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~ ATTACHMENT 3
SURVEY INFORMATION, WATER ELEVATION DATA, AND .
~ CALCULATIONS OF HYDRAULIC GRADIENTS AND
| GROUNDWATER VELOCITIES -



LAk M. LEEMAN

LAND SBURVEY TNE  FACSIMILE TRANSMISSION
3218 Wotmord Avenue DATE: OCT: (0,/992
Evaratt, Washington 98201
Phohs (208) 259-8072 JoB No.: /26577
~ J0B T1TLE: Weyehaeuser Co .
tor  EMCON Mog:e wells, Prts
Adlen.. Steve Melson

FAX: 456-976¢ ~ LOCATION: Everet!, WA

WE ARE SENDING HEREWITH:
DESCRIPTION

MESSAGE CONSISIS OF 6 PAGES, INCLUDING THIS COVER SHEET,

FOR APPROVAL TARE APPROPRIATE ACTION
—_ FOR YOUR FILE XY A8 REQUESTED

BYEW
T "CLARK M. LXEMEN, P.L.S.



BT NO- N

st from 1733 to
1733 36381.
1734 38330.80
17356 36940. 37
1736 38066. 84
1737 38192.01
1738 36194.886
1739 38071.456
1740 36085.69
1741 368071.74
1742 36039.02
1743 36078.11
1744 36892.02
1746 36084.81
1746 36094.56
1747 38134.98
1748 38017.29
1749 356734.07
1760 36592.456
1751 16710.34
1752 15802.88
1763 36802.03
1754 36613.61
1765 36412.58
1768 36412.20

) 1767 35406.88
1768 356827.64
1769 316046,22
1760 35008, 04
1764 368000.04
1762 36244.08
1763 3813687.68
1764 36890.21
1785 38003.176
1788 35087.34
1767 35076.85
1768 35086.68
1769 3611790.44
1770 36180.82
17114 38101.29
11772 36028.10
1713 38007.97
1774 36008.177
1716 38003.48
1776 38006, 36
1777 36844.38
1778 35845.568
1779 38734.00
1780 36780.30
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46347.29
46761.22
46738.91
46697. 35
46839.06
46836.086
48625.43
16622. 51
46617.96
48633.05
46783.85
46853, 59
46761.24
46780.46
46864.18
46783.868
487562.94
48321.72
46928.92
46991.18
47000.19
48983, 31
47047.28
47035.22
47048.76
47129, 14
48800, 05
46785.42
48792.80
46647.37
48811.86
48824, 39
46647.623
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HCid

| 1780 35780, 38 47041, 684 10,850
, iret 36785, 81 47040.78 8,193 8B4
1782 36864,117 470869.51 7.878 SB10
] 1783 a5823.114 46983.50 10,980 MW30D
1784 35820.45 48976.08 108660 MH30
1786 36000, 38 460808, 86 1,036 8B16
] 1788 36913.15 48918, 57 9.630 fc1e
1787 36956, 98 488717.48 8.333 SB18
1788 36041 ,53 46072.44 - 8.266 8B11
1789 35041 .61 48075.97 8.464 SB11B.
\ 1790 36960, 30 47032.73 10,470 P2
1791 15002, 52 4703042 10.860 P1
1792 35032.06 470717.68 10.170 HC13
i 1793 36037.07 47040, 39 10.830 ™1
‘ 1794 36941 .56 47036.17 7.998 Sp23
1795 36044.31 47007.68 i0.800 HC16
\ 1796 36043.48 47042,77 - 7.890 SB16
r 1797 38048.70 47017.24 §0.230 HC15D
1798 38109. 7 470717.31% 11,470 HC12
| 1799 38106, 11 47079.08 7,015 8812
) 1800 46010.22 46897.60 10, 520 Hoa2
1801 38013. 87 48898.77 8,691 8B22
- 1802 35068, 46880, 88 8,567 BLDSE
| 1803 3603672 Ag861. 14 §.720 BLD
1804 18101.15 48832, 36 8.639 BLDNE
) 18oe 36268. 06 46808.,42 7.834 BLDSE
1807 383081.64 46868.70 1.586 BLDNE
1808 48910, 80 48991.61 8.920 MWeD
) - 1809 98246.63 46069.47 7,966 8R6
1810 3824183 48971,93 10,360 Hoe
1811 38182, 41 46980.72 8.489 8826
. 1812 8820%2,22 47097.68 7,910 HC19
\ 1813 36900, 12 47163.31 - 10, 410 HC10
1814 36310, 40 47168.23 10.500 HC10D
- 1815 3esaai?e‘- - 46934.,81 - 7.840 HC20
) {816 36442 .12 '47193.909 Cjo.410 HC18
- 1818 359856, 25 A7180.683 - 11.810 HCS
l END List ' ~ oo
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‘ ’ . H(J_’%\ (gl‘;?." z'q
! LAND SURVEYING '
. 8216 WETMORE AVENUE o AT
EVERETT, WA 98201 ' ~

, ) o le~10-92 . .

b CLARK M. LEEMAN

,. | ..f; - Shee -3. o~ G




)

COORDINATES IN FEET

BCALE jreys0

ROTIOD 121800

Ratation: 0O 00 Q0

r WE SERHAEUSER O .

w750 }

=1733

STAY

139

5} 742 \40

CLARK M. LEEMAN
LAND SURVEYING
3216 WETMORE AVENUE
EVERETT, WA 98201

/o-10-2

EVERETT .

NORTH AREA.

ScAte: 1'=150"

—_—

o814
o753 01807 ‘51315
it 1808 315} o1
01812 (o4
el80b
2™ 2
1738
o 5 i1 B’Hf%w
o747 1198 H7e
) D B o
gl"&”“ 1804  ©iBOS }'?1'983 1771
ef73s M5 iy 197
1748 i 5{772
o1780,1 24 “m o oi775 g~
e 743" ‘m ,86 o791 Luma‘“lvvg.
7 n
ol735 1759 ”?0 tr0q.
17?2
1G4 m".,m}g o177
’ ul782 17877
1783 oIH3 1798
184 1781
El78) 190
=749 ={779
e{ 751
175% o} 750
eF1 953
1753
ef754
150 5s”
il ol

S/)ee'/'S'af‘z 6 |




WEYER{ARUSER FORMER MILL E/XOPPERS

HORIZONTAL AND VERTICAL ELEVATION SURVEY DATA

Ciark Lesman 1and Survaying Everett, WA, 2-10-82

CASING
EASTING NORTHING ELEVATIO

HC-1 1047 5413 16.96
HC-1D 7049 408 11.18
HC-2 na 5628 11.49
HC-3 7000 5602 11.16
HC-4 6763 6734 10,52
HC-5 £836 8162 8.79
HC-6 8072 8242 10.35
MY 6D 8052 (<R 41 8.32
HC-7 F204 810t 11.42
HC-8 180 5665 11.81
HC-9 T4e 5644 10.658
MW-2D 7143 5846 10.18
HC-10 7163 &308 10.41
HC-10D 7168 &310 10.50
HC-% 6818 6072 9.23
HC-11D 8623 6086 9.22
MW-11D2 6625 8071 8.84
HC-12 077 8110 147
HC-13 7078 032 1017
HC14 7042 5760 10.66
HC-6 7008 8044 10,80
HC-16D 7017 047 10.23
HC-16 919 6913 9.63
HC7 6533 6036 807
HC-18 7124 6442 10,41
HC-18 7028 8202 7.1
HC-20 8936 8385 7.64
HC-21 8761 6OR% 10.02
HC-22 ape8 5010 10.62
MW-23 1164 5599 11.18
HC-23D 6% 6028 11.32
MW-2302 me3 8008 11.09
HC-24 8462 B3g2 8.30
HC-20 8282 6052 0.66
HC-26 8322 8692 4.50
Mw-27 8764 6017 948
MW-28 6048 8004 B8.64
MW-30 6976 8820 10,668
MW.30D 8983 5823 1036
MW-31 T8 8179 . 16.34
MW-31D 7178 8170 1003
MW-32 7141 65134 10.87
MW-33 8507 a104 .08
MW-34 8181 8331 .80
MW-36 &347 8382 8.60
P-i 7038 5983 10.86
P-2 7033 5860 10.47
-1 040 6837 10.63
FILING 7233 5014

SB-1 7035 5412

5B-2 B6a3 5614

SB-3 [::1:1] 6603

SB8-4 £028 5710

5B-5 683e 6196

S8-8 8960 6244

SB-8 7113 8003

889 1166 5006

s8-10 F080 5884

§B-1% 8972 6942

28-118 8976 6047

S8-12 7078 8105
FAVRICY

S8-14 F041 5788

$B-15 T0L3 G043

SB-16 6897 E000

S8-17 8654 5882

S8-189 8877 5067

sB-12 6863 £6a7

SB-168 8646 6988

$8-20 sB24 1)

£8-20A [:1:3143 6978

SB-2% 8760 8095

$B-22 6807 6014

$8-23 7035 5942

$B-24 0784 ©a7e

£8-25 6g81 8182

58-28 6864 8135

TP16 8897 8067

w7 8738 5040

SURFACE

STICKUP  ELEVATION

25
2.8
2.7
24
2.8
24
24
03
2.8
1.8
2
24
24
24
2.5
2.6
2.5
2
1.7
Ny
24

1.8
28
24
0.3
-0.3
2.6
24
25
23
2.5
2.3

ral
25

2.5
2.6
2.6
25
2.5
25

-03
2.5
A

846
6.58
a.7a
8.75
772
738
7.06
0,62
8.62
.01
#.66
7.78
8.0l
8.0
8.73
6.62
B8.34
8.47
847
.85
8.40
8.23
783
737
2.0t
821
7.64
2.82
B2
8.66
8.02
B.69
8.20
8.66
740
8.96
B8.64
818
7.08
7.84
783
837
856
7.60
g.aa
§.38
.97
B33

8.61
853
8.02
8.24
763
7.80
7.96
649
848
7.08
8.28
846
7.4
R
819
7.88
7.04
6.68
833
0.66
B.67

8,66
8.67
7.82
8.69
8.00
753
0.48
7.87

L
142

B-1 §.§%




HC-3
HC-2
HC-3
HC-¢
HC.5
HC-8
HC-7
HC-B
HC-8
HE-10
HC11
HC-12
HC3
HC-14
HCAB
HC-18
HC-17
HC-18
HC9
HC-20
HC.21
HC-22
MW.23
HC-24
HC-26
HC-26
MW-27
MW-30

WEYERHAEUSER FORMER MILL E/ROPPERS

GROUND WATER ELEVATION DATA

MW
MW.32
MW-33
MW-35

P
P2

Tw-1

HC-1D

MW-80
MMW-B0
HC-100
HC-11D

MW-110
HC-150
HC-230
MW.230)
MW-30D
MW-31D

FILING

maiez 6r18-8/24 910102 1011502 111662 12R30/62 1/20/93 2n783 4/21/03 B/20/03 8/16/83 /27104
Warter Ele Warter Elo Water e Waoar Ela W otet Ele Water Ee Water Ele Water £le Water Ela Water e Water Ble Water tle
CASING Dopth  vation Depth vaton Dapth  vation Depth  vation  Dopth vation Depth  vation Depth  vation Depth  wvetion Depth  vation Depth  vedon Depth  vation Oopth  vation
ELEVATION itg [4+] L0 i i i {fe} {tzh int it i) im) i) i [E4] i if {te} g it} i Lu ] {m im
10.98 7.00 .06 7.50 3.44 3.20 7.82 .34 6.86 4.3t §.65 5.31 6.98 4.96 8.70 4.28 8.51 a.66 | 4.a1 7.3 3.65 4.81 6.05
11.48 7.63 3.86 7.08 2.52 3.34 B8.24 3.25 7.75 3.74 8,68 4.01 8.60 4.89 7.16 4.34 8.8 7.07 4,42 2.73 a.76 .69 4.9
11.16 7.08 4.08 732 3.63 7.40 3.75 .77 3.38 7.35 3.8 5.90 5.17 5.80 5.25 = 8.22 - - 5.78 5.39
10.52 5,44 5.08 5.2 4.70 5.72 4.80 6,80 4.82 4.23 8.29 4,64 5.68 4.54 5.09 6,20 6532 4.08 6.13 m.w.le 5.71 4.81 3.91 §.81
0.79 £.70 4.09 8.16 3.684 8.26 3.64 8.40 3.39 5.76 4,04 4.68 4.93 4.87 4.92 - 505 - - 4.77 5.02
10356 §.52 3.83 [:X:1 A.50 7.08 3.28 720 3.16 .41 3.74 &, 4.84 6.73 4.82 8.17 418 B.94 6.84 4.41 5.86 3,88 5.70 4.58
11.42 8.20 2.7 .26 217 .43 1.98 0.41 2.0 8.27 3.16 .68 9.76 7.80 3.73 B8.26 3.18 8.4 B.37 3.06 £.11 231 7.8 3.81
11.81 dry dry dry dry dry dry dry 8.21 - - 7,78 3.83
19.66 8.47 4,00 9.80 .78 7.00 3.58 7.28 3.30 .78 3.78 5.18 5.33 B.23 5.02 4,54 5.58 5.68 4.9 8.40 4.07 6.32 5.24
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) BOUWER AND RICE SLUG TEST ANALYSIS
Weyerhaeuser Former Mill E/Koppers - MW-30

Horizontal Hydraulic Conductivity =

INPUT (KGS)
H = Saturated Thickness of Aquifer (ft) 44 134112
Lw = Water Table Elevation - Bottom of Well (ft) 44 134112
Le = Saturated Well Screen Length (ft) 44 134112
2rw = Boring Diameter (in) 9 22.86
2rc = Well Diameter (in) 2 5.08
h1 = Initial Head (ft) 0.04 12192
h2 = Final Head (ft) 0.016 0.4572
t1 = Initial Time (sec) 13.2 13.2
{2 = Final Time (sec) 252 25.2
Porosity of Gravel Pack (%) 40 0.4
| INPUT  (from Bouwer, 1989; PAGE DOWN for values
mememmmmenein for A, B, and C using Lefrw = 11.73
o A= 1.9
) = 0.26
C= 1.3 25.2
l CALCULATIONS
Effective Radius of Well 7.49 cm
; fLw<H  In(Refrw) = ERR
' Horizontal Hydraulic Conductivity = ERR cm/sec
flw=H In(Refrw) = 1.79

3.07E-02 cmy/sec
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) WEYERHAEUSER FORMER MILL E HVORSLEV SLUG TEST

MW-23D2
INPUT (KGS)
Well Diameter (in) 2 5.08
Saturated Screen Length (ft) 10 304.8
Gravel Pack Diameter (in) 6 15.24
Initial Head (ft) 0.2 6.096
Final Head (ft) 0.02  0.6096
Initial Time (sec) 9.9 9.9
Final Time (sec) 24.9 24.9
Kh /Ky = '5’ for homogeneous 5 5
10’ for stratified
Horizontal Hydraulic Conductivity = 7.30E-03 cm/sec
Vertical Hydraulic Conductivity = 1.46E-03 cm/sec
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BOUWER AND RICE SLUG TEST ANALYSIS

Weyerhaeuser Former Mill E/Koppers - MW-32

- INPUT (KGS)
H = Saturated Thickness of Aquifer (ft) 2 60.96
Lw = Water Table Elevation - Bottom of Well (ft) 2 60.96
Le = Saturated Well Screen Length (ft) 2 60.96
2rw = Boring Diameter (in) 9 22.86
2rc = Well Diameter (in) 2 5.08
h1 = Initial Head (ft) 0.06 1.8288
h2 = Final Head (ft) 0.02  0.6096
t1 = initial Time (sec) 9 9
t2 = Final Time (sec) 43.2 43.2
Porosity of Gravel Pack (%) 40 0.4
INPUT  (from Bouwer, 1989; PAGE DOWN for values
----------------- for A, B, and C using Le/rw = 5.33
A= 1.7
) = 0.25
C= 0.8
CALCULATIONS
Effective Radius of Well 749 cm
fLw<H In(Re/ftw) = ERR
Horizontal Hydraulic Conductivity = ERR cm/sec
fiw=H In(Re/iw) = 1.24

Horizontal Hydraulic Conductivity =

1.83E-02 cmy/sec
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WEYERHAEUSER FORMER MILL E HVORSLEV SLUG TEST

MW-6D
| INPUT  (KGS)
Well Diameter (in) 2 5.08
l Saturated Screen Length (ft) i0 304.8
Gravel Pack Diameter (in) 6 15.24
[ Initial Head (ft) 07 21.336
i Final Head (ft) 0.02  0.6096
Initial Time (sec) 4.8 4.8
Final Time (sec) 16.8 16.8
Kh/Kv = '5' for homogeneous 5 5
10’ for stratified
Horizontal Hydraulic Conductivity = 1.41E-02 cm/sec
Vertical Hydraulic Conductivity = 2.82E-03 cmy/sec
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WEYERHAEUSER FORMER MILL E
MW-11D2

Well Diameter (in)

Saturated Screen Length (ft) -
Gravel Pack Diameter (in)
Initial Head (ft)

Final Head (it)

Initial Time (sec)

Final Time (sec)

Kh /Ky = '5’ for homogeneous
10’ for stratified

Horizontal Hydraulic Conductivity =

HVORSLEV SLUG TEST

INPUT  (KGS)

2 5.08

10 304.8

6 1524

02  6.096
0.02  0.6096
7.8 7.8
27.9 27.9

5 5

Vertical Hydraulic Conductivity =

5.45E-03 cmfsec

1.09E-03 cm/sec
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SUMMARY OF HYDRAULIC CONDUCTIVITY TEST RESULTS

l Well Hydraulic Well Hydraulic
Conductivity Conductivity
’ (cm/sec) (cm/sec)
Upper Sand Lower Sand
| HC-1 0.062,/ wol |Hc-1D, | 0073,
HC-4 0.0484 HC-10D 0.044_
} HC-5 0.073« HC-11D 0.09¢ _
; HC-7 0.017 o, MW-8D 0.014
HC-10 0.004.0.013 MW-8D > 0.05
l HC-11 0.001;0.003 Mw-23D2 | 0.0073
MW-23 > 0.05 MW-30D > 0.05
- } MW-27 > 0.05 MW-31D > 0.05
o ) MW-30 0.022-0.031
MW.-32 0.018
t TW-1 0.05-0.08,

%4 Estimadd Lo gr?n‘-ﬂ S(Z¢ u.m.LjSSIS ( Hort C"DWS"""JIQ%“? L)
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~  ATTACHMENT 5

 TIDAL STUDY RESULTS
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Date

08/28/92
08/28/82
08/28/92
08/28/02
os8/28/e2
08/28/82
08/28/82
08/e8/92
00/28/82
08/28/02
08/28/02
os/2efoe
oB/es/92
06/20/92
08/29/62
08/20/82
08fe9/o2
08/29/62
oBf28/o2
08/29/92
08/28/92
06/28/92
osfeo/e2
08f28/92
08/29/02
o8j28/02
08fan/92
08/28/92
08/20/92
o8/20/92
oa/o0/02
oB/29io2
0820102
08/20/92
08/z9/a2
oajeo/e2
oB/20/e2
0B/30/62
08/30/02
08/30/02
08/30/92
08/30/92
©8/30/92
08/30/92
08/30/02
oafaofez
08/30/02
08/30/92
o8/aofez
08/a0/e2
08/3092
08/30/02
08/30/02
08/30f92
08/30/92
08/30/82
08/30/02
0g/a0/e2
08/30/92
08/30/92
06/30/02
08/31/92
08/31/92
oBfa1/02
os/at/gz
og/atja2
08/31/82
08/31/92
caf3ife2
08/31/92
0813102
o8/atjg2
08/34/92
08/31/92
c8faiez
08/31/02

Time

1100
12:00
13:00
1400
15:00
16:00
17:00
18:00
19:00
20:00
2100
22:00
23:.00
00300
04100
02:00
03:00
©4:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
1200
13:00
14:00
15:00
16.00
17:00
18.00
19:00
20.00
21:00
22:00
23:00
00.60
0100
02:00
03:00
04:00
05:.00
06.00
07:60
08.00
09:00
10:00
14:00
12:00
13:00
14:00
15:00
18:00
17:00
18:00
19:00
20:00
21:00
22:00
2300
0000
01:00
02:00
03:00
04:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
12:.00
13:00
14:00

SNOHOMIS
Elev.

{Fg

-2.24
222
222
-2.19
Q21
a7
5.61
8.61
626
4.87
3.14
1.04
-1.05
247
2147
113
0.83
3.14
6.18
6.03
5.41
379
1.78
-0.39
-2.24
219
2
2,19
-1.18
1.83
4.85
8.85
7.07
6.08
4,39
220
008
-2.15
247

Ground Water Elevations

MW-2
Elev.
i

3.64
3.61
3.64
.64
3.64
3.64
a3.64
3.64
3.84
3.61
3.61
3.6t
3.61
A58
3.61
3.59
3.61
3.61
3.59
3.59
3.58
3.81
3.61
3.61
384
3.64
3.64
3.64
3.84
364
3.64
364
3.64
3.81
3.61
3.61
a3.61
3.58
3.59
3.58
3.59
359
3.61
3.59
361

3.61
3.6
3.64
81
3.81
381
a.61
3.64
361
3.61
3.64
381
3.61
3.6
3.61
3.59
359
359
3.59
3.59
359
359
3.59
3.59

3.6
3.61
3.84
3.64
3.64

Tictal Study

MW-20 MW-30D MW-150 HC-23

Etev.
(F4)

-1.48
-2.48
-2.89
2,69
-1.72
-0.10
1.70
3.07
.74
3.87

304 .

2.03
073
0,48
-1.14
+1.05
.35
0.80
216
323
3,64
3.30
2.44
i.18
0.17
-1.38
-2.27
-2.41
-1.81
0.56
1.22
2.83
387
4,37
3.78
283
162
.13
-1.07
-1.72
-1.66

0.38
1.84
2,93
339
314
257
1.24

-1.09
-1.69
-1.48
-0.63
0.7¢
242
3.7
4,48
438
37
2.51
.06
0.38
-1.49
“2.04
-1.83
-1.07
020
1.83
272
3.18
3.00
2.40
145
0.34
-0.62

Elev,

Fy

-0.9%
«1.81
253
248
.76
-0.41
122
257
3.38
3.48
.08
2.28
1.14
004
Q.72
-0.82
033
0.63
1.84
280
3.42
3.29
2,62
1.56
.33
-0.84
-1.75
-2.07
1.7
.73
0.80
233
344
380
are
3.01
1.60
0.84
0.50
-1.25
+1.31
0,80
0.21
1.50
2,60
347

2.61
1.66
0.43
.60
-1.27
-1.27
-0.67

1.87
3.20
4.10
4.21

376
2.8
1.5t

0.2t

0.9
-1.57
-1.57
-1.03
0.02
132

296
203

Elev.

Fy

-1.08
2.12
270
254
-1.76
028
1.45
283
350
3.66
847
2.26
1.08
008
-0.83
-0.88
0,30
0.73
2.02
a.10
359
3.08
263
1.49
0.20
161
-1.83
218
-1.74
-0.66
0.88
256
367
408
3.82
303
1.84
0.52
.66
-1.39
138
0.79
031
167
279
332
17
252
1.50
0.31
-0.75
-1.40
-+33
0.65
0.60
2.18
251
430
434
378
2.74
1.40
005
-1.08
473
-1.85
-1.02
011
1.48
257
a4t
a.02
251
1.64
081

Elav,
Y

3.45
345
2.48
3.45
3.45
243
3.43
3.43
343
a.41
3.41
338
3,38
.38
338
3.38
3.34
334
3.32
8.2
3.28
378
3.20
3,20
3.28
3.29
3.27
.27
37
325
3.25
az2
322
J.e2
3.20
320
.20
a.18
3.18
3.15
3.6
215
3.15
3.15
13
3.11
311
A
3.13
3.4t
3.1
3.08
3.08
3,09
3.09
3.08
3.06
3.06
3.06
3.04
3.04
304
3.02
299
02
2,89
2,89
2,99
2.97
2.97
205
2,87
2.95
247
2.85
2.85

HC23D  HC-11
Elev. Elev.
{FY o
-1.82 472
+2.88 472
«3.22 472
2.74 472
-1.68 4.72
0.28 472
2.2 472
3.55 472
440 472
3.87 4.72
a.11 472
1.84 472
0.52 4.72
0,73 4.72
-1.33 472
-1.07 472
0,20 472
1.12 472
2.58 4.72
3.69 472
3.86 4,72
.46 472
2.41 472
1.04 4,72
0.47 472
-1.74 4.72
2,57 472
-2.53 472
-1.74 472
-0.26 472
1.70 4.70
3.39 472
4.40 4.70
4,54 472
3.8 472
2.85 472
1.38 432
.93 475
«1.35 4.75
-1.68 472
+1.58 476
0.68 4,76
076 475
2,30 475
a4 4.75
.75 4.75
3.34 4.75
2239 475
142 4.75
-0.24 475
-1.33 432
-1.81 4.72
-1.44 4372
0,43 4.72
1497 472
287 472
433 475
4.66 476
4.70 475
3.82 4377
2.44 4.78
0.84 479
0,63 4.82
.77 4.62
2.8 482
178 482
-0.87 4.62
0.59 478
2,44 4.79
322 4.79
3.65 478
3.25 479
2.48 4.70
140 4,77
022 477
.66 477

2/6

HC-11D
Elav,

Fy

0.48
-0.55
1,27
-i.567
-1.38
-0.62
0.6

1.64
2,62
288

1.67

0,14
-0.61
-0.41
0.09
0.87
1.87
2,52
277
2,61
208
1.28
0.48
Q.23
-0.53
£0.37
0.26
1.25
231
3.19
3.81
356
3.10
229
132
035
-0.41
-0.76
-0.62
.08
G.79
1.69

2.6t
252
2.10
1,43
0.74
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Date

08/28/a2
08/28/92
08/29/92
08/29/92
08/29/92
08/29/02
08/29/92
0B/29/92
oefag/oz
08/25/92
08/29/92
08/29/92
08/29/92
08/29/92
08/28/92
08f29/92
oBf2g/9z
08/29/92
08/29/92
08/29/92
08/29/92
08/29/92
08/29/92
08/29/92
08/29/92
08/29/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/31/92
08/31/92
08/31/82

Time

11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
1130
1130
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
1:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
i1:30
11:30
11:30

AVERAGE

SNOHOMI
Elev.
(Y

1.70
1.70
1.70
1.70
1.70
1.66
1.61
1.58
1.58
i.61
1.66
1.71
1.76
1.80
1.80
1.80
1.76
1.65
1.53
1.43
1.39
1.40
1.46
1.54
1.63
§.72
1.73
1.73
1.73
171
1.67
1.62
1.59
1.60
1.64
1.68
1.74
1.80
1.84
1.84
1.84
1.82
1.73
1.62
1.52
1.48
1.49
1.54
1.62
1.1
1.81
. 1.85
1.86

Ground Water Elevations

MW.g
Elev.

FY

3.61
3.61
3.62
3.62
3.62
3.62
3.62
362
3.62
3.62
362
3.62
3.62
3.62
3.62
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.81
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.60
3.60
3.60
3.50
3.61
3.61

Ticta! Study

Elov.
(Fy

0.85
0.90
0.95
0.08
0.99
098
0.96
0.94
0.83
0.94
0.96
0.99
1.03
1.06
1.08
1.09
1.06
1.01
0.94
0.86
¢.81
.78
0.78
0.81
0.86
0.82
0.97
.02
1.05
1.07
1.06
1.04
1.03
1.02
1.08
1.06
1.10
1.14
1.18
1.21
1.21
1.20
115
1.09
1.03
0.97
0.94
0,95
0.97
1.02
1.08
1.14
1.19

fleans oF moUt'*\gavemzu

MW-9D MW-30D MW-15D HC-23

Elev.
e

0.90
0,95
1.00
1.038
1.04
1.05
1.03
1.02
1.04
1.01
1.03
1.05
1.08
1.1
1.14
1.15
1.18
1.09
1.03
0.96
0.90
0.87
0.86
0.88
092
0.98
1.03
1.08
11
113
1.13
1.12
1.10
1.10
1.10
192
1,16
1.19
1.23
1.26
1.27
1.26
1.23
1.18
i.i2
1.08
1.03
1.03
1.04
1.08
1.06
1.09
1.14

/6

Elev.
{FY

0.94
0.99
1.04
1.07
1.08
1.08
1.07
1.05
1.04
1.04
1.06
1.08
1.12
1.15
117
1.18
1.16
1.11
1.05
0.98
0.92
0.88
0.88
0.90
0.95
1.00
1.06
1.11
1.14
1.16
1.16
1.14
1.12
112
1.13
1.15
1.18
i.22
1.25
1.28
1.30
1.28
1.25
1.19
1.18
1.07
1.04
1.04
1.06
1.10
1.16
1.21
1.27

Elov.

{F

3.38
3.37
3.37
3.36
3.36
3.34
3.34
3.33
332
3.31
3.30
3.29
3.29
3.28
3.27
3.27
3.26
326
3.24
3.23
3.23
3.22
3.21
3.21
3.20
3.19
3.18
3.18
3.17
3,16
3.15
3.16
3.14
3.13
3.13
312
3.11
311
3.10
3.10
3.09
3.08
3.08
3.07
3.06
3.08
3.05
3.04
3.04
3.03
3.02
3.02
o

HC-23D  HG-11
Elev. Efev.
(FY) )
093 4.72
0.98 4,72
1.03 4,72
1.06 4.72
1.06 4,72
1.06 4,72
1.04 4,72
1.01 4.72
1.01 472
1,02 4.72
1.05 4,72
1.08 4.72
112 472
{.18 472
i.18 4.72
1.18 472
1.15 4,72
1.09 4.72
1.02 4.73
0.94 4.73
0.88 4,73
0.86 4.73
0.87 473
0.91 473
0.97 473
1.03 473
110 4.73
115 4.73
1.18 473
1.19 4,73
1.18 473
1.16 4.73
1.14 473
1.14 474
i.i6 474
118 474
1.23 474
1.27 474
1.32 4,74
1.34 475
1.35 4.75
1.32 4.75
1.28 476
1.21 4.76
1.14 476
1.09 4.76
1.08 4.77
1.07 4,77
1.1 4,77
1147 477
1.23 4,77
1,30 4.77
1.35 4,78

C 58/‘%:; )‘t'ﬁ)

HC-11D
Elev.

Y

1.08
112
1.16
1.19
1.21
i.22
122
1.24
1.20
1.20
.21

1.22
1.24
1.27
1.28
.3

1.3

1.29
1.25
1.20
1.16
N

1.09
1.09
1.1

1.14
.18
1.22
1.25
1.27
1.29
1.29
1.28
i.27
1.27
1.29
1.31

1.33
1.36
1.39
1.4

1.41

1.40
1.37
133
1.28
1.25
1.23
1.23
1.25
t.28
.32
1.36
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Date

08/29/92
08/29/92
08/29/92
os/29/g2
08/28/92
08/28/92
08/28/92
og/agfe2
08/29/92
08/29/92
08/29/92
08/29/92
08f29/92
08/29/92
08/30/92
08/30/92
(18/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/92
08/30/g2
08/30/82
08/30/g2
08/30/92

08/30/92

Time

11:30
11:30
$1:30
11:30
11:30
11:30
11:30
11:30
11:30
1130
11.30
1130
11:30
11;30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30
11:30

1130

SNOHOM!
Elev.

(F)

1.64
1.63
1.63
1.63
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.65
1.65
1.66
1.67
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.69
1.69

1.65

AVERAGE (2) Ground Water Elevations

Tidal Study

Meons, oF Means of Moviey oo s

MW-8D MW.30D0 MW-150 HGC-23
Elev,

{Ft)

MW-9
Elav,

(F)

3.62
3.62
3.62
3.62
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.61
3.81
3.61
3.61
3.61

3.61

0.94
0.95
0.95
0.95
0.85
0.95
0.96
0.96
0.96
0.97
0.97
0.97
0.98
0.98
0.98
6.89
0.89
1.00
1.01
1.02
1.02
1.03
1.04
1.05
1.05
1.06
1.08
1.07
1.07
1.08

1.00

Elev. Elev.
Fy (F1)
1.0% 1.04
1.0% 1.04
1.02 1.04
1.02 1.04
1.02 1.05
1.02 1.05
1.03 1.05
1.03 1.05
1.03 1.08
1.04 1.06
1.04 1.07
1.04 1.07
1.05 1.07
1.05 1.07
1.05 1.08
1.06 1.08
1.06 1.08
1.07 1.09
1.07 1.10
1.08 1.11
1.09 111
1.10 1.12
1.11 1.13
1.12 1.14
1.12 1.14
1.13 1.15
1.13 1.15
1.13 1.16
1.13 1.16
1.14 1.17
1.07 1.09
MEAN VALUES

Elev.

(FY

329
3.29
3.28
3.27
3.28
3.25
3.25
3.24
3.23
3.22
3.22
3.21
3.20
3.20
3.18
3.18
317
317
3.16
3.15
315
3.14
3.13
3.13
3.12
3.1
3
3.10
3.09
3.09

3.19

( Seres, 1541

HC-23D HC-11
Eilev. Elsv.
(FY) (FY)
1,03 4.72
1.03 472
1.03 4,72
1.04 4,72
1.04 4.73
1.04 4,73
1.05 4.73
1.06 4.73
1.06 4,73
1.07 4,73
1.07 4.73
1.08 4,73
1.08 4,73
1.09 473
1.09 473
1.10 473
1.10 4,73
1.11 4,73
112 4,74
1,13 4,74
1.14 4,74
1.15 4.74
116 4.74
117 4.74
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 ATTACHMENT 6

AQUIFER PUMP TEST RESULTS



MEMORANDUM

TO: Project File DATE: May 16, 1994
FROM:  Steve Nelson

RE: Aquifer Pumping Test - former Mill E/Koppers site

The aquifer pumping test was performed on September 22 to 24, 1992. The first day of
the test involved setting up the pump in test well TW-1 and a discharge line into a
temporary storage tank. The pump capacity was also evaluated. Transducers were
placed in wells TW-1, HC-13, HC-15, HC-15D, HC-16, P-1, P-2, and TW-P, a
temporary well point. An in-line gate valve and flow meter were used to regulate and
measure discharge. The discharge rate of the 4-inch Grundfos pump ranged from 15 to
35 gpm. The maximum discharge of the 3-inch Standard pump was 9 gpm. The 4-inch
pump was tested at 35, 15, and 25 gpm for 30 to 60 minutes each.

The initial test began the second day, after complete well recovery. The gate valve was
set for a 15 gpm discharge rate from the previous day. After starting the long term fest,
measurements indicated that the actual rate was 25 gpm. The pump was shut off and the
wells were allowed to fully recover. The valve was readjusted and the pumping began
again. After 1 hour, it appeared that excessive drawdown (greater than 25 percent of the
aquifer thickness) would occur after several hours of pumping. The 4-inch pump was
replaced with the 3-inch pump. Pumping began again after full recovery, at a rate of 9
gpm. Pumping continued for 760 minutes. Recovery was monitored for 14 hours
following shut down., Water elevations were measured by hand during the entire
pumping test and the first 2 hours of the recovery test. Electronic pressure transducers
and dataloggers monitored and recorded water elevations during both tests.

The data were downloaded to spreadsheet files and time-drawdown curves were prepared.
The data were evaluated using the Theis, Neumann, and Cooper-Jacob methods. The
Upper Sand aquifer is assumed to be unconfined, isotropic, homogeneous, and non-leaky.
Tt was assumed that the effects of pumping well partial penetration were insignificant at
radial distances greater than 15 feet.

The result from the Neumann curve matching method for "early" portions of the
drawdown curve indicated a hydraulic conductivity of 0.087 cm/sec, and for "late time”
the calculated hydraulic conductivity was 0.052 cm/sec. For the recovery period, the
Theis and Neumann semi-log methods indicated a hydraulic conductivity of 0.053
cm/sec. For the purposes of this study, a hydraulic conductivity value of 0.05 cm/sec
is assigned to the Upper Sand aquifer,
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Table B-1

Summary of Stratigraphic Depths

Page 1 of 2
Depth to Upper Depth to Depth to Upper | Depth to Lower
Sand Groundwater Silt Sand
Boring Location (f) {ft) (ft) (ft)

SB-1 2.5 4.5 8.5 12
SB-2 2 3.5 7.5 15
SB-3 2.5 3.5 7 12.5
5B-4 2.5 3 6.5 19.5
SB-5 1 3.5 10.2 19.3
SB-6 2 4 6 14.5
§B-7 1.5 5.5 9 13
SB-8 2.5 3.5 7 8
SB-9 2.5 4 7 8.75%
SB-10 3 4 6.5 7.5
SB-11 2 4 8.25 8.5%
SB-12 2 4 5.5 11
$B-13 2.5 5 10 11*
SB-14 3.5 5 7.25 12.5
SB-15 2.75 4.5 9 10
SB-16 2 3 5.75 10
$B-17 2.5 2.5 4.5 21.5
SB-18 3.5 4.5 7 19.5
§B-21 2 3 7.5 18.5
SB-22 3.5 4 7 7.5%
5B-23 4 4 12 12.5*
SB-24 3.5 3 5.5 17
SB-25 | 3 5.5 6.5%
SB-26 1 4 7 9.5%
SB-36 2 3.5 9.7 —
SB-37 0.5 3.5 7.5 —
SB-38 2 3.5 9.5 —
$B-39 1.5 3.5 1.5 —
SB-40 2 3 5.4 —
MW-23 1.5 5 8.5 13.5%
HC-11D 3 4 5 12.5
HC-24 0.5 2 6 9
HC-25 0 0.5 6 g
HC-26 0.5 2 6 8
MW-27 3.5 3.5 ii.5 16°
MWw-28 4 4.5 3,25 6.5%
MW-30 2 4.5 9 12
MWw-31 2 4 8 1
MW-9D 2.5 4 7 11
Mw-32 3 5.2 7 g
MW-33 2.5 5 9.25 9,5%
MW-34 1.5 2.5 4 5t
MW-35 1 2.5 7 g
MW-6D 1.5 4.5 7 12
MW-23D2 2 4.5 7 12.6
P-1 1.5 4.5 9 10°
P-2 1.5 4.5 12 13*

B/WEY/MIL-MD/B-T1.920-94/ch:1
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Table B-1

Summary of Stratigraphic Depths

Page 2 of 2
Depth to Upper Depth to Depth to Upper | Depth to Lower
Sand Groundwater Silt Sand
Boring Location (ft) (ft) (f) (ft)
TW-1 1.5 5 12 13.5%
TP-18 — — — —
TP-19 0.5 3.5 — -
TP-20 2 3.5 — —

" TP-21 1.5 3.5 - -
TP-22 2 — 2.25 —
TP-23 1.5 4 - ——
TP-24 2.5 3.5 — —
TP-25 2.5 3.5 — —
TP-26 2.5 3.5 — —
TP-27 2 3.5 — —
TP-28 ¢ 11 2.5 —
TP-29 ¢ 0.5 2.5 —
TP-30 0 0.5 2.5 —
TP-31 o 0.5 35 —
TP-32 1.5 4 — —

4 Base of Upper Silt not seen; value is the boring completion depth.

BfWEYMIL-MD/B-T1.920-94/ch:1
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——

Table B-2

Summary of Stratigraphic Thickness

Page 1 of 2
“ Total Thickness | Total Thickness | Saturated Thickness | Total Thickness
Grade/Mixed Fill Upper Sand Upper Sand?® Sand Upper Silt
Location (ft) (ft) () (FS

SB-1 2.5 6 4 3.5
SB-2 2 5.5 4 7.5
SB-3 2.5 4.5 3.5 5.5
SB-4 2.5 4 3.5 13
SB-5 i 9.2 6.7 9.1

“ SB-6 2 4 2 8.5
SB-7 1.5 7.5 3.5 4
SB-8 2.5 4.5 3.5 1
SB-9 2.5 4.5 3 1.75*
SB-10 3 3.5 3.5 1?
$B-11 2 6.25 4,25 0.25%
$B-12 2 3.5 1.5 5.5
SB-13 2.5 7.5 5 1#
SB-14 3.5 3.75 2.25 5.25
$B-15 2.75 6.25 4.5 1
SB-16 2 3.75 2.75 3.75°
SB-17 2.5 2 2 17
SB-18 3.5 3.5 2.5 12.5
SB-21 2 5.5 4.5 11
$B-22 3.5 3.5 3 0.5b
SB-23 4 8 8 0.50
SB-24 3.5 2 2 11.5
$B-25 1 4.5 2.5 1t
$B-26 1 6 3 2.50
SB-36 2 7.7 - -
SB-37 0.5 7 -~ -
SB-38 2 7.5 - -
SB-39 1.5 6 - -
$B-40 2 3.4 - -
MW-23 1.5 7 35 sb
HC-11D 3 2 1 1.5
HC-24 0.5 5.5 4 3b
HC-25 0 6 5.5 2b

It HC-26 0.5 5.5 4 2b
MW-27 3.5 8 8 4,5%
MW-28 4 1.25 0.75 1.25°
MW-30 2 7 4.5 3
MW-31 2 6 4 3
MW-9D 2.5 4.5 3 4
MW-32 3 4 1.8 1b
MW-33 2.5 6.75 4,25 0.25°
MW-34 1.5 2.5 1.5 1®
MW-35 1 6 4.5 1P

I MW-6D 1.5 5.5 2.5 5

| MW-23D2 2 5 2.5 5.6

B/WEY/MIL-MD/B-T2.920-94/ch:1

0141-037.17

Rev. 2, 09/20/94




Table B-2

Summary of Stratigraphic Thickness

Page 2 of 2
Total Thickness | Total Thickness | Saturated Thickness | Total Thickness
Grade/Mixed Fill Upper Sand Upper Sand? Sand Upper Silt

Location (fy (ft) (ft) (Eg’
P-1 1.5 7.5 4.5 1°
P-2 1.5 10.5 1.5 1®
TW-1 1.5 10.5 7 1.5°
TP-18 - - - -
TP-19 0.5 - - -
TP-20 2 - - -
TP-21 1.5 - - -
TP-22 2 0.25 - -
TP-23 i.5 - - -
TP-24 2.5 - - -
TP-25 2.5 - - -
TP-26 2.5 - - -
TP-27 2 - - -
TP-28 0 2.5 - -
TP-29 0 2.5 - -
TP-30 0 2.5 - -
TP-31 0 3.5 - -
TP-32 1.5 - - -
& Measured in July 1992
b Base of Upper Silt not seen; value is the minimum thickness.
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Table B-3

Summary of Stratigraphic Elevations

Page 1 of 2
Elevation Top of | Elevation Base of | Elevation Base of | Elevation Base of
Grade/Mixed Fill | Grade/Mixed Fill Upper Sand Upper Silt
Location (ft msl) (ft msl) (ft msl) (ft msl)

SB-1 . 8.63 6.13 0.13 -3.37
SB-2 8.02 6.02 0.52 -6.98
SB-3 8.24 5.74 1.24 -4.26
S$B-4 7.53 5.03 1.03 -11.97
S$B-5 7.50 6.50 -2.70 -11.80
SB-6 7.95 5.95 1.95 -6.55
SB-7 8.52 7.02 -0.48 -4,48
SB-8 8.49 5.99 1.49 0.49%
§B-9 8.49 5.99 1.49 -0.26%
SB-10 7.88 4.88 '1.38 0.38%
SB-11 8,29 6.29 0.04 -0.212
§B-12 7.91 5.91 2.41 -3.09
$B-13 8.47 5.97 -1.53 -2.53%
SB-14 8.19 4,69 0.94 -4.31
SB-15 7.89 5.14 -1.11 -2.11
SB-16 7.04 5.04 1.29 -2.46%
SB-17 6.68 4,18 2.18 -14.82
SB-18 8.33 4.83 1.33 -11.17
SB-21 7.82 5.82 0.32 -10.68
§B-22 8.69 5.19 1.69 1.19%
SB-23 8.00 4.00 -4.00 -4,50%
SB-24 7.53 4.03 2.03 -9.47
§B-25 8.49 7.49 2.99 1.99%
SB-26 7.87 6.87 0.87 -1,63%
$B-36 8.29 6.29 -1.41 —
$B-37 7.11 6.61 -0,39 —
$B-38 8.56 6.56 0.94 —
5B-39 8.53 7.03 1.03 —
5B-40 7.87 5.87 2.47 —
MW-23 8.66 7.16 0.16 -4.84%
HC-11D 6.73 3.73 1.73 517
HC-24 6.29 5.79 0.29 -2,718
HC-25 6.56 6.56 0.56 -1.44%
HC-26 7.40 6.90 1.40 -0.60%
MW-27 6.96 3.46 -4.54 -9.04%
MW-28 8.64 4.64 3.39 2.14%
MW-30 8 6.00 -1.00 -4.00
MW-31 7.68 5.68 -0.32 -3.32
MW-9D 8.56 6.06 1.56 -2.44
MW-32 8.37 5.37 1.37 0.37%
MW-33 8.56 6.06 -0.69 -0.94
MW-34 7.5 6.00 3.50 2.508
MW-35 6.88 5.88 -0.12 -1.12%
MW-6D 8.62 7.12 1.62 -3.38
MW-23D2 9 7.00 2.00 ~3.60
-1 8.36 6.86 -0.64 -1.64%
P2 7.97 6.47 -4.03 -5.03%

B/WEY/MIL-MD/B-T3.920-94/ch:{
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Table B-3

Summary of Stratigraphic Eievations

locations.

Elevations at TP-18 to TP-32 and SB-36 to $B-40 are interpolated between measured elevations of adjacent sample

Page 2 of 2
Elevation Top of | Elevation Base of | Elevation Base of | Elevation Base of
Grade/Mixed Fill | Grade/Mixed Fill Upper Sand Upper Siit
Location (ft mst) (ft msl) (ft msl) (ft ms!)
TW-1 8.33 6.83 -3.67 -5.172
TP-18 7.82 — — —
TP-19 7.82 1.32 — —
TP-20 6.73 4,73 — —
TP-21 8.29 6.79 — —
TP-22 7.11 5.11 4,86 —
TP-23 7.11 §5.61 — —
TP-24 7.93 5.43 — —
TP-25 7.93 5.43 — -
TP-26 7.99 5.49 - —
TP27 7.99 5.99 — —
TP-28 6.56 — 4.06 —
TP-29 6.56 — 4,06 —
TP-30 6.29 — 3.79 —
TP-31 6.29 — 2.79 —_—
TP-32 7.87 6.37 — —
NOTE: msl = mean sea level
a Base of Upper Silt not seen; value is the deepest encountered observalion.
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APPENDIX c

PHYSICAL AND CHEMICAL sou_ PARAMETERS
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APPENDIX D

SNOHOMISH RIVER SEDIIVIENT REV!EW RESULTS




MEMORANDUM

TO: File ' DATE: July 17, 1992
FROM: John Virgin

RE: Review of Dredging Records for the Snohomish River

Hiram Arden of the U.S. Army Corps of Engineers (USACE) in Seattle was contacted.
He provided historical dredging files for the Snohomish River for review.

Historical dredging records included contract information (costs, contractors) in separate
files covering the years from 1931 to 1964, 1966, 1967, 1969, 1970-71, 1974, and
1976-77. Also available in a notebook was dredging and contract information covering
the years from 1980 through 1988, Most of the dredging information for the years 1931
to 1977 was incomplete, Maintenance dredging of the Snohomish River channel from
the Norton Terminal to the upstream settling basin (upstream of the I-5 bridge) is
conducted every 2-3 years. The Snohomish River channel, shown on copies of drawings
obtained from the Corps, is maintained at a depth of 35 feet from the mouth at Jetty
Island upstream to approximately the 14th Street boat basin, and then at a depth of 8 feet
upstream. The upstream and ‘downstream settling basins are nominally dredged to a
depth of 40 ft.

Included in the files were grain size profiles for the dredge material, which showed
generally fine to medium Sand (SP). Total organic carbon (TOC) analysis showed
concentrations less than 2 percent.

Hiram Arden provided the following information:

* The most recent dredging that occurred in the channel reach opposite the
Weyerhaeuser property was in 1986

* Nearshore sediment along the west bank of the Snohomish (i.e., within
approximately 50 yards of the Weyerhaeuser bulkhead) are not dredged by
USACE. Sediments tend to accumulate along the right (west) bank, but the
Corps does not dredge in this area because the boat channel is near the other
bank.

* The dredge material does not undergo chemical analyses, only analysis for
conventional parameters (i.e., TOC, total volatile solids, grain size).

B/AWEY/MEMOS-M.628-94/jah:1
0141-037.18



Memo to File
July 17, 1992
Page 2

* Typically, the dredge material is disposed of in upland and nearshore disposal
sites, or used as fill. DNR has a disposal site along the east bank of the
Snohomish River (on Smith Island) between Dagmars Landing and the I-5
bridge, the City of Everett accepted dredge material at a disposal site between
their WWTP lagoons and the Snohomish River, and dredge material has been
used as fill at the Airport facility (between the Kenmore Pre-Mix site and the
Highway 99 bridge on Smith Island).

The most recent dredging that occurred in the Snohomish River was in 1988,
Approximately 350,000 cubic yards of material were dredged from the upstream settling
basin, and in the main channel off the upstream entrances to Steamboat and Union
sloughs. This material was disposed of at the city disposal area and at the DNR facility.

Dave Fox, who works in the USACE Dredge Material Management Program (Puget
Sound Dredge Disposal Analysis [PSDDA]) was also contacted regarding potential
sediment chemistry information. He indicated that the Corps has not conducted chemical
analysis of the sediments in the lower Snohomish River for their dredging operations.

In Everett Harbor Action Program: Evaluation of Potential Contaminant Sources (Tetra
Tech, 1988), a dredging summary is presented in Appendix E. This table presents a
summary of the dredging history of Everett Harbor and the Snohomish River from 1969
through 1988.
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MEMORANDUM

TO: File DATE: July 21, 1992
FROM: John Virgin

RE: Review of Sediment Sampling Information

This memo presents a summary from the review of Everett Harbor Action Program:
Analysis of Toxic Problem Areas prepared by PTI Environmental Services and Tetra
Tech, Inc., 1988, for the USEPA Office of Puget Sound.

Sediment Samples were collected from 8 stations (shown on attached Figure ES-2) in the
lower Snohomish River. Sediment sample analyses are shown on Table 7 (attached) and
included semivolatile and volatile organic compounds (per a standard USEPA method
analyses for these variables), metals (Sb, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, and Zn),
and conventionals (TOC, total nitrogen, water soluble sulfides, and grain size).

The analytical information was separated by study area and study areas were evaluated.
This led to generalization for individual sampling stations. The sediment chemistry data
was compared to reference area data, and significant problems were denoted by the
elevation above reference (EAR).

Information presented in the study for the Snohomish River sampling stations included
the following:

* Grain size was "relatively coarse” except for stations SR-04 and SR-05
(> 60 percent fines) and SR-07 (96 percent fine grained)

e TOC was less than 1 percent except for Stations SR-04, SR-05, and SR-07.

¢ Sulfides (indicative of sulfate reducing [poorly oxygenated] conditions, found at
high levels in areas of organic rich, high oxygen demand sediments) were low
(<120 mg/kg) except at Station SR-07 (600 mg/kg)

¢ Copper and lead exceeded the maximum reference area concentrations at Station
SR-07, and zinc and arsenic exceeded the maximum reference area concentration

at Stations SR-07, SR-04, and SR-05

¢ Low molecular weight and high molecular weight PAH (LPAH and HPAH), 4-
methylphenol, and di-n-octyl and butyl benzyl phthalates were detected at the
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Snohomish River Stations, all at relatively low concentrations (in comparison to
other Everett Harbor stations)

Sampling stations for other historical studies are shown on Figure 31. None of the other
studies collected sediment samples at locations that would provide information or impact
the Former Mill E/Koppers facility evaluation,

The action assessment matrix (Table 35, attached), shows that stations SR-05 and SR-07
showed elevated levels of LPAH, HPAH, phenol, and zinc. Inaddition, Stations SR-05
showed elevated concentrations of 4-methylphenol, benzoic acid, and dehydroabietic acid
(a resin compound), and Station SR-07 also showed elevated concentrations of copper.
Because of the way the data is presented (i.e., as a ration exceeding the HAET or EAR),
it was not possible to evaluate the concentrations relative to the Puget Sound Sediment
Quality Management Standards. In any event, the stations showing elevated
concentrations were not in the area of the former Mill E/Koppers site.

Information that may prove useful to the project is included as an attachment.

B/WEY/MEMOS-M.628-94/jah:1



l EPA 910/9-88-241

T :
) |

L/

 EVERETT HARBOR
~ ACTION PROGRAM:

Analysis of Toxic Problem Areas

- Property of U.S. Environm
ental
Protection Agency Library MD-108

MAY O 7 iy
TC-333826 | o - 1200 Sixth Avenue/Seattie, WA 98101
EINAL REPORT : :
September 1988
Prepared by
PTi Envuronmental Services

- and
Tetra Tech, Inc.

Prepared for '

U.S. Environmental- Protectlon A ency -
Region X - Office of Puget Soun ‘
Seattle, Washington

et - - AR [ o . T ey A L LIEL PR T P - LL I T




STATIONS SAMPLED IN
PORT SUSAN DURING THE
EVERETT HARSOR SURVEY
4/_\2-,——‘\,(
A g
g
7 mn;um A
[]
\ T
T y—
1 NOTEXACTOUE TO
WA SCME
i
™
, .

-
oy
=

‘N
& 1 1 i
L i Qw
| — =]
& 1} 3
[
NGO
HG-14
NG-0S,  SHG-04 /7
= NG-10 NG-18
Ha-11
'y 5000 . . -
— Figure ES-2. Locations of sampling stations for sediment chemistry,
a o amphipod bioassay, and benthic macroinvertebrates.

XX



TABLE 7. (Continued)

Resin Acids and
Semivolatile Volatile Chlorinated
Organic Organic Phenolic Amphipod Benthic
Station - Compounds®  MetalsP  Conventionals® Compoundsd Compounds Biocassay Infauna

X
X _ X

X

$R-01
SR-02
$R-03
SR-04
SR-05
$R~06
SR-07
SR-08

X

P G D E e e
2 2 D¢

$5-01
§s-02
$5-03
55-04
$5-05
§5-06 -

D C 0 2 D et DT D e De
D D G D D IC D DC 2 DG el
> > < G
>

Dt D DG D K D
G 2 G Dl D

3 £PA priority pollutant acid/base/neutral organic compounds, PCBs, and pasticides (see Table | for complete
list of target chemicals).

b epa priority pollutant metals, except beryllium and thallium. Tributyltin was analyzed at Stations SR-07 and
P5-02 only.

€ Total organic carbon, total nitrogen, water-sotuble sulfides, and grain-size composition.
9 gpa priority pollutant volatile compounds. .

© Intertidal station.
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MEMORANDUM

TO: File : DATE: January 22, 1993
FROM:  John Virgin

RE: Document Review — Weyerhaeuser Everett Former Mill E/Koppers Facility
Sediment Data

The following information was gathered from the report: Everett Harbor Action
Program: Evaluation of Potential Contaminant Sources, prepared by Tetra Tech, Inc.,
1988.

Eight major point and non-point source categories were identified: landfills, industrial
dischargers, wastewater treatment plants, combined sewer overflows, surface run-off,
groundwater, atmospheric deposition, and spills. The information relating to the
Snchomish River, one of 8 study segments in the Everett Harbor area was reviewed.
This segment covered the main navigable channe! of the Snohomish River downstream
of the I-5 bridge, and included the eastern boundary of the site. The only problem areas
identified within the study segment were stations SR-05, located near the Kraft Mill
outfall, and station SR-07, located near the Everett Marina. Two stations for sampling
were located offshore from the Former Mill E/Koppers Facility, neither of which showed
elevated concentrations of contaminants.

Three CSOs were identified as discharging into the Snohomish River upstream or near
the site. While these may have historically impacted the site, observations of recent
activity in the Snohomish River indicate that the City of Everett may be routing the CSOs
to the WWTP, Dilution by river water would probably minimize any potential impacts
from these CSOs on site sediments. The Everett WWTP outfall is located upstream and
across the river approximately 200 yards from the site. Results for metals analysis of
sediment samples collected from the Everett WWTP (exact location unknown) were
presented, and included the following:

Sample Identification: Snohomish River Snohomish River
Element (Dagmars Marina) (Control Site)
Copper 17 mg/kg 19 mg/kg
Chromium 20 mg/kg 19 mg/kg
Lead 1.5 mg/kg 1.2 mgikg
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Page 2

These concentrations may not be directly comparable due to different analytical methods
for analysis, collection method, and other uncertainties.

-The most interesting potential sources identified in the report are two wood treatment

facilities. These include Buse Timber located on Smith Island, and Canyon Lumber
located upstream near the entrance to Steamboat and Union Sloughs, along Everett
Avenue. Samples were collected from both of these facilities and analyzed for
tetrachlorophenol (TCP) and pentachlorophenol (PCP). All of the eight samples collected
from this study of the wood treatment facilities showed both TCP and PCP. TCP
concentrations ranged from .0068 mg/kg to 47.5 mg/kg, and PCP concentrations ranged
from .041 mg/kg to 240 mg/kg. Although not directly proximate to the site, these two
sites are potential sediment contaminant sources for pentachlorophenol,
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DATA VALIDATION, ENTRY, AND STATISTICAL EVALUATIONS

Sample analysis and reporting were conducted following procedures presented in the SAP
(EMCON, 1992). Data validation was conducted following procedures presented in
Laboratory Data Validation Functional Guidelines for Evaluating Inorganics and
Organics Analyses (USEPA 1988a,b) for volatile and semivolatile organic compounds,
pesticides/PCBs, and inorganics analyses. Based on compound detections, the list of
volatile organic compounds for analysis was shortened to include only benzene, toluene,
. ethylbenzene, and xylenes for quarterly groundwater monitoring after rounds one and
two. Based on USEPA Contract Laboratory Program (CLP) specifications, tentatively
identified compound (TIC) results were provided with volatile and semivolatile organic
compound analyses for the initial soil sampling and rounds one, two, and three
groundwater monitoring. Because the results for TICs were not used for site evaluation
purposes, the TIC results were not validated.

Additional sample analyses, tested using other USEPA and Ecology methods as specified
by the SAP, were reviewed for compliance with method specific QA/QC criteria. Data
qualifiers assigned to sample results during data validation are as follows:

e U (undetected) — organics. The material was analyzed for, but was not
detected. The associated numerical value is the sample quantitation limit,

e U (undetected) — inorganics. The material was analyzed for, but was not
detected above the level of the associated value. The associated value is the
sample detection limit.

o J (estimated) — The associated value is an estimated quantity.
e UJ (undetected, estimated) — The material was analyzed for, but was not
detected. The sample quantitation limit or sample detection limit is an estimated

quantity.

e R (unusable) — The data are unusable; compound may or may not be present.
Resampling and reanalysis is necessary for verification.

e N (tentatively identified) — Presumptive evidence of the presence of the
material.
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Because volatile and semivolatile organic compound analyses were conducted and
reported using USEPA CLP conventions, results for undetected organic compounds were
reported as undetected at the sample quantitation limit, which was greater than the
method detection limit (MDL), Sample results reported at a concentration less than the
quantitation limit but greater than the MDL were assigned an estimated data qualifier by
the laboratory. These estimated data qualifiers were retained during data validation and
data base entry.

Data quality, as represented by precision, accuracy, representativeness, comparability,
and completeness, was evaluated against the data quality objectives (DQOs) presented in
the work plan and SAP. Precision was determined through evaluation of field and
laboratory replicate and matrix spike/matrix spike duplicate results. The frequency of
field replicate sample collection during soil, sediment, and water sampling was
10 percent. The overall precision of the replicate data was judged to meet DQOs. A
limited number of samples did not meet DQOs for precision; they were indicative of a
complex mixture of contaminants in a heterogeneous matrix.

Data accuracy was evaluated using matrix spike, blank, surrogate compound, and
laboratory control sample results. Sample data accuracy was judged to meet data quality
objectives. Frequency of field rinsate blank collection was less than that identified in the
SAP for the initial soil, sediment, and Round 1 groundwater sampling, Data qualifiers
assigned to sample results based on blank contamination surrogate compound recoveries,
and laboratory control sample results are discussed in the data validation reports
(Appendix F).

Matrix spike results indicated that some sample matrices contained high concentrations
of a variety of compounds that may have led to bias in sample results for other classes
of compounds, For example, samples with high concentrations of diesel contamination
sometimes showed a negative bias for the recovery of semivolatile organic compounds
due to interference effects on compound recoveries. Laboratory control sample (LCS)
results were used to evaluate the accuracy of analytical methods for semivolatile organic
compounds and metals. Results were within DQOs for all LCS results except one
semivolatile organic compound analysis, indicating acceptable laboratory accuracy.

Representativeness and comparability DQOs for the sample results were achieved by
using standardized collection and analysis techniques for all sample matrices and
reporting results in standardized formats. Data completeness met DQOs for all analysis
techniques except toxicity characteristic (T'C) semivolatile organic compound analysis of
soil samples and TPH-diesel analysis of seep samples. Data for one of nine TC
semivolatile organic compound analyses were rejected, resulting in completeness of
89 percent for this variable. Through a field sampling team oversight, TPH-diesel
analyses were not requested for seep water samples. Based on the eight analyses of TC
semivolatile organic compounds for soil, and TPH-gasoline results for seeps, which did
not indicate the presence of these contaminants, completeness of 89 percent for the TC
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semivolatile organic compounds and 50 percent for seep water TPH did not affect the
overall RI assessment. A further discussion of data quality is presented in the data
validation reports.

Data Entry

Data summary tables were compiled from the laboratory data summary forms, and data
entry QA/QC procedures were standardized to eliminate errors in transcription of data.
Standardized data entry procedures required a minimum of three reviews for all tables.
The first data entry review was conducted by the data entry operator after all data for an
analysis type and sample matrix (e.g., soil sample VOCs) were entered. The data entry
operator conducted a 100-percent review of all sample concentrations and qualifiers for
accuracy, The second check for data transcription error was conducted by an
independent reviewer, who was responsible for checking 100 percent of the data entered
into the table, including sampling information. The third check was conducted by
reviewing 10 percent of the sample concentrations and qualifiers against the laboratory
data summary forms.

Statistical Evaluations

Statistical summaries of data were calculated following guidelines presented in Statistical
Guidance for Ecology Site Managers (Ecology, 1992). During preparation of the
statistical summaries, the data qualifiers that were assigned to sample results during data
validation were treated as follows:

e U — One-half the value was used.
¢ T — The full value was used.

® UJ — One-half the value was used when the detection frequency was less than
50 percent, the full value was used when the detection frequency was greater
than or equal to 50 percent,

Following CLP protocols, the sample quantitation limits for organics analyses and MDLs
for inorganics analyses were reported for all samples. The actual concentrations may
have been between zero and a value just below the quantitation limit or MDL., MDLs
were determined by repetitive analysis of very low concentration solutions and statistical
determination of the lowest concentration the method is capable of resolving. Sample
quantitation limits were established at approximately three times the MDLs and represent
the Iowest concentration that can be correctly quantitated based on analysis of calibration
standards. As an example, the MDL for fluoranthene is 3.82 ug/l. Water sample results
for an undetected analysis of fluoranthene were reported at 10 ug/l, since the lowest
calibration standard concentration was 10 pg/l. If fluoranthene was detected at a
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concentration between 3.82 and 10 pg/l, an estimated qualifier was assigned by the
- laboratory because the value was less than the quantitation limit, but greater than the
MDL. Therefore, for purposes of statistical evaluation, if a value was reported as
undetected, one-half the reported quantitation limit (for organic compounds) or MDL (for
inorganic analytes) was used (WAC 173-340-708[11][e], 173-340-720[8}[g], 173-340-
730[71[f1, 173-340-740[7][g]). For organic analyses, sample results were reported using
quantitation limits, and one-half the quantitation limit was used for statistical evaluation.
The use of one-half the quantitation limit for organics analyses, versus one-half the
MDL, results in a more conservative (i.e., higher) average. As a further conservative
approach, organic results reported at concentrations greater than the MDL, but less than
the quantitation limit, were assigned the reported value. This approach reduces the
possibility of underestimating average concentrations by using zero and overestimating
concentrations by using the quantitation limit or MDL. One departure from this
approach was used for dioxin/furan results, where the results for undetected values were
assigned a value of zero.

Statistical calculations were performed only for parameters with greater than two detected
values. The minimum and maximum values reported are for detected concentrations,
Calculation of average concentration was performed using values modified by the data
qualifiers as defined above.

Upper 95 percent confidence limits (UCL 95) on the mean were calculated based on
Ecology (1992) methods. Data distributions (i.e., normal, lognormal, or neither) were
tested using probability plots on SYSTAT® software and Ecology’s MTCASTAT
software, Organic analytes showed relatively large numbers of non-detected values at
low concentrations and varying numbers of detected values at relatively high
concentrations resulting in a large estimate of sample variance, For some organic
analytes, the reported concentrations were greater than method detection limits, but less
than quantitation limits. These two conditions (large sample variance and concentrations
reported below sample quantitation limits) sometimes resulted in an UCL 95 greater than
the maximum detected concentration. When the data distribution was neither normal nor
lognormal, or the calculated UCL 95 was greater than the maximum detected
concentration, the maximum value was substituted for the UCL 95.
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