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SUMMARY AND CONCLUSIONS

The Sherwin Williams Company Well No. 2 (SW-2) was drilled in Lemmon Valley near Stead,
Washoe County, Nevada. The well site is situated within property owned by the Washoe County
Utility Services Division that houses Lemmon Valley Well No. 6. SW-2 replaces Well No. 6 which
produces an unacceptably high concentration of sand in the discharge when pumped at a rate of
greater than about 85 gallons per minute. Well No. 6 is equipped to pump 150 gallons per minute
and the well has been equipped with a sand separator to minimize sand accumulations in the
distribution system.

A test well for Well No. 2 was drilled by the dual-tube reverse rotary drilling method. The method
allows formation water samples to be collected as the borehole is advanced, when desired, even in
unconsolidated alluvial deposits. It also allows for collection of drill cuttings that are very
representative of the formation material penetrated. The test well was terminated at a depth of 440
feet versus the target depth of 500 feet because granitic bedrock was encountered at a depth of 425.

SW-2 was constructed of 10%-inch O.D. (outside diameter) steel well casing with a wall thickness
of 0.250 inches and a total of 160 lineal feet of 10-inch pipe size Johnson-UOP continuous slot,
shaped wire, wound well screen with an aperture width of 0.030 inch. The screen was placed
opposite the most permeable water-bearing horizons penetrated by the well identified through the
borehole geophysical logs and the lithologic log of the borehole. A cement seal was placed in the
annulus from a depth of 190 feet to the land surface. The deep sanitary seal coupled with a large
aggregate thickness of clay above 190 feet inhibits contamination originating at the land surface from
impacting the water-bearing horizons exploited by the well.

Construction of the well was substantially completed December 23, 1997 with the conclusion of
initial well development procedures. However, the well drilling and testing program for SW-2 was
not entirely complete until February 5, 1998. Upon completion of well construction, the well was
subjected to a series of well-performance and aquifer-stress tests. The initial step-drawdown test
indicated that the well was afflicted with a large skin factor. The skin limited the yield of the well
to approximately 150 gallons per minute. Additional development was initiated. Subsequent testing
determined that the skin was eventually removed and that the well is highly efficient at pumping
rates of up to 200 gpm. -

The aquifer transmissivity was determined to be approximately 6,300 gallons per day per foot width
of aquifer. The coefficient of storage was determined to be 0.0019, a value which suggests the
aquifer is semi-confined. The average vertical hydraulic conductivity of the formation is
approximately 1.5 gallons per day per square foot.

The sand content in the discharge from the well was measured with a Rossum'™ sand tester. Sand
content five minutes afier starting the pump at the beginning of the aquifer stress test was met the
specified limit of five (5) parts per million (p.p.m.). The sand content after five minutes was 0
p.p.m. for all practical purposes.

A water sample was collected from the well discharge near the conclusion of the aquifer-stress
pumping test. The sample was analyzed for general physical chemistry, trace metals, volatile organic



compounds (VOCs), regulated and unregulated synthetic organic compounds (SOCs), radionuclides,
and asbestos. The chemical quality of the groundwater meets all applicable state and federal

drinking water standards.

Well No. 2 was test pumped at rates of between 100 and 200 gpm. The well‘is rated to yield 180
gpm using specific criteria establish by the Washoe County Utility Services Division. For selecting
a production pump, the design pumping level at 180 gpm is approximately 200 feet below the land
surface.

Well No. 2 met the specifications for plumbness and alignment.
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INTRODUCTION

The Sherwin-Williams Company Well No. 2 (SW-2) is located in Lemmon Valley north of Reno, Nevada
(refer to Figure 1) near the community of Stead, Nevada. The well site is situated within the NW SW'
of Section 26, Township 21 North, Range 19 East, M.D.B.&M. (refer to Figure 2). The well site is within
property owned by the Washoe County Utility Services Division.

SW-2 was constructed for the Washoe County Utility Services Division (Utility Division) under a
cooperative agreement between The Sherwin-Williams Company and Washoe County. Under the terms of
the agreement, The Sherwin-Williams Company agreed to provide the County with a total of 700 gallons per
minute from one, possibly two wells. These terms were partially met with the construction of Well No. 1
in October and November, 1997 which may be rated to yield 400 gallons per minute (refer to CES report
detailing the construction and testing of SW-1). Well No. 2 was needed to provide the balance of 300 gpm.
Because the well is located adjacent to a major thoroughfare and an area where residential wastes are
disposed of through individual septic systems, the preliminary well design included a cement sanitary seal
to a depth of at least 200 feet to reduce the potential for contamination originating at the land surface to
degrade the chemical quality of groundwater derived from the well.

Well No. 2 replaces a well owned and operated as a quasi-municipal water supply source by the Utility
Division that is referred to as Lemmon Valley Water Company Well No. 6 (see Figure 2). Well No. 6 was
drilled and completed to a depth of 438 feet in 1970. Its casing was perforated with factory mill slots placed
selectively between depths of 111 and 438 feet below the land surface. When Well 6 was acquired by the
Utility Division, it was purported to yield approximately 200 gallons per minute. However, at 200 gpm, the
well yielded excessive amounts of sand in the discharge and it was ‘determined that the sand content could
be reduced to acceptable levels by restricting the pumping rate to approximately 85 gallons per minute (Dan
Dragan, personal communication). As a compromise, the Utility Division reduced the discharge from the
well to approximately 150 gpm and equipped it with a sand separator to combat the sand problem.

The drilling and testing program for The Sherwin-Williams Company Well No. 2 includes the formal
plugging and abandonment of Well No. 6. The extirpation of Well No. 6 and two other wells (the Peak Well
and Tumey Well) are documented in separate report.

Consulting Engineering Services, Inc. (CES) of Reno, Nevada was engaged by The Sherwin-Williams
Company to provide consulting services relevant to the design, bidding, construction and testing of Well No.
1 and No. 2. CES worked closely with the Utility Division staff in all phases of the program from the design
stage through completion of the well performance and aquifer stress tests. Utility Division staff participated
in the collection of the aquifer stress test data and reviewed conclusions of this report.

Competitive bids for Well No. 2 were solicited for the construction and testing of the well from three
qualified drilling firms at the same time as bids were solicited for Well No. 1. Humboldt Drilling and Pump
Company of Winnemucca, Nevada was awarded the contract for the entire project. Work on the well
commenced November 17, 1997 with the mobilization of equipment and was substantially complete by
December 16% with the conclusion of the initial pumping tests. However, additional well development was
prescribed as a consequence of the test results and the testing was nor completed until February 1998. This
report documents the well construction and testing, the chemical quality of the groundwater derived from
the well, and provides information relevant to the selection of production pumping equipment.



OREGON IDAHO
HUMBOLDT
. Winnemuéco
— T
L N
e
PERSHING sMountain
WASHOE '/ Yrgscent
STEAD Lovelock J
\ W LANDER | EUREKA
[ -
on CHURCHILL WHITE PINE <
K Fallon Austin Eureka S
YON™ 50 ' R,
STOREY. oN . . Y
.
n ~
(<2 N BN p———
DOUGLAS { Howthorne\\ )
A NE % 2
MINERAL\ - ~\
/’ b Pioche
’ Tonopah P :
ESMERALDA anaca
Goldfield Caliente
o Ash Springs
4(4\ LINCOLN
%
4, \ Beatty
4
THE SHERWIN—WILLIAMS COMPANY
STEAD, NEVADA
WELL NO. 2
PROJECT LOCATION MAP
DRaw B 505 Foure [ (€D
DATE: 1-11-87 1 1108 TN WAY, SUTE 306
DWG\WELLS\WELL\SHNVLOC2 | JoB NO.: 97028.42 el




, NEVADA

—WILLIAMS COMPANY

STEAD

WELL NO. 2
SITE

SR

2500
BY: So0s
1n-1-87

E SHERWIN
1" =
DRAWN

.......;2:..;%.‘..-!...}....-!... .

DATE:

DWG\WELLS\WELL\SW-SITE2 | joB NO.: 97028.42




WELL CONSTRUCTION SUMMARY

Well SW-2 was drilled in two stages. The first stage entailed drilling a pilot hole to a depth of 440 feet by
the dual-tube reverse-rotary method beginning November 17, 1997 and concluding November 23™. The
second stage entailed reaming the test well and constructing the production well. Upon completion of well
construction, the well was subjected to a battery of well performance and aquifer stress tests. Initial testing
was substantially complete by December 29®. However, additional well development and testing was
recommended and the well testing program was not completed until January 24, 1998. A chronological

summary of the well construction and testing program is presented below.

9/16/97
11/07/87

11/17/97
11/23/97
11/24-26/97

11/27-12/9/97

12/11-12/97

12/13-16/97
12/16-17/97
12/18-20/97

12/22/97
12/22-23/97

12/29/97
1/5-8/98
1/9/98
1/13-15/98
1/16/98
1/19-21/98
1/22/98
1/23-24/98
1/25/98

2/5/98

Notice to Proceed with the project was issued by The Sherwin-Williams Company.
Authorization to start drilling Well No. 2 was given to the contractor. The contractor
installed and cemented 24-inch diameter surface conductor casing to a depth of 37 feet.
Drilling the 5%-inch dia. pilot hole by the dual-tube reverse circulation method commenced.
Test hole drilling was completed and borehole geophysical logs were performed.

Data and information from the test well were examined. Final well design criteria were
selected. Materials with which to construct the production well were ordered.

Materials were manufactured or acquired and mobilized to the site.

The borehole was reamed to a diameter of 24 inches and 20-inch diameter casing was
installed to a depth of 67 feet to reduce fluid loss in fractured clay.

The pilot hole was reamed from a depth of 67 feet to the final design depth of 435 feet.
Well casing, screen, gravel filter pack and sanitary seal were installed.

Initial development of the well using the drill rig to surge and air-lift pump the well took
place. The drill rig was demobilized from the site::

The test pump was mobilized to the site and installed in the well.

Development of the well by surging and pumping was accomplished. Development was
concluded when the sand content met the specified level. The well was disinfected with
chlorine upon conclusion of development.

The first step-drawdown test was performed.

Additional well development was accomplished.

The second step-drawdown test was performed.

Additional well development was accomplished.

The third step-drawdown test was performed.

Additional well development was accomplished.

The fourth and final step-drawdown test was performed.

The constant-discharge pumping test was performed.

Data loggers were removed from the well at the conclusion of the recovery period that
followed the pumping test and the test pump was removed from the well.

The well was tested for plumbness and alignment.

The test well was drilled to a depth of 440 feet. Drilling was terminated prior to the target depth of 500 feet
because the borehole encountered granitic bedrock at a depth of 428 feet. The data from the borehole
(formation samples, borehole geophysical logs, and penetration rates) were examined to determine the depth
of the production well, the depth of the annular seal, the screened intervals, screen aperture width, and filter
pack size and gradation. An abbreviated description of the geologic materials penetrated by the well is
provided below. A detailed geologic log of the borehole is provided in Appendix A.



TABLE 1. ABBREVIATED GEOLOGIC LOG OF THE BOREHOLE OF SHERWIN-
WILLIAMS WELL NO. 2

Depth interval (ft.) Description
0-120 Clay with fine sand interbeds. Clay: yellowish brown to dark yellowish brown, stiff,
sandy. Sand: fine, mixed with silt.
120-425 Sand with occasional clay beds. Sand: predominantly fine to medium, occasionally
coarse, sub-rounded, granitic.
425-440 Granitic bedrock. Weathered and fractured at the contact with the alluvium at 425,

fresh at 435.

PRODUCTION WELL CONSTRUCTION

The preliminary design for SW-2 called for a 500-feet deep well constructed with 10-inch diameter casing
and a total of 200 linear feet continuous slot, shaped wire wound well screen to be placed opposite the most
permeable water-bearing horizons. As stated above, the subsurface conditions warranted a departure from
the preliminary design. The well was ultimately completed to a depth of 424.5 feet and utilized a total of
160 linear feet of well screen. Details of the well construction are shown in Table 2 and illustrated in Figure

3,
TABLE 2. THE SHERWIN WILLIAMS COMPANY WELL NO. 2 CONSTRUCTION DETAILS
Casing Schedule
Depth Interval Description
(Feet) .
0to 37 Blank 24-inch O.D. x 0.250-inch wall thickness ASTM A53B steel surface
conductor casing. Conductor casing was placed by the contractor at his option to
overcome a problem with stability of the borehole. The annular space outside of
the casing was sealed with cement grout to the land surface.
0to 67 Blank 20-inch O.D. x 0.250-inch wall thickness ASTM A53B steel intermediate
conductor casing. Conductor casing was placed by the contractor at his option to
overcome a problem with stability of the borehole. The annular space outside of
the casing was sealed with cement grout to a depth of eight feet below the land
surface.
+2.0 to 200 Blank 10%-inch O.D. x 0.250-inch wall thickness ASTM A53B steel casing.
200 to 240 10-inch pipe size continuous slot, shaped wire wound Johnson-UOP well screen
(0.030-inch aperture width).
240 to 260 Blank 10%-inch O.D. x 0.250-inch wall thickness ASTM A53B steel casing.
260 to 320 10-inch pipe size continuous slot, shaped wire wound Johnson-UOP well screen
(0.030-inch aperture width).
320 to 340 Blank 10%-inch O.D. x 0.250-inch wall thickness ASTM A53B steel casing.
340.5 to 380.5 10-inch pipe size continuous slot, shaped wire wound Johnson-UOP well screen
(0.030-inch aperture width).
380.5 to 400.5 Blank 10%-inch O.D. x 0.250-inch wall thickness ASTM A53B steel casing.

7
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400.5 t0 420.5 10-inch pipe size continuous slot, shaped wire wound Johnson-UOP well screen

(0.030-inch aperture width).
420.5 to 425 Blank 10%-inch O.D. x 0.250-inch wall thickness ASTM AS53B steel casing with
a tapered “bull nose” bottom.
Other
436 to 191 Gravel filter pack. 18 cubic yards of Silica Resources, Inc. Marysville, CA, "No.

12" Product. Installed via tremie pipe from the bottom of the well, raising the
pipe in 30-ft increments.

196 to 2 ft above land Gravel fill pipe. 3-inch diameter Schedule 40 threaded and coupled steel pipe.

surface
191 to 190 Grout cutoff comprised of 10 sacks of coarse granular bentonite
190 to land surface Cement grout. The annular space between the 26-inch diameter conductor casing

and formation walls was sealed with cement grout. The annular space outside of
the 20-inch diameter intermediate casing was sealed with cement grout from 67
feet to a depth of 8 feet. The annular space outside of the 10-inch casing was
sealed from 190 feet to the land surface.

420 to 120 Centralizers. 5/16" x 2" x 1', (three round) on 100 foot intervals.

WELL DEVELOPMENT

Once the construction of the well was complete, development procedures were initiated. The purpose of well
development is to remove residual drilling fluids from the well, restore formation damage which arises as
a consequence of the drilling process, and to remove the finer-sized formation material from the near-vicinity
of the well bore so as to increase the permeability of the aquifer near the well bore. Initial well development
comprised altemnately swabbing the entire screened interval of the well with a surge block and air-lift
pumping using the drill-rig’s auxiliary air compressor. Development started at the shallowest well screen
and proceeded downward in 20-foot increments. The precess was repeated over a period of three days until
surging no longer dislodged fine-sized material. The water discharged from the well during initial
development was routed through tanks to elutriate the discharge before it was spilled onto the land surface
and routed away from the site.

Once initial development was completed, the submersible turbine test pump was installed in the well to a
depth of 240 feet. The well was then surged with the test pump and pumped at progressively increasing rates
of up to 350 gpm until the discharge was visibly clear. The sand content was monitored during
developmental pumping to gage the status of the developmental process. Well development was judged to
be complete once the sand content was less than 5 parts per million as measured with a Rossum*™ sand tester.
Initial well development using the test pump took approximately 1 day to complete.
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Initial step-drawdown pumping test results indicated that the well was afflicted with a large skin factor. The
effect of the skin factor is to inhibit the influx of groundwater into the well so that it yields less water at a
given drawdown. The medium sand-sized filter pack that was required to retain the fine-sand sized aquifer
materials may have contributed to the ineffectiveness of the specified developmental techniques. Their
ineffectiveness may have been exacerbated by the amount of screen installed in the well which resulted in
very low entrance velocities. Additional development was prescribed to reduce the skin factor.

This work entailed installation of sodium acid pyrophosphate (SAPP), a dispersant commonly used to break
down and remove drilling muds. The SAPP was mixed and installed in the well using a tremie pipe and the
well was swabbed to ensure the chemicals were thoroughly mixed. Water was then poured down the well
to displace the chemicals out thorough the filter pack where they could contact any residual wall cake left
over from the drilling process. The well was then swabbed for two days using a cable-tool drill rig equipped
with a “cracking block.” The cracking block is a surge block that is equipped with a valve. The valve allows
the cracking block to exert more force on the up stroke so that it pulls water into the well, drawing the
broken-down drilling mud and formation fines through the filter pack. The well was then re-equipped with
the test pump and surged until the discharge was sand-free. A step-drawdown test was performed to test the
effectiveness of the treatment. The first chemical/physical treatment increased the performance of the well
by approximately 20 per cent. The process was repeated twice more until little increase in performance was
achieved. The step-drawdown test results are documented in the subsequent sections.

10



WELL TESTING SUMMARY

The submersible turbine test pump used to develop the well was also employed for testing purposes. The
testing program entailed pumping the well at rates selected by the hydrogeologist for prescribed periods of
time while measuring water levels in the well. Pumping rates were measured with a pipe weir and circular
orifice. Water levels in the well before, during, and after the tests were measured with a pressure transducer
and recorded by an In-Situ Hermit*~ data logger. The test sequence included a series of step-drawdown tests
and a 24-hour duration aquifer stress test followed by 45-hour period where the recovery.of water levels were
monitored. Well No. 6 served as an observation well during the aquifer stress test of SW-2.

Step-Drawdown Testing

A total of four step-drawdown pumping tests were performed. The first step-drawdown test was performed
after initial well development was completed. The subsequent three tests were performed after each of the
subsequent chemical treatments and development episodes. The data for all four tests are plotted in Figure
4 for comparison.

Test 1

The step-drawdown test of SW-2 entailed pumping the well for four "steps" of one hour each. Pertinent data
for the test are summarized below and in Figure 4.

Non-pumping water level prior to start of test - 50.01 feet below the measuring point (M.P. = top
of the stilling well, 2.7 feet above land surface)

Testing started - 0800 hours 12/29/97

Testing ended - 1200 hours 12/29/97

TABLE 3. WELL SW-2 STEP-DRAWDOWN TEST NO. 1 DATA SUMMARY
Step Duration Pumping rate Drawdown Specific
t (minutes) Q (gpm) s (feet) Capacity, C,
1 60 100 85.76 1.17
I 60 126 111.20 1.13
I 60 152 137.40 1.11
v 60 176 163.8 1.08
11
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Test 2

" The step-drawdown test of SW-2 entailed pumping the well for four "steps" of one hour each. Pertinent data

for the test are summarized below and in Figure 4.

Non-pumping water level prior to start of test - 50.4 feet below the measuring point (M.P. = top of
the stilling well, 2.7 feet above land surface).

Testing started - 1050 hours 1/8/98

Testing ended - 1450 hours 1/8/98

TABLE 4. WELL SW-2 STEP-DRAWDOWN TEST NO. 2 DATA SUMMARY
Step Duration Pumping rate Drawdown Specific
t (minutes) Q (gpm) s (feet) Capacity, C,

I 60 100 77.30 1.29

I 60 126 97.64 1.29
I 60 152 117.41 1.29
v 60 176 136.18 1.29

Test3

The step-drawdown test of SW-2 entailed pumping the well for two "steps" of one hour each. The test was -

terminated after the second step when it became obvious that the second SAPP treatment had only a small
effect on well performance. Pertinent data for the test are summarized below and in Figure 4.

Non-pumping water level prior to start of test - 50.30 feet below the measuring point (M.P. = top
of the stilling well, 2.7 feet above land surface).

Testing started - 0800 hours 1/17/98

Testing ended -~ 1200 hours 1/17/98

TABLE 5. WELL SW-2 STEP-DRAWDOWN TEST NO. 3 DATA SUMMARY
Step Duration Pumping rate Drawdown Specific
t (minutes) Q (gpm) s (feet) Capacity, C,
1 60 100 75.35 1.33
I 60 126 96.78 1.30
13



Testd

The step-drawdown test of SW-2 entailed pumping the well for five "steps" of one hour each. The fifth step
was added to determine the maximum output of the well. Pertinent data for the test are summarized below

and in Figure 4.

Non-pumping water level prior to start of test - 50.00 feet below the measuring point (M.P. = top
of the stilling well, 2.4 feet above land surface).

Testing started - 0800 hours 10/31//97

Testing ended - 1300 hours 10/31/97

TABLE 6. WELL SW-2 STEP-DRAWDOWN TEST NO. 4 DATA SUMMARY
Step Duration Pumping rate’ ~ Drawdown Specific
t (minutes) Q (gpm) s (feet) Capacity, C,

I 60 100 73.16 1.37

I 60 126 95.85 1.32
III 60 152 116.88 1.30

v 60 176 134.93 1.30

A" 60 200 158.31 1.26

Aquifer-Stress Test

The step-drawdown test was followed by -a 24-hour duration aquifer stress test. The aquifer-stress test
entailed controlled pumping of the well for 24 hours and monitoring the drawdown in the pumped well, SW-
2, and the nearby observation well (Well No. 6). The observation well was located a distance of
approximately 40 feet from SW-2. Upon completion of the pumping test, the water level in the well was
monitored by the computerized data logger for a period of 45 hours. The test is summarized below.

Non-pumping water level in SW-2 prior to the start of the test - 49.95 feet below the measuring
point (M.P. =2 4 feet above the land surface).

Water-level in the Well No. 6 prior to the start of the test - 48.28 feet below the top of the stilling
well

Testing commenced - 1030 hours 1/23/98.

Pumping rate - 189 gallons per minute.

Test ended - 1030 hours 1/24/98

Pumping water level at the conclusion of the test - 210.8 below M.P. (208.4 feet below land surface).

Drawdown in SW-2 at the conclusion of the test - 160.8 feet.

All of the drawdown and recovery data for the test are plotted in the appendix.
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TESTING RESULTS
Step-drawdown Test Results

The step-drawdown test data were analyzed to evaluate the overall hydraulic efficiency of the well. The data
were analyzed using the computer program WHIP (Well Hydraulics Interpretation Package: Hydro-Geo
Chem, 1988). The observed and calculated drawdown for the well are shown in Figure 5. The calculated
data assume no well losses or skin factor. The close comparison between observed and calculated drawdown
for the late-time data indicate that the overall hydraulic efficiency of the well is very high. The analytical
results also indicate that the skin factor was eliminated as a result of the three additional chemical treatments
and well-development using the cable tool rig and cracking block.

Aquifer-Stress Test Results

The primary purpose of an aquifer-stress test is to determine the hydraulic properties of the aquifer that
control how a well will perform in the long-term. The aquifer-stress test data for both the pumped and
observation wells were analyzed using the computer program WHIP. The aquifer properties were initially
calculated from the observation well (Well No. 6) data. The transmissivity of the aquifer (the overall ability
of the aquifer to transmit groundwater) was determined to be approximately 6,400 gallons per day per foot
width of aquifer (gpd/ft) and the coefficient of storage for the aquifer was calculated to be 0.0019, a value
representative of a sem-confined aquifer. This transmissivity value is comparable to values obtained by the
Washoe County Utility Division through testing of Well No. 6 (Dan Dragan, personal communication). The
value for storage coefficient is consistent with data obtained from the geologic and geophysical logs of the
borehole, both of which showed intercalated sand, silt and clay beds. Once the overall aquifer properties
were determined, the response of the pumped well, SW-2, to pumping was investigated. Early-time
drawdown and recovery data for the pumped well show the influence of well bore storage and partial
penetration of the aquifer by the pumped well. Once the late-time data for the pumped well were adjusted
for partial penetration, a good correlation between the observed and calculated data was achieved. This
analysis yielded an average vertical hydraulic conductivity for the aquifer of approximately 1.5 gpd/ft.

The results of the analysis of the drawdown data for the aquifer-stress test are depicted in Figure 6. The
flattening of the drawdown curve for Well No. 6 near the end of the test suggests a recharge boundary
affected the test results. This pseudo-recharge boundary is most likely an increase in aquifer transmissivity
west of Lemmon Valley drive indicated by another County well in that general area. The Inte-time data for
the pumped well shows the development of a seepage face once the pumping level was below the top of the
well screen. The results of the analysis of the recovery data are shown in Figure 7 and 8. All three Figures
(6, 7, & 8) compare the observed data with the simulated drawdown and recovery for the two wells.
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Sand Content

The specifications for Well SW-2 called for a maximum sand content in the discharge of five parts per
million (5ppm) within five minutes after startup of the pump. The content of sand in the discharge was tested
using a Rossum'™ sand tester. A number of informal sand tests were performed during development of the
well to monitor the effectiveness of development. Once these tests indicated development was nearing
completion, a formal sand test was performed. The second sand test was conducted at the start of the
constant-discharge test. The results of the sand tests are shown in Figure 9. In summary, within five minutes
of pump start up, the sand content was at or below the specified limit of 5 ppm. After the initial few minutes
of the constant-discharge test, the sand content was 0 p.p.m. for all practical purposes.

Plumbness and Alignment

The well was tested for plumbness and alignment on February 5, 1998. The maximum permissible deviation
down to the design pump setting depth of 250 feet is six inches per 100 feet. The well passed the plumbness
and alignment test. The average deviation between land surface and a depth of 250 feet was 2.5 inches per
100 feet in the east-west direction. In the north-south direction, the deviation was less than one inch per 100
feet to a depth of 250 feet. The deviation plots are provided in the appendix.
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CHEMICAL QUALITY OF GROUNDWATER FROM WELL NO. 2

A water sample was collected from the discharge of the well near the end of the constant-discharge pumping
test. The sample was submitted to Sierra Environmental Monitoring, a State of Nevada certified laboratory,
for chemical analysis. The results are tabulated below and the complete analytical report is provided in

Appendix D.

TABLE 6. WATER CHEMISTRY DATA FOR SHERWIN-WILLIAMS WELL NO. 2, STEAD,
NEVADA
(all results in milligrams per liter unless otherwise noted)
ANALYTE RESULT DRINKING WATER STANDARD
Sample date 1/24/98
Sample time 09:30
Temperature (°F) 57
Electrical conductivity, field (umho/cm) 306
pH, lab (std. units) » 7.63 6.5-8.5%
Total Dissolved Solids 212 500/1000®
Turbidity (NTU) 0.18 1.0®
Color (APU) <5 15®)
Odor (TON) 0 3.0
MBAS <0.05 0.5®
Asbestos (fibers/liter > 10pum) 0 7
Major cations
Calcium 22
Magnesium 83 125/250®
Sodium 25
Potassium 2.5
Major anions
Alkalinity (mg/l CaC05) 110
Sulfate 35 250/500®
Chloride 9.3 250/400
Nitrate (as N) 1.7 10@
Nitrite (as N) <03 1
Cyanide (total) <0.005 0.2
Fluoride <0.1 2.0/4.0%9
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531.1, 547, 548, & 549

Trace metals

Antimony <0.001

Arsenic 0.004 0.05®
Barium 0.057 1.0®
Beryllium <0.001 0.004
Cadmium <0.001 0.01®
Chromium <0.009 0.1®
Copper <0.001 1.0®
Iron <0.25 0.3/0.6®
Lead <0.001 0.05®
Manganese 0.010 0.05/0.1®
Mercury <0.0005 0.002®
Nickel 0.003 0.1
Selenium 0.002 0.01®
Silver <0.001 .05@
Thallium <0.001 0.002
Zine 0.01 5.0@
Radionuclides

Gross o (pCi/l) 242 159
Gross f (pCifl) 63 50@
Volatile Organic and Synthetic Organic Compounds

U.S.E.P.A. Methods 504, 505, 507, 515.1, 524, 525, Not Detected® See Appendix D

2. Primary Drinking Water Standard.

4, Temperature dependent.

3, Secondary Drinking Water Standard (recommended/maximum concentration).

Notes: 1. Refer to Appendix D for complete analytical results, detection limits, and maximum contaminant levels for VOCs & SOCs).

The groundwater derived from Well No. 2 meets current water quality standards.
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YIELD RATING OF SHERWIN-WILLIAMS WELL NO. 2 AND
PRODUCTION PUMP SELECTION CRITERIA

Yield Rating

The yield rating of Sherwin-Williams Well No. 2 is based on criteria that have been adopted by the Washoe
County Utility Services Division. These include:

¢ The assumption that the well is pumped continuously for a 90-day period.
L4 The pumping level in the well is limited to the top of the well screen. In SW-2, the top of the screen
is 200 feet below the land surface.

Under these criteria, the yield of the well is limited to 182 gallons per minute. This yield, combined with
the yield for SW-1 (total of 582 gpm) is below the 700 gallons per minute combined yield required under
the terms of the agreement between The Sherwin-Williams Company and Washoe County. However, the
Utility Services Division concluded that The Sherwin-Williams Company fulfilled the terms of agreement
and will not require a third well to be constructed (Dan Dragan, personal communication).

Considering the hydrogeologic conditions now known to exist at the site, the maximum long term yield of
the well is 182 gallons per minute. Figure 10 shows the projected pumping level in SW-2 for a constant
pumping rate of 182 gallons per minute. After 90 days of continuous pumping, the pumping level is
calculated to be approximately 200 feet below the land surface which corresponds to the top of the well
screen. c

Production Pump Criteria

‘When practicable, a pump intake should be placed opposite blank well casing. This reduces the potential
for very high velocities at the pump intake which might cause sand to be pulled into the well. Also, for
submersible pumps, it ensures proper cooling by channeling water past the motor. For SW-2, the
recommended pump setting is approximately 250 feet below the land surface. This places the pump intake
within the blank casing that is located between depths of 240 and 260 feet below the surface.

In summary, the recommended design pump performance criteria are:
Discharge - 180 gpm.
Static water level - 48 feet below land surface,

Pumping level - 200 feet below land surface.
Pump intake setting - 250 feet below the land surface.
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SOURCES OF INFORMATION

CES, Inc,, December, 1997. Construction and Testing of The Sherwin-Williams Company Stead, Nevada
Well No. 1: consulting report prepared by Consulting Engineering Services, Inc. for The Sherwin-

Williams Company.

Dragan, Dan, personal communications

Hydro-Geo Chem, 1988. Computer Program WHIP (Well Hydraulics Interpretation Package).
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APPENDIX A. BOREHOLE LOG AND ALIGNMENT DATA
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APPENDIX B. BOREHOLE GEOPHYSICAL LOG



APPENDIX C. PUMPING TEST FIELD DATA SHEETS
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AQUIFER TEST DATA
Pwner 77:_1! Shervon- \ddbases Lo Address County State
Date _1 /2 - Company performing test Humboldt Diitlivia i s Measured by
/ <\
I‘/ell No. Sn-a Distance from pumpingwelt "~ Type of test & prrhomunet - Diselbiar 1 2 Test No. ___\f:.__
u . . v N J gq\ K _..g
_ Measurnng equipment MMU‘{ otd € h‘?" ; jve ?-) + THA £ .5 it &
o
Time Data Water Level Data Discharge Data
ump on: Date ;ZA%ZZ& Time L2352 (1) | Static water level ‘1"? 95" How Q measured _2¥1 ooty Comments &n factors
Pump off: Date Time (&) Ton” ol SN Weh Depth of pump/airiine 242
uration of aquifer test: Measuring point ” 2r =t ~ | Previous pumping? Yes % No affecting test aata
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Owner Tlie. Thevrudin = B2\ o ees £9 aAddress

" Date

/9% _

1/2,3—

Il
Observ ayn, izt

ilve" No. Lemumon V., &2\ 6

Swo-E
AQUIFER TEST DATA
County State
Company performing test _ b v b oldt DV‘“-“\H.i LCEs Measured by
» Type of test _C oustorect - D 1Scluers o Test No. Z

Distance from pumping well

Hermit 1000 C (o) ST o3, TDXA

Measuring equipment

Time Data
ump on: Date

Time £832__(t)

Water Level Data

Static water level _ 8, 18’

Discharge Data
How Q measured C

Comments on factors

; Pltjlrrgzoor:f o? aact::ifer test: Time @ Measuring point ‘Access pert Eni?/}guosf gﬂmgi/:si;t?ﬁxs ;o - affecting test data
i Pumping _______ Recovery Elevation of measuring point Duration — End /=
o Eg ® §3
I £ gg £ §§ - Water | £ §, Water
R level | 858 level Discharge
Clock measure-| 5 & | Water change measure-
Date { time t t it ment { O O level | sors’ ment Rate
'/7.-{ 20| O qg. 18 ' o
) 04 HE1E -
' ] ¢/5.29 0,01
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AQUIFER TEST DATA
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Déte /23~ )2& Company performing test —_Huve beldd Delbona 4 £E€5 Measured by
Qs apla g Wil ' 1
,|Vell No. Lemmen V; W_“‘v“ o Distance from pumpingwell ___________ Type of test Cosertants s alizy :h = TestNo. 5
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Time Data Water Level Data Discharge Data
P:r?g gfl'; 8::2 JJZL%L‘L@ Emz 020 g'; Static \nfater level "‘l ?;2?‘ i S::/tr?o‘?:ﬁ:;gir Iine’a—.:——_' Comments on factors
mlpuration of aquifer test: Measuring point £esss Poc ¥ Previous pumping? Yes == No .= affecting test data
i Pumping —— .. Recovery Elevation of measuring point .| Duration - _End_—
gg Eo
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APPENDIX D. LABORATORY REPORT
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RECEIVEp

Laboratory FEB 1 { 1998
l Analysis Report
Sierra CES, INC.
Environmental
Monitoring, Inc.
CONSULTING ENGINEERING SERV. Date : 2/10/98
DALE BUGENIG Client : CES-010
1105 TERMINAL WAY, SUITE 304 Taken by: CLIENT-D. BUGENIG
l RENO NV 83502 Report : 22410
PO# :
Page:
ALKALINITY PH TURBIDITY COLOR TOTAL DISSOL.{NITRATE-N
Collected APPARENT SGLIDS
Sample Date Time MG/L CACO3 S.uU. NTU COLOR UNIT MG/L MG/L
-2 1/24/98  9:30 1108 7.63 0.18 <5 212 1.7M
NITRITE-N CALCIUM MAGNESIUM POTASSIUM SOﬁIUM CHLORIDE
Collected ICP ICP I1CP IcP
ample Date Time MG/L MG/L MG/L MG/L MG/L MG/L
W-2 1724798 9:30 <0.3N 22 8.3 2.5 25 9.3
CYANIDE, TOTAL | FLUORIDE SULFATE MBAS ODOR ANT IMONY
‘ Collected o , SURFACTANTS o 1CP-MS
ample . . Date  Time MG/L MG/L - MG/L MG/L " T.0.N. MG/L
sW-2 1/24/98  9:30 <0.005 <0.1 " 35 <0.05 0 < 0.001
ARSENIC BARIUM BERYLLIUM CADMIUM CHROMIUM SILVER,
Collected ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS
sample Date Time MG/L MG/L MG/L MG/L MG/L MG/L
W-2 1/24/98  9:30 0.004 0.057 < 0.001 < 0.001 0.009 < 0.001
COPPER IRON LEAD MANGANESE MERCURY NICKEL
Collected ICP-MS ICP-0ES ICP-MS ICP-MS AA COLD VAPOR]ICP-MS
ample Date Time MG/L MG/L MG/L MG/L MG/L MG/L
W-2 1/26/98  9:30 < 0.001 0.25 < 0.001 0.010 <0.0005 0.003
SELENIUM THALLIUM ORGANICS ANAL [RADIOLOGICAL |[ZINC
Collected ICP-MS ICP-MS TO FOLLOW TO FOLLOW ICP-MS
ample Bate Time MG/L MG/L MG/L
isw-z 1726798  9:30 0.002 < 0.001 YES YES < 0.01

.,

proved By:

is report is &
or this report.

e

jcable only to the samplé‘heceiVed by the laboratory. The liability of the laboratory is limited to the amount paid
is report is for the exclusive use of the client to whom it is addressed and upon the condition that the client

assumes all liability for the further distribution of the report or its contents.

President

William F. Pillsbury

1135 Financial Blvd.

Reno, NV 89502

Phone (702) 857-2400
FAX (702) 857-2404
sem@powernet.net

John Kobza, Ph.D.
John C. Seher
Managers




Laboratory
' Analysis Report
Sierra
Environmental
I Monitoring, Inc.
CONSULTING ENGINEERING SERV. Date :  2/18/98
DALE BUGENIG Client : CES-010
, 1105 TERMINAL WAY, SUITE 304 Taken by: CLIENT-D. BUGENIG
I RENO NV 89502 Report : 22411
PO# :
Page: 1
% RADIOLOGICAL |ASBESTOS ORGANICS
Collected ANALYSIS "ANALYSIS
Sample Date Time % uG/L
SW-2 1/24/98 9:30 SEE REPORT SEE REPORT SEE REPORT

e <

This report s-applicable only to the sample received by the laboratory. The liability of the laboratory is limited to the amount paic
for this report. This report is for the exclusive use of the client to whom it is addressed and upon the condition that the client
assumes all liability for the further distribution of the report or its contents.
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1135 Financial Blvd.

. . Reno, NV 89502 John Kabza, Ph.D.
William F. Pillsbury Phone (702) 857-2400 John C. Seher
President FAX (702) 857-2404 Managers

sem@powernet.net



Alpha Analytical, Inc.
255 Glendale Avenue, Suite 21 Las Vegas, Nevada
Sparks, Nevada 89431 e-mail: alpha@powernet.net (702) 498-3312
(702) 355-1044 http//www.powernet.net/~alpha FAX: (702) 736-7523
FAX: (702) 355-0406 Sacramento, California
1-800-283-1183 ANALYTICAL REPORT (916) 366-9089
FAX: (916) 366-9138
Sierra Environmental Monitoring Client ID: (9801-1012) SW-2
I 1135 Financial Blvd. : Lab ID: SEM98012611-01
Reno, NV 89502 Sampled: 01/24/98
Attn: John Seher Received: 01/26/98
I National Primary Drinking Water Phase II and Phase V
Regulated and Unregulated Synthetic Organic Compounds (SOC’s)
l EPA Concen Det EPA Concen Det
Method Contamijnant ug/lL Limit Method Contaminant ug/.  Limit
Analyzed: 02/05/98 Analyzed: 02/04/98
. 504.1 1. 1,2-Dibromo-3- 525.2 1. Atrazine ND 0.10
Chloropropane (DBCP) ND 0.02 5252 2.Benzo(a)pyrene ND 0.02
504.1 2. 1,2-Dibromoethane(EDB) ND 0.01 525.2 3. Bis(2-ethylhexyl)
. Phthalate ND  0.60
Analyzed: 01/29/98 5252 4. Bis(2-ethylhexyl) .
505 1. Alachlor ND 020 5252 Adipate ND 0.60
505 2. Aldrin ND 020 5252 5. Butachlor ND 1.00
' 505 3. Chlordane (Technical) ND 0.20 5252 6. Metolachlor ND 1.00
505 4. Dieldrin ND 020 5252 7. Metribuzin ND 1.00
505 5.Endrin . ND 0.01 5252 8. Propachlor ND 1.00
l 505 6. Heptachlor ND 0.04 5252 9. Simazine ND 0.07
505 7. Heptachlor Epoxide ND 0.02
505 8. Hexachlorobenzene ND 0.10
I 505 9. Hexachlorocyclopentadiene ~ ND 0.10
505 10. Lindane ND 0.02
505 11. Methoxychlor ND 0.10 Analyzed: 01/29/98
505 12. Aroclor-1016 (Screen) ND 0.08 531.1 1. Aldicarb ND 0.50
l 505 13. Aroclor-1221 (Screen) ND 20.0 531.1 2. Aldicarb Sulfoxide ND 0.50
505 14. Aroclor-1232 (Screen) ND 0.50 531.1 3. Aldicarb Sulfone ND 0.80
505 15. Aroclor-1242 (Screen) ND 0.30 531.1 4. Carbaryl ND 1.00
l 505 16. Aroclor-1248 (Screen) ND 0.10 531.1 5. Carbofuran ND 0.90
505 17. Aroclor-1254 (Screen) ND 0.10 531.1 6. 3-Hydroxycarbofuran ND 1.00
505 18. Aroclor-1260 (Screen) ND 020 531.1 7. Methomyl ND 1.00
I 505 19. Toxaphene ND 1.00 531.1 8.Oxamyl ND 2.00
Analyzed: 02/10/98 Analyzed: 02/06/98
515 1. Dalapon ND 1.00 547 1. Glyphosate ND 6.00
' 515 2. Dicamba ND 0.50
515 3. Dinoseb ND 0.20 Analyzed: 01/28/98
515 4.24-D ND 0.10 548.1 1.Endothall ND 9.00
I 515 5. Picloram ND  0.10
515 6. Pentachlorophenol ND 0.04  Analyzed: 02/03/98
515 7.2,4,5-TP (Silvex) ND 020 549.1 1.Diquat ND 0.40
l ND - Not Detected
' Approved By: / 4 Date;_ 47 ?; =z
Roger L. 8€holl, Ph.D. / /
l K Laboratory Director -



Alpha Analytical, Inc. |
255 Glendale Avenue, Suite 21 Las Vegas, Nevada
Sparks, Nevada 89431 e-mail: alpha@powernet.net (702) 498-3312
(702) 355-1044 http//www.powernet.net/~alpha FAX: (702) 736-7523
FAX: (702) 355-0406 Sacramento, California
1-800-283-1183 ANALYTICAL REPORT (916) 366-9089
FAX: (916) 366-9138

Sierra Environmental Monitoring, Inc. Job#: 2928

1135 Financial Boulevard Phone: 857-2400

Reno NV 89502 - Attn: John C. Seher

Client ID: (9801-1012) SW-2 Sampled: 01/24/98 Analyzed: 02/05/98

LabID: SEM98012611-01 Received: 01/26/98

SDWA VOLATILES PLUS LISTS 1 AND 3 UNREGULATED COMPOUNDS EPA 524.2

Roger L. Sgioll, Ph.D.
Laboratory Director

Approved by: /@—% _Zz W Date: Z//% 7 /43’
/

Concentration RL Concentration RL
l Compound ug/L, ng/L Compound ug/l ug/L
1 Benzene ND 0.50 28  Chloroform 4.07 0.50
2 Vinyl Chloride . ND 0.50 29  Chloromethane ND 0.50
3 Carbon tetrachloride ND 0.50 30  o-Chlorotoluene ND 0.50
4  1,2-Dichloroethane ND 0.50 31 p-Chlorotoluene ND 0.50
5  Trichloroethylene ND 0.50 32  Dibromomethane ND 0.50
6 p-Dichlorobenzene ND 0.50 33 m-Dichlorobenzene ND 0.50
l 7  1,1-Dichloroethylene ND 0.50 34 1,1-Dichloroethane ND 0.50
8 1,1,1-Trichloroethane ND 0.50 35 1,1-Dichloropropene ND 0.50
10 Regulated Volatile Organic Compounds (VOC’s) 36 1,3-Dichloropropane ND 0.50
(Phase II) 37 e,z-1,3-Dichloropropene ND 0.50
l 9  Cis-1,2-Dichloroethylene ND 0.50 38  2,2-Dichloropropane ND 0.50
10  1,2-Dichloropropane ND 0.50 39 1,1,1,2-Tetrachloroethane ND 0.50
11  Ethylbenzene ND 0.50 40  1,1,2,2-Tetrachloroethane ND 0.50
12 Monochlorobenzene ND 0.50 41  1,2,3-Trichloropropane ND 0.50
l 13 o-Dichlorobenzene ND 0.50 List 3- Monitoring Required at State Discretion
14  Styrene ND 0.50 42  Bromochloromethane ND 0.50
15  Tetrachloroethylene ND 0.50 43  n-Butylbenzene ND 0.50
16  Toluene ND 0.56 44  Dichiorodifluoromethane ND 0.50
17  Trans-1,2-Dichloroethylene ND 0.50 45  Fluorotrichloromethane . ND 0.50
18  Xylenes (total) ND 0.50 46  Hexachlorobutadiene ND 0.50
3 Regulated Volatile Organic Compounds (VOC’s) 47  Isopropylbenzene ND 0.50
l (Phase V) 48  p-Isopropyltoluene ND 0.50
19  Dichloromethane ND 0.50 49  Naphthalene ND 0.50
20  1,1,2-Trichloroethane ND 0.50 50 n-Propylbenzene ND 0.50
21 1,2,4-Trichlorobenzene ND 0.50 51  sec-Butylbenzene ND 0.50
l List 1 - Unregulated Compounds - All Systems 52  tert-Butylbenzene ND 0.50
22  Bromobenzene ND 0.50 53  1,2,3-Trichlorobenzene ND 0.50
23 Bromodichloromethane ND 0.50 54  1,2,4-Trimethylbenzene ND 0.50
24  Bromoform ND 0.50 55  1,3,5-Trimethylbenzene ND 0.50
l 25 Bromomethane ND 0.50
26  Chlorodibromomethane ND 0.50 ND-Not Detected
27  Chloroethane ND 0.50 RL-Reporting Limit
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LABOR

2033 Heritage Park Drive
Oklahoma City, OK 73120
Ph. (405) 755-7272
Fax (405) 755-2058

QuanTEM Sample ID: 9801W350003-1
Client Sample ID: (9801-1012) SW-2
Sample Location: n/a

®

Transmission Electron Microscopy
Asbestos Analysis Report
Drinking Water Sample

Client: Sierra Environmental Monitoring, Inc.
Account Number: W350

Sample Aliquot (mL): 100

Date/Time Prepared: January 29, 1998 21:00 Filter Type: 0.22um 47mm MCE (1385mm?)

Prepared By: Tony Lehrling
Analyzed By: Phillip Dang

Filter Area Analyzed (mm?): 0.0708
Instrument: JEOL 100C / 10KX Magnification

Methodology: EPA 600/4-84-043 (EPA 100.2) Grid Archival: 2800 A1 A2 A3

Analysis Summary

Chrysotile >10p Amphibole >10p

Structure Confirmed  Ambiguous Confirmed Ambiguous
Free Fibers 0 0 0 0]
Fiber Bundies 0 0 0 0

Total Confirmed Chrysotile
Total Confirmed Amphibole
Analytical Sensitivity

Total Concentration
Asbestos Fibers >10 um

Comment:

Analysis Results
Structures Counted
None Detected”
None Detected*
0.196 MFL

Less than 0.2 MFL*

* Numerous chrysotile structures <10 um were observed in this sample.

» -

February 1, 1998

eviewed ang’ Approve

(Date)

QuanTEM is a NVLAP Accredited TEM / PLM Laboratory (Lab Code 101958). This report relates only to the specific items tested.
NVLAP Accreditation applies only to AHERA analysis [40 CFR Chapter I (1-1-87 ed.)'Part 763, Appendix A to Subparts E and F).

This report may not be used to claim product endorsement by NVLAP or any other agency of the U.S. Government.
Thic rannrt chall nat ha ranradiirand aveant in full withait tha writtan annraval of tha laharatory.
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| Accu-Labs’ Research, Inc.

4663 Table Mountain Drive Golden, Colorado 80403-1650

I (303) 277-9514 FAX (303) 277-9512
Date: 02/09/98
Page 1 - A
CASE NARRATIVE
Ms Robin Procter Lab Job Number: 020621 SIEOO02
Sierra Environmental Monitoring Inc Date Samples Received: 01/27/98
1135 Financial Blvd Customer PO Number: 2923

Reno, NV 89502

The following samples were received at the laboratory:
98-A1573 Drinking Water

The samples were received within EPA recommended holding
times and in good condition. The radioactivity screen was
performed at sample login, if required, and all results were
within acceptable limits. If required, a pH screen confirmed
that all samples were preserved to acceptable pH levels.
Samples were analyzed within holding times as prescribed by
the analytical method. Exceptions to these statements,
additional information and any analytical anomalies are noted

below.

The temperature of the samples upon arrival was 16 degrees C.

Sections A, B and C of this report contain a total of ‘5 pages.

——T;LM&GLA{ ;7/<L&v Y

Trudy L. Scott
Laboratory Manager

An Environmental Laboratory Specializing in:

Organic Chemistry - Metals Analysis - Inorganic Chemistry - Radiochemistry



Date: 02/09/98 Accu-Labs’ Research, Inc.
Page 1 - B

REPORT OF ANALYSIS

Ms Robin Procter Lab Job Number: 020621 SIEQ02
Sierra Environmental Monitoring Inc Date Samples Received: 01/27/98
1135 Financial Blvd Customer PO Number: 2923

Reno, NV 89502

Radiochemistry (results in pCi/L unless notegd}:
Gross Alpha, total 2 +/- 2
Gross Beta, total 6 +/- 3

NOTES:

Gross Alpha results are based on an Am-241 absorption curve.

Gross Beta results are based on a Cs-137 absorption curve.

Variability of the radioactive disintegration process (counting error) at the 95% confidence Level
is 1.96 sigma and the level of significance may exceed that of the reported analytical result.

Scheduled sample disposal/return date: March 11, 1998.

.—T/I\Mc’h’ g 4\4@"4

Trudy L. Scott
Laboratory Manager
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10.

11.

12.

13.

RADIOCHEMISTRY DEPARTMENT
METHOD REFERENCES UTILIZED BY ACCU-LABS RESEARCH, INC.

U.S. Environmental Protection Agency, 1979, "Radiochemical Analytical Procedures for
Analysis of Environmental Samples”, Report No. EMSL-LV-0539-1, Las Vegas, NV.

American Public Health Association, American Water Works Association, Water Pollution
Control Federation, 1989, "Standard Methods for the Examination of Water and
Wastewater”, 17th ed., Washington, D.C., Am. Public Health Association. :

U.S. Environmental Protection Agency, 1976, "Interim Radiochemical Methodology for
Drinking Water", Report No. EPA-600/4-75-008, Cincinnati, OH.

U.S. Environmental Protection~Agency, Eastern Environmental Radiation Facility,
"Radiochemistry Procedures Manual”, EPA 520/5-84-006, Aug. 1984.

Misaqi, Fazlelleh L., "Monitoring Radon-222 Content of Mine Waters Informational
Report 1026", U.S. Department of Interior, Mining Enforcement and Safety
Administration, Denver, Colorado, 1975.

"Radioassay Procedures for Environmental Samples", 1967, USDHEW, Sec. 7.2.3.
"Handbook of Analytical Procedures", USAEC, Graﬁd Junction Lab, 1970, p. 196.

"Prescribed Procedures for Measurement of Radioactivity in Drinking Water", EPA-
600/4-80-032, August 1980, Environmental Monitoring and Support Laboratory, Office
of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio
45268.

"Methods for Determination of Radioactive Substances in Water and Fluvial Sediments",
U.S.G.S. Book 5, Chapter AS, 1977.

"Acid Dissolution Method for the Analysis of Plutonium in Soil", EPA-600/7-79-081,
March 1979, U.S. EPA Environmental Monitoring and Support Laboratory, Las Vegas,
Nevada, 1979.

"Procedures for the Isolation of Alpha Spectrometrically Pure Plutonium, Uranium and
Americium", by E.H. Essington and B.J. Drennon, Los Alamos National Lab, private
communication.

"Isolation of Americium from Urine Samples”, Rocky Flats Plant, Health Safety and
Environmental Laboratories, Laboratory Procedure, HS and EL-7, revised 01/21/83.

Volchok, H.L., ed., 1982, "EML Procedures Manual", HASL-300-Ed. 25 (DE
83010805); Environmental Measurements Laboratory, U.S. D.O.E., 376 Hudson Street,
New York NY 10014.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

METHOD REFERENCES
CONTINUED

"Tritium by Vacuum Sublimination", Health Protection Department/Savannah River Plant,
S.C., DPSOPREF-271-5-257, Approved 10/24/88.

"The Environmental Survey Manual, Appendix D", US DOE, DOE/EH-0053, Vol. 3 or
4, August 1987, pg. D-722.

*1992 Annual Book of ASTM Standards Vol. 11.01 & Vol. 11.02 Water", ASTM,
Philadelphia, PA 19103-1187.

Volchok, H.L., and dePlanque G., "Radiochemical Determination of Technetium-99",

EML Procedures Manual, 25th Edition, 1982 E-Tc-01-01.

Walker, C.R., Short, B.W. and Spring, H.S., "The Détermination of Technetium-99 by
Liguid Scintillation Counting," Radioelement Analysis Progress and Problems, October
9-11, 1979, p. 101-110.

Sullivan, T., Nelson, D. and Thompson E., "Determination of Technetium-99 in Barehold
Waters using an Extraction Chromatographic Resin (1)," Workshop on Extraction
Chromatography, 37th- Annual Conference on Bioassay, Analytical and Environmental
Radiochemistry, 7(1991) 1-4.

Reese, T., "Sequential Separation of Thorium, Uranium, Neptunium, Plutonium,
Americium and Curium", Thesis, Colorado School of Mines, 1983.

Cleveland, J.M., "The Chemistry of Plutonium", Americium Nuclear Society, 1979, p.
142-158. :

US EPA, Office of Research & Development, Environmental Monitoring Systems
Laboratory - Las Vegas, Las Vegas, NV 89193-3478.

EPA Method 913.0. "The Determination of Radon in Drinking Water by Liquid
Scintillation Counting”, Draft Version, May 1991.

American Public Health Association, American Water Works Association, Water Pollution
Control Federation, 1995, "Standard Methods for the Examination of Water and
Wastewater”, 19th ed., Washington, D.C., American Public Health Association.

"1994 Annual Book of ASTM Standards, Vol. 11.01 and Vol. 11.02 Water", ASTM,
Philadelphia, PA 19103-1187.
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28.

29.

30.

METHOD REFERENCES
CONTINUED

"Health and Environmental Chemistry: Analytical Techniques, Data Management, and
Quality Assurance”, LA-10300-M, Vols. I, II, I, IV Manual, Margaret A. Gautier, ed.,
Los Alamos National Laboratory, Los Alamos, NM 87545.

"1983 Annual Book of ASTM Standards", ASTM, Philadelphia, PA 19103-1187, Method
#3357.

"Collected Radiochemical Procedures (Radiochemistry Group CNC-11)", LA-1721, 4th
Ed., UC4, Chemistry, April, 1975, Jacob Klienberg and Helen Smith, ed., Los Alamos
Sc1ent1ﬁc Laboratory, Los Alamos, NM 87545.

"Procedures for radiochemical Analysis of Nuclear Reactor Aqueous Solutions", PB-222
154, May 1973, H.L. Krieger and S. Gold, National Environmental Research Center,
Office of Research and Development, U.S. Environmental Protection Agency, Cincinnatti,
OH 45268.

"EML Procedures Manual”, 27th ed., '1990, N.L. Chieco, D.C. Bogen, E.O. Knutson,
ed.; Environmental Measurements Laboartory, U.S. D.O.E., 376 Hudson Street, New

York, NY 10014.
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