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Table B-4a - Diver/Auger Probe Location Coordinates

Oregon State Plane Coordinates

Easting Northing
Diver Probe Number _
D-1A 7648092 669517
D-1B 7648025 669477
D-1C 7648002 669492
"D-1D 7647969 669423
D-1E 7647928 669402
D-1F 7647794 669340
D-1G 7647659 669212
D-2A - 7648081 669765
D-2AA 7648007 669732
D-2B 7647956 669706
D-2E - 7647818 669606
D-2F 7647775 669589
D-2G - 7647724 669547
D-21 . 7647573 669578
D-2K 7647407 669613
D-2Mm 7647296 669680
D-20 7647207 669681
D-2Q 7647126 669660
D-2R 7647046 669738
D-2S 7646964 669807
D-2T 7646856 669880
D-3A : 7648135 669862
D-3B 7648174 669921
D-3C 7648225 670003
D-3D 7648256 670100
D-3E 7648287 670181
D-4A 7647375 669278
D4B 7647428 669190
D4C 7647244 669308
D-4D 7646872 669747
D-4E 7647194 669612
D-4F 7647293 669422
D4G 7648066 669806
D-4H 7647594 669331
Auger Probe Number
HCAP-02P 7647122 669683
HCAP-04B 7647407 669190
HCAP-04F 7647293 669409
HCAP-04L 7647212 669395
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Table B-4b - Lagoon Boring, Piezometer, Cone Penetrometer, and Upland Monitoring
Well Location Coordinates

~

Oregon State Plane Coordinates

Easting Northing
Lagoon Boring Number
HC-GO1 7647244 670430
HC-G02 7647086 670221
HC-GO03 7647570 669624
HC-G04 7647892 669657
HC-G08 7647861 669372
HC-G09 7647574 669740
HC-G10 7647783 669606
HC-G11 7647882 . 669797
HC-G12 7647098 669856
HC-G14 7647143 670037
HC-G15 7647269 670164
HC-G16 7647153 670480
HC-G17 . 7647194 670607
HC-G18 (Upland) 7647063 669186
Lagoon Piezometer Number
HC-GO07 (Cell 1) : 7648125 669445
HC-GO5 (Cell 2)' 7647718 669308
HC-GO6A (Cell 3)2 7648003 669580
HC-G06B (Cell 3) 7648014 669581
HC-GO13A (Cell 5)° 7647019 670239
HC-G013B (Cell 5) 7647008 670249
Cone Penetrometer Number
HC-PO1 (Cell 5) 7647007 670261
Upland Monitoring Well Number
HC-MWO1 7646862 669595
HC-MWO02 7648099 669050
HC-MWO03 7648821 670905

(1) Also location of Flux Chamber FC-02
(2) Also location of Flux Chamber FC-03
(3) Also location of Flux Chamber FC-01
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Table B-4c - Surface Sediment Sample Location Coordinates

Sample Number Oregon State Plane Coordinates
Easting Northing
HC-5502 7648127 673240
HC-5S03 7649375 671931
HC-5504 7648571 672316
HC-5505 7647398 673140
HC-5506 7647247 672290
HC-S507 7647942 671119
HC-5508 7647223 671379
HC-5509 7647882 , 670512
HCSS10 7646926 669870
HC-SS11 7646597 670426
HC-SS12 7646978 670292
HC-5513 7647358 670099
HC-5514 7647628 669817
HC-SS15 7647907 671423
HC-SS16 7648070 669475
HCSS17 7647183 671504
HC-SS18 7647556 669426
HC-5S19 7647814 669481
HC-5520 7647717 669119
HC-S5S21 7645994 669067
HC-5522 7648244 669652
HC-8S523 7647672 668996
HC-5524 7649425 669012
HC-SS525 7647129 669500
HC-5526 7646581 670758
HC-5528 7647694 673070
HC-5S29 7646958 667921
HC-SS30 7649079 668838
HC-SS31 7648315 667520
HC-5S32 7646207 662229
HC-SS33 7647073 665791
HC-SS34 7647341 670598
HC-REF A 7622893 746154
HC-REF B 7622461 767141
HC-REF C 7624110 747616
579206\SI\App\TableB-4.xis-Table B-4c
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Table B-4d - Surface Water Sample Location Coordinates

Sample Number ~ Oregon State Plane Coordinates
Easting Northing
HC-SW02 7647726 669435
HC-SWO03A/B 7647024 670360
HC-SW01 7646849 667925
HC-SWO05 7648613 672353
HC-SWO04A/8B 7647461 672879

Note: Samples for field parameter measurements were also collected at surface sediment sample
location HC-S502, HC-$S03, HC-SS06, HC-5S07, and HC-5S-21 (see Table B-4c).
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Table B-5 - Field Water Quality Parameters from Lagoon Piezometers

Well No. Date Well Temp. pH Conductivity Diss. Eh
Depth in °C in Oxygen in
in Feet Microsiemens | in mg/L | Millivolts

Round 1- December 10, 1999 to January 29, 2000

HC-GO05 1/5/00 60.03 12.6 6.05 0.791 0.1 0.105

HC-GO6A 1/5/00 48.29 10.1 6.09 0.062 2.1 3

HC-G068 1/4/00 100 10.2 6.03 0.042 1.6 NR

HC-G06B | 1/28/00 100 12.3 7.8 0.041 0 NR

HC-G07 1/4/00 50.25 9.2 5.95 0.021 6.4 14

HC-G13A | 12/10/99 | 100.9 10.6 8.05 0.026 0.15 NR

HC-G13B | 12/10/99 120 11.7 7.5 0.018 0.76 NR

Round 2 - April 24 to 28, 2000

HC-GO05 4/24/00 65.01 13.1 6.69 1.47 0 NR

HC-G06B | 4/25/00 99.06 12.9 7.36 0.285 0.1 NR

HC-G07 4/24/00 55.25 13.1 7.79 0.082 14.34 NR

HC-G13B | 4/25/00 135 12.8 7.42 0.306 0.08 NR

NR: Not reported due to equipment malfunction.
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Table B-6 - Field Water Quality Parameters from Upland Monitoring Wells

7N
Well No. Date pH Temp. Conductivity Diss. Turbidity Eh
: ~ in °C in ~Oxygen in NTU in
Microsiemens [ in mg/L Millivolts
HC-MWO01B 1/12/00 7.16 12.5 253 0.78 0 -25
HC-MWO01C 1/1 2700 7.21 12.5 297 0.05 0 -117
HC-MWO02A 1/11/00 9.61 13.3 608 0.06 11 -6
HC-MWO02B 1/11/00 7.83 12.6 203 1.87 42 81
HC-MWO02B Dup | 1/11/00 7.84 12.6 202 1.82 42 80
HC-MWO02C 1/12/00 6.95 11.2 203 0.16 0 -75
HC-MWO3A 1/11/00 5.78 12.3 423 0.32 6 89
HC-MWO03B 1/11/00 7.09 12.0 225 0 20 -118
HC-MWO03C 1/11/00 7.22 12.3 204 0.09 39 -141
.
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Table B-8 - Surface Water Quality Parameters

Sample ID  Location ) Date Sample Temp. Conductivity Dissolved Salinity Turbidity
Depth in°C in Oxygen in in nephelo-
in Feet Microsiemens in mgéL Egt meters

Surface Water Sampling Locations
Willamette River
Near S. End of

HC-SWO01 Island 12/7/99 10 8.2 0.04 12.79 0 27.7

HC-SW02  South Lagoon 12/6/99 10 9.5 42,2 10.16 NA

HC-sW03  Central Lagoon 12/7/99 10 9.3 0.04 10.54 0 32,5

HC-SW03  Central Lagoon 12/7/99 20 9.3 0.04 10.48 0

HC-SW03  Central Lagoon 12/7/99 30 9.3 0.04 10.40 0]

HC-SW03 Central Lagoon 12/7/99 40 9.3 0.04 10.80 (0]

HC-SW03  Central Lagoon 12/7/99 50 9.3 0.04 10.88 0

HC-SW03  Central Lagoon 12/7/99 60 9.3 0.04 10.57 0 33.7

HC-SW03  Central Lagoon 12/7/99 70 9.2 0.04 10.63 0

HC-SW03 Central Lagoon 12/7/99 80 9.2 0.04 10.79 0

HCSW04 Northern Lagoon  12/7/99 10 9.3 0.04 10.59 0 29.6

HC-SW04  Northern Lagoon  12/7/99 20 9.3 0.04 10.56 0

HC-SW04 Northern Lagoon  12/7/99 30 9.4 0.04 10.54 (0]

HC-SW04 Northern Lagoon  12/7/99 40 9.4 0.04 10.61 0

HC-SW04  Northern Lagoon 12/7/99 50 9.4 0.04 10.63 0

HC-SsW04 Northern Lagoon 12/7/99 60 9.3 0.04 10.11 0 30.8

HC-SWo04 Northern Lagoon  12/7/99 70 9.2 0.04 10.89 0

HC-SW04  Northern Lagoon  12/7/99 80 9.2 0.04 10.98 0

HC-SW04 Northern Lagoon  12/7/99 90 9.2 0.04 10.98 0

HC-SWO05 Lagoon Entrance 12/7/99 10 9.2 0.04 10.94 0 313

HC-SWO05 __ Lagoon Entrance 12/7/99 20 8.6 0.04 11.06 0

Surface Sediment Sampling Locations
Holgate Slough-
Downstream of
HC-S502 Lagoon Entrance 12/7/99 10 8.3 0.04 12.70 0
Holgate Slough-
Upstream of

HC-S503 Lagoon Entrance 12/7/99 7 8.3 0.04 11.10 0

HC-SS06 Northern Lagoon 12/16/99 10 9.3 0.04 10.33 0

HC-SS06 Northern Lagoon  12/16/99 20 9.4 0.04 10.54 0]

HC-5506 Northern Lagoon  12/16/99 30 9.3 0.04 10.53 0

HC-S506 Northern Lagoon  12/16/99 40 9.3 0.04 10.68 0

HC-SS06 Northern Lagoon 12/16/99 50 9.3 0.04 10.80 0

HC-5506 Northern Lagoon  12/16/99 60 9.2 0.04 10.68 0

HC-5506 Northern Lagoon 12/16/99 70 9.2 0.04 10.60 0

HC-SS06 Northern Lagoon 12/16/99 80 9.2 0.04 10.84 0

HC-5506 Northern Lagoon 12/16/99 90 9.2 0.04 10.59 0

HC-sS07 Central Lagoon 12/7/99 10 9.4 0.04 10.75 0

HC-SS07 Central Lagoon 12/7/99 20 9.3 0.04 10.90 0

HC-SS07 Central Lagoon 12/7/99 30 9.3 0.04 10.74 0

HC-8507 Central Lagoon 12/7/99 40 9.3 0.04 11.02 0

HC-SS07 Central Lagoon 12/7/99 50 9.3 0.04 11.13 0]

HC-SS07 Central Lagoon 12/7/99 60 9.2 0.04 10.89 0

HC-5507 Central Lagoon 12/7/99 70 9.2 0.04 11.04 0

HC-S507 Central Lagoon 12/7/99 80 9.2 0.04 11.12 0

Willamette River
HC-SS21 Near Toe Island 12/7/99 10 8.3 0.04 12.76 0
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CcvD 7/7/00

Key to Exploration Logs

Sample Description

Classification of soils in this report is based on visual field and laboratory observations which include density/consistency,
moisture condition, grain size, and plosticity estimotes ond should not be construed to imply field nor laboratory testing
unless presented herein. Visual-manual classification methods of ASTM D 2488 were used as on identificotion guide.

Soil descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, gdditional remarks.

Density/Consistency

Soil density/consistency in borings is related primarily to the Standord Penetration Resistance.
Soil density/consistency in test pits is estimated based on visual observation and is presented parenthetically on the test pit logs.

Standcrd Standord Agproximote
SAND or GRAVEL Penetration SILT or CLAY Penetration Shear
. Resistance (N) . Resistance (N) Strength
Density in Blows/Foot Consistency in Blows/Foot in T
Very loose 0- 4 Very soft 0- 2 <0.125
Loose 4 -10 Soft 2- 4 0.125- 0.25
Medium dense 10 - 30 Medium stiff 4- 8 0.25 - 0.5
Dense 30 - 50 Stiff 8- 15 05 -10
Very dense >50 Very stiff 15 - 30 1.0 -20
Hard >30 >2.0

Moisture Minor Constituents Estimoted Percentage
Dry Little perceptible moisture Trace Discernible

s o) ist bably bel . Scattered 0-35
Damp Some perceptible moisture, probably below optimum Siightly (clayey, silty, etc.) 512
Moist Probgbly near optimum moisture content Clayey, silty, sandy, gravelly 12 - 30
Wet Much perceptible moisture, probably above optimum Very (clayey, silty, etc.) 30 - 50
Legends Test Symbols

Sampling Test Symbols
BORING SAMPLES

}14 Split Spoon Sampler
Gus Sampler

Hart Sampler
No Sample Recovery

Pushed, Not Driven

B-~-*x N

van Veen Grab Sampler

Groundwater Observations

Surface Seal (Cement—Bentonite Grout)

Bentonite/Baroid Bentonite

Bentonite Chips

GS Grain Size

CN Consolidation Test

Qu Unconfined Compression
DS Direct Shear

SG Specific Gravity

K Permeability

PP Pocket Penetrometer

Approximate Compressive Strength in TSF

v Torvane
Approximate Shear Strength in TSF

CBR
MD
AL Atterberg Limits

—
—

PID Photoionization Detector Reading
CA  Chemical Analysis
DT  In Situ Density Test

Californio Bearing Ratio

Moisture Density Relationship

Water Content in Percent

Liquid Limit
Natural
Piastic Limit

Groundwater Level on Date
(ATD) At Time of Drilling

Sand Pack
Observation Well Tip or Slotted Section

[ 34

[ 1]
HARTCROWSER
J-5792-06  7/00

Figure B-2
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Boring Log HC-GO7

(D_'sposa,. Ce" 1) STANDARD PENETRATION LAB
Sediment Descriptions Depth Somple RESISTANCE TESTS
Approx. Ground Surface Elevation in Feet: —11 in Feet : Blows per Foo"to . 50 100 & (P|D)
: . 0 2 5 20 ¢
Very loose, wet, brown, slightly silty, B -
gravelly SAND. (NON—PORT FiLL) N -
- S-1 Pl -(<1)
+5
N - P -GS
- =2 N E ! &
- S-3 'S B
Very loose, wet, gray, slightly gravelly, +10 *S—4 k B 51)
silty SAND. (CAF% o s-5 ju - CA
Very soft to medium stiff, wet, gray, N S-6 == ‘&B
slightly sandy SILT with scottered wood +15 s-7 » -(<1)
debris. (PORT CONFINED DREDGED N s-8 [ A< ——(<1)
MATERIAL to 40 feet) C s=e (I E | N —
_\_'-°§'Leti'%5’ﬂ)-_ S _/ 20 s-10 5 T | L eny
Very soft, wet, groy SILT with - - T
occasional thin layers of Sand. n s-11 X £ —- (<1)
+25 CA
N s-12 X ;\ osT (<M
— Point ond thinger—like oder. _ __ _ F. s-3 X F ™ ™
—Very loose, wel, groy, silty SAND. ___| T s-14 X B~ . (<1)
Soft to very soft, wet, gray SILT with o -
occasional thin layers of very silty _ s-15 [X] ' —(<1)
Sand. +35
- s-16 I F N L (<1)
o, 240 s-17 X F |4 —r (<)
Soft, wet, gray SILT, slightly sandy - s-18 [ X [ 4 - (<1)
SILT, and loose SAND. (NON—PORT - - N
FILL) _45 S-19 Z - \L - (<)
- s-20 X A -(<1)
B N N
o s-21 [ [ A - (<1)
Loose to medium dense, wet, gray - §-22 Z - A - (<1)
GRAVEL. (SLOUGH or FILL?) N C
n s-23 X [ B = (<1)
+55
N s-24 X} | F(<1)
- s-25 N - (<1
160 R - €3]
N S-26A n - (<1
-  Becomes slightly sandy to sondy. " B-Z - (<
6% "
C s-27 X [ N - (<1)
- - \\
T70 - ]
Very dense, wet, gray, slightly sondy B S-28 - I 14 (<1
™\ GRAVEL. (NATIVE ALLUVIUM) - < B 77/ <D
Bottom of Boring ot 72.9 Feet. T75 n
Completed 12/9/99. N B
Abandoned 5/18/00 by backfilling I u
. . . . 80
piezometer casing with cement/bentonite = -
grout and capping at mudlinge N N
+85 -
I C
. 20 1 2 5 0 20 50 100
® Water Content in Percent
| 1.4
AN

1. Refer to Figure B—2 for explanation of descriptions
o o HARTCROWSE

2. Soil descriptions and stratum lines are interpretive m
ond octual changes may be gradual. - -

3. Ground water level, if indicated, is at time of drilling J-5792-06 12/99
(ATD) or for date specified. Level may vary with time. F]gure B-3
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Boring Log HC-GOb
(Disposal Cell 2)

Sediment Descriptions

XXX IX XXX XX XX XXX IR XK XXX XK XX X RIS I TR

Depth Sam
. ple
Approximate Mudline Elevation in Feet: —10 in Feet 1
-0 -
Vpry loose to loose, wet, gray, slightly r ;; S-0
silty SAND. (NON—PORT FILL) - A +s-1
s AN s-2
- NV
F Ll ts-3
L1040 4[]
- Z1%
Very loose, wet, gray SAND. (CAP) N A1 s-5
415 A S-6
Very loose, wet, gray, slightly silty - A g:g
GRAVEL over loose, wet, gray, slightly N N s-o
silty SAND with trace gravel. (PORT +20 A s_10
CONFINED DREDGED MATERIAL to 60 C A4 s-11
feet) - S-12
Piece of wood. +25 0
— - MVl s-13
Very soft, wet, gray, sondy SILT with N sl
scattered wood debris. " 30 LA U S-14
T A 14 *5-157
SNZ17
—_—— e —— N - [ S-16
Very soft, moist, gray SILT with trace +35 b s—17
N_organic .. L 955
Soft to medium stiff, wet, gray, sandy r [‘H] s-18
CLAY with scattered gravel, 140 He L
_\ concrete—like debris and wood debris. - S-19
Metal shavings. C 5-20
T4 s-21
— Pencil pitch fragments noted in somples N
S-20 and S-21. - 5-22
—_—— e — — — ——— +50
Very loose to loose, wet, gray, sandy - $-23
SILT to SAND with scattered grovel and = S—24
concrete—like pieces. - -
. +55
Small piece of metal. - $-25
r S-26
—— +60
Very soft to medium stiff, wet, gray, - 5-27
sandy SILT to SILT. = S-28
(NON—PORT FILL to 86 feet) Ies
R S-29
Very loose, wet, groy, sandy GRAVEL. - $-30
T70 S-31
Very loose, wet, gray, slightly silty, fine - $-32
| to medum SaND- " | Iy o ss
Medium stiff, moist, gray, slightly sondy, " -
gravelly SILT to sandy, clayey SILT. - S-34
S L80
Soft, wet, gray, clayey SILT to sandy - $-35
SILT. . S-36
_— _ |8 S-37
Very dense, wet, gray, slightly silty, N
sandy GRAVEL. (NATWVE ALLUVIUM J- 5-38
~90
1. Refer to Figure B—2 for explonation of descriptions
and symbois.
2. Soil descriptions ond stratum lines ore interpretive
and actual chaonges may be grodual.
3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
6. See report for water level elevations during tidal monitoring study.
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1=1 579205 /Logs

cw 7/1/00

Boring Log HC-G05

Sediment Descriptions
P i Peat Sample
Approximate Mudline Elevotion in Feet: —10
90
C s-39 [X
Bottom of Boring at 94.5 Feet. 195
Completed 12/22/99. =
Abondoned 5/18/00 by backfilling X100
piezometer casing with cement/bentonite u
grout and caopping at mudline =
+105
+110
+115
+120
+125
+130
+135
+140
1145
-:150
155
+160
4165
+170
+175
1180
1. Refer to Figure B—2 for explonotion of descriptions
and symbols.
2. Soil descriptions ond stratum lines are interpretive
and actuol chonges may be gradual.
3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicoted.
5. Blow count may not be representotive due to heove where indicated.
6. See report for water level elevations during tidal monitoring study.
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t=1 579206/Logs

cVD 7/7/00

Boring Log HC-GOG6A
(Dsposal Cell 3)

Sediment Descriptions Depth
Approximate Mudline Elevotion in Feet: —24 in Fest
-0
Very soft, wet, gray SILT. (NON-PORT
[ FILL) 1 E
Loose, wet, silty SAND and sandy £s
L GRAVEL. (CAP) —
Very soft, wet, gray SILT ond local, L
very loose, silty SAND. (PORT C10
CONFINED DREDGED MATERIAL) T
I1s5
Bottom of Boring ot 18.0 Feet. ) :2
Completed 12/17/99. v 120
Abondoned 5/48/00 by backfilling r
piezometer casing with 425
cement/bentonite grout aond capping o B :
mudline. X
+30
+35
r +40
+45
+50
+55
I60
I65
F70
+75
+80
+85
J:gg
1. Refer to Figure B-2 for explonation of descriptions
and symbols.
2. Soil descriptions ond stratum lines are interpretive
and actual changes may be gradual.
3. Ground water level, if indicated, is ot time of drilling
(ATD) or for date specified. Level moy vary with time.
4. Blow count may not be representctive due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
6. See report for water level elevations during tidal monitoring study.

III;\IIII

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot & (PID)
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TTTT |
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2 S 0 20 50 100
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HARTCROWSER
J-5792-08 12/99
Figure B-5




1=1 579206 /Logs

cw 7/1/00

Boring Log HC-GO6B
(Disposal Cell 3)

Sediment Descriptions

_Depth Sample
Approximate Mudline Elevation in Feet: —25 in Feet F
-0 — -
Very loose, wet, gray, silty, sandy - 178
| SAND. (NON—PORT FILL) I 1%
Loose, wet, gray, silty, sondy GRAVEL Is ; g :‘g
| __ond SAND.” (CAP) A F / ; -
Very soft, wet, gray, sandy SILT and N AN s-+ X
local silty, fine SAND with scottered C10 %%
wood. (PORT CONFINED DREDGED T [Al] s-5 <
MATERIAL to 39 feet) - %1% <
[~ S-6
; int chi - 11
—  Possible paint chips. I
1 pai p -15 A/ s—7 Z
- 1V
C ; | s-8 X
-520 /; S-9 Z
N ; ; s-10 [X]
5 YUY s-n <
- %1%
- M1 s-12 X
130 ; j s-13 [X
- ;; s-14 [X]
—  Becomes clayey. T35 N s-15 X
N AV
n A4 s-16 §
Loose, wet, gray, silty, sondy GRAVEL +40 AN S-17
ond wood ond plastic. (NON-PORT B V] s-1s <
FILL to 62 feet - N 7
T45 ; ; s-19 X
n A1 s-20 [X
C 1Y
+50 W[ s-2 4
- Y s-22 [
Medium dense, wet, dark groy, grovelly, | [ ¢
fine SAND. ' s [ s X
- Y s-2# X
———— — — — — — — B 1V
Soft, wet, gray, fine, sandy SILT. 60 [qiq S-25 X
- NV s-
Dense to very dense, wet, dark groy, - % S-28 Z
sandy GRAVEL. (NATIVE ALLUVIUM) I65 N s-27 X
- 9 I
N 1 F] s-28 (X
+70
C s-29 [X]
Bottom of Boring at 74.5 Feet. ':75
Completed 12/16/99. -
Abandonded 5/18/00 by backfilling I80
piezometer cosing with -
cement/bentonite grout and capping ot N
mudline. N
+85
—90
1. Refer to Figure B—2 for explanation of descriptions
ond symbols.
2. Soil descriptions and strotum lines are interpretive
and actual changes moy be gradual.
3. Ground water level, if indicated, is ot time of drilling
(ATD) or for date specified. Level may vory with time.
4. Blow count moy not be representative due to gravel where indicoted.
5. Blow count moy not be representotive due to heave where indicated.
6. See report for water level elevations during tidal monitoring study.
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1=1 570206/Logs

cvo 7/7/00

Boring Log HC-G08
(Disposal Cell 4)

. . PENETRATION LAB
Sediment Descriptions Depth Sarmol RESISTANCE TESTS
. ample

Approximate Mudline Elevation in Feet: —21 in Feet 4 Blows per Foot & (PID)
-0 12 5 10 20 50 100
Loose, wet, gray, slightly silty to silty B S—SO_
SAND with trace organic FILL. (CAP) N C
T3 s-2 NA n 7 (<)
- s-3 X [ ‘g -(<1) CA
- s-4 IXI [ A - (<1)
Lo s-5 |X . - (<1)
- s-6 [X| [ -(<1)
N s-7 X | - (<1)
Soft, wet, gray SILT with wood C15 s-8 ] ~-(<1)
debris. (PORT CONFINED DREDGED T s-9 [X] F K1 H-(<1)
MATERIAL to 36 feet) C s-10 X Ry —(<1)
~ 5.7 -
C s-11*{X] [ i) T (<)
20 s-12 X [ ca HF(<1)
N »s-13 X | - (<1)
e o o - *s-14 [X| [ AT
Loose to medium dense, wet, groy, silty | 425 $-15 ; (<1} GS
SAND with scottered wood debris. - *s-16 [X] [ bt
™ Orange paint chips. C $-17 ; N > - (<1)
£ S-18 IXI [ T (<1)
- 30 s-19 X |
r s-20 X [
\ Piece of wir 135 =21 B4 | :’ (<)
1 wire. = o NN
N\ _ i ant s-22 4 [ J‘> - (<1)
Medium dense, wet, gray, silty, sandy N N | 1
GRAVEL. (NON—PORT FILL to 80 feet) T 40 s-23 X | (<)
B s-24 X A - (<1)
Piece of concrete and PVC pipe. - -
AL U UL IR A L o + S$-25 - (<1
Soft to medium stiff, wet, gray, sondy -45 Z = (<1
SILT to SILT with occasional lenses of - s-26 X
cloyey silt and scottered wood debris. R N
) . . +s0 s-27 [X] - (<1)
Copper wire ond cloth in sediment. = = »
- s-28 [X] ) - (<1)
155 s-29 X F -g«;
. ™ - 4 (<1
—  Metal shavings and galvanized wire N s-30 X I\ F (<1
noted in S—28, S—-29, and S-30. Iso s-31 4 [ L (<)
- s-2 X ); - (<1)
Fss s-33 [X] k- - (<1)
- C - \\’M
Loose to medium dense, wet, gray, silty = s-3¢ X [ -(<1)
SAND. _:70 [ \
- s-35 X [ \ - (<1)
175 - N
— Piece of golvanized wire in sompler shoe. - 5-36 Z - N - (<1)
Dense to very dense, wet, gray, silty, Iao - N
sandy GRAVEL. (NATIVE ALLUVIUM) - I {
o S~37 o N 5
Becomes very silty with troce gravel. - = - F‘E’o/ 50(<1)
I s-38 = [ L (<1
Bottom of Boring at 84.9 Feet. -85 o 50/5 (<)
Completed 12/20/99. r N
—90 T2 5 10 20 50 100
® Water Content in Percent
1. Refer to Figure B—2 for explanation of descriptions e
and symbols. as
2. Soil descriptions and stratum lines aore interpretive
and actual chonges may be gradual. m
3. Ground water level, if indicated, is at time of drilling OMER
(ATD) or for date specified. Level may vary with time. J-5792-086 12/99
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicoted. Figure B-7




Boring Log HC-G13A
~~  (Disposal Cell 5)

|4 a
e §
z Z PENETRATION LAB
<
Sediment Descriptions Depth Sample ; © RESISTANCE TESTS
. . .. . in Feet -~ A Blows per Foot
Approximate Mudline Elevation in Feet: —69 0 _‘F_ 3 2 5 10 20 50 100
(Loose to soft), wet, dark gray, silty, L LA R
fine SAND to fine sandy SILT. | A (151 P L
{NON-PORT FILL) L 411 5
Is HH-s-2[\lr] L
. 1% B
n /1 »
= / / =
B p R
T'0 ;/
17 N
% -
- / / -
TS UK
: 4 5_15:
Loose, wet, dark gray, silty SAND and R V1 V1 S;3 P L
sondy SILT. (CAP) R LA 1L R
+20 1 — -CA
- N s-4 Z s-F
- i P ~
Loose, wet, dark gray, silty SAND. B 6} —
(PORT CONFINED DREDGED MATERIAL 3 §-3
to 34.0 feet)
s-4T -GS
CA
o~ -
3-57
S 5—¢° ]
(Soft), wet, gray SILT with trace wood P
\ frogments. /] -
(Soft), very moist, gray, thinly lominated XS—?G_ E CA
SILT with wood. (NON—PORT FILL) P L
\ _ _
Bottom of Boring at 37 Feet. - -
Completed 12/1/99. 440
Note: Soil descriptions are based o B
predominantly on the second attempt B B
of HC-G13A; however, both ottempts - -
indicate similar soil conditions. - -
+4
Abandoned 5/20/00 by backfilling | > 2
piezometer casing with cement/bentonite = B
grout and capping ot mudline. R L
o -+50
3 I i
s
& Z i
0 +55
g I
~
e 4
5 60 T2 5 10 20 50 100
o=, 1. Refer to Figure B—2 for explanation of descriptions and symbols. ® Water Content in Percent
2. Soil descriptions and stratum lines are interpretive and actuol changes I, ]
may be gradual. y 1)

3. Ground water level, if indicoted, is at time of drilling (ATD) or for date

specified. Level may vary with time. mmowsm

4. Blow count may not be representative due to gravel where indicated.

5. Blow count may not be representative due to heave where indicated. J-5792-06 12/99
6. Samples S—1 through S-7 from 20 feet depth to bottom of hole
represent o second attempt at this hole. Figure B-8

7. See report text for woter level elevations during tidal monitoring study.



1=1 $79205/Logs

cv 7/7/00

Boring Log HC-G13B
(Disposal Cell 5)

Sediment Descriptions Depth ) Somple
Approximate Mudline Elevation in Feet: —69 in Feet
-0 — |
Very loose, very silty, fine SAND with - A *S-1
occasional lominations of Silt. N 1 *S-2
{NON—PORT FILL) Is ; ;
—  Trace roots. N 1% S-3
N V] s-4
—_ Scattered pumice—lke FLL_ _ __ 4 +10  [lr] <
Very soft, wet, gray SILT with thin o V]
layers of silty, fine Sond. - ; ; S—6
L15
L. Trace roots noted. - ; ; g_;
Very soft, wet, gray SILT and loose, - 212
wet, gray, silty, fine SAND with troce L0 A |
wood frogments. (CAP) - 1 [ 55‘"101
Very loose to very soft, wet, gray, - 1V $-12
silty, fine SAND to fine sondy SILT. L2 Y]
(PORT CONFINED DREDGED MATERIAL) - ; ; S-13
C N s-14
Trace wood fragments. 430 %
" 1] s-1s
C ;; S-16
Medium dense, wet, dork gray, fine SAND| +35 A/
to silty SAND with trace gravel. o A/
(NON—PORT FILL to 45 feet) - A s-17 X
_———_—— Y — — ———1 140
Very soft, wet, groy SILT. - ; ; s-18 X
- ,/4 1 s-19 [X]
+45 FIF
Medium dense to very dense, wet, dark - [“H S-20 =
gray, sandy GRAVEL. (NATIVE ALLUVIUM) - ; « e
+50 T
Bottom of Boring ot 54.0 Feet. +55
Completed 11/298/99. N
Abandoned 5/20/00 by backfilling Le60
piezometer casing with cement/bentonite -
grout and capping at mudline. N
+65
+70
+75
180
f8s
Lgo
1. Refer to Figure B—2 for explanation of descriptions
and symboils.
2. Soil descriptions and strotum lines are interpretive
ond octual chonges may be gradual.
3. Ground woter level, if indicated, is ot time of drilling
(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heove where indicated.
6. See report text for water level elevations during tidal monitoring study.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 5 0 20 50 100
&
L
%
&~
A
-~ - CA
‘E\
- T
L =
il
- CAIT
_
- [N
-  [TrHa - CA
- CA
AI_<.\‘~~
: \‘1>_ - CA
.\\

N i |
[ 1 50/3
~ A50/2
R 1
R 1
N Y
1 2 5 0 20 S0 100
® Water Content in Percent

| 1. 4

aAs

HARTCROWSER
J-5792-06 11/99
Figure B-9



1=1 579208 \logs

Ccv 7/7/00

Boring Log HC-GO1

Sediment Descriptions
P in Feat Sample
Approximate Mudline Elevation in Feet: —122
-0
Very soft, wet, groy SILT. -
(NON—PORT FILL to 17 feet) 7 N
Y. L S—1*
[0 Y ‘:5 S-2* §
Very loose, wet, gray, silty, fine SAND. +10 B
e e [ S-4
Loose to medium dense, wet, gray, - 5-5 %
silty, sondy GRAVEL to gravelly SAND. -
115
C s-6 [X
Very dense, wet, gray, sondy GRAVEL. N s-74
~ (NATIVE ALLUVIUM) A1 L20 . X
Bottom of Boring at 19.0 Feet. -
Completed 11/18/989. -
Ios
T30
I35
140
Tas
Is0
tss
{60
I6s5
+70
175
Lgp
1. Refer to Figure B-2 for explonation of descriptions
and symbols.
2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.
3. Ground water level, if indicated, is ot time of drilling
(ATD) or for dote specified. Level may vary with time.
4. Blow count may not be representative due to grovel where indicated.
5. Blow count may not be representcotive due to heave where indicated.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 5 10 20 50 100
k
B [ ~CA
N A j- -GS

A\
: \\\\ - CA
t ¢ T
B
1 2 5 0 20 50 100
® Water Content in Percent

| 44

AN
HARTCROWSER

J-5792-06 11/99
Figure B-10




1=1 §79206/Logs

cw 7/7/00

Boring Log HC-GO02

Sediment Descriptions Depth Somple
Approximate Mudline Elevation in Feet: —63 in Fest
-0
Very loose, wet, dark gray, fine SAND. - S-1 Z
Ooh-rort Fui o Setee) | 2 2
Very soft, wet, gray SILT. T3 s-3 [X]
Very loose, wet, brown to gray, fine - S—4 Z
(N_SAND. 410
Very soft to soft, wet, gray SILT with - 5= Z
occasional fibrous organic partings and L S-6 Z
other scattered organic FILL (wood, fis
roots). N s-7 X
- s-8 X
120 s-9 X
- s-10 [X
T2 s-1 [X]
- s-12 [X]
—_——— Y — — — ———| +-30
Very soft to soft, wet, groy SILT with - s-13 [X
scattered orgonic FILL ond N S—14 Z
occasional thin loyers of gravel to - -
grovelly sond. 2 s-15 X
Very soft, wet, gray, slightly gravelly, -
sandy SILT with scattered wood C s-16 [X]
fragments. _ +40
‘Very soft, wet, gray SILT to gravelly, -
sandy SILT with scattered wood N S-17 Z
fragments. 445
Possible red paint chips. -
po! P / - s-18 [X
S U +50
Very soft to very loose, wet, gray, fine N
sondy SILT to silty, fine SAND with - s-19 [X
scattered wood fragments. _:55
Medium dense, wet, gray, slightly sandy -
| GRAVEL. (NATIVE ALLUVIUM) A s-20 [X
Bottom of Boring at 59.0 Feet. ':60
Completed 11/19/99. -
Le5
=3
-
+70
175
+80
185
.J:go

-

Refer to Figure B—2 for explanation of descriptions

and symbols.

Soil descriptions and stratum lines are interpretive

and octual chonges may be grodual.

Ground water level, if indicoted, is at time of drilling

(ATD) or for date specified. Level may vary with time.

Blow count may not be representative due to gravel where indicated.
Blow count may not be representative due to heave where indicated.

o W N

p
R

A

ENETRATION LAB
ESISTANCE TESTS
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HARTCROWSER
J-5792-06 11/99
Figure B-11




1=1 579206 /Logs

oV 7/7/00

Boring Log HC-GO3

Sediment Descriptions Depth Somple
Approximate Mudline Elevotion in Feet: —43 in Feet
T0
Very soft, wet, gray SILT. n A
M\_(Nou-roRT FiLto 39 fee) /] F
Very loose to medium dense, wet, gray, ‘:5
silty, slightly grovelly to gravelly, fine L 5—2 Z
SAND. -
+10
- s-3 X
Memm_den_se,Tet._dngE, %htly —;1 5
silty, fine SAND with scottered gravel. : S—a Z
—— e — +20
Soft to medium dense, wet, gray, fine -
sondy SILT to silty, fine SAND with - s-5 [X
trace wood fragments. o
€25
- s-6 X
+30
N s-7 X
+35
- s-8 X
Very dense, wet, gray, sandy GRAVEL +40
with scattered cobbles. (NATIVE - s-9 [
ALLUVIUM) B
+45
- S—10 =g
Bottom of Boring ot 46.8 Feet. -
Completed 12/6/99. -
150
155
+60
+65
+70
+75
+80
+85
Lag

1. Refer to Figure B—2 for explanation of descriptions

and symbols.

Soil descriptions and strotum lines ore interpretive

ond actual changes may be gradual.

Ground water level, if indicated, is ot time of drilling

(ATD) or for date specified. Level may vary with time.

Blow count may not be representative due to gravel where indicated.
Blow count may not be representative due to heave where indicated.

okR woN

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot

2 5 10 20 50 100

TTrri]—

TTTT

- 4</

= \\

- \\

- >> o

B U

N %

: |

= ‘\

- \\N\

a ° T4 88/1

450/3

LB

® =T TTIT

2 5 0 20 50 100
Water Content in Percent
re
as

HARTCROWSER
J-5792-06 12/99
Figure B-12



Boring Log HC-G04

Sediment Descriptions Depth
Approximate Mudline Elevation in Feet: -24 in Feet
-0
Very soft to medium stiff, wet, brown or -
gray SILT with scattered gravel. N
{NON-PORT FILL) s
Medium dense, wet, gray, slightly sandy n
to sandy, silty GRAVEL. (BONNEVILLE 110
ROCK) [
TLis
Jo0
— _Plywood fragment. - F
Medium dense to.dense, wet, dark gray, N
silty SAND. (NON-PORT FILL to 6t -
feet) T25
—  Piece of copper wire. -530
+35
+40
—  Yellow paint chips. C
—  Silty lenses. Las
——— e 2 Iso
Dense, wet, gray, sandy GRAVEL. -
Loose, wet, gray, silty, fine SAND. -
+60
Very dense, wet, brown GRAVEL. -
(NATIVE ALLUVIUM) C
-+65
/ C
+70
Bottom of Boring at 70.5 Feet. N
Completed 12/8/99. -
175
+80
+85
Lao

\. Refer to Figure B-2 for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD} or for date specified. Level may vary with time.

Sample

7
L
|

L1

w
U
nN

S-S

KX M X XX X X X X XX

X

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.

PENETRATION LAB

RESISTANCE

TESTS

4 Blows per Foot

10 20 50 100

TVTT

trry

AN )4

AN

TVTT

L)

(18 50/6

L)

- .
® Water Content

11
020 50 100
in Percent

[ 7]
HARTCROWSER

J-5792-08 12/99
Figure B-13




Boring Log HC-6G08

Sediment Descriptions Depth
Approximate Mudline Elevation in Feet: -93 in Feet
-0
(very soft) SILT. (FILL/SLOUGH) N
. . +5
Loose to dense, wet, gray, slightly silty, -
very sandy GRAVEL with scattered N
cobbles. (NATIVE ALLUVIUM) "0
—_—_— e — — —{ {5
Very dense, wet, gray, fine SAND with -
trace gravel. N
Very dense, wet, gray, sandy GRAVEL +20
with scattered cobbles. N
+25
Bottom of Boring at 26.7 Feet. "
Completed 12/3/99. -
=+30
+35
+40
+45
+s0
155
+e60
+65
F70
+75
180
+85
Lgo

1. Refer to Figure B-2 for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
{ATD) or for date specified. Level may vary with time.

Sample

S-3

S-5

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.

KX XX

X

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 1020 50 100
:

<
N ¢ \\1 -GS
- A
N 5&50/3

10 20 50 100

® Water Content in Percent

[ 7]

HARTCROWSER
J-5782-08 12/99
Figure 8-14



Boring Log HC-G10

Sediment Descriptions Depth
Approximate Mudline Elevation in Feet: -15 in Feet
0
Dense, wet, gray, sandy GRAVEL to -
gravelly SAND. (BONNEVILLE ROCK) -
-55
Tio
Medium stiff, wet, gray, clayey SILT with -
diesel-like odor. (NON-PORT FILL to [~
72 feet) -
-:20
— — — — — — — — — —— 25
Medium dense, wet, gray, slightly silty, -
very sandy GRAVEL to GRAVEL. I~
+30
+35
Loose, wet, gr—ay.?a@y.Tine?ME -540
Medium stiff, wet, gray, fine sandy +4s
SILT. "
—— e e — — — — +50
Loose to medium dense, wet, gray, fine B
‘\ SAND with occasional gravel. N
Scattered wood fragments. Iss5
+60
—  Trace organic material and wood N
fragments. C65
Medium stiff, wet, gray, sandy SILT with -
scattered shell fragments. B
Fro
Dense to very dense, wet, gray, slightly C
sandy GRAVEL. (NATIVE ALLUVIUM) I7s
Bottom of Boring at 76.5 Feet. [~
Completed 12/7/99. -
-:80
+85
Lao

1. Refer to Figure B-2 for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

Sample

#S5-1

S-2

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
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Boring Log HC-G11

Sediment Descriptions
P o some
Approximate Mudline Elevation in Feet: -98
-0
Very soft SILT. (FILL/SLOUGH) -
Z *S—1 S
- T5
Loose to very dense, wet, gray, slightly -
sandy GRAVEL with scattered cobbles. B 5—2 Z
(NATIVE ALLUVIUM) Lo
- s-3 X
+15
- s-4 [X
+20
C s-5 [
Bottom of Boring ot 23.2 Feet. L5
Completed 12/3/99. N
+30
+35
+40
+a5
Fso
Iss5
160
£65
+70
I7s
+80
185
L90
1. Refer to Figure B—2 for explanation of descriptions
and symbols.
2. Soil descriptions ond stratum lines are interpretive
and actual chonges may be gradual.
3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representotive due to grovel where indicated.
5. Blow count may not be representative due to heave where indicated.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 S 1020 50 100
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Figure B-16



Boring Log HC-G12

Sediment Descriptions

‘Depth
Approximate Mudline Elevation in Feet: -47 in Feet
-0
Very soft, wet, gray, fine sandy SILT. -
(FILL to 70 feet) C
Loos_e.-th. §gy,s——illy._fine_SAﬁ - +5
fi0
E
Vermos_& ;ET. gr_ay,ﬁtﬁn—e_SAN_D Fis
"\_to very soft, fine sandy SILT. __ __ -
Very loose, wet, gray. fine SAND to N
—__slightly sty fine SAND. ____ __ ___~ 120
Very loose to loose, gray, silty, fine L
SAND with occasional gravel. o
Gravel grades out. 20
Becomes medium dense. B
-:30
+35
—  Trace pumice-like material and small Fao
roots. =
Loose to medium dense, wet, dark gray. "
sandy GRAVEL. T45
[ Scattered smallroots. _ __ ___ -
Very loose, wet, gray, fine SAND with Ls50
scattered small roots. -
Very_somo;f t._wet._g-;.ra_y_SlL_T with B
trace to scattered wood fragments and +55
occasional layers of silty, fine Sand. B
Iso0
165
- +70
Very dense, wet, dark gray, slightly -
sandy GRAVEL. (NATIVE ALLUVIUM) N
+75
Bottom of Boring at 78.8 Feet. T80
Completed 11/23/99. -
185
Lg0

1. Refer to Figure B-2 for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.

Sample
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Figure B-17



Boring Log HC-G14

Sediment Descriptions

Depth
Approximate Mudline Elevation in Feet: ~66 in Feet
-0
Very loose, wet, brown and gray, silty, o
fine SAND. (NON-PORT FILL to 38 »
feet) -
_:5
- — 1o
Very soft to soft, wet, brown to gray, -
fine sandy SILT with scattered organic -
material.
Li5
Sulfurous-like odor noted. -
_—— —— —— —— — ————] F20
Medium dense, wet, gray, sandy -
GRAVEL. C
S S — N 1
Very soft to soft, wet, gray SILT with -
occasional thin layers of fine sandy C
Silt. L
—:30
—  Becomes medium stiff with trace ‘:35
scattered gravel o
Dense to very dense, wet, gray, sandy -
GRAVEL to GRAVEL with possible T40
cobbles. (NATIVE ALLUVIUM) B
Bottom of Boring at 44.4 Feet. ‘:45
Completed 11/23/99. -
+50
+55
+60
165
X70
175
+80
185
Lgo

1. Refer to Figure B-2 for explanation of descriptions

and symbols.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

4. Blow count may not be representative due to gravel where indicated.

5. Blow count may not be representative due to heave where indicated.

Sample

S-9
S-10

i XD X X X X X KX

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
2 5 10 20 50 100
'y
Y
,\ o
Y\ H |9 AL
o \\\
\~> .
1

B Vi
n N
o
C T
L S
- \\\\
N r T8 o1/t
[ 450/5
5 0 2 50 100

® Water Content in Percent

an
HARTCROWSER

J-5792-06 11/89
Figure B-18




Boring Log HC-G15

) o PENETRATION LAB
Sediment Descriptions Depth Sanple RESISTANCE TESTS
. ) . - -n4 in Feet A Blows per Foot
Approximate Mudline Elevation in Feet: =Il o 5 o 20 50 100
Very loose, wet, brown to gray, silty to = =
very silty, fine SAND. (NON-PORT FILL) - -
_:5 S-1x% Z L
N s-2 [X] k o
Fio s-3* [X] \ i
—  Occasional gravel. = S-4 A_Z = "‘\~~_____ o
Very dense, wet, brownish gray, sandy - S-SB 1 F . i
GRAVEL with scattered cobbles. £is - 15074
(NATIVE ALLUVIUM) L [
Bottom of Boring at 13.8 Feet. N N
Completed 11/22/99. - -
<20 -
- .
-
T2° A
T30 -
L5 :
F40 N
Fas5 N
f50 :
155 A
60 -
165 -
I70 N
+75 u
80 B
185 h
—90 2 5 10 20 50 100

® Water Content in Percent

| ]
I. Refer to Figure B-2 for explanation of descriptions

e mbol HARTCROWSER

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. = -
3. Ground water level, if indicated, is at time of drilling J-5792-06 /99
(ATD) or for date specified. Level may vary with time. Figure B-19

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.




Boring Log HC-G16

Sediment Descriptions

Approximate Mudline Elevation in Feet: -64

Depth
in Feet

-0

Very soft, wet, gray SILT to fine sandy
SILT. (NON-PORT FILL to 53 feet)

—  Becomes medium stiff with occasional
thin layers of medium sand.

Loose, wet, gray to dark gray, silty, fine
to medium SAND.

Medium dense, to very dense, wet, gray,
slightly silty to silty, sandy GRAVEL.
(NATIVE ALLUVIUM)

Bottom of Boring at 62.9 Feet.
Completed 11/17/99.

1. Refer to Figure B-2 for explanation of descriptions

and symbols.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

4, Blow count may not be representative due to gravel where indicated.

5. Blow count may not be representative due to heave where indicated.

|
T

n

o

Sample

S-i%
S-2%
S-3%

S-4
s-54
S-6
s-7
s-8
$-9

S-10

S-i

5-12

S-13

@ >

P DX D X DA DX XX XXX IXT X DX DX DX D DX X

*S-18

PENETRATION LAB
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J-5792-068 11/98
Figure B-20



Boring Log HC-G17

_ o PENETRATION LAB
Sediment Descriptions RESISTANCE TESTS
VD?‘_ptht Sampie a Blows per Foot
Approximate Mudiine Elevation in Feet: ~103 in Fee P

-0 020 50 100
Soft, wet, gray, slightly gravelly, fine - =
sandy SILT. (NON-PORT FILL) " "

I5 B

C s-1gX1 [ s

Dense to very dense, wet, gray, sandy _ - N
GRAVEL to silty, gravelly SAND with - - N
scattered cobbles. (NATIVE T!0 s-2 X [ ¥
ALLUVIUM) L L
Bottom of Boring at 14.5 Feet. '2'5 N
Completed 11/18/99. - -

20 -

fos :

30 -

Z o

£3s :

+40 -

fa5 u

£50 -

55 -

160 -

+65 u

f70 -

frs -

80 -

185 :

—90 2 5 10 2 slo 00

® Water Content in Percent
[ 7]

I. Refer to Figure B-2 for explanation of descriptions

29 syneols HARTCROWSER

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.
3. Ground water level, if indicated, is at time of drilling J-6792-06 /99
(ATD) or for date specified. Level may vary with time. Figure B-21

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.



Boring Log HC-G18 (UPLAND)

Sediment Descriptions De
pth
in Feet Sample
Approximate Mudline Elevation in Feet: 22
-0
Medium dense, moist, brown, slightly silty - S-I
to silty SAND. (DIKE FILL to 82 feet) N
I5
—  Becomes gravelly. " -2
Loose to medum dense, wel, brown, | +10 oy §-3
silty, sandy GRAVEL to sandy GRAVEL. C
T S-4
+o0 S-5
+25
N *S-6
L300 #S-7
Fas
u *S-8
—  Becomes gray. C
Fa0 s-g4
—  Becomes brown, n
T45 S-104:
TIso s-n4
Is5
L Becomes dense with scattered cobbles. " S-12
160 S-13
_565 *S"Md'
TI70 S-15
T75 S-16
I80 %517
Bottom of Boring at 82.0 Feet. C
Completed 12/10/99. >
-85
La0

I. Refer to Figure B-2 for explanation of descriptions
and symbofs.
2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.
3. Ground water level, if indicated, is at time of drilling
{ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
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PENETRATION LAB
RESISTANCE TESTS
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Figure B-22
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Boring Log HC-MWO1A

. L. PENETRATION LAB
Soil Descriptions Depth RESISTANCE TESTS
Approximate Ground Surface Elevation in Feet: 19 in Feet Somple 4 Blows per Foot
ep ‘ —0 1 2 5 10 20 50 100
Refer to HC—MWO1C for soil descriptions L -
from 0- to 9-foot—depth interval. N N
15 -
(Loose), damp to wet, brown to gray, €10 s-1 [X] - N
silty to very silty SAND. (DRILLING - - "N
PAD FILL) C - AN
15 - N
S s-2%+ X | s
Medium dense, wet, gray, slightly silty, B -
sandy to very sondy GRAVEL (NATIVE ALLUVIUM). | F»q s-3 X [ J
Bottom of Boring ot 20.5 Feet. N C
Completed 12/16/99 - -
+25
N N
130 -
135 :
+40 -
-~ X C
{45
150 A
Ess :
160 a
165 -
170 :
[.] ':75 N
5 n N
< - b
g - :
& 180 -
1 [ C
Isas [
g : :
N N o
I - N
° —90 T 2 5 10 20 50 100
® Woter Content in Percent
4 : l 4
‘ 1. Refer to Figure B—2 for explanation of descriptions ond symbols. as
2. Soil descriptions and stratum lines are interpretive and actual changes
may be gradual. mm -
3. Ground water level, if indicated, is at time of drilling (ATD) or for date omm
specified. Level may vary with time. J-5792-086 12/99

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
6. No Hort Crowser somple; sample taken by Laondou Associates.

7. See report text for water level elevations during tida! monitoring study.

Figure B-23
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cvD 7/7/00

Boring Log HC-MWO01B

Soil Descriptions Depth

in Feet Somple

Approximate Ground Surfoce Elevation in Feet: 19

|
1
(o]

]
176 «

Refer to HC-MWO1C for soil descriptions
from O— to 109-foot—-depth interval.
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1. Refer to Figure B—2 for explanction of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive and actual changes
may be gradual.

3. Ground woter level, if indicoted, is at time of driling (ATD) or for date
specified. Level may vary with time.

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indiccted.
6. No Hart Crowser somple; somple taken by Landou Associotes.

7. See report text for water level elevations during tidal monitoring study.

PENETRATION
RESISTANCE
A Blows per Foot
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TESTS
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Water Content in Percent

HARTCROWSER

J-5792-06
Figure B-24
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Boring Log HC-MWO01B

Soil Descriptions
P .Seg;h‘ Sample
Approximate Ground Surface Elevotion in Feet: 19 ! €
T90
- %
Z %
- "
fos [
- V1 V]
o 1 V1
+100 ¢V
- 1
- %
f105 [
Very dense, wet, brown, slightly silty, Fio FHY 5[5
very gravelly SAND. (NATIVE H
ALLUVIUM) [H
+115 1 —=
Fi20 (Y S35

Bottom of Boring at 120.4 Feet.
Completed 12/15/99

125

130

135

~
(@]

[4)]
o

w
w

1
~ [o)] [2)]
o 2] o

~
(6;}

llllllllllllllllllII|lIlIIIIIIIIIlI=lIIIIlIIlIllI|IIIIII|||I||I|l||ll|l
N
(82}

180

1. Refer to Figure B—2 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive aond actual chonges
maoy be gradual.

3. Ground water level, if indicated, is ot time of drilling (ATD) or for date
specified. Level moy vary with time.

4, Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicoted.
6. No Hart Crowser sample; sample taken by Londau Associates.

7. See report text for water level elevations during tidal monitoring study.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot

1 2 5 10 20 S0 100

[ 450/5

N 50/5

[ 450/4

N

1 2 5 0 20 50 100

® Water Content in Percent

HARTCROWSER
J-5§792-086 12/99
Figure B-24 2/2
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Do 7/10/00 1=1 579206/logs

Boring Log HC-MWO01C

Soil Descriptions .Degth‘ Somple
Approximate Ground Surface Elevation in Feet: 19 n Fee -l.
Loose, damp to moist, brown, silty to T° d'/ s-1 X
very silty, fine SAND with occasionol N NV
gravel. (DRILLING PAD FILL) - aq
T3 A U
- NV
. n 1M W
Troce wood debris. Lo MU s-2 X
C \"IR 2%
N ATO | U
- . / /
13 4
B 1 V]
Medium dense, wet, gray, sondy GRAVEL B A A
to silty, gravelly SAND. (NATIVE £20 A 6. X
ALLUVIUM = A 1
C 1
- a4
T25 1 U
B a4
C W%
+30 HYY s+ K
—  Becomes very dense. B NV
o 1%
I 11
_35 A1/
- 1%
B NV
+4-40 N S-4 Z
" 1
- s
L V171
- 45 [
N a4
= 4
-:50 1% 6. X
L. 'V
C 0%
Lfss a4
- W - X
" %
- N .
+60 [[ <
- 1%
N 4
+65 11
- N s X
L NV
f70 (] s-e X
- NV
" 1%
T75 %14
- 14
- 404
I 1] s-7
F8o  [][] X
- 1 ¥
B 1 V]
+85 %
- 1V
- 1
Igo M ] e

1. Refer to Figure B—2 for explanation of descriptions ond symbols.

2. Soil descriptions and stratum lines are interpretive ond actual changes
may be gradual.

3. Ground water level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vory with time.

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser somple; somple taken by Londau Associotes.

7. See report text for water level elevations during tidal monitoring study.

PENETRATION LAB
RESISTANCE TESTS

A
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Figure B-25 1/2




Boring Log HC-MWO01C

. o PENETRATION LAB
Soil Descriptions Depth RESISTANCE TESTS
Approximate Ground Surface Elevation in Feet: 19 in Feet Sample A Blows per Foot
°p : 30 12 5 10 20 5p 100
- % - N
- 4 N N
[ 95 i u 111
T 1r] s-8 n
SRl d
n e C
100 UMW * X 4/10
- 1 N
C 1 N N
- / / -
':105 % L=< A50/5
L N A L
: 1 V] N
F110 UK T M 4 50/6
- 11 N
C % B
- / / -
T U & = L 450/5
- / / =
N 1 V1 [
F120 PY s-° BN 50/5
R %1% -
C L1 L1 n
r % o
_125 A [ -
X 11 -
| NV N
-:130 ; ; * B 50/6
N n 1 .
+135 ; ; * [ 50/5
: W] u
Feo 1 fors
N 1 N
- 11 -
Very dense, moist, gray, cemented, +145 UV 6. sz 150/3
sandy GRAVEL with trace mica crystals. N 4 4 o
(TROUTDALE FORMATION) - ' [ -
Fis0 B s-0opg [ 450/3
Cuttings collected for material - 2R -
description. F - N
‘5155 * b : 50/3
E160 s-1ped F A50/5
Bottom of Boring ot 162.7 Feet. - N
s Completed 12/13/99 1165 -
3 - -
8 L L
N +170 -
I = -
g -:175 [
< - -
g L180 C
1 2 5 0 20 50 100
® Water Content in Percent
A | 7.
1. Refer to Figure B—2 for explanation of descriptions and symbols. an

2. Soil descriptions and strotum lines aore interpretive and actual changes

may be gradual. 'MRTG?
3. Ground water level, if indicated, is ot time of drilling (ATD) or for dote om

specified. Level may vory with time. - -
4. Blow count may not be representotive due to gravel where indicated. J-6792-06 12/99
5. Blow count may not be representative due to heave where indicated. Figure B-25 2/2

6. No Hort Crowser sample; sample token by Landou Associotes.
7. See report text for water level elevotions during tidal monitoring study.



Boring Log HC-MWO2A

Soil Descriptions

Approximate Ground Surface Elevation in Feet: 30

Bepth
in Feet

Refer to HC-MW02C for soil descriptions
from O- to 19-foot-depth interval.

Dense, wel, gray, slightly silty to silty,
gravelly SAND. (NON-PORT FILL)

Bottom of Boring at 32.0 Feet.
Completed 12/3/99.

ATD |

X
4

[7
K2
73

N

29 NNNNNNNNNNNNNNNNNNNNN

I. Refer to Figure B-2 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.

5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser sample; sample taken by Landau Associates.

Sample

*S-1

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 5 10 20 50 100
u 14 50/4
B 1
N “d
- d
N /
n “f~\
[ N
5 10 20 50 00
e Water Content in Percent
e
as

HARTCROWSER

J=-5792-08 12/99
Figure B-26



Boring Log HC-MW02B

PENETRATION LAB
Soil Descriptions Depth RESISTANCE TESTS
. Sample
in Feet A Blows per Foot

Approximate Ground Surface Elevation in Feet: 30 o 2 50 100

o

Refer to HC-MWO02C for soil descriptions
from 0- to 119-foot-depth interval.

rmTvT

(3]

TTTTVETTT 7T

1
LN
o

TTTT

—+30 ATD

LILBLIL
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)
A A A e O e e e e e e e S S O N O OO OO S OO O e R e S S SSSS S SSSSSSSSSSSSSSS sy

5 10 20 50 100
® Water Content in Percent

1. Refer to Figure B-2 for explanation of descriptions and symbols. "

2. Soil descriptions and stratum lines are interpretive mmm

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. J-6792-06 12/99
4. Blow count may not be representative due to gravel where indicated. Figure B-27 /2

5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser sample; sample taken by Landau Associates.



Boring Log HC-MW028B

PENETRATION

Soil Descriptions Depth RESISTANCE
A Blows per Foot

Sample

Approximate Ground Surface Elevation in Feet: 30 )

S

10

LAB
TESTS

20 50100

TTTT

S ARARAAETTTTER I R TS

Dense to very dense, wet, brown, sandy Fi20
GRAVEL. (NATIVE ALLUVIUM) C

b50/5

Bottom of Boring at 130.4 Feet. N
Completed 12/8/99. K

50/5

T
TITTT

1

T
(34
o
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LI
wn
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1
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w

1
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o

1
TTT1T

T
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2

[

0

20 50 100

® Water Content in Percent

I. Refer to Figure B-2 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.
3. Ground water leve), if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
8. No Hart Crowser sample; sample taken by Landau Associates.

[ 7]
HARTCROWSER

J-5792-08 12/99
Figure B-27 2/2




Boring Log HC-MWO2C

, o PENETRATION LAB
Soil Descriptions Depth Sample RESISTANCE TESTS
Approximate Ground Surface Elevation in Feet: 30 in Feet 4 Biows per Foot

-0 T 5 i 2 5 1020 50 100
Very dense, moist, gray, silty, sandy ~ ) Z - n
"\_GRAVEL_(NON-PORTFllLlo8ofeett | [ Ml o [ [ 4
P\_Dense, damp, grey, iy, fre SN | s (1] o B E a
Stiff, damp, brown, sandy, gravelly - 1V N /
~\_swr. - [ V4 8 X ¢ ‘</'
Loose, damp, gray, silty SAND. I V1V u
p g Yy ny _'0 / / S-1 Z N \
u 4 6 B l)l
— e e | ;; Xk 4
Soft to stiff, damp, gray SILT with -+1 _
trace sand. N ; ; s-2 X " M
o 8. - \
—— e ] T9p 1% Z N \T
Medium dense, moist, gray, silty, sandy F" v ] s X G NNy
—~_ORAVEL. A LE a0 ; ; 6. = [ T s0r3
Very dense, wet, gray, silty, sandy _:25 A A o
GRAVEL with cement and lime debris. N A4 54 < F L7419
C A [ * 450/2
+30 ; ; L e B pratdd
- 1% - a
35 ¢l¢ =l udl
T V1 6. [
————— — e e e — ] . 1 /1 Z = //"x
Very dense, wet, gray, silty, sandy B LA 6. X ]
GRAVEL. I %1% C e
- AN s X F 4 96/9
: 1 V1 6. N
e i
—  Angular basalt fragments in drill ‘:45 ; ; * I 50/2
cuttings™ou - s
R B ;/ * - 450/2
Very dense, wet, gray SAND with 450 e
occasional gravel and trace organics. - 1 s X - 164/10
[ 41 6. = | 450/3
Tss U« k= F s/t
Angular basalt fragments in drill - 919 -
cuttings™~—————o /- - ; 1 s "
Very dense, wet, gray, silty, sandy —:60 % ; - {
GRAVEL with angular basalt fragments. [ A s 1 X E 4
—_— - AN X 1
':65 /] L/ 8 B /
| Beconesmeawncense. | F ¢k <]
Very dense, wet, gray, medium to fine N V1% N \\
SAND. <70 NI - <
— ' I se X ¢ W
Hard, moist, gray SILT to sandy SILT. - N V] - \
_:75 0% B
- % ; s-9 [X] F j
[ 9 [ 3
- A N P d
—  Increasing woody debris and scattered 180 V] M -~ —
gravel. B a4 _ |
s | L
+85 .
L. / / * Z =
L 0T
- = M
-90 510 20 50 100

\. Refer to Figure B-2 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.
3. Ground water level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time.

4. Blow count may not be representative due to gravel where indicated.

5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser sample; sample taken by Landau Associates.

® Water Content in Percent

HARTCROWSER
J-5792-06 12/99
Figure B-28 2




Boring Log HC-MWO2C

Soil Descriptions Depth
o Faet Sample
Approximate Ground Surface Elevation in Feet: 30 in Fee
90
Medium dense, wet, dark brown with iron E 1v] s-10
staining, stightly silty SAND with trace C olg
gravel. (NATIVE ALLUVIUM to 151 feet) Tos ; ;
C 212
- 1%

R U U ———— T TR 1
Very dense, wet, brown, slightly silty, - At S-il
fine to medium SAND. R NV

+105 f f

I I 1

Very dense, wet, dark brown, sandy - ; ;
GRAVEL to slightly gravelly SAND. Lo A s

N W

+115 ; ;

- U

N "%

+120 9 6.

- 1%

R %

I V1V

125 A

- V]

130 %

+ N e

n Z1Z e

.

135 A

N %

N /| 1

+140 |41/ 6.

B N

e [

ti4

145 1%

- ; 1

-E|50 ¥ ; 6.
Very dense,cemented, wet, gray, - W4
gravelly SAND with large mica trace N 1 V]
green quartzite. (TROUTDALE —+155 V] s-13
FORMATION) Cuttings collected for - )4
material description. - EIE

+160  [iH *

+165 *

+170 *
Bottom of Boring at 170.2 Feet. C
Completed 12/6/99. [

175

Liso

1. Refer to Figure B-2 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.
3. Ground water level, if indicated, is at time of drilling

(ATO) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser sampie; sample taken by Landau Associates.

X

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
| 2 5 0 20 50 100
: N\
N {1
B /|
L //
- N
n N
- N
- I3 50/5
: 50/4
: 50/5
: '450/3
: 50/t
: 50/3
: 50/3
2 5 10 20 50 100

® water Content in Percent

2. 4

an

J-5792-08 12/99
Figure B-28 2/2



Boring Log HC-MWO3A

Soil Descriptions Depth
Approximate Ground Surface Elevation in Feet: 24 in Feet
-0
Refer to HC-MWO3C for soil descriptions -
from 0~ to 19-foot-depth interval. N
Is
Lo
Lis
Loo;; nFis.t—t;we_t. Dr?:rmighwy?iﬂy, F20
fine SAND to silty SAND. (NATIVE [~
ALLUVIUM to 32 feet) - g kA
fo5 am [,
Dense, wet, brown, slightly silty, sandy [
GRAVEL. 30
Bottom of Boring at 32 Feet. N
Completed 12/3/99. L
-35
+40
Las
Iso
+55
160
+65
+70
+75
+80
185
Lao

I. Refer to Figure B-2 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.
3. Ground water level, if indicated, is at time of drilling

(ATD) or for dale specified. Level may vary with time.

Sample

4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.

6. No Hart Crowser sample; sample taken by Landau Associates.

Y

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
| 2 5 10 20 50 100
n
N
N \\\\\\
-
2 5 [ 20 50 00

e Water Content in Percent

HARTCROWSER
J-6792-08  12/89
Figure B-29




Boring Log HC-MW03B

PENETRATION LAB
Soil Descriptions Depth Sample RESISTANCE TESTS
Approximate Ground Surface Elevation in Feet: 30 in Feet 4 Blows per Foot

—0 I 2 5 102 50 100
Refer to HC-MWO3C for soil descriptions - =
from 0- to 119-foot-depth interval. i ; ; =

+s % u

17 -

N ; ; -

T Uh "

= / / =

- NV B

+15 %%

N NV _

- e -

-:20 V__/ % -

C o MY n

» 14 N

—+25 14

N A W N

= / / =

L NV N

30 AT n

- V] C

B N N

+35 %1%

N i1 1/ »

u glg -

£40 V]

- / / -

» ; /] N

—545 |/ ; :

B LA B

N 1V -

+50 V1

- %1% -

N ; ; -

55 UM n

- A L

N N V] :

60 4

C 1V n

- L/ ; L

- / -~

™ UN n

C olg -

L 1 V1 C

+70 1 W

N %1 X

B v ; »

£ 1 u

_75 A1/ N

Z 914 C

N /] /] [

+80 %

N 1 V] [

- / / =

L V] u

_85 gl -

C ; ; C

--90 2 5 10 20 50 100

® Water Content in Percent
2.4
an

I. Refer to Figure B-2 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive ’MRTCROWSR

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling - -
(ATD) or for date specified. Level may vary with time. J-5792-06 12/89
4. Blow count may not be representative due Lo gravel where indicated. Figure 8-30 2

5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser sample; sample taken by Landau Associates.



Boring Log HC-MWO3B

PENETRATION LAB
Soil Descriptions Depth RESISTANCE TESTS
in Feet Sample a Blows per Foot

i i Feet: 30
Approximate Ground Surface Elevation in Fee 5 0 20 50 100

|
T
o
(8]

SN NSNNSKN
TTTT

LI
= INVONNONNNSNANNNSNNNNNNSN

Very dense to dense, wet, black with Li120 s-1 X 65/10
red iron staining, slightly silty, sandy B
GRAVEL to GRAVEL. (NATIVE -

ALLUVIUM) 125

TTT1T
Z

L300 EED s = 50/5
Bottom of Boring at 129.9 Feet. -
Completed 12/2/99. N
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® Water Content in Percent

an
|. Refer to Figure B-2 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive mmomm

and actual changes may be gradual.

3. Ground water leve), if indicated, is at time of drilling -
(ATD) or for date specified. Level may vary with time. J-5792-06 12/99
4. Blow count may not be representative due to gravel where indicated. Figure 8-30 2/2

5. Blow count may not be representative due to heave where indicated.
6. No Hart Crowser sample; sample taken by Landau Associates.
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cvD 7/7/00

Boring Log HC-MWO03C

XX
: .

. L PENETRATION LAB
Soil Descriptions Depth RESISTANCE TESTS
.o in Feet Somple A Blows per Foot
Approximate Ground Surface Elevation in Feet: 30 E ' ) s 10 20 50 100
__O £ ~
Very dense, moist, gray, sondy - A 6. b= [ || 114 50/4
GRAVEL. (NON-PORT FILL) / - A [ 6 X 11
- - T5 %14 6. < A4
Loose to medium dense, moist, red to o 1 V1 [~
brown SAND with troce silt. N 1 ; 6. § -
= / =
T YUY S n va
- %1% 6 X [ L
- NV " )
..15 ; ; S-2 Z - 4
Medium stiff, moist, gray SILT. (FILL?) - % : N
L0 1V s-3 X L
Medium dense, red to red to brown, wet,| |- vV -
silty SAND. (NATIVE ALLUVIUM to 171 - ATD V| V] "
feet) 5 ; L
T 6.
X [/ < f \
R LA R
I /1 "
-30 1s-4+ X |
- /] C 1
- % N
135 s X n:/
- ¢ - ~
Very dense, wet, gray, sandy GRAVEL +40 9 s-5 Z s
to gravelly SAND. N ; N 7
[ % [
R 1 & X F
R |/ R //
| [/ B
- - 1
+50 ; s-6 X N
- ] _ N
N V o N
V]
/|
/]
/1
/]
%
/]
V]
1
/1
/]
/]
/1
V1
V]
%
V]
“
a4
/]
/]
/]
/]
V1

wn
(4}
A A A N N N N N O O I T T O O O O OO OO O O O O O SO S S SSSSOSSSSSSSS

+60 v
[ o "
- - A
- - A
165 s-7 X F
Nediorn denss. wet, gray, fime 1o madiom| £70 s = | \
SAND. r - |
- ~ ,/”
10 feet of heave, becomes (very loose). | I " o
r75 s-85 X [ 12
: N T \\\
Very dense, wet, gray, silty, sandy +80 s-9 [X a
GRAVEL. - C /
I85 . u /
—  Cobbles noted. N R -
L -0 L
20 S-10 T2 5 10 20 50 100
® Water Content in Percent
1. Refer to Figure B—2 for explanation of descriptions and symbols. I,
2. Soil descriptions ond stratum lines are interpretive 17
and aoctual changes may be graduol.
3. Ground water level, if indicated, is ot time of drilling
(ATD) or for date specified. Level may vary with time. momm
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representotive due to heave where indicated. J-5792-06 12/99
6. No Hart Crowser sample; sample token by Landau Associates. F‘gm-e B-31 1/3
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cvo 7/7/00

Boring Log HC-MWO03C

Soil Descriptions Depth Sample
Approximate Ground Surface Elevation in Feet: 30 ' Fest
T90
-9 A A o
L
I8 UM & K
— R 0%
Dense, wet, gray GRAVEL to very sandy - %
GRAVEL. Fi00 Y] s-1[X
- 1%
: 1 V]
- "
: +105 [/ ;
— 15 feet of heave. N N 1/
" 0% 5
—  Quortzite noted in cuttings. 110 UM *> B
N 2%
s
+115
- / / s_]é.
SNl X
—  Continued heaving conditions. X 1%
+120 Y K
e e e C N V1
Dense, Gvfl:At'EmSty brown ond black, - ; ;
sandy VEL to slightly silty, sandy L
GRAVEL. 125 Y s-1s X
C ; 4
L /]
£130 Y 5" S
- 1 V1
[ |/ ;
£ L/
-135 A[| S-15 B
7
f1a0 Y 7 [
[ a4
n %
1145 V] »
- 2% B
B 1%
- /] =g~ o
-:150 ;/ S-18
= N V]
C 4
1155 NV v |
N %
B W%
frie0 [f)]s-17 ¥
- /1
s [
+165 6.
- g% =
- %
X170 C é s-18 [X]
Very dense, wet, black and green, -
cemented GRAVEL.(TROUTDALE C oY
FORMATION) T175 i
Cuttings collected form material L
description. -
--180
1. Refer to Figure B—2 for explonation of descriptions ond symbols.
2. Soil descriptions aond stratum lines are interpretive
and octual chonges may be grodual.
3. Ground water level, if indicated, is ot time of drilling
(ATD) or for date specified. Level may vary with time.
4. Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.
6. No Hort Crowser somple; sample taken by Landaou Associates.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 S 10 20 50 100
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® Water Content in Percent

HARTCROWSER
J-§792-06 12/99
Figure B-31 2/3




1=1 579206 /Logs

cvD 7/7/00

Boring Log HC-MWO03C

Soil Descriptions Depth

Approximate Ground Surface Elevation in Feet: 30

in Feet

180

185

U W N=

Bottom of Boring ot 185 Feet.
Completed 11/29/99.
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o

N
(9]
8]

reyrrTrrrrrrrrrrir T rrrirTrvrryrrrrirrory

270

Refer to Figure B—2 for explanation of descriptions and symbols.
Soil descriptions ond stratum lines are interpretive

and actual changes may be grodual.

Ground water level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time.

Blow count may not be representative due to gravel where indicated.
Blow count may not be representative due to heave where indicated.

No Hart Crowser sample; sample token by Landou Associates.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot
1 2 5 10 20 50 100
B
1 2 5 0 20 50 100
® Water Content in Percent
| 7 4
as

HARTCROWSER
J-5792-08 12/99
Figure B-31 3/3



Auger Probe Log HCAP-02P

Sediment Descriptions

Approximate Mudline Elevation in Feet: -28

Depth
in Feet

-0

(Loose to very loose) SAND and silty
(NON-PORT FILL to 46 feet)

SAND inferred from smooth drill action.

—  Very loose, wet, dark gray, fine SAND.

T

Dense, wet, gray, sandy GRAVEL.
(NATIVE ALLUVIUM)

Bottom of Boring at 50.0 Feet.
Completed 12/13/99.

1. Refer to Figure B-2 for expianation of descriptions

and symbols.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

4. Blow count may not be representative due to gravel where indicated.

5. Blow count may not be representative due to heave where indicated.

Sample

PENETRATION LAB
RESISTANCE TESTS
4 Blows per Foot
4 5 020 50 100
C
B
E
-
- N
- N
C N
2 5 0 20 50 100
e Water Content in Percent
| 2.4
an
J-5792-08 12/99
Figure B-32



Auger Probe Log HCAP-048B

) ) PENETRATION LAB
Sediment Descriptions RESISTANCE TESTS
'Di'ptht Sample A Blows per Foot
Approximate Mudiine Elevation in Feet: -5 in Fee P
-0 1 5 10 20 50 100
(Loose to very loose} SAND and silty - =
SAND inferred from smooth drill action. = C
(NON-PORT FILL) 0 L
Lo -
15 -
- Rough drill action. Too u
Medium dense, wet, gray, sandy, silty o N
GRAVEL with angular basalt fragments. [ [
(BONNEVILLE FILL) £o5 "
C S-1 Z : AP
130 "
35 :
C s-=2 [X] F A
Bottom of Boring at 38.5 Feet. Ta0 u
Completed 12/27/99. = =
Fas u
50 -
155 -
60 -
65 -
F70 N
+75 o
180 -
185 -
-90 ? 5 10 20 50 100
® Water Content in Percent
1 4
an

1. Refer to Figure B-2 for explanation of descriptions

2 syneors HARTCROWSER

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. - -,
3. Ground water level, if indicated, is at time of drilling J-5792-06 12/99
(ATD) or for date specified. Level may vary with time. Figure 8-33

4, Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.




Auger Probe Log HCAP-04F

_ o PENETRATION LAB
Sediment Descriptions Depth RESISTANCE TESTS
Approximate Mudiine Elevation in Feet: -16 in Feet sanple 4 Blows per Foot

. . -0 5 10 20 50 100
(Dense) GRAVEL inferred from drill = -
action. (BONNEVILLE FILL?) N n
15 -
Moist to wet, gray, silty, sandy GRAVEL. [ s- X F
(BONNEVILLE FILL) 10 -
Drill action indicates boulder-size rock. C s-24 X F
(BONNEVILLE FILL) Fis -
+20 - H
- - v
- n %
- N N /
—  Smoother drilling. 1 125 L
Soft, moist, gray, slightly sandy SILT. N - /
(NON-PORT FILL) s s-3 X F
Bottom of Boring at 28.5 Feet. £30 N
Completed 12/27/99. N -
135 -
F40 -
ta5 -
50 -
155 -
-£60 -
165 -
I70 »
C u
I7s5 o
80 -
185 -
90 2 5 10 20 50 100
® Water Content in Percent
' 1. 4
| 7]

1. Refer to Figure B-2 for explanation of descriptions

2 sy HARTCROWSER

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. . e,
3. Ground water level, if indicated, is at time of drilling J-6792-06 12/99
(ATD) or for date specified. Level may vary with time. Figure B-34

4, Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.



Auger Probe Log HCAP-04L

:

Sediment Descriptions Depth
Approximate Mudline Elevation in Feet: -8 in Feet
-0
(Loose to very loose) SAND and silty =
SAND inferred from smooth drill action. N
. (NON-PORT MATERIAL) -
Dense to medium dense, gray, silty, T
sandy GRAVEL. (BONNEVILLE FILL) -
Drill action is indicative of boulder-size Tio
rock with voids. o
. +15
Bottom of Boring at 15.5 Feet. »
Completed 12/27/99. -
20
+25
+30
135
fa0
+45
Iso0
+55
160
Is5
+70
+75
-
+80
185
Loo

1. Refer to Figure B-2 for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

Sample

4, Blow count may not be representative due to gravel where indicated.
5. Blow count may not be representative due to heave where indicated.

PENETRATION LAB
RESISTANCE TESTS
A Blows per Foot

1 2 5 1020 50 100

LIS

TTTT

TTTT
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0

20 S0 100

® Water Content in Percent

a
HARTCROWSER

J-5792-06 12/99
Figure 8-35
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ONETEC ConeTec

C_ I Geotechnical and Environmental In Situ Testing Contractors

| v ] Canada: Vancouver, BC « Edmonton, AB

B USA:  West Berlin, NJ « Satt Lake City, UT « Martinez, CA « Signal Hill, CA « Houston, TX

Electric Cone Testing

The cone penetration tests (CPT) were camied out by ConeTec using an integrated electronic
cone.

A 10 fon compression type cone was used for all of the soundings. This cone has a tip area of
10 sq. cm. and a friction sleeve area of 150 sg. cm. The compression cone is designed with an
equal end area friction sleeve and a tip end area ratio of 0.85. A porewater pressure filter was
located directly behind the cone tip. The filter was made of porous plastic and was 5.0 mm
thick. Each of the porewater pressure filters was saturated in glycerin under vacuum pressure
prior to penetration. Porewater pressure dissipation was recorded at 5 second intervals during
pauses in penetration. The cone was also instrumented to record shear waves. The equipment
and procedures for conducting the wave velocity measurements have been described by

Robertson et al. (1986).

The cone was capable of recording the following parameters at varying depth intervails:

Tip Resistance (gc)

Sleeve Friction (fs)
Dynamic Penetration Pore Pressure (Ut)
Temperature )]

Cone Inclination (1)
Shear and compression wave velocities (Vs} and (Vp)
Resistivity (Q-m)

The above parameters can be printed simultaneously on a printer and stored on a floppy disk
for future analysis and reference. All cone penetration testing was carried out in accordance

with ASTM D-3441.

A complete set of baseline readings were taken prior to and at the complefion of each
sounding to determine temperature shifts and any zero load offsets. Corrections for
temperature shifts and zero load offsets can be exiremely important, especially when the
recorded loads are relatively small. In sandy soils, however, these comrections are generally
negligible. Graphical plots of all CPT data are presented with this report.

The inferred stratigraphic profile at each CPT test location may be included with this report.
The stratigraphic interpretations are based on relationships between cone bearing, gt. sleeve
friction, fs, and dynamic pore pressure, Ut. The friction ratio, (fs/qt) is calculated parameter
which is used to identify the type of soil and hence gives an indication of its behaviour.
Generally, soft cohesive soils have high friction ratios, low cone bearing pressures and generate
large porewater pressures during penetration. Cohesionless soils have lower friction ratios, high
cone bearing pressures and generaie little in the way of porewater pressure during
penetration. The classification of soils is based on correlations developed by Robertson et al.
(1986). It is not always possible clearly identify a soil type based on gt and fs alone.
Experience, judgment and analyses of porewater pressure generation during penetration and
subsequent dissipation were used in arriving at soil type in these ambiguous situations.



lassification Chart
(after Robertson 1990)

CPT
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Shear Wave Velocity Calculation Sheet

Contractor: ConeTec
Client: Hart Crowser
JobRef: 99504

Test: Scpt-1
Location:  Ross Istand Sand and Gravel Lagoon - Portiand, Oregon
Date: Dec.16 1999

Source: NW rod with sitting on mudline
Offset (ft): 3
|Depth (ft): 3

Geophone Ray Path Ray Path S-Wave Interval Interval Interval  Interval
Depth () Depth(m) Dist(R) Dist(m) Interval(ms) Vs(ftls) Vs (m/s) Depth(®t) Depth (m)

56 1.7 40 121
122 3.71 9.6 294 28.95 196 60 89 3.61
187 5.71 16.0 4.88 18.79 339 103 155 5.61
253 7.7 25 6.86 18.80 345 105 20 761
384 11.71 355 10.83 33.84 386 118 319 10.61

450 13.71 421 12.83 16.91 387 118 M7 13.61
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APPENDIX D

MODELING DOCUMENTATION

This appendix presents information concerning the various modeling efforts
undertaken for this project to evaluate site conditions. These modeling efforts
included:

» Groundwater Fate and Transport Modeling (Appendix D-1);

» Geotechnical Stability Modeling and Consolidation Analyses (Appendix D-2);
and

> STFATE Modeling (Appendix D-3)

Results from these modeling efforts were used as described in the main text to
evaluate site conditions based on available data derived from chemical analysis
and geotechnical testing of sediment and soil samples collected in the project
area.
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/-~ Appendix D-1 Groundwater Fate and Transport Evaluation

D-1.1 Introduction

This appendix presents groundwater flow and contaminant transport modeling
performed at Ross Island. This modeling focused on evaluating the potential for
groundwater transport of Port-related chemical constituents from the in-water
containment cells to the environment of Ross Island Lagoon. The results of this
evaluation were used as part of the risk evaluation presented in Section 11.0 of
the Site Investigation Report text.

Groundwater Transport Evaluation Scope and Objectives

The primary objective of the groundwater transport evaluation is to assess the
current and future effectiveness of the containment cells in limiting constituent
migration to potential surface water and groundwater receptors. In the Final
Work Plan, the three potential receptors identified were Ross Island Lagoon, the
Willamette River, and the Troutdale Aquifer. Based on the location of the
containment cells with respect to these receptors and the groundwater flow
directions determined during the tidal monitoring study (see Section 5.0 of the
report text) the Willamette River and deeper groundwater in native alluvium and
Troutdale Aquifer were eliminated from this list. Therefore, this analysis focused
on estimating current and future constituent concentrations in groundwater
discharging to the lagoon.

D-1.2 Groundwater Flow Model Development

Using site geology and hydrogeology information, two-dimensional groundwater
flow models were developed along two representative cross sections through
Port disposal cells using the USGS MODFLOW code (McDonald and Harbaugh,
1988). These models were calibrated to existing conditions using water level
data collected during the tidal monitoring study and groundwater discharge rates
measured using the flux chambers. The following sections summarize our
assumptions and approaches in developing the groundwater flow models.

MODFLOW Groundwater Flow Model Description

The numeric flow models used to simulate current and future conditions at Ross
Island were developed using the USGS MODFLOW code with Waterloo
Hydrogeologic’s Visual MODFLOW pre- and post-processor. MODFLOW is a
quasi-three-dimensional, block-centered finite difference code capable of
simulating steady-state and transient groundwater flow in a range of aquifer
types and configurations. A variety of features, such as time varying boundary
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conditions and heterogeneous aquifer hydraulic properties, are incorporated into
MODFLOW by the use of different packages or modules. In MODFLOW, the
horizontal area of the aquifer to be modeled is discretized into a rectangular
grid, which is further subdivided by vertical layers. The resulting three-
dimensional rectangular blocks are termed cells. Vertical, two-dimensional
models can be developed by constructing a model grid which is only one cell
thick. Within each cell, aquifer properties such as hydraulic conductivity and
storage are assigned a constant value. Heterogeneity is simulated by varying
aquifer properties between cells.

Hydrogeologic Data

Available hydrogeologic data used to develop and calibrate the groundwater
flow models consisted of the following:

X4 Hydraulic heads from the tidal monitoring study at upland wells, lagoon
piezometers, and the lagoon staff gage;

» YHydraulic conductivity estimates from slug tests (conducted by Landau),
grain size analyses, and literature values;

> / Distribution of geologic and hydrogeologic units based on interpretation of
conditions observed during the drilling program; and

» / Groundwater flux to the lagoon at the mudline above the disposal cells,
based on flux chamber measurements.

These data are discussed in more detail in Section 5.0 of the Site investigation
Report Volume I.

Cross Sectional Model Development

Two vertical, two-dimensional groundwater flow models were developed along
Cross Sections A-A’” and C-C’ (Figure D-1-1 and Figure D-1-3, respectively). These
sections are oriented along inferred shallow groundwater flow paths in the fill
and alluvial deposits. Section A-A’ is also parallel to groundwater flow direction
in the Troutdale Aquifer, which is explicitly incorporated into the model for this
section. Section C-C’ is perpendicular to the flow direction in the Troutdale.
Therefore the Troutdale is not explicitly modeled, but instead is represented in
this section as upward leakage to the shallow unconsolidated deposits.

Section A-A’ runs through Cell 1 and Cell 3, and C-C’ runs through Cell 5. Cell 2
and Cell 4 are in close proximity to Cell 1 and Cell 3 and have similar
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conductivity and measured horizontal gradient. The downgradient boundary

hydrogeologic conditions (Section B-B’, Figure D-1-2). As a result, with minor
modifications, the calibrated model developed along A-A’ is also applicable to
Cell 2 and Cell 4. The following paragraphs detail model grid design and the
selection of boundary conditions.

Section A-A’ (Cell 1 and Cell 3). Figure D-1-1 shows the model grid developed
at Section A-A’". Cell sizes range from 5 feet wide by 5 feet high at the disposal
cells, to 20 feet wide by 20 feet high in the lower corners of the model. Figure
D-1-1 also shows hydrologic boundary conditions. The lagoon is represented by
a specified head boundary, using values measured during the tidal monitoring
study. The river is also represented by a specified head boundary, set equal to

the lagoon head plus 0.25 foot to account for the hydraulic gradient.of the river.

The upgradient, downgradient, and lower boundary in the Troutdale Aquifer is
represented by a specified flux boundary. Fluxes for these boundaries were
calculated from hydraulic conductivities used in the model and the vertical and
horizontal gradients measured in the tidal monitoring study. The upgradient
boundary in the alluvium is represented by a specified flux, again calculated from
model hydraulic conductivity and measured horizontal gradient. Finally, the
downgradient boundary condition in the alluvium and fill is a no flow boundary,
representing the primarily vertical flow expected below the deeper central
portions of the lagoon.

Application of Model Section A-A’ to Section B-B’ (Cell 2 and Cell 4). Figure
D-1-2 shows modifications made to the model at Section A-A’ to reflect
conditions at Cell 2 and Cell 4. Because the section through these cells runs
through a longer part of the Ross Island uplands, a slightly longer model section
was used in this case. The model was also adjusted to reflect minor differences
in bathymetry and distribution of hydrogeologic units. The boundary conditions
were not altered between the two models.

Section C-C’ (Cell 5). Figure D-1-3 shows the model grid applied at Section C-C'.
Cell sizes range from 5 feet wide by 5 feet high at the disposal cells, to 20 feet
wide by 20 feet high in the lower corners of the model. Boundary conditions for
Section C-C’, as shown on Figure D-1-3, are similar to those for Section A-A’. The
lagoon and river are represented by specified head boundaries, with the river X

(]
head 0.2 foot higher than the lagoon head. The upgradient boundary in the Whe
alluvitim is modeled using a specified flux, based on modeled hydraulic s i
Phoy ?

condition in the alluvium and fill is a no flow boundary, representing the vertical
flow expected in the deep central portion of the lagoon. The Troutdale Aquifer is
not explicitly modeled in this case, but is instead represented as a specified
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upward flux, reflecting leakage from the Troutdale to the shallower
unconsolidated deposits.

Figures D-1-1, D-1-2, and D-1-3 also show the distribution of hydrogeologic units
as defined in the models. Although different colors are used to distinguish Port
confined dredge material from other fine-grained fill, the hydraulic properties
assigned to these materi identical. This distinction is made on the figures
only to show the location and estimated extent of Port confined dredge material.

Calibration of Transient Flow Models

Model calibration consists of systematically adjusting model input parameters,
such as hydraulic conductivity, so that a given model output approaches some
known set of values. The cross sectional groundwater flow models were
calibrated to hydraulic heads measured in the lagoon piezometers and upland
wells during the tidal monitoring study. The hydraulic input parameters used in
flow model calibration were (K,), (K,), (S,), and (S,), and upland recharge rate due
to precipitation. Specified fluxes in the Troutdale Aquifer and alluvium were
calculated for each model run based on hydraulic conductivity specified in that
run.

Initial estimates for hydraulic conductivity were based on slug test results, grain
size analyses, and literature values. Estimates of S; and S, were taken from
literature values and knowledge of site geology. Recharge rates were based on
total rainfall for the previous month.

The calibration targets for the cross sectional model at A-A” were hydraulic heads
measured in upland well cluster HC-MWO02 and lagoon piezometer cluster
HC-GO06, as well as groundwater flux to the lagoon measured with flux chamber
FC-03. The calibration targets for the cross sectional model at C-C’ were
hydraulic heads measured in upland well cluster HC-MWO1 and lagoon
piezometer cluster HC-G13, as well as groundwater flux to the lagoon measured
with flux chamber FC-01. Two sets of groundwater flux measurements were
available. One covering the period from January 15 to February 23, 2000, and
one covering the period from February 23 to April 27, 2000. Measured fluxes
during the first period were significantly higher than during the second period.
Fluxes from the first period were used in model calibration, as they coincide with
the time of the tidal monitoring study. Additionally, using the higher fluxes results
in faster predicted transport of contaminants from Port confined dredged
material disposal cells, adding a layer of conservatism to the contaminant
transport model.
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The initial estimates for recharge, K,, K,, S, and S, were varied until the root
mean squared (RMS) error at the piezometers and wells was minimized, and the
flux to the lagoon approached that measured at the flux chambers. The RMS
error for a given observation point is expressed as

a 0.5
111\/13:[1/11}“‘(11m —hc)f]

where:

h,, is the field measured head;
h. is the model calculated head; and
n is the number of measurements at the observation point.

Calibration data at A-A’ consisted of 90 consecutive hours of hydraulic head
data at HC-G06, and two discontinuous records of 12 and 72 hours of hydraulic
head data at HC-MWO02. Calibration data at C-C’ consisted of 90 consecutive
hours of hydraulic head data at HC-G13 and HC-MWOT1. Figures D-1-4 through
D-1-12 show measured and modeled hydraulic head in the monitoring wells and
piezometers over the duration of the tidal monitoring study. Table D-1-1
presents the associated RMS error for each well or piezometer. Model predicted
groundwater fluxes to the lagoon are within 10 percent of fluxes measured at

the flux chambers in January and February 2000. Final calibrated groundwater
flow modelinput parameters are presented in Table D-1-2.

Flow Model Sensitivity Analysis

Hydrogeologic parameters used in the calibrated models represent the best
estimate based on field data and model calibration. A sensitivity analysis was
performed by individually varying model input parameters and evaluating their
effects on model output. The RMS was calculated for each sensitivity run, and a
percent change in RMS from the calibrated model was determined. The model
at section A-A’ was evaluated for sensitivity to changes in K, K,, and S, in the
Troutdale Aquifer, Fill, and Alluvium, and the model at Section C-C’ was
evaluated for sensitivity to changes on these parameters in the Fill and Alluvium.
Results of the sensitivity analyses are presented in Table D-1-3.

As would be expected in a system with primarily vertical flow, the models are
most sensitive to changes in K,. This is most evident with the Troutdale Aquifer
and alluvium at model section A-A’. When K, is reduced, heads in the deep wells
are overestimated and heads in the shallow wells are underestimated. The
reverse is true when K, is increased. The model is somewhat less sensitive to
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changes in K,. Generally, decreases in K, result in an overestimate of head, while
increase in K, result in an underestimate. The model is least sensitive to changes
in S, especially reductions in this parameter. The average heads are relatively
unaffected by this parameter; however, the magnitude of the tidally induced
water level changes in the subsurface are strongly influenced S,. Increasing the
value of S, results in less tidal response, while decreasing this parameter results in
a larger response.

The model shows sensitivity to changes in a number of input parameters.
Changes from the calibrated set of input parameters may result in a slightly
improved result at a single well; however, overall model calibration is adversely
affected. The model presented as the calibrated base case represents the best
combination of input parameters for simulating this system.

Simulation of Net Groundwater Flow with Steady-State Models

The computer time required to run transient groundwater flow simulations with
time varying hydraulic boundary conditions is significantly greater than required
for steady-state conditions, with average values for boundary conditions. In
running contaminant transport simulations, the increase in computer time is
even greater. Because a large number of constituents needed to be modeled,
we evaluated whether a steady-state flow field using average hydraulic
conditions could reasonably represent net groundwater flow. The average of
modeled heads using the transient simulation were nearly identical to heads
modeled using a steady-state conditions and time-averaged boundary conditions.
Based on this, we felt that a steady-state simulation was an acceptable approach
for modeling net groundwater flow and transport.

D-1.3 Contaminant Transport Analysis

Groundwater contaminant transport models were developed for each Port
disposal cell using results from SBLT analyses, lagoon piezometer and upland
well groundwater samples, and the groundwater flow models. The following
sections present our overall approach and assumptions in developing the
groundwater contaminant transport models.

MT3DMS Contaminant Transport Model Description

Groundwater contaminant transport at Ross Island was simulated using the
MT3DMS computer code (Zheng and Wang, 1998), an extension of the MT3D
code (Zheng, 1990). MT3DMS is a three-dimensional solute transport model
capable of simulating advection, dispersion, and chemical reactions in
groundwater flow. It is designed to be used in conjunction with a finite
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difference flow model, such as MODFLOW. The procedure is to first determine
the groundwater flow field using MODFLOW. Then MT3DMS simulates solute
transport by tracking particles representing the solute plume through the flow
field. Features such as dispersion and chemical reactions can be turned on or off
as the situation requires. Different values for the parameters defining the
dispersion and reaction terms in the model can be assigned to different model
regions, allowing simulation of heterogeneous physical and chemical conditions.
The contaminant transport model assumes that any changes in solute
concentration have minimal effects on fluid density and, therefore, do not alter
the flow field.

Modifications from Groundwater Flow Models

The following modifications were made to the groundwater flow models prior to
performing the contaminant transport analyses:

» As mentioned previously, for the sake of computational efficiency average
steady-state flow conditions were used for transport modeling;

» To provide better detail and minimize numerical errors, the grid above the
modeled disposal cell was refined. Cells above the disposal cells near the
lagoon were 5 feet wide by 1 foot high; and

» Contaminant transport simulations at Cell 5 used the flow model
configuration with the changes described above to simulate current

"
conditions. To predict future conditions (Year 2020 and beyond), the model ,I?jt \\_) )
was modified to reflect post-reclamation conditions following filling of the \,\A:; i
southern portion of the lagoon to elevation -20 feet. \"Tf\’“ A

Transport Model Parameters

The groundwater transport model requires chemical parameters in addition to
the hydraulic parameters used in the groundwater flow model. The additional
input parameters required in MT3DMS are partitioning coefficient (Ky),
dispersivity (o), effective porosity (n,.), and groundwater contaminant
concentration initial and boundary conditions. The process we used in
estimating these input parameters is discussed in the following paragraphs.

Partitioning Coefficient. The leachate results from the SBLTs were used in
conjunction with the composite sediment chemistry results to calculate project-
specific partitioning coefficients (Kys) for Port confined dredged material. The Kgs
(expressed as L/kg) are used to represent the ratio of a chemical’s equilibrium
concentration in the solid (adsorbed) phase compared to the water phase.
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7= Higher Kgs are indicative of compounds which sorb strongly to the solid phase
and are relatively immobile.
(QSwrmu w\b\n‘r} = 0)
K L= C sorbud For the organic constituents, the K, was estimated by dividing the concentration
C dgool of the constituent in the bulk sediment by the average concentration detected in
the SBLT leachate. For constituents not detected in the sediment or the leachate,
Av\) Cong gy /the detection limit was used. If the constituent was not detected in the sediment

ke .\,‘ Wity ¢ and leachate, no K4 was calculated.

velwg | . . . .
For metals, calculating the Ky using bulk sediment concentrations can be

misleading because it may not accurately account for the availability of metals

- C oy @ C Lo, ¥ l_, fixed to the surfaces of individual mineral grains to desorb to the aqueous phase.
Although the surface metals involved in the desorption process represent only a

S\;(w vw fraction of the total metal within the mineral grains, they are much more
available for desorption. The bulk K; may therefore underpredict the desorption
of surface metals. For calculating K, values from SBLTs, Brannon et al. (1994)
recommend a method involving the use of desorption isotherms. In this method
the best fit lines for the desorption isotherms are plotted using for metals results
_from the SBLTs (Figures D-1-13 through D-1-17). Because the partitioning ’

coefficient is constant throughout the leaching procedure, its value is calculated

- Cw) E-N Ny As as the slope of the desorption isotherm on these plots. If a metal was not
dL ot Samt detected in the average leachate or the sediment, the desorption isotherm was
sbpe- lednd not calculated.
gk
1 . /"Since pore water TBT was analyzed for the sediment, it was not possible to
L N \J’y ~ calculate a project-specific K4 for TBT. The LCRMA (1998) manual presents a]'_!zl')
ot 'i, (. )(\;«\ \ - Koc value. We took this value and calculated a project-specific TB ased on
i \J—}Lj the organic carbon content of the Port confined dredged material. ™ K, |
W - I
SBLT calculated Kys (either bulk or desorption derived) were compared with
literature values from the EPA SSL Guidance, or if no K4 was provided in the
guidance, to values in Montgomery (1998). These values are summarized in
Table D-1-4. The lower of the literature values and SBLT estimated K,s was used
N !}cﬂ in the transport modeling. In some cases a K for a given metal could not be
NS determined due to non-detects in either the leachate or composite sediment
i»“‘, \ ¢ 4: . . sample. When this occurred a K4 equal to the lowest calculated metal K, for that
) J *"' C - toa vf“ cell was used. A lower K, indicates a more mobile contaminant; therefore,
Loy~ S T selecting the lowest available K, for each constituent results in a representative
o‘\‘;_ « . but conservative estimate of contaminant migration to the lagoon. The SBLT
- T o '\(n_\f‘ :-f: .desorption method provided the lowest K, values for applicable metals listed in
S @ .Y Section 10.0 of the Site Investigation Report.
- ’ :’ " ‘: i
.- -~
ew“\b°
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Dispersivity. Field scale estimates of dispersivity are difficult to accurately
quantify. However, as a general rule dispersivity at the field scale can be

VA estimated as approximately 1/10th the flow path length. Typical flow path
iy ® v Cor lengths from the top of the Port disposal cells to the lagoon are 10 feet, so a
A dispersivity of 1 foot was used in the transport modeling. Short-term

groundwater flow reversals are expected in the upper few feet of the lagoon
sediments due to tidal effects. These frequent short-term reversals would have
the effect of enhancing dispersion. To account for this effect, a dispersivity of
2 feet was applied in model cells adjacent to the lagoon.

O uh Effective Porosity. Effective porosity represents the connected pore space
W Y
Vel through which groundwater can flow, and is always less than or equal to total
porosity. We applied a uniform value for effective porosity of 0.2 throughout the

¢t model. Shoddd debed

NS f.

) Contaminant Concentration Initial and Boundary Conditions. MT3DMS
requires initial contaminant concentrations throughout the model as well as
specified concentration boundary conditions to represent contaminant sources
and sinks. Initial concentration outside the disposal cells were assumed to be
zero. The lagoon was represented as a specified concentration boundary with
zero concentration. The disposal cells were represented by specified
concentration boundary conditions, based on a combination of the SBLT
leachate results and measured piezometer groundwater concentrations. We

C made the conservative assumption that for a given constituent in a given cell, the

v _* [ maximum SBLT leachate concentration is representative.of worst case

- groundwater concentrations in the cell immediately following disposal. We
AN further conservatively assumed that measured contaminant concentrations in
. § "\' o N ¢ groundwater at the lagoon piezometers are representative of both current and
U _'W future conditions in each cell. This enabled us to develop a concentration versus
e K “'\; 3';""’":,0 V)\ time profile for each constituent at each cell, by assuming a linear reduction in
AN .7y  groundwater concentration within the cell from time of placement to present.

G o Transport Model Sensitivity Analysis

NN Contaminant transport model input parameters were based on site-specific data,
N literature values, or best professional judgment. When there was a choice

between two values for a single parameter, the more conservative value was
selected. To assess the effects of these conservative assumptions, a sensitivity
analysis was performed. Input parameters evaluated for model sensitivity were
partitioning coefficient (K,) and dispersivity. Rather than run sensitivity on the full
suite of modeled constituents, arsenic results were used as a base case for
evaluating sensitivity. Table D-1-4 presents the results of the sensitivity analyses.
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Increasing the K, by a factor of 5 results in a longer transport time, as more of
the solute is sorbed to the aquifer solids. A decrease in K, indicates a more
mobile solute, as is evidenced by the faster breakthrough times shown on Table
D-1-5. The K;s used for metals in the base case are as low as one would
reasonably expect based on literature values and the limited range of this
parameter in site specific estimates. The inclusion of the reduced K, in this
sensitivity analysis is for completeness only, and does not represent a realistic
scenario.

Increasing dispersivity has two effects. Short term, it slightly decreases
breakthrough time as the leading edge of the contaminant plume is more spread
out. Long term, as steady-state transport conditions are approached, increased
dispersion has the effect of reducing discharge concentrations. Reducing
dispersivity has the opposite effect. Short term the leading edge takes longer to
reach the lagoon, but long term the steady-state concentrations are higher.

Conservative assumptions were used in selecting contaminant transport model
input parameters. Sensitivity analysis shows the effect of this conservatism is to
reduce predicted travel time and increase predicted discharge concentration.
The use of conservative assumptions in the transport modeling likely over
predicts contaminant migration to the lagoon, providing a margin of safety when
applying model resuilts.

D-1.4 References for Appendix D-1

Brannon et al., 1994. Leachate testing and evaluation for freshwater sediments.
US Army Corps D-94-1. Prepared April 1994.
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EPA/540/R-95/128, May 1996.

LCRMA, 1998. Draft of Dredged Material Evaluation Framework: Lower
Columbia River Management Area (LCRMA). Prepared by U.S. Army Corps of
Engineers, U.S. Environmental Protection Agency, Oregon Department of
Environmental Quality, Washington Department of Ecology, and Washington
Department of Natural Resources, April 1998.

McDonald, M.G.,, and A.W. Harbaugh, 1988. A Modular Three-Dimensional
Finite-Difference Ground-Water Flow Model, United States Geological Survey,
Open File Report 83-875.

Montgomery, John H., 1998. Groundwater Chemicals, Desk Reference, Second
Edition, CRC Press, Inc. 1998.
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Zheng, C. and P.P. Wang, 1998. MT3DMS, A Modular Three-Dimensional
Transport Model, Technical Report, US Army Corps of Engineers Waterways
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Table D-1-1 - Groundwater Flow Model Calibration Results

Model Section A-A’ ' N
Observation Point RMS Error
HC-GO6A 0.14
HC-G06B 0.16
MW-2A 0.13
MW:-2B 0.08
MW-2C 0.06
Model Section C-C'

Observation Point RMS Error
HC-G13A 0.11
HC-G13B 0.11
MW-1A 0.23
MW-1B 0.15

579206\SI\App\TablesD-1,2,3,5.xls-TableD-1-1
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Table D-1-3 - Sensitivity Analysis for Groundwater Flow Model

Sheet 1 of 2

Model Section A-A’ .
Value Used for  Percent
Calibrated  Sensitivity ~ Change in
Hydrogeologic Unit Parameter  Units Value Analysis RMS Error
Fill K, ft/day  0.001 0.005 -33 to 94
0.0002 -3to214
K, ft/day 0.0001 0.0005 7310188
0.00002 3to0 358
S 1/ft 1.0E-05 5.0E-05 22t0 110
2.0E06 -24 to 59
Alluvium Ky ft/day 0.03 0.15 6to118
0.006 13to 117
K, ft/day 0.0015 0.0075 -12t0 123
0.0003 20 to 460
S, 1/ft 1.0E-06 5.0E-06 5to0 128
2.0E-07 -1 to 87
Troutdale Ky ft/day 0.018 0.09 21to 88
0.0036 2t086
K, ft/day 0.00007 0.00035 -3 to 586
0.000014 2 to 3353
Ss 1/ft 1.0E-06 5.0E-06 -1 t0 370
2.0E07 -49 to 87
Model Section C-C'
Value Used for  Percent
Calibrated  Sensitivity  Change in
Hydrogeologic Unit Parameter  Units Value Analysis RMS Error
Fill Ky ft/day 0.001 0.005 41 to 32
0.0002 -4 to 135
K, ft/day 0.0001 0.0005 65 to 99
0.00002 Qto117
S 1/ft 1.0E-05 5.0E-05 44 to 163
2.0E-06 -30 to 35
579206\SI\App\TablesD-1,2,3,5 xIs-TableD-1-3
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Table D-1-3 - Sensitivity Analysis for Groundwater Flow Model Sheet 2 of 2

Model Section C-C' N
Value Used for  Percent
Calibrated  Sensitivity ~ Change in

Hydrogeologic Unit Parameter  Units Value Analysis RMS Error
Alluvium K ft/day 0.03 0.15 1to210
0.006 S5to119
K, ft/day 0.0003 0.0015 -22t0 88

0.00006 -17 to 94

S, 1/ft 2.0E-06 1.0E-05 5t0 99
4.0E-07 -29 to 84
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Groundwater Flow Model Grid at Cross Section A-A'
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Groundwater Flow Model Grid at Cross Section B-B'
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Elevation in Feet

Groundwater Flow Model Grid at Cross Section C-C’
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Desorption Isotherms from SBLT
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