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EFFECT OF WASTE DISPOSAL PRACTICES
ON GROUND-WATER QUALITY
At
KAISER ALUMINUM & CHEMICAL CORPORATION

Mead, Washington

December, 1977

SUMMARY

This report addresses the solid waste disposal practices
of Kaiser Aluminum & Chemical Company, Mead, in relation to the

possible effect on the aquifer underlying the plant site.

Two principal questions are involved:

1. Are pollutants entering the aquifer? o,
"v&!/f bref g™ lgf-fe""f-"f /e

2. 1If so, are the concentrations sufficient to pose

ol

as potential health hazard? B&Mmem%ﬂ
At
This study shows evidence that several potentially hazardous
constituents, present in the disposal sites, have migrated into
the soil column and are present in the aquifer. The true con-
centrations in the soil columns are not evaluated by the methods

employed.
Cne water sample from one well (Production Well 3) showed

cyanide concentration of 0.06 Qg 1. Numerous subsequent samples

showed cyanide concentration of 0.0l or less.

Ak Miens - i ’qu ~1-



All other water quality data from the plant producfion wells
meets all U,8,P.H.S5, and E,P.A, criteria. Water from the upper-
most part of the same agquifer, as penetrated by two test wells,
show fluoride above the recommended limits, The sulfate ion
concentration approaches these limits. Compared to earlier
analyses, sulfate and nitrate concentrations have definitely
increased, however, this increase may be from an overall increase
throughout the aquifer. Concentrations of other constituents may

have also increased, but no comparative data is available,

The variation in concentration of all of these pollutants as
seen among Test Hole 1 and 2, the plant production wells and the
south plant wells may be due to:

a) variation in solubility, dilution and dispersion
b) anisotropy in the aquifer

c¢) the geographic position of these points in relation

to the ground water gradient,

It is certainly possible, and perhaps likely that concentra-
tions greater than those measured are present elsewhere in the
agquifer. The possibility of migrations of these pollutants into
the water supplies of other users such as the Town of Mead, the
State Fish Hatchery, the Golf Course and other private and public

wvater supplies is real but undefined. It 1s also llkely that

W1thout modlflcatlon of dlsposal practlces concentratlons of

these pollutants will continue to increase w1th t1me
This report recomnmends methods to reduce the mobilization of

pollutants, and further investigation to define the distribution

of concentration of these pollutants,



INTRODUCTION

Robinson & Noble, Inc. was retained by Kaiser Aluminum to
investigate the effect of solid waste disposal practices on the
aguifer at their facility near Mead, Washington. In particular,
there are two sites judged to be potential sources of contaminants.

The largest site is the wet scrubber sludge pit, an area
approximately 10 acres in size al the northeast corner of the
plant, This area was used for disposal by-products from the wet
scrubbers from 1952 to 1975, It is no longer used for this
purpose but is used to receive effluent from the sewage treatment
plant. At the east end of the impoundment, a 10-foot thickness
of the spoil materials can be observed. The by-products present
in this disposal area arereported to be caleium sulfate and
calcium fluoride. Fluoride and sulfate are both potential sources
of contamination to ground water. Increased concentrations of
calcium caused by leaching from the disposal grea would not be
considered particularly hazardous.

The smaller of the two gsites is the pot-lining disposal area.
This area continues to be used for disposal of pot brick and other
scrap material., Chemical constituents in the material disposed

NaQH, NaZCOB’ Fe, AL, N F and CN.

in this area includes C, A120 alNo,

3

Any leachate con%aining cyanide of fluoride that entered the
ground water system would be considered hazardous. Other leachate
containing concentrations.of Fe, Al, Na or other elements within
this disposal area would be more of a nuisance than actually harm-
ful to health.



GECLOGIC~-HYDROLOGIC SETTING

The disposal sites are both located immediately north of
the Kaiser facility, which is situated on a broad alluvial
plateau, drained by the Little Spokane River, The hydrologic
gradient across the site is northwest of the Little Spokane
River. There is no specific information on local definition of
the gradient in the area of {the plant.

Climate of this area is semi-arid, with 15 to 20 inches of
precipitation per year. Below freezing temperatures prevail
from December through February, which is also the period of maxi- -
mum precipitation. Effective precipitation (precipitation minus
evapotranspiration) is available for infiltration from October

through March.

The geologic¢ section at the plant site is represented by a
succession of fluvial and fluvial-lacustrian sediments to a depth
of approximately 500 feet. The upper b0 feet of these sediments
are exposed to the south of the plant in the Cunningham Gravel
Pit. Here, large scale features of cross-hedding and channeliza-
tion can be observed. The uppermost 200 feet of the sediments
are poorly to moderately permeable and highly anisotropic. The
sediments below 200 feet congist of impermeable c¢lay horizons,
and highly permeable sands and gravels., These lower sands and
gravels constitute the major aquifer penetrated by the plant
production wells. The entire sedimentary sequence overlies grani-
tic basement, which may be locally fractured. Figures 1, 2 and 3

show the generalized subsurface geology.




FIGURE ]
DESCRIPTIVE LOG

ey O GROUND SURFACE
2ril 3FT SILT, SAND AND GRAVEL GRAY WITH ORGANIC MATTER

OFT.  SAND AND GRAVEL, SILTY TO 3 FEET-BROWN 3FEET TO 9 FEET
= I3FT. COARSE SAND AND GRAVEL

32FT SAND, SILT AND FINE GRAVEL LIGHT BROWN (VERY SILTY AT 22.6 FEET
TO 23 FEET

ol 33FT COBBLES AND SILT

4IFT.  SAND, GRAVEL AND SILT

= 48FT FINE TO MEDIUM SAND AND SIT
50FT. MEDIUM TO COARSE SAND AND SILT - CEMENTED

= B3FT CLAY (PLASTIC) AND SAND BROWN

] BSFT. FINE TO MEDIUM SAND AND SILT

'62FT. SILT, CLAY AND SAND, YELLOW BROWN DARKER WITH DEPTH
66FT, FINE TO COARSE SAND AND SIT

“aieiond] TOFT

‘Gopgeved| TBFT

==z =3 BOFT,

IOIFT. FINE TO MEDIUM SAND, SILT TAN (CLEANER AND DIRTIER STREAKS AS SHOWN)

=] II5ET FINE TO COARSE SAND AND SIT, LIGHT BROWN
= IITFT. FINE TO MEDIUM SAND AND SILT, BROWN CEMENTED
= 119FT. CLAY AND SWLT, BROWN PLASTIC

=1 123F T MEDIUM SAND AND SILT, CLEANER AT [23 FEET
izl [26FT. FINE TO COARSE SAND AND SILT, CEMENTED
2o 128F T SILT, FINE TO MEDIUM SAND, CEMENTED
i 4 I30FT. MEDIUM TC COARSE SAND - CLEAN

134FT. FINE TO COARSE SAND AND SILT

‘ [40FT. FINE TO COARSE SAND AND SOME FINE GRAVEL

i| 55FT. MEDIUM TO COARSE SAND AND SILT, WITH FINE GRAVEL {CLEANER AND SILTY ZONES AS SHOWN )

: 2 I58.5FT. FINE TO MEDIUM SAND, AND SILT FLUID
TOTAL. DEPTH 158.5 FEET

KAISER MEAD  PROJECT NO. | 77~ 4
TEST HOLE 1

ROBINSON AND NOBLE 4/13/78




DESCRIPTIVE LOG FIGURE 2

TEST HOLE #2
nd Surface
?ﬁffcé ) fbg£?%, sagd and fine gravel

jqﬂf";io Coarse sand and fine gravel - black-brown

PR 7050 8ilt, medium to coarse sand - tan

Eg;};;zz Medium to coarse sand - black-tan
aﬁgﬁ’?za Medium sand with streaks of clay
141;5728 Medium to coarse sand, and granules - clean
BT A Silt, fine sand, and small pebbles
do5 22135 (cobbles at 35 feet)
LT
fffg“;éﬁ Fine to medium sand and silt - gray-tan
AN 3 Fine to medium san ay-tan - clean
i BT Silt, sand cementegi TIEht Brown
isfiﬁiSQ Silt, sand, clay cemented o
;4}{»L63 Medium to coarse sand, silt and fine gravel
:4?%4:67 Silt, fine to coarse sand & fine gravel - gray
el T 70 Silt and gravel (pebbles) tan
;3§ £ Fine to coarse sand, fine gravel

T silt increasing toward 86 feet
P I86
ﬂf%ﬁ:;QO 8ilt, fine to coarse sand and gravel ~- gray

fdhi’;94.5 Medium to coarse sand and pebbles - gray

102 Silt, fine to medium sand, cemented - tan

v 1106 Medium to coarse sand - gray
'~ J109.5 8ilt and sand, fine to medium - tan-gray
~111.5 Fine to medium sand, silt & clay, tan-gray, cemented

Rag i g Fine to medium sand and silt - tan-gray
119 Silt, fine to medium sand
122 S3ilt, fine to medium sand w/clay & pebbles, cemented

Static Water - :]130 Medium sand and silt cemented - light brown

Level <%75{0133  Silt, fine to medium sand and fine gravel
139.7 ft. |« < |
_l L. 4 Medium sand and silt -~ gray-brown
= H143 5ilt, medium to coarse sand - dark gray
~1146

Medium to coarse sand, green, clean, water-bearing
Medium to coarse sand and silt, water-bearing fluid

E:f, 155 (some cemented layers)
~=z=1157 Clay, silt gray-blue - plastic
Total Depth haeazf1i30  Clay, silt, with sand |
163 ft. l=—=_l163ft. Clay, gray - plastic

Kaiser Mead
Project No. 177-4

ROBINBON & NOBLE, INCORD Qi
GROUHND WATER (LRSS K/(j
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The regional water table, below which all materials are
saturated, is about 140 feet below land surface. As noted later,
there may be very localized perched water tables at shallower
depths,

Under natural conditions, excess precipitation prercolates
through the unsaturated sedimentary materials until it reaches
the water table. In passing through the unsaturated soils, the
water will tend to dissolve all available chemical constituents
be they '"natural" or "artificial" and transport them to the water
table. The route of the percolating waters is complicated by
the anisotropy of the soils. Once the water reaches the water
table it moves down-gradient as laminar flow and mixes with the
underflow of the aquifer system. This flow, too, may be highly
complex as determined by aquifer anisotropy.

The quantity of excess precipitation determines the natural
recharge to this type of aquifer. The sewage effluent placed on
the abandoned wet-scrubber sludge pit constitutes a definite
source of artificial recharge which will form a "mound" on the
water table. Natural recharge may occur for only 7 months per
year and probably total about 9 inches per year. The artificial
recharge is continuous and may constitute as much as 250 inches
per year as averaged over the 10-acre site. Thus, the artificial

recharge may be 20 to 30 times greater than the natural recharge.



TEST DRILLING PROCEDURES

To examine the possibility that chemical constituents of the
waste disposal area might be entering the local aquifer, it was
decided that two test holes should be drilled. Test Hole 1 was
located near the northwest corner of the wet scrubber sludge pit.
Test Hole 2 was located on the northwest side of the pot lining

disposal area, between the pot lining and the brick disposal

sites.

Holman Drilling Company of Spokane was selected to perform
the drilling. Cable tool drilling equipment was used on both
test holes. The photos show the rig at TH-2,




Construction was begun at each site by placing a 10-foot x
10~-foot crib to a depth of 10 feet below ground surface. Eight-
inch casing was then advanced to a depth of 30 feet., Drilling

was completed with 6-inch casing in both test holes,

To insure that accurate samples were obtained, a number of
unusual drilling techniques were employed. To protect the samples
from possible contamination the contractor was not allowed to use
any water in the drilling operation. Drilling tools and materials
were also cleaned and protected to prevent surficial contamination.
Continuous samples were taken with a 5-inch drive-core sampler
throughout the full depth of drilling both test holes. Casing was
driven with drill stem and jars as the hole was advanced by sample
removal. This sampling method has also been used by other research-

ers on a ground water pollution project in the Spokane Valley.

Sample quality was excellent and recovery was near 100%.
Sieve analysis of selected samples are included in Appendix TI.
The contractor is to be commended for a very professional perform-
ance, under unusual drilling circumstances. Drilling was begun
en July 20, 1977 and completed on August 23, 1977,

On completion of each test hole, a 5-foot length of Johnson,
6-inch telescope 304ss 10 slot (0.010 inches) well screen was
installed. The screens were fitted with a neoprene packer top
and closed bottom. The exposed interval in both TH-1 and -2

was from 153 feet to 157 feet below ground surface,

After the screens were exposed, one hundred bailers of water

were removed. Each bailer contained approximately 3% gallons,



thus, about 350 gallons was removed from each test hole. Chemical
analyses were made of the 1st, 10th and 50th bailers in TH-1 and
from the 1lst, 10th, 50th and 100th bailer in TH-2. All water
samples were collected in plastic containers.

Both test holes'were completéd by filling the space between
the cribbing énd the 8-inch casing, and grouting the annulus
between the 6-inch and 8-inch casings as the 8-inch casing was
withdrawn. A positive surface seal results, and the 6-inch cased

test hole remains,



TESTING AND ANALYSIS PROCEDURES

As each core sample was brought from the hole, it was removed
from the core barrel and representative portions were sealed in
plastic bags. The samples were then taken immediately to the
Kaiser Mead Laboratory for analysis. The formation samples were
analyzed by selecting 10 grams of sample and mixing with 500 ml
of distilled water. This mixture was brought to the threshold
of boiling, to dissolve the soluble constituents and was then
tested by various methods shown in Appendix II.

Although this method is essentially arbitrary, it is well
suited to the purpose of identifying soluble chemical constituents
which are present in the so0il columns., It is recognized that the
measured concentrations probably are not the true ionic concentra-

tions, but rather an indication of thelr presence.

Analysis of the core samples included:

A, Sieve analysis of selected samples (TH-1).

B. Moisture content of samples at approximately
3~foot intervals (TH-1 and -2),

C. Chemical analysis of samples at approximately
3-foot intervals (TH-1 and -2).

For:
1. pH
2., Sodium



Calcium
. Fluoride
Sulfate
. Nitrate
. Cyanide *

~N 3O s W

Two sand samples collected from the Cunningham Sand and
Gravel Company pit south of the pit were also analyzed.

Water samples bailed from TH-1 and -2, and pumped from Plant
Production Wells 1, 2, 3, 5 and 6, and the two south plant wells
were analyzed chemically for Items 1 through 7 as shown above.
Water samples were submitted to Kaiser Center for Technology
analysis, and the Spokane County Engineers' office for comparison
of results. A comparison of these results is shown in Appendix
I1I.

Complete data of the Mead analyses are included in Appendix
II (envelope). K.C.F.T. data for cyanide analyses follows cyanide

section (Page 19).

A sample of the 10th bailer from TH-1 was submitted to Bennett
Chemical Laboratories for analysis. Their initial analyses were
discovered to be in error and were subsequently checked and
corrected. These results and methodology are included in Appendix
III. Bennett's evaluation of cyanide is Judged to be artificially
high because of the methods employed,

* Because the concentrations of cyanide were below this limit of
detectability of the method, the Mead cyanide data is in error.

The K.C.¥.T. cyanide data is considered reliable and is used as

the basis Tor all recommendations and conclusions regarding cyanide
in this report. The only inconsistency in the K.C.¥.T. data in the
analysis of TH-1, 10th bailer of .0llmg/ml. This analysis was
reported and confirmed by K.C.F.T. The source of the inconsistency

may have been extraneous, and is therefore not considered sipgnilicant.

-10-



COMPLICATING FACTORS

Several other factors should be recognized before attempting
an evaluation of the chemical analyses.

1. The drilling and physical character of the samples in
TH~1 and -2 reveal a number of relatively impermeable
zones in the section, These gilty ﬁnd clayey layers
significantly retard the downward infiltration of water
as shown by the relatively high moisture content at
these horizons. Mineralogy of the sediment tests is
primarily granitic in character. However, in some
horizons basaltic rock types predominate. In Test
Hole 1, caliche was observed in the samples from a
depth of approximately 20 feet to 40 feet. Caliche is
a deposit of calcium carbonate deposited.as a coating
on particles in the capillary zone in arid and semi--arid

regions.

2. Discharge from the domestic =ewage treatment plant,
discharges over the wet scrubber disposal pit after
aeration. This discharge is approximately 185,000 gpd
and therefore represents a potential infiltration of
over 67 million gallons per year. The effect of such
infiltration is of significance in analysis of nitrate.
The writer observed the Tull discharge of effluent to
be infiltrating into the sludge pit.

3. The temperature of the water bailed from TH-1 was 55°F

and 67°F from TH-2. Ground-water temperature is normally

about the same as the mean annual temperature. Water

-11-



Supply Bulletin 27 reports the mean annual temperature

at 50°F, and the average ground-water temperature at
540F, or 4°F above the mean annual temperature. The
temperature in TH-1 is therefore near normal, but the
temperature in TH-2 is obviously anamolous. The 67°F
was verified with several thermometers and in repeated
bailers pulled from the hole. The higher temperature
may result from thermal influence of the baking pits.

-19.



EVALUATION OF RESULTS

The following discussion considers the results of each
laboratory determination. Analytical determination of soil
samples and bailed water from Test Holes 1 and 2 are considered,
as well as soil samples from Cunningham Pit, and water samples
from Production Wells 1, 2, 3, 5 and 6, and South Plant well -
east and west.

Moisture Content

Moisture content in TH-1 and -2 is relatively low (less than
5%) throughout most of the section, except for a number of higher
zones which correlate with the more impermeable horizons within
the section. These impermeable zones retard the migration of
infiltrating water and thus create wetter or perched aquifers.
TH-1 shows a number of relatively wet zones, whereas TH-2 reveals
only two such zones at 52 and 53 feet and 125 to 130 feet. Since
the lithologic logs are very similar, the presence of a greater
number of moist zones in TH-1 may be a result of greater infiltra-
tion from the sewage effluent infiltration over the wet scrubber

disposal area near TH-1.

The moisture content below thé water tables is 14% to 22%
in both test holes, and thus parallels the void ratio in that
part of the aquifer. The moisture content of the samples-from
the Cunningham Pit showed only 0 and 1.8%. This low moisture
content is normal for samples from an exposed face during warm

weather,

~13-



In the soil-sample analyses there is a suggestion of an
inverse relationship between moisture content and the concentra-
tion of the various tested elements. Apparently, these concentra-
tions are reduced and mobilized in the high moisture to the next

lower stratum.

Hydrogen-Ion Concentration (pH)

Analysis of pH for the soil samples fall generally in the
range of 7.6 to 7.8, There is some suggestion that the less
impermeable zones have a slightly higher pH than the more perme-
able zones. The lowest soil pH (6.80 and 6.98) was observed in
the near-surface samples in TH-2, and is probably a result of
extraneous low pH material deposited at that site.

The pH of all water samples analyzed is in the range of 7.6
to 8,12,

Sodium

The high sodium content apparent in the upper 45 feet of
TH-2 results from the proximity of available sodium. In TH-Z,

sodium content decreases rather gradually with depth.

In Test Hole 1, sodium values in soil samples are much more
irregular., Analyses show the lowest values below the capillary
zone (140 feet) and from 13 feest to 28 feet, and 49 feet to 61
feet. Sodium values below the capillary wone in TH-1 are twice
as high as in TH-2, Thus, more sodium has reached the water
table near TiI-1 than near TH-2, even though the higher concentra-

tion source of sodium is closer to TH-2. Greater irregularity

1




of sodium concentration in section TH~1 also indicates more sodium
in transit at that location,

Sodium should be highly mobile where solute is available,
unless base-exchanged or clay-absorbed. Thus, sewage effluent

| again is suspect as the transporter for sodium.

Values for sodium in the samples collected at Cunningham Pit
are below surface values at the test sites -~ indicating decreased
surficial contamination at the pit.

Concentration of sodium in the water is higher in TH-1 than
in TH-2., Concentration of sodium in the Production Wells 1, 2, 3,
5 and 6 is less than 1/56th of the concentration for water from
TH-~-2. Concentration of sodium in the South Plant Wells is even
lower (approximately 4Img/l in South Plant Wells vs., 5.7 mg/l
average in Wells 1, 2, 3, 5 and 6.) This suggests that sodium
infiltration either has not penetrated the main aquifer or is
diluted by underflow in the lower and more permeable part of the
aquifer,

Calcium

Analyses of calcium concentration in soil samples from TH-1
and -2 does not readily correlate with any other data such as
mceisture content or lithology. The calcium ion is a major cation(fj

of these analyses and may result from the presence of caliche.

Caliche is normally present only in the capillary zone and
was obvious in TH~1 to a depth of 40 feet, but it may be present
throughout the seection, Samples from the Cunningham Pit show
calcium concentrations in the range of those from TH-! and -2,

which also related to the presence of caliche,




Concentration of calcium in the water bailed from TH-1l is
approximately two times as high as the concentration in the
Production Wells. Again indicating lack of communication or
dilution in the deeper part of the aquifer.

Fluoride

Fluoride concentration in the sediment columns is high in
both test holes, particularly near the surface. There is also
a suggestion of higher concentration at the less permeable
horizons in TH-1. Concentration in the column is greater at

the top and bottom particularly in TH-1, indicating a rather

"rapid migration of high fluoride leachate.

Fluoride concentration in the bailed water from TH-1 and -2
exceeds the E.P.A. limit. Concentration in the production wells,
however, is within the allowable limit and again illustrates
dilution, lack of direct connection, or a migration pattern away

from the production wells.

Washington State Bulletin No.27 reports fluoride in Production
Well 6 (26/43-16F2) at .0 mg/l in 1959, Analyses of the present
study indicate .03 microgram/ml (mg/l) Kaiser Mead, and .04 micro-
gram/ml (mg/l) Kaiser Center For Technology. This difference from
1959 is within the range attributable to the more accurate analytical
methods of this report, and does not necessarily reflect an increase
in fluoride concentration. Available analyses from other wells in
the aquifer show concentrations of up to 0.2 mg/l fluoride. There-
fore, at the Mead site, fluoride migration either has not penetra-
ted the productive part of the aquifer, or concentrations are

being effectively reduced by dilution from underflow,

~-16~



N@ i310M Ul -

- 108 Ul -+ wp.B
3IVS ON * 1 : /swoiBesaw (7
< LR N :
-
& - A //\.\/\/\ /\ \/ ~
tar P \//\\//\/\/ LR NNEN P S N .
s T f -
m \//\/\/\\ ./\/\/\ \/\//\//\/f\x\. \ U/\/\ - szeﬁmmﬁm
e

w
! swerSoisiu (£0°0)

JiLINVED

NOILYELINIONGD

\

-

341
i ~

/\..l L... \f..rk_/.s/ - s

fond o T ~ P

%lf”l.ll”lf\/\ll\ -~ N ._(l

AV1D

12/9/77

L-J - 0 (‘
= <
] @ .
. <
) Y (voro—c00) ==
o.”° =
o TIAVED ANV GNVYS 3IS¥YYOD s
T = AYi3, < y: ~__ AT 1 N L AT e N
7 AFAL - T
. o
- ’ o T
. L. P(re-ez) B MT?.MHHI@..WMI.II. e I
IIIIII -~ T T T T T T ETEVII UYLV g FIVAIXOEddv
. - ~— ) . P Z ol
. .I.fol.l..l.i.. .\\o\.\ £ §
- .. B 9 1
I SAIAVY T 4 AYI2 HITM M.DZ.QM WnHRIidiw ol INi 4
= - - ¥ 2
o |  * o
- —_ = . > §£T
Lo . Wv ) §E Nzu i szl
- - - U h
! “0soa M 405 \l 1¥s c StW 113IMm
SR § <fon » d - oz_zwﬂwm - NO I 13nQ0¥e
114 TWSQ451¢G mMmngum 13Im b .

NOILO3S JILYWIHOS

TV2I1dAL




Sulfate

Concentration of sulfate ih water bailed from TH-1 and -2
approaches the U,.S.P.H,S. limit of 250 mg/l, Concentration of
sulfate in water pumped from the plant production wells is less

than 1/4th the concentration of water bailed from the test holes.

However, concentration of sulfate in plant production wells has
increased from earlier analyses.

Plant Current S04 Larlier
Production Well Concentration Concentration Date
1 19.3 microgram/ml = mg/1 8.8 mg/1 6/8/42
2 40.8 " = ! 12.0 " 8/3/42
3 18.0 " = 0 9.5 " 8/15/42
6 22.2 " = " 13. 10/22/59

This data clearly indicates that sulfate is entering the
aguifer,

Background data on water quality throughout the Spokane aquifer
is very limited, Dut there appears to have been an overall increase
in sulfate ion concentration.

Nitrate

Concentration of nitrate in both soil columns is relatively
high and nearly uniformly distributed in TH-1. Concentrations are
higher in TH-2, probably indicating less infiltration and greater

shallow accumulation.
Concentration of nitrate in the bhailed samples is two times

that in the production well water. This variation may be the

result of causes similar to those discussed under fluoride above,

~17-
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Concentrations of nitrate in the plant production wells
apparently has increased since 1959. Limited chemical analysis
from other wells tapping the Spokane aquifer indicate widely
fluctuating nitrate concéntrations and an overall increase from
earlier data.

The presence of abnormal nitrate is generally taken as an
indication of contamination. Spokane County is currently investi-
gating the overall water quality in the aquifer. Considerable
effort is being focused on nitrate, so that possible sources of
contamination such as fertilizers and septic effluent in the
East Valley can be identified and evaluated,

Cyanide
. r.2.
K.C.F.T. analysis show 0.06 mg/ml in water pumped from

Production Well 3, and 0.007 mg/ml in water bailed from Test

Hole 2. These concentrations indicate a possible migration of
cyanide from the disposal area to the water table. *Additional
analyses of water from Production Well 3 showed decreased concentra-
tions of from 0.001 to 0.004. The decrease in cyanide concentration
may be due to dilution from pumping, or due to the instability of

cyanide at such low concentration.

* Production Well 3 is located very near the disposal area. Such low
cyanide concentration could be from direct migration of the pollutant

down the exterior of the well casing.

A4 Mw‘?'ﬂﬂ/}”- 18-
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To:

INTER-OFFICE MEMORANDUM

F. J. Haydel and R. L. Alboucq - Mead Date; J ne 13, 19

A. H. Scott - Mead Prom: “ g %&M/
R. L. Humphrey -~ 677 OB !

TIC - Library - CFT At: Mead

R. 0. Gunderson ~ 664 OB

J. B. Todd - 676 OB
Environmental Control - KC 762

Subject; Corrections on Page 19 -
Phase I Investigation of,
"Effect of Waste Disposal
Practices on Ground-Water
Quality at Kaiser
Aluminum & Chemical
Corporation, Mead,
Washington"

On your copy of subject report, please change
grams per gram concentration of =soil sample to
micrograms per gram, and grams per milliliter of

water to micrograms per milliliter of water, Thanks., -— FDFDA4

Reported as: Should be;:
Analysis - CN Analysis - CN
gfg (s0il), g/ml (water) pg/g (soil), pg/ml (water)




Enclosed are the following 28 soil samples, and 16 water samples:

Soil Samples Analysis - CN
Test Well  Mead Lab. No. Depth ,zgxg/g (501‘1),&7@1 (water)
1 1517 9.5 - 10.0 N 0.13 CFT Analysis
1 1523 22,5 ~ 23,0 0.02 }
1 1535 33.0 - 33,5 0,17
1 1549 49,5 - 50,0 0.04 _
1 1657 68.0 ~ 69,0 e.o4
] 1561 83.5 - 84.5 0,02
1 1567 88.5 - 89.0 0.02
1 1582 116.0 - 117.0 0.03 )
1 15874 124.0 - 125.0 0.03
1 1606 136.0 - 137.0 0.01 -
1 1607 ~140.0 - 141.0 0.04 N B
1 1619 155.0 - 156.5 0.02 .
2 1694 4,0 - 4,5 0.69
2 1703 40.0 - 41.0 ___0.01 .
2 1706 52.0 -~ 53.0 0.04 e
2 1709 64,0 - 65.0 0.18
2 1716 __88.0 - 89,0 0.04 ~
2 1719 100.5 - 101.5 0.05
2 1743 112.5 - 113.0 0.11
2 1746 125.0 - 126.0 0.01
2 1747 129.0 - 130.0 0.02 L
7 1748 133.0 - 134.0 0.07
2 1751 144.0 - 145.0 0.01 )
2 1752 148.0 - 149.0 0.02
Blank Soil Sample #1 Less Than 0.01
Blank Seil Sample #2 N " " 0.01
Failed Pot Lining Sample #1 B 4,470
Failed Pot Lining Sample #2 12,035
Water Samples _
_Production Well #1 Less Than 0.001 pm
Production Yell #2 i " 0.001 "~
Production Well #3 (Duplicate) 0.064
Production Well #3 {Duplicate) 0.060
Production Well #5 ' Less Than 0,001
Production Well #6 j . oo 0.001
South Plant E. Production Well " o 0.001
South Plant W. Production WeTl W 0,000
TH-1 Tst Bailer 0.010 ~
TH-1 50th Bailer Less Than 0.001
TH=2 1st Bailer T 70001
TH-2 1st Bailer from Screen ~ 0.009
TH-2 10th Bailer ' - —0.007
TH-2 50th Bailer - ‘ B 0,007
TH=2 100th Bailer T 007
Distilled Water __Less Than 0.001
R. J. Schlager ~19-

1-9-78



CONCLUSIONS

The water table at the site is about 140 feet below ground
surtace. Ground water does not directly contact the material

in the disposal areas.

Water from natural and unnatural sources has been sufficient
to mobilize some objectionable chemicals into the "dry"
sediments above the water table and into part of agquifer
itself,

Specifically, the test results indicate that fluoride, sulfate,
cyanide and nitrate have all entered the aguifer. However,
none of the concentrations in the production wells are above
the allowable maximum limits of the E.P.A. or Uu.5.P.H.S.

Comparison of earlier data from plant production wells, with
data from this study, show that sulfate and nitrate concentra-
tions have increased. However, similar increases have been

observed in the aguifer in other parts of the valley.

Fluoride concentration in bailed water from TH-1 and -2
exceeds the E.P.A. limit of 2.4 mg/l. However, concentration
in the deeper production wells averages less than 0.04 mg/1.
Non-hazardous pollutants of sodium and calcium have also

entered the aquifer.

The concentration of pollutants is generally greater in the
upper part of the aquifer than in the lower horizon tapped

by the plant production wells. The lower concentrations in



10.

11,

the production wells may be in part due to dilution, isola-
tion by an impermeable zone of unknown continuity, and by
the direction of ground water flow.

High ground temperatures, caused by heat from the baking
pits, could possibly influence the solubility of some of
the chemical constituents of the leachate and soil.

A plume of leachate around the wet scrubber disposal pit,
caused by discharge of sewage effluent over the pit is
likely to enhance the infiltration of pollutants.

Determination of the shape, size and direction of flow of
such leachate plumes are beyond the scope of this study.
However, we can recognize that the sediments in and over-
lying the aquifer are highly anisotropic, and therefore that

leachate flow in these sediments would be similarly irregulavr,

While Test Hole sites 1 and 2 were chosen to be down--gradient
from the two most obviocus sources of contamination, it is
probably optimistic to assume that the two test hole sites

represent the highest concentration of pollutants in the aren.

Further studies are reguired to identify the bulk quantity of
pollutants, the dilution potential directioncof leachate

movemeni throughout the system,

=21~
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RECOMMENDATIONS

Stop disposing of sewage effluent in the wet scrubber disposal

pit.

Evaluate the benefit ol grading and coverihg the disposal areas
with an impermeable material such as bentonite. {
Initlate further studies to further evaluate the impact of the
contaminants on the aquifer. The goals of the study should

be to:

A. Quantify the amount of leachate that may he entering
the aquifer system.

B. Determine the degree of connection between the
upper and lower aqulfer horizons,.

C. Determine the amount of underflow in the aquifer

system.

D. Define and describe the plume of influence, and
the migration pattern of contaminants, subject to
limitations ol test wells drilied.
. \‘
E. Bvaluate and compare ground-waier guality of other

walls in the agquifer,

. Determine the relationship between Lthe s0il chemistry

and the leachate and its effect on leaschate mobility.

"L



To complete the above described study a number of activities
will be required. Amoﬁg these are:

_ .
1. Drill four to six additional test wells./}

\\ 2. Install a temporary water level recorder in\B
Test Hole 2. .

o
:S 3. Install a low capacity (1 gpm) pump in THml//
and eventually in Test Hole 2.
/// ‘ .
4. Coordinate additional drilling with geochemical/

and elutriate tests. ” ﬁﬁg@f
P

Iz

?L 5. Research of existing water quality informatioﬁ}T
as well as collection and analysis of @ll/wells
in the aquifer -- with particular emphasis on ’

down-gradient points.

Respectfully submitted,

ROBINSON & NOBLE, INC.
Ground Water Geologists

By {{:\Mf% et "

ames R, Carr

Y1
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The Tyler Standard Screen Scale

Form No. L-4
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Cumulative Logarithmic Diagram of Screen Analysis on Sample of

The Tyler Standard Screen Seale
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Method Confirmation Checks
and Standards Verification -7 -

October 27, 1977

A cross check was made to validate the sodium and calcium standayds
used in the test well project. This was done by independently recalculating
the amount of dried NaCl and dried CaC0O3 to make the 1000 pg/ml stock solutions,
remaking the solutions, aliquoting as necessary to make the standard solutions
and cross checking each of the new standard solutions with the old standards
used for analysis in the test well projects. These results are shown below.

Na (Units) Na jg/ml Ca (Units) Ca_pg/ml
0ld _New - 01d New
500 500 1.0 500 500 10
235 245 0.5 247 249 5

60 53 0.1 45 57 1

A further correlation on the Ca method is shown below.

Conc. Ca pg/ml

Tap Hp0

#1 Well

#2 Well

#3 Well

#5 Vell

#6 Yest Well
South Plant

#7 East Well
South Plant

22.8
21,4
22,
22.
23.

[ &2 N S Y

(S5

24,

27

1

[ r‘c.lu) C.hxmn“,h

|l
L L .C/U) (—'PGLO-.—N‘-_ /;/-J - UVVLJ;\
e -l %/ \ (__.-5 (S PN

1 E c-a / Q:-J\-.

= YA G-b/,Q

Test MWell Kaiser 26743 16 D2 when tested prior to 1952 showad 24 parts per
million calcium (Ca) which agrees well with our data on the Kaiser-Mead well water.
The investigation "Record of Wells, Water Levels, and Quality of Ground Hater in
the Spokane Valley, Spokane County, Washington™, by Weigle and Mundorff, 1952,

identifies 26/43 16 D2 as Kaiser Well #1 as numbered above.



Method Confirmation Checks
on Standards Verification : -3 - ~ October 27, 1977

Cyanide standards were run at various times during the course of the
project. These standards were made by freshly preparing a stock solution with
a calculated amount of KCN, diluting this to a standard solution and pipeting
varying quantities of the standard 901ut10n to 25 mil volumetracs

The results of these standard runs ayree we11 with the original
curve data as replicated several times over the past 3 years.

Nitrate is a more compiex situation for va]idation than most of the
methods employed in this project. The method employed was a selective ion
electrode method which seems prone to some drifting problems. Nitrate can also
be determined by an ultraviolet method but the method is prone to severe
interference by organic material which is normally present in soil. Brucine
indicator is on order and has not been received so we cannot yet employ the
alternate Brucine spectrophotometric method. DBuplicate samples were
sent to Spokane County lLaboratories and, to our Research Center in Pleasanton,
California, and returned results agree - 20% which may be as good as the
available methodology. :

I betieve the analytical results on the project as a whole are accurate
and represent the sampies as received in the Chemical Laboratory.
X !



INTER-OFFICE MEMORANDUM

To W. B. Eastman watie Qctober 27, 1977
L . .
A
ar  Mead rizom  F, G. Doo]ittle‘”tj.jibﬁtiﬂfj
\
corizs o R+ J. Schlager - AT Mead

R. L. Alboucq
sumecr Method Confivmation
Checks and
Standards Verification

REFERRIMG TO

The fluoride in well water and the fluoride in the soil leachate were
run on the Technicon Autoanalyzer using the same method that we use for
analyzing the low fluoride tape sample Teachate. The 3 standavrds used for these
analyses were the regular .25 pg/ml, .50 pg/ml and .75 pg/ml which are used to
seb up the 0.00 pg/mt to 1.00 pg/ml curve. These standards were remade at least
once during the period that the fluoride analyses were performed and these
standards cross checked with each other very closely,

The sulfate (S04) method was confirmed by submitting 3 unknowns to the
anatyst. These unknowns were prepared by taking varying aliquots from a standard
copper sulfate solution prepared by the chemist. The results are shown in the
table below,

ml Cupric Sulfate 504 S0y
__Standard Solution  Present (gms) Reported (gms) A Grams % Difference
b L0679 0690 L0011 1.6
10 L1358 .1523 L0165 12.1
20 2716 L2784 .0068 2.5

We feel these results confirm the accuracy of the gravimetric method
used to determine the sulfate in the soil sampies and the well water.

BAEAD NWORIKS o de Mowsibon Ouont
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Cumulative Logarithmic Diagram of Sereen Analysis on Sample of Test ell #1 Soil
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_RFT M 854 WELL CORING LOG Date: 2-1-77
well  #1 Tharﬁe Lake .Depth vs. Concentration

Moisture

(Percent by"Heighti

Lab. No. Depth Feet Moisture

. 5 10 15 20
1512 0.0 - .5 1.4 Xxx. ]

1513 2.0 - 2.5 3.6 PXXXXXXX )

1514 4.0 - 4.5 3.5 KXXXXXXX |

1515 6.0 - 6.5 3.7 RXXXXXXXX |

1576 8.0 - 8.5 4.7 EXXXAXXXXX i

1517 9.5 - 10.0 3.6 POXOIXXKXX |

1518 12.0 - 12.5 3.3 KXXXXXXX ]

1519 13.5 - 14.5 3.3 EXXXXXXX -

1520 i6.5 - 17.5 3.0 KXXXXXX ’

1521 18.5 - 15.0 3.7 KXXXXXX

1522 20.0 21.5 3.3 PIXXXXXXX |

1523 22.5 - 23.0 10,3 BCOOXXXNXHHKHNRXXXK X XXX KAXX

1524 24.0 - 25.0 8.4 XXXXXXXXXXXRXXXKX XXX

1525 26.0 - 27.0 2.8 XXOKXX |

1526 27.0 - 28.0 3.0 XXXXXXX :

1535 33.0 - 33.5 2.7 poxxxxx ;

1536 36.0 - 37.0 3.7 KXXXXXXXX

1537 39.0 - 39.5 5.7 MxxxxxxxxXXﬁx

1538 42.5 - 43.5 3.5 POXXXXXXX

1539 44.5 - 45.5 4.6 KXXXXXXXXXX !

1549 49.5 - 50 13.8 PKXXXXXXXKXXXKXXXKXXKXXXXXXKX XXX XK

1550 53.0 - 53.5 4.8 POOCKXXXXXXX |

1551 56.0 - 57.0 2,8 KXXXXXX i

1552 60.0 - 61.0 17.6 EXXXXXXXXXXXXXXXXXXKXKXAX XX

1553 4.0 -~ 65.0 4.3 RO X |

1557 63.0 - 69.0 3.6 XXXKXXXX {

1558 72.0 - 73.0 4.3 txxxxxxxxx

1559 76.0 -~ 77.0 4.7 BOOLORXXXXX

1560 80.0 - 80.5 B.T KXXXXXXXXXXXKX

1561 83.5 - 84.5 TO. 0 KXXXKKXKEK KA KX X XXX KA

1567 88.5 - 89.0 2.7 KXXXXX

1568 92.0 - 93.0 3.3 KXXXXXXX

1569 95.0 - 96.0 3.9 RUAXKXXXX

1570 100.0 - 101.0 4.3 PXXXXXKXXAX

1577 103.0 - 104.0 4.6 EAXXXXXXXXX

1580 108.0 - 109.0 4.3 RKXXXXXXXXX i

1581 112.0 - 113.0 5.8 xxxxxxxxxxxxkx .

1582 116.0 - 117.0 TE. T POCKKOOCKHHH KKK K KHHK KX XK KKK KX KA K KX XXX
1583 120.0 - 121.0 7.6 KXXXXXXXXXXXKXXXXX !

1584 124.0 - 125.0 12.6 RXXXXXXXXXXXXXXXXXXXXXKXXXXXXX

1604 128.0 - 129.C 6.7 KXXXXXXXXXXXXXXX ;

1605 132.0 - 133.0 6.5 FXHXAXXXKAKINAX

1605 136.0 - 137.0 3.2 BXXXXxxX

1607 140.0 - 147.0 3.4 KXXXXXXX

1608 144.0 - 145.0 8.9 KXXKXKXXXXKAXX KX XXX KXX

1616 147.0 - 148.0 12.86 xxxxxxxxxxxi&xxxxxxxxxxxxxxxxx

1617 150.0 - 151.5 T4 .8 PEXXHHKKKEER KA XK XXX XK XKKAX K XXX AXHKAXX
1618 152.0 - 153.0 14.3 xxxxxxxxxxxxyxxxxxxxxxxxxxxxxxxxxx
1619 1556.0 - 156.5 156 PEXXXKKXAKIKKPXKKE KKK AN K XL KK KXXK KX XK LXK
1620 157.0 - 158.5 17.0 &xxxxxxxxxxxgxxxxxxxxquxxxxxxxxxxxkxxxx
}640 5011 Blank #1 1.8 Blank soil samples were taken from the Cunningham Sand
1641 Soil Blank #2 0.0 and Gravei Co. sand pit south of the South Plant



ZLL CORING LOG

-~ M 854 ~ e
RPL T Depth vs. Concentr tion Date: 2-1-77
Well #1 Tharpe Lake H of soil
Lab. No. Depth Feet N I
1512 0.0 - .5 7.37
1513 2.0 - 2.5 7.62
1574 4.0 - 4.5 7.02
1515 6.0 - 6.5 7.37
1516 8.0 - 8.5 7.50
1517 g.5 - 10.0 7.64
1518 2.6 - 12.5 7.71
1519 13.5 ~ 14.5 7.74
1520 16.5 - 17.5 7.70
1521 18.5 ~ 19.0 7.72
1522 20.0 21.5 7.73
1523 22.5 -~ 23.0 7.72
1524 24.0 - 25.0 7.76
1525 26.0 - 27.0 7.76
1526 27.0 - 28.0 7.79
1535 33.0 - 33.5 7.86
1536 36.0 - 37.0 7.73
1537 39.0 - 39.5 7.79
1538 42.5 - 43.5 7.79
1539 44.5 - 45,5 7.80
1549 43.5 - 50 7.69
1550 53.0 - 53.5 7.75
1551 56.0 - 57.0 7.52
1552 60.0 61.0 7.81
1553 64.0 - 65.0 7.74
1557 £8.0 - 69.0 7.70
1558 72.0 - 73.0 7.70
1559 76.0 - 77.0 7.71
1560 80.0 - 80.5 7.72
1561 83.5 - 84.5 7.71
1567 88.5 - 89.0 7.66
1568 892.0 -~ 93.0 7.73
1569 95.0 - 96.0 7.79
1570 100.0 - 101.0 7.52
1571 103.0 - 104.0 - 7.51
1580 708.0 - 109.0 7.53
1581 112.9 - 113.0 7.74
15382 116.0 - 117.0 7.70
1583 120.0 - 121.0 7.72
1534 124.0 - 125.0 7.64
1604 128.0 - 129.0 7.68
1605 132.0 - 133.0 7.60
1606 136.0 - 137.0" 7.59
16067 140.0 - 141.0 7.58
1608 144.0 - 145.0 7.64
1616 147.0 - 148.0 7.34
1617 150.0 - 151.5 7.36
1618 152.0 - 153.0 7.59
1619 155.0 - 156.5 7.68
1620 157.0 - 158.5 7.63
1640 Soil Blank #1 7.66 Blank soil samples were taken from the Cunningham
1641 S0i1 Blank #2 7.36 Sand and Gravel Co. sand pit south of the South Plant
Lab. No. Identification pH of Water

- 1634 Test Well #1 Tst Bail 7.74
1636 Test Well #1 10th Bail 7.59
1637 Test Well #1 50th Bail 7.66

North Plant Production Well #1 7.76
North Plant Production Well #2 7.96
North PTant Production Well #3 7.99
North Plant Production Well #5 8.04
North Plant Production Well #6 8.C1
South Plant Production Well East 7.91
South Plant Production Well West 8.12



Qo =f =
ey M 894 WELL CORING LOG - pate: <777
Helf 41 Tharpe Lake —~Depth vs. Concentration et

Na
(Conc. Expressed in Micrograms
per aram of as-rezeived soil)
Lab. No. Depth Feet Na pg/gm 100 1,000
1512 0.0 - .5 280 | XXXXAXXXXX XXX KKK K
1513 2.0 - 2.5 8T | XXXKXAXXXXXKXKKX
1514 4.0 - 4.5 300 PXAXXXHXKXKHXXHHK XN XK X KX
1515 6.0 - 6.5 163 PXXXXKKAXXXXXXKK Y AX
1516 8.0~ 8.5 150 [XXXXXXAXNXKKXK KX BK
1517 §.5 - 10.0 S50 [XXXXXXXAKXXXHKXXXAXKXXKK KKK
1518 12.0 - 12.5 195 IXXXXXXXXXXXXXXXXHXK
1519 13.5 - 14.5 B3 PXAXXXXXXXXX !
1520 16.5 - 17.5 45 IXXXXXXXX ;
1521 18.5 - 19.0 40 [xxxxxxx i
1522 20.0 - 21.5 30 potxxx
1523 22.5 - 23.0 35 xxxxxx
1524 24.0 - 25.0 24 b xxx
1525 26.0 - 27.0 18 [xx
1526 27.0 - 28.0 25 pooex
15 3. . 3
222 297 B 188 Resmomeponsoon
1537 39.0 - 39.5 B IXXXXXAXHXXX
1538 42.5 ~ 43.% 27 Ixxxx
1539 44 5 - 45,5 T35 XAXKKXXXAAXAXKKXX KKK
1549 49.5 - 50 30 IXxxxx
1550 53.0 - 53.5 32:Xxxxx
1551 56.0 - 57.C 23 XXXX
1552 60.0 -~ 61.0 23 ;xxxx
1553 64.0 - 65.0 T10 bt xxxxxxx xxxxxx
1557 68.0 - 69.0 580 KX X XXX X XXX KX XX KXIHHXNKKK KX
1558 72.0 - 73.0 345 KX XXXXAXXXKXKXKLEXXKXKX
1559 76.0 - 77.0 155 kxxxoxsxxxxxxxxxxxk
1560 80.0 - 80.5 TTT X XXKXXXXAXK AKX
1561 83.5 - 84.5 55 KXXXXXXXXX
1567 88.5 - 89.0 330 MXMXXRKKIANA AR KK NN KLY
1568 92.0 - 93.0 B6 KAXXXXXXXXX
1569 95.0 - 96.0 92 HXXXXXXXXXXXXXXXK
1570 100.0 - 101.0 133 POXXAXXXXXX XXX XXX XX
1571 103.0 - 104.0 176 XXXXXXXXXXXXXXXKHX K
1580 108.0 - 109.0 198 KXXXXXXXXXXXXXXXKKX
1581 112.0 - 113.0 33 Kxxxx
1582 116.0 - 117.0 98 KXXXXXXXXXXXXXX XK
1583 120.0 - i21.0 135 KXXXXXXXXKXXXXXKX
1584 124.0 - 125.0 170 Joxxxxxxxxxxxxxxxxkx
1604 128.C - 129.0 475 XHXXXXAXKXXXXXXXXKXXKXXKX
1605 132.0 - 133.0 390 KXXXXXXXXXXXXXXXXKXXXKXKX
1606 136.0 - 137.0 520 KXXXHXXXXXKXXKXKKXXKKXKXXKAK
1607 140.0 ~ 141.0 40 fxxxxxx
1608 184.0 - 145.0 30 HXXXX
1616 147.0 - 148.0 30 Kxxxx
1617 150.0 - 151.5 25 KXXX
1618 152.0 - 153.0 27 KXXXX
1619 155.0 ~ 156.5 27 KxXxxx
1620 157.0 - 158.5 27 KXXXX
i640 Soil Blank #1 . 154 Blank soil. samples were taken from the Curningham
1641 So0il Blank #2 15 Sand and Gravel Co. sand pit south of the South PI.
Sodium 1in Water
¢ Lab. No. Identification (Conc. Expressed in Micrograms per ml)
1634 Test Well #1 st Bail . 48
1636 Test Well #1 10th Bail 42
1637 Test Well #1 50th Bail 45
North Plant Production Well #] 6.2
North Plant Production Well #2 - 6.3
North Plant Production Well #3 4.2
North Plant Production Well #5 5.7
North Plant Production Well #6 6.3
South Plant Production East 4.1
South Plant Production West 4.2
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RFL__ 1 854 MELL CORING LOG Date: 27177
Well #1 Tharpe Lake Depth vs. Concentration

Ca
(Conc. Expressed in Microgram
per grem of as-roceived Soil
: Lab. No. Depth Feet Ca ug/gm
- 1512 0.0 - .5 830
1513 2.0 - 2.5 300
1514 4.0 - 4.5 40
. 1515 6.0 - 5.5 90
- 1516 8.0 - 8.5 240
C 1517 9.5 -~ 10.C 560
- 1518 12.0 - 12.5 950
1519 13.5 ~ 14.5 920
1520 16.5 - 17.5 550
1521 1.5 - 19.0 670
1822 20.0 - 21.5 800
1323 22.5 - 23.0 760
1524 24.0 - 25.0 730
1525 26.0 - 7.0 770
1526 27.0 - Z28.0 340
1535 33.0 - 33.5 870
1536 36.0 - 37.0 560
15837 39.0 - 39.5 730
1533 42.5 - 43.5 830
1539 44.5 - 45.5 810
1549 43.5 - 50 720
1550 53.0 - 53.5 630
1551 56.0 - 57.0 710
1552 60.0 - 61.0 360
1553 64.0 - 65.0 630
1557 68.0 - 69.0 700
1558 72.0 - 73.0 740
1559 76.0 - 77.0 550
1580 80.0 - 80.5 650
1561 33.5 - 84.5 630
1567 88.5 - 89.0 630
1568 g2.0 - 93.0 750
1568 5.0 - 96.0 530
1570 100.0 -~ 101.0 530
1571 103.0 - 104.0 330
1580 108.0 - 109.0 670
1581 112.0 - 113.0 550
1582 116.0 ~ 117.0 770
1583 120.0 - 121.0 780
1584 124.0 - 125.0 750
1604 128.0 - 128.0 670
1605 132.0 - 133.0 550
1606 136.0 - 137.0 630
1607 140.0 - 141.0 750
1608 144.0 - 145.0 710
1616 147.0 - 148.0 560
1617 150.0 - 151.5 6790
1618 152.0 - 153.0 600
1819 755.0 - 156.5 &70
1620 157.0 ~ 158.5 770
1640 Soil Blank #1 770  Blank soil samples were taken from the Cunningham
1647 Scil Blank #2 350 Sand and Gravel Co. sand pit south of the South
' Plant.
Calcium in Water
Lab. No. Identification (Conc. Expressed in Micrograms per mi)

1634 Test Well #1 Tst Bail 4]
1635 Test Well #1 10th Bail 5%
1637 Test Well #1 50th Bail 43

North Plant Production Well #1 21.4
North Plant Production Weli #2 22.5
North Plant Production Well #3 22.7
North PTant Production Well #5 24.3
Horth Plant Production Well #6 23.5
South Plant Production Well Fast 22.5
South Plant Production Well West 24.5



" RF1 M 854 WELL CORING LOG : Date: 27177
LT . ~_- Depth vs. Concentration e
CWell 2 Tharpe Lake
FLUGRIDE
{Conc. Expressed in Micrograms
per gram of as-rereived soil)
Lab. No. Depth Feet Fluoride pg/gm
. 10 100 1.
1512 0.0 - .5 2590 [ XXXXXXXXXKXKXX KKK XXX XXX XXX KX KXKKXKX KKK
1513 2.0 - 2.5 207 .0 JXXXXXKXXXXXKXXXKXXXXXKXX XXX KX XXX XXX XKX X
1514 4.0 - 4.5 21 .5 PXAXAXXXXKXXXX XXX EKX
1515 6.0 - 8.5 TT.5 {XXXXXXRXXXXONKNEX
1516 8.0 - 8.5 175 PRXXXXKXXXXKXXKXXXEX
1517 8.5 - 10.0 6.5 | XXXXXAXXXXXX
1518 12.0 - 12.5 267 .5 LAXXXXXXXXXXXXX XXX KKK XXX KX KX XXX KX KKXKIXX
1519 13.5 - 14.5 37 05 PRAOXKXXXXXKXKX XK EX KK XXX
1520 16.5 17.5 2.5 Ixxxxx
1521 18.5 - 19.0 2.0 |xxx
1522 20.0 - 21.5 4.0 Ixxxxxxx
1523 22.5 - 23.0 30,5 PHXKAXKXRXXHXLXAXAXEX XX KK KX
1524 24.06 - 25.0 T8.5 [XXXXXXXXXXAXXXKXAXK
1525 26.6 - 27.0 4.0 Ixxxxxx
1526 27.0 - 28.0 7.5 IXUXRXXXXXAXXXX
1535 33.0 - 33.5 3.5 Ixooox
1538 36.0 - 37.0 3.0 oxxxxx
1537 39.0 - 39.5 2.5 poxxxx
1538 42.5 - 43.5 1.5 bx
1539 44.5 - 45,5 3.0 buxxxx
1549 49.5 - 50 5.0 PEXOOOx
1550 53.0 - 53.5 5.0 Ixxxxxxxxx
1551 56.0 - 57.0 3.5 [xxxxxx
1552 60.0 - 61.0 3.5 Ixxxxxx
1553 64.0 - 65.0 5.0 IXXXXX XX XX
1557 68.:0 -~ 68.0 5.0 PXAXX®XXXK
1558 72.0 - 72.0 3.5 |xxxxxx
1559 76:.0 - 77.0 2305 IXxxxxx
1560 8C.0 - 80.5 3.5 [XXXXXX
1561 83.5 - 84.5 3.5 XXXXXX
1567 88.5 - 89.0 3.5 [XXXXXX
1568 92.0 - 93.0 6.0 PXXXXXXXXXXX
1569 95.0 - 95.0 6.0 XXXXXXXXXHX
1570 100:0 - 101.0 3.0 Dixxxx
1571 103.0 - 104.0 3.5 Poxxxxx
1580 108.0 - 108.0 2.5 xxxx
1581 112:0 - 113.0 2.5 Kxxxx
1582 116.0 - 117.0 5.0 pexxxxxxxx
1583 120.0 - 121.0 7.0 ROXOXOXOIX XXX XXX
1584 124.0 - 125.0 6.0 KXXXXXXXXXX
1604 122.0 - 129.0 6.5 KXXXXXXXXXXX
1605 132.0 - 133.0 6.0 RXXXXXXXXXX
1606 136.0 - 137.0 7.0 BXXXXXXXXXXXX
1607 140:0 - 1471.0 6.0 KXXXXXXXXXX
1608 144.0 - 145.0 8.5 KXXXXXXAXXXXXXX
1616 147.0 - 148.0 705 KXXXXXXXXXK XXX
1617 150.0 - 151.5 8.0 XXX X HKHLXHXNX
1613 . 152.0 - 153.0 9.0 KXXXXXXXXXXXXXXX
1619 155.0 - 156.5 8.5 KXXXXXXXXXXKXXX
1620 157.0 - 158.5 8.0 NN YN Y X
1640 Soil Biank #1 6.0 Blank so0il samples were taken from the
1643 So1l Blank #2 5.5 Cunningham Sand and Gravel Co. sandpit sout
of the South Plant
FTuoride 1n Water
Lab. No. ; Identification (Conc. Expressed in Micrograms per mi)
1634 Test Well #1 1st Bail 3.07
1636 Test Well #1 10th Bail 2.90
1637 Test Well #1 50th Bail 3.10
North Plant Production Well #1 0.04
North Plant Production Well #2 .03
North Plant Production Well #3 0.03
North PTant Production Well #5 -
North Plant Production Well #6 0.03
South Plant Production Well East 0.03
South Plant Production Well Mest 0.04



| ORFL 11854 WELL CORING LOG : Sate: 2-1-77

e

- Depth vs. Concentration o
-7 Hell #1 Tharpe Lake

S0q

(Conc. Expressed in Micrograms
per gram of as-rcceived soil)

tab. No. Depth Feet S04 pg/gm
—_—_— 1,000 10,000
1512 0.0 - .5 978.xxxxxxxxxxxxxxxxj |
1513 2.9 - 2.5 15 123 B XX XXX XXXAXKXARK
1514 4.0 - 4.5 75638 XX XXX XXX AKX XXX XEXX
]5]§ 6.0 - 6.5 15360 XX XXXXXXXXKXKXXKKX
1518 8.0 - 8.5 15318 XX XXX XXXXXXAKXX XXX
1517 8.5 - 10.0 B3G IXXXXXXANKXKXK :
1518 : 12.0 - 12.5 1,329 HXKXKXXXHXXKXLXKXK XX
1519 13.5 - 14.5 577 XXXXXXKXXX i
1520 16.5 - 17.5 700 IXXXXXXXXXKXK |
1521 18.5 - 19.0 43 BXXXXXXKX, ;
1522 20.0 - 21.5 BBE [XXXXAXXXXKKKANXK
1523 22.5 -~ 23.0 793 PXXXXKXAHXAKAKRK !
1524 24.0 - 25.0 556 DOXXXXXXXX i
1525 26.0 - 27.0 B28 XXXAXXXKXXX ;
1526 27.0 - 28.0 4748 IXXXXXAKX
1535 33.0 - 33.5 1,792 XXXXXXXXXXXXXXXXXXX
1536 “ 3.0 - 37.0 B34 XXXXXXXXAXNHXXX !
1537 3.0 - 39.5 068 PXXAXKAXKXK LXK XXX
1538 2.5 - 43.5 1,427 POXXXXXXXXXXAXXKX XXX
1539 44.5 - 455 1,378 EXXXXXXXXX XXX XXXX
1549 49.5 - 50 1,205 REXXXXXAXNXX KKK AKX
1550 53.0 - 53.5 670 BOXXXXXXXXXXN '
1551 56.0 - §57.0 OB PXXKXXXKKAXNK KKK
1552 60.0 - 61.0 700 KXXXXXXLXXKNX
1553 64.C - 65.0 299 KXXXX
1557 68.0 - 69.0 762 KXXXXXXXXXXXX
1558 72.0 - 73.0 319 KXXXX
1559 76.0 - 77.0 1,092 KXXXXXXXXXXXXXXXX
1560 80.0 - 20.5 1,174 KXXXXXKXXKRKXXAXX KKK
1561 3.5 -7 84.5 855 KXXXXXXKX XK XK KX
1567 88.5 - 89.0 2,857 KXKXXHXKAKKXXX XX KK KKK
1568 92.0 - 983.0 1,257 KXXXXXXXXXXXXXXXXX
1569 95.0 - 96.0 1,785 KXXXXXXXXXXXAXXXXK
1570 100.0 - 101.0 680 KXXXXXXXHKKX
1571 103.0 - 104.0 1,528 KAXXXXKXXXXXXXK XXX X
1580 108.0 - 109.0 B66 KXXAXXNXXX
1581 112.0 - 113.0 845 KXXXAXXXXXXKXXXX
1582 116.0 - 117.0 690 KXXXXXXXXKXXX
1583 120.0 - 121.0 752 KXXXXAXXXXKXXX
1584 124.0 - 125.0 793 KXXXXXXXXXXAXX
1604 128.0 - 129.0 834 KXXXXXXXXXXXXXX |~
1605 132.0 -~ 133.0 077 KXXXXXXXXXXXXXKX
1606 136.0 - 137.0 . 814 KXXXXXXXXXXXXXX
1607 140.0 - 141.0 1,679 KXXXXXXXXXXXXXXXXKX
1608 144.0 - 145.0 1,978 KXXXXXXXXXXXXXXXXKXX
1616 147.0 - 148.0 , 72T FXXXXXXXXXXXX
1617 15¢0.0 - 151.5 1,T02 EXXXXXXXXXXXXXXXX
1618 152.0 ~ 153.0 515 FXXXXXXXX
1619 155.0 - 156.5 1,576 XXXXXXXXXXXXXXXXXXX
1620 157.0 - 158.5 639 KXXXXXXKXXXX
1640 - Soil Blank # 1,545  Blank soil samples were taken from the Cunninghe
1641 Soil Blank # 1,390 Sand and Gravel Co. sand pit south of the South
Plant
' : Sulfate in Water
Lab. No. . Identification (Conc. Expressed in Micrograms per ml
1634 Test Well #1 1st Bail 173.4
1636 Test Well #1 10th Bail 171.6
1637 Test Well #1 50th Bail 157.0
North Plant Production Well #1 19.3
North Plant Production Well #2 40.8
North Plant Production Well #3 13.0
Northk Plant Production Well #5
North Plant Production Well #6 22.2
South Plant Production Well East 25.7
South Plant Production Well West 33.3



RFI

Well # 1 Tharpe Lake

Lab.

1512
1513
1574
1515
1576
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1535
1536
1537
1538
1539
1549
1550
1551
;1552
1553
1557
1558
1559
1560
1561
1567
1568
1569
1570
1571
1580
1581
1582
1583
1584
1604
1605
1606
1607
1608
11616
1617
16718
1619
1620

1640
1641

Lab

1636
1637

-M 854

NG.

. No.
1634

e WELL CORING LOG —

Depth vs. Concentration

N03

(Conc. Expressed in Micrograms
per gram of as-received soil)

Pepth Feet NOz pg/gm 100 1.000
3.0 - .5 280 DOOOIX XXX XK I X XXX
2.0 - 2.5 T40 KXXXXXXXXXXXKXNKZX K
4.0 - 4.5 70 XXX X XXM KAX
6.0 - 6.5 90 BHUXXKXAXKXIXKXXKKX
.0 - 8.5 TOO XXX HAXX Y XHXXKAX K
9.5 - 10.0 TO0 KXXXXXXXXFKN KN L
12.0 - 12.5 90 XX XXXKXAXHXXXXKXXXX
13.5 « 14.5 0 XUXXXXXXXXXXXXKX
16.5 - 17.5 85 PIXXXXXXXXXXXXXX |
18.5 - 19.0 85 DXXXXXXXXNXXKKX
20.0 - 21.5 TOO PXXXAKIXK XK AKAKX KX
22.5 - 23.0 B5 XXX XXX XXXXXK
24.0 - 25.0 85 IXXXXKXXAXAKAX KK
26.0 - 27.0 TO0 XXXXXXXXXXKKXXKXE
27.0 ~ 28.0
33.0 - 33.5 85 IXXXXXUXXXXXXXXX
36.0 - 37.0 70 OO XXAAKX KKK
38.0 - 39.5 70 XXX AAXX XXX
42.5 - 43.5 85 PXAXKXKXANAXKXN XXX
44.5 - 45.5 85 IXUAKKAXKXXX XA XXX
43,5 - 50 70 XXX ANKARK KKK
53.0 - 53.5 70 XXXXXXXXKXAKK
56.0 - 57.0 70 [XHEHXRAXAXAXK KX
60.0 - 61.0 7O XXX AAX R AN KKK
4.0 - 65.0 70 PXAXXXAAAXKKKK
68.0 ~ 69.0 B [XXHAXXXXKRKX
72.0 - 73.0 55 XXX XX XXX
76.0 - 77.0 47 [XXXXHXKXKX
80.0 < 80.5 TOO XXX XX XKXKKK
83.5 - 84.%5 85 |XXXXXXXXK KX XXX
88.5 -~ 89.0 TOO0 IXHRXKXXKKXAK XK KX K K
92.0 - 93.0¢ Q0 [XEXXXKKKKANKAKX
95.0 - 96.0 90 [XXAXXHX XXX KK XXX
100.0 - 101.0 70 [XXXXKXXXXX XX
103.0 - 104.0 B0 [XXXXXXXKXK
108.0 ~ 109.0 TO0 IXXXXXXKXXKAXKXXKK
112.0 - 113.0 0 [XXXXXXXXXXXXXXXX
116.0 - 117.0 90 POOIX XXX XXX KKK XX
120.0 - 121.0 90 IXXAXXXXXXXKXKXXXX
124.0 - 125.0 10O [XXXXXXXXXXXXXXX KK
128.0 - 129.0 35 POCRXXXXANRK XX XX
132.0 - 133.0 85 PO XXXXX KKK X
136.0 - 137.0 70 IXHXXKKAXKNK XXX
140.0 - 141.0 70 [XXXXXXXKXXXXX
144.0 ~ 145.0 70 PR RXIK XX
147.0 - 148.0 75 [XXXAXKXXXKAAKX
150.0 - 151.5 70 IXXXXKXXXXKKXX
152.0 -~ 153.0 55 [XXXXXXXXKX
155.0 - 156.5 70 IXXXXXXXXXXKKX
157.0 - 158.5 7oi;xxxxxxxxxxxx
Soil Blank #1 380 Blank soil samples were taken from the
Soil Blank #2 205 Cunningham Sand and Gravel Co. sand pit

south of the South Plant.

Nitrate in Water

2-1-77
e:

Identification (Conc. Expressed in Micrograms per ml)
Test Well #7 Tst Bail 12
Test Well #7 10th Bail 24
Test Well #1 50th Bail 13
North Plant Production Well #1 5.4
North Plant Production Well #2 6.3
North Plant Production Well #3 4.4
North Plant Production Well #5 5.6
North Plant Production Well #6 6.3
South Plant Production Well Fast 11.0
Tosnuth Plant Pradoct ion Well Yoo 1.7



rep M 854 WELL CORING LOG \;J Date: 2-1-77
' " Depth vs. Concentration

vell #2_  Dump Site Moisture

(Percent by Weight)
Lab. No. Depth Feet Moisture 5 10 15 20
1693 0.0 - 0.5 1.3 [xxx ! |
1694 4.0 - 4.5 1.7 {xxx
1695 8.0 - 8.5 4. 3 IXXXXAXXKXX
1696 12.0 - 12.5 3.7 XXX XXX XXX
1697 15.5 - 16.5 4.0 IXXXXXXXXXX
1698 20.0 - 21.0 4.6 XXXXXHXKY XX
1699 24.0 - 25.0 4.0 Ixxxxxxxxx
1760 28.0 - 29.0 2.2xxxxx , i
1701 32.0 - 33.0 2.9 XXX XXX
1702 36.0 - 37.0 2.6 IXXXXXX
1703 40.0 - 41.0 2.8 | Xxxxxx
1704 44.0 - 45.0 2.6 XxxxxXx
1705 483.0 - 49.0 & .5 IXXXXXXXXKXK
1706 52.0 - 53.0 18.7 RXXXXXXXKXKAXXXKXKKKXXXLKXXKHXK KKK KKK XA KKK X
1707 56.0 - 57.0 5L IXXXAXXXKKXX XA KX
1708 60.0 - 61.0 8.2 XXXXXXXXXX
1709 64.0 - 65.0 1.8 |xxxx
1710 68.0 - 69.0 2.7 {Xxxxxx
1717 72.0 - 73.0 2.8 IXXXXXXX
1712 76.0 - 77.0 3.4 XXXXXXXX
1714 0.0 - 81.0 4. 2 IXXXXXXXXXX
1715 84.0 - 85.0 3. 3 IXXXXKXXX .
1716 88.0 - 89.0 3.1 XXX XXX '
1717 92.0 93.0 4T IXXXXXXXXKX
1718 96.5 - 97.0 4T XXXXXXXXXX ;
1719 100.5 - 101.5 3.7 IXXXXXXXXX :
1741 104.5 - 105.5 G0 T IXXXXXXXXXX §
1742 108.0 ~ 109.0 4.6 IXXXXXXXXXXX ;
1743 112.5 - 113.0 6.7 XXXXXXX XXX KKK i
1744 116.5 - 117.0 5.4 XXX X XXX XXX X)X ;
1745 120.0 - 121.0 4.8 XXXXXXXXXXXX }
1746 125.0 - 1260 0. 6 [XXXXXXXXXXXIXXKXXXXXKXXXHX i
1747 129.0 - 130.0 TOLT XXX X XXX KKK KXKKHXX A KA :
1748 133.0 - 134.0 3. 2 RXXXXXXXXXXX §
174% 137.0 - 138.0 5.8 XXXXXXXXXX XXX f
1750 141.0 - 142.0 6. 2 PRXXXX XXX XXX XX XX ]
1751 144.0 - 145.0 137 RXXXXXXXXXXKEXKXXXXKX XA KX KN :
1752 148.0 ~ 149.0 12,9 PRXXXXXXXXXXXKK XXX KHXOHIX KK XK X l
1753 152.0 - 153.0 18.3 XXXXXX XK XXX KKK XXX XXX XA KKK X KKK KX AKX KKK KKK
1754 156.0 - 157.0 21.5 kxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx g
1755 157.0 - 158.0 2T . 3 XX XXXKXX XX KB XXXKEX XXX AX KX KKK KA XK XXXXXXXXXXXEXXX ;
1640 Soil Blank #] 1.8 Blank soil samples were taken from the Cunningham Sand

1641 5011 Blank #2 0.0 and Gravel Co. sand pit south of the South Plant.
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JELL CORING LOG

Date: 2-1-77

M 854
- _ ~ Depth vs. Concentration
Well #2  Dump Site
pH of Seil

Lab. No. Depth Feet _PH

1693 g.0 - 0.5 6.30

1694 4.0 -« 4.5 £.98

1695 8.0 - 8.5 7.66

1696 12.0 - 12.5 9.17

1697 15.5 - 16.5 7.90

1698 20.0 - 21.0 7.81

1699 24.0 - 25.0 7.79

1700 28.0 - 2%.0 7.95

1701 32.0 - 33.0 7.92

1702 36.0 - 37.0 7.83

1703 40.0 - 41.0 7.77

1704 44.0 - 45.0 7.79

1705 48.0 - 49.0 7.76

1706 52.0 - 53.0 7.73

1707 56.0 - 57.0 7.69

1708 60.0 - 61.0 7.80

1709 64.0 - 65.0 7.71

1710 68.0 - 69.0 7.66

1711 72.0 - 73.0 7.74

1712 76.0 - 77.0 7.69

1714 80.0 - 31.0 7.81

1715 84.0 - 85.0 7.78

1716 88.0 - 89.0 7.69

1717 g2.0 - 93.0 7.54

1718 %6.5 - 97.0 7.74

1719 100.5 - 101.5 7.72

17417 104.5 - 105.5 7.64

1742 108.0 - 109.0 7.55

1743 112.5 - 113.0 7.67

1744 116.5 - 117.0 7.68

1745 120.0 - 121.0 7.55

1746 -125.0 - 126.0 7.63

1747 129.0 - 130.0 7.70

1748 133.0 - 134.0 7.67

1749 137.0 - 138.0 7.63

1750 141.0 - 142.0 7.67

1751 144.0 - 145.0 7.67

1752 148.0 - 149.0 7.48

1753 152.0 - 153.0 7.61

1754 156.0 - 157.0 7.61

1755 157.0 - 158.0 7.54

1640 Soil Blank #1 7.66 Blank so0il samples were taken from the Cunningham

1641 Soil Blank #2 7.36 Sand and Gravel Co. sand pit south of the Scuth Plar

Lab. No. Identification pH of Water

1768 Test Well #2 1st Bail 7.78

1769 Test Well #2 1st Sample from Screen 7.88

1770 Test Well #2 10th Bail 7.76

1851 Test Well #2 50th Bail 7.82

1852 Test Well #2 100th Bail 7.81
North Ptant Production Well #] 7.76
North Plant Production Well # 7.96
North Plant Production Well #3 7.99
North Plant Production Well #5 8.04
North Plant Production Well #6 3.01
South Plant Production Well East 7.91
South Plant Production Well West 8.12



WELL CORING LOG

Well

- RFL M 353 . » Date; 2-1-77
Cepth vs. “oncentration
Well #2 Dump Site
Na
{Conc. Expressed in Micrograms
per gram of as-received so0i1)
Lab. No. Depth Feet Na 1g/gm 10 100 1000
1693 0.0 - 0.5 25700 [XXXXXXOK XXX XXK KK XXX XK KX XXX KKK KR XX AKX XXX KKK KK XN XK K x
1694 4.0 - 4.5 1,940 XXXXKK XXX KKK KXEXXKHKXK KKK KKK KKK KX KK XXX AR K XKKX KK XX
1695 8.0 -~ 8.5 710 JORRARAFOCK KKK XN KKK KHXAK X KKK XK KKK KKK KK
1696 12.0 -~ 12.5 2,150 XXXXXXXRKXKKX XXX XK KKXHKXKKKXHHXKKHEXX XK XXX XK KXEK KK KKK
1697 15.5 - 16.5 700 XXXXXKXX KKK XXXXXKAXXKIHHXKX XX KKXXKKXHXAKK KKK KKK
1698 26.0 - 21.0 540 XXXXKXXXXXKXXXXKXAKKK K XX KX KK KKK KKK KKK KKK KXKKK
1699 24.0 - 25.0 725 XXXXKXAKXKLRKXKXKAKKXXKX XXX KKK KKK KKK KKK KKK KK
1700 28.0 - 28.0 6390 XXXXXXKXKXXXXKXXXK XXX KX XXX KKK KKXKK KK KKK AKX KXKK KX
1701 32.0 - 33.0 585 XXXXHXXXXXXKXXXKXX XXX XXX XXX XXX KKK KKK XXX K KX KX
1702 36.0 -~ 37.0 SA3 X XXX XX KXKXXXKKXKE XX HHAKX KKK KKK KK XKXK KKK X KKK
1703 40.0 - 41.0 905 |y X X HXXKXHKXKXIAXHHXHKAK XXX XK KX HAHAN KK XK
1704 44.0 - 45.0 505 XX XXX XHXX KX KKK AXKKX KX KKK KXKKK KX KA KA K
1705 43.0 - 49.0 TE5 | XX XXX KX KK XK XAXK XXX XKXKXK KKK X
1708 52.0 - 53.0 20 T XXX XXX XXX KXKKAX KX '
1707 56.0 - 57.0 20 | XXX XHXXXXKKKKAK KX
1708 60.0 - 61.0 33 XXX KKXKXAKHHLAX A K KKK K
1709 4.0 - 65.0 60 |t X X XXX KKK X AKX KKK XHXAK
1710 68.0 - 69.0 F8 XX XX XXX XXX A X X
1711 72.0 - 73.0 35 | XXXXXXXXXXXXXXXXAXKKKKX
1712 76.0 - 77.0 35 XXX XXX KX XXX XXX XAKKKKKK
1714 80.0 - 81.0 35 IXXXXKKX XXX KX AN KKKAX
1715 84.0 - 85.0 22 IXOXCKX XXX KKK
1716 88.0 - 89.0 67 IXXXXNXXXKEXKAXKKHAXX KKK XKXKKK
1717 82.0 - 93.0 37 XXX XXX KKK KXXKXEAXKKKKX
1718 96.5 -~ 97.0 39 XX KKK KKK X LXK AN KKK XXX
1719 100.5 - 101.5 27 IOXX XXX XXX XXX KX KAXXAX
1741 104.5 - 105.5 23 BOXXX XXX XXX AXKXAN KK
1742 108.0 - 109.0 39 XXX XXXXXKX XXX AXKX X KKK
1743 112.5 - 113.0 A5 KX XXXX XXX XXX HXXXAXXKKX KKK
1744 116.5 - 117.0 32 XXXXXXXXXXHXKXXNKXKKN
1745 120.0 - 121.0 17 XXX AXAHX XXX KM X
1746 125.0 ~ 126.0 T RXXUXXXX XXX KX
1747 129.0 - 130.0 10 Bexxx XXX X XXX XF XXX
1748 133.0 - 134.0 TO K XXX XXHXKXRXKK
1749 137.0 - 138.0 18 XXX XXX KKK XXX HKX
1750 141.0 - 142.0 T2 Bt XX XXX XXX XAX
1751 144.0 -~ 145.0 16 MXXXKKXXXHHX XK KA X
1752 148.0 - 149.0 9 KXXXXXXXXXXXXXKX
1753 152.0 - 153.0 5 boooiaoxx
1754 156.0 - 157.0 15 RXxXXX XXX XXHXXHXHKX
1755 157.0 - 158.0 10 B X XX XXX Y Y X
1640 Soil Blank #1 154 Blank soil samples were taken from the Cunningham Sand
1641 Soil Blank #2 15 and Gravel Co. sand pit south of the South Plant
20dTUm TR Water :
Lab. No. identification (Conc. Expressed im Micrograms per ml)
1768 Test Well #2 1st Bail 35.0
1769 Test Well #2 1st Sample from Screen 25.0
1770 Test Well #2 10th Bail 33.0
1851 Test Well #2 50th Bail 32.0
1852 Test Well #2 100th Bail 33.0
North Plant Production Well #1 6.2
North Plant Production Wel] #2 6.3
North Plant Production Well #3 4.2
North Plant Production Well #5 5.7
North Plant Production Well #6 6.3
South Plant Production Well East- 4.1
South Plant Production West 4.2



WELL CORING LOG

Cper M8 . . Date: 2-1-77
Depth vs. Concentration
Well #2 Cumn Site
Ca
(Conc. Expressed in Micrograms
per gram of as-received soil)

Lab. No. Depth Feet Ca_pg/gm

1693 0.0 - 0.5 80

1694 4.0 - 4.5 50

1695 8.0 - 8.5 480

1696 12.0 12.5 250

1697 15.5 - 16.5 450

1698 20.0 - 21.0 670

1699 24.0 25.0 560

1700 28.0 - 29.0 790

1701 32.0 - 33.0 870

1702 36.0 - 37.0 780

1703 4.0 - 41.0 670

1704 44.0 - 45,0 730

1705 48.0 - 49.0 830

1706 52.0 - 53.0 880

1707 55.0 - 57.0 760

1708 0.0 - 61.90 900

1709 £4.0 - 65.0 730

1710 3.0 - 69.0 750

1711 72.0 - 73.0 850

1712 76.0 - 77.0 820

1714 80.0 - 81.0 920

1715 84.0 - 85.0 920

1716 88.0 - 89.0 840

1717 2.0 - 93.0 840

1718 96.5 -~ 97.0 390

1719 100.5 - 101.5 270

1741 104.5 - 105.5 230

1742 108.0 - 108.0 330

1743 112.5 - 113.¢ 450

1744 116.5 - 117.0 320

1745 12C.0 -~ 121.0 660

1746 125.0 - 126.0 830

1747 129.0 - 130.0 780

1748 133.0 - 134.0 820

1479 137.0 - 138.0 780

1750 141.0 - 142.0 770

1751 144.0 - 145.0 770

1752 148.0 - 149.0 760

1753 152.0 - 153.0 730

1752 156.0 - 157.0 790

1755 157.0 - 158.0 770

1640 Seil Blank #1 770 Blank soil samples were taken from the Cunningham Sand

1641 Scil Blank #2 350 and Gravel Co. sand pit south of the South Plant

Calcium in Water

Lab. No. Identification (Congc. Expressed in Micrograms per m

1768 Test Well #2 Tst Bail _ 48.0

1769 Test Well #2°° Tst Sampie from Screen 41.4

1770 Test Well #2 10th Bail 41.0

1851 Test Well #2 50th Bail 40.0

1852 Test Well #2 100th Bail 39.0
North Plant Production Well # 21.4
North Plant Production Well # 22.5
North Plant Production Well #3 22.7
North Plant Production Mell #5 ' 24.3
North Plant Production Well #6 23.5
South Plant Production Well Fast 22.5
South Plant Production Well West : 24.5



M 854 " WELL CORING LOG - Date: 2-1.77

. - R—

. RFI

Cepth vs. Concentration

T Well#2 Dump Site

FLUORIDE

N (Conc. Expressed in Micrograms
per gram of as-received soil)

Lab. No. Cepth Feet Fluoride ,g/gm i0 100 1000

1693 0.0 - 0.5 1,925.0 XXX X KXXXKK XXX XXX KKK KK X XXX AKX KKK XX KE XK KK KK E K

1694 4.0 - 4.5 70,0 BXXXXXXHXXKXXXXXXXXKX X KKK KKK KX

1695 8.0 - 8.5 12.5 PAXXXXXXXXKXXKXX KX

1696 12.0 - 12.5 27520 KXXXXXXXXXXXHAX KXY XHXKK XXX KX KKK BXHXK

1697 15.5 - 16.5 63.5 XX XAXXXHXXXXKIOBOXK KKXXKXK

1698 . 26.0 - 21.0 150 KX XXX XXX X XXXXXKX XK

1699 26.0 - 25.0 23.5 BOXRXXXXHXXXXKXXKXKKX

1700 28.0 - 29.0 26 .0 BXXXXAXXXXNXXXKK KKK KX

1701 32.0 - 33.0 185 Mot x XXX XXX XXXXX XXX

1702 36.0 - 37.0 18,5 KXXXXXXXXXXXXKXKX

1703 40.0 - 41.0 21 .0 XXX XXX X XA XXX KK KKK X

1704 44.0 - 45.Q 2] .5 KXXXXXXXXXXXXKXKXXK XK

1705 46.0 - 49.0 9.0 KXXXXXXXXXXXKXX KKK

1706 52.0 - 53.0 705 MXXXX XK AKXXKX

1707 56.0 -~ 57.0 6.5 KXXXXXXXXXXX

1708 60.0 - 61.0 130 KXXXXXXXAKNKXK KX XK

1709 4.0 - £5.0 10,0 KXXXXXXXXXXXXXKAK

1710 68.0 - 869.0 1500 KX XXX XXXXNAXKX :

171 72.0 - 73.0 1.0 KXXXXXXXXXXXXXXXXK |

1712 76.0 - 77.0 105 KXXXXXXXXXXXXXXK XK :

1714 20.0 - 81.0 5.0 XXXXXXXXX

1715 84.0 - 85.0 8.0 kxxxxxx

1716 88.0 - 89.C 4.5 KXXXXXXX

1717 92.0 - 93.0 2.5 xxxx

1718 96.5 - 97.0 4.0 Xxxxxxx

1719 100.5 - 101.5 110 oo xxxxxxxxxxx k

1741 104.5 - 105.5 18,5 XXXXXXXKXXXXXKKKXK

1742 108.0 ~ 109.0 5.0 XxxXXXXXXX

1743 112.5 - 113.0 20. 0 XXXXAXXXXXHHXXXXXKKXX

1744 116.5 - 117.0 15.0 kotxxxxxxxxxxxxxxxh x

1745 120.0 - 121.0 10.0 KXXXXXXXKXKXXXKXX

1746 125.0 - 126.0 10,0 KOO XXXXXXAXXX

1747 129.0 - 130.0 7.5 KXXXXXXXXXXXXX

1748 133.0 - 134.0 7.5 KXXXXXXXHXKAXK

1749 137.0 - 138.0 5.0 xxxxxxxxx

1750 141.0 - 742.0 T2.5 KXXXXXXXXAXXXXXXX

1757 144.0 - 145.0 7.5 KXXXXXXXXXXXXX

1752 148.0 - 149.0 12.5 KXXXXXXXXXXXXXX XK

1753 152.0 - 153.0 5.0 koxxxxxxx

1754 156.0 - 157.0 7.5 KXXXXXXXXXNXXX

1755 157.0 - 158.0 10.0 KXXXXXXXXXXKXXKXX

1640 S¢il Blank #1 6.0 Blank soil samples were taken from the Cunningham Sand

1641 Soil Blank #2 5.5 and Gravel Co. sand pit south of the South Plant

Fluoride in Water

Lab. . No. Identification (Conc. Expressed in Micrograms per ml)

1768 Test Well # 1st Bail 2.1

1769 Test Well #2  Tst Sample from Screen 3.4

1770 Test Well #2 10th Bail . 3.9

1851 Test Well #2  50th Bail 2.4

1852 Test Well #2 100th Bail 2.4
North Plant Production Well #1 0.04
North Plant Production Well #2 0.03
North Plant Production Well #3 0.03
North Plant Production Well #5 -
North Plant Production Well #6 0.03
South Plant Production Well East 0.03

South Plant Production Well West 0.04



Depth vs. Concentration

L f )
Well #2 Dump Site 504

{Conc. Expressed in Micrograms
per gram of as-received soil)

Lab. No. Cepth Feet = Mégﬂ 1,000 10,000

1693 0.0 0.5 422 .3 [KXXKXXXX '

1694 4.0 - 4.5 679.8 PRXXXXXXXXXXX

1695 8.0 - 8.5 T,702.T POXXXXXXXXXXXX XX XNXK

1686 - 12.0 - 12.5 747 .6 XXXXXXXXXXXX

1697 15.5 - 16.5 267 .8 PAXXX

1698 20.0 - 21.0 1,050.6 KXXXXXXXXXXXXXXXNX

1699 24.0 - 25.0 1,133, 0 EXXXXXXXXXXX KX XX KX

1700 28.0 - 29.0 679.8 XXXXXXXKXXXX

1701 32.0 - 33.0 865 .2 KXXXXXXXXXKXXKX

1702 36.0 - 37.0 899, 7T KXXXXXXXXXXKXXXXXN

1703 40.0 - 41.0 8280 PXXXXX XXX XXX XXX

1704 44.0 - 45.0 339.9 Kxxxxx

1705 48.0 - 49.0 B48.9 EXXXXXXXXXXX

1706 52.0 ~ 53.0 525.3 [xxxxxxxxx

1707 56.0 - 57.0 442, 9 POXXXXAXX

1708 60.0 - 61.0 772 .5 POXXXXXKXXKX X

1709 64.0 - 65.0 999.T PXXXXXXXXXXXXXXXNM

1710 68.0 -~ £9.0 659.2 XXXXXXXXXXXX

1711 72.0 - 73.0 1,462.6 XXXXXXXXXXXXXXXXX

1712 76.0 - 77.0 772.5 [XXXXXXXXXXKXX

1714 80.0 - B81.0 £38.6 IXXXXXXXXXXXX

1715 84.0 - 85.0 BA4 .6 PXXXXXXXXXKXXKXX

1776 88.0 - 83.0 1,122.7 RAXXXXXXXXKXXXXKXHX

1717 92.0 - 93.0 659.2 XXXXXXXXXXXX

1718 96.5 - 97.0 957 .9 DIXAXXXXXXXKXXX XXX M

1715 100.5 - 101.5 844 .5 PODCKXXXXXAXXX KX

1741 1C4.5 - 105.5 453 .2 KXXXXXXX

1742 108.0 - 109.0 1,318, 4 PXXXXXXXXXXXXXXXXX

1743 172.5 - 113.0 422.3 KXXXXXXX

1744 116.5 - 117.0 587 .71 PXXXXXXXXX

1745 120.0 - 121.0 700.4 RXXXXXXXXXXXX

1746 125.0 - 126.0 422 .3 PKXXXXXXX

1747 129.0 - 130.0  1,774.2 FXKXXXXXXXKXXXXXXK

1748 133.0 - 134.0 494 4 XXXXXXXXX

1749 137.0 - 138.0 288, 4 KXXXX

1750 141.0 - 142.0 360.5 KXXXXX

1751 144.0 - 145.0 875.5 EKXXXXXXXXAXAXXX

1752 148.0 - 149.0 1,297.8 KXXXXXXXXXXXXXXXXX

1753 152.0 - 153.0 T,184.5 EXXXXXXXXXXXXXXXKK

1754 156.0 - 157.0 556.2 KXXXXXXXXX

1755 157.0 - 158.0 B13.7 BXXXXXXXXXXXXXXX XXX )

1640 Soil Blank #1 1,545 Blank soil samples were taken from the Cunnigham Sand

1647 Soil Blank # 1,390 and Gravel Co. sand pit south of the Sguth Plant

Sulfate in Water

Lab. No. Identification (Conc. Expressed in Micrograms per ml)

1768 Test Weil &2 Tst Bail 2471.6

17639 Test Well #2 1st Sample from Screen 172.8 -

1770 Test Well #2  10th Bail 177 .1

1851 Test Well #2  50th Bail 175.9

1852 Test Well #2 700tk Bail . 182.1
North Plant Production Well #1 19.3
North Plant Production Well #2 40.5
North Plarnt Production Well #3 18.C
North Plant Production Well #5
North Plant Production Well #6 22.2
South Plant Production Well Fast 25.7

South Plant Production Well West 33.3



Ry M 854 _ WELL CORING LOG -  Date: 271777
Uepth vs. Concentration . e
Well #2 Dumin Site
NO3
(Conc. Expressed in Micrograms

per gram of as-received soil)
Lab. No. Depth Feet I,{Q3__H_g_/_ﬂm 100 1,000
1693 0.0 - 0.5 450 PIXXXXXXXXXKXHX XK XX XKHAK KX
1694 4.0 - 4.5 280 DXXXXKXKX XXX KXX X AKX XXX
1695 8.0 - 8.5 A0 BXXXXXXXXK IO HXKKNK K
1696 12.0 - 12.5 450 PXXXXAXKXXXXX XN XXAK XXX AXX X
1687 15.5 = 6.5 B50 PXXXXXXXXXXKX XXX XX XXX XXX XXX
1698 2.0 - 21.0 280 PXXXXXX XXX XX XXX KAX XXX
16989 24.0 - 25.0 950 DOXXXXXXKXXXXK KX NHXAX XK KLKX KKK KKK XXX
1700 28.0 - 29.0 480 PXXXXXXXXXXX KKK KX K XX AKX
1701 32.0 - 33.0 460 POOXXXXXKXK XK XKX MK KX
1702 36.0 - 37.0 450 POXXXIXXXHXRKXK XXX XREXXK KKK
1703 40.0 - 41.0 775 PXXXXXXXKXXKXK XK XXX KKK KKK K
1704 44.0 - £5.0 575 KXXXXXXXXXXXKXXXNXXXXAXKKXX
1705 48.0 - 49.0 460 PXHXXXXXXKXXXKXX XXX KK AKKK
1706 52.0 ~ 53.0 370 EXXXXXXXKXXXXXXKHXX KX KX
1707 56.0 - 57.0 - 75 MAXXXXXXXXXXKX
1708 60.0 - 81.0 AT0 KXXXXXXXXXXXKXXK KKK IKX
1709 64.0 - 65.0 65 KXXXXXXXXKXX
1710 68.0 ~ 69.0 55 KXXXXXXXXX
1711 72.¢ - 73.0 55 KXXXXXXXXX
1712 76.0 - 77.0 65 KXXXXXXXXXXX
1714 80.0 - 81.0 50 KXxXXxXxX
1715 84.0 - 85.0 57 KXXXXXXXXX
1716 88.0 - " 89.0 59 KXXXXXXXXXX
1717 §2.0 - 93.0 90 POXXXXXXAXXXKAXKX
1718 96.5 - 97.0 B5 KXXXXXXXXKXXXXXX
1719 100.5 - 101.5 75 KXXXXXXXXXKX XX
1741 104.5 - 105.5 70 RXXXXXXXXKKXX
1742 108.0 - 109.0 60 KXXXXXXXX
1743 112.5 - 113.0 75 RXXXXXXKXXKXK KX
1744 116.5 - 117.0 70 KXXXAXXXAXXAX
1745 120.0 - 121.0 65 KXXXXXAXXX XX
1746 125.0 - 126.0 65 KXXXAXXXKXXX -
1747 129.0 - 130.0 65 KXXXXXXXNXKX
1748 133.0 - 134.0 85 BOXOXXXXXX XXX XX KK
1749 137.0 - 138.0 B0 KXXXXXXXX
1750 1471.0 - 142.0 50 KXXXHXNXX
1751 144.0 ~ 145.0 50 KXXXXXXXX
1752 148.0 - 149.0 50 KXXXXXXXX
1753 152.0 - 153.0 55 RXXXXXXXXX
1754 156.0.- 157.0 70 KXXXXXXXXXKXX
1755 157.0:— 158.0 70 BAXAXXXXXAXXX
1640 Soil Blank #3 380 Blank soil samples were taken from the Cunningham Sand
1641 S0i1 Blank #2 205 and Gravel Co. sand pit south of the South Plant

Nitrate in Water

Lab. No. Identification (Conc. Expressed in Micrograms per mi)
1768 Test Well #2  1st Bai)l 4
1769 Test Well # ist Sample from Screen 11
1770 Test Well #2  10th Bail . , ‘ 16
18517 Test Well #2  50th Bail 16
1852 Test Well #2 100th Bail ‘ 16

North Plant Production Well #1 5
North Plant Production Well #2 6
North Plant Production Well #3 4.
North Plant Production Well #5 5
North Plant Production Well #6 6

South Plant Production Well East 1.
South PTant Production Wel]l West 11






BENNL .S CHEMICAL LABORATOL , INC,

ANALYTICAL CHEMISTS & ADBAYERH
801 SOUTIH 9th STREET TACOMA, WASHINGTON 934056
(206) 272-4507 or 272-71969

September 6, 1977

Mr. Jim Carr

Robinsen and Noble

10318 Gravelly Lake Drive, S.W.
Tacoma, WA 08499

Dear Mr., Carr: Re: Sample subnmitted on 8/6/77

In answer to your inquiry as to the methods used in analyzing
the above sample, we would like to inform you that our procedures
are taken from the "Standard Methods for the Examination of Water
and Wastewater", 1l3th and l4th editions published by APHA-AWWA and

WPCF.

Specifically, calcium, iron, and sodium were determined by
atomic absorption methods; Section 311, l4th edition. The remaining
ions were analyzed as follows.
Cyanide ~ Section 207C, 13th edition. We made this determination
‘directly on the sample without distillation., We are aware of negative
interferences due to refractory heavy metal complexes but do not know
of anything that gives positive errors. Incidentally, the decimal is
placed incorrectly in our report for the cyanide. Enclosed, please
find our corrected copy.

Nitrate =~ Section 419D, l4th edition,
Sulfate - Section 427C, l4th edition.
Fluoride -~ Section 414B, 14th edition.
Aluminum = Section 103B, 13th edition,/

Bicarbonate Alkalinity <« Section 102, 13th edition, using mixed

indicator.
Total Dissolved Solids = Section 148B, 13th editién.

In addition, whenever possible we check the ionic balance to
confirm our accuracy. For instance in thig series of tesis we also
determined the total hardness by titration (Section 122B, 13th edition),
magnesium (atomic absorption), and chloride by titration (Section 112A,
13th edition). Then some calculations confirmed our analysis. Nawmely,
total harvdness by titration checked the calculated result and the anion
equivalents check the cation eguivalents. Therefore, we feel our rusults
are reasonably accurate and reflect the values in the water.

Yours truly,

BENNEDY CHEMICAL LABORATORILS, INC,

-Jﬂ\c}S_AA\_ % . T‘-\)J\_M\J\

_ . (NN
GBP:hb Galen B. Prine 2



BENNETIS CHEMICAL LABORATORIES, INC.

ANALYTICAL CHEMIATE & ABBAYERHY

901 SOUTH 9th STREE'? TACOMA, WASHINGTON 94406
{(206) 2924007 or 2727069

REPORT OF ANALYSIS September 7, 1977

Our onalysis of the sample of Water

From Robinaon and Noble
Received sawmple on August 5, 1977

Marked: As shown above

CORRECTED COPY

p H - 7.9 ‘

Calcium cmmmmce - —— e e e e e e 74.3 mg/litex
Sodium —eesceceneeeea— e o s e 27.0 wg/liter
Iron =e-we e o s 4 e s e o e 0.23 mg/liter
Cyanide mwwemsomoce oo o e 0.032 wmg/liter
Nitrate =—weemecaca. e e o s e 2 meanex 3.94 mg/liter
Sulfate =ercecommocceccn i ——— .- 158,0 wg/liter
FLUOTLidEe s i b oo s s o e i i v v 0.09 mg/liter
ALUMiNUM wocme o o s s 0 0.01 mg/liter*
Bicarbonate Alkalinity -w—w o et o e b 178.0 mg/liter**
Total Disgolved SOLity —wwmmmmm oo mom -~ 4311.0 mg/litex
*Less than **As Calcium Carbonate

Robinson and Noble
To 10318 Gravelly Leke Drive, S.W.
Tacoma, wA 984399

BENMETTS CHEMICAL LABORATORIES, INC.
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INTER-OFFICE MEMORANDUM

70 . B. Eastman wavee  Qctober 13, 1977
‘ R L
AT Mead viom T G DOO]ittfé‘%{le,Q ( .
v A W
COPIES TO ‘ AT Mead {-i

susszer Methods Used for Analyzing
Soil and Water Samples in
Test Well Project

REFERRING TO

The following analyses were performed on the well water samples and the
500 m1 soil leachate

Water 5011
Suspended Solids

pH pH
CN CN
F_ o
NO3 NO3
SO4 %04“
Na' Na '
Ca++ Ca++

The methods used and references to these methods {when applicablie)
are as follows:

A, Nitrate method used was 4198 from "Standard Hethods for the
Ffxamiration of Water and Waste Water", Fourteenth Edition.

B, Cyanide Methods used were all glass distillation into HaOH
followed by analysis using cyanide colorimetric method B
pages 448-457 of "Standard Methods for the Uxamination
of Water and MHaste Water", Twelfth Edition.

C. The pll of the well waters and of the soil extract solution
was determined using an 801A orion research Digital Ion
Analyzer,

SR SRIOIRIKS éa de Messibor Oorn!




Methods Used for Analyzing Soil

and Yater Samples in Test Well
Project -2 - October 13, 1977

D. Sulfate was determined using method 4278 "Standard
Methods for the Examination of MWater and Waste Water”,
Fourteenth Edition.

£, Fluoride was determined using method 203 Tentative
Method of Analysis for Fluoride conieént of the Atmosphere
and Plant Tissues. "Methods of Air Sampling and
Analysis" published by the APHA, 1972 edition.

This is a Technicon Autoanalyzer method and several
minor modifications are used with the Mead routine
analytical procedure. : )

F. The suspended solids were determined using method 208D
"Standard Methods Tor the Examination of Water
and Waste Water'", Fourteenth Edition.

G. The calcium and sodium were run by Atomic Absorption (AA)
methods found in the 1968 edition of "Analytical Methods
for AA Spectrophotometry published by Pervkin-Elmer. The
methods are titled "Extractable Calcium in Soils"
and "“Extractable Sodium in Soils".
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