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INTRODUCTION

This report summarizes the Phase II work effort of the Clover/
Chambers Creek Geohydrologic Study. Phase I, a characterization of
the study area, was summarized in the Phase I draft report, issued
December 12, 1983. The Phase I report is referenced frequently
throughout this report; we have not duplicated Phase I material
in the Phase II report.

Phase II was conducted between January 1, 1984 and February 28,
1985. The major focus of Phase II was data collection; more speci-
fically, a groundwater quality monitoring program was conducted over
a 13-month period. The results of this monitoring effort, along
with the results of a monitoring program designed to detect priority
pollutants in a selected group of wells, will be described in the
report. A summary of each task is included below.
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TASK 15: IMPLEMENT DATA COLLECTION PROGRAM

The purpose of the Phase II Clover/Chambers Creek Basin (C3)
data collection effort was to:

l. Provide data for establishing the relationship betwesen land
use activities and water quality.

2. Augment existing baseline data to assist in identifying
hydrologic and water quality trends.

3. Provide data to assist in identifying areas of contamination.
4. Establish a foundation for a long-term monitoring program.

The methodology utilized in setting up the Clover/Chambers Creek
(C3) Geohydrologic Basin Data Collection Program was described in
detail in Appendix VII of the Phase I C3 report. As described
therein, existing wells were used as data collection sites. The
monitor wells were selected based on:

1. The priority monitoring areas identified in Figure vVII-5S
of the Phase I report.

2. The location of historical water quality data and the
location of monitoring stations used by the Tacoma-Pierce
County Health Department (TPCHD) and Washington State
Department of Sccial and Health Services (DSHS) in their
1980-1982 monitoring effort.

3. Areas without any water quality characterization.

4., Control areas where water quality contamination is
considered to be highly unlikely.

Figure 1 illustrates the 35 monitor wells.

Each well was sampled five times between January 1984 and
January 1985. Samples were obtained during late January/early
February 1984; late March/early April 1984; late August/early
September 1984; mid-October 1984; and mid-January 1985. The
sampling sequence was designed to correspond with the standard water
year. Sampling was conducted by Robinson & Noble perscnnel and all
samples were shipped directly to the Brown and Caldwell laboratory
in Emeryville, California.

The parameters analyzed were selected to serve as indicators
of general water quality. Nitrate as nitrogen, chloride, total
dissolved solids, fecal coliform, temperature, conductivity, and pH
were measured in each well for each quarter. A scan for priority
pollutants was conducted in all 35 wells in January, 1984, with
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selected wells (those wells showing organic contamination in the
January samples) sampled in April. The priority pollutant scan
included purgeable priority pollutants (EPA Method 624} and base/
neutral, acid-extractable priority pollutants (EPA Method 625).
The 35 monitor wells were sampled once for arsenic in April 1984,
because of the potential source of arsenic in the area. Six wells
had detectable levels of arsenic, ranging from 3 to 50 ug/l.

Results

In general, the level of indicator parameters, nitrate as
nitrogen (NO3-N) and chloride (Cl), was low relative to drinking
water maximum contaminant levels (MCL) of 10 mg/l NO3-N and 250 mg/l
Cl. The naturally occurring background concentration of NO3-N
appears to be less than 1 mg/l, and in some parts of the study area
{(i.e., the southeastern study area) is less than 0.5 mg/l. Tables 1
through 5 summarize the sampling results for each quarter.

Data Analysis

Detailed analysis of the data is difficult because of the
limited number of data points available. Twenty-one monitor wells
have from one to three historical sample results available, but in
many cases, the historic data are subject to question because of
the methodology used. The historical chloride data is largely
unusable, because until recently chloride data were reported as
"less than 5 mg/l" or "less than 10 mg/l." Because the background
chloride concentration is roughly 2.5 mg/l, all the data look the
same. Therefore, only NO3;-N data were analyzed for possible water
quality trends. Table 6 summarizes historic NO3-N data for the
monitor wells. Water quality trends in the wells are discussed in
the individual wells' results section.

A statistical analysis was performed to determine any overall
water quality trends in the aguifers. The analysis was performed
separately for those wells in the shallow aquifer (Hydrostrati-
graphic Layer A) and those wells in the deep aquifer (Hydrostrati-
graphic Layer C), Table 7 summarizes the overall mean nitrate
and chloride values for the monitor wells. As indicated by the
variance, the range of values for chloride in the shallow aquifer
was significant. The mean chloride concentration of 12.09 mg/l in
the shallow aquifer is skewed by the high chloride concentration in
Wwell 1, which is a well known to be contaminated. Excluding this
value, the mean year-round chloride concentration in the shallow
aquifer is 8.105 mg/l. The wells drawing from the deep aquifer
showed a mean year-round chloride concentration of 5.18 mg/l. The
range of chloride values in the deep aquifer, from 2.9 to 7.9 mg/1,
showed less variance than the upper aquifer, where mean chloride
concentrations varied from 2.1 to 13.9 mg/1 (excluding Well 1). The
overall trend of chloride concentrations seems higher in the shallow
aquifer, but because of the limited data, it is not statistically
reliable.



Table 1. Results, Clover/Chambers Creek Monitor Wells,
January-February, 1984 (First Quarter)

Coliform,
Monitor | DMS friority MPN, Temper- Condue- Static
wall ref. pollutant, | Nitrate, | Chloride) TDS,] organism/ | ature, tivity, water
no. no. Owner ag/1 wg/l g/l w5/l 100 =2 dagress F{ uwrhos pH level
1 255 City of Tacoma 9=A TCE: 4 2.5 21 190 0 53 £ L) 6.3 0.8
2 257 City of Tacoma 5-A -— 3.3 a 160 0 53 220 6.1 44.2
k| 389 Charles Wright - 0.1t 4 106 TNTC 51 3 6.2 61.7
4 29 Boise Cascade — <0.1 7.8 170 ] MAT HA 157 Y -—
1 35 | Western Btate
Hospital - 2.8 & 150 [+] 54 197 6.2 154.1
[} 59 Lakewood J-1 — 3.0 11t 166 0 52 230 6.2 —
7 10 Lakewood L=2 - 4.4 9.5 196 [/} 51 290 6.1 —_—
8 a7e McChord —_— <.t 3 99 [} s1 141 5.1 98.1
9 67 Lakawood D=2 —_ 0.%59 3 110 0 S0 125 6.1 —
10 & | Parkland & — 3.2 9 120 ] 53 172 5.9 | t14.0
11 64 Lakewood G-1 -— 0.63 6.5 131 L] 50 185 6.2 2B.2
12 kt:ji] McChord TCE: 1t 0.7% 4 110 0 53 162 6.3 42.0
13 383 MeChord - 0.1 3 140 +] 49 T4 6.2 -
14 496 Parkland 12 -— 1.6 5 116 o 50 135 5.7 60.2
15 €03 Woodbrook Terrace -— 3.5 7 160 ] 49 220 6.3 29.48
1% 327 Spanaway W.C. -— 0.7 4 120 [} 51 122 6.5 120.1
17 500 Tort lawis — ¢.32 3 110 0 51 a9 6.3 109.0
1e 386 Fort Lewis - 0.63 2 118 0 52 120 6.7 40.1
19 475 Dillinger -— 0.1 1.5 96 ™™NTC 48 120 6.2 66.1
20 451 Dubin - <0.1 1 111 1] 51 144 6.8 92.9
21 479 Crouse -— 2,3 4 103 -— 50 145 5.9 £3.5
22 622 Kindell - 0.92 2.5 127 ] 59 173 5.8 99.9
22 329 Spanaway #3 -— 2.6 5 190 1 52 137 5.8 28.9
24 298 Sager -— <0.1 3 157 a 51 198 5.7 —
25 623 Trevino - 3.7 5 109 1] S0 164 5.6 26.0
26 39 PLU=-Parkland #7 -_— 2.4 9 90 3 52 134 S.8 -—
27 66 Lakewood W.D. A-2 an 0.45 2 93 ) 51 122 5.8 94.7
28 m e —
29 43 Pircrast #7 - 3.1 7 152 0 54 220 ——
30 73 Lakewood (=2 - 1.7 4 124 0 50 200 6.2 159.2
1 263 Belm -_— 3.8 n 133 0 51 210 S.8 §6.9
a2 213 city of Tacoma thloroe=-
=10 form: 13 0.42 3 45 ] 48 55 6.0 251.0
33 267 Lawrancs -— 0.73 2 89 o 48 135 6.3 145.7
34 489 Flett Dairy -— 7.8 11 245 1] S4 310 8.1 —_—
as 624 Ponce de Laon -— 2,3 3.5 108 19 53 127 5.2 1.52
Mean -— 1.79 5.65 137 n/a 51.4 171,85 6.1
Range 0-7.8 1.0-21 M5=-245 =19 48-59 $5-316 15.2-6.8
Means + S.D.
shallow aguifer 2.54 6.089 115 51 187 6.02 &5
+1.93 +4.98 e 1.7 65 (+0.36 | +41.6
Deep aquifer 0.93 a.15 148 52 153 6.16 9.6
40.75 +1.8% +90 +2.7 432 |+0.30 | +46.4
Fanges
Shallow aquifer 0.1 1.0 90 48 120 5.2 1.52
-7.8 ~21.0 =245 =53 =310 =£.8 [145%.7
Deep aquifer 0.1 3.0 93 50 120 5.7 2B.2
-2.8 -7.8 -427 =59 =200 =-6.7 [F154.2

*HA = NHot available.



Table 2. Results, Clover/Chambers Creek Monitor Wells,
March-April, 1984 (Second Quarter)

-‘ - -t’

3
H

Celiform,
Monitor | DMS Priority MPY, Tempar- Conduc=
well ref. polliutant, { Ritrate, | Chloride,!| TDS, | orqanism/| ature, tivity, Arsenic,
no. no. Owner ug/1 mg/1 g/l my/1 100 ml |degrees F| umhos pi o/t
t 258 City of Tacoma 9-A - 2.6 13 m3 L] 53 110 — 0.004
2 257 City of Tacama 5=-A -— 3.2 1.5 147 o 5 240 -— 0.003
E| 38% | Charles Wright -— =F~==-+1 = Unavailable for sampling = = = |- = - - -
4 29 Boise Cascade - 0.10 6.3 152 0 %2 193 7.6 -—
5 35 Western Stats
Bogpital - 2.3 B 45 o 54 240 et <0.01
6 59 Laxewood J-1 - 2.9 13 150 ] 54 255 6.9 <0.m
7 70 Lakewood L-2 - 4.5 13 189 ] 55 20 6.8 0.0
8 39 McChord - <0.1 3.0 114 0 52 142 7.5 €0.001
9 67 Lakewood D=2 - 0.53 5 100 1] 54 126 7.2 -—
10 6 Parkland 5 -— 2.9 1 120 "] 52 178 6.5 <D.0Y
1" 64 Lakewood G=1 — 0.59 9 110 Q 54 192 7.0 -
12 3ao McChord TCE: 2 0.57 4.0 138 ] 54 164 7.3 <0.001t
13 3\ MeChord b <0.1 3.0 128 0 51 155 7.3 -—
14 496 Parkland 12 -— 1.5 6 100 o 50 142 6.8 <0.9%
15 603 icodbrook Terrace -— 3.5 7.5 147 1] s3 230 6.6 <0.001
16 327 Spanaway W.C. - 6.32 € o0 0 54 134 T3 <0.01
17 500 Fort Lewis — 0.37 2.8 97 4] 52 137 7.2 bt
18 386 Fort Lawis - Q.1 2.0 68 [+] 83 118 7.4 <0.001
19 475 Dillinger -— <0.1 4 8 50 125 7.4 _
20 451 | pubis - <0.1 4 90 L] 51 157 7.4 -
21 479 Crouse -— 2.2 a 92 [+] 51 157 7.0 <0.01
22 622 Kindell — .85 6 94 TNTC 50 178 7.2
23 329 Spanawvay #3 -_— 2.4 8 77 0 52 137 6.4 <0.01
24 298 Sager - <D.1 6 124 55 s1 200 7.5 -
2% 623 Travino -— 3.6 -] 100 0 S0 164 7-0 <0.02
26 319 | PLU=--Parkland #7 -_ 2.0 12 79 1 49 141 6.4 ¢.05
27 68 Lakewood W.D. A-2 -_— 0.43 5 a5 0 55 127 1.2 -
28 18 | ™C 0.1 4 110 0 50 160 7.4 <0.01
29 41 Fircrest #7 — 2.6 5.2 133 0 - 225 7.2 <0.001
3¢ el Lakewcod D=2 -— 1.4 7 13 4] 55 197 7.1 -
kA 263 Helm — .8 14 a 0 54 250 6.7 <0.01
32a 213 | city of Tacoma bl 0.16 2.2 37 L] -— 46 —_— 0.004
32b v-19 b <0.10 2.5 63 ] -— 92 5.9 <0.001
kk} 267 Lavwrance - 0.37 5 81 4] 52 137 7.2 -
34 489 Flett Dairy — Ted 17 240 L] 56 410 6.7 -
35 624 Ponce de Leon - 1.8 - 84 11 52 125 6.2 .03
Means + S.D.
thallow aquifer 2.39 8.87 120 52 204 65.90
+1.88 +4.07 +46 +1.8 +80 +0.41
Deep aguifer 0.70 5.46 108 53 162 7.22
+0.66 +1.97 +23 +1.9 +36 +0.20
Rangss
Shallow aquifer 0.1 3.0 ” 49 125 6.2
=7.4 =-17.0 ~240 =56 410 =7.5
Deep aquifer <0.1 4.0 68 5¢ 118 6.8
=2.3 -3.0 =152 =55 =240 -7.6
*ICE: 4+
Trans-1,2-dichlerpethylene: 2
* 1,2-dichloropropane ; 1
1,1.,2.2=tetrachleoroethans: 3
*sChloroform: 14
**+pichloramethane: 8
Trichloroflusromsthane: L

32a sample represents City of Tacoma main water
32h spample represents aquifer at U=10



Table 3.

August-September, 1984

Results, Clover/Chambers Creek Monitor Wells,

Coliform,

Monitor| DMS MPN, Temper=- Conduc= Static
well reaf, Nitratwe, | Chloride.| TDS., |organism/| ature, tivity, weter
no. no. Owner og/l mg/l ag/1 | %00 ol |degress F| oohos pH level
1 255 City of Tacoma 9-A 3.0 156 480 ] 55 780 6.7 64.1
2 257 City of Tacoma 5-A 2.5 5 110 1] S 220 6.9 98.p*
3 389 | charles wright - 67.4
4 25 Boise Cascade Q.10 7 120 - 53 197 7.6 -

5 35 | Western State
Hospital 1811
& 59 Lakewood J=1 3.3 9 120 ¢ 54 240 6.9 115.9*
7 70 lakewood L-2 4.3 9 160 1] 54 290 6.8 -
-] 79 McChord <010 3 as 0 S2 142 7.5 101.6
9 &7 Lakewood D-2 0.50 2 75 - 53 123 7.8 125.7
10 ) Parkland 5 3.0 8 11.7 o 52.5 172 6.5 2.5
1 64 Lakewood G=1 0.64 6 91 1] 54 183 7.0 BO.C®
12 ki-1i] McChord 0.63 3 103 0 54.% 160 T.2 7z.0*
3 18 MeChord <. 10 2 92 a 51.5 142 7.4 50.0
14 498 Parkland 12 1.4 3 99 a8 - 199 T.% 88.0
15 603 Woodbrook Terrace 3.4 U 1290 - 54 220 €.7 6.5
16 327 Spanawvay W.C. 0.5% 4 110 [+] 54 139 7.2 -
17 L1 ] Tort Lawis 0.8 2 94 - 53 138 7.4 11,0
18 386 Fort lawis <0.1 <1 95 ] 54 113 7.5 44.8
19 475 pillinger 0.1 1 75 TNIC 55 117 7.5 67.13
20 451 Dubis 0.1 1 98 [+] - - - 94.2
21 479 Crouse 2.5 4 120 150 53 147 6.9 53.4
22 622 ¥indell 29 4 1800 0 50 164 7.1 96 .9+
23 A2% | Spanaway #3 2.7 4 110 < 51 137 6.2 33.9
24 298 Sager <0.1 4 100 ] 51 187 7.6 132.6"
25 623 Trevino 3.8 4 90 ] Lh ) 158 5.9 28.6
26 39 PLU-=Parkland &7 2.3 10 7 ] 54 181 6.3 11.8*
27 66 Lakewood W.D. A=2 C.41 1 76 0 x| 122 7.2 121.5
23 70 e <0.1 <1 -] Q 50 152 7.2 -
29 43 Fircrest #7 3.2 5 150 0 53 250 7.2 153.8
30 73 lakewood O=2 0.95 3 9t b 55 1B2 7.2 161.0
kA 261 Helm 4.2 1 130 TNTC L} 230 6.8 70,7
az 213 City of Tacoma
u=1¢ <.0.1 1 n o 52 132 6.8 243
1 267 Lawrence 0.82 2 52 ] 52 137 T1 148.2
34 489 Flett Dairy 6.3 12 210 o 54 340 6.7 -
as 624 Pance de Laon 1.5 5 93 &0 sS4 127 6.3 t.73
Means + S.D.
Shallow aguifer 2.48 14.17 127 53.3 225 6.B6 77.0
+1.74 +35.6 +98 +1.6 +156 +0.42 | +47.5
Deep aquifer 2.89 31.08 236 53.0 156 7.29 109.4
+68.23 +1.93 +493 +1.6 30 +0.23 | +42.0
Ranges
Shallow aquifer <0.1 1.0 1.7 51 117 6.2 1.73
-5.3 -156 -480 -57 -780 =7.6 {=132.6
Deep agquifer <0.1 <1.0 68 50 113 7.0 4.8
=29.0 =7. =1g00 =55 =199 -7.8 | -181.1

*Pumped water levsl
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Table 4. Results, Clover/Chambers Creek Monitor Wells,
October, 1984
Coliform,
Monitor | DMS MPY, Temper- Conduc- Static
well raf. Nitrate, | Chloride,| TDS, | organism/| ature, tivity, wter
no. no. Owner Bg/L =g/l mg/l| 100 m} [degreas F | umhoa pH level
1 25% City of Tacoma 9=A 2.2 186 503 - 54 870 6.7 61.5
2 257 Ccity of Tacoma 3=A 1.0 16 1446 - 53 240 6.7 4.3
3 189 | Charles Wright - 64.0
4 29 Boise Cascade <0.1 10 137 - 52 220 7.5
5 35 Western State
Hospital 2.1 8.9 126 - 54 21% 6.8 21€.7"
6 59 Lakewood J=1 2.8 22 148 - 52.5 230 6.9 116.3%
7 70 Lakewood L=2 4.7 16 179 - 53 iz 6.7
8 379 | MeCherd .1 4.0 93 - 52 152 7.6 102.3
9 67 Lakewood D=2 0.49 6.0 90 - 52.5% 122 7.2 133.0"
10 [ Parkland 5 2.9 " 13 - 52 200 6.6 123.4
n &4 Lakewood G=1 an.o
12 380 McChord 0.76 6.0 111 - 55 177 ?.2 45
13 3Bl MmeChord €0.1 5.0 100 - 52 167 7.3 30
14 496 Parkland 12 1.6 4 95 - 50 143 6.8 72.8
15 603 Woodbraok Terrace 3.1 20 138 - £3 230 6.6 32.5
16 327 | Spanaway w.C. 0.86 6.0 98 - 52 140 7.0
17 500 Fort lawis 0.19 7.0 83 - 51 146 7.4 112
18 113 Fort Lawis €0.1 5.0 93 - 53 124 7.4 41.3
19 475 Dillinger <0.10 8.0 77 - 50 124 7.4 59.9
20 451 Dubis <0.10 10 aB - 51 153 T4 95.0
21 479 Crousa 2.4 4 95 - S1 153 7.0 57.0
22 622 Kindell 0.81 6.0 102 - 49 170 7.2 102.0
3 329 Spanaway #3 2.4 8.0 89 - 51 154 6.5 38.9*
24 248 Bager <0.10 10 " - 51 194 113.7 7.5
25 €23 | Trevino 1.5 20 99 - 51 167 7.0 31.0
26 39 PLU—Parkland #7 2.5 16 100 - 54 167 6.4 12.2*
27 66 Lakewood W.D. A=2 0.43 12 88 - 52 124 109.0*
28 78 TC <0.1 5.0 98 - 4B 167 7.5 -
29 41 Fircrast 47 0.1 7.2 153.8
30 73 Lakewood O=2 1.5 0 103 - s2 194 7.0 161.0
31 263 Helm 3.5 0 139 - 4 235 6.7 70.7
32 213 City of Tacoma
TU=10 - 54 S0 243
a3 267 | lLawrence 0.7% 6.0 as - 50 148.2
34 489 Flett Dairy 8.0 26 222 - 54 400 28.3
a5 624 Fonce de Leson 1.6 8.0 65 - 56 144 1.82
Means *+ S.D.
Shallow aquifer 2.27 23.4 138 52.3 243 €.90 6§7.7
*+2.02 +42.3 +102 +1.7 +182 +0.37 | vd8.4
Deep aquifer 0.7% 12.3 w2 51.7 162 7.18 101.4
+0.66 +18.7 |+15.8 +1.9 134 40,26 | +5B.4
Ranges
Ehallow aquifer <0.1 4.0 &5 50 124 Ged 1.82
.0 =186 =503 -56 =870 =7.6 |=153.8
Deep aquifer <0.1 5.0 a3 48 122 6.8 41.3
-2. =74 =137 =55 =220 «7.5 |=216.7

*pumped water Level



Table 5. Results, Clover/Chambers Creek Monitor Wells,
January, 1985
teliform,
Monitor [ DMS PN, Tempar- Conduc- Static
well ref. Nitrate, | Chloride,| TDS, | organism/| ature. tivity, water
no. no. Owner mg/1 o9/l g/l | 100 nl |degress ¥ | mhos pH level
1 255 City of Taccoma 9-A 2.63 T4 3 - 53 510 6.7 60.8
2 257 city of Tacoma 5-A 3.06 8.8 144 - 53 240 6.7 Frm
k] 389 Charles wWright 61.7
4 29 Soise Cascade <0.10 8.5 149 - 52 218 2.6
5 35 Western State
Hospital 2.19 6.0 134 - £3 22% 6.9 154.2
6 59 Lakewood J-1 2.63 Al 150 - 53 230 6.9
7 70 Lakewcod L-2
a 379 McChord <0.10 4.0 62 - 51.5 138 7.7 98.3
9 67 Lakewood D=2 0.48 6.3 104 - 52.5% 117 7.3
10 [} Parkland 5 3.28 19 193 - 52 195 6.9 114.0
" 64 Lakewood G=1 2e.2
12 3sg Mechord 0.70 5.5 86 - 55 169 7.4 42
13 383 McChord <010 2.1 68 - 49.5 153 7.2
14 496 Parkland 12 1.51 .0 17 - 49.5 143 6.9 68.2
15 (k] woodbrook Tarrace .06 9.0 13e - 52 228 5.8 29.8
1% 327 Spanaway w.C. .59 3.0 14 - 49 125 7.0 120.1
17 500 | Fort Lawis 109
18 ige Fort Lewis <0.10 1.3 107 - 52 122 7.9 40.1
19 475 pillinger <0.10 2.5 9t - 47 120 7.6 92.9
20 451 Dubis «<0.10 3.0 108 - S50 147 7.6 92.9
1 479 | Crouse 2.19 6.0 109 - 49 147 7.0 £3.5
22 622 Kindell 0.79 23 125 - 48 163 7.2 99.9
23 329 | Spanaway #3 28.9
24 298 Sager <G.10 5.0 130 - L3 ] 158 7.0 26.0
25 623 Trevino 3.50 5.5 120 - 51 158 7.0 26.0
26 kL PLU-—Parkland A7 2.63 9.0 110 - 52 157 6.4
27 &€ lakeawood W.D. A-2 0.48 7.7 240 - k] 120 T.2 94,7
28 78 fyaind <0.10 1.5 130 - 49 154 7.4
29 43 Fircrest #7
k14 73 Lakewood O=2 1.75 4.5 940 - 53 190 7.0 159.2
n 263 Helm 3.28 10 152 - 54 230 6.7 66.9
2 213 City of Tacoma
o-10 <0.10 2.0 9% - 5t 129 7.0 241
31 267 Lawrance 0.79 2.5 100 - 49 135 7.2 145.7
34 489 Flett Dairy 372 9.5 190 - 53 280 6.9
a5 624 Ponce de Laon 1.62 2.0 96 - 54.5 124 6.1 1.82
Means + S.D.
Shallow aquifer 1.98 11.5 137 1.5 199 7.03 65.4
+1.38 *17.9 0 *2.0 +98 *0.48 +41.6
Ceep aquifar 0.80 5.0 191 5t.4 158 7.25 91.6
+0.71 42,23 +240 +2.2 +38 +0.21 $46.
Ranges
Shallow aquifer <G.1 2.0 62 47 120 6.1 1.52
=-3.72 =74 ~-312 -54.5 =510 =7.8 -145.7
Deep aquifer <0.1 5.0 74 48 17 6.9 £0.1
=2.19 8.5 =540 -55 =225 -7.6 -159.2




Table 6. Historic NQO3 as N Concentrations, Clover/Chambers
Creek Monitor Wells, mg/l
Monitor | DMS 1980 1981 T 1984
well ref.
no. no. Osmer Jan Mar July Dec Jan Feb July Jan-Feb
1 255 City of Tacoma S-A 2.60 2.5
2 357 City of Tacoma 5-A 2.10 3.00 3.30
3 389 Charles Wright »30 .20 «10
4 29 Boise Cascade 20 «20 20 A0
5 35 | Western State 2.20 2.40 2.8B0
Hospital
6 59 Lakeawood J=-1 3.0 90 3.00 2.0 3.10 3.00
7 70 Lakewood L-2 «20 W20 .20 : 4.40
8 37r9 McChord .20 .20 «10
9 67 Lakewood D=2 .70 .20 +20 39
10 6 Parkland 5 3.20
11 64 Lakewood G-1 +63
12 380 MeChord «80 50 .75
13 383 | McChord .20 .20 10
14 496 Parkland 12 .402 «20 .20 « 20 1.60
15 603 Woodbrook Terrace 3.20 2.90 3.50
16 327 | Spanaway W.C. .9 | .90/.20P .70
17 500 Fort Lewis -20/.80 «20 .32
18 386 Fort Lewis +20 20 63
19 475 pillinger .10
20 451 Dubis .10
21 479 Crouse 2.3
22 622 Kindell 92
23 329 Spanaway #3 2.6 2.6 2.60
24 298 Sager 10
25 623 Trevino 3.70
26 39 | PLU—Parkland &7 2.40
27 66 Lakewcod W.D. A-2 « 16 40 +40 45
28 78 e
29 43 Fircrest #7 2.90 3.10
30 73 Lakewood O=2 1.70
1n 263 Helm 3.80
32 213 City of Tacoma
u=-10 a2
33 267 Lawrence 40 «40 .73
34 489 Flett Dairy 3.10 7.80
s 624 Ponce de Leon 2.30
aSil.l!!plm.i in January 1976.
bs;mples showing two numbers were sampled twice in that month.
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Table 7, Mean Nitrate and Chloride Concentrations
in Monitor Vells

- mean values -

Aquifer Well # - mg/L -

Type Chloride Nitrate-N
A 1 0.0 2. 59
A & 1iZ.Z2 2.9=
A 7 11.%9 4.48
A B Z.4 0.1G
A 10 11.4 .06
(s} 15 10,1 2.31
A 129 Z.4 0,10
A 20 S.B G. 10
A 21 ey .32
A 27 . 2,57
A 24 S.b 0,10
A 25 2.5 Z.&2
A 2 11.2 2.3%
A 2 5.7 2.97
A | 1.2 TL72
A I3 T.7 0, 6%
A >4 12.9 6. &4
A 35 5.3 1.7¢&
A-E =2 2.1 0. 20
~—C 2 F.1 TL. 03
B 2 N.&G.

a-Cc~ 1= A 0.10
c 4 7.9 0. 10
o) = 7.0 2.2%
c 9 4.5 0,S2
g 11 7.2 Q.62
C 12 4.% 0.&9
C 14 &.8 1,322
C 16 4.6 Q.61
cC 17 T.7 0. 2%
C 2z 4.1 1.25
Cc 27 5.5 0.44
Cc 28 2.9 0.10
c IQ b.0 1.29
E 18 2.7 0.21
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Nitrate-nitrogen (NO3-N) concentrations in the shallow and
deep aquifer are illustrated in Table 8. Values ranged widely in
both aquifers. 1In the shallow aquifer, mean NO3-N concentrations
ranged from 0.10 mg/l (essentially the lower detection limit) to
6.64 mg/l, with a mean of 1.84 mg/l. Ten of eighteen wells in the
shallow aquifer were measured with mean NO3~N concentrations
greater than 2.5 mg/l, compared with no deep aquifer wells with
mean NO3-N concentrations greater than 2.5 mg/l. The overall
mean NO3-N concentration for 13 deep aquifer wells was 0.78 mg/l.
Mean NO3-N concentrations in the deep aquifer ranged from 0.10 to
2.35 mg/l.

Table 8. Mean Nitrate and Chloride Concentrations,
Shallow and Deep Aquifers

Shallow Aquifer A-C wells not used

—————————————————— in calculation

CHLORIDE

Mean = 12,0982 Deep Agquifer

n (#)= i mmemmeemmm e

Variance=I70.&6574 CHLORIDE

S.Dev.= 19.231% Mean = . 1E17

- n (#)= 1=

NITRATE-N Variance= cS.8708

Mean = 1.8447 S.Dev.= 1.6943

n (#)= 18

Variance= I,2120 NITRATE~N

S.Dev.= 1.7522 Mean = G.77S7
n (#)= 1=
Variance= (.44%54
S.Dev.= 0.6674
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Seasonal Variations

It is very difficult to identify seasonal trends with only five
sampling dates. The conclusions drawn from this limited data are
crude; however, some trends were seen in the 1984-1985 sampling
period.

Figures 2 and 3 illustrate mean nitrate concentration by
sampling quarter in the shallow and deep aquifers, respectively.
As shown in the figures, there is little seasonal variability in the
nitrate concentration in the shallow agquifer, but the deep aquifer
showed a fluctuation of almost 1.5 mg/l in the mean nitrate concen-
tration during the summer. The reasons for this phenomenon are not
clear. Reduced dilution as a result of increased consumption and
decreased recharge is one possible cause, possibly in conjunction
with increased fertilizer application and irrigation of lawns and
gardens, Additional monitoring is necessary to determine the cause
of this phenomemon.

Chloride concentrations measured in both shallow and deep
aquifer wells fluctuated seasonally, as illustrated in Figures 4
and 5. Mean chloride concentrations increased significantly in
both aquifers during the fourth sampling quarter (i.e., October).

The mean concentration of chloride in the shallew aquifer was
lowest in the winter (first quarter) at 6.9 mg/l, increased to
8.9 mg/l in the spring, 14.2 mg/l in the summer, and 23.4 mg/1l in
the fall, dropping to 11.5 mg/l in the winter of 1984. The deep
aquifer mean chloride concentration was relatively stable (i.e.,
between 2.0 and 5.5 mg/l) for all four quarters except the fall,
when the mean concentration rose to 12.3 mg/l. The cause for the
chloride concentration increase in the fall is not fully understood,
and will require additional monitoring. It may be a natural pheno-
menon, relating to the aquifer's geochemistry. There appears to be
no correlation between the behavior of nitrate and chloride in the
aquifer, as has historically been the case in other groundwater
studies.

Results of Monitoring in Individual Wells

The following is a discussion of each monitor well in relation
to potential water degradation and historic trends. Figures showing
the results of water quality monitoring to date accompany selected
wells; i.e., wells with obvious trends or particularly illustrative
results.
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Monitor Well #1, City of Tacoma Well 9-A. The driller's log for
this well shows no completion details, therefore the elevation of
the screen is not known., Presumably the well penetrates an aquifer
in Layer A and has no extensive surface protection. Nitrate-
nitrogen concentrations varied from 2.2 to 3.0 mg/l, with a mean
of 2.6 mg/l, This concentration indicates an elevation over the
background nitrate concentration, but does not represent significant
contamination. The measured NO3~N concentration in the well was
1.5 mg/l in December 1980, rising to 2.6 mg/l in January 1981 and
2.5 mg/l in 1984. The 1.0 mg/l concentration increase occurred
between December 1980 and January 198l1. Data prior to December 1980
are not available.

The mean chloride concentration in Well #1 (90 mg/l) was the
highest of the five monitor wells. The chloride concentration in
this well was 90 mg/1 in December 1980, 75 mg/l in January 1981, and
as high as 186 mg/l in 1984, indicating that the well may have been
contaminated for several years, The high chloride level in Well #1
has also been noted in other wells throughout what is locally called
"Nalley Valley.™ There is a reasonable possibility that industrial
brine has been released above the aquifer.

This well is in an area with known contamination by volatile
organics. The first quarter priority pollutant scan showed a
trichlorcethylene concentration of 4 ug/l. fTrichloroethylene is
a clear, colorless liquid, used mainly as a degreaser/solvent, and
its presence indicates contamination by surface activities. The
proposed EPA criteria for protection of human health is a concen-
tration of zero maximum in drinking water. The concentration of
trichloroethylene estimated to result in one additional lifetime
cancer case in a population of 1,000,000 is 2.1 ug/l.

Well #1 was sampled for purgeable priority pollutants in the
second sampling quarter, during which time the following compounds
were found:

Trichlorocethylene: 4 ug/1
Trans,l-2-dichloroethylene: 2 ug/1
l,2-dichloropropane; 1 ug/1

1,1,2,2-tetrachloroethane:

Federal drinking water standards have not been adopted for most
of these parameters. The EPA published drinking water standards as
recommended maximum contaminant levels (RCMLs) in the June 12, 1984
Federal Register. RCMLs are "non-enforceable health goals which
would result in no known or anticipated adverse health effects with
an adequate margin of safety." The proposed RCML for trichloro-
ethylene is zero; the remaining three compounds discovered in
Well #1 have no proposed RCMLs at this time. Risk levels for
these pollutants have been determined based on studies with animals.
These risk levels are established by EPA cancer researchers to indi-
cate the concentration that is anticipated to cause one additional
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case of cancer for every 100,000 persons exposed, The 10-5 cancer
risk level for trichloroethylene is 27 ug/l; trans,l,2-dichloro-
ethylene is 2 ug/l; 1,2-dichloropropane is 87.9 ug/l; and 1,1,2,2-
tetrachloroethane is 1.7 ug/l. Arsenic was detected in this well at
a concentration of 4 ug/l. The EPA-determined health risk level for
arsenic of one cancer case per 100,000 persons is 0.02 ug/l.

This well is located in a highly industrialized and commercial
area with a high concentration of subsurface stormwater disposal
facilities,

Monitor Well #2: City of Tacoma Well 5-A., The mean nitrate
concentration for the 1984-1985 monitoring period was 3.03 mg/l,
ranging from 2.5 to 3.3 mg/l. This level is comparable to the
single historic value for the well, which was 2.6 mg/l in December
1980. The nitrate concentration in Well #2 is roughly 2.5 mg/l
higher than the background concentration. The mean chloride con-
centration for the 1984-1985 period was 9.06 mg/l, indicating a
slight deterioration of water quality when compared with the
background chloride concentration.

Figure 6 summarizes existing monitoring information for Well #2.
Priority pollutants were not detected in this well. Arsenic was
detected at a concentration of 3 ug/l.

This well is perforated through several horizons, the
uppermost 65 feet below ground. Deeper zones may be exposed to
aquifer Layer C and the shallowest zone is definitely in Layer A.
The shallower zones open to the well are unprotected. The
surrounding land use is high-density residential utilization,
with some commercial facilities.

Monitor Well #3: Charles Wright Academy. Nitrate concentrations
in this well are consistent with the background level, and chloride
concentrations are similarly low. The total coliform counts in this
well have exceeded standards on each sampling occasion and have
increased since 1981. The 1980 and 1981 coliform counts were
16 organisms per 100 ml, which increased to "Toco Numercus to Count™
on two occasions in 1984. The resampling of this site in 1984 by
TPCHD duplicated this finding. The low concentrations of nitrate,
chloride, and total dissolved solids do not indicate the presence
of sewage or septic tank effluent.

This well is locally designated as the 0ld Farm Well and has
open bottom construction which probably ends in Layer B. There
would be moderate surface protection expected at this site. The
coliform concentration may be somehow related to current extensive
dewatering works for a sewer tunnel which is under construction. It
is more probable, however, that the high coliform count is related
to a direct contamination at the well casing. The well is located
in a relatively low-density area, predominantly residential, with
the upgradient area increasing in density.



Figure 6 Monitoring Results, City of Tacoma 5-A
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Monitor Well #4: Boise Cascade. The mean nitrate concentration
in this well is 0.1 mg/l, which is essentially the detection limit.
The mean chloride concentration, however, was 7.9 mg/l for the
five-quarter sampling period, which is relatively high compared to
the other deep aquifer wells.

This is an exceptionally deep well which is exposed only to
aquifers below Layer F. The somewhat elevated chloride is probably
not indicative of quality degradation, but is more likely a result
of the natural geochemistry. Several very deep wells in the region
have been noted to have chloride in the range of 10 or more parts
per million.

Monitor Well #5: Western State Hospital, Nitrate concen-
trations at this well have remalned roughly stable since 1980:
2.2 mg/l in December 1980, 2.4 mg/l in January 1981, and a mean
concentration of 2.35 mg/l in 1984, The mean chloride concentration
was 7.0 mg/l in the 1984/1985 sampling program, indicating slight
elevation over background conditions. Conductivity was higher than
the mean for this sampling period.

The well is screened against an aquifer in Layer C which in this
area is overlain by a considerable thickness of clay. As such, the
aquifer should be highly protected. The presence of nitrate in the
range of 2.0 to 2.8 mg/l is evidence that slight to moderate degra-
dation appears to have occurred in Layer C.

The tributary area is largely high-density residential and
commercial utilization,

Monitor Well #6: Lakewood Well J-1. Measured nitrate concen-
trations in this well have fluctuated between roughly 1.0 mg/l and
3.0 mg/1l since monitoring was first conducted in 1980. The mean
nitrate concentration in the 1984-1985 program was 2.9 mg/l, indi-
cating a slight elevation over background concentrations. The mean
chloride concentration in that same period was 13.2 mg/l, which is
roughly 10 mg/1 higher than the background level, and indicates
moderate degradation. This well is completed in the shallow aquifer
with no appreciable surface protection, and the elevated nitrate
and chloride levels are not unexpected. Figure 7 illustrates the
available water guality data for Well #6.

Monitor Well #7: Lakewocod Water District L-2. The measured
concentration of nitrate in this well increased by nearly 4 mg/l
between 1981 and 1984. Figure 8 illustrates the quality trends in
the well water. The mean nitrate value for the 1984-1985 program
was 4.5 mg/l, which is roughly 4 mg/l higher than the level con-
sidered background for the basin. The chloride concentration is
similarly elevated, with a mean of 11.9 mg/l. The mean total
dissolved solids concentration in this well was 176 mg/l, which
exceeds the mean in the shallow aquifer by 60 mg/l., Conductivity
in this well was also relatively high compared to other shallow
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aquifer wells. No standards are being exceeded, and there is no
evidence of priority pollutant contamination, but this well exhibits
signs of moderate water quality degradation.

Well 47 is located on top of Hemlock Hill and penetrates a
considerable thickness of Vashon Till which offers extensive surface
protection. However, the well is completed in Layer A which else-
where has a much lesser degree of surface protection. Accordingly,
the relatively elevated nitrate and chloride may be extensive
through this part of the agquifer and is not dependent on a direct
contamination source. The contributing area includes high density
residential and commercial utilization, and, until completion of
ULID 73-1, was unsewered. The area is also heavily dependent upon
subsurface stormwater disposal.

Monitor Well #8: McChord Air Force Base Well 832. All
parameters measured were low in concentration, and were consistently
below mean values for other wells in the shallow aguifer. Records
indicate that this well is completed in Layer A. Contaminant
indicators were expected; none were noted.

Monitor Well #9: Lakewood Water District D-2. Nitrate as N
concentrations have fluctuated slightly since 1980; NO3-N decreased
from 0.7 mg/1 in 1980 to 0.2 mg/l in 1981, and to a mean of 0.52 mg/l
in the 1984/1985 sampling period. Chloride concentrations have not
appreciably changed since the 1980 sampling, and appear to be near
the background level, with a mean of 4.5 mg/l. Total dissolved
solids and conductivity are similarly low.

This well is completed in Layer E and has extensive surface
protection at three underlying zones. Surrounding land use is low~
and high-density residential. As would be expected, contaminant
indicators are minor to not present.

Monitor Well #10: Parkland Water District #5. This well had
not been monitored prior to the Clover/Chambers Creek Study. The
mean NOa=N concentration was 3.1 mg/l, and the mean chloride con-
centration was 11.4 mg/l. Total dissolved solids and conductivity
are typical for background levels. Water guality appears to be
gslightly degraded in this well, based upcon the slightly elevated
nitrate and chloride concentrations, Figure 9 illustrates moni-
toring results in the well.

Well #10 is completed in Layer A and has no evidence of surface
protection. Upgradient of the well, land use is predominantly low-
to high-density residential, and was unsewered (including several
community septic systems) until completion of ULID 73-1. Numerous
subsurface stormwater recharge facilities are located upgradient of
the site, as well. A relatively elevated amount of nitrate and
chloride is not unexpected.
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Figure ¢ Monitoring Results, Well #10
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Monitor Well #11: Lakewood Water District G-1. This well was
first sampled as part of the Clover/Chambers Creek study; historical
data are not available. The mean nitrate concentration (0.62 mg/1l}
is only slightly elevated over the background level. Similarly,
the chloride concentration appears to be slightly greater than
background levels, with a mean concentration of 7.2 mg/1.

The slight elevation in chloride may be due to naturally-
occurring geochemical influences; however, without historical data
for comparison, this cannot be determined.

This well is completed in Layer C and has a distinct protective
layer above the aquifer. Upgradient land use includes residential
development and McChord Air Force Base.

Monitor Well #12: McChord Air Force Base Well 711,
Trichloroethylene (TCE) was discovered in this well at a concen-
tration of 1 ug/l in the first quarter and 2 ug/l in the second
quarter of sampling. Although these are minute concentrations, they
indicate that contamination by volatile organics has occurred in
this well at some point. Downhole sampling of the well, as opposed
to the pumped sampling conducted for this study, will give a better
representation of the organic contaminants in the well,

All other constituents monitored at Well #12 appear to be
relatively unchanged since 1980 and 198l. The measured NO3-N
concentration has declined since 1981, from 1.2 mg/l to a measured
mean of 0.7 mg/l in 1984/1985. The mean chloride concentration was
4.5 mg/l, which does not indicate agquifer degradation. All other
constituents measured in Well #12 are near or below the mean values
for the 35 monitor wells. :

This well is completed in Layer C and shows evidence of a
l10-foot protective layer above the aquifer. This well should
be watched for degradation, particularly because the protective
layering found in Layer B is thin or missing in the region. The
well is downgradient of an industrial/commercial area employing
numerous stormwater recharge facilities as well as two liquid spill
and disposal sites on McChord Air Force Base.

Monitor Well #13: McChord Air Force Base Well 5001. Mean
nitrate and chloride concentrations in this well are low, 0.1 mg/l
and 3.0 mg/l respectively, and do not indicate degradation when
compared with historical data. Total dissolved sclids and conduc-
tivity in Well #13 are considered to be within expected background
ranges,

This well penetrates several water-bearing zones, with the
shallowest open to Layer A. Below Layer A are several impermeable
layers which could serve as seals to deeper water-bearing zones.
Upgradient land use is forest, with a small amount of residential
development,
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Monitor Well #14: Rockland Light and Water District well 12.
The nitrate concentration monitored in this well in 1981 was
0.2 mg/l: the mean nitrate concentration in 1984 was 1.5 mg/l.
Nitrate concentrations varied little throughout the 1984-1985
sampling program, revealing a lack of seasonal variation. Based
on the limited historical data, nitrate concentrations appear
to be increasing. The mean chloride concentration, at 6.8 mg/l1,
is slightly higher than the background level. Water sampled in
Well #14 increased significantly in chloride concentration during
the fall, a trend that was experienced in both the deep and shallow
aquifer,

The slight increase in NO3-N concentration indicates a
potential trend in the well that should continue to be monitored.

The driller's log indicates this well to be completed in
Layer E but without benefit of protective layers above the aquifer.
Thus, it is in an area with a potential "window" which would allow
contaminants to leak downward to deeper zones. Surrounding land use
is residential, and the area is not sewered.

Well #15: Woodbrook Terrace. Nitrate concentrations measured
in Well #15 in 1980 and 1981 were 3.2 mg/l and 2.9 mg/l respectively,
and were at roughly the same level during the 1984/1985 monitoring
season, when the mean measured NO3-N concentration was 3.3 mg/l.
Chloride values ranged from 7 to 20 mg/l, with a mean of 10.1 mg/l.
These concentrations are above the background level, particularly
the nitrate concentrations. The well water appears to be slightly
degraded.

The well log for Well #15 is not available, but the total depth
is reported as 72 feet. Accordingly, the well would penetrate
Layer A and probably have no existing surface protection. The
presence of contamination indicators is not unexpected. The
upgradient land use is largely forest and open space, mainly within
the Fort Lewis military reservation. The area is sewered, except
for one community septic system (Fort Lewis-maintained) upgradient
of the well.

Well #16: Spanaway Water Companv. Nitrate concentrations in
samples taken from this well have been below 1 mg/l since monitoring
was first conducted in 1980, and chloride does not seem to have
varied greatly. The water appears to be free from degradation.

This well is completed in Layer C, but has no evidence of
extensive layers above the aquifer. The possibility of a con-
taminant "window" alsc occurs here, and despite the fact that no
contamination is evident at this time, the well should be monitored
in the future for potential degradation. Upgradient land use
includes unsewered residential areas, agriculture, and forest.
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Monitor wWell #17: Fort Lewis Well 13, Concentrations of all
constituents measured in 1984-1985 are low, with a mean measured
NO3-N concentration of 0.29 mg/l, and a mean chloride concentration
of 3.7 mg/l, A comparison with historical data does not indicate
water quality degradation in this well,

This well is probably completed in Layer C. Records show no
evidence for protective layers above the aquifer. However, there is
no evidence of contamination at this time. Upgradient land use is
open space and forest.

Monitor Well #18: Fort Lewis Well 8. The mean measured
chloride concentration was 2.6 mg/1 in Well #18 for the 1984-1985
sampling period, and the mean nitrate concentration was 0.2 mg/l.
All measured parameters in this well were roughly equivalent to
background levels.

This is a deep well completed in Layers E and F. Records show
extensive layering of surface protection above the aquifer. 1In this
area, and at this depth, the increase of nitrate or chloride would
not be expected. Surrounding land use is largely forest and open
space.

Monitor Well #19: Dillinger. Concentrations of all inorganic
constituents measured in this well water were low (mean NO3-N was
0.1 mg/l, mean chloride was 3.4 mg/l), but the total coliform count
was "Too Numerous to Count” (TNTC) on two sampling occasions. This
count may indicate a localized contamination source, because all
other parameters do not indicate contamination by sewage or other
pollutants. Subsequent samples will reveal more about the potential
source of contamination in this well. Unfortunately, this well has
never been sampled before, so a comparison with historical data is
not possible. Figure 10 illustrates the water quality data for
Well #19.

Well #19 is probably completed in Layer A, and has no extensive
protection. The well is located in a largely undeveloped area.
Upgradient land use is forest. There is no surface evidence for a
ready source of high bacterial contamination, but the well is in an
unprotected area and is not enclosed in a pump house,

Monitor Well #20: Dubis. All parameters measured in this
well, which was sampled for the first time in 1984/1985, were at
or near background concentrations. The mean nitrate concentration
was 0.1 mg/l, and the mean chloride concentration is 3.8 mg/l.

This well is completed in Layer A and has no evidence of surface
protection, but it is located in an area of low-density residential
utilization with no sanitary sewer service.

Monitor Well #21: Crouse. The measured mean nitrate concen-
tration i1n this well water is above what is considered to be the
natural background level at 2.3 mg/l. Historical data are not
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available for comparison, so we cannot define a trend at this time;
however, there was little seasonal variation during the 1984-1985S
sampling period. All other parameters are typical for the area.

This well is completed in Layer A and has no evidence of a
surface protective layer. The elevated nitrate content would not
be unexpected, considering the lack of surface protection. The
upgradient land use is low-density residential and agricultural;
the nitrate levels may be due at least in part to fertilizer
application.

Monitor Well #22: Kindell. Samples from this well, monitored
for the first time in February 1984, were low in mean measured
chloride, which was 4.1 mg/l. Measured nitrate concentrations were
low (less than 1 mg/l) in this well for all sampling periods except
August, when the NO3-N concentration was measured as 2.9 mg/l.

This substantial increase may be due to a number of factors, inclu-~
ding sampling error. The well is located in an area where the pre-
dominant land use is forest, with small agricultural areas. The
increased nitrate concentration may be due to increased fertiliza-
tion during the spring and summer, coupled with increased irrigation
and resulting percolation and reduced dilution in the agquifer.
Driller's logs indicate this well is completed in Layer C with

no evidence of protective layering above the aquifer.

Monitor Well #23: Spanaway Water Company #3. The measured
nitrate concentration in this well has been very stable, between
2.4 and 2.7 mg/l, on every sampling occasion since 1980 (a total
of 7 including 1984/1985 samples). The mean chloride concentration
in the 1984/1985 samples was 6.3 mg/l; the samples showed little
seasonal variability. Well #23 is a relatively shallow well,
completed in Layer A with no extensive surface protection. It is
located in a densely-developed area that has been unsewered for many
years. Farther upgradient, the land use is forest, The elevated
nitrate concentration is not unexpected.

Monitor Well #24: Sager. The mean nitrate concentration in
this well water was 0.1 mg/lI, and the mean chloride concentration
was 5.6 mg/l, indicating no evidence of contamination, Total
coliform counts of 8 MPN and 55 MPN were measured in this well in
the first and second sampling periods, respectively. This is likely
due to surface contamination rather than a result of septic tank
effluents. The well is completed in Layer A, and has no extensive
surface protection. Surrounding land use is low-density residential
utilization and open space. Figure 11 illustrates the water quality
trends measured in Well #24.

Monitor Well $25: Trevino. ©Nitrate concentrations measured
in the well water ranged from 3.5 to 3.8 mg/l, with a mean value of
3.6 mg/l. This concentration is roughly 3.0 mg/l higher than what
we consider the background level, and indicates potential contamina-
tion, The mean chloride, total dissolved solids, and conductivity
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concentrations, however, do not indicate contamination. The well
is completed in Layer A and has no evidence of surface protection
above the aquifer. Upgradient land use is largely agriculture
and low-density residential. 1In addition to a potential load
from fertilizer, the elevated nitrate concentration may be due

to "natural" loading from vegetation; i.e., alder trees are very
significant sources of nitrogen lcading to groundwater,

Monitor wWell #26: Parkland Light & Water Company #5. Mean
nitrate and chloride concentrations in samples from this well were
2.4 and 11.2 mg/l, respectively. Total coliform organisms were
detected in the well in the first and second sampling guarters.

No historic data are available, so we cannot identify any kind of
trend, Arsenic was detected in the well water at a concentration
of 50 ug/1.

This is one of the exceptionally shallow and exceptionally high
yield wells in the study area. The aquifer is presumed to be in the
uppermost part of Layer A, which is the Steilacoom gravel. Although
the nitrate content is elevated, this particular location is one
where it could be expected to be considerably higher. The water
company routinely chlorinates this water because of its shallow and
unprotected nature. The source of arsenic is not known. Upgradient
land use is low density residential and open space,

Monitor Well #27: Lakewood Water Department Well A-2. The
samples taken from this well showed consistently low concentrations
of all parameters, except for an elevation of the chloride concen-
tration to 12.0 mg/l in the fall 1985 sample. This phenomenon was
observed throughout the entire study area in both upper and lower
aquifers and is considered to be a natural rather than a human-
induced phenomenon. Upgradient land use is high-~density residential
and the I-5 corridor. This well is completed in Layer C and has an
extensive sealing layer above the aquifer. Accordingly, surface
protection should be very gocod. The water data indicate that
Layer C is uncontaminated in this area.

Monitor Well #28: Tacoma Community College. The mean nitrate
concentration measured 1n this well water was 0.1 mg/l, and the mean
chloride concentration was 2.9 mg/l. The well was drilled in late
1983, and was not available for sampling until February 1984. The
well is completed in Layer C, but has no significant sealing layer
above the aquifer. At the current time, water quality in the well
water is excellent. The upgradient land use is high density resi-
dential; the area has been served by sanitary sewers since the
1940s. Storm drainage from this area is not discharged to the
subsurface.

Monitor Well #29: Fircrest #7. This well is one of several
in the study area exhibiting elevated nitrate concentrations
(compared to our designated "background" concentrations), with no
other elevated parameters. The mean measured nitrate concentration
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was 3.0 mg/1, and the mean chloride concentration was 5.7 mg/l.
Data from 1981 are available, indicating nitrate concentrations
comparable to the 1984-1985 data. From the limited data currently
available, it would appear that the elevated nitrate concentration
may be due to natural loading (i.e., alder trees)., Figure 12
illustrates the monitoring results for this well,

The surrounding land use is largely high density residential.
The upgradient area is not sewered; stormwater disposal is mainly
to surface water systems.

The well is completed in a lower part of Layer A, but has a
sealing layer above the aquifer. Accordingly, the aquifer is
expected to be reasonably protected. Additional monitoring will be
necessary to determine if the local water quality is deteriorating
or in a roughly steady-state condition,

Monitor Well #30: Lakewood Water District 0-2. The mean
measured concentration of nitrate during the 1984-1985 monitoring
period was 1.4 mg/l, indicating only a slight increase over back-
ground levels comparable to the mean chleoride concentration of
6.0 mg/l.

The well is completed in Layer C and has an extensive sealing
layer above the aquifer. This well draws from the same aquifer as
Monitor Well #5, and water quality in the two wells is very similar.
Surrounding land use for Well #30 is commercial and high-density
residential. Portions of the upgradient area are served by sanitary
sewers, but the tributary area includes four community septic
systems., Stormwater is routed to surface water systems.

Monitor Well #31: Helm. The mean measured nitrate concen-
tration in the well water for 1984-1985 was 3.7 mg/l, ranging from
3.3 to 4.2 mg/l. Measured chloride concentrations ranged from
10.0 to 20.0 mg/l, with a mean value of 13.2 mg/l. Conductivity
values were consistently above the mean for the shallow aquifer,
as well. The well water appears to indicate some water quality
degradation. The well is completed in Layer A and has no evidence
of surface protection above the aquifer. Upgradient land uses
include residential, commercial, and industrial. The area is
included in the ULID 73-1 construction area, and alsoc extensively
utilizes subsurface disposal for stormwater.

Evidence of water quality degradation is not unexpected. The
well should continue to be monitored in the future.

Monitor Well #32: City of Tacoma Well U-10. The first sample
taken from this well (January 1984) was inadvertently taken from
a City of Tacoma supply main used for pre-lube water at the well.
This sample was low in nitrate, chloride, and total disolved solids,
but 13 ug/l chloroform was measured in the sample.
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Chloroform is a chlorinated methane and enters the environment
largely as the result of water and wastewater chlorination.
Chloroform is also used as a solvent and an intermediate in certain
industrial operations, including refrigerant and plastics production.
It is a carcinogen and exhibits temporary and lasting toxic effects.
There is no recognized safe concentration of chloroform in drlnklng
water. The EPA criteria estimated to result in an additional
lifetime cancer risk of 1 in 100,000 is 2.1 ug/l.

This water (City of Tacoma main) was sampled again in the
second sampling quarter, when the chloroform concentration was
measured at 14 ug/l. This may be the result of the City's
chlorination system, or it may be due to an industrial source.
Additional sampling is necessary to determine the extent and cause
of this contaminant. Arsenic was also detected in the water, at
a concentration of 4 ug/l.

Well #32 was sampled for priority pollutants in 2pril 1984,

when the well was pumped continuously for several hours to ensure
that the aquifer was actually being sampled. At this time,
dichloromethane (Freon 12) was discovered in the well at a concen-
tration of 8 ug/l, and 5 ug/l of trichlorofluoromethane (Freon 11)
was found. Freon 11 and 12 are used as refrigerants and propellants,
and would appear to be anomalous to this site. Both mean nitrate

and chloride concentrations are near designated background levels,

The well is completed in Layer C but has no extensive protective
layering above the aquifer. Surrounding land use is predominantly
residential, The area is not served by sanitary sewers; stormwater
runoff is routed to surface water systems.

Monitor Well $33: Lawrence. The mean measured nitrate
concentration measured in the well water here was 0.7 mg/l for the
1984-1985 monitoring season, compared with a single measurement of
0.4 mg/1l in 1981. This increase is not seen as significant. The
mean chloride concentration for the 1984-1985 monitoring period was
3.7 mg/l, which is near the background level. Figure 13 summarizes
the sampling results for this well.

The well is completed in Layer A and has no protection above the
aquifer. Surrounding land use is residential, with roughly half of
the tributary area included in the ULID 73-1 project. There are no
subsurface stormwater disposal systems in the area.
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Monitor Well #34: Flett Dairy. This well, a shallow well
located in the middle of an actively-used pasture, had the highest
nitrate concentration measured anywhere in the study area. The
measured nitrate concentrations in the well water ranged from
3.7 to 8.0 mg/l, with a mean of 6.6 mg/l. The chloride concen-
tration ranged from 9.5 to 20.0 mg/l, with a mean concentration of
13.9 mg/l. The well is significantly degraded in comparison to the
other wells in the study area, and it is probably due in large part
to the surrounding land activity, which is largely agricultural
{mainly pasture). Figure 14 illustrates the monitoring results
for wWell #$34.

Monitor Well #35: Ponce de Leon Spring. The mean nitrate
concentration in this spring was 1.8 mg/l, and the mean chloride
concentration was 5.3 mg/l. These constituent concentrations
indicate slight degradation over background conditions. Coliform
organisms were consistently measured in the spring, which could be
the result of direct contamination through the soil or could be
related to septic tank discharge through coarse gravels (the nearest
drainfield is roughly 150 feet away). Figure 15 illustrates the
monitoring results for this well.

There is a well point at this location which is used to measure
static water levels. The water sample was taken from an adjacent
spring that is one of numerous springs forming the head of Ponce de
Leon Creek. These springs are the outflow of the shallowest part of
Layer A in the highly urbanized area represented by Villa Plaza and
the Ponce de Leon apartments. The site was specifically chosen as
one where the possibility of extensive degradation to the shallowest
aquifer could be expected. Surprisingly, the nitrate and chloride
content were not exceptionally elevated.

Arsenic was measured in the spring at a concentration of 30 ug/l
in April 1984, which was the highest concentration measured in the
monitoring program.,
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TASK 16: UPDATE CONCEPTUAL GROUNDWATER MODEL

The objective of this task was to modify the conceptual
groundwater model developed in Phase I to reflect the data obtained
during Phase II monitoring and incorporate comments and information
provided by the Technical advisory Committee. 1In addition, this
task included modifications to the model to reflect the study team's
increasing knowledge of the basin's geohydrology and contaminant
flow parameters for evaluating the relationship between land use
and groundwater gquality during Phase III.

Rased on meetings with the Technical Advisory Committee and the
lack of any written response, we are assuming that all of the major
elements of the conceptual groundwater model are sufficiently repre-
sentative of basin conditions to continue with further analysis and
evaluation. The only exceptions include well location discrepancies
and basin recharge estimates identified and developed by Hart-Crowser
and Associates for the Pierce County Planning Department's Coordi-
nated Water Plan. (Both Hart-Crowser and the Planning Department
are members of the Technical Advisory Committee.)

Model update elements include:

Velocity re-evaluation

Potentiometric surface analysis
Groundwater flow systems

Evaluation of basin recharge estimates
Dispersion analysis

Velocity Re~Evaluation

During Phase I, velocity estimates for the shallow groundwater
system were developed for a number of areas throughout the basin
for the purpose of defining priority monitoring areas. However,
calculated velocities were extremely high, rendering the entire
basin a priority monitoring area. Therefore, velocities one to two
orders of magnitude lower were used to focus monitoring into zones
closer to potential contaminant sources.

Study team analysis of the 1984 Parkland gasoline leak
substantiated the high velocities typical of the basin and the
need or usefulness of establishing representative velocities
throughout the basin for planning and emergency spill response.
Refer to Figure VII-4, Appendix VII, Phase I Report. However,
it is important to recognize. that the calculated wvalues are gross
estimates for the entire thickness of the "A" hydrostratigraphic
layer, and should be supplemented with actual field determinations
as early as possible in an emergency.

As Fiqure VII-4 indicates, basin velocities typically range
from about 0.02 ft/day to 63 ft/day and average about 4.4 ft/day.
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As these numbers indicate, most of the Clover/Chambers Creek Basin
exhibits exceptionally high groundwater velocities. Such atypical
velocities also illustrate the vulnerability of groundwater supplies
to contaminant spills or leaks. ‘

Potentiometric Surface Analysis

The single most important factor in characterizing a basin's
hydrogeology is definition of the groundwater system's potentio-
metric surface. Potentiometric maps were developed in Phase I for
the shallow and deep groundwater systems. The data used for these
maps were based on driller's logs and consultant studies spanning
several years, and therefore are not time-equivalent., For regional
(basin-wide) interpretation, the margin of error or inaccuracies due
to non-time equivalence may not be significant. However, on the
sub-basin or local level, non-time equivalence of data can result in
a significant difference in flow direction/velocity interpretations
and actual flow conditions.

Comparison of Historical Potentiometric Surfaces with
Monitoring Information. Comparison of recent and historic water
levels in 34 monitor wells reveals several differences or dis-
crepancies in mapped potentiometric surfaces based on non-time
eguivalent water level data from well logs and 1984 monitoring data.
These differences were observed in both the shallow and deep ground-
water systems, Twelve monitor wells showed significant differences
in their piezometric levels and non-time equivalent potentiometric
surfaces., Most of these wells (8) are located in the western
portion of the study area, The Chambers Creek, Clover Creek, and
University sub-basins had the highest proportion (8 out of 16) of
monitor wells with significant piezometric differences. Except for
two wells in the extreme scutheastern part of the study area and
east of American Lake, water levels in monitor wells were generally
lower than the interpreted non-time equivalent potentiometric
surface,

The Phase I potentiometric maps for both the shallow and deep
groundwater systems (Figures 5-15 and 5-16, respectively) were
modified to reflect the 1984 monitoring data. The enclosed figures
5-15 and 5-16 illustrate the revised versions of these figures.
These figures replace the earlier versions of Figures 5-15 and 5-16.
Changes in the pre- and post-monitoring maps were noted in a number
of areas in the basin. On the shallow potenticmetric map (Figure
5-15, north half), corrections were made to the pre-monitoring map
to account for a 50 percent increase in the groundwater gradient
south of Chambers Creek (Section 27) and a 34 percent decrease in
gradients north of Chambers Creek {Sections 21, 22, 23, and 24).

Changes in the pre-~monitoring deep potentiometric map
(Figure 5-16, north half) were made in areas north and northwest
of Fircrest, where the groundwater gradient has increased by about
50 percent, and southeast of Tillicum (Figure 5-16, south half),
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where gradients have increased approximately 33 percent. Ground-
water flow directions appear generally the same on both pre-~ and
post-monitoring maps. However, significant differences in hydraulic
gradient are apparent.

Considering that the number of monitor well data points is less
than 10 percent of the total non-time equivalent data points used
in developing the potentiometric maps, it is reasonable to conclude
that in many areas of the basin, potentiometric surfaces may not be
accurately portrayed by use of historic non-time equivalent data.
Before present potentiometric surfaces can be more adequately
defined, additional time-equivalent data is needed.

Seasonal Variations in Potentiometric Surface. Seasonal water
level changes influence both the direction and flow of groundwater
and consequently the movement of contaminants, Water level measure-
ments for the 34 existing domestic and municipal wells monitored
during 1984 and early 1985 provide some data to evaluate the
seasonal variations in the potentiometric surface.

Seasonal and annual fluctuations in precipitation usually
cause changes in the potentiometric surface of the groundwater.
The long-term average annual precipitation in the study area is
approximately 40.5 inches per year. November through March are
typically the wettest months, while July to September are the
driest. The total rainfall of 47.49 inches in 1984 was above
average and the seasonal pattern was atypical. Most noticeably
there was a 40 percent increase above the average rainfall between
May and August and a 26 percent decrease from September to December.

Examination of the seasonal water lewvel fluctuation in 13 monitor
wells shows piezometric levels rising in most wells during months of
greatest rainfall and piezometric levels dropping during the summer
when rainfall is least (Figure 16). Wells showing the greatest
fluctuations (14-19 feet) are those tapping shallow aquifers in the
North Fork and Spanaway Lake sub-basins and wells tapping the deep
aquifer in the American Lake sub-basin, The change in piezometric
surfaces of some wells in the Clover Creek, Chambers Creek, and
Spanaway Lake sub-basins did not always follow the seasonal trends.
The drop in water levels for wells in the Chambers Creek sub-basin
from February to April, typically a period of increasing water
levels, is most likely the effect of dewatering associated with
the ULID 73-1 sewer project. It is unclear as to why water levels
continue to drop in the Chambers Creek and Spanaway Lake sub-~basins
during the fall. It could be a combination of the relatively dry
fall and well pumpage.

A larger data base over a longer period of time is required
before a meaningful evaluation of seasonal variation can be per-
formed. 1In particular, water level measurements are needed from
additional wells in each of the 8 sub~basins and from the deeper
aquifers.
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Groundwater Flow Systems

Groundwater flow systems can be divided into three major
patterns: regional, intermediate, and local. Generally regional
flow systems exhibit the greatest chemical quality changes and the
longest flow paths and residence times, while local systems show
little water quality change and short flow paths and times.

In the Clover/Chambers Creek Basin, recharge is predominately
through local and intermediate flow systems. Regional recharge
occurs mainly east of the basin in the Cascade Mountains, while

regional discharge is primarily to Puget Socund and the Puyallup and
Nisqually River Valleys.

Surface Recharge and Discharge. Because recharge areas are an
input source for downgradient groundwater systems, their contamina-
tion can present a serious threat to water quality. Examination of
the average potentiometric surfaces for the Clover/Chambers Creek
Basin, shown in Figures 5-15 and 5-16, allows for the qualitative
identification of groundwater recharge and discharge areas.

By definition a recharge area is any portion of a drainage basin
where the net saturated flow of groundwater is directed away from
the water table. In discharge areas the net saturated flow of
groundwater is directed toward the water table. The water table in
recharge areas is usually at some depth, while in discharge areas it
is at or very near the surface.

Surface discharge of groundwater within the basin occurs along
the margin of the upland adjacent to Puget Sound and probably on the
floor of the Sound. The other major areas are along Chambers Creek
upstream to near Steilacoom Lake, along most of Leach Creek, and
probably south of Steilacoom Lake along Clover Creek. Two isolated
discharge areas were found in the southern half of the basin. One
was located in the Clover Creek sub-basin northwest of Thun Field,
while the other was in the extreme southeast corner of the Spanaway
Lake sub-basin. These two areas are probably a reflection of
inadequate data since the potentiometric surface maps are drawn from
water level information which is a composite of various years and
seasons (non-equivalent times). Springs occurring in many regions
of the basin not typically considered discharge zones, could often
represent the seasonal discharge of locally perched groundwater.
Lakes in the American Lake and Chambers Creek sub-basins appear to
be in approximate balance with the surrounding water table, and as
such, may not be significant discharge or recharge areas.

Although net groundwater recharge occurs in many areas
throughout the basin, the major recharge locations are the upland

areas in the western portions of Clover Creek and Spanaway Lake
sub-basins.



mE U I N T O W O as e _

29

Subsurface Recharge and Discharge. 1In addition to identifying
areas of surface recharge and discharge, water level elevations can
indicate regions of inter-~aquifer recharge and discharge. Areas
where the hydraulic head is greater in the deeper groundwater system
than in the shallow system indicate discharge zones for the deeper
system, In the reverse situation, where the hydraulic head is
greater in the shallow system than in the deeper system, the
vertical potential gradient is downward and the net effect on the
deeper system is recharge.

With few exceptions, the vertical potential gradient between
the shallow and deeper groundwater systems appears to be primarily
downward, indicating potential recharge of the deeper aquifers
throughout most of the basin. In the Clover Creek sub-basin
immediately east of Frederickson (refer to Figure 5-15), these
conditions are reversed, indicating potential discharge of ground-
water from the deeper system. Two small areas west and northwest
of Frederickson also exhibit a potential upward wvertical gradient.
gimilar conditions exist in the Flett Creek sub-basin north of
Flett Creek in the South Tacoma Channel.

In the Flett Creek area, an absence of hydrostratigraphic
layer B, heavy pumpage by Tacoma city wells, and a generally
higher transmissivity in the shallow aquifers could account for
the apparent upward vertical gradient. Likewise, pumping from
a heavy concentration of wells in the rapidly developing areas
near Frederickson (Figure 5-17 in the Phase I report) might result
in upward vertical gradients. The region northwest of Frederickson
with suspected anomalous vertical gradients does not appear to be
readily explainable with available information.

Evaluation of Basin Recharge Estimates

Recharge to the basin's groundwater system includes all sub-
surface and surface interflow inflows. Potentiometric maps for the
shallow (Figure 5-15) and deep (Figure 5-16) groundwater systems
indicate that little or no sub-surface recharge occurs. Therefore,
recharge is primarily infiltration from precipitation, surface water
bodies, wastewater, and stormwater. As indicated in Figure 5-7,
Surface Water~Groundwater Interflows within the Clover/Chambers
Creek Basin (refer to Phase I report), infiltration of precipitation
is 120,300 acre-feet per year (approximately 518 gpm per square
mile), This value appears consistent with estimates developed by
other investigators. Griffin and others (1962) estimated recharge
due to infiltration in the Tacoma area to be approximately 450 gpm
per square mile, Shamir, in his 1981 study of the South Tacoma
Aquifer, estimated infiltration of precipitation to be about
496 gpm per square mile. Hart-Crowser and Associates, in their
draft evaluation for the Pierce County Coordinated Water Plan,

established a range of 300-600 gpm per square mile for infiltration
of precipitation.
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Infiltration of precipitation is two-thirds the total basin
recharge, and infiltration estimates are in general agreement.
Therefore, a total basin recharge of 180,900 acre-feet per year
(779 gpm per square mile) appears reasonable.

Dispersion Analysis

The transport of groundwater contaminants through an aquifer
system depends primarily on advection and hydrodynamic dispersion.
Advection is the component of solute movement attributed to
transport by the flowing groundwater. Hydrodynamic dispersion
represents the combined effect of molecular diffusion and mechanical
dispersion. At all but low flow velocities, mechanical dispersion
is the important contributor to contaminant dispersion. Dispersion
is much stronger in the direction of flow (longitudinal dispersion)
than in directions normal to the flow line (transverse dispersion),
generally by a factor of 5 to 20.

The effects of dispersion must be considered in order to
establish the area of influence for a monitor well and subsequently
establish the relationship between land use activity and groundwater
quality. A variety of analytical solutions designed to model the
migration of contaminants in two and three dimensional space can be
found in the literature. Although these mathematical descriptions
provide only very idealistic solutions to a complex process, they
do provide insight to potential contaminant migration paths and
approximate values for dispersion.

To define the relative area of influence around 14 monitoring
wells, we employed a random-walk computer model to provide a semi~-
analytical solution to the advection-dispersion process of a hypo-
thetical dissolved contaminant. This modeling simulated pollutant
plume travel and relative width of dispersion over time and distance
from a hypothetical source.

The "random-walk" model used was developed by the International
Groundwater Modeling Center (van der Heijde, 1983) and run in BASIC
on an IBM-AT. (The general model predictions were verified by using
the analytical solution to the advective-dispersion equations with
the Hantush leaky well function [according to EPA/Tetratech, 1984].)

The "random-walk"™ method models overall plume (groundwater)
movement according to a standard, modified Theis equation and models
plume dispersion based on the concept that dispersion is a random-
walk process of pollutant particles. The program assumes:

1. A non-reactive contaminant.

2. A saturated, homogenous, and isotrophic aquifer.

3. Uniform and steady-state flow.
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4., No significant density contrast between the contaminant
and surrounding groundwater.

5. Aquifer is of infinite areal extent, homogenous, with a
single set of flow parameters. The origin of each simulated
plume is x=0, y=0, with flow in the plus-x direction only.

Since the model simulation used generalizes slope and other
parameters over an entire flow path and applies a statistical
process to dispersion, it should be viewed as providing only an
approximation to real contaminant movement with an accuracy on the
order of +50 percent. That is, the predictions need to be viewed
as generally correct but as ball-park estimates, and a predicted
dispersion width of 500 feet might be off by 50 percent.

Physical parameters used in the dispersion model are: Trans-
missivity (T), Storage Coefficient (S), Hydraulic Conductivity
or Permeability (K), Porosity (0), Velocity (V), Longitudinal
Dispersivity (Ld), Transverse Dispersivity (Td), and Time (t).

Transmissivity was derived from the product of the average
saturated aquifer thickness near each well and the mean estimated
hydraulic conductivity value for the area.

Storage coefficient values of unconfined aquifers usually range
from 0.01 to 0.30. A storage coefficient value was assigned to each
well based on the general lithological conditions. Areas of coarse
sand and gravel were given a high value (0.30), while areas of silt
or clay received a low value (0.01).

Hydraulic conductivities were obtained by taking the mean of the
estimated range of conductivities (Figure 5-7, Phase I Report) for
the area where the well is located.

Todd, 1980, has listed representative porosities for varying
material types as well as hydraulic conductivities. Based on this
information, porosities were assigned to each well area depending
on conductivity, as follows:

Hydraulic conductivity Porosity

(gallons/day/sq ft) (percent)
10-100 49
100-300 43
100-1,000 36
300-1,000 36
1,000~3,000 32
>3,000 38
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Groundwater velocity or flow rates were calculated using
modification of barcy's Law, where:

v - K1
n

v

K

i

n

hydraulic gradient,

porosity.

velocity of flow in ft/day.

hydraulic conductivity in gallons/day/sq ft.

Longitudinal dispersivity values were arbitrarily chosen for
each site from ranges of dispersivity found in the literature for

relatively similar lithologic conditions (Table 9).

Table 9,

Dispersivity

{feet)

0.01 - 0.016

1.0 - 3.0
3.0 - 10.0
17.5 - 59.6
70.0

3 x 10

0.1 - 3.0

Range of Dispersivity Found in Literature

Ion

Chloride

Nitrate

Chromium

Nitrate

So0il

Panoche
clay-loam

Sand and gravel
(homogeneous)

Sand and gravel
with clay
particles

Silty-clay-
loam

Glacial till
Strip mile
spoils

Florence site,
beach sand

Reference

Bresler
(1973)

van Genuehten
(1979)

van Genuehten
{(1979)
Sweet, et al.

(1979)

Pinder
(1973)

amend, et al.
(1976)

Sweet, et al.
(1981)

Transverse dispersivity was assumed to be 10 percent of the
longitudinal dispersivity.

Time (t) was taken to be zero at the
contaminant source site {(the nearest upgradient groundwater divide).
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Before application of the "random-walk" dispersion analysis,
all 14 sites were placed in one of five "model" areas based on their
similar physical site conditions. Model Area 1 represents three
sites (Wells 19, 20, and 21) which have relatively low flow veloci-
ties (1-3 ft/day) and hydraulic conductivities (55-200 gpd/ft).
Model Area 2 includes four sites (Wells 2, 7, 29, and 32) with
moderate flow velocities (4.5 - 5.0 ft/day) and hydraulic conduc-
tivities (650 gpd/ft). Model Area 3 includes four sites (Wells 6,
31, 34, and 35) with relatively high flow velocities (17-39 ft/day)
and hydraulic conductivities (2,000 gpd/ft). Model Area 4 includes
two sites (Wells 24 and 33) which have parameters similar to Model
Area 2 but with downgradient flow times from a source site to a well
of less than one year. Model Area 5 has only one site {Well 3),
which has a very high flow velocity (94 ft/day) and a very short
downgradient flow time (0.10 year).

Table 10 shows the parameter values for each site, model area,
and the results of the "random-walk" dispersion analysis. The
results show, as expected, that the more permeable an area, the less
a contaminant will be dispersed. Contaminant plumes in till zones
{Model Area 1) dispersed transversely about 6 times farther than
contaminant plumes in the highly permeable sand-gravel zones (Model
Area 3, Well 34).
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Table 10. Dispersion Analysis Parameters

WELL SITE . T S K 0 v L4 Td t , L W
19 8,250 .01 55 A9 1.7 70.0 7.0 A.5 3,500 420
20 8,250 .01 55 .49 1.0 T0.0 7.0 t5.0 11,000 1,400
21 32,000 025 200 .43 3.0 hO.O A.0 2.0 1,500 186
Model Area 1 16,000 .02 100 A6 2.0 55.0 5.5 15.0 tt.qoo 1,400
2 61,750 .10 650 .36 5.5 6.0 .6 1.6 3}ﬂoo 99
T 58,750 .10 650 .36 §.5 6.0 .6 1.2 2.?00 75
29 78,000 .10 650 .36 5.6 6.0 .6 7.0 12.uﬁo 530
32 73,000 .10 650 +36 5.0 5.0 6.0 3.0 23,000 800
Model Ares 2 66,600 .10 650 .36 5.0 5.0 6.0 13.0 23,000 800 w
6 ) 154,000 - .20 2000 32 24,0 3.0 «3 0.60 5,850 120 -
n 154,000 .20 2000 .32 39.0 3.0 «3 0.25 2,;00 50
34 ¥54,000 .20 2000 32 28.0 3.0 -3 1.2 11,700 240
35 154,000 .20 2000 .32 17.¢ 3.0 .3 2.0 15,500 400
Model Area 3 154,000 .20 2000 .32 27.0 3.0 3 2,0 19,500 400
26 61.&50 .10 650 .36 25.0 6.0 .6 1.0 9,000 451
33 61,750 .10 650 -36 24,0 6.0 .6 +56 5,000 255
Model Area A 61,750 .10 650 .36 24.0 6.0 .6 2.0 17,500 1,000
(Hodzl Ares 5) 154 ,000 .20 .2000 .36 94.0 3.0 .3 .10 3,000 270
Tranamissivity {(gpd/rt) © = Porosity {(unit lesnss) Td = Tranaverse diapersjyity (ft)
Storage coafficient (unit lesas) ¥ = Velocity {ft/d) t s Time (years)

€ ™ty -y

. Hydraulic conductivity (gpd/ft )} Ld = Longltudinsl disperaivity (ft) L = Plume length (ft)
Flume width (rt) .
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TASK 17: PERFORM WATER QUALITY ANALYSIS

The objective of this task was to characterize bacteriological
and inorganic hydrochemical parameters. The results of these
analyses were summarized in the report of Task 15. Water samples
were taken by Robinson & Noble, who prepared a summary report
of the monitor wells, which is being kept at the Tacoma-Pierce
County Health Departrment. This report includes a detailed
description of the well location, physical characteristics, and
instructions for future monitoring staff. The water quality
analyses were performed by Brown and Caldwell's laboratory in
Emeryville, California.
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TASK 18: PERFORM ORGANIC CONTAMINATION ASSESSMENT

The objective of this task was to assess potential organic
contamination problems in the study area. To provide an initial
basin-wide assessment of the problem, all 35 wells were sampled
for purgeable priority pollutants (EPA Method 624). This method of
analysis was performed because the chemicals measured by this method
include solvents, volatiles, and other compounds that are highly
mobile in groundwater systems. These types of chemicals were con-
sidered to be the most likely to be detected in the basin, if any
were found. As previocusly described under Task 15, organic con-
taminants were found in three study area wells as well as a City of
Tacoma main line. The levels detected were low, less than 5 ug/l in
all cases except cone, and do not represent an imminent health hazard
at this time. What the results do indicate is the presence of low-
level priority pollutants in the shallow agquifer at two locations,
and possibly contamination of the lower aquifer in one location
(Well 32b--City of Tacoma Well U-10).

The results of our organics monitoring program must, however, be
qualified because of the sampling method utilized. Because of the
significant expense involved in sampling the wells according to
EPA-approved methods for volatiles (i.e., downhole sampling, which
requires removal of the pump and bailing the well), the samples were
obtained from pumped water. Pumping volatilizes many constituents,
resulting in potential lower concentrations in the sample than may
actually occur in the aquifer. However, the pumped water represents
what is actually being consumed. At any rate, the organics scan
did not indicate widespread groundwater contamination; rather, it
appears that isolated "hot spots," probably related to point sources
of pollution, are located mainly in the heavily-developed portions
of the basin.

A follow-up program, specifically assigned to detect organic
contaminants in the areas considered most likely to be "hot spots"--
i.e., areas with high concentrations of industrial activities,
and/or waste and stormwater disposal facilities--was conducted and
described in the Task 26 report.
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TASK 19: IDENTIFY PROJECTED LAND USE

The objective of this task was to characterize projected land
use in the basin., The task effort was delayed as long as possible,
in order to include the most recent update of the Pierce County
Comprehensive Growth Management Plan (GMP). Because of the highly
controversial nature of the proposed comprehensive plan, revisions
have been numercus and it is anticipated that revisions will con-
tinue to be made for an additional six months to one year following
completion of the Phase II effort. It is recommended that upon
final adoption of the GMP, the future land use file be updated.
Until that time, any projections made using the existing file will
be reviewed by County Planning staff.

TASK 20: PHASE II REPORT
This document serves as the product of Task 20.
TASKS 21 THROUGH 25

Tasks 21 through 25 are being performed as part of Phase III.
Task reports for those tasks will be included in the Phase III final
report.
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TASK 26: ORGANICS MONITCORING

Many heavily developed urban areas such as the San Fernando
valley, California, and the "Silicon" Valley of San Jose, Cali-
fornia, are experiencing basin-wide organics contamination due to
unrestricted land use activity. The occurrence and detection of
organic contamination within the Clover/Chambers Creek Basin has
generally been limited to specific point source problems, such as
the Lakewood Wells H1 and H2 (source: Plaza Dry Cleaners) and
american Lake Gardens (source: McChord Air Force Base).

The objective of this task was to determine if basin-wide
{non-point source) organics contamination was occurring in the
Clover/Chambers Creek Basin. Five sites in the central part of
the Clover/Chambers Creek Basin were selected based on priority
monitoring areas identified in Phase I (Appendix VII, Data
Collection Program), and information on the concentration of
potential organic contaminant sources. Monitoring sites included
two existing domestic wells and three specially constructed monitor
wells to allow downhole sampling for volatile organic constituents.

Monitoring Well Drilling

Three monitoring wells were drilled between January 29 and 31,
1985. bDrilling was conducted by Johnson Drilling using a Speedstar
air rotary drilling rig. Monitoring well installations are shown
on the attached boring logs. A steel security casing with lockable
cover was placed over each well and cemented into the ground.

Yellow marker posts were installed at each well. Screen development
was done by air 1ift, and an in-line air filter was used for removal
of particulates and fluids. Well elevations were taken from USGS
topographic maps. Well heads should be surveyed in the future for
accurate water level determinations.

Well BC-1. This well was drilled on the east shoulder of
Lakeview Avenue Southwest approximately 200 feet north of 100th
Street Southwest; see Location Map, Figure 17. Permission was
granted to drill this well within the 60-foot wide public right-
of-way by Pierce County Public Works Department. Drilling was done
on January 31, 1985. Although this boring was dominated by gravels
throughout, sufficient fines were present below a depth of 24 feet
to provide a partial confining barrier. Groundwater was encountered
at 32 feet and water rose to approximately 23 feet after development.
Figure 18 illustrates the boring log for Well BC-1.

Well BC-2. Well BC-2 is located on the west shoulder of Union
Street Southwest approximately 200 feet south of Pacific Highway
South. Permission was granted to drill within the public right-
of-way by the Pierce County Public Works Department. Drilling,
installaticn and development of the well was carried out on
January 29, 1985. This boring encountered gravels throughout
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F\Sweet. Edwards & Associates, inc. ) BORING LOG

PROJECT CLOVER/CHAMBERS CREEK Page._l...... OfL

Location guk suy SE%, Sec 36, T20NR2E Boring No. BC-1

Surface Elevation _approx, 273 Fr MSI Drilling Method 2ir Rotarv

Total Depth 40 ft Drilled By Johnson Drilling
1/30/85

Date Completed Logged By _D-R. Dykes

PENE -
SAMPLE PERME -
WEeLL DETAILS | TRATION ﬂfggg ABILITY | SYMBOL LITHOLOGIC DESCRIPTION R
RATE no.| Type | TESTING
SW G.0-7.0' sand, dark brown,
medium pebbles and cobbles
in upper part, organic
rich, damp. (7-6' brown
o . .
E - 5 5 Cfuttirgs silt).
n
T
U N
o IS Gp |7.0-16.0'_Gravel,gray
i Be! brown, very coarse, pebblesg,
ol2 % 10 [0} " some sand and silt, damp.
afwn
0
Q
] P
oA
dlg
el i)
0o
- g v-lS 15 Li]
wlm
® Gu |16.0-38.0' silty Gravel,
o gray brown, variable
i - to proportions of sand and
G 3 " 20 20 " oM pebbles, cobbles, damp.
3 @ v Moist below 24.0'.
o} R ]
" = -'E 22.95" Saturated below 32.0°'.
2lo s}
SlA T
w -Iré ‘0!-1‘ - 25 25 "
= |2
o
—
ol
A
oA
3o
c % 30 30 "
alo
a1
b
ols
3 o
-
olv
el B}
|2 L) 35 |35
Tlo - S
a> ©
] ¥
D o
2 GW | 38.0-40.0" Sandy Gravel,
< q brown, some silt, saturated
R 40 40 "
L Bottem of hole at 40 feet.

Fiqure 18  Boring Log, BC-1 SEA-300-02a
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with fines present between 24 and 32 feet (possibly till).
Groundwater was encountered at 28 feet rising to 19-1/2 feet after
development. Figure 19 illustrates the boring log for this well.

Well BC-3. This well was drilled on the grounds of the Clover
Park School District Administration Building. It is in a central
western corner of the parking lot near the fence that separates it
from the playing fields. This well was completed on January 30,
1985. Coarse gravels were encountered to a depth of 26 feet where
10 feet of till was penetrated. Groundwater was confined beneath
the till and rose to approximately 19 feet after development.
Figure 20 illustrates the boring log for this well,

Monitoring Well Sampling

On February 4, 1985, Sweet-Edwards sampled the three monitoring
wells and two domestic wells included in the organics monitoring
program. Field procedures used were designed to obtain groundwater
samples representative of existing water quality.

Sampling Equipment. Sampling equipment consisted of:

°® Geotech peristaltic pump equipped with polyethylene
eductor tubing.

® Geotech 142 mm field filter apparatus.

® Schleicker and Schuell 0.45 micron nitrocellulose
filters.

e 2,000 ml vacuum flask.

e Altex pH meter.

® Double check valve Teflon bailer.

Sampling Procedures. All sampling equipment was cleaned with
a soap and water wash, rinsed with distilled water, followed by a
methanol rinse, another distilled water rinse, and a final sample
rinse. Table 11 shows the depth-to-water measured in each well,
the volume of water per pore volume, the total gallons removed,
method of removal, and number of pore volumes removed prior to
sampling. This information is included on Sweet-Edwards' Field
Data/Chain-of-Custody forms attached.

Sample water was filtered directly into sample bottles wvia
the Gectech filtering apparatus. Samples to be analyzed for
volatile organics were collected with the double check valve Teflon
bailer and not field~filtered. A QA/QC transfer blank was filled
at Well BC-3.

All samples were stored on ice prior to shipment to the lab.
Table 12 summarizes the water quality data measured in the field at
the time of sampling. This information also appears on the attached
Field Data Sheets.
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ﬁ O\ Sweet, Edwards & Associates, Inc. )

PROJECT CLOVER/CHAMBERS CREEK

BORING LOG

Page.l_ ofi._

Location SEX% NEX% NE}%, Sec 1 T19NR2E

Boring No, __BC—2

Surface Elevation__Approx. 295 Ft MSL Drilling Method _Air Rotary
Total Depth _38_ft Drilled By _Johnson Drilling
.R. k
Date Completed 1/29/85 Logged By _D-R- Pvkes
PENE~
SAMPLE PERME~
WELL DETAILS | TRATION ?‘fgg’) ABILITY | symeoL LITHOLOGIC DESCRIPTION gf,‘:{f:v
RATE no.| Type | TESTING
0-24.0' sandy Gravel, gray
GW —_—
brown, sand is coarse,
pebbles, cobbles, damp
below 15 feet, Some fine
- 5 Futtirgs sand and silt.
- 10 10 "
i)
B8
e
. o
-
o ~
= ] =
ey I 8 "
Zh = 15 |15
[}
] o
et &
S .
55 4 .
5 m L1}
K o - 20 20 19.5"
: =
4
:v -
- : c
U‘,‘.'.: O‘ _25 25 L1} GW 24.0"32-0’ Sandy Silt!
e 3 to Gravel, gray, sand is fine
o s E to coarse, silt tan colored
L]
o B GM water strike at 28.0 feet.
OJto E. o ﬂ
U.bf=\°' )]
Y == LN - 30 30 "
W — =)
e B/ [
:"- : -
¢, = ,.C
PG GWw |32.0-38.0' Sandy Gravel,
=~ N ! gray, sand is fine to
S EEN 2 35 3¢ 0" coarse, some silt,
| =N saturated.
L —R
P = K] n
Qa2 38
o Bottom of hole at 38 feet.
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Table 11. Sampling Procedures

To Pore Volume Number
water volume removed Method of of pore
Well (feet) {gal) {gal) removal volumes
BC-1 22.95 2.5 8 Peristaltic 3+
BC-2 19.50 2.5 10 Peristaltic 4
BC-3 19.35 3.0 10+ Peristaltic 3+
Meeker -—- - - Ran at tap -
15 minutes
Ostrander - - - Ran at tap -

15 minutes

Table 12. Field Water Quality Data

Specific
conductivity Temperature
Well (umhos/cm) pPH {°C)
BC-1 191 7.80 10
BC-2 150 7.10 10
BC-3 196 7.20 9
Meeker 316 7.25 12.9
Ostrander 295 7.10 10
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Results
The results of the sampling program are illustrated in Table 13.

The toluene results in BC-1 and BC-2 are likely invalid, because
a toluene concentration of 2 ug/l was found in the field blank.
Therefore, we are assuming these results are due to laboratory or
sampling contamination. The compound bis (2-ethylhexyl) phthalate,
found in BC-2, BC-3, and the Meeker Well (BC-4), was the only com-
pound detected in the 625 analysis. These concentrations are the
highest levels of any potentially toxic compound detected in the
study area. Phthalates are mainly used as plasticizers, and are
widely present in the environment. Phthalate esters are reportedly
acutely and chronically toxic to freshwater and marine organisms.
Toxicological investigations in mammals show that phthalates have
low acute toxicity but induce serious chronic effects including
teratogenicity and mutagenicity. The recommended human health
criteria for diethylhexyl phthalate is 10 mg/l. There is no
criterion for bis (2-ethylhexyl) phthalate, but it would likely be
very close to the diethylhexyl phthalate standard, because the two
compounds are very similar. These three wells were the only wells
in the study area with detectable levels of phthalates. Because
plastic tubing products are often used in the laboratory, laboratory
contamination can be a source of phthalates. None of the other
samples, however, including the field blank, had detectable levels
of phthalates. The level of laboratory contamination by phthalates
is typically in the range of 10 to 20 ug/l.

The Meeker Well and Well BC-2 are located very close to each
other, and it would be expected that they have comparable levels
of the compound. Both wells are downgradient of McChord Air Force
Base, as well as I-5, and numerous stormwater recharge facilities.
Several solid and liguid waste disposal facilities are located
upgradient of the wells, including the Cascade Demolition Landfill,
which may be a source of the compound. BC-2, located near the
villa Plaza Shopping Center, is in an area with extensive use of
subsurface storm drainage disposal.

Because phthalate esters are so widespread, the source of the
contamination in these wells is not clear. The level of concentra-
tion, although relatively high compared with other toxic compounds
measured, is not a significant potential health risk. The wells
should, however, continue to be monitored to determine the signifi-~
cance of these analyses.

All the wells except BC-3 have nitrate and chloride concentra-
tions gignificantly above our designated background levels for the
study area. The Ostrander Well (BC-5), although not contaminated by
organics, indicates a moderate to significant elevation in nitrate
(i.e., greater than 1/2 the standard). This is in an area with a
high concentration of stormwater recharge facilities, as well as



Table 13. Results, Organics Monitoring

Purgeable acid/
priority base
Arsenic Chromium Lead Nitrate Chloride
Well pollutants neutrals ' ’ ' ’ '
(625), (625}, mg/1 mg/1 mg/1 mg/1 mg/1
ug/1 ug/1
BC-1 Toluene: 1 - - <0.2 <0.001 2.49 4.9
BC-2 Toluene: 1 Bis -— <0.2 <0.001 3.62 9.9
(2-ethylhexyl)
phthalate: 99
BC-3 - Ris 0.018 <0.2 <0.001 <0.01 0.9
{2-ethylhexvyl)
phthalate: 77
Meeker - Bis 0.011 <0.2 <0.001 4.75 12.0
(BC-4) (2-ethylhexyl)
phthalate: 130 e
Ostrander - - - <0.2 <0.001 9.9 7.9
'(BC-5)
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being unsewered. Continued monitoring in these wells is recommended
to determine the rate of water gquality degradation,

In summary, it appears at this time that organics contamination
in the Clover/Chambers Creek basin is related to point rather than
non-point sources. We have not seen widespread low level organics
contamination., At this time, it appears that we should focus our
investigative scrutiny upon known sources of contaminants (i.e.,
point sources) in "window" areas,



	

