APPENDIX D
BORING LOGS COMPILATION















































































































































































Gettler—-Ryan Inc.

Log of Boring MW-50

PROJECT: Chevron Butk 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: 10:53 am

DATE FINISHED:

10/21/98

WL {ft. bgs): DBATE:

TIME:

DRILLING METHOD: 8" hollow-stem auger

TOTAL DEPTH: 14 Feet

DRILLING COMPANY:

Cascade Orilling

GECQLOGIST: Steve Carter
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S 2 g S 4 WELL DIAGRAM
& | & w wletl 3 GEOLOGIC DESCRIPTION
El 2128l & |gl&| 2
Byl 2 |3 z |Z1&| 8
Q-] a @© vl ni o 7} 1
Pavement ~ asphalt over baserock, L2
& 35
B g T -
"g ]
< 8
n
. SAND (SP) - light yellowish brown (2.5Y 6/2), damp S * .
o moist, dense, 100% fine to medium sand, shell &
i 40 | MW~50-4 fragments, L "
5 _
Becomes moist, 85-80% fine to medium sand, 10-15%
- silt, trace lithic fragment at 8 feet, .
Color change to very dark gray (2.5Y N3} at 6.5
N 52 | MW-50~7 feet, becomes 100% fine to medium sand, 4
hydrocarbon odor, 1 o
i 5 N
e E
sg S®
s a%
§ -
10— Becomes saturated at 10 feet, hydrocarbon odor. £ 7
v}
- 21 -
] 35 SILTY SAND (SM) - very dark gray (2.5Y N3), |
saturated, dense, 70-80% fine sand, 20-30% silt, ¥
- hydrocarbon odor. o X "
SAND (SP) - very dark gray (2.5Y N3), saturated,
| dense, 100% fine to medium sand, trace coarse sand a
15 to fine gravel, hydrocarbon odor, g ]
¥ Converted to standard penetration blows/foot.
20— — .

JOB NUMBER: 346606.01
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Gettler—-Ryan Inc.

Log of Boring MW-

51

PROJECT: Chevron Bulk Terminal No. 100-1350

LOCATION: 1020 C Street, Bellingham, WA

PRGJECT NQ.: 346606.01 CASING ELEVATION:

DATE STARTED: 10/21/88 WL {ft. bgsk 10 DATE: 10/21/98 TIME: 1:39 am
DATE FINISHED: 10/21/88 WL {ft. bgs)k DATE: TIME:
BRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 4 Feet

DRILLING COMPANY: Cascade Drilfing

GEQLOGIST. Steve Carter

DEPTH

feet

FID {ppm)
BLOWS/FT. »
SAMPLE NUMBER
SAMPLE INT.
GRAPHIC LOG
SOIL CLASS

GEOLCGIC DESCRIPTION

WELL DIAGRAM

Ovo
Lo S

Read base,

SILTY SAND (SM) — alive brown (2.5Y 4/4), 60-70%
fine sand, 30-40% silt, wood fragments, roots.

MW-51-4

MW-51-7

SAND (8P} — grayish brown {2.5Y 5/2) to light olive
brown (2.5Y 5/4), damp to moist, dense, 100% fine to
medium sand. Color change to dark gray (2.5Y N
4/} at 3.5 feet, no hydrocarbon odor.

12" biank Schedule 40 PV

Color change to very dark grayish brown {2.5Y 3/2)
grading downward to very dark gray (2.5Y N/3},
hydrocarbon ador.

{0.0f inch)

SAND {SP) - black (2.8Y N 2/}, medium dense,
saturated, 100% fine to medium sand, shell fragments,
hydrocarbon odor,

2" machine—sipfted PVC

SILTY SAND {SM} - black (2.8Y N 2/}, saturated,
70-80% fine sand, 20-30% silt.

/".

SAND {SP) ~ black (2.5Y N 2/}, medium dense,
saturated, 100% fine to medium sand, shell fragments,
hydrocarbon odor.

32

SILTY SAND (SM) ~ black (2.5Y N 2/), saturated,
70-80% fine sand, 20-30% silt.

SAND {5P) - black (2.6Y N 2/), saturated, medium
dense, 85-100% fine to medium sand, 0-5% silt, wood

and shell fragments. /—

|

* Converted to standard penetration blows/foot. @

sand
Lonestar #2/12

JOB NUMBER: 346606.01
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Gettler-Ryan Inc.

Log of Boring MW-52

PROJECT: Chevron Bulk Terminal No. 100-1350

LOCATION: 1020 C Street, Bellingham, WA

PROJECT NO.: 346606.0/

CASING ELEVATION:

DATE STARTED: 10/21/88

WL (ft. Dgs). 6.5 DATE: 10/21/88

TI

ME: 135 pm

DATE FINISHED: 10/21/88

WL (ft. bgs)k DATE:

Tl

ME;

DRILLING METHGD: 8" hoflow-stem auger

TOTAL DEPTH: /4 Feet

ORILLING COMPANY: Cascade Drifling

GEOLOGIST: Steve Carter
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x z =18 @ WELL DIAGRAM
E | & A Sl TR ESCRIPTION
,_I_ g ‘Q g ? .é, = GEOLOGIC D I
Q. & o Ie] x | < =
B B |2 & |3|&8] 8 —
oY ©
>0 o Base rock, é §
‘e Q LG
e SAND (SP) - light olive yeliow (2.6Y 6/6), damp to N +
moist, 100% fine to medium sand. z @
. E’, g'g _
< QB
@
7 Color change to very dark gray (2.5Y N 3/), E 3 1
0 57 becomes 85-90% fine to medium sand, 10~15% coarse 3
N sand to fine gravel, concrete fragments (from & ]
cuttings); shoe blocked by concrete.
B -
“ A ¥ Concrete in shoe 6 to 6.5 feet. T
- 2300 57 ] Color change to black (2.5Y N2/0), hydrocarbon o 7
odor, & Y
i 4 5 S
H— u e
= e
58 & 8
- b3 £
20 S
ot -~
10__ B % _
et Shelf fragments, hydrogarbon odor. &
Lt oy
34 | 10 111 sM SILTY SAND (SM) - black (2.5Y N2/0}, saturated,
“ 4 5P medium dense, 80-85% fine sand, 15-20% silt. -
Trace fine grave! at 12.5 feet.
] 648 | 10 1 SM SILTY SAND {SM) - very dark grayish brown (2.5Y |
ML 3/2) to black (2,5Y N2/0), saturated, loose to v
- \ medium dense, 80-70% fine sand, 30—40% silt. e R -
SILT {ML) - very dark grayish brown (2.5Y 3/2),
saturated, no plasticity, stiff, 80-100% silt, 0—10% a
5 . fine sand, hydrocarbon odor. b ]
¥ Converted to standard penetration blows/foot.
20 . .
JOB NUMBER: 346606.0/ Page 1 of 1



Gettier-Ryan Inc.

Log of Boring MW-53

PROJECT: Chevron Bulk Terminal No. 1001350

LOCATION: 1020 C Street, Belingham, WA

PROJECT NO.: 346606.0f

CASING ELEVATION:

DATE STARTED: 10/21/98

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

TIME: 2:45 pm

DATE FINISHED: 10/21/98

WL (ft. bgs)k DATE: TIME:

DRILLING METHOD: 8" hollow—stem auger

TOTAL DEPTH: /4 Feet

DRILLING COMPANY: (ascade Drilling

GEOLOGIST: Steve Carter

o
wi
m
* 2 (el &) a WELL DIAGRAM
= 5l 2 [B1Z2] @
a | & wu wl 8 5 GEOLOGIC DESCRIPTION
I a 7] =1 i R o
o= = o a. [-% s
Ll 2 | 9 z Z|Z| 8
el & | @ v w|l 6| & "}
XA Base rock. \ £
“dtete SP N \ GG
T e s; = BT ]
3 =
- 1 § % ERS ’
= ]
g 1 SAND (SP} - grayish brown (2.5Y 5/2), damp to < I W
8 |82 M““53“3-5l moist, very dense, 100% fine sand. S i
N a5 .
- ;.’?"
5 — _
- oo Color change to dark gray (2.5Y N4/0} to very dark b
1t | 35 {MW-53-6.50 |-.:.".] ¥ gray (2.5Y N3/0) at 6 to 8.5 feet, becomes 100%
J I EN fine to medium sand, trace fine sand; becomes i
elets saturated at 8.5 feet. )
. & &
] 5 & ]
A~ kY
=8 R
98 S
4 I = o i
&3 S
= -l
2
10““ & ~
14 it Shell fragments, loose to medium dense. o
I TIT 5™ SILTY SAND (GM) - very dark gray (2.5Y N3/0), ]
11 saturated, medium dense, 70-80% fine sand, 20-30% ¥
- : silt, wood fragments at 13.5 feet. a Y -
# Converted to standard penetration blows/foot.
15 ~] 8 -
20— - ]

JOB NUMBER: 346606.01
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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:

OATE STARTED: 10/21/98

WL (fl. bgs) @ DATE: 10/21/98

TIME: 3:40 pm

DATE FINISHED: 0/21/98

WL (ft. bgsk DATE:

TIME:

DRILLING METHOL: 8" hollow—stem auger

TOTAL DEPTH: 14 Feet

DRILLING COMPANY: Cascade Drilling

GEQOLOGIST: Steve Carter

[0y
L
@ X
* = 1£18) » WELL DIAGRAM
= | = -2
a | % w wi el 3 GEOLOGIC DESCRIPTION
T o 13 o ) R (]
eul o | & z |1 % =2
58 & | @ 5 1881 3 —
oy 1
) Base rock. . L®
! B N 5%
DODE SP b % ‘}F
o H
5 a2 1 O
i ] S x
S B 88 -
7 oo SAND (SP) - gray (5Y 5/1), damp to moist, very & * .
T |88 MN"54"3-5l e dense, 100% fine to medium sand, shell fragments. g
o 3O & J
5— l— o ~
4 7 ]33 |Mw-5a-c L 1
’ Tl s o W
e F, ~ Q. =1
. 1 8. I
o8 2
i ¥ SILTY SAND (SM) - drk gray (2.5Y N4/0) to very v3 g
dark gray {2.5Y N3/0), saturated, medium dense, == 3
10 7 20 70-80% fine sand, 20-30% silt, shell fragments, & ]
wood fragments, silt stratum 1inch thick at 9.8 feet. &
N
- ML SILT (ML) - very dark grayish brown (2.5Y 3/2), 1
8 {22 SM saturated, no plasticity, stiff, 80-95% silt, 5-10%
fine sand, wood fragments. /_ —%
SILTY SAND (SM) - dark gray {2.5Y N4/0) to very b o 7
dark gray (2.5Y N3/0), saturated, medium dense,
15 ] 70-80% fine sand, 20-30% silt, shell fragments, =3 ]
wood fragments, stratem of sand {SP) tinch thick at <
13.6 feet.
7 1 % Converted to standard penetration blows/foot. “1
20 ~ _

JOB NUMBER: 346606.0/
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Gettier-Ryan Inc. Log of Boring MW-55
PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: 1020 C Street, Bellingham, WA
PROJECT NO.: 348606.07 CASING ELEVATION:
DATE STARTED: 10/22/98 WL (ft. bgs) 3 DATE: 10/22/98 TIME: &8:05 am
OATE FINISHED: 10/22/88 WL (ft. bgsk DATE: TIME:
DRILLING METHOD: 8" hollow~stem auger TOTAL DEPTH: 14 Feet
DRILLING COMPANY: Cascade Drilling GEQLOGIST: Steve Carter
i
x -l @
e 5 |12 8 WELL DIAGRAM
a8 |k " wlel 3 GEOLOGIC DESCRIPTION
T =) [72] 3 i x [&]
— x a ai o il
a. 'E; =] o = = =L —
wal = — < i o
o+1 o @ 7] ] © 7] 1
ML ¥
o \ 35
i | Q =N .
H = o
4 ] H Lo i
v : HF
. y SANDY SILT (ML) - olive brown (2.5Y 4/4), = *
7 |27 |MN-58-3.5 saturated, very stiff, 70-80% silt, 20-30% fine sand, 8
§ i trace coarse sand to fine gravel. N ig i
5 ~ _
: N
i 5 S i
IT T
SAND (SP) - very dark gray {2.5Y N3/0), saturated, 2£ g2
4 4 | 10 foose to medium dense, 100% fine to medium sand, silt s 2 i
layer {inch thick at 8.4 feet, silt layer (100%) 3 £g S
RS inches thick in bottom of sample {olive gray (5Y §
10 i 472}, shell fragments in sand. g —
: &
Becomes 85-100% fine lo medium sand, 0-5% silt,
~ irace fine gravel =
3| Il SILTY SAND {SM) - dark grayish brown (2.5Y 4/2),
i HEE saturated, medium dense, 70-80% fine sand, 20-30% S ¥ i
N\ silt, shell fragments, yd F
* Converted to standard penetration blows/foot. &
15_ 1 8 -~
20 - _

JOB NUMBER: 346606.01 Page 1 of |



Gettler—Ryan Inc.

.og of Boring MW-56

PROJECT: Chevron Bulk Terminal No. 1G0-1350 LOCATION: 1020 C Street, Bellingham, WA
PROJECT NO.: 346606.01 CASING ELEVATION:

DATE STARTED: 10/22/98 WL (ft. bgs): § DATE: 10/22/98 TIME: 8:25 am
DATE FINISHED: /0/22/88 WL (ft. bgs): OATE: TIME:

DRILLING METHOD: 8" hollow-stem auger

TOTAL DEPTH: 14 Feet

ORILLING COMPANY: Cascade Drilling

GEOLOGIST: Steve Carter

fe o
[+
a
*® s . o]
. o e l—E- S o WELL DIAGRAM
g | & W wl el 3 GEOLOGIC DESCRIPTION
T o n | i i S (&
- = a. a % t
58 2 |9 z [ZIE] 5
of| & | @ o 0l G| @
Base rock. 3 Le
S S
| Asphait and base rock. g GG
7 T 7
11]
] |
- ) % § 5 .
o)
N SAND (SP) - grayish brown (2.5Y 3/2), damp to g L S
moist, dense, 100X fine sand, shell fragments. S
4 & 85 | MK-56-4 S .u
Cotor change to black {2.5Y N2/0) at 4.5 feet,
5~ becomes 85-100% fine sand, 0-5% coarse sand to —
fine gravel.
5 21 |MH-56-6.5
. o . A
_ 5 S
s N
58 ]
RS %
] SAND (SP) - black (2.5Y N2/0), saturated, medium 23 g
8 8 dense, 80-05% fine to medium sand, 5-10% coarse =2 s
10— sand to fine gravel, shell fragments. § ]
| SM -
SILTY SAND {SM) - dark olive gray (25Y 3/2),
< saturated, medium dense, 70~-80% fine sand, 20-30% -
4 24 ML silt, shell and wood fragments.
] SILT (ML) - olive gray (Y 4/2), saturated, very 3 |
stiff, no plasticity, 100% silt, ya F o
¥ Converted to standard penetration blows/foot.
15 — 8 _
20— — -

JOB NUMBER: 346606.01
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Gettler—-Ryan Inc.

Log of Boring MW-57

PROJECT: Chevron Bulk Terminal No, 100-13560 LOCATION: 1020 C Street, Bellingham, WA
PROJECT NQ.: 348606.0/ CASING ELEVATION:

DATE STARTED: 10/22/98 WL {ft. bgs) & DATE: f0/22/98 TIME: 12:3% pm
DATE FINISHED: (0/22/98 WL (ft. bgs): DATE; TIME:

ORILLING METHOD:

8" hollow—stem auger

TOTAL DEPTH: M Feet

DRILLING COMPANY:

Cascade Drilling

GEQLOGIST: Steve Carter

[+
wl
@ .
X0 3 15181 g WELL DIAGRAM
& | & Z Ialel| 3 GEOLOGIC DESCRIPTION
212 2 |glg| 2
-t . |
wel 2 {9 = 2l =] 5
== ™ [1) ) ni o [%3] [
5P - =
. ] 5 Sw
N i & <G
S ¥ 1
2
et < a5
PRy )
el 1%
1 i ER SAND (SP) - light brownish gray (2.5Y 6/2), damp = Y iy
73 1 78 MH-57-35M ... to moist, very dense, 100% fine to medium sand. 5
- E :: . ‘t]}( .
o Cotor change to dark yellowish brown (10YR 4/4)
§-4 352 | 36 | MK-57-5 e grading to black (2.5Y N2/0), hydrocarbon odor, -
i T o W
- i : 5 S .
*. 4 S_‘f*“ © .
: 58 S
. 2 Q P
- 400 TS @ ]
o} 20 S EE 5
DO SAND {SP) - very dark gray (2.5Y N3/0), saturated, 5 ~
10— tenens medium dense, 95% fine to medium sand 2 —
{predominantly fine), 5% coarse sand, shell and i
. wood fragments, hyrdrocarbon odor.
T 4 |20 LELL M SILT {ML) - dark grayish brown {2.5Y 4/2), i
I] 1 56 saturated, very stiff, no plasticity, 100% silt. o1 ¥
- SM SAND WITH SILT (SP-SM) - black {2.5Y N2/0), - - ’
saturated, medium dense, 90-05% fine sand, 5-10% /
15— | silt, wood and shell fragments, hydrocarbon odor. & B
# Converted to standard penetration blows/foot. G
201 ~ -
JOB NUMBER: 348606.01 Page 1 of 1



Gettler—-Ryan Inc.

Log of Boring MW-58

PROJECT: Chevron Bulk Terminal No. 100-1350

LOCATION:

1020 C Street, Bellingham, WA

PROJECT NO.: J346606.01 CASING ELEVATION:

DATE STARTED: 10/22/98 WL [ft. bgsk 6 DATE: 10/22/98  TIME: 10:55 am
DATE FINISHED: 10/22/88 WL {fi. bgsh OATE: TIME:
DRILLING METHOD: 8" hoflow-stem auger TOTAL GEPTH: 19 Feet

DRILLING COMPANY: Cascade Drilling

GEQOLOGIST: Steve Carter

4.4
w
m
* z |18 o WELL DIAGRAM
T | F 4 g1 2 @
& |« w wlgl| 3 GEOLOGIC DESCRIPTION
i s a [42] o) P = o
e < a. Q. o -
HEREIEERHEIR:
ol & @ 7} vl & @ 1
el SP o Lo
i g N
- g
1 shE oENT
3 = Lo
-1 B oF i
£ 5| 3%
0 =
) SAND (SP} - light grayish brown (2.5Y 6/2) to light 5 ¥ .
yeliowish brown {2.5Y 6/4}, damp to moist, dense to a 5
d s 58 very dense, 100% medium sand, shell fragments. 7‘{— ,* ]
5~ -
Becomes 100% fine sand.
16 {20 1 ' ]
&)
10'—' > ™ —
5 3
S e
— 6 9 k "5 a3 © 6 a
SAND (SP) ~ very dark gray (2.5Y N3/0) to black 2< g2
{2.5Y N2/0), saturated, loose, 100% fine to medium Lo 9
4 J sand, fining downward, 1 inch thick silt layer at #1 £ 3 ]
feet, shell and wood fragments, g
&
= 4 5 -
15— o N
1l s |7 s )
Lo Tow
4 LD i
o SAND (SW) - black (2.5Y N2/0}, saturated, loose,
- . 85-100% fine to coarse sand, trace fine gravel, -
5 8 M trace silt, shell and wood fragments. Ve
SILTY SAND (SM) - very dark gray {2.5Y N3/Q), =Y ¥ i
] saturated, loose, 70-80% fine sand, 20-30% sit, /’
\ shell fragments, sulphur odor.
20— — * Converted to standard penetration blows/foot. § —

JOB NUMBER: 346606.0t

Page I of |



Gettier—-Ryan Inc.

Log of Boring MW—-58

PROJECT: Chevron Bulk Terminal No. 100-1350 LOCATION: f020 C Street, Bellingham, WA
PROJECT NO.: 346806.0! CASING ELEVATION:
DATE STARTED: 10/22/98 WL (ft. bgs) 6 DATE: 10/22/98 TIME: 3:02 pm

DATE FINISHED: (10/22/98

WL [ft, bgs) DATE: TIME:

DRILLING METHOD: 8" hoflow—stem auger

TOTAL DEPTH: 19 Feet

DRILLING COMPANY: Cascade Drifling

GEOLOGIST: Steve Carter

[+
L
€T} .
X1 & 1518 g WELL DIAGRAM
g |« =2 dalal 3 GEOLOGIC DESCRIPTION
= | 18| ¢ |gf|°
asl o o = | < =
B¢l B |d) 3 |58 8 —
o 1 Q@
aOn 3 o
i losp a. \ S8
S RS S %“‘ ¥ 4
g % [
. 4 b E ‘é .
G £y o<
0 =
7 7 SAND (SP) - light brownish gray (10YR 6/2), damp g EY 7
to moist, dense, 100% fine to medivm sand, shelt @ &
4 3 30 | MW-50-4 Toetets fragments. Trace coarse sand at 4.5 feet. Oxidized I e i
{ayer 3 inches thick at 4.7 feet. 7
5 3 25 | MW-56-5 ]
1 3 |28 |Mu-50-6 B ] Y ;
&3
10 Color change to biack (2.5Y N2/0), becomes 3 &
saturated, 95-100% fine to medium sand, 0-5% o &
1 3 1?2 ] coarse sand to fine gravel, shell fragments, sulphur 56 g 5 R
: smell, 1 inch thick silt layer at 10.9 feet. S = P
“ o g
7] E .‘ %E 3 -
-:-.," SM H
1 b ;I . = -1
151 1 SILTY SAND (SM) - very dark grayish brown (2.5Y -
. it 3/2), saturated, medium dense, B5-75% fine to
] 3 16 coarse sand, 25-35% silt {increasing downward), |
shell and wood fragments, sulphur smell.
<1 sSP SAND {SP) - black (2.5Y N2/0), saturated, loose,
T T 90% fine to medivm grained sand, 5% coarse sand to §
fine gravel, trace silt, shell and wood fragments,
4 3 5 i sulphur smell, silt layer {dark yeliowish brown (10YR §
3/4)) tinch thick at 18,5 feet.
A =3 X N
¥ Converted to standard penetration blows/foot,
20 = 3 .
JOB NUMBER: 3466086.01 Page fof 1



Gettler-Ryan Inc.

Log of Boring MW-60

PROJECT: Chevron Bulk Terminal No. 100-1350

LOCATION: 1020 C Street, Bellingham, WA

PROJECT NO.: 3486086.01 CASING ELEVATION:
DATE STARTED: 10/23/68 WL {ft. bgs): 7 DATE: 10/23/98 TIME: 8:19 am
DATE FINISHED: 10/23/98 WL {ft. bgs) DATE: TIME:
DRILLING METHOD: 8" hollow-stem auger TOTAL DEPTH: 19 Feet
ORILLING COMPANY: Cascade Drilling GEOLOGIST: Steve Carter
i
* = . j0)
z | & =] Z g g WELL DIAGRAM
- g 5 w wl = a GECLOGIC (ESERIPTION
b & s [51%] =2
w2 par’ = I )
a+«! a i o ni o 0
ERE SM - L'.: &
& 8%
= - . (\:T) T -
1 2 L2
7 Tl SAND (5P} - fight brownish gray {2.5Y 6/2), damp o 58 7
11 to moist, 100X fine to medium sand, 8 -
. +1 1 E ¥ i
. - £
5 7 IZ" ANy Rock in front of sampler. -
N 11 SAND WITH SILT AND GRAVEL {SP-SM) - black -
8 |27 |MW-60-6.59 - 1| (2.5Y N2/0), moist, mediym dense, 50-60% fine to
i ﬂ A RE medium sand, 30-40% gravel, 10% sift. |
I
10 SILTY SAND (SM) - very dark grayish brown (2.5Y N &
~
3/2) to black (2.5Y N2/0), saturated, 70-80% fine I &
4 79 2 = Sp to medium sand, 20-30% siit, trace coarse sand to 8 2 5 i
.. fine gravel, shell fragments, hydrocarbon odor. 1 & S
e inch thick sill stratum at 10.8 feet. v 2
: R SAND (SP) - black (2.5Y N2/0), saturated, loose, £ S
. 100% fine to medium sand, shell fragments, : e
] X IBED hydrocarbon odor, e ¥
7l SILTY SAND {SM) - black (2.5Y N2/0), saturated, ‘(
medium dense, 70-80% fine to coarse sand, 20~30%
- silt, shell framents, hydrocarbon odor, product R
sheen.
15— 13 18 1
: SP
. SAND (SP) - very dark gray (2.5Y N3/0), saturated,
~ medium dense, 100¥% medium sand, 5~10% coarse sand -
8 26 to fine gravel from 18.5 to 19 feet, hydrocarbon
ador, shell fragments. .
i * Converted to standard penetration blows/foot. o o
20~ - 2 -
JOB NUMBER: 3466086.01 Page | of |



Gettler-Ryan Inc.

Log of Boring MW-61

PROJECT: Chevron Bulk Terminal No. 100-1350

LOCATION: {020 C Street, Bellingham, WA

PROJECT NG.: 346606.01

CASING ELEVATION:

DATE STARTED: 10/23/98

WL (ft. bgs)k 7 DATE: 10/23/98 TIME: 851 am

DATE FINISHED: 10/23/98

WL (ft. bgsh DATE: TIME:

BRILLING METHOD: 8" holfow-stem auger

TOTAL DEPTH: 19 Feet

DRILLING COMPANY: Cascade Orilling

GEOLOGIST: Steve Carter

[+ 4
1T
@ .
S Z 5131 g WELL DIAGRAM
gl Z lolel = BECLOGIC DESCRIPTION
= e n o Sl ox= o
[ = O a- oL -l
5%l 2 3| 2 |32 &
o&l 7 o o | & ;] [
| ] = 88
N +
R ] 3 L2
2 88
L )
iy 1. SAND (SW) - dark yellowish brown (I0YR 4/4), damp € + .
L to moist, dense, 100% fine to coarse sand, S
1l 8 51 | MH-81-4 J predominantly fine to medium. _} ]
5 ] _
7 SAND (SP) - black {2.5Y N2/0}, moist, dense, 100% ]
fine to medium sand, hydrocarbon odor.
4 810 | 37 | MW-61-7 v |
NS o
10 SAND {SW} - black (2.5Y N2/0}, saturated, loose, & ¥
NP 100% fine to coarse sand, predominantly fine to S by
J 45 5 | DR medium, hydrocarbon odor, 5 2 5 |
PN & 2%
i ooy @
4O =
i ) g < S i
£
- of A .1
spP
SAND (5P} - black {2.5Y N2/0), saturated, medium
15 dense, 100% fine Lo medium sand, hydrocarbon odor -
and sheen,
1 . SM SILTY SAND (SM) - very dark grayish brown (2.5Y i
3/2), saturated, medium dense, 50-80% fine to
coarse sand, 20~30% fine gravel, 10-20% silt, wood
J and shell fragments, hydrocarbon odor and sheen. |
B Becomes 70-80% fine to medium sand, 20-25% silt, 7
6 |20 0-5% coarse sand to fine gravel at 17.5 feet,
. = 3 A 4
¥ Converted to standard penetration blows/foot.
20— 3 _

JOB NUMBER: 346606.01
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Gettler-Ryan Inc. Log of Boring MW-62
PROJECT:, Chevron Bulk Terminal No. 100-1350 LOCATION: f020 C Street, Bellingham, WA
PROJECT NO.: 346606.01 CASING ELEVATION:
DATE STARTED: 10/23/98 WL (ft, bgsk 7 DATE: 10/23/98 TIME: 142 am
DATE FINISHED: [10/23/98 WL (ft. bgs) DATE: TIME:
DORILLING METHOD: 8" hollow—stem auger TOTAL DEPTH: 19 Feet
DRILLING COMPANY:. C(Cascade Orifling GEOLOGIST: Steve Carter
[
[T
23]
* z 2|8 e WELL DIAGRAM
= |r z Z1 21 9
A W wl 21 3 GEOLOGIC DESCRIPTION
el 212 & lg|z| &
an|i o [= X x| < =
a2l & | ® »_ 8|61 8 —
OO T

SAND (SP) ~ very dark grayish brown (2.5Y 3/2),
very dense, damp to moist, 90-05% fine to medium
sand, 5-10% fine gravel to coarse sand, 0-5% silt.

41 88 HH-62~3.5'

{4 blank Scheduie 40 PV

- Sitt increases to 20-30% in shoe, wood fibers.

10+ 1. SAND WITH SILT (SP-SM) - very dark grayish
e brown {2.5Y 3/2), saturated, lcose, 90-85% fine to
4 879 5 wad medium sand, 5-10% silt, trace coarse sand,
DO . hydrocarbon odor. /]

SAND {SP) - black (2.5Y N2/0), saturated, loose,
95-100% fine 1o medium sand, 0-5% silt, shell
“fragments, hydrocarbon odor and sheen,

sand
Lonestar #2/12
}

(0.02 inch}

4" machine-sictted PYC

19 1 SILTY SAND (SM) - very dark grayish brown (2.5Y
5 9 11 3/2), saturated, loose, 75~-85% fine to coarse sand,
: 15-25% silt, shell fragments, hydrocarbon odor.,

S| ® BRI SAND (SW] - black (2.6 N2/0J, saturated, medium
4 TIT] op dense, 100% fine to coarse sand, shell fragments.

% Converted to standard penetration blows/foot,

JOB NUMBER: 346606.01 Page I of 1






















































MDW:CMS B/26/91

1979-002-B14

DEPTH N FEET

"fF

12 4}

13

14 -

15 —

MONITOR WELL NO. MW-1

WELL SCHEMATIC
Casing Elevation (ft.):27.69 Vapor
Casing Stickup (t.): -0.50 Cone.(ppm) 4 E DISCRIPTION
Sheen an-é Surface Elevation (U.): 28,19
T 0
Steel surface 6 tnches concrete
monument SP  Black medium to coarse sand with a trace of sjlt
(loose, moist) (fil17) !
— - Bentonile scal i
-] | 70 |6 i
2-inch Schedule €5
40 PYC solid
pipe
-8
. X Water level at 7.99 feet on 06/08/91 -
2-inch Schedule 800 -+ | 6 CA T Grades to wet
40 PVC ecreen, MS
0.020-inch slot
width |
—10
d=5 :| SP— Black medium to coarse sand with silt and i
.1 SM occasjonal shell fragments {loose, wet) {[ilT)
:::_‘_ Medium sand i
g s R back il
= 100 3 i
= 5§
Base of well at Boring completed at §4.0 feet on 06/03/91 i
14.0 fect
—15

16 ~

Note: See Figure A-2 for explanation of symbols

(Geo

N

A

>
1
2

Engineers

Log of Monitor Well

Figure A-3




MOW.CMS B/26/91

1979-002-814

DEPTH IN FEET

WELL SCHEMATIC
Casing Elevalion (1t.):29.01

10}
114}

12 4§

14 L

15 4

LTI
S

MONITOR WELL NO. MW-2

Vapor “
Casing Stickup (ft.): -0.51 Conc.(ppm) 4 .5, % Geoup DESCRIPTION
Sheen -98 5 Symbol Surface Elevation (t.): 29.52
[21] (%]
Stee] sueface GP  Gray {ine gravel (dense, moist) {fiil) 0
monument SP  Black fine to medium sand with wood fragments
(medium dense, moist) (ill7) |
- Bentonile scal i
2-inck Schedul 209 2 N [
-1nC cnegauie
40 PVC solid M$
pipe
b5
g Water level at 7.27 feet on 06/08/91
2-inch Schedule 1,200 |20 CA Grades to wet -
40 PYC screen, HS
0.020-inch slot
width .
10
| Medium sand i
back[il
1,500 i1 i
MS
Base of well at Boring completed at 14.0 lcet on 06/03/91 "
14.0 feer
15

16 -

Note: See Figure A-2 for explanation of symbols

<
GeodN

S
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Engineers

Log of Monitor Well

Figure A-4




:MDW:CMS 8/26/91

1975-002-B14

DEPTH IN FEET

MONITOR WELL NO. MW-3

WELL SCHEMATIC
leing El'cvation (ft.):28.59 VYapor % DESCRIPTION
Casing Stickup {ft.}): -0.27 Conc.(ppm) 3 % & Group
Sheen -9-8 E Symbol Surface Elcvation {ft.): 28.86
fas] w1
0 - v ’ o]
Steel surface ;" 6 mches concrete
monument SP Reddish brown and tan fine to medjum sand
1 (medium dense, moist) (fili?) i
2 - —{ =i- Bentonite seal i
3 4 3 L
2-inch Schedule
40 PVC solid <100 2l CA
pipe NS -
— 5
Y Water fevel at 6.53 feet on 06/08/91
2-inch Schedule <100 |7 ca Grades 10 wet i
40 PYC screen, NS N
0.020-inch slot
width L
—10
Medium sand i
back il
<100 21 [
NS
Base of well at Boring completed at 14.0 fect on 06/03/91
14.0 feer
15 - 15
16 - B

Note: See Figure A-2 for explanation of symbols

./,/«u-

A

:
\§

GeoRZ Engineers

)

A

Log of Monitor Well

Figure A-b




MOW:CMS 8/26/91

1979-002-B14

DEPTH IN FEET

WELL SCHEMATIC
Casing Elevation {ft.):28.61

MONITOR WELL NO. MW-4

Vapor
: ; . b :
Casing Stickup (t.); -0.32 Cone.(ppm) 4 § = Group DESCRIPTION
Sheen %8 JE)! Symboi Surfuce Elevation (lt.}: 28.93
0~ Steel surface GP  Gray fine gravel (dense, moist) (filf) 0
menument SP  Brown medium to coarse sand with lenses of silt
1 . (medium dense, moist) (f3i17) B
2 119 B4~ Bentonite scal i
31 <100 |16 CA i
2-inch Schedule NS
40 PYC solid
pipe i
—5
3 Water level at 5.37 feet on 06/08/91
8 7 2-inch Schedule <100 .| 11 Grades to wes -
40 PVC screen, NS
0.020-inch slot
g width i
10, 10
11 HF. -
12 41 _ Medium sand i
g backfill
13 414 <100 | 7 cCA -
NS
T4 Base of well at Boring completed at 14.0 feet on 06/04/91
14.0 fect
15 15
16 -~ B

Note: See Figure A-2 for explanation of symbols

Geo

<
\\4
ONZ

Engineers

Log of Monitor Well

Figure A-6




MDWCMS B8/26/91

1979.002.-B14

DEPTH IN FEET

MONITOR WELL NO. MW-5

WELL SCHEMATIC
Cufng Elleva.lion {t.):28.55 Vapor g RIPTION
- Casing Stickup (ft.): -0.26 Conc.(ppm) 3 ..g, = Geoup DESCRIPT
Sheen %8 E Symbol Surface Elevarion (t.}: 28.81
0 — — - 0
Steel surface e - 6 inches concrete
monument SP  Brown medium sand with occasional organic
1 matter and shell {ragments (Joose, moist) (fill?)]
Z 113 - Bentonite scal
== <100 | 10 i
- ,@_ 2-inch Schedule NS
= 1 40 PYC solid
== pipe Y Water levet az 3.84 feet on 06/08/91
—5
&1 ; 2-inch Schedule <100 | 8 CA Grades to wet i
=] 40 PYC ecreen, NS
0.020-inch slot
width i
:{:] SP— Dark gray medium to coarsc sand with silt and 10
-1:1 SM occasional shell fragments and wood (medium
; dense, wet)
12 1135, Medium sand
—1. back (il
500 22 i
NS
Base of well at Boring completed at 15.0 feet oa 06/04/91 18
15.0 feet

16 -
Note: See Figure A-2 for explanation of symbols

A

o

Log of Monitor Well

1 S~
GeoNZ Engineers

Figure A-7




DEPTH IN FEET

MDW:CMS 8/26/91

1979-002-814

MONITOR WELL NO. MW-6

WELL SCHEMATIC
Casing Elevation (1t.):27.72 Vapor 3
Casing Stickup (ft.): -0.24 Conc.(ppm) & .g. = Group DESCRIPTION
Sheen a8 5 Symbul Surfuce Elevation (f1.):  27.96
0 Steel surface ML Grayish brown siit with sand (soft, moist) 0
monument
U I e B -
2 14 - Bentonite seal i
Sl EX I K <100 |2 y I
2-inich Schedule NS "‘
40 PVC solid
pipe e i
= Water level at 4.08 feet on 06/08/91
-5
7 H1E -
:1:} SP= Dark gray fine to medium sand with siit and
1 SM occasional shell fragments (loose, wet) B
2-inch Schedule 30 12 CA .
40 PYC screen, NS
0.020-inch slot
width L
EPR I I 1 0
CH <l- Medium sand L
i backfill
13t 120 4 CA i
NS
14 7 " Base of welt at - Boting completed at 14.0 feet on 06/04/91
14.0 feet
15 — 15
16 -~ L

Note: See Figure A-2 for explanation of symbols

L Log of Monitor Well
5 %ﬁ 3 ). IS
Geo XN Engineers Fraure A8




MDW:CMS  B/26/91

1979-002-B14

DEPTH IN FEET

MONITOR WELL NO. MW-7

WELL SCHEMATIC
Casing Elevation (f1.):29.13 Vapor
Casing Stickup {ft.): -0.47 Conc.(ppm) 38 DESCRIPTICN
Sheen c%a Sucrface Elevation (ft.):  29.60
© Steel surface 3 inches a.spha.ltic'concrcw - . ¢
monument SP  Black fine o medium sand with gravel {medium
dense, moist} (fill}
1 - 2
=
2 1 =] =3~ Bentonite scal
— 3 inches asphaltic concrets
== ¥ Water level at 2.89 feet on 06/08/9
11 2-inch Schedulo <100 68 SP Gray finc to medium sand with a trace of ajlt
40 PVC solid NS (very dense, maist) (Till}
pipe i
5
SP  Black medium to coarse sand with organic matter
and occasional wood fragments (locse, wel)
(fall}
2-inch Schedule <100 4 9 CA I
40 PVC screen, NS
0.020-inch slot
width L
10
Mecdium sand i
back(ill
& |9 i
NS
Base of well at Boring completed at 14.0 {eet on 06/04/91
14.0 feet
15 — 15
16 -~ L

Note: See Figure A-2 for explanation of symbaols

Log of Monitor Well

L
N \,“/ h] ‘.
Geo NNZ Engineers

Figure A-9




MDW:CMS B/26/91

1879-002-B14

DEPTH IN FEET

10

11

12

13

14

15

16

MONITOR WELL NO. MwW-8

WELL SCHEMATIC
Casing Elevation ([t.):29.44 Vapor "
3 H N 0
Casing Stickup (A.): -0.41 Conc.(ppm)  # .g. = Group DESCRIPTION
Sheen 28 § Symbot Surlace Elevation (R.):  29.85
= 7]
-y : 0
Steel surface e 6 inches concrele
monument SP  Brown medium to coarse sand with gravel
{dense, moist) {filf) |
— f=4- Bentanite seal -
- 8 inches concrete
2 . SP  Brown medium o coarse sand with a trace of silt |
2-inch Schcd‘ule (danCo, WCL) (ﬂ“?)
40 PVC solid
pipe
<100 |32 i
NS
-5
¥ Water level at 5.59 fect an 06/08/91
400 29 CA Grades o medium dense -
i I
2-inch Schedule 10
H. 40 PYC screen,
‘=] 0.020-inch slot
gum ¥ width -
1.000 9 Grades to oose -
S I
"1 Medium sand 15
- backfill
- J s |
e

Note: See Figure A-2 for explanation of symbols

«4/(“--

Log of Monitor Weli

2.
I\

Geo Nz kngineers

Figure A-10




MDW:CMS B/26/391

1879-002-814

DEPTH IN FEET

MONITOR WELL NO. MW-8

{Continued)
WELL SCHEMATIC Vapor
c DESCRIPTION
Cone. (ppm)
Sheen
16
160 Grades to medium dense
MS |
:1:] SP— Dark gray medium to coarse sand with silt and
SHELY! occasional gravel {(medium dense, wet} 50
Base of well at
20,14 feet
<100 |26 i
ss
Boring completed at 24.0 fect on 06/04/91 I
25 — I~ 25
26 -
27
28 -
29 A R
30 —30
31 B
32 - L

Note: See Figure A-2 for explanation of symbols

.4 | ]

<N

oy

ON TP
Geo \NZEngineers

Log of Monitor Well

Figure A-10




:MDW:CMS 8/26/91

1975-002-B14

DEPTH IN FEET

15 4

G TTCETTIT

IO

MONITOR WELL NO. MW-9

TIT

WELL SCHEMATIC
Ca.sfng Elf:vaiion (.):28.70 Vapor “
Casing Stickup (ft.): -0.42 Conc.(ppm) 4 § = Group DESCRIPTION
Sheen 23 B Symbol Surface Elevation (ft.): 29.12
m v
Steel surface b o o GP  Gray fine gravel (dense, moist) (fill} 0
monument SP  Black finc to medium sand with a trace of
organic mater and wood fragments {medium
dense, moist) (fill)
— Bentonite scal 3
2-inch Schedv! <190
-inc ciicdo!ls
40 PVC solid NS
pipe L
-5
g Waler level at 7,30 feet on 06/08/91
2-inch Schedule 1,000 | CA Grades to wet i
40 PYC screen, 1S
0.020-inch stot
width i
10
— Medium sand 3
backfiit
<100 Grades Lo foose 3
NS
Basc of well at Boring completed at 14.0 feat on 06/03/91 -
14.0 feet
—15

16 -

Note: See Figure A-2 for explanation of symbols

o

g

C
.

A\

In

gineers

Log of Monitor Well

Figure A-11




‘MDW:CMS 8/26/91

1979-002-Bt4

DEPTH IN FEET

MONITOR WELL NO. MW-10

WELL SCHEMATIC
Casing Elevation {[t.):28.70 Vapor 3
Casing Stickup (f.): -0.46 Coneppe)  E B Group DESCRIPTION
Sheen §8 E Symbol Surfacc Elevation {Nt.): 29.16
Steel sucface _ 3 inches nsph&itic concrele ' 0
monument si:::7:| SP Tan fine sand with & trace of silt (loose, moist)
2- - - Bentonite scal 8
S <100 7 i
2-inch Schedule S5
40 PVC solid
pipe
SP  Black fine sand with occasional shell (ragments [~ 2
(foose, wet)
Y Water fevel at 5,67 feet on 06/08/91
2-inch Schedule 200 110 CA i
40 PVC screen, NS
0.020-inch stot
width -
—~10
11 4}
12 91 _ Medium sand
backfill
13 7 <100 | 7 "
NS
14 7 Base of well at Boring completed at 14.0 feet on 06/04/91
14.0 feet
15 = .15
16 s

Note: Sec Figure A-2 for explanation of symbols

Geo

&

A\

Z Lngineers

Log of Monitor Well

Figure A-12




MDW:CMS 8/26/91

1979-002-B14

DEPTH N FEET

WELL SCHEMATIC

MONITOR WELL NO. MW-11

Casing Flevation (ft.):28.80 Vapor g
Casing Stickup (l.): -0.55 Conc.ppm) 3% & Group DESCRIPTION
Sheen £(3 E Symboi Surface Elevation (t.): 29.35
°7 Steal surface P2, GP  Gray fine gravel (dense, moist) (fill} e
1
monument .3/"5'/ ‘] SP~ Brown medium to coarse sand with silt, binck
1 4 il sM orgenic matter, occasional gravel end conerete |
- (dense, moist)
2 1 ' =+ Bentonite seal i
3T P <ioo |39
2-inch Schiedule NS
40 PVYC solid
pipe i
5
X Water lovel at 5.53 feel on 06/08/91
2-inch Schedule <100 .| 20 CA Grades to wet i
— 40 PVC screen, ss
oo} 0.020-inch stot
o JPE] v '
; 10
Medium sand ]
backfifl
120 21 i
NS
Basc of well at Boring completed at 14.0 fect on 06/05/91
14.0 fect
15 — —15

16 -~

Note: See Figure A-2 for explanation of symbols

L Log of Monitor Well
N~
Geo N2 Engineers Figure A-13




:MDW:CM5 4/2/92

*979-003-R14

DEPTH IN FEET

MONITORING WELL NO. MW-12

WELL SCHEMATIC
Casing Elevation (ft.): 27.69 Vapor 3
Casing Stickup {ft.): -0.36 - & DESCRIPTION
ng p (ft.) Conc.(ppm) 5 € & Group
Sheen E?a 8 Symbol Surface Elevation (f.):  28.05
vy
°7] teel surface ;"___";__, 14 inches concrete 0
g monument ISP Gray fine to coarsc sand (loose, moist} (fill}
. “Bentonite seal i
: L Zwater lcvel st 2.39 feet on 03/28/92
2-inch Schedule s ; i
1 . <100 5 call Gray silt with lenses of fine to medium sand and
40 PVYC solid AL :
R pipe 55 occasional shel] fragments (soft, wet) (fill) 3
5 - —5
N <100 2 B Sand content increases i
NS
b BT2-inch Scheduie 3 0 i
7] goolgi:chr:fot' :1:| SP—~ Gray finc to medium sand with silt and occasional |
101 ' w'idt.h ‘1iISM shell fragments and wood (loose, wet) (fill) - 10
E ; 200 8 [ : i
S T Medivm sand NS
4181 backfin g
7 Basc of well at 200 2 [ | i
13.0 feet NS Gray silt with lenses of fine 1o medium sand i
(medium stiff, wet) 15
<100 | 7 R -

] NS Boring completed at 16.5 feet on 11/22/91 |
20— Note: Headspace vapors measured using a 20
o Bacharach TLV Sniffer L
256 = 25
30 — 30
35 — =35
40 — L 40

Note: See Figure A-2 for explanation of symbols

LOG OF MONITORING WELL

N .
Geo & Engineers

FIGURE A-3




‘MDW:CMS 4/2/92

979-003-R14

DEPTH IN FEET

40 —

MONITORING WELL NO, MW-13

WELL SCHEMATIC
Casing Elevation {fi.): 28.67 Vapor 8
Casing Stickup (ft.): -0.26 - = DESCRIPTION
e p (R.) Conc. (ppm) B 5 g‘ Group .
Sheen 25 Symbol Surface Elevation (ft.): 28.93
[=4] %]
teel gurface = GP 4 inches concerete 0
™ monument SR A\Bmwn sandy fine gravel with siit (loose, moist) |
— _ ol 1 |G (fuh) ]
¥—Bentonite seal - 13 P\; inches concrete
— R . :{:]:| SR~ Brown sandy finc gravel with siit (foose, moist)
= <1 16 R H ful s
1~ 2-inch Schedule NS : SM i:gchc)-a brick
. YC golid
By ;? S soli B rown fine to coarse sand with silt (medium 5
P =1 10 CA e denge, moist) (fill) -
2 NS P41l Water level 6 5.61 feet on 03/28/92 i
2://SP Gray fine to medium sand with a trace of silt (very |
=" 2-inch Schedule <1 3 | | : loosc, wet)
1 40 PVC sereen, NS -
-1 0.020-inch siot 10
C] width
<t | ¢ R i
NS
T Medium sand i
backfil <t | 4 R Grades o loose with occasional shell fragments
f NS 11| SP~ Gray fine to medium sand with silt and occasional |
1R of well at il SM shell fragments (loose, wet) —158
15.0 feet <1 6 i i
NS Boring completed at 16.5 feet on 11/19/91 1
Note: Headspace vapors were measured usinga [~ 20
Photovac MicroTIP L
- 25
30
L
=35
— 40

Note: See Figure A-2 for explanation of symbols

LOG OF MONITORING WELL

<24y
N o
GeoNZ Engineers

FIGURE A-4




MDW:CMS 4/2/92

1879-003-R14

DEPTH IN FEET

MONITORING WELL NO. MW-14

WELL SCHEMATIC
Casing Elevation (ft.): 28.91 Vapor g
Casing Stickup (ft.); -0.27 PR DESCRIPTION
2 p (ft) Conc.(ppm) 3 E &  Group
Sheen 28 £ symbol Surface Elevation (f.):  29.18
0 wel surlace sp ° inches asphalt concrete o
=~ 7 % mopument - Black fine to medium sand with & trace of silt F
- i iE (loose, moist) (fill) L
; —| [ Beotonite seal
174~ 2-inch Schedule 120 12 Grades to medium densc with occasional shell [
1] 40 PVC solid HS fragments |
pipc -5
320 11 ¥\P‘/ar.c:r level at 5.67 feet on 03/28/92 R
HS
=+ 2-inch Schedule 630 9 Grades 1o loose and wet 3
] 40 PVC ecreen, ss o
'] 0.020-inch slot
1 widih 10
i 260 12 Grades 1o medium dense [
ey NS
1B *Medium sand -
1] ekl 97 2 Grades to very loose i
{ Base of well at NS i
14.0 feet - 15
- 4 |
17 Boring completed at 16.5 feet on 11/18/91 I
P
20 Note: Headspace vapors were measured usinga [~ 20
N Photavac MicroTIP L
25 — 25
30 — 30
35 - =35
40— —40

Note: See Figure A-2 for explanation of symbols

LOG OF MONITORING WELL

L
Geo NZ Engineers

FIGURE A-5




1979-003-R14

‘MDW:CMS 4/2/92

DEPTH IN FEET

MONITORING WELL NO. MW-15

WELL SCHEMATIC

Casing Elevation {ft.): 28.17 Vapor

. . . 3
Casing Stickup (ft.): -0.22 Conc.(ppm) 5 ..:z: =3 Group DESCRIPTION
Sheen . 2% §  Symbol Surface Elevation (ft.):  28.39

tee] surface st 8 inches concrete
monument SP  Brown fine to medium sand (medium dense,
moist) (fill) (oxidation staining)
—Bentonite scal
£ 11 cald
2-inch Schedule NS
4? EVC solid =Water jcvel at 5.08 feet on 03/28/92
ki ﬁ‘!_ 4 K SP Gray finc to medium sand with occasional shell
s fragments (Joose, wet) (fill)
-4-2.inch Schedule 3 O
40 PV screen,
-.{ 0.020-inch eiot
"1 width
' <1 8 |
o NS
T Medium sand
backfill <1 3 | | Grades to very loose with occasional wood
NS T SPe fragments
o Gray fine to coarse sand with lenses of silty sand
"-] Base of well at : (loose, wet) (1]}
15.0 feet ,;% 5 | |

40 =~

Boring completed at 16.5 feet on 11/19/91

Note: Headspace vapors were measured using
Microvae PhotoTIP

Note: See Figure A-2 for explanation of symbols

—40

@‘} LOCG OF MONITORING WELL
N
GeoNZ Engineers oURE Ao




MOW:CMS 4/2/92

1979-003-R14

DEPTH IN FEET

35 —

MONITORING WELL NC. MW-16

40 ~

WELL SCHEMATIC
Casing Elevation (f.): 27.73 Vapor 3
Casing Stickup (ft.): -0.38 Conc.(ppm) 5 g = Group DESCRIPTION
Sheen %8 5 Symbol Surface Elevation (ft.): 28,11
%]
teel surface ‘-f“_-;, 8 inches concrele 0
™} monument oS EGM Brown sandy fine 10 coarsc grave! with silt (loose, F
-5 ~Bentonite scal Svons moist) (fill) ]
~3-2.inch Schedule :2]:4:| SP—~ 6 inches concrete ‘ .
40 PVC solid -- 16 [ :|SM  Brown fine to coarec sand with occasional gravel
pipe .- : and a trace of silt (oose, moist) (fill) (oxidarion |-
staining} &
.. 3 HiWater level at 5.56 fect on 03/28/92 i
NS :| SP— Gray fine to coarsc sand with lenses of silty fioe
TISM to coarsc sand and brick fragments {loose, wet)
2-inch Schedule <100 8 (fill) -
40 PVC screen, NS -
0.020-inch siot 10
1 width . -
o < 100 3 [ | Grades to gray silty finc to coarse sand, very
¥ -Medivm sand NS loose
21 backfill -
Base of well at 100 2 [ | Grades to biack fine to medium sand i
13.0 feet NS , . . . B
:| SP— Gray finc 1o medium sand with a trace of silt {very
fISM loose, wet) {fill7) —15
; <o | 2 N : -
NS Boring compleied at 16.5 feet on 11/20/91
Note: Headspace vapors were measured using & [~ 20
Bacharach TLV Sniffer L
— 25
30
35
—40

Note: See Figure A-2 for explanation of symbals

,//“;;. LOG OF MONITORING WELL
N2 o
Geo\NZ Engineers A




:MDW:CMS 4/2/92

1979-003-R14

DEPTH IN FEET

MONITORING WELL NO. MW-17

WELL SCHEMATIC
Cuasing Elevation (ft.): 28.11 Vapor "
Casing Stickup (ft.): -0.26 U DESCRIPTION
ing Stickup (ft.) Conc.(ppm) 3 E &  Group
Sheen 28 & Symbol Surface Elevation (RL):  28.37
o
0 oot surface : % inches concrele 0
- % monument :|SM  Black fine to medium sand with occasional shell |
N FS9Bentonite scal : fragments (medium dense, moiat) {fill)
117 +F-2-inch Schedule 160 | 16 R i
*-] 40 PVC solid 85
- | pipe -
5 % ) Lvater lovel at 4.95 foet on 03/28/92 -5
. B - 16 cAl [k i
i i";' HS REEH SP— Gray finc to medium sand with silt and occasional |
- cri-{:ISM shell fragments (loose, wet) {fitl)
] —1-2-inch Schedule - 8 AR H 3
. -] 40 PVC screen, MS : o
.| 0.020-inch slot
10 A width : - 10
_ . 800*» ] M oEle: i
“*Medium sand NS 1 14
_ "1 backfill 77{:1:| SP— Gray fine to coarse sand with a trace of silt and
] IsM occasional shell fragments (very loose, wet)
T Basc of well a 400%* 2 B L (fil) I
. 13.0 feet NS i !
15 — EE —15
R 100*= 8 - Lenses of silty sand, grades to loosc i
) NS E Boring completed a1 16.5 feet on 11/20/51 i
20 Notes: - 20
B *Headspace vapors were measured Using & i
-4 Microvac PhotoTIP -
**Headspace vapors were measured using a
7] Bacharach TLV Sniffer i
25 — =25
30 ~30
-~ -
35 =35
40 — 40

Note: See Figure A-2 for explanation of symbols

-,

A

7
M

Geo

y

Engineers

LOG OF MONITORING WELL

FIGURE A-8




DEPTH IN FEET

:MOW:CMS 4/2/92

1979-003-R14

MONITORING WELL NO. MW-18

WELL SCHEMATIC
Casing Elevation (ft.): 29.37 Vapor
Casing Stickup (ft.): 0.28  cone m) ¥ % Gr DESCRIPTION
: oup
Sheen -93 B Symbol Surface Elevation (Rt.): 29,65
[=2] v
© 1oel surface el B 6 inches concrele
- ] monument EEEEEE SM Gray gravelly fine to coarse sand with & trace of
] FHBentonite scal silt (loose, moist} {fill)
AT +F-2-inch Schedule i
1 40 PVC solid == | 7 D
) pipe Yivater ievel ot 4.33 feet on 03/28/92
5 —
i .- 6 L T , . .
A :11.3'1 SP— Black finc to medium sand with a trace of silt and
. (ISM occasional wood and shell fragments (loose,
: wet) (fill)
7 - B 71 2-inch Schedule 5
1k 2] 40 PVC screen, 120
10 * 1] 0.020-inch stot NS
~ 1 width
_ » 120 5
' Medivm sand NS
4] vackfin
.| Base of well at 120 2 Grades 10 very loose
13.0 feet NS
A a0 4 SEE IR T
4" NS e Boring completed at 16.5 feet on 11/21/91
20 Note: Headspace vapors were measured using a

N Bacharach TLVY Soiffer

40 —

Nole: See Figure A-2 for explanation of symbois

LOG OF MONITORING WELL

7

Geo Engineers

y/
A\

FIGURE A-9




MDW:CMS 4/2/92

1979-003-Ri4

DEPTH IN FEET

MONITORING WELL NO. MW-19

WELIL SCHEMATIC
Casing Eleverion (ft.): 29.81 Vapor g
i i : (pp - = DESCRIPTION
Casing Stickup (ft.): 035 eone. m 3 E 5 Group
Sheen 28 8 Symbol Surface Elovation (ft.):  30.16
0 - el voriace CITIM 3 inohes gray fine gravel ([o0se, mor) (T ©
-1 ™ monument .| SF  Gray finc to coarse sand with grave! (loose, mojst) |
i [F3-Bentonite scal (fill) i
i %+ 2.inch Schedule ; i
;| 40 PVC solid 120 14 caff SM SPWater level at 3.57 feet on 03/28/92
1 -] pipe NS : Gray, pink and tan silty fine sand (medium dense, [
5 - moist) {(cement sjurry) L5
_ 400 30 [ ] SP  Black and red fine to coarse sand with occasional |
NS ; gravel and silt {medium dense, wer) (fil})
.y | SP  Gray fine to coarse sand with a trace of silt 3
. 200 25 B . {medium dense, wet) (Nil) -
71 Bt 2-inch Schedule NS -
10 — | 40 PVC screen, - 10
"] 0.020-inch slot 300 (50/0.57 |} : Grades to very dense i
. 1 width NS e
B :ISM  Gray silty fine sand {medium dense, wet) {fill) 5
18- 1 | s B I
T} HAt-Medium sand NS "{SP  Gray fine to medium sand with a trace of silt
15 — 1 backfill (medium dense, wet) {fill) — 15
y 120 16 | i
i NS ML  Brown organic? silt (very soft, wet) (fill)
7 Basc of well at 500 2 & i
-4 18.0 feet NS -
20 - —20
- - 2 | L
i o Boring completed ar 21.5 feet on 11/21/91 L
N Note: Headspace vapors were measured usinga [
25 * Bacharach TLY Sniffer - 25
30 ~30
35 — — 35
. i
40 - — 40

Note: Sce Figure A-2 for explanarion of symbols

\

s

o]

S .
GeoaNZ Engineers

LOG OF MONITORING WELL

FIGURE A-10




:MOW:CMS 4/2/92

1979-003-R14

DEPTH IN FEET

TEST DATA BORING B-1

.= o om . o - DESCRIPTION
g EEE  £§ i85 ,
& J5& B2 =8 Surface Elcvation (ft.): 28.1
0 6 inches concrete 0
-4 6 inches gray fine to coarse gravel {fill) -
] Black fine 10 medivm sand with a trace of silt (medium dense, |
moist) (fill)
7 MS 2,000 14 i
5 — -5
1 HS > 10,000 CA 9 % Grades w Joose, wet with black fragments i
i ;| SP Gray finc 1o medium sand with a trace of silt (medium dease, wet) |,
: (fitl)
1 ss 2,000 13 R -
10 — 10
| ss 2,000 16 B X
1 NS 160 3 [ | Grades 10 very loose with occasional wood and shell fragments 3
7 ~1:]:| SP~ Gray fine to coarse sand with silt {loose, wer) (fill) i
15 — HBHL - 15
1 ns 800 5 | SRR K i
- Boring compieted at 16.5 feet on | 1/22/91 i
20 Note: Headspace vapors measured using a Bacharach TLV Sniffer [~20
25 = =25
30 — 30
35 -4 ~15
40 — - 40

Note: See Figure A-2 for explanation of symbols

Log of Boring

A\E

Engineers

2

Geo
FIGURE A-11




MDW:CMS 4/2/92

1979-003-R14

TEST DATA BORING B-2
. ™ DESCRIPTION
g SdF ‘613 gE .
= 3&33 g'_ ga Surface Elevation (ft.): 29.5
0 SP\.B inches ssphalt concrete °
- > Brown fine to coarse sand with a trace of silt (fil}) o
N 2 SP Gray fine to medium sand with & trace of silt (medium dense, moist) |
(fil)
1 ss <100 CA 14 i
5 —
i Ns 400 CA 11 Grades to wet with occasional shell fragments 5
71 Ns 200 12 ]
10 — - 10
1 NS 300 2 Grades to loose |
7 Ns 400 5 i
15 ~ — 15
1 Ns < 100 3 Grades to very loosc N
TR Boring completed at 16.5 feet on 11/22/1 i
.
- _ L
x
= - L
o
w
o 20— Note: Headspace vapors measured using a Bacharach TLV Suiffer [~20
25 - 25
30 — =30
35— I~ 35
40 - =40
Note: See Figure A-2 for explanation of symbols
() Log of Borin
e g oring
Geo &N Engineers
A “ FIGURE A-12




‘MDW:CMS 4/2/92

1979-003-R14

DEPTH IN FEET

TEST DATA BORING B-3

. . 3 DESCRIPTION
§ 'g_g’E b‘§ 2E E Group
& g8 g[_ -5-?8 E Symbol Surface Elevation (ft.): 30.0
0 ~ GP 3 inches gray fine gravel (loose, moist) (crushed rock fill) 0
- SP  Gray fine to coarse sand with & trace of silt (loose, moist) {fill) -
4 . . 9 5 i
" ; ‘| SP— Black gravelly finc to coarse sand with silt and occasional wire,
L= S e(SM plastic bags, plastic, spark plugs, shell fragments, metal b §
1 ss 4000 CA s 5] : fragments, siring, wood, nylon bags? (loose, wet) (landfill debris) |
B Boring completed at 6.5 feet oo 11/21/91 L
10~ Note: Headspace vapors measured using a Bacharach TLV Sniffer [~ 10
15 — =15
20 = =20
25 =~ =25
30 L 30
35 ~ 35
= -
40— b 40)

Note: See Figure A-2 for explanation of symbols

Log of Boring

7

Geo

A\

Engineers

)/
A

FIGURE A-13




DEPTH BELOW
GROUND SURFACE
{INCHES]

0.0- 5.5
55- 95
9.5-12.5

12.5-15.5

0.0- 3.5

15.55

55-95

9.5-17.0

LOG OF HAND BORING

SOIL GROUP
CLASSIFICATION
SYMBOL DESCRIPTION

HAND BORING C-1
Concrewe

SP-SM Brown fine to coarse sand with sill (loose, moist) (fill)
Concrete

SP Dark brown fine to coarie sand with a trace of silt and occasional brick fragmenu

(loose, moist)

Hand boring compleied at 15.5 inches on 11/22/91
No ground waler secpage observed
Disturbed soil samples obtained at 8.0 and 15.0 inches
BAND BORING C-2
Concrete

SP Brown medium 10 coarse sand with a trace of silt (loose, moist) {crushed rock fill)
Concrete

SP Dark brown fine 10 coarse sand with a trace of sili {medium dense, moist) (fill)

Grades 1o iight brown at 15.5 inches
Hand boring completed at 17.0 inches on 11/22/91
No ground water seepage observed

Disturbed soil samples obtained &t 5.0, 10.5 and 17.0 inches

THE DEPTHS ON THE HAND BORING LOGS, ALTHOUGH SHOWN TO 0.1 INCH, ARE BASED ON AN AVERAGE
OF MEASUREMENTS ACROSS THE HAND BORING AND SHOULD BE CONSIDERED ACCURATE TO 0.5 INCH.

)

Geo

M
h\\§

20

-
(4
-

Engineers

LOG OF HAND BORING

FIGURE A-14




6967-602-03 GEI ENVBORING 2.1.0 PAB\ESBTC003\FINALSSSE670028.GPS GENVZ 1.GOT 10M10/02

Project Number; 6967-002-03

r‘Dale(s) Logged Checked
Date(s 06/05/02 RMB &y L8
Orill Drilling i Sampling - i
cg r:{\rgcwr Method 4.5 inch-1D HSA Motngs  Heavy duty split-barrel sampler
Al Hamm N Drifling - R .
D:?:r Ham er 300 (ib) hammer/ 30 (in) drop Equipment Truck-mounted Mobile B-59
Total Surface ! Ground Water .
Depth (R) 21.5 Elevation (ft) 13 (feet MLLW) Level (ft. bas) 10
Datum/
L System y
SAMPLES 5 )
o
c € g
B
S . HEHE MATERIAL DESCRIPTION Be NOTES
=1 = tN O = o o1 o
53 88|12 £l3| 2 |8|5 | 82 g | &S
we o|g 28| 2 |=|gg 88 I ARE
0 EHe] & |25 6h w | TF
] CC 6 inches of poriland cement concrete
N Sl SP Gray coarse sand with gravel (medium dense, moist} |
(D)
7] 14 il Supercomposite
5 sp Brown medium to coarse sand with brick fragments | 1 5
71 4 (loose, moist) (fill) Supercompo site
CA| 7T 5 -1 &8 <100
Black silty fine to medium sand (lcose, wet) (fill}
10 l 71 5 v i R B Supercomposite
] sC Black clayey sand with shell fragments (stiff, wet}
] (native) |
15] 18] to I B Bt Supercomposite
20] 18] 1 B B B On hold at ARI
{ ) .
i | Boring completed at 21.5 feet bgs i
25— ) e =
Note: See Figure A-2 for explanation of symbaols
\. v,
s "
LOG OF BORING CW02-1
’//‘9 Project; BCI Property
G@O 'R\‘? Englneers Project Location; Bellingham, Washington Figure: A-3

Sheettof 1 ]

E-6-H-00452



£967-002-02 GEI ENVBORING 2.1.0 PASWS9E7002\03VFINALS\SO87002B.GP4 GEIV2 1.GDT 10/10/02

[ Date(s) Logged Checked
Dritled 06/05/02 By RMB By LJB
2 o Drlling 4.5 inch-1D HSA vamping  Heavy-duty split-barre! sampler
Auger pam 300 (Ib) hammer/ 30 (in) drop | 29 Truck-mounted Mobile B-59
Total Surface Ground Water
Deplh (ft) 21 Elevation {ft) 13 (feet MLLW) Level {ft. bgs) 10
Datum/
LSystam }
( SAMPLES 5 )
o
[ g e
o
2 g Bl 5|3 MATERIAL DESCRIPTION 8= NOTES
>.. Bl ¢ £ |7 c | 88
Lo o Pl 8 g 3] o T =
oS Fle] @ = B | TE
10 inches of portland cement concrete
1 - Concrete nibble with interstitial coarse sand (dense, -
dry) (filly
S5 - Supercomposite
1] 6 i i
5 | Black silty medium to coarse sand (loose, moist) (filly _|
7| 8 Supercomposite
cal 7| 2 i 4 Ms | 1,000
] Sp Black medium sand with coal fragments (loose, wet)
10 (Al — 55 | 1500
i8] 5 ' Supercomposite
15 18 9 SP Black medium to coarse sand with occasional gravel NS %0 Supercomposite
| {loose, wet) (native) |
§ SM Black silty sand with shell fragments (medium dense,
20 wet) —~ Ns | <00
181 19 On hold at ARI
] Bonng completed at 21 feet bgs
28~ . - —
Note: See Figure A-2 for explanation of symbols
. w
4 B . - y
LOG OF BORING CW02-2
%‘9 Project: BC! Property
Geok‘gEﬂgmeers Pro§ect Location: Bellingham, Washington Figure: A
Project Number; 6967-002-03 Sheet 1 of 1
- [ vty o

E-6-H-00453



8967-002-03 GE| ENVBORING 2.1,0 PIG\SI67002\AFINALSEI570028.6P GEIV2 1.GDT 10/10/02

———

——

LOG OF BORING CW02-3

o ==
Date(s) Logged Checked
Driled 06/05/02 Bm;gg RMB By LJB
Dnlieg i) 4.5 inch-1D HSA yamping  Heavy-duty split-barrel sampler
Auger Hammer 300 (1b) hammer/ 30 (in) drop ggﬂ};%ent Truck-mounted Mobite B-59
Total Surface Ground Water
Depth (1 21 Elevation (ft 13 (feet MLLW) Level (f. bgs) 10
Datum/ '
L Systom )
(" ™
SAMPLES 5
= &
5 =L 3
- Bl 51|, MATERIAL DESCRIPTION SE NOTES
=) - N - O = o
23 88[2 £zl ¢ 5|5 |82 §|ge
oe oglg 38| 8oyl 2 2182
o= Flel @ 2|63 On B | Ti-
] €C 6.5 inches of portland cement concrete
" CC | Concrete rubble with interstitial coarse sand and silt
- 4 ss
71 5 s <10 Supercomposite
5_.__:1 1] 3 WD | No recovery because of wood in sampler ]
sC B 1 d with coal fi ti
I CAlTL & i ror‘r'\v:)li;)a{gﬁ)san with coal fragments (very s, NS | <100 Supercomposite
) sp Black sand with coal fragments (loose, wet} (fill)
10 — -
1 18} 6 A M Supercamposite
g SP-SM [ Gray medium to coarse sand with silt (ioose, wet)
" - (native) ]
15 = i B
1 18] 8 N <10 Supercomposite
| | Gray medium sand (medium dense, wet) |
20 = — NS
'I 18] 21 1w On hold at ARI
Boring completed at 21 feet bgs
25— ) — —
Note: See Figure A-2 for explanation of symbols
. -
r ™

L Project: BCt Praperty
GeoﬁgEﬂgineerS Project Location: Bellingham, Washington
v Project Number: 6967-002-03

Figure: A-5
Sheet 1 of 1

E-6-H-00454



Well Construction Details
CWF-CW-1

Sheet 1 0f 1

Project: Central Waterfront RI/FS

Location: Central Waterfront, Bellingham WA

Total Depth of Boring (ft): 15 ft bgs

Project #: 120007-01.01

Program: 2016 Compliance Monitoring

Screened Interval: 5.0-15.0 ft bgs

Client: Port of Bellingham

Northing/LAT: 642881.17 Easting/LONG:  1241004.44

Well Type: Flush Mount

Installation Date: 7/12/2016

Horiz. Datum:  NAD 1983 State Plane Washington North (US ft)

Logged By: JA

Contractor: Cascade Drilling, LP

Drilling Equipment: Hollow Stem Auger

Drilling Method: Hollow Stem Auger

3
s &
22 .
2 T Well Construction
@ 5
<4
[G)
—O0
surface Seal 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
- Filter Pack Seal
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
B Sand Pack
Material
—-10 —~ Well Screen
15.0-15.4 ft bgs: two-inch diameter, 0.4-inch long schedule 40 PVC flush-thread end
cap
— -20
bgs = below ground surface
ft = feet
720 Olive Way
Suite 1900

Seattle, WA 98101
P: (206) 287-9130 F: (206) 287-9131




Well Construction Details
CWF-CW-2

Sheet 1 0f 1

Project: Central Waterfront RI/FS

Location: Central Waterfront, Bellingham WA

Total Depth of Boring (ft):  15.2 ft bgs

Project #: 120007-01.01

Program: 2016 Compliance Monitoring

Screened Interval: 5.2-15.2 ft bgs

Client: Port of Bellingham

Northing/LAT:  643335.27 Easting/LONG:  1241518.39

Well Type: Flush Mount

Installation Date: 7/12/2016

Horiz. Datum:  NAD 1983 State Plane Washington North (US ft)

Logged By: JA

Contractor: Cascade Drilling, LP

Drilling Equipment: Hollow Stem Auger

Drilling Method: Hollow Stem Auger

3
&
L >
P Well Construction Notes
Q
@ 5
<4
[G)
—O0
0.0-1.1 ft bgs: suface seal of eight-inch Morris-steel shroud flush-mount road box in
Surface Seal
concrete
0.8-5.2 ft bgs: two-inch diameter, schedule 40 PVC well casing
X 1.1-4.1 ft bgs: two-foot bentonite chips as filter pack seal
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
L with #00 filter sand prepack
L 10 Sand Pack
) Material
Well Screen
15.1-15.5 ft bgs: two-inch diameter, 0.4-inch long schedule 40 PVC flush-thread end
- cap
— -20
bgs = below ground surface
ft = feet
720 Olive Way
Suite 1900

Seattle, WA 98101
P: (206) 287-9130 F: (206) 287-9131




APPENDIX E
DATA SCREENING SUPPORTING
INFORMATION




Appendix E
Figure List - Central Waterfront Data Screen

Figure No.  |Figure Title
la Historical and RI Soil Sampling Locations - Saturated Zone
1b Historical and Rl Soil Sampling Locations - Unsaturated Zone
2 Historical and Rl 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
6¢ 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
of 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
15¢ 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
16¢ 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 Rl report.

Final RI/FS Report
Central Waterfront Site 1ofl1

March 2018
120007-01
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NOTES:

1. Saturated zone is defined as 5 or greater feet below the ground surface.
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Key to Previous Investigations
(B) Bellingham Marine Industries
EC) Chevron

i i 0) Olivine

© Soil Boring
Test Pit

RI Soil Boring

2012 Soil Sample Location

Project True
North North

0D
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200
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Figure 1a

Historical and RI Soil Sampling Locations — Saturated Zone
Central Waterfront RI/FS

Bellingham, WA
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Key to Previous Investigations
(B) Bellingham Marine Industries

L—_j Central Waterfront Site Boundary Historical Soil Sample Location (6) Ghevion

Site Subareas © Soil Boring

[__] Chevron Subarea @ Test Pit

D Colony Wharf Subarea @ RI Soil Boring or Surface Soil
©

[C] olivine Upland Subarea 2012 Soil Sample Location
D Roeder Avenue Landfill

Refuse Boundary

NOTES: Feet
1. Unsaturated zone is defined as 0-5 feet below the ground surface. 100 200 300 400
2. Aerial photo by ESRI.

Project True
North North
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Figure 1b

Historical and RI Soil Sampling Locations — Unsaturated Zone
Central Waterfront RI/FS

Bellingham, WA
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Figure 2

Historical and RI Groundwater Monitoring Well Locations

Central Waterfront RI/FS
Bellingham, WA
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1. 0.005 mg/kg = MTCA Method A Unrestricted soil cleanup level (saturated, direct contact) [WAC 173-340-740]. 100 200 300 400
2. For stations with multiple samples, the highest concentration is used.

3. Aerial photo by ESRI.
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Key to Previous Investigations
(B) Bellingham Marine Industries

L. J Central Waterfront Site Boundary Benzene (mg/kg) (S} Chevron

Site Subareas ® <0.005

[ Chevron Subarea 0.005 - 0.01 ot e

[ colony Wharf Subarea 0.01-0.025

[_] clivine Upland Subarea >0.025 " o

] Roeder Avenue Landfill Refuse Boundary

NOTES: _ _ _ Feet

1. 0.005 mg/kg = MTCA Method A Unrestricted soil cleanup level (saturated, direct contact) [WAC 173-340-740].

2. Only Non-detects above 0.005 mg/kg are shown. 100 200 300 400

3. For stations with multiple samples, the highest reporting limit is shown.
4. Aerial photo by ESRI.
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L. J Central Waterfront Site Boundary Diesel Range Hydrocarbons (mg/kg)

Site Subareas With Silica Gel Cleanup
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Roeder Avenue Landfill > 10,000
D Refuse Boundary

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.
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Figure 5a
Soil Results - Diesel Range Hydrocarbons Silica Gel Cleanup Analysis
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Key to Previous Investigations
(B) Bellingham Marine Industries
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1 500 ug/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.
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Groundwater Results — Diesel Range Hydrocarbons

Central Waterfront RI/FS
Bellingham, WA
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D Refuse Boundary

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.
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Key to Previous Investigations
(B) Bellingham Marine Industries

L. J Central Waterfront Site Boundary Motor Oil Range Hydrocarbons (ug/L) B Groundwater Well Sample Location {3 Gheveo
Site Subareas With Silica Gel Cleanup A Porewater Sample Location

[ Chevron Subarea B <500 ® Seep Sample Location o

[ colony Wharf Subarea B 500 - 1,000

D Olivine Upland Subarea L] 1,000 - 2,500

Roeder Avenue Landfill B >2500
D Refuse Boundary
NOTES:

1. 500 pg/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.
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Groundwater Results — Motor Oil Range Hydrocarbons
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Key to Previous Investigations
(B) Bellingham Marine Industries

L. J Central Waterfront Site Boundary Motor Oil Range Hydrocarbons (mg/kg) () Ghevon

Site Subareas Without Silica Gel Cleanup

D Chevron Subarea ® <2,000 broject e
] colony Wharf Subarea 2,000 - 4,000

®

[ Olivine Upland Subarea O 4,000 - 10,000 " o
Roeder Avenue Landfill ® > 10,000

D Refuse Boundary

NOTES: Feet

1. 2,000 mg/kg = MTCA Method A Unrestricted soil cleanup level (saturated, direct contact) [WAC 173-340-740]. 100 200 300 400
2. NWTPH-Dx Results without silica gel cleanup.

3. For stations with multiple samples, the highest concentration is used.

4. Aerial photo by ESRI.
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Key to Previous Investigations
(B) Bellingham Marine Industries

L. J Central Waterfront Site Boundary Motor Oil Range Hydrocarbons (ug/L) B Groundwater Well Sample Location & (5} Ecoloay

C) Chevron

Site Subareas Without Silica Gel Cleanup A Porewater Sample Location () Roadar Avenue Warshouse Feasibilty
D Chevron Subarea <500 ® Seep Sample Location A::ijs " Pre-Dizgen e
[ colony Wharf Subarea 500 - 1,000

[ Olivine Upland Subarea 1,000 - 2,500 " o
Roeder Avenue Landfill > 2,500

D Refuse Boundary

NOTES: Feet

1. 500 pg/L = MTCA Method A groundwater cleanup level [WAC 173-340-720]. 100 200 300 400
2. NWTPH-Dx Results without silica gel cleanup.

3. Results shown include the maximum concentration detected from 2002 - current.

4. Aerial photo by ESRI.
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- Key to Previous Investigations
L. J Central Waterfront Site Boundary Motor Oil Range Hydrocarbons (ug/L) @ Seep Sample Location EE% Eeology T e induetnes

C) Chevron
Site Subareas Without Silica Gel Cleanup o e Avenuo Warshouse Feasibilty

D Chevron Subarea ® <500 P:::iysis and Pre;li:sign Testing
] colony Wharf Subarea @® 500 - 1,000

[ Olivine Upland Subarea © 1,000 - 2,500 " o

[] Roeder Avenue Landfill Refuse Boundary @ > 2,500

NOTES: Feet

1. 500 pg/L = MTCA Method A groundwater cleanup level [WAC 173-340-720].

2. Only Non-detects above 500 ug/L are shown.

3. NWTPH-Dx Results without silica gel cleanup. 100 200 300 400

4. Results shown include the maximum reporting limit from 2002 - current.
5. Aerial photo by ESRI.
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Groundwater Results — Motor Oil Range Hydrocarbons
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L—_j Central Waterfront Site Boundary Total cPAHs (TEQ) (mg/kg)
Site Subareas ® <0.086

[_] chevron Subarea O 0.086-0.14

D Colony Wharf Subarea ® >0.14

[_] clivine Upland Subarea

Roeder Avenue Landfill
D Refuse Boundary

ANCHOR
QEA &2

NOTES:

1. 0.086 mg/kg = Regional Background
(Ecology, 2014)

2.0.14 mg/kg = MTCA Method B

Unrestricted soil cleanup level (saturated,

direct contact) [WAC 173-340-740].

3. For stations with multiple samples, the
highest concentration is used.

4. Aerial photo by ESRI.
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NOTES:
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Bellingham, WA
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NOTES:

<0.14
0.14-0.28
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1. 0.14 mg/kg = MTCA Method B Unrestricted soil cleanup level (saturated, direct contact) [WAC 173-340-740].

2. Only Non-detects above 0.14 mg/kg are shown.
3. For stations with multiple samples, the highest reporting limit is shown.
4. Aerial photo by ESRI.
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Key to Previous Investigations

L. J Central Waterfront Site Boundary Total cPAHs (TEQ) (ug/L) EE% Eoplogy ™ Marine Industries

X 8 8r|1_e_vron
Site Subareas <0.02 E )R(I)\IeIZZrAvenue Warehouse Feasibility

D Chevron Subarea 0.02 - 0.04 P:)Zinis e Preffg" Testng
] colony Wharf Subarea 0.04 - 0.1

D Olivine Upland Subarea > 0.1 " o
D Roeder Avenue Landfill Refuse Boundary

NOTES:

1. 0.02 pg/L = Applicable Practical Quantitation Level (PQL) for Rl Analyses. Feet

2. Only Non-detects above 0.02 pg/L are shown.
3. Results shown include the maximum reporting limit from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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Key to Previous Investigations
(B) Bellingham Marine Industries

NOTES: C) Chevron

L—_j Central Waterfront Site Boundary Naphthalene (mg/kg)
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Site Subareas
D Chevron Subarea
D Colony Wharf Subarea

[_] clivine Upland Subarea

Roeder Avenue Landfill
D Refuse Boundary

ANCHOR
QEA &2

@
O
[ ]

<0.8
0.8-99
99 - 1,600
> 1,600

1. 0.8 mg/kg = MTCA Unrestricted soil
cleanup level protective of leachability to
groundwater [WAC 173-340-740; Equation
747-1].

2. 99 mg/kg = sediment cleanup objective
(based on sediment management
standards criteria).

3. 1,600 mg/kg = MTCA Method B
Unrestricted soil cleanup level (saturated,
direct contact) [WAC 173-340-740].

4. For stations with multiple samples, the
highest concentration is used.

5. Aerial photo by ESRI.
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Figure 8a

Soil Results — Naphthalene
Central Waterfront RI/FS
Bellingham, WA
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D Roeder Avenue Landfill

Refuse Boundary

NOTES:

1. 83 pg/L = Calculated Porewater Concentration Protective of Marine Sediment [SQS; WAC 173-204-320].
2. Results shown include the maximum concentration detected from 2002 - current.

3. Aerial photo by ESRI.
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Key to Previous Investigations
(B) Bellingham Marine Industries
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Figure 8b

Groundwater Results — Naphthalene
Central Waterfront RI/FS
Bellingham, WA
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Key to Previous Investigations
(B) Bellingham Marine Industries

L—_j Central Waterfront Site Boundary Naphthalene (mg/kg) (€} Gheven

Site Subareas ® <038

D Chevron Subarea @ 08-1.6 ot e
] colony Wharf Subarea O 16-4
D Olivine Upland Subarea ® >4 " o
[] Roeder Avenue Landfill Refuse Boundary

NOTES:

1. 0.8 mg/kg = MTCA Unrestricted soil cleanup level protective of leachability to groundwater [WAC 173-340-740; Equation 747-1]. Feet

2. Only Non-detects above 0.8 mg/kg are shown. 100 200 300 400
3. For stations with multiple samples, the highest reporting limit is shown.
4. Aerial photo by ESRI.
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Figure 8c

Soil Results — Naphthalene

ANCHOR Non-detects Above the Screening Level
OFA &< Central Waterfront RI/FS
e Bellingham, WA
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Key to Previous Investigations
(B) Bellingham Marine Industries

. . u NOTES:
L-‘ Central Waterfront Site Boundary Arsenic (mglkg) 1. 7 mg/kg = Natural Background 8)) 85}3;:{3"

. Concentration [Ecology, 1994].
Site Subareas ® <7 2. 20 mg/kg = MTCA Method A
Unrestricted soil cleanup level (saturated,
D Chevron Subarea 7-20 direct contacd) [WAC 173.340-740] oroject .
3. 57 mg/kg = sediment cleanup objectlve Hojec Norh

D Colony Wharf Subarea 20 - 57 (based on sediment management

standards criteria).
D Olivine Upland Subarea > 57 4. For stations with multiple samples, the ‘) o
. highest concentration is used.
D Roeder Avenue Landfill 5. Aerial photo by ESRI.
Refuse Boundary Feet
100 200 300 400
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Soil Results — Arsenic
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1.5 pg/L = Background Concentration in Washington state [WAC 173-340-900 Table 720-1].
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Key to Previous Investigations
(B) Bellingham Marine Industries
E) Ecology
C) Chevron
< 5 EO Olivine
) Roeder Avenue Warehouse Feasibility
Analysis and Pre-Design Testing
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Project True
North North

0D

Feet

100 200 300 400

2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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Groundwater Results — Arsenic
Central Waterfront RI/FS
Bellingham, WA
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Key to Previous Investigations
(B) Bellingham Marine Industries

[ 11 . -
L. J Central Waterfront Site Boundary Arsenic (mg/kg) (S) Shevron

Ivine
Site Subareas e <7
D Chevron Subarea @ 7-14 oot e
] colony Wharf Subarea O 14-35
[C_] clivine Upland Subarea ® >35 " o
[] Roeder Avenue Landfill Refuse Boundary
NOTES: Feet
1.7 mg/kg = Natural Background Concentration [Ecology, 1994].
2. Only Non-detects above 7 mg/kg are shown. 100 200 300 400
3. For stations with multiple samples, the highest reporting limit is shown.
4. Aerial photo by ESRI.

=
o
0
b
-
N
<
~
-
(=]
N
=
©
=
(=2}
o
[}
O
£
]
=
o
o
x
£
X
ol
o
Q
©
S|
—
[}
[}
>
o
ol
<
o
z
c
[y
I
S
D
ol
S
©
al
£
o
=
c
[
2
o
5
<
S
©
al
=
.
o
(]
=
=
[
w
i3
s
[
o
=4
b=
2
E
£
c
Q
O
—
=
-
<
~
o
o
o
N
=
0
Qo
o
S
=2
2
o
=
[
©
o
S
=

Figure 9¢c

Soil Results — Arsenic

ANCHOR Non-detects Above the Screening Level
OFA &< Central Waterfront RI/FS
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= — KBeBto".Prehvic;u'\s/| quesltidatiqns
L. d Central Waterfront Site Boundary Arsenic (ug/L) EEi pelingham Marine Incustries

8 8r|19vron
. ivine
Site Subareas <5 E ) Roeder Avenue Warehouse Feasibility

Analysis and Pre-Design Testing
D Chevron Subarea 5-10 .

Project True

North North
] colony Wharf Subarea 10 - 25 - o

[C_] clivine Upland Subarea >25 " o

[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1.5 pg/L = Background Concentration in Washington state [WAC 173-340-900 Table 720-1].

2. Only Non-detects above 5 pg/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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L. d Central Waterfront Site Boundary Arsenic (ug/L) (Ei pelingham Marine Incustries

C) Chevron
Site Subareas <5 (G) Olvine (Pory

) Roeder Avenue Warehouse Feasibility
D Chevron Subarea 5-10 ,
Project True

Analysis and Pre-Design Testing
] colony Wharf Subarea 10-25

[ Olivine Upland Subarea > 25 " o
D Roeder Avenue Landfill
Refuse Boundary Feet

NOTES:
1.5 pg/L = Background Concentration in Washington state [WAC 173-340-900 Table 720-1]. 100 200 300 400

2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.
3. Aerial photo by ESRI.
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Figure 9e
ANCHOR Groundwater Results — Dissolved Arsenic

Central Waterfront RI/FS
QEA =2 Bellingham, WA




o

« Pl wi!
L L

i

L LLLLLLTREY e
p : I
f [~ 7% .
y P
A e

ANERRDER:
at
Ty TR

FormewA'SB!

-MW13(B) ‘g:'
r "_re R
t&“j’, .

gt jres e g 1.5

L 1] KBeBto".Prehvic;u'\s/| quesltidatitqns
L. d Central Waterfront Site Boundary Arsenic (pg/L) EEi Eoplagyam Marine Industries

8 8r|19vron
. ivine
Site Subareas <5 E ) Roeder Avenue Warehouse Feasibility

Analysis and Pre-Design Testing
[_1 Chevron Subarea 5-10 et o

North North
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[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1.5 pg/L = Background Concentration in Washington state [WAC 173-340-900 Table 720-1].

2. Only Non-detects above 5 pg/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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Groundwater Results — Dissolved Arsenic
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L. J Central Waterfront Site Boundary Cadmium (mg/kg)
Site Subareas ® <1

D Chevron Subarea 1-51

D Colony Wharf Subarea 5.1-80

[C_] clivine Upland Subarea >80

Roeder Avenue Landfill
D Refuse Boundary

ANCHOR
QEA &2

NOTES:

1.1 mg/kg = Natural Background
Concentration [Ecology, 1994].

2. 5.1 mg/kg = sediment cleanup objective
(based on sediment management
standards criteria).

3. 80 mg/kg = MTCA Method B
Unrestricted soil cleanup level (saturated,
direct contact) [WAC 173-340-740].

4. For stations with multiple samples, the
highest concentration is used.

5. Aerial photo by ESRI.
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Figure 10a

Soil Results — Cadmium
Central Waterfront RI/FS
Bellingham, WA
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C) Chevron

Site Subareas B <88 (6) Qe

1\ )queder é'\;entge V\'Iare_ll:nm;'se Feasibility
nalysis and Pre-Design Testing
[ Chevron Subarea B 88-176 Projct Te

North North
[ Colony Wharf Subarea 0 17.6-44 o o

|

[ Olivine Upland Subarea >44 " o
Roeder Avenue Landfill

D Refuse Bounda
NOTES: i Feet

1. 8.8 pg/L = Surface Water ARAR - Aquatic Life - Marine - Clean Water Act §304. 100 200 300 400
2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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X 8 8r|1_e_vron
Site Subareas <8.8 E )R(I)\IeIZZrAvenue Warehouse Feasibility

[_1 Chevron Subarea 88-17.6 P:::iYSiS and P'e;f’:s‘g" Testing
] colony Wharf Subarea 17.6 - 44
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[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1. 8.8 pg/L = Surface Water ARAR - Aquatic Life - Marine - Clean Water Act §304.

2. Only detects above 8.8 pg/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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Figure 10c
Groundwater Results — Cadmium
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Key to Previous Investigations
(B) Bellingham Marine Industries

L. J Central Waterfront Site Boundary Chromium (mg/kg) (€) Chevron

Site Subareas ® <260

[ Chevron Subarea 260 - 520 -
[ Colony Wharf Subarea 520 - 1,300

[_] clivine Upland Subarea > 1,300 " o
Roeder Avenue Landfill

D Refuse Bounda
NOTES: i Feet

1. 260 mg/kg = MTCA Unrestricted soil cleanup level protective of leachability to groundwater [WAC 173-340-740; Equation 747-1]. 100 200 300 400
2. For stations with multiple samples, the highest concentration is used.

3. Aerial photo by ESRI.
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Figure 11a

Soil Results — Chromium

ANCHOR Central Waterfront RI/FS
QEA &2 Bellingham, WA
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Roeder Avenue Landfill

D Refuse Boundar
NOTES: y Feet

1. 260 pg/L = Calculated Porewater Concentration Protective of Marine Sediment [SQS; WAC 173-204-320]. 100 200 300 400
2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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Groundwater Results — Chromium
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(B) Bellingham Marine Industries
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D Refuse Boundary Feet

NOTES:
1. 260 pg/L = Calculated Porewater Concentration Protective of Marine Sediment [SQS; WAC 173-204-320]. 100 200 300 400

2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.
3. Aerial photo by ESRI.

=
o
o
X
N~
=
<
N~
~
o
N
3
.
[}
£
2
x
o
kel
4
€
x
[}
I}
8
o
[}
=1
i)
©
8
15}
S|
e}
5
=
[}
2]
o
=
o
c
ol
o
O
(2] %
sl
8
©
alb
=
o
=
=4
[}
I
S
5
©
8
©
ak
=2
.
a
I}
=
=
[0
w
o
o
c
S
=
=
2
2
£
c
o}
O
-
<
=
N
~
=)
S
S
I
=
[
o
[}
K]
2
Q
o
=
(2]
©
(&)
S
=

Figure 11c

Groundwater Results — Dissolved Chromium
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L—_j Central Waterfront Site Boundary Copper (mg/kg)
Site Subareas ® <36

D Chevron Subarea 36 - 390
] colony Wharf Subarea 390 - 3,200

[C] olivine Upland Subarea > 3,200

Roeder Avenue Landfill
D Refuse Boundary

ANCHOR
QEA &2

NOTES:

1. 36 mg/kg = Natural Background
Concentration [Ecology, 1994].

2. 390 mg/kg = sediment cleanup objective
(based on sediment management
standards criteria).

3. 3,200 mg/kg = MTCA Method B
Unrestricted soil cleanup level (saturated,
direct contact) [WAC 173-340-740].

4. For stations with multiple samples, the
highest concentration is used.

5. Aerial photo by ESRI.

113 '-:cwss_ps t

BWCWSS:15
®

mE =
\kEwss-M #
-

&< 1
a3 LS

Key to Previous Investigations
(B) Bellingham Marine Industries
C) Chevron

0) Olivine

Project True
North North

0D

Feet

100 200 300 400

Figure 12a
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2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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NOTES:

1. 3.1 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A].

2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.
3. Aerial photo by ESRI.
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NOTES:

1. 81 mg/kg = MTCA Unrestricted soil
cleanup level protective of leachability to
groundwater [WAC 173-340-740; Equation
747-1].

2. 250 mg/kg = MTCA Method A
Unrestricted soil cleanup level (saturated,
direct contact) [WAC 173-340-740].

3. 450 mg/kg = sediment cleanup objective
(based on sediment management
standards criteria).

4. For stations with multiple samples, the
highest concentration is used.

5. Aerial photo by ESRI.

Key to Previous Investigations
(B) Bellingham Marine Industries
C) Chevron

0) Olivine

Project True
North North

0D

Feet

100 200 300

400

Figure 13a

Soil Results — Lead
Central Waterfront RI/FS
Bellingham, WA




MW25(O)

L)

/) e
‘4 2 dey, e L
% ﬁ i : .“:’

N

oo g0 s

;.
T S !L_
. w

nih 4™

i

T
) 1
4 o —
; P
ANYA

« Pl wr!
7 s
LR L
R

ANERRDER:
at
Ty TR

FormewA'SB!

- it T ! MW-7(1B)
oy WL

2 e el ) W_‘“"" ‘ “m-i .
RMWZ6D MWZ53() S lMyv-43(@) : e
o .

MWA52(C)

* ' J
MW76(C) Mw-ss(C):!MW-s&(C)
MW‘:'1 2"A(9) =2 BVWIIA(C)N MW_SZ‘(C)...
W2 ) ‘

:\‘

A MW267(C)
5 R L O 74 ©
Ms3(C) IMVV: 70(0) mha ( )

2 Jos IMW:66(C) ] v[MW%)w 50(0) MV¥ ”
n

_ 7 DR s 73(C) l MW; 9(B)
{ 5 MW~68(C)
CIEAC) H T ol gy ..[

MWI65(C) MW: 69(C) MW1(B) Ky

gt jres e g 1.5

- Key to Previous Investigations
L_ J Central Waterfront Site Boundary Lead (ug/L) EE% Eoplagyam Marine Industries
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[ colony Wharf Subarea 16.2-40.5

[ Olivine Upland Subarea >40.5 " o
Roeder Avenue Landfill

D Refuse Bounda
NOTES: i Feet

1. 8.1 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A]. 100 200 300 400
2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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Groundwater Results — Lead
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L. J Central Waterfront Site Boundary Lead (ug/L) EE% Boplogy ™ Marne Industries

X 8 8r|1_e_vron
Site Subareas <8.1 E )R(I)\IeIZZrAvenue Warehouse Feasibility

[_1 Chevron Subarea 8.1-16.2 P::iVSiS and P'e;f’:s‘g" Testing
] colony Wharf Subarea 16.2 - 40.5

[ Olivine Upland Subarea >40.5 " o

[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1. 8.1 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A].

2. Only Non-detects above 8.1 ug/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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Groundwater Results — Lead
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L. J Central Waterfront Site Boundary Lead (ug/L) EE% Batlogy " orne Industries

X 8 8r|1_e_vron
Site Subareas <8.1 E )R(I)\IeIZZrAvenue Warehouse Feasibility

[_1 Chevron Subarea 8.1-16.2 P::iVSiS and P'e;f’:s‘g" Testing
] colony Wharf Subarea 16.2 - 40.5

[ olivine Upland Subarea >40.5 " o

[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1. 8.1 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A].

2. Only Non-detects above 8.1 ug/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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L—_j Central Waterfront Site Boundary Mercury (mg/kg)

Site Subareas
[ Chevron Subarea
D Colony Wharf Subarea

D Olivine Upland Subarea

Roeder Avenue Landfill
D Refuse Boundary

ANCHOR
QEA &2

<01
0.1-0.41
0.41-24
>24

NOTES:

1. 0.1 mg/kg = MTCA Unrestricted soil
cleanup level protective of leachability to
groundwater [WAC 173-340-740; Equation
747-1].

2. 0.41 mg/kg = sediment cleanup objective
(based on sediment management
standards criteria).

3. 24 mg/kg = MTCA Method B
Unrestricted soil cleanup level (saturated,
direct contact) [WAC 173-340-740].

4. For stations with multiple samples, the
highest concentration is used.

5. Aerial photo by ESRI.

Key to Previous Investigations
(B) Bellingham Marine Industries
C) Chevron

0) Olivine

Project True
North North

0D

Feet

100 200 300 400

Figure 14a

Soil Results — Mercury
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Bellingham, WA
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NOTES: i Feet

1. 0.059 pg/L = Calculated Porewater Concentration Protective of Marine Sediment [SQS; WAC 173-204-320]. 100 200 300 400
2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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Key to Previous Investigations
(B) Bellingham Marine Industries

L—_j Central Waterfront Site Boundary Mercury (mg/kg) (C) Ghovion

Site Subareas ® <01

[__] Chevron Subarea ® 01-02 projet Toe
] colony Wharf Subarea © 02-05 iy Norih
[ olivine Upland Subarea ® >05 " o
[] Roeder Avenue Landfill Refuse Boundary

NOTES:

1. 0.1 mg/kg = MTCA Unrestricted soil cleanup level protective of leachability to groundwater [WAC 173-340-740; Equation 747-1]. Feet

2. Only Non-detects above 0.1 mg/kg are shown. 100 200 300 400
3. For stations with multiple samples, the highest reporting limit is shown.
4. Aerial photo by ESRI.
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Soil Results — Mercury
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NOTES: Feet

1. 0.059 pg/L = Calculated Porewater Concentration Protective of Marine Sediment [SQS; WAC 173-204-320].

2. Only Non-detects above 0.059 pg/L are shown. 100 200 300 400

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current.
4. Aerial photo by ESRI.

\lorcas\gis\Jobs\120007-01.01_Central_Waterfront_RIFS\Maps\Data_Screen\CWF_DataScreen_NDAboveSL_Mapbook.mxd ckiblinger 9/6/2017 4:22:18 PM

Figure 14d

Groundwater Results — Mercury

ANCHOR Non-detects Above the Screening Level
OFA &< Central Waterfront RI/FS
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NOTES: Feet

1. 0.059 pg/L = Calculated Porewater Concentration Protective of Marine Sediment [SQS; WAC 173-204-320].

2. Only Non-detects above 0.059 pg/L are shown. 100 200 300 400

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current.
4. Aerial photo by ESRI.
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Figure 14e

Groundwater Results — Dissolved Mercury
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Key to Previous Investigations

[ 11 R T -
i i NOTES: (B) Bellingham Marine Industries
L. d Central Waterfront Site Boundary Nickel (mg/kg) 1. 48 my/kg = Natural Background ) Chevron

. Concentration [Ecology, 1994].
Site Subareas ® <48 2. 211 mgl/kg = Site-specific preliminary
sediment cleanup level for nickel
D Chevron Subarea 48 - 211 developed for I1&J Waterway. Project T
3. 1,600 mg/kg = MTCA Method B Nt Norh
D Colony Wharf Subarea 211 -1,600 Unrestricted soil cleanup level (saturated,

direct contact) [WAC 173-340-740].
D Olivine Upland Subarea > 1,600 4. For stations with multiple samples, the
. highest concentration is used.
D Roeder Avenue Landfill 5. Aerial photo by ESRI.

Refuse Boundary Feet

100 200 300 400
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Figure 15a

Soil Results — Nickel

ANCHOR Central Waterfront RI/FS
QEA &2 Bellingham, WA
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Key to Previous Investigations

L. J Central Waterfront Site Boundary Nickel (ng/L) EE% Eoplogy ™ Marine Industries

N C) Chevron
Slte Subareas <8.2 EO Olivine

1\ )queder é'\;entge V\'Iare_ll:nm;'se Feasibility
nalysis and Pre-Design Testing
[_] chevron Subarea 8.2-16.4 ,

Project True
North North
[ Colony Wharf Subarea 16.4 - 41 - !

[C_] clivine Upland Subarea > 41 " o
Roeder Avenue Landfill

D Refuse Bounda
NOTES: i Feet

1. 8.2 ug/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A]. 100 200 300 400
2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.

3. Aerial photo by ESRI.
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Figure 15b
ANCHOR Groundwater Results — Nickel
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Key to Previous Investigations

L. J Central Waterfront Site Boundary Nickel (pg/L) EE% Eoplogy ™ Marine Industries

X 8 8r|1_e_vron
Site Subareas <8.2 E )R(I)\IeIZZrAvenue Warehouse Feasibility

D Chevron Subarea 82-164 P:::iysis and Pre;li:sign Testing
] colony Wharf Subarea 16.4 - 41

D Olivine Upland Subarea > 41 " o

[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1. 8.2 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A].

2. Only Non-detects above 8.2 ug/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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Figure 15¢c

Groundwater Results — Nickel

ANCHOR Non-detects Above the Screening Level
OFA &< Central Waterfront RI/FS
e Bellingham, WA
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Key to Previous Investigations

L. J Central Waterfront Site Boundary  Nickel (ng/L) (Ei Eoplogy ™ Marine Industries

N C Ch_e_vron
Site Subareas <82 (6) Qe (Pory

) Roeder Avenue Warehouse Feasibility
[__] Chevron Subarea 82-16.4 P:)Ziys's and P'efuis'g" Testing
] colony Wharf Subarea 16.4 - 41
[ Olivine Upland Subarea > 41 " o
D Roeder Avenue Landfill
Refuse Boundary Foet

NOTES:
1. 8.2 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A]. 100 200 300 400

2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.
3. Aerial photo by ESRI.
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Figure 15d
ANCHOR Groundwater Results — Dissolved Nickel

Central Waterfront RI/FS
QEA =2 Bellingham, WA
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Key to Previous Investigations

L. J Central Waterfront Site Boundary Nickel (pg/L) EE% Batlogy " orne Industries

X 8 8r|1_e_vron
Site Subareas <82 E )R(I)\IeIZZrAvenue Warehouse Feasibility

D Chevron Subarea 8.2-16.4 p::iYSiS and Pfefuisign Testing
] colony Wharf Subarea 16.4 - 41

[ Olivine Upland Subarea >41 " o

[] Roeder Avenue Landfill Refuse Boundary

NOTES: Feet

1. 8.2 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A].

2. Only detects above 8.2 pg/L are shown.

3. Results shown include the maximum reporting limit of the total and dissolved fractions from 2002 - current. 100 200 300 400
4. Aerial photo by ESRI.
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Figure 15e

Groundwater Results — Dissolved Nickel

ANCHOR Non-detects Above the Screening Level
OFA &< Central Waterfront RI/FS
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L—_j Central Waterfront Site Boundary Zinc (mg/kg)

Site Subareas
D Chevron Subarea
D Colony Wharf Subarea

D Olivine Upland Subarea

Roeder Avenue Landfill
D Refuse Boundary

ANCHOR
QEA &2

<85
85-410
410 - 24,000
> 24,000

NOTES:

1. 85 mg/kg = Natural Background
Concentration [Ecology, 1994].

2. 410 mg/kg = sediment cleanup objective
(based on sediment management
standards criteria).

3. 24,000 mg/kg = MTCA Method B
Unrestricted soil cleanup level (saturated,
direct contact) [WAC 173-340-740].

4. For stations with multiple samples, the
highest concentration is used.

5. Aerial photo by ESRI.

Key to Previous Investigations
(B) Bellingham Marine Industries
C) Chevron

0) Olivine

Project True
North North

0D

Feet

100 200 300 400

Figure 16a

Soil Results — Zinc
Central Waterfront RI/FS
Bellingham, WA
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Key to Previous Investigations
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Figure 16b

Groundwater Results — Zinc
Central Waterfront RI/FS
Bellingham, WA
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NOTES:
1. 81 pg/L = Surface Water ARAR (Aquatic Life, Marine) [WAC 173-201A]. 100 200 300 400

2. Results shown include the maximum concentration of the total and dissolved fractions from 2002 - current.
3. Aerial photo by ESRI.
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Groundwater Results — Dissolved Zinc
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Key to Previous Investigations
(B) Bellingham Marine Industries
(C) Chevron

(E) Dept. of Ecology

L—_j Central Waterfront Site Boundary

Site Subareas

D Chevron Subarea

D Colony Wharf Subarea

[] clivine Upland Subarea

D Roeder Avenue Landfill Refuse Boundary
) Methane < 10% LEL

Methane > 10% LEL

V Landfil Gas (Methane) Location (2011 and 2007/2008)

Project True
North North

N

Feet
200

Landfill Gas-methane:

Well ID LEL (% LEL

100 300 400

\\orcas\gis\Jobs\120007-01.01_Central_Waterfront RIFS\Maps\RIFS_Ecolog

Notes (landfill gas-methane):

1. Methane concentrations were evaluated by measuring the combustible gases present in the
?ead)space 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% L

3. Landfill gas measurements were performed as part of the 2001 Roeder Avenue Landfill RI and

2007/2008 Central Waterfront RI.

Figure 17a

Vapor Results - Methane Gas
Central Waterfront RI/FS
Bellingham, WA
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L. d Central Waterfront Site Boundary ® Soil Gas Location (2007) {E) Crayaram Marine Indusires

Site Sub (E) Dept. of Ecology
ite Subareas
[__] Chevron Subarea Soil Gas: o Nori

] Colony Wharf Subarea Soil Gas ID APH 5-8
[ olivine Upland Subarea Screening Level 27,000 1,400

[] Roeder Avenue Landfill Refuse Boundary

Exceeds Soil Gas Screening Level Feet
100 200 300 400
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Not I .
;og??élstglmg:;% level h Ecology's draft guidance for eval Figure 17b
istent wit ' i t )
ANCHOR Vapgr! Igtarlsjsslg;e(egéno?oge;/ez(s)ocgo)nsB ent wi cology's draft guiaance Tor evaluating Va por Resu ItS _ SOII Gas

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. Central Waterfront RI/FS

QEA g 4. M = matrix interference - result may be biased high. Bellingham, WA
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Table 1a

Soil Summary Statistics

No. of Non- Exceedance
No. of [Most Stringent No. of Exceedance Maximum Maximum Usable Data Frequency Chemical
No. of No. of Frequency Usable |[Screening Level|Detections >| Frequency |Usable Data Detected Exceedance | No. of Non- with RL > 2x (w/Non- Selected for
Analytes Detections | Samples [of Detection Data (MS SL) MS SL (Usable) 2x MS SL | Concentration Factor Usable Data MS SL Usable) Mapping
Total Petroleum Hydrocarbons (mg/kg)
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%
Total Petroleum Hydrocarbons - Silica Gel Treated (mg/kg)
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
Metals (mg/kg)
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
Polycyclic Aromatic Hydrocarbons (mg/kg)
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 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
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Table 1a
Soil Summary Statistics

No. of Non- Exceedance
No. of [Most Stringent No. of Exceedance Maximum Maximum Usable Data Frequency Chemical
No. of No. of Frequency Usable |[Screening Level|Detections >| Frequency |Usable Data Detected Exceedance | No. of Non- with RL > 2x (w/Non- Selected for
Analytes Detections | Samples [of Detection Data (MS SL) MS SL (Usable) 2x MS SL | Concentration Factor Usable Data MS SL Usable) Mapping

Semivolatile Organics (mg/kg)
bis(2-Ethylhexyl)phthalate 2 39 5% 37 0.86 0 0% 0% 0.29 -- 2 0 5%

Volatile Organics (mg/kg) -
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% 325 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
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Table 1b
Soil Summary Statistics - Non-detected Chemicals

No. of Non-
Most Stringent Usable Data Exceedance
No. of No. of Screening No. of Non- with RL > Frequency
Analytes Detections | Samples Level (MSSL) | Usable Data 2x MS SL (RL>MS SL)
Metals (mg/kg)
Thallium 0 [ 14 | - | - | - |
Semivolatile Organics (mg/kg)
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%
Volatile Organics (mg/kg)
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 -- -- -- --
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Table 1b
Soil Summary Statistics - Non-detected Chemicals

No. of Non-
Most Stringent Usable Data Exceedance
No. of No. of Screening No. of Non- with RL > Frequency
Analytes Detections | Samples Level (MSSL) | Usable Data 2x MS SL (RL>MS SL)
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 (lodomethane) 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 Non- Exceedance
No. of [Most Stringent No. of Exceedance Maximum Maximum Usable Data Frequency Chemical
No. of No. of Frequency Usable [Screening Level|Detections >| Frequency |Usable Data Detected Exceedance | No. of Non- with RL > 2x (w/Non- Selected for
Analytes Detections | Samples [of Detection Data (MS sL) MS SL (Usable) 2x MS SL | Concentration Factor Usable Data MS SL usable) Mapping
Total Petroleum Hydrocarbons (ug/L)
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
Total Petroleum Hydrocarbons - Silica Gel Treated (ug/L)
Diesel range hydrocarbons (silica gel treated) 1 4 25% 4 500 0 0% 0% 180 -- 0 0 0% X
Metals, Total (ug/L)
Antimony 2 82 2% 82 - 0 -- -- 215 - - - -
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
Metals, Dissolved (ug/L)
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%
Polycyclic Aromatic Hydrocarbons (pg/L)
1-Methylnaphthalene 14 53 26% 53 -- 0 -- -- 40 -- -- -- --
2-Methylnaphthalene 7 53 13% 53 -- 0 -- -- 65 -- -- -- --
Acenaphthene 56 113 50% 113 33 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 -- -- -- --
Final RI/FS Report 1of2 March 2018
Central Waterfront Site 120007-01



Table 2a
Groundwater Summary Statistics

No. of Non- Exceedance
No. of [Most Stringent No. of Exceedance Maximum Maximum Usable Data Frequency Chemical
No. of No. of Frequency Usable [Screening Level|Detections >| Frequency |Usable Data Detected Exceedance | No. of Non- with RL > 2x (w/Non- Selected for
Analytes Detections | Samples [of Detection Data (MS sL) MS SL (Usable) 2x MS SL | Concentration Factor Usable Data MS SL usable) Mapping

Fluoranthene 42 113 37% 113 33 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

Semivolatile Organics (ng/L)
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 -- -- 14 -- -- -- --
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% 11 -- 0 0 0%

Volatile Organics (ug/L)
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%
4-1sopropyltoluene (4-Cymene) 2 28 7% 28 - 0 - - 14 - - - -
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% 21 - 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

ug/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
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Table 2b
Groundwater Summary Statistics - Non-detected Chemicals

No. of Non-
Most Stringent Usable Data Exceedance
No. of No. of Screening No. of Non- with RL > Frequency
Analytes Detections | Samples Level (MS SL) | Usable Data 2x MS SL (RL>MS SL)
Metals (pg/L)
Vanadium 0 3 -- -- -- --
Metals, Dissolved (pg/L)
Copper 0 17 3.1 0 0 0%
Lead 0 17 8.1 17 17 100%
Mercury 0 17 0.059 17 0 100%
Semivolatile Organics (ug/L)
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 16 374 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 33 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 - - - -
Total Petroleum Hydrocarbons - Silica Gel Treated (pg/L)
Motor oil range hydrocarbons (silica gel treated) 0 4 500 0 0 0%
Volatile Organics (ug/L)
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 - - -- --
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Table 2b
Groundwater Summary Statistics - Non-detected Chemicals

No. of Non-
Most Stringent Usable Data Exceedance
No. of No. of Screening No. of Non- with RL > Frequency
Analytes Detections | Samples Level (MS SL) | Usable Data 2x MS SL (RL>MS SL)
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 (lodomethane) 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
pg/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 Non-
Most Stringent Usuable Data with Exceedance Maximum Maximum
No. of No. of Frequency of Screening Level | No. of Non-Usable RL> Frequency Detected Exceedance Chemical Selected
Analytes Detections Samples Detection (MS SL) Data 2x MS SL (Usable) Concentration Factor for Mapping

Total Petroleum Hydrocarbons (ug/L)

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
Total Petroleum Hydrocarbons - Silica Gel Treated (pg/L)

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
Volatile Organics (ug/L)

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

pg/L = microgram per liter
MS SL = Most Stringent Screening Level
ND = non-detect

RL=r

eporting limit (from laboratory)

-- = Not Available or Not Applicable
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Table 4

Seep Water Summary Statistics

No. of Non-
Most Stringent Usuable Data with Exceedance Maximum Maximum
No. of No. of Frequency of Screening Level | No. of Non-Usable RL> Frequency Detected Exceedance Chemical Selected
Analytes Detections Samples Detection (MS SL) Data 2x MS SL (Usable) Concentration Factor for Mapping

Total Petroleum Hydrocarbons (ug/L)

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
Total Petroleum Hydrocarbons - Silica Gel Treated (pg/L)

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
Volatile Organics (ug/L)

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

pg/L = microgram per liter
MS SL = Most Stringent Screening Level
ND = non-detect

RL=r

eporting limit (from laboratory)

-- = Not Available or Not Applicable
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APPENDIX F
DEVELOPMENT OF SOIL TPH RESIDUAL
SATURATION CONCENTRATION




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:
c _ Myap, VNnapL X PnapL _ Sor X Vp X pyapL
NAPL = = =
Myapr + Mg Vyapr X pnapr + Vs X s Sor X Vi X pyapr + (1= Vp) X ps
where:

CnarL = concentration of NAPL, per dry weight mass of soil
MnarL = mass of NAPL

M; = mass of solids

pnarL = density of NAPL

ps = density of solids

VnxarL = volume of NAPL

Vs = volume of solids

Sor = residual NAPL pore fluid saturation after centrifuging
Vb = bulk volume (total porosity)
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Appendix F

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).

Residual Saturation

Estimated Values for Various Soil Types ‘ ‘ ‘
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Vertical Soil Hydraulic Conductivity (cm/s)

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 to 2x102 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.

REFERENCES

AECOM, 2009. Remedial Investigation/Feasibility Study for the Central Waterfront Site.
Bellingham, Washington. August 2009.

Aspect Consulting, 2013. Remedial Investigation for the Georgia-Pacific West Site.
August 5, 2013.
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Table F-1
Calculation of Soil TPH Residual Saturation Concentration

General Equation:
Mass of Soil (M) = Mass of Water (M,,) + Mass of Solids (M) + Mass of NAPL (Myap,) + Mass of Air (M,)

where Masses of Air (M,) and Water (M,,) are negligible. Dry weight-based TPH concentrations are assumed.

Since:
Mass = density (p) * volume (V)
Therefore:
Mass of Soil (M) dry weight = Mass of Solids (M) + Mass of NAPL (Myap.) = ps * Vs + pnapt ™ Viart
Then:
NAPL Concentration, dry weight (Cyap) = Myape / (Mg + Myapt) = Praee * Vivaee / (Ps * Vs + prapt ™ Vivael) (NAPL fraction)
Assumed Parameters
Viotaaw 1 liter = 1000 cc (unit volume)
Measured Parameters *
Density of Solids (p;) = 269 g/cc
Density of NAPL (pyapl) = 0.86 g/cc
NAPL Residual Saturation, as % of V44 (Sor) = 9.8% (post-centrifuge average measurement)
Bulk Volume (Total Porosity), as Vygig/ Viewa (Vb) =  37.7% (average measurement)
Calculated Parameters
Volume of Solids (V) = 62% =1 -Total Porosity
Volume of Solids (V) = 623  gram/1000 cc of soil (units conversion to relate to 1 L of soil)
Mass of Solids (M,) = 1676 gram/1000 cc of soil = p, * V,
Volume of NAPL (Vyap) = 3.7% = NAPL Residual Saturation * Bulk volume
Volume of NAPL (Vyap) = 37 ¢c/1000 cc of soil (units conversion to put in terms of 1 L of soil)
Mass of NAPL (Myap) = 32 grams/1000 cc soil, = pyap * Viare
NAPL Concentration @ Residual Saturation, as % = 1.9% =M,/ (Ms+M,)
NAPL Concentration @ Residual Saturation (Cysp) = 19000 mg/kg (expressed as parts per million, dry weight)
Note:

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 G
DOCUMENTATION ON CLAY BERM
ALONG LANDFILL/ASB INTERFACE
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APPENDIX H
GROUNDWATER QUALITY EVALUATION
MEMORANDUM




ANCHOR 720 Olive Way, Suite 1900

QEA PEPER S Seattle, Washington 98101
e Phone 206.287.9130
Fax 206.287.9131

MEMORANDUM

To: Brian Sato, Date: February 10, 2017
Washington State Department of Ecology

From: Halah Voges and Sylian Rodriguez, Project: 120007-01.01
Anchor QEA, LLC

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).
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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.! 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 timeframe*
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 (ug/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 pg/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 pg/L
(at 250 and 100 pg/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

! 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 [R?]) greater than 0.9.> 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 R?of 0.98) for this well suggests the
TPH-G concentration would currently be below 800 pg/L.°

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 pg/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 pg/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).” 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 R? 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 pg/L TPH-Dx screening level since 2008.

> The R? obtained for the MW-70(C) data was 0.4 due to an outlying high TPH-G concentration measured in 2003 at 5,300
pg/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.
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In addition, groundwater data were compiled with available seep and porewater data® 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 pg/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.® 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-Ox.
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-Oz. During the November 2016 sampling event,
oxygen measurements in upland well CWF-CW-2 ranged 0.25 to 0.39 mg/L-Oz. 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.

® 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, !’ 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 pg/L.!!
Although the most recent benzene exceedance at 200 pg/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 pg/L. Benzene concentrations observed along the second transect are
well below 2.4 pg/L, at about 0.05 pg/L (in groundwater) and 0.04 pg/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 pg/L for the Clean Water Act [CWA] §304 and 71 pg/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 pg/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 data!? 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. 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 pg/L, respectively), dissolved copper concentrations were
consistently non-detect and below the applicable screening level (3.1 pg/L). However,
dissolved chromium concentrations at MW-1B increased slightly from 2008 to 2013, but still
well below its screening level of 260 pg/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 pg/L, but are still below the screening level of 8.2 pg/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 pg/L in July 2016 (and exceeding the 3.1 pg/L screening level), it
decreased to undetected 2 pg/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 pg/L), the upland well CWF-CW-1 showed a negligible dissolved nickel concentration
(0.75 pg/L).** 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 pg/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 pg/L, respectively) during the November 2016 sampling event, the
reporting limit for porewater exceeded the screening level of 3.1 pg/L. Because dissolved
copper exceeded screening levels in July 2016 in groundwater (CWF-CW-2; 10 pg/L) and in
the seep (CWF-WS-1; 4.7 pg/L; see Figure 1 for seep sample location),'> 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 pg/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.

REFERENCES

Anchor QEA, 2012a. Letter to: Brian Sato, Washington State Department of Ecology. Re:
Central Waterfront Interim Action Work Plan Amendment No. 1 RI/FS Work Plan
Addendum #5 (Use of Silica-Gel Cleanup for NWTPH-Dx Analysis). October 23,
2012.

Anchor QEA, 2012b. Letter to: Lucy McInerney, Washington State Department of Ecology.
Re: Central Waterfront Site — Agreed Order No. DE 3441 — RI/FS Work Plan
Addendum No. 3. (Environmental Conditions along Shoreline). July 2, 2012.

Anchor QEA, 2016a. Letter to: Brian Sato, Washington State Department of Ecology. Re:
Central Waterfront Site — Agreed Order No. DE 3441 — RI/FS Work Plan Addendum
No. 7. (Central Waterfront Site Compliance Monitoring). July 8, 2016.

Anchor QEA, 2016b. Letter to: Brian Sato, Washington State Department of Ecology. Re:
Central Waterfront Site — Agreed Order No. DE 3441 — RI/FS Work Plan Addendum
No. 8. (Central Waterfront Site Compliance Monitoring). November 10, 2016.

Ecology (Washington State Department of Ecology), 2005. Guidance on Remediation of
Petroleum-Contaminated Ground Water by Natural Attenuation. Toxics Cleanup
Program Publication No. 05-09-091 (Version 1.0). July 2005.




FIGURES




.

NN

A
i

Y

ESSNS

FormegASB;
L

i
:
1
{
|

wd

'C Street - Sy 2 o o
 Properties. . o e e o R

“;-,,_uie A

ep.mxd_ckiblinger_1/17/2017_3:43:14 PM

< 4 |y GQW;Z‘E
* MWIE9(S) i 2 A _ (Ne.W;WeII)_i
CWHPRES

\lorcas\gis\Jobs\120007-01.01_Central Waterfront RIFS\Maps\RIFS\GW_Trend_Memo\GW

B 2016 Groundwater Monitoring Well # 2012 Porewater Sample Location m Extent of Landfill Refuse
[=] Active Groundwater Monitoring Well # 2016 Porewater Sample Location Landfill Perimeter
E Condition Unknown/Blocked Access Monitoring Well /A 2012 Seep Sample Location :-_—l Subarea Boundary Project e
E Decommissioned Groundwater Monitoring Well A 2016 Seep Sample Location E] Central Waterfront Site Boundary ‘) 0
Feet
0 75 150 225 300
Note:
Aerial by U.S. Geological Survey: July 2009.
Figure 1
ANCHOR Groundwater, Porewater, and Seep Locations

o Central Waterfront Site
QEA &2 Port of Bellingham, WA



\\fuji\anchor\Projects\Port of Bellingham\120007-01 Central Waterfront Site RIFS\RI-FS (2017)\FS\Appendices\Appendix H_Groundwater Evaluation Memo\Figures\Figure 2a.docx

ANCHOR
QEA EEE

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
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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)

e
T

ANCHOR
QEA

VA

Central Waterfront Site

Port of Bellingham, WA



X00p} 21081\s2MBL{\OWAIN UONEN[EAT 121empUnOT) H X1puaddy\soorpuaddy\S1\(£10) SA-TY\SAT 1S IUOYINE A\ [ENUDD) [0-£000T [ \WEYSUI[P JO 3104\s392(01g\10ydwe\ng\\

Figure 4

Groundwater Transects for TPH-G and TPH-Dx
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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
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Figure 6

Groundwater Transect for Benzene
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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)

ANCHOR

VA

Central Waterfront Site

Port of Bellingham, WA



x00p°0g 2 y\semSr \owaA uonenyeay empunorny | xipuaddyiseotpuaddy\S4\(£107) SA-TI\SATY 9IS IUOIFIIR A\ TENIUDY) [0-£000¢ [\WeySur[ag Jo 110J\s109(01g\Toyoue\ing\\

Figure 8c

Groundwater Transects for Dissolved Metals (CWF-CW-2 and CWF-PW-4)
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Table 1
Detailed Cost Estimate Summary

Quantities Costs
Item Unit Unit Cost 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, Dlspésal, Reactive Material Purchase and Placement ("PRB #1" for West LF $1.420 1118 1118 $1,587219 $1,587219
C Street Properties - Northern Extent, Metals Treatment)
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 CcY $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 CcY $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 S0
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
Final RI/FS Report March 2018
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Table 1
Detailed Cost Estimate Summary

Quantities Costs
Item Unit Unit Cost A B C | D E F A B C D E F
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, Dlspésal, Reactive Material Purchase and Placement ("PRB #1" for West LF $1,420 251 251 251 205 $356,420 $356,420 $356,420 $291,100
C Street Properties - Northern Extent, Metals Treatment)
Excavation, Dis-posal, Reactive Material Purchase a‘nd Place ("PRB #2" for West C UF $5,030 244 244 244 244 $1,227,320 $1,227,320 $1,227,320 $1,227,320
Street Properties - Southern Extent, Metals/Organics Treatment)
Excavation, Dis-posal, Reactive Material Purchase and Place ("PRB #3" for East C UF $1,420 120 120 120 120 120 $170,400 $170,400 $170,400 $170,400 $170,400
Street Properties, Metals Treatment)
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 (&% $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 S0
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
Final RI/FS Report March 2018
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Table 1
Detailed Cost Estimate Summary

Quantities Costs
ltem Unit Unit Cost A B | C | D | E F A B C D E F
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 S0
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
R e e Alternative
Mobilization/ Demobilization Lump Sum 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
Final RI/FS Report March 2018
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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 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.

Final RI/FS Report March 2018
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Table 2

Quantities
Permeable Reactive Barrier
Location | Parameter | Unit
Landfill Footprint and Perimeter (Alt. C)
Length | 1118 | 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 cYy
PSE Substation
Length 870 FT
Depth 30 FT
Cross-sectional Area 26,100 SF
Width 3 FT
Volume 2,900 cYy
Note:

1. Lengths calculated in GIS.

Final RI/FS Report March 2018
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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 CcYy
Average Excavation Depth 23 FT
Over-excavation (1 ft) 32,925 CcYy
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 CcYy
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 CcYy
Total Excavation Volume 12,494 CcY

Note:
1. Depths based on Rl cross-sections and Rl 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
Final RI/FS Report March 2018
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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 S18 cYy
Fill thickness 1.0 FT
Soil - purchase, import, place, compact fill $0.67 SF
Gravel - purchase, import, place, compact fill $26 cYy
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
Final RI/FS Report March 2018
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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 S0.46 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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Central Waterfront Site

Table 5
Permeable Reactive Barrier Costs

Permeable Reactive Barrier Unit Cost

Usable Unit Price

Item Unit Cost Unit (2017 dollars) Usable Unit Assumptions
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 S70 TON $105 cY 1.5 TON/CY
Material Mixing and Placement $15 cy $16.39 cYy
Post Installation Trench Development S11 cy $12.02 cY
Water/Slurry Handling and Disposal S11 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 . .
- Basic assumptions.
Apatite/ bone meal 17% % by volume
Limestone 83% % by volume
Excavation, Disposal, Reactive Material Purchase, and Placement Unit Cost 3817 96 CosHRE, un!t olUInE
$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 . .
- Basic assumptions.
Apatite/ bone meal 14% % by volume
GAC 29% % by volume
Limestone 58% % by volume
Excavation, Disposal, Reactive Material Purchase, and Placement Unit Cost alil30 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 . .
- Basic assumptions.
Apatite/ bone meal 17% % by volume
Limestone 83% % by volume
Excavation, Disposal, Reactive Material Purchase, and Placement Unit Cost 3817 96 CosHRE, un!t olUInE
$1,420 LF Cost per unit length
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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 S5,760 $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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Barrier Wall Costs

Barrier Wall (Soil-Cement-Bentonite) Unit Cost

Table 6

Final RI/FS Report
Central Waterfront Site

Item Unit Cost Unit Quantity Total Cost
Slurry Wall Installation S10 SF 119,340 $1,209,411
Dispose of Excavated Trench Materials $70 TON 19,890 $1,392,300
Imported Bentonite-amended Soil Backfill S30 TON 13,923 $417,690
Dispose of Extra Slurry S70 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
1of1
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Table 7

Groundwater Extraction Well Installation Costs

Groundwater Extraction Well Installation Cost

Item Unit Unit Cost | Quantity Total Cost Notes
. Assumed same cost as GW monitoring well
Well Installation Each $5,000 14 $70,000 |. )
installation (see backup spreadsheet).
Assumed same cost as GW monitoring well
Well Decommissioning Each $2,500 14 $32,642 |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)
Asphalt
LF $8.3 11,000 $91,227
Pumps Each $2,500 14 $35,000 4" stainless multi-stage well pump
Total Groundwater Extraction Well Installation Cost $536,869 -
Final RI/FS Report March 2018
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Table 8
Confirmational Soil Testing Costs

Confirmational Soil Testing (Analytical Backup) Cost

Unit
Item Cost Metals Only Metals and Organics Assumptions
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 S50 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).
Final RI/FS Report March 2018
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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
allons/min 5.9
Total Flow g / Assumed
gallons/yr 3,103,164
Discharge to POTW Cost S/gallon $0.011 Based 'on class 5 sewage rates per gallon from the 2016 City
S/yr $35,012 of Bellinghan sewage rates.
Assume approximately 1 week of labor per year, assumin
Annual Maintenance S/yr $6,400 PP y pery &
$160/hr.
Annual Total S/yr $41,412
30-year Average Annual Discount Rate 0.899
Total Groundwater Pumping and Discharge Cost S $1,117,071 For 30 years.
Final RI/FS Report March 2018
Central Waterfront Site 1ofl1 120007-01



Groundwater Monitoring and Reporting Cost

Table 10

Groundwater Monitoring and Reporting Costs

Item Unit Unit Assumption Quantities/Costs Notes
A site-wide groundwater compliance monitoring program will be developed after the CAP is
Shallow Well Years 1-30 14 finalized. Groundwater protection, performance, and confirmational monitoring activities are
Number of Groundwater Monitoring Wells (assumed) anticipated for cost purposes in this FS.
Deep Well Years 1-30 5
Capital Costs
Shallow Well - 8 New wells installation based on current groundwater monitoring network (RI Figure 6-3).
Number of New Wells (assumed)
Deep Well - 5
Well Installation S/Well $5,000 $65,000 -
Well Decommisionning S/Well $2,500 $38,531 Well decommissioning assumed to occur at year 30.
Subtotal Construction Costs NPV $ - $103,531 -
Sales Tax % 8.7% $9,007 -
Total Construction Costs S - $112,538 -
Non-Construction Costs (Labor, Analytical & Data Validation)
Semiannual monitoring (Years 1 to 5) S/year $75,622 Semiannual monitoring assumed to occur from years 1 to 5.
Year 1 NPV $ - $75,096
Year 2 NPV S - $74,574
Year 3 NPV $ - $74,056
Year 4 NPV S - $73,541
Year 5 NPV $ - $73,030
Total Net Present Value (Years 1 to 5) NPV $ - $370,296
Annual monitoring (Years 6 to 10) S/year - $26,767 Annual monitoring assumed to occur from years 6 to 10.
Year 6 NPV S - $25,669
Year 7 NPV $ - $25,491
Year 8 NPV S - $25,314
Year 9 NPV $ - $25,138
Year 10 NPV S - $24,963
Total Net Present Value (Years 6 to 10) NPV $ - $126,575
Annual monitoring (Years 15, 20, 25 and 30) S/year - $21,914 Annual monitoring assumed to occur during years 15 to 30.
Year 15 NPV $ - $19,737
Year 20 NPV S - $19,061
Year 25 NPV S - $18,407
Year 30 NPV S - $17,776
Total Net Present Value (Years 15, 20, 25, and 30) NPV $ - $74,982
Total Groundwater Monitoring Costs $684,391 For years 1 to 30.
Note:
1. Costs are presented on a net present value basis (assuming a 0.7% discount rate) as 2017 dollars.
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Table 10

Groundwater Monitoring and Reporting Costs

Groundwater Monitoring and Reporting Periodic Cost Detail

Quantities/Costs
Years1to5 Years 6 to 10 Years 15, 20, 25, and 30
Semiannual Annual
Item Unit Unit Assumption Monitoring Monitoring Annual Monitoring Notes
Shallow Well Years 1-30 14 3 5 A site-wide grt‘)urﬁd water compliance monitorin.g program will be developed
Assumed No. of Monitoring Wells after the CAP is finalized. Ground water protection, performance, and
Deep Well Years 1-30 5 5 3 confirmational monitoring activities are anticipated for cost purposes in this
FS.
Sampling Frequency events/year - 2 1 1
Annual Labor Costs
Preparation Time hr/event 7 14 7 7 Preparation time includes field notebook, labels, reservations, bottle order,
Sample Collection Time hr/event/well 0.75 28.5 9.75 6 etc. Assumed 2 persons needed per event.
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 S/hr $160 $16,800 $6,960 $5,760
Total Field Work Costs S - $16,800 $6,960 $5,760
Data management, reporting, and production S/hr $115 $23,000 $9,200 $9,200 Assumed a total of 200 hrs (years 1-5) and 80 hrs (years 6-30).
Total Labor Costs (Field work, Data Management & Reporting) S - $39,800 $16,160 $14,960 -
Annual Analytical Costs
BTEX, low level (Method EPA-8021-M) S/sample S75 $2,250 $S675 $450 Analytical costs based on current rates from ARI. One duplicate per chemical
PAHs, low level (Method EPA-8270D modified) $/sample $240 $7,200 $2,160 $1,440 per event assumed in the total number of samples. Monitoring natural
Gasoline Range Hydrocarbons (NWTPH-Gx, Method 8021) S/sample S75 $2,250 $675 $450 attenuation (MNA) parameters include nitrate/nitrite, ammonia, sulfate, iron,
Diesel/Qil Range Hydrocarbons with Silica Gel Cleanup (Ac/Si NWTPH-Dx, manganese, chemical oxygen demand, total dissolved solids, total
Method Ac/Si-AK 102/103) S/sample $90 $2,700 $810 $540 alkalinity/bicarbonate, chloride, and total organic carbon.
Metals, low level (Method 200.7/6010C) S/sample $270 $8,100 $2,430 $1,620
Metals - salinity prep S/sample S50 $1,400 $400 $250
MNA Parameters (various methods) S/sample $300 $8,400 $2,400 $1,500
Total Analytical Costs S - $32,300 $9,550 $6,250
Annual Data Validation Costs
BTEX S/sample S18 S540 $162 $108 Includes validation data costs for the specified analytes only.
PAHs S/sample $18 $540 $162 $108
Gasoline Range Hydrocarbons S/sample S6 $180 $54 S36
Diesel/Qil Range Hydrocarbons S/sample S6 $180 S54 $36
Metals S/sample $18 $540 $162 $108
MNA Parameters (various methods) S/sample $20 $600 $180 $120
Level 4 (+10%) S 10% $258 $77 $52
Qualifier (+15%) S 15% $426 $128 $85
QC (+10%) S 10% $258 S77 S52
Total Data Validation Costs S - $3,522 $1,057 $704
Total Groundwater Monitoring Costs Per Year $75,622 $26,767 $21,914 -
Final RI/FS Report March 2018
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Air Sparging Treatment Cost

Table 11

Air Sparging Treatment Costs

ltem Unit | Unit Assumption | Quantities/Costs | Notes
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 S/Well $5,000 $375,000 -
Piping Lump Sum $27,450 $27,450 Assumed PVC piping, labor, and installation.
Aif Injection Blower Each $4.500 $27,000 Assumed 6 blowers needed., for estimated flow rate of 5
scfm and pressure of 7.3 psig.
Manifold Lump Sum $10,000 $10,000 -
Utility Hookup Lump Sum $20,000 $20,000 -
Well Decommisionning S/Well $2,500 $174,866 Well decommissioning assumed to occur at year 10.
System Decommisionning NPV S $25,000 $23,316 System decommissioning assumed to occur at year 10.
Total Construction Costs ($) $707,632
Non-Construction Costs
Maintenance and Power Consumption S/year - $10,000
Year 1 NPV S - $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 S - $9,391
Year 10 NPV $ - $9,326
Total Net Present Value (Years 1 to 10) NPV $ - $96,255
Total Non-Construction Costs ($) $96,255 -
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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
Environmental covenant -
S/yr S500 30 $13,487 |Adjusted for NPV
Total Institutional Controls Costs $19,487 -
Final RI/FS Report March 2018
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Methane Monitoring Cost

Table 13
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

Total Methane Monitoring Cost $32,500

Total Methane Monitoring Cost per Unit Area (S/SF) $0.65

Note:

1. LFG monitoring costs based on California Department of Resource Recovery and Recycling presentation (March 2015).
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Hotspot Removal Cost

Table 14

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 S5 $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

Total Hotspot Removal Cost $218,041
Final RI/FS Report March 2018
Central Waterfront Site 1of1 120007-01



Final RI/FS Report
Central Waterfront Site

Table 15

Net Present Value Factor Calculation

Based on the November 2016

Discount rate 0.7% OMB Circular A-94, 30-year real
discount rate.
Year 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
30-year Average Net Present 0.899

Value for Annual Costs
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