 -- -- 2.0 -- -- -- --
Anthracene 39 113 35% 113 9.6 0 0% 0% 2.0 -- 0 0 0%
Benzo(a)anthracene 29 116 25% 62 0.02 21 34% 31% 2.0 100 54 54 65%
Benzo(a)pyrene 21 116 18% 60 0.02 20 33% 28% 2.0 100 56 56 66%
Benzo(b)fluoranthene 26 116 22% 60 0.02 23 38% 28% 2.0 100 56 56 68%
Benzo(k)fluoranthene 22 116 19% 59 0.02 16 27% 19% 0.8 40 57 57 63%
Benzo(g,h,i)perylene 21 113 19% 113 -- 0 -- -- 3.0 -- -- -- --
Chrysene 33 116 28% 63 0.02 26 41% 33% 3.0 150 53 53 68%
Dibenzo(a,h)anthracene 15 116 13% 59 0.02 9 15% 14% 0.5 25 57 57 57%
Dibenzofuran 4 37 11% 53 -- 0 -- -- 1.0 -- -- -- --

Analytes
Total Petroleum Hydrocarbons (µg/L)

Total Petroleum Hydrocarbons - Silica Gel Treated (µg/L)

Metals, Total (µg/L)

Metals, Dissolved (µg/L)

Polycyclic Aromatic Hydrocarbons (µg/L)
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Table 2a
Groundwater Summary Statistics

No. of 
Detections

No. of 
Samples

Frequency 
of Detection

No. of 
Usable 
Data

Most Stringent 
Screening Level 

(MS SL)

No. of 
Detections > 

MS SL

Exceedance 
Frequency 
(Usable)

Usable Data 
2x MS SL

Maximum 
Detected 

Concentration

Maximum 
Exceedance 

Factor
No. of Non-
Usable Data

No. of Non-
Usable Data 
with RL > 2x 

MS SL

Exceedance 
Frequency 
(w/Non-
usable)

Chemical 
Selected for 

MappingAnalytes
   Fluoranthene 42 113 37% 113 3.3 1 1% 0% 4.0 1.2 0 0 1%
Fluorene 48 113 42% 113 3.0 7.0 6% 4% 12 4.0 0 0 6%
Indeno(1,2,3-c,d)pyrene 20 116 17% 60 0.02 17 28% 23% 2.0 100 56 56 63%
Naphthalene 73 135 54% 135 83 12 9% 8% 1,900 23 0 0 9% X
Phenanthrene 54 113 48% 113 -- 0 -- -- 41 -- -- -- --
Pyrene 42 113 37% 113 15 0 0% 0% 8.0 -- 0 0 0%
Total cPAH TEQ (7 minimum CAEPA 2005) (U = 1/2) 35 117 30% 64 0.02 24 38% 34% 2.8 138 53 53 66% X

1,4-Dichlorobenzene 6 16 38% 16 5.0 3.0 19% 0% 6.7 1.3 0 0 19%
2,4-Dimethylphenol 3 16 19% 16 200 0 0% 0% 32 -- 0 0 0%
4-Methylphenol (p-Cresol) 1 16 6% 16 -- 0 -- -- 1.2 -- -- -- --
bis(2-Ethylhexyl)phthalate 6 16 38% 16 1.0 5.0 31% 25% 25 25 0 0 31%
Carbazole 2 16 13% 16 -- 0 -- -- 1.4 -- -- -- --
Diethyl phthalate 1 16 6% 16 740 0 0% 0% 2.0 -- 0 0 0%
n-Nitrosodiphenylamine 1 16 6% 16 3.74 0.00 0% 0% 1.1 -- 0 0 0%

1,2,4-Trimethylbenzene 5 55 9% 55 24 3 5% 0% 33 1.4 0 0 5%
1,3,5-Trimethylbenzene (Mesitylene) 5 55 9% 55 25 0 0% 0% 19 -- 0 0 0%
1,4-Dichlorobenzene 4 28 14% 28 5.0 3.0 11% 7% 11 2.2 0 0 11%
4-Isopropyltoluene (4-Cymene) 2 28 7% 28 -- 0 -- -- 1.4 -- -- -- --
Acetone 5 28 18% 28 -- 0 -- -- 13 -- -- -- --
Benzene 25 167 15% 157 2.4 21 13% 11% 970 404 10 10 19% X
Carbon disulfide 2 28 7% 28 400 0 0% 0% 2.1 -- 0 0 0%
Chlorobenzene 3 28 11% 28 100 0 0% 0% 57 -- 0 0 0%
Ethylbenzene 38 167 23% 167 2,100 0 0% 0% 1,300 -- 0 0 0%
Isopropylbenzene (Cumene) 9 28 32% 28 720 0 0% 0% 30 -- 0 0 0%
Naphthalene 5 28 18% 28 83 1 4% 0% 130 1.6 0 0 4%
n-Butylbenzene 5 28 18% 28 -- 0 -- -- 4.7 -- -- -- --
n-Propylbenzene 8 28 29% 28 -- 0 -- -- 24 -- -- -- --
sec-Butylbenzene 5 28 18% 28 -- 0 -- -- 8.6 -- -- -- --
tert-Butyl alcohol (2-Methyl-2-propanol) 3 26 12% 26 -- 0 -- -- 130 -- -- -- --
tert-Butylbenzene 2 28 7% 28 -- 0 -- -- 1.3 -- -- -- --
Toluene 32 167 19% 167 7,300 0 0% 0% 78 -- 0 0 0%
m,p-Xylene 11 72 15% 72 -- 0 -- -- 140 -- -- -- --
o-Xylene 5 72 7% 72 440 0 0% 0% 24 -- 0 0 0%
Total xylene (reported, not calculated) 24 95 25% 95 -- 0 -- -- 2,300 -- -- -- --

Notes:
1. "Usable data" includes all detected results and non-detects below the most stringent screening level for groundwater results from 2002 to present.
2. Most Stringent Screening Level = Unrestricted Land Use-Groundwater
µg/L = microgram per liter
MS SL = Most Stringent Screening Level
ND = non-detect
RL = reporting limit (from laboratory)
TEQ = toxic equivalency quotient
-- = Not Available or Not Applicable

Volatile Organics (µg/L)

Semivolatile Organics (µg/L)
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Table 2b
Groundwater Summary Statistics - Non-detected Chemicals

No. of 
Detections

No. of 
Samples

Most Stringent 
Screening 

Level (MS SL)
No. of Non-
Usable Data

No. of Non-
Usable Data 

with RL > 
2x MS SL

Exceedance 
Frequency 
(RL>MS SL)

Vanadium 0 3 -- -- -- --

Copper 0 17 3.1 0 0 0%
Lead 0 17 8.1 17 17 100%
Mercury 0 17 0.059 17 0 100%

1,2,4-Trichlorobenzene 0 16 0.48 16 16 100%
1,2-Dichlorobenzene 0 16 6.1 0 0 0%
1,3-Dichlorobenzene 0 16 960 0 0 0%
2,2'-Oxybis (1-chloropropane) 0 16 14.3 0 0 0%
2,4,5-Trichlorophenol 0 16 3,600 0 0 0%
2,4,6-Trichlorophenol 0 16 2.4 16 16 100%
2,4-Dichlorophenol 0 16 73.3 0 0 0%
2,4-Dinitrophenol 0 16 1,400 0 0 0%
2,4-Dinitrotoluene 0 16 3.4 16 0 100%
2,6-Dinitrotoluene 0 16 -- -- -- --
2-Chloronaphthalene 0 16 390 0 0 0%
2-Chlorophenol 0 16 37.4 0 0 0%
2-Methylphenol (o-Cresol) 0 16 -- -- -- --
2-Nitroaniline 0 16 -- -- -- --
2-Nitrophenol 0 16 -- -- -- --
3,3'-Dichlorobenzidine 0 16 2.0 16 16 100%
3-Nitroaniline 0 16 -- -- -- --
4-Bromophenyl-phenyl ether 0 16 -- -- -- --
4-Chloro-3-methylphenol 0 16 -- -- -- --
4-Chloroaniline 0 16 -- -- -- --
4-Chlorophenyl phenyl ether 0 16 -- -- -- --
4-Nitroaniline 0 16 -- -- -- --
4-Nitrophenol 0 16 -- -- -- --
Benzoic acid 0 16 -- -- -- --
Benzyl alcohol 0 16 -- -- -- --
bis(2-Chloroethoxy)methane 0 16 -- -- -- --
bis(2-Chloroethyl)ether 0 16 0.53 16 0 100%
Butylbenzyl phthalate 0 16 0.35 16 16 100%
Dibenzofuran 0 16 -- -- -- --
Dimethyl phthalate 0 16 1,100,000 0 0 0%
Di-n-butyl phthalate 0 16 140 0 0 0%
Dinitro-o-cresol (4,6-Dinitro-2-methylphenol) 0 16 -- -- -- --
Di-n-octyl phthalate 0 16 0.2 16 16 100%
Hexachlorobenzene 0 16 0.2 16 16 100%
Hexachlorobutadiene (Hexachloro-1,3-butadiene) 0 16 0.2 16 16 100%
Hexachlorocyclopentadiene 0 16 1,100 0 0 0%
Hexachloroethane 0 16 3.3 0 0 0%
Isophorone 0 16 600 0 0 0%
Nitrobenzene 0 16 690 0 0 0%
n-Nitrosodi-n-propylamine 0 16 0.316 16 16 100%
Pentachlorophenol 0 16 3 16 0 100%
Phenol 0 16 216,000 0 0 0%
tert-Amyl methyl ether (TAME) 0 26 -- -- -- --

Motor oil range hydrocarbons (silica gel treated) 0 4 500 0 0 0%

1,1,1,2-Tetrachloroethane 0 28 7.4 0 0 0%
1,1,1-Trichloroethane 0 28 11,000 0 0 0%
1,1,2,2-Tetrachloroethane 0 28 4.0 0 0 0%
1,1,2-Trichloroethane 0 28 7.9 0 0 0%
1,1,2-Trichlorotrifluoroethane 0 28 1,100 0 0 0%
1,1-Dichloroethane 0 28 2,300 0 0 0%
1,1-Dichloroethene 0 28 3.2 0 0 0%
1,1-Dichloropropene 0 28 -- -- -- --
1,2,3-Trichlorobenzene 0 28 -- -- -- --
1,2,3-Trichloropropane 0 28 -- -- -- --
1,2,4-Trichlorobenzene 0 28 0.48 28 26 100%
1,2-Dibromo-3-chloropropane 0 28 -- -- -- --
1,2-Dichlorobenzene 0 28 6.1 0 0 0%
1,2-Dichloroethane 0 54 4.2 0 0 0%
1,2-Dichloroethene, cis- 0 28 160 0 0 0%
1,2-Dichloroethene, trans- 0 28 130 0 0 0%
1,2-Dichloropropane 0 28 15 0 0 0%
1,3-Dichlorobenzene 0 28 960 0 0 0%
1,3-Dichloropropane 0 28 -- -- -- --
1,3-Dichloropropene, cis- 0 28 -- -- -- --

Analytes

Volatile Organics (µg/L)

Metals (µg/L)

Metals, Dissolved (µg/L)

Semivolatile Organics (µg/L)

Total Petroleum Hydrocarbons - Silica Gel Treated (µg/L)
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Table 2b
Groundwater Summary Statistics - Non-detected Chemicals

No. of 
Detections

No. of 
Samples

Most Stringent 
Screening 

Level (MS SL)
No. of Non-
Usable Data

No. of Non-
Usable Data 

with RL > 
2x MS SL

Exceedance 
Frequency 
(RL>MS SL)Analytes

 1,3-Dichloropropene, trans- 0 28 -- -- -- --
1,4-Dichloro-2-butene, trans- 0 28 -- -- -- --
2,2-Dichloropropane 0 28 -- -- -- --
2-Butanone (MEK) 0 28 350,000 0 0 0%
2-Chloroethylvinyl ether 0 28 -- -- -- --
2-Chlorotoluene 0 28 -- -- -- --
2-Hexanone (Methyl butyl ketone) 0 28 -- -- -- --
4-Chlorotoluene 0 28 -- -- -- --
Acrolein 0 28 20 26 26 93%
Acrylonitrile 0 28 5.0 0 0 0%
Bromobenzene 0 28 -- -- -- --
Bromochloromethane 0 28 -- -- -- --
Bromodichloromethane 0 28 0.5 26 0 93%
Bromoform (Tribromomethane) 0 28 140 0 0 0%
Bromomethane (Methyl bromide) 0 28 13 0 0 0%
Carbon tetrachloride (Tetrachloromethane) 0 28 0.5 26 0 93%
Chloroethane 0 28 12 0 0 0%
Chloroform 0 28 1.2 0 0 0%
Chloromethane 0 28 5.2 0 0 0%
Dibromochloromethane 0 28 0.5 26 0 93%
Dibromomethane 0 28 -- -- -- --
Dichloromethane (Methylene chloride) 0 28 94 0 0 0%
Diisopropylether 0 18 -- -- -- --
Ethanol 0 7 -- -- -- --
Ethyl bromide (Bromoethane) 0 28 -- -- -- --
Ethyl tert-butyl ether (ETBE) 0 26 -- -- -- --
Ethylene dibromide (1,2-Dibromoethane) 0 54 2.0 0 0 0%
Hexachlorobutadiene (Hexachloro-1,3-butadiene) 0 28 0.2 28 28 100%
Methyl iodide (Iodomethane) 0 28 -- -- -- --
Methyl isobutyl ketone (4-Methyl-2-pentanone or (MIBK)) 0 28 11,000 0 0 0%
Methyl tert-butyl ether (MTBE) 0 63 -- -- -- --
Styrene 0 28 78 0 0 0%
Tetrachloroethene (PCE) 0 28 3.3 0 0 0%
Trichloroethene (TCE) 0 28 1.6 0 0 0%
Trichlorofluoromethane (Fluorotrichloromethane) 0 28 120 0 0 0%
Vinyl acetate 0 28 7,800 0 0 0%
Vinyl chloride 0 28 0.5 26 0 93%

Notes:
1. Most Stringent Screening Level = Unrestricted Land Use-Groundwater
µg/L = microgram per liter
MS SL = Most Stringent Screening Level
ND = non-detect
RL = reporting limit (from laboratory)
-- = Not Available or Not Applicable
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Table 3
Porewater Summary Statistics

No. of 
Detections

No. of 
Samples

Frequency of 
Detection

Most Stringent 
Screening Level 

(MS SL)
No. of Non-Usable 

Data

No. of Non-
Usuable Data with 

RL > 
2x MS SL

Exceedance 
Frequency 
(Usable)

Maximum 
Detected 

Concentration

Maximum 
Exceedance 

Factor
Chemical Selected 

for Mapping

Gasoline range hydrocarbons 2 7 29% 800 0 0 0% 180 -- X
Diesel range hydrocarbons 6 7 86% 500 0 0 33% 1,400 2.8 X
Motor oil range hydrocarbons 6 7 86% 500 0 0 50% 1,600 3.2 X

Diesel range hydrocarbons (silica gel treated) 0 7 0% 500 0 0 0% -- -- X
Motor oil range hydrocarbons (silica gel treated) 2 7 29% 500 0 0 50% 1,100 2.2 X

Benzene 1 7 14% 2.4 0 0 100% 66 28 X
Ethylbenzene 1 7 14% 2,100 0 0 0% 0.32 -- --
m,p-Xylene 1 7 14% -- -- -- -- 1.50 -- --
o-Xylene 0 7 0% 440 0 0 0% -- -- --
Toluene 3 7 43% 7,300 0 0 0% 1.90 -- --

Notes:
1. All porewater data are classified as "usable data" (includes all detected results and non-detects below the most stringent screening level).
2. Most Stringent Screening Level = Unrestricted Land Use-Groundwater
µg/L = microgram per liter
MS SL = Most Stringent Screening Level
ND = non-detect
RL = reporting limit (from laboratory)
-- = Not Available or Not Applicable

Total Petroleum Hydrocarbons (µg/L)

Volatile Organics (µg/L)

Total Petroleum Hydrocarbons - Silica Gel Treated (µg/L)

Analytes
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Table 4
Seep Water Summary Statistics

No. of 
Detections

No. of 
Samples

Frequency of 
Detection

Most Stringent 
Screening Level 

(MS SL)
No. of Non-Usable 

Data

No. of Non-
Usuable Data with 

RL > 
2x MS SL

Exceedance 
Frequency  
(Usable)

Maximum 
Detected 

Concentration

Maximum 
Exceedance 

Factor
Chemical Selected 

for Mapping

Gasoline range hydrocarbons 1 2 50% 800 0 0 0% 70 0.1 X
Diesel range hydrocarbons 1 2 50% 500 0 0 100% 960 1.9 X
Motor oil range hydrocarbons 1 2 50% 500 1 0 0% 250 0.5 X

Diesel range hydrocarbons (silica gel treated) 0 2 0% 500 0 0 0% -- -- X
Motor oil range hydrocarbons (silica gel treated) 0 2 0% 500 0 0 0% -- -- X

Benzene 0 2 0% 2.4 0 0 0% -- -- X
Ethylbenzene 0 2 0% 2,100 0 0 0% -- -- --
m,p-Xylene 0 2 0% 0 0 0% -- -- --
o-Xylene 0 2 0% 440 0 0 0% -- -- --
Toluene 0 2 0% 7,300 0 0 0% -- -- --

Notes:
1. All seep water data are classified as "usable data" (includes all detected results and non-detects below the most stringent screening level), except one TPH-Diesel range hydrocarbons sample.
2. Most Stringent Screening Level = Unrestricted Land Use-Groundwater
µg/L = microgram per liter
MS SL = Most Stringent Screening Level
ND = non-detect
RL = reporting limit (from laboratory)
-- = Not Available or Not Applicable

Total Petroleum Hydrocarbons (µg/L)

Volatile Organics (µg/L)

Total Petroleum Hydrocarbons - Silica Gel Treated (µg/L)

Analytes

Final RI/FS Report
Central Waterfront Site

1 of 1 March 2018
120007-01



 

 

 

 

 

 

 

APPENDIX F  
DEVELOPMENT OF SOIL TPH RESIDUAL 
SATURATION CONCENTRATION 
 
 



 
 
 

Final RI/FS Report  March 2018 
Central Waterfront Site F-1 120007-01 

This appendix documents the development of site-specific soil total petroleum hydrocarbons 
(TPH) residual saturation value for the Central Waterfront Site (Site).  When establishing 
TPH soil cleanup levels, generation of mobile non-aqueous phase liquid (NAPL; i.e., residual 
saturation) needs to be addressed, in addition to direct contact and soil-to-groundwater 
pathways.  Residual saturation is the concentration below which the NAPL is not mobile.  
The residual saturation concentration depends on characteristics of the NAPL (e.g., density 
and viscosity) and soil (e.g., moisture content and permeability).  
 
A site-specific residual saturation concentration can be estimated based on empirical 
measurements of pore fluid saturation of NAPL following centrifuging soil samples 
containing NAPL.  During the 2007-2008 remedial investigation, two NAPL-producing soil 
samples (CWSB-5-6-8 and CWSB-10-9-9.5) were centrifuged and analyzed for volume of 
NAPL (Table 3-6, AECOM 2009).  The percent by volume of NAPL within soil pore space 
was 9.5% and 10.1% for each of the two samples, respectively (9.8% in average).  For this 
analysis, NAPL volumes have been converted to concentrations using the following 
equation:  
 

𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
𝑀𝑀𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝑀𝑀𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑀𝑀𝑠𝑠
=

𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 × 𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 × 𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑉𝑉𝑠𝑠 × 𝜌𝜌𝑠𝑠

=
𝑆𝑆𝑜𝑜𝑜𝑜 × 𝑉𝑉𝑏𝑏 × 𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝑆𝑆𝑜𝑜𝑜𝑜 × 𝑉𝑉𝑏𝑏 × 𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + (1 − 𝑉𝑉𝑏𝑏) × 𝜌𝜌𝑠𝑠
 

 

where:  

CNAPL = concentration of NAPL, per dry weight mass of soil 
MNAPL = mass of NAPL 
Ms = mass of solids 
ρNAPL = density of NAPL 
ρs = density of solids 
VNAPL = volume of NAPL 
Vs = volume of solids 
Sor = residual NAPL pore fluid saturation after centrifuging 
Vb = bulk volume (total porosity) 
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The calculated NAPL concentrations for samples CWSB-5-6-8 and CWSB-10-9-9.5 were 
20,000 milligrams per kilogram dry weight (mg/kg dw) and 17,000 mg/kg dw, respectively, 
and the resulting average was 19,000 mg/kg dw using the equation above, with appropriate 
conversion factors and rounded to two significant digits.  Table F-1 provides a detailed 
summary of the data input and calculation of the residual saturation value.   
 
These site-specific calculations were compared to general estimates of residual NAPL 
concentrations developed from theoretical calculations and literature values.  The plot 
below, originally generated by Ecology (Aspect Consulting 2013), provides theoretical 
estimates of residual saturation (as equivalent soil concentration in mg/kg) for various 
petroleum product types as a function of soil saturated vertical hydraulic conductivity (Kv), 
and using Model Toxics Control Act (MTCA) default values for soil physical properties (total 
porosity, moisture content, and bulk density).  
 

 
 
In the light NAPL (LNAPL) impacted area of the Site, the groundwater table is in a silty sand 
lithology.  Hydraulic conductivities, estimated during the Roeder Avenue Landfill RI/FS 
(2001) using slug test results, ranged from 2x10-3 to 2x10-2 centimeters per second (cm/s) (5 to 
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60 feet/day) for the Sand Unit (AECOM 2009).  At these conductivities, the plot shows that 
the empirical calculation of residual NAPL of 19,000 mg/kg is reasonable for the diesel and 
gasoline mixture observed at the Site.     
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Table F-1
Calculation of Soil TPH Residual Saturation Concentration

General Equation:

Since:
Mass = density (ρ) * volume (V)

Therefore:
Mass of Soil (Mtotal), dry weight = Mass of Solids (Ms) + Mass of NAPL (MNAPL) = ρs * Vs + ρNAPL * VNAPL

Then:
NAPL Concentration, dry weight (CNAPL) = MNAPL / (Ms + MNAPL) = ρNAPL * VNAPL / (ρs * Vs + ρNAPL * VNAPL) (NAPL fraction)

Assumed Parameters
Vtotal 1 liter = 1000 cc (unit volume) 

Measured Parameters 1

Density of Solids (ρs) = 2.69 g/cc
Density of NAPL (ρNAPL) = 0.86 g/cc

NAPL Residual Saturation, as % of Vvoid (Sor) = 9.8% (post-centrifuge average measurement)
Bulk Volume (Total Porosity), as Vvoid / Vtotal (Vb) = 37.7% (average measurement)

Calculated Parameters
Volume of Solids (Vs) = 62% = 1 - Total Porosity
Volume of Solids (Vs) = 623 gram/1000 cc of soil  (units conversion to relate to 1 L of soil)

Mass of Solids (Ms) = 1676 gram/1000 cc of soil = ρs * Vs

Volume of NAPL (VNAPL) = 3.7%  = NAPL Residual Saturation * Bulk volume
Volume of NAPL (VNAPL) = 37 cc/1000 cc of soil (units conversion to put in terms of 1 L of soil)

Mass of NAPL (MNAPL) = 32 grams/1000 cc soil, = ρNAPL * VNAPL

NAPL Concentration @ Residual Saturation, as % = 1.9%  = Mn / (Ms + Mn)

NAPL Concentration @ Residual Saturation (CNAPL) = 19000 mg/kg (expressed as parts per million, dry weight)

Note:

Mass of Soil (Mtotal) = Mass of Water (Mw) + Mass of Solids (Ms) + Mass of NAPL (MNAPL) + Mass of Air (Ma)
where Masses of Air (Ma) and Water (Mw) are negligible. Dry weight-based TPH concentrations are assumed.

1. Measured parameters are based on 2007 samples CWSB-5-6-8 and CWSB-10-9-9.5, from Table 3-6 of Section 3 (Free Product Mobility: Initial and Residual Saturation) of the Central Waterfront Site 
RI/FS (AECOM, 2009).
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APPENDIX H  
GROUNDWATER QUALITY EVALUATION 
MEMORANDUM  
  



720 Olive Way, Suite 1900 
Seattle, Washington  98101 

Phone 206.287.9130 
Fax 206.287.9131 

 
 
 

M E M O R A N D U M 
To: Brian Sato,  

Washington State Department of Ecology 

Date: February 10, 2017 

From: Halah Voges and Sylian Rodriguez,  
Anchor QEA, LLC 

Project: 120007-01.01 

Cc: Brian Gouran and Ben Howard,  
Port of Bellingham 

  

Re: Groundwater Quality Evaluation for Total Petroleum Hydrocarbons, Benzene, 
and Dissolved Metals in the C Street Properties Subarea, Central Waterfront Site 

 
Natural attenuation refers to physical, chemical, or biological processes that can lead to the 
reduction of mass, toxicity, mobility, volume, or concentration of contaminants in soil and/or 
groundwater.  These processes include biodegradation, dispersion, mixing, sorption, 
volatilization, and chemical or biological stabilization, transformation, or destruction of 
contaminants of concern (COCs).  Based on findings in Section 6 of the Remedial 
Investigation/Feasibility Study (RI/FS), monitored natural attenuation (MNA) has been 
retained as a viable remedial technology in the Feasibility Study (FS) at the Central 
Waterfront Site (Site).  It is anticipated that monitoring will be required to verify the 
performance of natural attenuation.  The information from the RI provides a baseline against 
which long-term monitoring data can be compared. 
 
Additional lines of evidence are presented in this memorandum to demonstrate that natural 
biodegradation and/or chemical degradation is occurring and will continue to occur at 
reasonable rates, in support of the use of MNA at the Site and in accordance with the 
requirements presented in WAC 173-340-370(7)(c).  Groundwater quality at the C Street 
Properties subarea was evaluated over time and distance, and associated trends were derived 
for the primary groundwater COCs for this subarea: total petroleum hydrocarbons (TPH; as 
gasoline [TPH-G] and diesel [TPH-Dx] fractions), benzene, and metals (in the dissolved 
fraction). 
 



 Brian Sato 
February 10, 2017 

 Page 2  

 
 
 

GROUNDWATER RESULTS AND TRENDS FOR TPH 
The groundwater monitoring well network used for evaluating groundwater quality at the 
C Street Properties subarea is shown in Figure 1.1  It must be noted that the network shown 
consists of active groundwater monitoring wells and abandoned wells that were sampled 
previously and provide historical groundwater quality data for temporal analysis.  The 
network includes shallow and deep wells along the southern shoreline of this subarea—
RMW-7, MW-12A(C), MW-65(C), CWMW-65(C), CWMW-2,2 CWMW-18, MW-69(C), 
MW-70(C), MW-1(B), MW-3(B), MW-4(B), and MW-13(B)—which are representative of 
the groundwater quality that eventually discharges into Whatcom Waterway.  Two shallow 
shoreline monitoring wells (CWF-CW-1 and CWF-CW-2) were recently installed in July 
20163 and are also included in the groundwater monitoring well network for the C Street 
Properties subarea. 
 
Figure 2a depicts TPH-G groundwater concentrations for an approximate 20-year timeframe4 
corresponding to February 1995 through July 2016.  MW-1(B), MW-70(C), and CWMW-2 
are the only wells that have historically exceeded the TPH-G screening level of 800 
micrograms per liter (µg/L); however, TPH-G concentrations in these wells have 
significantly decreased in the last 12 years to be either undetected or below the screening 
level, with the exception of MW-1(B), which had an elevated TPH-G concentration of 
1,300 µg/L during the July 2012 sampling event.  Most recent groundwater results from July 
2016 for CWF-CW-1 and CWF-CW-2 indicate TPH-G concentrations well below 800 µg/L 
(at 250 and 100 µg/L [undetected], respectively). 
 
Groundwater quality trends for TPH-G are presented in Figure 2b for wells MW-1B,  
MW-70(C) and CWMW-2, indicating a decreasing trend in TPH-G concentrations.  Power 
regression models were applied to these data sets, indicating good statistical correlation for 
                                                           
1 Selected groundwater monitoring wells were used in this groundwater quality memorandum to evaluate representative 
groundwater temporal and spatial trends.  Section 6 of the RI/FS presents the full set of groundwater data, with historical 
and RI results.  
2 CWMW-2 is the only deep well in this subarea, screened from approximately 30 to 40 feet below ground surface (bgs).  All 
other wells are screened at depths shallower than 20 feet bgs. 
3 These two wells were installed at Ecology’s request to inform and evaluate the performance of the containment walls in 
preventing the migration of contaminated Site groundwater to Whatcom Waterway surface water and sediments.  They 
included two sampling events: July and November 2016 (Anchor QEA 2016a and 2016b).  See Figure 1 for their location. 
4 Tables 6-5a and 6-5b (see Section 6 of the RI/FS) present the full set of groundwater results for TPH and other COCs for 
the C Street Properties subarea.   
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MW-1B and CWMW-2, with coefficients (R-squared value [R2]) greater than 0.9.5  Although 
the most recent TPH-G result at MW-1(B) still exceeded the screening level in 2012 (as 
indicated above), the trend power line (with a high R2 of 0.98) for this well suggests the 
TPH-G concentration would currently be below 800 µg/L.6 
 
Figure 3a shows the temporal groundwater distribution for TPH-Dx.  Although all historical 
TPH-Dx data were used for plotting purposes, it is important to note that groundwater 
samples collected prior to 2012 were not analyzed using silica gel cleanup; these results 
include interference from unresolved complex matter, as described in the Central Waterfront 
RI/FS Work Plan Addendum No. 5 (Anchor QEA 2012a).  Therefore, available TPH-Dx 
groundwater concentrations from 1995 to 2008 are assumed to be very conservative, and 
likely overestimated.  TPH-Dx concentrations historically exceeded the screening level of 
500 µg/L in wells MW-12A(C), MW-65(C), MW-1(B), MW-69(C), and MW-70(C).  The 
most recent TPH-Dx groundwater exceedance was measured at MW-70(C) in 2008 (at 
1,300 µg/L).  Since then, all other remaining southern shoreline wells have historically had 
either non-detect TPH-Dx concentrations or concentrations detected well below the 
screening level, including the July 2016 TPH-Dx sampling event at CWF-CW-1 and 
CWF-CW-2. 
 
Data from wells MW-1B, MW-12A(C), and MW-65(C) were used to evaluate groundwater 
quality trends for TPH-Dx (Figure 3b).7  TPH-Dx concentrations were fitted to power 
regression models, resulting in fair statistical correlation, with coefficients ranging between 
0.67 and 0.81.  The lower R2 values observed for TPH-Dx, compared to the correlations 
obtained for TPH-G, are likely due to the wide spread of data resulting from combining 
samples analyzed between 1995 and 2008 (without using silica gel cleanup) with 2012 silica 
gel data.  However, steady declining trends in TPH-Dx concentrations are observed for the 
three wells, with no exceedances of the 500 µg/L TPH-Dx screening level since 2008.   
 

                                                           
5 The R2 obtained for the MW-70(C) data was 0.4 due to an outlying high TPH-G concentration measured in 2003 at 5,300 
µg/L.  However, a consistent downward trend in TPH-G concentrations is observed for this well, similar to MW-1B and 
CWMW-2.   
6 MW-1(B) was abandoned in conjunction with the Phase 1 Whatcom Waterway Cleanup. 
7 Groundwater results from MW-70(C) were not used in the TPH-Dx trend analysis due to the large variability of the data 
over time. 



 Brian Sato 
February 10, 2017 

 Page 4  

 
 
 

In addition, groundwater data were compiled with available seep and porewater data8 for 
TPH-G and TPH-Dx (July 2012 and July 2016 sampling events, Anchor QEA 2012b, 2016a) 
to evaluate the attenuation of TPH with distance.  The seep and porewater sample locations 
are shown in Figure 1.  Groundwater-seep-porewater transects are presented in Figure 4 for 
the following sets of well/sample locations: 1) MW-1(B) and CW-PW-06; 2) CWMW-2, 
CWMW-18, CW-SP-01, and CW-PW-03; 3) CWMW-65(C) and CW-PW-02; and 
4) CWF-CW-1 and CWF-PW-1.  The first, second, and fourth transects indicate a decline in 
TPH-G concentrations with distance, from the upland (with detected results in groundwater) 
into the shoreline (with non-detect results in porewater).  TPH-Dx for these three transects 
show that groundwater results are already mostly undetected and well below the screening 
level in the upland (and all undetected in porewater).  TPH-G and TPH-Dx concentrations 
were non-detect along the third transect (detection limits of about 30 and 100 µg/L, 
respectively).  
 
An additional line of evidence of natural attenuation for TPH in the C Street Properties 
subarea is the evaluation of geochemical indicators and microbial reactions involved in 
biological/chemical degradation of petroleum-contaminated groundwater.  In accordance 
with the Washington State Department of Ecology’s guidance (Ecology 2005), geochemical 
indicator data were presented in the RI/FS (Tables 6-5a and 6-5b; see Section 6 of the RI/FS) 
and in Attachments A through C of this appendix.9  While oxygen, nitrates, and sulfates 
appear to be largely depleted, iron and manganese were predominantly present as ferrous 
iron and manganese oxide.  These parameters indicate anaerobic conditions are established in 
the petroleum-impacted areas.  Oxygen measurements in July 2012 in upland wells 
MW-1(B), CWMW-65(C), CWMW-2, and CWMW-18 ranged from 0.34 to 3.85 mg/L-O2.  
During the July 2016 sampling event, oxygen measurements in upland wells CWF-CW-1 and 
CWF-CW-2 ranged from 0.84 to 2.21 mg/L-O2.  During the November 2016 sampling event, 
oxygen measurements in upland well CWF-CW-2 ranged 0.25 to 0.39 mg/L-O2.  These 
oxygen levels are consistent with redox potential measurements (lower than -50 mV) and 
indicative of a sulfate-reducing environment for petroleum hydrocarbons. 
 
                                                           
8 Tables 6-6 and 6-7 (see Section 6 of the RI/FS) present the full set of seep and porewater results for TPH and other COCs 
for the C Street Properties subarea.   
9 Field sampling data sheets for selected groundwater, seep, and porewater locations, sampled during the July 2012, July 
2016, and November 2016 events. 
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GROUNDWATER RESULTS AND TRENDS FOR BENZENE 
Figure 5a depicts the benzene groundwater concentrations over time for the active shallow 
and deep wells along the southern shoreline of the C Street Properties subarea,10 with data 
ranging from February 1995 through July 2016.  Among all wells, MW-1B is the only one 
that has historically exceeded the most stringent benzene screening level of 2.4 µg/L.11  
Although the most recent benzene exceedance at 200 µg/L occurred during the July 2012 
sampling event, benzene concentrations at MW-1B have significantly decreased in the last 
11 years.  All other wells have consistently shown undetected benzene results over time, 
including CWF-CW-1 and CWF-CW-2 (wells sampled in July 2016).  
 
The groundwater quality trend for benzene is presented in Figure 5b for well MW-1B.  Based 
on a power regression model with a fair statistical correlation of 0.6, a decreasing trend in 
benzene concentrations is observed for this well.  The trend line predicts that both federal 
marine surface water criteria (NTR and CWA) would be met within 25 years. 
 
In addition, groundwater-porewater transects are presented in Figure 6 using 1) the July 
2012 data for MW-1B and CW-PW-06; and 2) the July 2016 data for CWF-CW-1 and CWF-
PW-1.  The first transect shows a decline in benzene concentrations with distance from the 
upland (with detected results in groundwater) into the shoreline (with non-detect results in 
porewater).  The porewater benzene result at CW-PW-06 is also below the benzene 
screening level of 2.4 µg/L.  Benzene concentrations observed along the second transect are 
well below 2.4 µg/L, at about 0.05 µg/L (in groundwater) and 0.04 µg/L (in porewater), 
respectively.    
 

                                                           
10 Tables 6-5a and 6-5b (see Section 6 of the RI/FS) present the full set of groundwater results for benzene and other COCs 
for the C Street Properties subarea.   
11 The benzene federal marine surface water criteria (51 µg/L for the Clean Water Act [CWA] §304 and 71 µg/L for the 
National Toxics Rule [NTR] 40 Code of Federal Regulations 131), based on human health consumption of aquatic organisms, 
are also shown for comparison purposes of the benzene groundwater data, because they are more representative as a 
threshold of groundwater discharging into Whatcom Waterway, rather than the benzene screening level of 2.4 µg/L, which 
is protective of vapor intrusion.   
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GROUNDWATER RESULTS AND TRENDS FOR DISSOLVED METALS 
The only active groundwater monitoring wells within the C Street Properties subarea with 
dissolved metals data12 are RMW-7, MW-1B, CWF-CW-1, and CWF-CW-2 (Figure 1).  
These four wells are representative of the groundwater quality that eventually discharges 
into the western and southern shorelines and into Whatcom Waterway. 
 
Figure 7 depicts the groundwater results over time for various dissolved metals, including 
arsenic, chromium, copper, and nickel, which are the metals with the most exceedances of 
screening levels.  The available dissolved metal data for RMW-7 and MW-1B include two 
sampling events conducted in March 2008 and October 2013.13  It is important to note that 
metals analyses for the 2013 groundwater samples were conducted using ICP-MS 
instrumentation in Universal Cell Technology (UCT) to minimize any potential salinity 
interference from adjacent marine water; therefore, the 2013 dissolved metal concentrations 
are considered more reliable.  In addition, dissolved metal data were collected in July and 
November 2016 for RMW-7, CWF-CW-1, and CWF-CW-2 (and analyzed using ICP-MS).    
 
Dissolved metal results at MW-1B showed no exceedances of screening levels during the 2008 
and 2013 groundwater sampling events (Figure 7).  While a significant decrease in dissolved 
arsenic and nickel concentrations was observed at MW-1B in the last 5 years (below applicable 
screening levels of 5 and 8.2 µg/L, respectively), dissolved copper concentrations were 
consistently non-detect and below the applicable screening level (3.1 µg/L).  However, 
dissolved chromium concentrations at MW-1B increased slightly from 2008 to 2013, but still 
well below its screening level of 260 µg/L. 
 
At well RMW-7, three of the four dissolved metals selected for this analysis (arsenic, 
chromium, and copper) showed a decline in concentrations between the three groundwater 
sampling events and are currently below the screening levels (Figure 7).  However, dissolved 

                                                           
12Although the RI presents all groundwater results for total and dissolved metals and Figure 6-7 of the RI/FS depicts the 
lateral extent of metal exceedances (including the highest of total and dissolved metal concentrations from 2002 to present), 
the dissolved metal fractions are the most meaningful dataset for evaluating the potential for transport of metal impacts in 
groundwater and exposure to receptors.   
13 Table 6-5a (see Section 6 of the RI/FS) presents the full set of groundwater results for total and dissolved metals and other 
COCs at RMW-7 and MW-1B for the C Street Properties subarea.  
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nickel concentrations at this well slightly increased between 2013 and 2016 from 1.35 to 
2.2 µg/L, but are still below the screening level of 8.2 µg/L.  
 
Dissolved arsenic, chromium, and nickel results at CWF-CW-2 showed no exceedances of the 
screening levels during the two 2016 sampling events.  Although the dissolved copper 
concentration was 10 µg/L in July 2016 (and exceeding the 3.1 µg/L screening level), it 
decreased to undetected 2 µg/L during the November 2016 sampling event.  
 
Groundwater data at CWF-CW-1 indicated none of the four dissolved metals exceeded 
screening levels in July 2016. 
 
In order to evaluate the potential for metals to migrate to the adjacent surface water and 
sediments in the western and southern shorelines of Whatcom Waterway, groundwater-
porewater transects for dissolved metals were prepared between 1) RMW-5, RMW-7, and 
CWF-PW-3 (Figure 8a); 2) CWF-CW-1 and CWF-PW-1 (Figure 8b); and 3) CWF-CW-2 and 
CWF-PW-4 (Figure 8c).  While the first two transects used data based on the July 2016 
sampling event, the third transect used data from the November 2016 sampling event.   
 
For the first transect shown in Figure 8a, RMW-5 is a well representative of the Landfill 
subarea (a known source of metals; well presented in Figure 1), RMW-7 is the closest well 
located on the western shoreline of the C Street Properties subarea, and CWF-PW-3 is a 
porewater sample location in the downgradient path of the other two wells.  The transect 
shows an overall decline in dissolved metal concentrations with distance, from the source in 
the upland landfill, into the vicinity of the shoreline, and in porewater.  The four metals 
have dissolved concentrations exceeding screening levels at RMW-5 (as expected, because 
this well is within the Landfill footprint) and well below the screening levels at RMW-7 and 
CWF-PW-3 (showing downgradient natural attenuation). 
 
Figure 8b shows the second transect between CWF-CW-1 (well representative of 
performance of the western containment wall recently installed as part of the Phase 1 
Whatcom Waterway cleanup) and CWF-PW-1 (porewater sample location on the 
downgradient path of CWF-CW-1).  Results for dissolved arsenic, chromium, and copper 
both in groundwater and porewater indicate no exceedances of the screening levels in July 
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2016.  Although an exceedance was observed for nickel at the porewater location CWF-PW-1 
(10 µg/L), the upland well CWF-CW-1 showed a negligible dissolved nickel concentration 
(0.75 µg/L).14  This indicates that the former Chevron Terminal area is not currently 
impacting groundwater and that a possible different source of nickel is contributing to the 
area where the porewater sample was collected.  In fact, that area corresponds to the 
Chevron Subarea Interim Action and the Phase 1 Whatcom Waterway capping footprints 
(where metals may have been mobilized as part of the shoreline excavation in January 2013 
and/or cap installation in the summer of 2016) and currently show up as dissolved 
concentrations in porewater, slightly exceeding the nickel screening level of 8.2 µg/L. 
 
The third transect between CWF-CW-2 (well representative of performance of the eastern 
containment wall recently installed under the Whatcom Waterway cleanup) and CWF-
PW-4 (porewater sample location on the downgradient path of CWF-CW-2) is shown in 
Figure 8c.  The transect shows either steady or decreasing dissolved arsenic, chromium, and 
nickel concentrations with distance and well below the respective screening levels.  
Although the dissolved copper concentrations in groundwater and porewater were 
undetected (2 and 4 µg/L, respectively) during the November 2016 sampling event, the 
reporting limit for porewater exceeded the screening level of 3.1 µg/L.  Because dissolved 
copper exceeded screening levels in July 2016 in groundwater (CWF-CW-2; 10 µg/L) and in 
the seep (CWF-WS-1; 4.7 µg/L; see Figure 1 for seep sample location),15 and due to a variety 
of historical industrial activities (including foundry operations such as construction of 
marina-related equipment, boat wash, and maintenance), the former Colony Wharf area may 
be a source of copper releases to Whatcom Waterway surface water and sediments and, 
therefore, will be addressed in the FS for the C Street Properties subarea. 
 

CONCLUSIONS  
Currently, groundwater impacted with metals and petroleum hydrocarbons flows southward 
towards Whatcom Waterway.  As the groundwater migrates, it is subject to natural 
attenuation processes (e.g., dilution, dispersion, sorption, and chemical or biological 

                                                           
14 Table 6-5a (see Section 6 of the RI/FS) presents the full set of groundwater dissolved metals results at CWF-CW-1.  The 
dissolved nickel concentration of the parent sample was similar to the one for the field duplicate sample at 0.28 µg/L. 
15 Table 6-5a (see Section 6 of the RI/FS) presents the full set of groundwater dissolved metals results at CWF-CW-2 and 
CWF-WS-1. 
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degradation) and in conjunction with tidal mixing, groundwater geochemistry is altered, 
reducing contaminant concentrations prior to discharge.  Based on the available historical 
and current groundwater monitoring data, contaminants in groundwater in the C Street 
Properties subarea (such as petroleum hydrocarbons and metals) have declined in the last 
10 years below applicable screening levels, prior to discharge into Whatcom Waterway, and 
are expected to continue to decline even further, as natural attenuation processes are active 
and will continue to occur.  
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Figure 1
Groundwater, Porewater, and Seep Locations

Central Waterfront Site
Port of Bellingham, WA
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Figure 2a 
Groundwater Results Over Time for TPH-G in Selected Shoreline Shallow and Deep Wells 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 2b 
Groundwater Trendlines for TPH-G at MW-1B, MW-70(C), and CWMW-2 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 3a 
Groundwater Results Over Time for TPH-Dx in Selected Shoreline Shallow and Deep Wells 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 3b 
Groundwater Trends for TPH-Dx at MW-1B, MW-12A(C), and MW-65(C) 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 4 
Groundwater Transects for TPH-G and TPH-Dx 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 5a 
Groundwater Results Over Time for Benzene in Selected Shoreline Shallow and Deep Wells 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 5b 
Groundwater Trends for Benzene at MW-1B 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 6 
Groundwater Transect for Benzene 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 7 
Groundwater Results Over Time for Dissolved Metals in Selected Shoreline Wells 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 8a 
Groundwater Transects for Dissolved Metals (RMW-5, RMW-7, and CWF-PW-3) 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 8b 
Groundwater Transects for Dissolved Metals (CWF-CW-1 and CWF-PW-1) 

Central Waterfront Site 
Port of Bellingham, WA 
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Figure 8c 
Groundwater Transects for Dissolved Metals (CWF-CW-2 and CWF-PW-4) 

Central Waterfront Site 
Port of Bellingham, WA 
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ATTACHMENT A 
FIELD FORMS – JULY 2012 
 
  



























  

  

 

 

 

 

 

ATTACHMENT B 
FIELD FORMS – JULY 2016 
 
  













  

  

 

 

 

 

 

ATTACHMENT C 
FIELD FORMS – NOVEMBER 2016 
 
 









  

 

 

 

 

 

 

APPENDIX I  
DETAILED COSTS  
 



Table 1
Detailed Cost Estimate Summary

A B C D E F A B C D E F
Landfill Footprint and Perimeter Subarea
Capital Costs

Capping
Gravel Cap SF $2.01 180,040 180,040 180,040 180,040 180,040 $362,567 $362,567 $362,567 $362,567 $362,567

Under-Building Venting Systems - Existing Buildings (Footprint and Perimeter) SF $4.11 42,336 42,336 42,336 42,336 42,336 $173,999 $173,999 $173,999 $173,999 $173,999
Methane Monitoring System (excluding Landfill Warehouse) SF $0.65 4,837 4,837 4,837 4,837 4,837 $3,144 $3,144 $3,144 $3,144 $3,144
Permeable Reactive Barrier (PRB)

Treatability Testing Lump Sum $48,840 1 1 $48,840 $48,840
Excavation, Disposal, Reactive Material Purchase and Placement ("PRB #1" for West 
C Street Properties - Northern Extent, Metals Treatment)

LF $1,420 1,118 1,118 $1,587,219 $1,587,219

Groundwater Barrier Wall
Barrier Wall (SCB Slurry Wall) LF $866 3,978 $3,446,200
Groundwater Extraction Well Installation Lump Sum $536,869 1 $536,869

Removal and Off-site Disposal
Structures Demolition SF $6.28 257,618 $1,617,839
Pavement Removal SF $0.68 413,828 $280,483
Overburden Soil (2-ft) Removal and Stockpiling CY $10.00 65,851 $658,507
Soil and Waste Excavation CY $5.00 790,209 $3,951,045
Transport and Off-site Disposal TON $70.00 1,185,313 $82,971,937
Water Management CY $2.00 790,209 $1,580,418
Clean Soil (2-ft) Re-placement and Compaction CY $10.00 65,851 $658,507
Purchase, Placement, and Compaction of Clean Soil CY $18.00 790,209 $14,223,761
Confirmational Soil Sampling Each $690.00 204 $140,817
Building / PSE Substation Reconstruction SF $70.00 261,729 $18,321,058

Subtotal (Capital Costs) $539,711 $539,711 $2,175,770 $2,175,770 $4,522,780 $124,404,372
Annual Costs

Cover/Cap Inspection and Maintenance SF $0.21 593,868 593,868 593,868 593,868 593,868 $125,037 $125,037 $125,037 $125,037 $125,037
Groundwater Pump Maintenance and Discharge to POTW Lump Sum $1,117,071 1 $1,117,071

Subtotal (Annual Costs) $125,037 $125,037 $125,037 $125,037 $1,242,107 $0
Other Costs

Design and Permitting Percentage 15% $99,712 $99,712 $345,121 $345,121 $864,733 $18,660,656
Contingency Percentage 30% $199,424 $199,424 $690,242 $690,242 $1,729,466 $37,321,312
Project Management / Additional Reporting Percentage 6% $39,885 $39,885 $138,048 $138,048 $345,893 $7,464,262
Construction Management Percentage 12% $79,770 $79,770 $276,097 $276,097 $691,786 $14,928,525
Tax Percentage 8.7% $46,955 $46,955 $189,292 $189,292 $393,482 $10,823,180

Total for Landfill Footprint and Perimeter Subarea $1,130,493 $1,130,493 $3,939,606 $3,939,606 $9,790,248 $213,602,307

Costs
Item Unit Unit Cost

Quantities
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Table 1
Detailed Cost Estimate Summary

A B C D E F A B C D E F
Costs

Item Unit Unit Cost
Quantities

C Street Properties Subarea
Capital Costs

Capping
Gravel Cap SF $2.01 155,904 147,155 147,155 147,155 147,155 $313,962 $296,343 $296,343 $296,343 $296,343

Under-Building Venting Systems - Existing Buildings SF $4.11 5,350 5,350 5,350 5,350 5,350 $21,987 $21,987 $21,987 $21,987 $21,987
Permeable Reactive Barrier (PRB)

Treatability Testing Lump Sum $48,840 1 1 1 1 1 $48,840 $48,840 $48,840 $48,840 $48,840

Excavation, Disposal, Reactive Material Purchase and Placement ("PRB #1" for West 
C Street Properties - Northern Extent, Metals Treatment)

LF $1,420 251 251 251 205 $356,420 $356,420 $356,420 $291,100

Excavation, Disposal, Reactive Material Purchase and Place ("PRB #2" for West C 
Street Properties - Southern Extent, Metals/Organics Treatment)

LF $5,030 244 244 244 244 $1,227,320 $1,227,320 $1,227,320 $1,227,320

Excavation, Disposal, Reactive Material Purchase and Place ("PRB #3" for East C 
Street Properties, Metals Treatment)

LF $1,420 120 120 120 120 120 $170,400 $170,400 $170,400 $170,400 $170,400

In-Situ Treatment (Air Sparging)
Air Sparging System Installation Lump Sum $707,632 1 1 $707,632 $707,632

Removal and Off-site Disposal
Hotspot Removal Lump Sum $218,041 1 1 1 1 1 1 $218,041 $218,041 $218,041 $218,041 $218,041 $218,041
Structures Demolition SF $6.28 29,193 $183,330
Pavement Removal SF $0.68 219,571 $148,820
Soil Excavation CY $5.00 139,611 $698,053
Transport and Off-site Disposal TON $70.00 209,416 $14,659,110
Water Management CY $2.00 139,611 $279,221
Purchase, Placement, and Compaction of Clean Soil CY $18.00 139,611 $2,512,990
Confirmational Soil Sampling Each $1,620 102 $164,926
Building / PSE Substation Reconstruction SF $70.00 29,193 $2,043,492

Subtotal (Capital Costs) $773,230 $2,339,352 $2,339,352 $3,046,984 $2,981,664 $20,907,985
Annual Costs

Cover/Cap Inspection and Maintenance SF $0.21 268,718 259,969 259,969 259,969 259,969 $56,577 $54,735 $54,735 $54,735 $54,735
Air Sparging Maintenance Lump Sum $96,255 1 1 $96,255 $96,255
Subtotal (Annual Costs) $56,577 $54,735 $54,735 $150,991 $150,991 $0

Other Costs
Design and Permitting Percentage 15% $124,471 $359,113 $359,113 $479,696 $469,898 $3,136,198
Contingency Percentage 30% $248,942 $718,226 $718,226 $959,392 $939,796 $6,272,396
Project Management / Additional Reporting Percentage 6% $49,788 $143,645 $143,645 $191,878 $187,959 $1,254,479
Construction Management Percentage 12% $99,577 $287,290 $287,290 $383,757 $375,919 $2,508,958
Tax Percentage 8.7% $67,271 $203,524 $203,524 $265,088 $259,405 $1,818,995

Total for C Street Properties Subarea $1,419,857 $4,105,885 $4,105,885 $5,477,786 $5,365,632 $35,899,010
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Table 1
Detailed Cost Estimate Summary

A B C D E F A B C D E F
Costs

Item Unit Unit Cost
Quantities

Hilton Avenue Properties Subarea
Capital Costs

Capping
Gravel Cap SF $2.01 28,332 28,332 28,332 28,332 28,332 $57,056 $57,056 $57,056 $57,056 $57,056

Removal and Off-site Disposal
Structures Demolition SF $6.28 220 $1,382
Pavement Removal SF $0.68 5,182 $3,512
Soil Excavation CY $5.00 12,494 $62,471
Transport and Off-site Disposal TON $70.00 18,741 $1,311,885
Water Management CY $2.00 12,494 $24,988
Purchase, Placement, and Compaction of Clean Soil CY $18.00 12,494 $224,895
Confirmational Soil Sampling Each $690.00 8 $5,344
Reconstruct Buildings SF $70.00 220 $15,406

Subtotal (Capital Costs) $57,056 $57,056 $57,056 $57,056 $57,056 $1,649,882
Annual Costs

Cover/Cap Inspection and Maintenance SF $0.21 33,514 33,514 33,514 33,514 33,514 $7,056 $7,056 $7,056 $7,056 $7,056
Subtotal (Annual Costs) $7,056 $7,056 $7,056 $7,056 $7,056 $0

Other Costs
Design and Permitting Percentage 15% $9,617 $9,617 $9,617 $9,617 $9,617 $247,482
Contingency Percentage 30% $19,234 $19,234 $19,234 $19,234 $19,234 $494,965
Project Management / Additional Reporting Percentage 6% $3,847 $3,847 $3,847 $3,847 $3,847 $98,993
Construction Management Percentage 12% $7,694 $7,694 $7,694 $7,694 $7,694 $197,986
Tax Percentage 8.7% $4,964 $4,964 $4,964 $4,964 $4,964 $143,540

Total for Hilton Avenue Properties Subarea $109,467 $109,467 $109,467 $109,467 $109,467 $2,832,848

Site-Wide Costs

Mobilization/ Demobilization Lump Sum
Alternative 
Dependent

1 1 1 1 1 1 $200,000 $250,000 $300,000 $350,000 $400,000 $500,000

Groundwater Monitoring Lump Sum $684,391 1 1 1 1 1 $684,391 $684,391 $684,391 $684,391 $684,391
Institutional Controls Lump Sum $19,487 1 1 1 1 1 $19,487 $19,487 $19,487 $19,487 $19,487

Total Site-Wide Costs $903,878 $953,878 $1,003,878 $1,053,878 $1,103,878 $500,000

Spent Costs
Chevron Area Interim Action Lump Sum $314,062 1 1 1 1 1 1 $314,062 $314,062 $314,062 $314,062 $314,062 $314,062
All American Marine Building Interim Action Lump Sum TBD 1 1 1 1 1 1 TBD TBD TBD TBD TBD TBD
C Street Terminal Interim Action Lump Sum TBD 1 1 1 1 1 1 TBD TBD TBD TBD TBD TBD
Whatcom Waterway Cleanup Lump Sum $9,617,208 1 1 1 1 1 1 $9,617,208 $9,617,208 $9,617,208 $9,617,208 $9,617,208 $9,617,208

Total Spent Costs $9,931,270 $9,931,270 $9,931,270 $9,931,270 $9,931,270 $9,931,270

Grand Total per Alternative $13,495,000 $16,231,000 $19,090,000 $20,512,000 $26,300,000 $262,765,000
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Table 2
Quantities

Remediation Areas  
Location Area

Landfill Footprint and Perimeter Remediation Area
Existing Gravel Cover 180,040
Existing Concrete/Asphalt 413,828
Existing Buildings within Landfill Footprint a 257,618
Existing Buildings within Landfill Perimeter 37,499

Total Area (SF) 888,985

C-Street Properties Remediation Area
Alternative A  - Capping

Existing Gravel Cover 155,904
Existing Concrete/Asphalt 112,813
Existing Buildings 5,350

Total Area - Alt. A Capping (SF) 274,067
Alternatives B and C - Capping

Existing Gravel Cover 147,155
Existing Concrete/Asphalt 112,813
Existing Buildings 5,350

Total Area - Alts. B and C Capping (SF) 265,318
Alternatives D and E - Capping

Existing Gravel Cover 4,488
Existing Concrete/Asphalt 101,164
Existing Buildings 4,293

Total Area - Alts. D and E Capping (SF) 109,945
Alternatives D and E - In Situ Treatment

Existing Gravel Cover 142,668
Existing Concrete/Asphalt 11,649
Existing Buildings 1,057

Total Area - Alts. D and E In Situ Treatment (SF) 155,374
Alternative F - Removal

Existing Gravel Cover 194,705
Existing Concrete/Asphalt 219,571
Existing Buildings 29,193

Total Area - Alt. F Removal (SF) 443,469

Hilton Avenue Remediation Area
Existing Gravel Cover 28,332
Existing Concrete/Asphalt 5,182
Existing Buildings 220

Total Area (SF) 33,734
a. Includes area of the Landfill Warehouse building (252,781 SF).
Note:
1. Areas calculated in GIS.
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Table 2
Quantities

Permeable Reactive Barrier 
Location Parameter Unit

Landfill Footprint and Perimeter (Alt. C)
Length 1,118 FT

West C Street Properties
Northern Extent (Alts. B, C, and D)

Length 251 FT
Northern Extent (Alt. E)

Length 205 FT
Southern Extent (Alts. B, C, D, and E)

Length 244 FT
East C Street Properties (Alt. A, B, C, D, and E)

Length 120 FT
1. Lengths calculated in GIS.

Barrier Wall 
Location Parameter Unit

Landfill Footprint and Perimeter
Length 3,978 FT
Depth 30 FT
Cross-sectional Area 119,340 SF
Width 3 FT
Volume 13,260 CY

PSE Substation
Length 870 FT
Depth 30 FT
Cross-sectional Area 26,100 SF
Width 3 FT
Volume 2,900 CY

Note:
1. Lengths calculated in GIS.
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Table 2
Quantities

Excavation Volumes
Location Parameter Unit

Landfill Footprint and Perimeter
Total Excavation Area 888,985 SF
Average Cleanup Overburden Depth 2 FT
Cleanup Overburden Volume 65,851 CY
Average Excavation Depth 23 FT
Over-excavation (1 ft) 32,925 CY

Total Excavation Volume 790,209 CY
C Street Properties 

Total Excavation Area 443,469 SF
Average Excavation Depth 7.5 FT
Over-excavation (1 ft) 16,425 CY

Total Excavation Volume 139,611 CY
Hilton Avenue Properties 

Total Excavation Area 33,734 SF
Average Excavation Depth 9 FT
Over-excavation (1 ft) 1,249 CY

Total Excavation Volume 12,494 CY
Note:
1. Depths based on RI cross-sections and RI data.

Piping for Groundwater Extraction/Pumping
Item Parameter Unit

Number of Wells (assumed) 14 -
Piping Length (measured) 7,994 LF
Additional Distance Around Obstacles (factor of 1.37) 10,920 LF

Total Piping Length (Rounded Value) 11,000 LF
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Table 3
Capping Costs

Gravel Cover as Cap
Item Unit Cost Unit

Site preparation $0.10 SF
Geotextile marker layer $0.22 SF
Soil - purchase, import, place, compact fill $18 CY

Fill thickness 1.0 FT
Soil - purchase, import, place, compact fill $0.67 SF

Gravel - purchase, import, place, compact fill $26 CY
Fill thickness 1.0 FT
Gravel - purchase, import, place, compact fill $0.96 SF

Total Unit Cost per Square Foot $2.01 SF

Cover Maintenance Unit Cost
Item Unit Cost Unit

Annual Inspection, Maintenance, and Repairs $340 AC/YR
Net present value for 30 years $9,171.38 LS

Total Unit Cost per Square Foot $0.21 SF
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Table 4
Under-Building Venting Costs

Under-Building Venting Unit Cost
Item Unit Cost Unit

Excavation $0.37 SF of building
Stockpile $0.37 SF of building
Trench Excavation $0.65 SF of building
Gravel Fill $0.01 SF of building
Trench Fill $0.05 SF of building
Trench Pipe $0.60 SF of building
Geotextile $0.25 SF of building
Geomembrane $1.35 SF of building
Backfill $0.46 SF of building

Total Unit Cost per Square Foot $4.11 per SF
Note:
1. Building LFG venting costs based on AQ conceptual design for AAM building (December 2015).
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Table 5
Permeable Reactive Barrier Costs

Permeable Reactive Barrier Unit Cost

Item Unit Cost Unit
Usable Unit Price 

(2017 dollars) Usable Unit
PRB Trenches
Materials

Bone Meal / Apatite $0.44 LB $816.13 CY 1600 LB/CY
Limestone $20 TON $32.8 CY 3000 LB/CY
GAC $1.75 LB $1,489 CY 756 LB/CY

Dimensions
Widths (ft) 4 ft
Depths (ft) 30 ft

Excavation and Off-site Disposal
Excavation $3.70 CY $4.04 CY
Off-site Disposal in Subtitle D Landfill $70 TON $105 CY 1.5 TON/CY
Material Mixing and Placement $15 CY $16.39 CY
Post Installation Trench Development $11 cy $12.02 CY
Water/Slurry Handling and Disposal $11 cy $12.02 CY

PRB #1 (West C Street Properties - Northern Extent, Metals Treatment)
Dosage Assumptions

Apatite/ bone meal 10% % by mass
Limestone 90% % by mass
Apatite/ bone meal 17% % by volume
Limestone 83% % by volume

$317 CY Cost per unit volume
$1,420 LF Cost per unit length

PRB #2 (West C Street Properties - Southern Extent, Metals/Organics Treatment)
Dosage Assumptions

Apatite/ bone meal 10% % by mass
GAC 10% % by mass
Limestone 80% % by mass
Apatite/ bone meal 14% % by volume
GAC 29% % by volume
Limestone 58% % by volume

$1,130 CY Cost per unit volume
$5,030 LF Cost per unit length

PRB #3 (East C Street Properties, Metals Treatment)
Dosage Assumptions

Apatite/ bone meal 10% % by mass
Limestone 90% % by mass
Apatite/ bone meal 17% % by volume
Limestone 83% % by volume

$317 CY Cost per unit volume
$1,420 LF Cost per unit length

Excavation, Disposal, Reactive Material Purchase, and Placement Unit Cost

Excavation, Disposal, Reactive Material Purchase, and Placement Unit Cost

Assumptions

Basic assumptions.

Basic assumptions.

Basic assumptions.

Excavation, Disposal, Reactive Material Purchase, and Placement Unit Cost
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Table 5
Permeable Reactive Barrier Costs

Permeable Reactive Barrier Treatability Study Costs
Item Labor Hours Unit Cost Total Labor Cost Lab Fees Analytical Costs 

Field Sampling Preparation, Sample Collection, and Analytical (Pre-treatment) 60 $160 $9,600 $1,000 $4,500
Treatability Work Plan 16 $160 $2,560
Sampling Support 4 $160 $640
Round One Treatability (amendment confirmation) 36 $160 $5,760 $1,000 $3,000
Round Two Treatability (dosing and kinetics) 36 $160 $5,760 $1,000 $4,500
Leachability 16 $160 $2,560 $1,200
Reporting 12 $160 $1,920
Alternative Reporting (Technical Memorandum) 24 $160 $3,840

PRB Treatability Total Cost (per Groundwater Source) $48,840
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Table 6
Barrier Wall Costs

Barrier Wall (Soil-Cement-Bentonite) Unit Cost
Item Unit Cost Unit Quantity Total Cost

Slurry Wall Installation $10 SF 119,340 $1,209,411
Dispose of Excavated Trench Materials $70 TON 19,890 $1,392,300
Imported Bentonite-amended Soil Backfill $30 TON 13,923 $417,690
Dispose of Extra Slurry $70 TON 5,967 $417,690
Site Restoration and Final Grading $10,000 AC 0.4 $4,109.50
Quality Control Testing $5,000 Lump Sum 1 $5,000

Total Barrier Wall Cost $3,446,200
Total Unit Cost per Unit Length $866 LF -
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Table 7
Groundwater Extraction Well Installation Costs

Groundwater Extraction Well Installation Cost
Item Unit Unit Cost Quantity Total Cost Notes

Well Installation Each $5,000 14 $70,000
Assumed same cost as GW monitoring well 
installation (see backup spreadsheet).

Well Decommissioning Each $2,500 14 $32,642
Assumed same cost as GW monitoring well 
decommisioning (see backup spreadsheet). 
Adjusted for NPV at year 10.

Piping
4" PVC LF $8.8 11,000 $96,690 RS Means 2015
Pipe Fittings LF $8.8 11,000 $96,690 Assumed equivalent to piping costs
Trench excavation 1'-4' deep, 1/2 cy excavator LF $10.4 11,000 $114,620 RS Means 2015
Width FT 3 - - Assumed

SF $2.8 - - Same cost as capping (see backup spreadsheet)
LF $8.3 11,000 $91,227

Pumps Each $2,500 14 $35,000  4" stainless multi-stage well  pump
$536,869 -

Asphalt

Total Groundwater Extraction Well Installation Cost
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Table 8
Confirmational Soil Testing Costs

 Confirmational Soil Testing (Analytical Backup) Cost

Analytical 
Metals $220 5 5 Priority metals
VOCs $200 5 Includes BTEX
PAHs $250 5 Using SIM Method
TPH-Dx $95 5 With silica gel cleanup
TPH-G $80 5
TS $20 5 5 Total solids for dry weight correction
TOC $50 5 5 Total organic carbon

Subtotal Analytical Cost $1,450 $4,575 Analytical for 5 samples
Lab Quality Analysis, Data Packaging, and Validation

Lab QA and Data Packaging  (+20%) $290 $915 Additional 20% on analytical costs
Data Validation  (+10%) $29 $92 Additional 10% on lab QA and data packaging
Shipping to Lab (Tukwila, WA) $300 $300 Per number of samples

Subtotal Lab QA and Data Packaging/Validation Cost $619 $1,307 -
Total Analytical and Lab Costs $2,069 $5,882 For 5 samples

Additional Costs
Markup (+10%) $207 $588 -
Multiplyer for Sampling and Management 1.5 1.25 Based on similar labor costs

Total Confirmational Soil Sampling Cost $3,414 $8,087 -

Sampling and Management Per Sample Unit Cost $341 $404 -
Cost per Sample $683 $1,617.41 -

Cost per Sample (Rounded Value) $690 $1,620 -
Notes:
1. Standard TAT (no rush).
2. Pricing for 5 or fewer samples (cost could go down if number of samples goes up).
3. Includes shipping from Bellingham, WA, to a lab (ARI) in Tukwila, WA.
4. Pricing is from ARI price sheet.
5. Includes data package (deliverable) from lab (ARI).

Item
Unit 
Cost Metals Only Metals and Organics Assumptions
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Table 9
Groundwater Pumping and Discharge Costs

Groundwater Pumping and Discharge Cost
Item Unit Quantity Notes

Pumping rate per well gallons/min 0.4 Assumed
Wells - 14 Assumed

gallons/min 5.9
gallons/yr 3,103,164
$/gallon $0.011

$/yr $35,012

Annual Maintenance $/yr $6,400
Assume approximately 1 week of labor per year, assuming 
$160/hr.

Annual Total $/yr $41,412
30-year Average Annual Discount Rate 0.899

Total Groundwater Pumping and Discharge Cost $ $1,117,071 For 30 years.

Discharge to POTW Cost

Total Flow Assumed

Based on class 5 sewage rates per gallon from the 2016 City 
of Bellinghan sewage rates.  
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Table 10
Groundwater Monitoring and Reporting Costs

Item Unit Unit Assumption Quantities/Costs

Shallow Well Years 1-30 14

Deep Well Years 1-30 5

Capital Costs
Shallow Well - 8

Deep Well - 5
Well Installation $/Well $5,000 $65,000 
Well Decommisionning $/Well $2,500 $38,531

Subtotal Construction Costs NPV $ - $103,531
Sales Tax % 8.7% $9,007

Total Construction Costs $ - $112,538
Non-Construction Costs (Labor, Analytical & Data Validation)

Semiannual monitoring (Years 1 to 5) $/year $75,622
Year 1 NPV $ - $75,096
Year 2 NPV $ - $74,574
Year 3 NPV $ - $74,056
Year 4 NPV $ - $73,541
Year 5 NPV $ - $73,030

Total Net Present Value (Years 1 to 5) NPV $ - $370,296
Annual monitoring (Years 6 to 10) $/year - $26,767

Year 6 NPV $ - $25,669
Year 7 NPV $ - $25,491
Year 8 NPV $ - $25,314
Year 9 NPV $ - $25,138

Year 10 NPV $ - $24,963
Total Net Present Value (Years 6 to 10) NPV $ - $126,575

Annual monitoring (Years 15, 20, 25 and 30) $/year - $21,914
Year 15 NPV $ - $19,737
Year 20 NPV $ - $19,061
Year 25 NPV $ - $18,407
Year 30 NPV $ - $17,776

Total Net Present Value (Years 15, 20, 25, and 30) NPV $ - $74,982
$684,391

Note:
1. Costs are presented on a net present value basis (assuming a 0.7% discount rate) as 2017 dollars.

-

Semiannual monitoring assumed to occur from years 1 to 5.

Annual monitoring assumed to occur from years 6 to 10.

Annual monitoring assumed to occur during years 15 to 30.

Total Groundwater Monitoring Costs For years 1 to 30.

-

Groundwater Monitoring and Reporting Cost

Notes

Number of Groundwater Monitoring Wells (assumed)

A site-wide groundwater compliance monitoring program will be developed after the CAP is 
finalized. Groundwater protection, performance, and confirmational monitoring activities are 
anticipated for cost purposes in this FS. 

Number of New Wells (assumed)
New wells installation based on current groundwater monitoring network (RI Figure 6-3).

-
Well decommissioning assumed to occur at year 30.

-
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Table 10
Groundwater Monitoring and Reporting Costs

Years 1 to 5 Years 6 to 10 Years 15, 20, 25, and 30
Semiannual 
Monitoring

Annual 
Monitoring Annual Monitoring

Shallow Well Years 1-30 14 8 5

Deep Well Years 1-30 5 5 3

Sampling Frequency events/year - 2 1 1

Annual Labor Costs
Preparation Time hr/event 7 14 7 7
Sample Collection Time hr/event/well 0.75 28.5 9.75 6
Equipment Load/Unload & Calibration Time hr/event 4 8 4 4
Truck Rental/Return hr/event 1 2 1 1

Total Labor Time hr - 52.5 21.8 18
Field Staff Billing Rate $/hr $160 $16,800 $6,960 $5,760

Total Field Work Costs $ - $16,800 $6,960 $5,760
Data management, reporting, and production $/hr $115 $23,000 $9,200 $9,200

Total Labor Costs (Field work, Data Management & Reporting) $ - $39,800 $16,160 $14,960
Annual Analytical Costs

BTEX, low level (Method EPA-8021-M) $/sample $75 $2,250 $675 $450
PAHs, low level (Method EPA-8270D modified) $/sample $240 $7,200 $2,160 $1,440
Gasoline Range Hydrocarbons (NWTPH-Gx, Method 8021) $/sample $75 $2,250 $675 $450
Diesel/Oil Range Hydrocarbons with Silica Gel Cleanup (Ac/Si NWTPH-Dx, 
Method Ac/Si-AK 102/103) $/sample $90 $2,700 $810 $540
Metals, low level (Method 200.7/6010C) $/sample $270 $8,100 $2,430 $1,620
Metals - salinity prep $/sample $50 $1,400 $400 $250
MNA Parameters (various methods) $/sample $300 $8,400 $2,400 $1,500

Total Analytical Costs $ - $32,300 $9,550 $6,250
Annual Data Validation Costs

BTEX $/sample $18 $540 $162 $108
PAHs $/sample $18 $540 $162 $108
Gasoline Range Hydrocarbons $/sample $6 $180 $54 $36
Diesel/Oil Range Hydrocarbons $/sample $6 $180 $54 $36
Metals $/sample $18 $540 $162 $108
MNA Parameters (various methods) $/sample $20 $600 $180 $120
Level 4 (+10%) $ 10% $258 $77 $52
Qualifier (+15%) $ 15% $426 $128 $85
QC (+10%) $ 10% $258 $77 $52

Total Data Validation Costs $ - $3,522 $1,057 $704
$75,622 $26,767 $21,914

Analytical costs based on current rates from ARI. One duplicate per chemical 
per event assumed in the total number of samples. Monitoring natural 
attenuation (MNA) parameters include nitrate/nitrite, ammonia, sulfate, iron, 
manganese, chemical oxygen demand, total dissolved solids, total 
alkalinity/bicarbonate, chloride, and total organic carbon. 

Includes validation data costs for the specified analytes only.

Total Groundwater Monitoring Costs Per Year -

-

Groundwater Monitoring and Reporting Periodic Cost Detail

Item Unit Unit Assumption

Quantities/Costs

Notes

Assumed No. of Monitoring Wells

A site-wide ground water compliance monitoring program will be developed  
after the CAP is finalized. Ground water protection, performance, and 
confirmational monitoring activities are anticipated for cost purposes in this 
FS. 

Preparation time includes field notebook, labels, reservations, bottle order, 
etc. Assumed 2 persons needed per event.

Assumed a total of 200 hrs (years 1-5) and 80 hrs (years 6-30). 

Final RI/FS Report
Central Waterfront Site 2 of 2

March 2018
120007-01



Table 11
Air Sparging Treatment Costs

Item Unit Unit Assumption Quantities/Costs

Construction Costs
Pilot Scale Testing Lump Sum $50,000 $50,000 
Assumed No. of Air Sparging Wells Well - 75 Air sparging wells based on layout.
Well Installation Cost $/Well $5,000 $375,000 
Piping Lump Sum $27,450 $27,450 Assumed PVC piping, labor, and installation.

Air Injection Blower Each $4,500 $27,000

Manifold Lump Sum $10,000 $10,000
Utility Hookup Lump Sum $20,000 $20,000
Well Decommisionning $/Well $2,500 $174,866
System Decommisionning NPV $ $25,000 $23,316

$707,632
Non-Construction Costs

Maintenance and Power Consumption $/year - $10,000
Year 1 NPV $ - $9,930
Year 2 NPV $ - $9,861
Year 3 NPV $ - $9,793
Year 4 NPV $ - $9,725
Year 5 NPV $ - $9,657
Year 6 NPV $ - $9,590
Year 7 NPV $ - $9,523
Year 8 NPV $ - $9,457
Year 9 NPV $ - $9,391

Year 10 NPV $ - $9,326
Total Net Present Value (Years 1 to 10) NPV $ - $96,255

$96,255Total Non-Construction Costs ($) -

-
Well decommissioning assumed to occur at year 10.
System decommissioning assumed to occur at year 10.

Total Construction Costs ($)

-

Air Sparging Treatment Cost
Notes

-

-

Assumed 6 blowers needed, for estimated flow rate of 5 
scfm and pressure of 7.3 psig.
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Table 12
Institutional Controls Costs

Institutional Controls Costs
Item Unit Unit Cost Quantity Total Cost Notes

Lump Sum $6,000 1 $6,000
$/yr $500 30 $13,487 Adjusted for NPV

$19,487 -

Environmental covenant

Total Institutional Controls Costs
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Table 13
Methane Monitoring Cost

Methane Monitoring Cost
Item Quantity Unit Cost Total Cost

Sensors 10 $1,000 $10,000
Controller 1 $4,500 $4,500
Data logger 1 $3,000 $3,000
Wireless Transmitters/Receivers 10 $500 $5,000
Design/Installation 1 $10,000 $10,000

$32,500
$0.65

Note:
1. LFG monitoring costs based on California Department of Resource Recovery and Recycling presentation (March 2015).

Total Methane Monitoring Cost per Unit Area ($/SF)
Total Methane Monitoring Cost
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Table 14
Hotspot Removal Cost

Hotspot Removal Cost
Item Quantity Unit Cost Unit Cost Total Cost

Mobilization/Demobilization 1 LS $40,000 $40,000
Temporary Erosion, Sedimentation, and Stormwater Control 1 LS $20,000 $20,000
Soil Excavation 1000 CY $5 $5,000
Transport and Off-site Disposal 1500 TON $70 $105,000
Water Management 1 LS $20,000 $20,000
Purchase, Placement, and Compaction of Clean Soil 1000 CY $18 $18,000
Confirmational Soil Sampling 6 Each $1,620 $10,041

$218,041Total Hotspot Removal Cost
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Table 15
Net Present Value Factor Calculation

Discount rate 0.7%
Based on the November 2016 
OMB Circular A-94, 30-year real 
discount rate.

Present Value Factor
Year 1 1 0.993
Year 2 2 0.986
Year 3 3 0.979
Year 4 4 0.972
Year 5 5 0.966
Year 6 6 0.959
Year 7 7 0.952
Year 8 8 0.946
Year 9 9 0.939

Year 10 10 0.933
Year 11 11 0.926
Year 12 12 0.920
Year 13 13 0.913
Year 14 14 0.907
Year 15 15 0.901
Year 16 16 0.894
Year 17 17 0.888
Year 18 18 0.882
Year 19 19 0.876
Year 20 20 0.870
Year 21 21 0.864
Year 22 22 0.858
Year 23 23 0.852
Year 24 24 0.846
Year 25 25 0.840
Year 26 26 0.834
Year 27 27 0.828
Year 28 28 0.823
Year 29 29 0.817
Year 30 30 0.811

Year

30-year Average Net Present 
Value for Annual Costs

0.899
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