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ABSTRACT

The development and use of geothermal resources can potentially impact public
health and the environment. Drinking water aquifers may be contaminated as may
surface waters depending upon wastewater disposal practices. The Warm Springs
Creek drainage near Ketchum, idaho, is one area of Idaho where use of geothermal
water may be impacting public health and aquatic resources. A leaking pipeline
conveys geothermal water through this valley to heat nearby homes as well as to
supply a resort's swimming pool. Several domestic wells in close proximity to this line
have exhibited increasing fluoride levels since 1979. As alternatives to replacing this
line, developers have also proposed constructing various types of resort facilities near
the main geothermal source, Guyer Hot Springs. Water currently being collected by
the pipeline (about 450 gpm) and additional geothermal water obtained by developing
the spring system (possibly as much as 600 gpm) may be used by such facilities.
Disposal of the waste geothermal water has not been addressed, but discharge to
nearby surface waters will likely be proposed.

During 1987, groundwater and surface water studies were conducted in the Warm
Springs Creek area. The groundwater research was designed to characterize the
valley aquifer and groundwater flows, to assess background fluoride levels, to assess
sources of fluoride to the aquifer, and to determine the effect of pipeline leaks on the
groundwater and domestic well contamination. Surface water research was designed
to assess water quality impacts due to existing geothermal discharges as well as to
evaluate potential impacts from proposed geothermal developments. Warm Springs
Creek, Trail Creek, and the Big Wood River were included in this research.

Groundwater monitoring documented fluoride levels in excess of the current state
Maximum Contaminant Level (MCL) of 2.4 mg/l at several public and private wells.
The research indicated that leakage from the pipeline does enter the Warm Springs
Creek valley aquifer, and that it has a demonstrated effect on fluoride levels in several
public community drinking water systems. Removal of the leakage is expected to
reduce fluoride levels in these wells by 1-2 mg/l on average, and possibly as much as
5 mg/l during periods when the pipeline is pressurized. It is recommended that this
leakage be eliminated to protect public health from fluoride impacts. The public should
be notified of existing hazards and informed on measures to take to reduce exposure
as the aquifer recovers from past discharges. New well construction in the valley
should follow guidelines and standards to assure that the aquifer is not contaminated
by other geothermal intrusions.

Surface water data indicate that fluoride levels in the Big Wood River, Trail Creek, and
Warm Springs Creek all increase in the Ketchum area as a result of geothermal water
accrual. Under existing conditions, fluoride levels in Warm Springs Creek meet or
exceed the recommended limit (1.8 mg/l) to protect cold water biota during base flow
conditions. Fluoride levels in Trail Creek do not approach this limit during base flows,
but due to low winter flows (about 2-5 c¢fs), additional geothermal discharges to this
creek may exceed this standard as well as create potential thermal problems. Big
Wood River fluoride levels increase on the average of about 0.4 mg/l through the
Ketchum area due to geothermal discharges to the river and its tributaries.



Recreational developments will likely propose geothermal wastewater discharges from
existing and developed sources to Warm Springs Creek. These discharges may
elevate instream fluoride levels to 2-4 mg/! during baseflow conditions. Existing spring
temperatures (March - May) in lower Warm Springs Creek near the salmonid spawning
standard of 13°C suggest that increased geothermal discharges to Warm Springs
Creek during this period might impact this activity. In addition, a thermal barrier may be
created that might prevent fish movement from the Big Wood River into the Warm
Springs Creek system. The magnitude and seasonal timing of any new geothermal
discharges from developed sources to Warm Springs Creek must be carefully
evaluated to prevent toxic and thermal impacts to resident fisheries.

The Big Wood River is designated a special resource water by Idaho Water Quality
Standards and Wastewater Treatment Requirements (IDHW 1985). As such, no new
point source discharges from developed geothermal sources should be allowed to the
Big Wood River or its tributaries that would result in increased fluoride levels or
temperature above ambient in the Big Wood River. Any new proposed geothermal
point source discharges to these surface waters should be reviewed and permitted
through the federal NPDES permit program to insure that all potential water quality
impacts are evaluated. Geothermal wastewater treatment and/or re-injection should
be considered. The State of Idaho should begin developing a surface water standard
tor fluoride, specific for the physical and chemical conditions of ldaho streams, to
insure protection of beneficial uses.
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INTRODUCTION

Geothermal resources in Idaho continue to be developed for a number of beneficial
uses. These uses include space heating of commercial and residential buildings,
power generation, aquaculture, industrial uses, and recreational/health facilities.
Geothermal wastewater is often discharged to surface waters.

The Warm Springs Creek valley near Ketchum, Idaho, is one area where geothermal
resource development may be impacting public health and aquatic resources. The
Guyer Hot Springs system (i.e., Guyer, Lioyd, Greyhawk, and un-named springs) is a
diffuse geothermal system that includes a number of springs which discharge to Warm
Springs Creek along a quarter-mile reach of the creek. This geothermal source also
discharges to the valley fioor alluvium as evident through seepage from alluvial
deposits in several locations. Geothermal water is also discharged directly to the
streambed. Historically, these springs discharged about 1200 gpm of geothermal
water to the Warm Springs Creek valley. In the late 1930s a portion of the major spring
source, Guyer Hot Springs, was collected and divented through a pipeline system to
deliver geothermal water to Ketchum. The pipeline is presently used to heat nearby
residences and as a water source for a resort's swimming pool. The three mile long
pipeline eventually discharges to Trail Creek after flowing through the Bald Mountain
Hot Springs pool.

Water samples submitted for chemical analysis by public community drinking water
systems in the Warm Springs Creek valley since 1979 have indicated a trend towards
increasing fluoride levels. Concentrations have approached or exceeded the State of
Idaho maximum contaminant level (MCL) for flucride at some of these systems. The
aquifer tapped by these wells consists of very permeable alluvial sands and gravels
underlain by limestone bedrock. Most wells in the valley are less than 60 feet deep,
with depth to groundwater varying from 9 to 30 feet. Since this leaking geothermal
pipeline passes in close proximity to a number of wells impacted by fiuoride, it has
been postulated that the pipeline might be a source of the fluorides.

In addition, several alternative development proposals have been made regarding the
Guyer Hot Springs system. These proposals involve further development of the spring
to obtain additional geothermal water for recreational facilities. Disposal of the
geothermal wastewater generated by these proposed facilities has not been
addressed. It is likely that proposals will be made to discharge this wastewater to
surface waters in the area inciuding Warm Springs Creek, Trail Creek, and the Big
Wood River. The impact of additional geothermal discharges on the beneficial uses of
surface waters in this area are unknown.

All streams studied are protected for cold water biota and salmonid spawning under
the ldaho Water lity Standar nd Wastewater Treatment Requirements.
Maximum water temperatures are limited to 22°C during non-spawning periods and
130C during the spawning season. The Big Wood River is also designated a special
resource water. As such, discharges causing detectable increases in fluoride levels or



temperature above ambient are not allowed.

PAST WATER QUALITY STUDIES

A number of studies concerning sewage disposal impacts on surface water and
groundwater resources in the Ketchum-Hailey area have been conducted by
consulting engineering firms (see Castelin and Winner 1975). In addition, resource
agencies have also examined the same problem (e.g., Castelin and Winner 1975;
Luttrell and Brockway 1982, 1984) as well as evaluated the water resources in the
valley {e.g., Smith 1959, 1960; Castelin and Chapman 1972). Most recently (1987
water year), the United States Geological Survey {USGS) conducted a study to
develop a water budget for the Big Wood River, and to assess existing sewage
disposal practices on surface water quality (Frenzel 1989).

A preliminary survey of fluoride levels in Warm Spring Creek and the Big Wood River
was conducted as part of an Idaho Department of Health and Welfare, Division of
Environmental Quality (IDHW-DEQ) study in 1984 (Renk 1986). Sampling was
conducted on a quarterly basis and did not include Trail Creek. Recommendations
included no additional year-round geothermal discharges to Warm Springs Creek, that
all geothermal discharges be permitted through the U.S. Environmental Protection
Agency to control water quality impacts, that additional monitoring be conducted to
assess thermal impacts during the summer, and that a bioassay study be performed.

CH,M Hill has evaluated the economic value of the Guyer Hot Springs system
geothermal resource (CH,M Hill 1988). This report examined various alternatives for

_developing these springs for space heating, as well as identified areas favorable for
exploratory drilling to increase geothermal flows. An exploratory drilling program and
cost alternatives were presented.

A number of ldaho Department of Fish and Game studies have examined the fisheries
in Warm Springs Creek, Trail Creek, and the Big Wood River including most recently a
three year study on fisheries populations in the Big Wood River (Bell 1989). Data
indicate wild spawning populations of rainbow trout, brook trout, and mountain
whitefish are present in this system. Brown trout are also present in lower reaches of
the Big Wood River below Hailey. Fish and Game also stocks this system with
catchable rainbows during the summer.

QBJECTIVES

This study may be subdivided into two main sections, groundwater and surface water.
The overall objective of the groundwater portion of this research was to evaluate
sources of fluorides impacting public community drinking water wells and to
recommend corrective actions. The surface water portion of this research was to
examine fluoride levels in Trail Creek, Warm Springs Creek, and the Big Wood River to
address potential water quality impacts of proposed commercial uses of gecthermal
resources.



Specific objectives in each area include:
A. Groundwater

Characterize regional groundwater flows.

Determine background fluoride levels in groundwater.

Determine the effect of geothermal intrusions on groundwater fluoride levels.
. Determine the effect of Guyer Hot Springs pipeline leaks on groundwater
fluoride levels.

Prepare an implementation strategy for regulation of existing and proposed
commercial activities to protect beneficial uses of the aquifer.

N~
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B. Surface water

1. Characterize surface water flows.

2. Determine background fluoride levels.

3. Determine the effect of geothermal intrusions on surface water fluoride
concentrations.

4. Determine the effect of current and proposed commercial activities on surface
water quality.

5. Prepare an implementation strategy for regulation of existing and proposed
commercial activities to protect beneficial uses of Warm Springs Creek, Trail
Creek, and the Big Wood River.

DRAINAGE BASIN DESCRIPTION

The study was conducted in northern Blaine County in the Upper Big Wood River
drainage basin near Ketchum, Idaho. This region is characterized by narrow to broad
alluvial valieys which contrast sharply with the surrounding mountains. The area is
bordered on the east by the Pioneer Mountains, on the west by the Smokey Mountains,
and by the Boulder Mountains on the north. Bedrock consists of sandstone, quarizite,
limestone, dolomite, and conglomerate of the Wood River Formation (CH,M Hill 1988).

Well logs from the Idaho Department of Water Resources {(IDWR) indicate alluvium
depths of 60-120 feet in upper Warm Springs Creek valley.

This area is characterized by moderately cold winters and warm, dry summers. At Sun
Valley, winter temperatures reach a mean minimum of -1.2°F in January, and
summertime mean maximum of 82.49F in July. The mean altitude of the Warm Springs
Creek drainage is about 7,560 feet Mean Sea Level (MSL). The 48 year average
precipitation at Ketchum, elevation 5,870 feet MSL, is 18.1 inches (Sawtooth National
Forest 1989}, 60% of which falls from November through March.

The economy of this area is dependent primarily on tourism and recreation, particularly
winter sports. The resident population is employed in service-oriented industries,



merchandising, lumbering, mining, construction and agriculture. A residental
population of about 2,000 may increase 200% or more during the ski season. Many
seasonal recreation homes, cabins and condominiums have been built along and near
Warm Springs Creek, Trail Creek, and the Big Wood River.

MONITORING STATIONS

Water chemistry and flow were monitored at eight surface water stations identified in
Figure 1 and referenced in Table 7. Warm Springs Creek monitoring stations were
located above and below major spring sources. Similarly, stations on Trail Creek were
located above and below the Bald Mountain Hot Springs pool and pipeline outfalls.
Stations on the Big Wood River were above and below confluences of each of these
tributaries.

Fifteen wells were included in the groundwater portion of this research (Table 3). In
addition, water samples were collected at Guyer Hot Springs and at the pipeline and
pool outfalls to Trail Creek during each sampling run.

MATERIALS AND METHODS

GROUNDWATER METHQDS

Groundwater samples for chemical analysis were collected from hose bibs at the
individual sampling wells. In general, outside taps were used from May through
October and indoor faucets were utilized during freezing weather. Samples were
collected in one liter cubitainers, stored on ice in coolers, and shipped on the day of
collection to the IDHW-Bureau of Laboratories, Boise. Analytical methods followed
Standard Methods (American Public Health Association 1985).

Well water levels were monitored using a Fisher M-Scope water level indicator. True
groundwater elevations were determined by subtracting measured water depths from
casing elevations corrected to MSL.

Several chemical tracing experiments were conducted to assess relationships
between the leaking geothermal pipeline water and domestic well contamination.
Each of these experiments used sodium chloride as the tracer. Also, the geothermal
pipeline was shut down for a brief period (about 2 days) in September 1987 1o assess
possible impacts of the geothermal pipeline on domestic wells. Throughout the period
of each test, water samples were collected periodically for chemical analysis.
Specifics of each test are discussed in the "Results and Discussion” section.

SURFACE WATER METHQDS

Field parameters were monitored with portable meters that were calibrated prior to
each survey. Dissolved oxygen and temperature were measured with a YS! Model
54A meter. The pH was measured with a Model 840A Accumet mini-pH meter.
Specific conductance was measured with a YS! Model 33 SCT Meter. Measured



conductances were standardized to 25°C for reporting purposes. Current velocity
measurements were.made with a Marsh-McBirney Model 201D flow meter and used 1o
calculate stream discharge.

Water samples for chemical analysis were depth integrated and composited across
transects at well mixed locations at each station. A churn splitter was used to collect
representative subsamples in 1 liter cubitainers. Samples were placed on ice and
cooled to 4°C. Chemical analyses were performed by the IDHW-Bureau of
Laboratories, Boise, foliowing Standard Methods (American Public Health Association
1985).

_Accute and chronic toxicity tests were conducted on Guyer Hot Springs geothermall
water and Warm Springs Creek water in August 1987 to assess potential fluoride
toxicity impacts on fisheries. This work was performed by EA Engineering, Science,
and Technology, Inc., Sparks, MD, under contract to the U.S. Environmenta! Protection
Agency, Region X. Test organisms included the fathead minnow (Pimpephales
promelas) and a cladoceran (Ceriodaphnia dubia). Water samples for this research
were collected from the Guyer Hot Springs outfall and from Warm Springs Creek
above the hot spring confluence.

f BRAN

Duplicate {split) and spiked water samples were collected during the study to assess
precision and accuracy, respectively, of the data. The quality assurance (QA)
component of this research follows the recommendations of Bauer (1986) and Bauer et
al. (1986a, 1986b).

Since the primary contaminant of interest in this study was fluoride, spiked samples
were coliected from two stations in December 1986 10 assess the accuracy of these
data prior to initiating this research. Previous work has indicated extremely poor
(20.7%) recovery of fluorides from spiked field quality assurance (QA) samples (Clark
1885). Interferences might include calcium and phosphorus. Chemical spikes were
prepared by the IDHW-Bureau of Laboratories, Boise, and sealed in Kimble 10 ml
glass ampules. In the field, ampules were opened and their contents mixed with 900
m| of sample water in 1 liter cubitainers.

Duplicate samples were collected to assess precision. At a given station, these QA
samples were collected from the same cross-composite prepared for routine water
chemistry samples.

All QA samples were stored on ice at 4°C and shipped to the IDHW-Bureau of
Laboratories in Boise for analysis following Standard Methods (American Public
Health Association 1985). Percent recovery for spikes was determined by subtracting
background concentrations (as determined from duplicate or routine samples) from
known spike values.



RESULTS AND DISCUSSION

This section of the repori is divided into two parts. The first section discusses findings
of the groundwater investigation, while the second part examines the surface water
research.

GROUNDWATER INVESTIGATION

The groundwater, stream flows, and geothermal discharges for the Warm Springs
Valley were monitored and characterized to provide a basis for assessment of the
impacts of various sources of pollution .  Data gathered from field measurements and
literature review are presented in Figures 1-14 and Tables 1-68. Characterizations of
the systems were accomplished in accordance with the procedures contained in this
section to assess the effects of poliution sources on groundwater fluoride levels.

GROUNDWATER FLUOQRIDE STANDARDS

Fluoride is a groundwater contaminant regulated by the Environmental Protection
Agency and the ldaho, Department of Health and Welfare, Division of Environmental
Quality. The |daho Reguiations for Public Drinking Water Systems, July, 1985 (IDAPA
16.01.8900,03) and the Idaho Water Quality Standards and Wastewater Treatmen
Reguirements (IDAPA 16.01.2200 and 16.01.2250,07) establishes fluoride maximum
contaminant levels between 1.4 and 2.4 mg/l. These levels vary depending on the
annual average of the daily maximum air temperature of the area. They are
established for protection of ground and drinking waters from the effects of fluoride in
causing dental mottling and skeletal fluorosis.

The United States Environmental Protection Agency has established a maximum
contaminant level for fluoride in drinking water of 4.0 mg/l for protection of skeletal
fluorosis and a secondary maximum contaminant level of 2.0 mg/l to protect against
objectionable dental fluorosis (40 CFR Parts 141, 142, AND 143; Wednesday April 2,
1988).

GROUNDWATER FLOWS

Groundwater flows for this study were determined using the following methog:

Q=TxWgx$S {(Water Supply and Control; Clark, Viesman,
and Hammer: 3-14, pg 78, 1971)

Where:
Q is the aquifer discharge in gallons per day (gpd)
T is the aquifer transmissibility in gpd/ft
Wy is the section width in ft

and S is the water tabie slope in ft/ft



The aquifer transmissibility was estimated at 15,000-20,000 gpd/t from well yield
testing at Ketchum Municipal well#1 {Brockway 1988).

The aquifer width was determined from U.S. Department of the Interior Geological
Survey topographic maps (see Figure 1). A geologic cross-section of Warm Springs
Creek valley is presented in Figure 2.

The water table slope was determined from field surveys and Ketchum City plat maps
(Figure 8). Well casing elevations were surveyed using the top of the fire hydrant 25
feet south of Greyhawk well "A" as an assumed datum of 100.00 feet. (This datum was
later corrected to Mean Sea Level by adding 5813.3 feet). Well water levels were
monitored by M-Scope on a monthly basis throughout the study (Table 3 and Figure 7).
Groundwater elevations were determined by subtracting the measured water depths
from the casing elevations (Table 1).

Using this analysis method a flow of approximately 500,000 gpd was estimated for the
aquifer:

Q= 20,000 g/ft/d x 3200 ft x 0.00682 f/ft = 436,480gpd

It is important to note that this method of estimation is not precise and that actual flows
may vary by an order of magnitude from the calculated value.

STREAM FLOWS

A 17 year (1941-58) average flow for Warm Springs Creek was estimated at 87.4 cubic
feet per second (cfs) by the U.S. Geological Survey (U.S.G.S. 1963). Stream flows in
Warm Springs Creek were monitored on a monthly basis at stations S-1 and S-3 from
February 1887 to January 1988 (Figure 1). The average flows for this period were 37
and 41 cfs, respectively. This indicates that the stream gains approximately 4 cfs
(1800 gpm) from spring flows and groundwater discharges through the valley (Figure
3).

GEQTHERMAL DISCHARGES

Several geothermal springs have been identified in the Warm Springs System.
Measured and estimated data are summarized on Table 2. Total geothermal inflows
to Warm Springs Creek and the groundwater system were estimated to be 1200 gpm
(CH,MHILL1986).

FLUORIDE MONITORING

Fluoride concentrations were monitored in the groundwater, surface water, and
geothermal water on a routine basis. Data from field sampling is summarized in Table
3 and mass balance calculations for the prepared data presented in Table 4. A
systems simulation representing the collated data is presented in Figure 3.



SYSTEM ANALYSIS

Figure 3 indicates that during 1987 the Guyer pipeline lost 200 gpm of geothermal
water at 16 mg/| fluoride to pipe leakage. This leakage was represented in the
analysis to occur uniformly over the length of the pipeline. One and one half miles of
the three mile pipeline is within the Warm Springs System (Figure 4). Therefore, one
half of the total 200 gpm was estimated to enter that aquifer.

The Guyer pipeline is pressurized throughout the Warm Springs valley to deliver water
to its users. The lower portion of the pipeline is also pressurized to provide water from
an elevation of 5800 ft MSL near the mouth of the valley to the Bald Mountain
Swimming Pool in Ketchum at an elevation of 5830 ft MSL.

The field data, estimates, and calculations indicate that a pipeline leakage of 0.14 mgd
is lost into the Warm Springs Aquifer . This leakage with a concentration of 16 mg/!l
fiuoride could elevate background levels of the entire aquifer by 3.5 mg/l.

From Figure 3 it can be estimated that 72 pounds per day (ppd) of fluoride is available
to enter the groundwater. This quantity has the potential to elevate background levels
to 17 mg/l for the estimated 0.5 mgd aquifer flow. Field measurements of groundwater
fluoride concentrations suggest a significantly lower average level of about 1.5 mg/l
(Figure 5). This indicates that either there is a significant loss of fluoride through
undetected sources, such as chemical precipitation, or that the input quantities have
been misrepresented. A detailed study beyond the scope of this investigation would

be required to quantify and identify these parameters in sufficient detail to determine
the exact processes involved.

This analysis does indicate that sufficient sources are available to sustain the aquifer

fluoride concentrations observed and that leaks from the Guyer pipeline system have
the potential to substantially influence a considerable portion of the aquifer.

FIELD TESTS

Four field tests were conducted to determine a correlation between pipeline leakage
and groundwater fluoride concentrations.

Test One - Pipeline Depressurization

Test one consisted of a 32 hour depressurization of the Guyer pipeline September 8th,
9th, and 10th, 1987. Fluoride levels at four wells ; Limelight, Four Seasons, Ketchum
#1, and Ketchum #2 were monitored for response to the test (Figure 8 and Table 5).

Tests for Limelight, Ketchum #1, and Four Seasons showed slightly elevated
concentrations of fiuoride prior to the depressurization and a slight post test
suppression. The test duration was limited due to Guyer Pipeline Company
obligations in delivering water to its users and did not yield results statistically



significant at the 95% confidence level except at Ketchum well #2. An exception fo this
observation occurred at Ketchum well #2.

A pronounced increase in fluoride levels occurred during the test at Ketchum well #2,
elevating concentrations from a background level of 0.2 mg/i to 4.6 mg/l. The cause
can be attributed to the bypassing of geothermal water from the pipeline to the Big
Wood River during depressurization. The discharged geothermal water entered the
groundwater as leakage through the gravel riverbed, increasing the fluoride levels in
the aquifer in the vicinity of well #2.

Test Two (Salt #1)

Test two consisted of dissolving 200 pounds of block salt (NaCl) into the wetwell of the
Guyer Pipeline Company collection system over a period of 8 hours on November
10th. Four wells ; Limelight, 320 Georgina, Four Seasons, and Ketchum #1 were
monitored for response (Figure 9 and Table 8).

The introduction of the salt was designed to increase the chloride concentrations in the
geothermal water in the pipeline to differentiate it from other geothermal waters. Both
chloride and fluoride ions are negatively charged and therefore act similarly in
groundwater systems. The groundwater was monitored for chloride and fluoride
concentrations to assess the relative impacts from the two geothermal sources.

All four wells exhibited the same characteristic response to the test. Groundwater
chloride levels increased while fluoride levels remained constant or in some cases
were slightly suppressed. The results indicate that pipeline leakage is affecting
groundwater fluoride concentrations.

The State Bureau of Laboratories determined chloride concentrations for this study
using a titration method of analysis. Precision tolerances for this method in the
reported range are +1.2 mg/l. Only one well, Limelight, responded with chloride
concentrations greater than the 1.2 mg/l tolerance. For this reason a second salt test
was conducted.

Test Three (Salt #2)

Test three consisted of introducing 400 pounds of salt into the wetwell at the Guyer Hot
Springs collection point over a period of 8 hours on Tuesday, December 15th. Water
from three wells Limelight, Four Seasons, and Ketchum #1 were monitored for
response to the test (Figure 10 and Table 6). Chloride levels responded in a manner
similar to those noted in the salt tracing test #1.

Pre and post samples of the pipeline water tested at chloride levels of 9 and 267 mg/,
respectively, indicating that the salt was effectively introduced in the pipeline water.
Doubling the salt amount from 200 to 400 pounds did not result in a doubling of the
responses at the monitored wells. However, comparison of data means for the two



tests did indicate a significant response (See data analysis section below). Data from
wells monitored exhibited a statistically significant increase in the chioride to fluoride
ratio indicating a direct correlation between pipeline leakage and aquifer fluoride
concentrations.

lest Four {No Salt)

A no salt test was conducted from 1/22/88 through 1/28/88 for the Limelight, Four
Seasons, and Ketchum#1 wells. This test was conducted to correlate chloride
accumulated in the aquifer with resuits from the three previous tests. Test results are
presented in Figure 11 and Table 6.

A detectable increase over background levels in the chloride to fiuoride ratio for this
test was demonstrated when statistical mean values for the data were compared. This
ratio increase indicates that aquifer response to the pipeline leakage is cumulative and
not confined to a temporary localized reaction from dosing. The effects of upstream
chloride discharges were carried downstream affecting a significant area in the aquifer.

DATA ANALYSIS

Graphical presentation of the data at the individual wells is presented in Figures 12,

13, and 14 for the No Salt, Salt#1, and Salt#2 tests. Increased chioride levels were
observed on the 4th, 3rd, 7th, and 6th sampling days for the Ketchum #1, Limelight,
Four Seasons, and Georgina wells respectively for the Salt #1 test. The control well at
405 Sage did not exhibit the same characteristics. Peaks were also indicated in data
collected from the Salt #2 test for the monitored wells, supporting the observations from
the Sait #1 tracing test.

Test #3 also indicated that salt in the form of chlorides had accumulated in the
groundwater from the Salt #1 and Salt #2 tests. A statistical test was used to validate
the observed responses. Analysis of the groundwater data for the tests was
accomplished by comparison of data mean values to eliminate the vartability induced
by laboratory error in determining chloride concentrations (& 1.2 mg/l). Field fluoride
levels, which have a laboratory variance of + 0.04 mg/i, were used to predict field
chloride values according to the following formula:

Cl=2.3+ (F/16.2) X 10.9

Where:
Cl = Calculated chloride concentration
F = Field tluoride concentration
2.3 = Groundwater background chloride concentration
with no geothermal water present (405 Sage)
16.2 = Geothermal water fluoride concentration
and 10.9 = Geothermal water chloride concentration
*(All values in mg/)
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Mean values were calculated for each of the four tests for the difference between
calculated chioride values and actual field data. Data means for the Salt#1, Salt#2,
and No Salt tests were compared with the mean for the depressurization test using the
Student's "t" test (Zar 1974). Significant responses were recorded at the 95%
confidence level for all tests except Salt#1-Four Seasons and No Salt-Ketchum #1.

The Four Seasons well did not respond to the Salt #1 test until the 7th monitoring day
(Figure 12). For this reason only two of the samples collected were influenced by the
test. This was not sufficient to change the test mean values enough to be significant at
the 95% confidence level.

The absence of a statistically significant response at the Ketchum #1 well may be
attributed to the first sample collected in the No Salt series. This field sample of 3.5
mg/l did not correlate with the other samples collected and skewed the mean value out
of the confidence range of the test (Figure 14).

SURFACE WATER INVESTIGATION

Fluoride is found in mast fresh water systems in low concentrations ranging from 0.1-1
mg/I. Most of this fluoride arises from leaching of cryolite, apatite, rhyolite, and
sedimentary phosphate rocks by groundwater and precipitation (U.S. EPA 1973). A
certain amount of fluoride may also enter surface waters through atmospheric fallout.

Elevated fluoride levels in the streams examined in this study arise from groundwater
accrual, particularly geothermal intrusions into the valley floor and streambeds, as well
as by direct discharges of geothermal wastewater. In addition to direct flucride toxicity,
the heat content of geothermal water may increase stream temperatures and thereby
impact fisheries.

FLUORIDE TOXICITY TO FRESHWATER SYSTEMS

Tolerance of freshwater organisms to fluoride is variable. Generally, salmonids tend to
be most sensitive, while invertebrates, aigae, and bacteria are apparently quite tolerant
{North Carolina Department of Natural Resources and Community Development
1986). Fluoride tolerance by fish is generally increased by high levels of calcium
hardness, low temperatures, and low concentrations of chioride ions {Sigler gt al.
1972, Wright 1977, Pimentel and Bulkley 1983, Smith et al. 1985).

Fluoride has a varying toxicity impact on salmonids depending upon species, life
stage, and physiological condition of the fish, in addition to the environmental factors
mentioned above. Fluoride has a low potential for bioaccumulation which is reflected
in relatively high chronic:acute ratios for most species. Most of the fluoride uptake in
rainbow trout occurs in both soft tissues and bone (Sigler and Neuhold 1972),
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Generally, smaller salmonids tend to be less resistant to fiuoride impacts than larger
fish (Wright 1877). This may relate to the higher metabolic rates of smaller fish or a
greater surface area per weight, both of which would result in increased fluoride
uptake. Rainbow trout eggs appear to be somewhat tolerant of fluoride {(Neuhold
1858, Neuhold and Sigler 1960). For example, Neuhold (1958) found fluoride levels
of 100 mg/i not to impact egg hatching. Only one report for this species indicates
otherwise, and this report outlines only undocumented observations that hatching was
delayed and hatching success was reduced at a fluoride level of 1.5 mg/l (Ellis et al.
1946).

RFACE WATER F RIDE STANDARD

Fluoride is not an EPA priority pollutant. As a result, individual states have adopted
their own standards in order to protect beneficial uses. These standards range from
1.0 mg/t in states such as Oregon and Pennsylvania, to values as high as 15 mg/ in
Minnesota (North Carolina Department of Natural Resources and Community
Development 1986). Some states have recognized a need to link their standard to
chemical and physical properties of surface waters such as hardness and temperature.
ldaho does not have a surface water standard for fluoride.

North Carolina conducted the most extensive literature review to date of information
related to fluoride toxicity of freshwater organisms, as part of a water quality standards
review process (North Carolina Department of Natural Resources and Community
Development 1986). When this review began, North Carolina had a freshwater
standard of 1.8 mg/l measured at 7Q10 flow. This review process yielded substantially
more acute, rather than chronic, toxicity data. Following EPA guidelines, they
calculated a preliminary Final Acute Value {FAV) of 15.6 mg/! fluoride for surface
waters with salmonids (North Carelina Department of Natural Resources and
Community Development 1986). To determine an actual instream standard, this FAV
would have to be lowered by an appropriate chronic:acute ratio. The ratio used by
North Carolina was 0.05; however, based upon the limited chronic data available they
indicate that this may be too low. Based upon their literature review, North Carolina
concluded that their 1.8 mg/l standard would remain in effect until additional acute and
chronic toxicity tests were conducted in order to refine chronic:acute ratios following
EPA protocols.

Until a freshwater flucride standard is developed nationally or for Idaho surface waters,
the North Carolina standard may be used for comparative purposes. When a standard
is developed for ldaho, it should be linked to hardness and temperature. A fluoride
standard developed for Idaho may ultimately be greater than North Carolina's and
reflect a reduced toxicity of fluoride in Idaho streams due to lower water temperatures
and higher hardness levels. In addition, separate standards should probably be
developed for Idaho salmonid and non-salmonid waters since salmonids appear to be
more sensitive to fluoride than other species.
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EXISTING SURFACE WATER QUALITY CONDITIONS

aori

During the study, fluoride levels generally increased in Warm Springs Creek with
downstream progression from S-1, and reflect accrual of geothermal water from the
Guyer Hot Springs system (Tables 8-10). Mean values for Warm Springs Creek for the
study range from 0.78 mg/l at 5-1 to 1.28 mg/l at S-3. During base flow conditions
{(winter months), instream fluoride levels ranged from 1.4-1.9 mg/l downstream of
Guyer Hot Springs (Tables 9 and 10).

Fluoride levels in Trail Creek and the Big Wood River were generally less than those
observed in Warm Springs Creek and reflect less geothermal accrua! or increased
flows. In Trail Creek, mean concentrations for the study period increased from 0.18 at
S-6 to 0.51 mg/l at S-7. Discharges from the geothermal pipleline and pool therefore
increased instream fluoride levels about threefold. Maximum concentrations observed
at S-6 and S-7 were 0.26 and 1.18 mg/l, respectively (Tables 13 and 14). The peak
value at S-7 may have occurred when the pool was being flushed and the total
geothermal wastewater flow to Trail Creek increased. Outfall flows and contaminant
levels are summarized in Table 16. Trail Creek could conceivably assimilate
additional geothermal wastewater during elevated flows without exceeding the 1.8
mg/l recommended standard. However, due to base flows as low as 2.1 ¢fs (Table 14)
discharges during this period may result in toxicity problems as well as potential
thermal impacts on the stream system.

Fluoride levels also increase in the Big Wood River with downstream progression from
above the Warm Springs Creek confiuence (annual mean of 0.2 mg/l} to below the
Trail Creek confluence (annual mean of 0.57 mg/l). The highest fluoride leve!
observed in the Big Wood River during this research was 0.82 mg/! at 5-8 under base
flow conditions. As a special resource water, no new geothermal point source
discharges should be allowed to the Big Wood River that would increase fluoride
levels above ambient as a result of existing or natural spring sources. Additional
geothermal discharges to the Big Wood River or its tributaries from developed spring
sources shouid not be allowed if these discharges would result in increases in fluoride
levels above ambient.

Temperature

According to Idaho Water Quality Standards and Wastewater Treatment Reguirements
the surface waters examined in this research are all protected for cold water biota and
salmonid spawning. Water temperatures are therefore limited to a maximum of 22°C
during the non- spawning season (June-Sept.) and a maximum 13°C during the
spawning season (Oct.-May). The potential impact of geothermal wastewater on
stream temperature is significant since Guyer Hot Springs water has a temperature of
about 70°C.

All of the streams examined in this study were in compliance with these temperature
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limits (Tables 8-15). Note however, that temperatures observed at Warm Springs
Creek station S-3.in March, April, and May approached the salmonid spawning
standard and ranged from 11-12°C (Table 10). Additional geothermal discharges to
this stream might result in a violation of this standard and an impact on resident fish
populations.

POTENTIAL GEOTHERMAL DEVELQOPMENTS AND POSSIBLE WATER QUALITY
IMPACT

Most of the following discussion focuses on Warm Springs Creek. Recently proposed
development projects have focused on geothermal resources located along lower
Warm Springs Creek. At present, no additionai geothermal discharges have been
proposed for Trail Creek. However, as noted above, geothermal discharges to any
Big Wood River tributaries have potential for impacting tributary and Big Wood River
water quality depending upon their magnitude and seasonal timing.

The Guyer Hot Springs pipeline is an old, decaying, geothermal conveyance system
that will require considerable expense 1o replace or repair (CH,M Hill 1986). Several

alternatives for use of this water in various types of developments have been
proposed. One such proposal involves development of a resort complex near Guyer
Hot Springs where the geothermal water would be used for space heating, health
spas, etc. Discharge of the existing spring flow now entering the pipeline to Warm
Springs Creek (about 450 gpm) will likely be proposed. It has also been proposed that
the spring system could be developed to obtain an additional 600 gpm of geothermal
water that is probably not currently entering Warm Springs Creek or the shallow
aliuvial aquifer. The total potential discharge to Warm Springs Creek might then be
about 1050 gpm (2.3 cfs) in addition to the existing geothermal spring flows.

Potential Fluoride |

During the base fiow period of this study (August-March) mean fluoride levels and flow
at S-2 were 1.5 mg/l and 29.9 cfs, respectively. An additional 450 gpm geothermal
discharge would raise this average fluoride level to about 2 mg/l. Similarly, if the
spring system was developed to obtain an additional 600 gpm, the total discharge
would elevate this fluoride leve! to about 2.5 mg/l. Similar calculations for 5-3 result in
potential instream fluoride levels of 2.1 and 2.7 mg/i for discharges of 450 gpm and
1050 gpm, respectively.

The lowest flow measured at S-2 in this study was 23.8 cfs. However, Renk (1986)
measured flows as low as 12.5 cfs at this station in November 1984. Potential
additional geothermal discharges to Warm Springs Creek during such drought fiows
could result in fluoride levels as high as 3-4 mg/l.

Therefore, additional geothermal discharges to Warm Springs Creek will likely result in
exceedances of the 1.8 mg/l recommended criteria during base flow conditions. This
will probably occur if the historical flows of Guyer Hot Springs are returned to the creek,
and certainly occur if the spring system is developed and additional spring flows
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discharged to the creek. Clearly, the magnitude and timing of any additional
geothermal discharges to Warm Springs Creek must be carefully evaluated to prevent
potential toxic impacts.

Potential Thermal Impacts

As noted previously, all streams examined in this study were in compliance with
temperature standards to support existing beneficial uses of cold water biota and
salmonid spawning. However, as previously noted, water temperatures in lower Warm
Springs Creek (station S-3, Table 10) approached the 13°C salmonid spawning
standard in March, April, and May. Additional geothermal discharges during this
period could result in a violation of this standard.

Such an increase in water temperature could adversely affect saimonid spawning
success in this reach of Warm Springs Creek and may also create a thermal barrier to
upstream movement of fish from the Big Wood River into the Warm Springs Creek
system.

TOTAL EFFLUENT BIQASSAY RESULTS

Acute and chronic toxicity tests were conducted on water samples from Guyer Hot
Springs and from Warm Springs Creek above the Guyer Hot Springs system. Water
quality data for these samples are summarized in Appendix A. Generally, these data
indicate that the gecthermal water had elevated dissolved solids, chloride, fluoride,
sulphate, silica, and boron levels in comparison to creek water.

This water was used to conduct 7-d larval survival and growth tests and two 24-hr
acute toxicity tests with fathead minnows (Pimpephales promelas). In addition, a 7-d
survival and reproduction test, and two 24-hr acute toxicity tests were conducted with &
cladoceran (Ceriodaphnia dubia). Test procedures and results are summarized in
Appendix B.

The data indicate that for these organisms, under the test conditions specified, that
100% effluent (i.e., Guyer Hot Springs water) was not acutely toxic (24 hr LCgy > 100%

effluent), nor were chronic toxicity effects (growth, reproduction) observed. These
results must be interpreted with caution, since as indicated previously, salmonids are
the most sensitive group of organisms with respect to fluoride toxicity. Before
extrapolating these results to imply that additional geothermal discharges to Warm
Springs Creek will not affect salmonid populations, bioassay tests involving various
salmonid species need to be conducted. More specifically, chronic tests (for at ieast 21
d) involving rainbow and brook trout need to be conducted. In addition, tests should
be conducted to assess fluoride impacts on brook trout egg development and hatching
success. Because of hardness, temperature, and chloride effects on fluoride toxicity,
these tests should be designed to mimic water quality conditions in [daho mountain
streams. These data would enable Idaho to develop a fluoride standard to protect the
cold water biota and salmonid spawning beneficial uses.
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Even though these bioassay results indicate no effects on Pimpephales promelas and
Ceriodaphnia dubia at 100 percent effluent (i.e., 17 mg/t fluoride), the 1.8 mg/l North
Carolina standard should be applied as a conservative standard to protect salmonids
until additional data are available for the species of concern.

QUALITY ASSURANCE

Fluoride spiked and duplicate samples were collected during this study to assess data
quality. These samples were used to determine if laboratory reported values were
equivalent to environmental valuss at the time of collection. Accuracy (or bias) and
precision estimates may be utilized to assess how close these two values are for a
given data set. ‘

Accuracy

Accuracy is a measure of the agreement between a given measurement and a true
value for that parameter. Percent recovery of a spike from quality assurance samples
may be used to estimate accuracy. Percent recovery is calculated as the ratio of a
spiked sample to the true value. Average percent recoveries may be calculated for
comparison when a number of spiked samples are analyzed for a given parameter.

As indicated previously, at the onset of this research there was concern regarding
underestimating fluoride levels due to the possibie poor recovery of fluoride as had
been observed in previous studies (see Clark 1885). For this reason spiked samples
were collected from Guyer Hot Springs and Warm Springs Creek prior to initiating the
study.

The data generally indicate good recovery of fluoride from the spiked QA samples
(Table 17). Statistically, the Guyer Hot Spring data indicate a slight low bias since the
range of recoveries (84.2 to 90.3%) that encompases the true value, is below 100%.
For the Warm Springs Creek data, the range of recoveries in which the true value lies
includes 100 % so neither type of bias is really defined.

Precision

Precision is a measure of the agreement between duplicate measurements of a given
parameter under the same environmental conditions (Bauer 1986). The average
relative range is used to describe the precision for duplicate samples. Precision was

- generally good for most of the parameters examined (Table 18). Average relative
range was less than or equal to 10% for all parameters except chloride. Precision was
not very good for chloride, with an average relative range of 26.2%.
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CONCLUSIONS
ROUNDWATER

The test mean values exhibit a significant and repeated pattern in response to the salt
added to the aquifer. This confirms that leakage from the pipeline does enter the
Warm Springs Creek groundwater and that it has a demonstrated effect on fluoride
concentrations at Limelight, Four Seasons, and Ketchum #1. 'Removal of the pipeline
leakage is expected to result in reductions of fluoride at the monitored public wells by
1-2 mg/l on average and up to 5 mg/l for peak periods. Private wells, adjacent to the
pipeline will experience similar responses to those predicted for the public systems.

SURFACE WATER

Fluoride levels increase in the Big Wood River through the Ketchum area as a result of
geothermal spring water feeding its tributaries. Some of this geothermal water
naturally enters tributaries such as Warm Springs Creek, while discharges from a
geothermal pipeline transfers water from the Warm Springs Creek drainage to the Trail
Creek drainage and Trail Creek.

Under existing conditions, fluoride levels in Warm Springs Creek meet or exceed the
recommended limit (1.8 mg/l) to protect cold water biota during base flow periods.
These elevated levels refliect geothermal water accrual from the Guyer Hot Springs
system. Fluoride levels in Trail Creek were below this limit even during base flow
periods. However, due to the low flow in Trail Creek during the winter months (2-5 cfs)
additional geothermal discharges or pool flushing during these periods might exceed
this standard as well as create thermal problems.

Plans to develop the Guyer Hot Springs system for a recreational development may
result in proposals to discharge 450-1050 gpm additional geothermal water to Warm
Springs Creek. About 450 gpm of this water historically entered the creek and would
elevate fluoride levels to about 2 mg/i during base flow. Developing this spring source
to obtain additional geothermal water that uitimately might be discharged to Warm
Springs Creek would raise base flow fluoride levels even higher. In addition to fluoride
toxicity problems, this additional geothermal water might elevate water temperatures
and impact salmonid spawning in lower Warm Springs Creek. Elevated water
temperatures in this reach might create a thermal barrier to fish movement. This study
supports Renk's (1886) conclusion that Warm Springs Creek should not receive
additional geothermal discharges in excess of normal spring flows, except during
runoff conditions. Any new geothermal discharges from developed sources must be
carefully evaluated to assess toxicity and thermal impacts.

Although impacts from proposed developments would most likely focus on Warm
Springs Creek at this time, impacts from any proposed geothermal development on Big
Wood River water quality must also be considered. As a special resource water, no
new point sources can discharge to the Big Wood River if poliutants significant to the
designated uses contained in the discharged wastewater (i.e., fluoride, heat) can or
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will result in a reduction of the ambient water quality and thereby affect beneficial uses.
Obviously, development of spring sources to increase geothermal flows with
subsequent discharges to Big Wood River tributaries might result in a reduction of
ambient Big Wood River water quality.

Development of a fluoride standard at the national or state level should be pursued.
Many acuta fluoride toxicity studies have been conducted with various organisms (see
North Carolina Department of Natural Resources and Community Development 1986 ).
However, there is a need for additional chronic and acute data before a final standard
can be developed following EPA protocols. In particular, a longer term {21 d) chronic
study for salmonids is needed. ldeally, to apply such research to ldaho, test conditions
should approximate environmental conditions in Idaho surface waters. Separate
standards for trout and non-trout surface waters are warranted. With this information, a
more accurate assessment of potential beneficial use impacts due to geothermal
discharges could be made.

18



RECOMMENDATIONS

GROUNDWATER

1. Leakage from the Guyer Pipeline System should be eliminated to stop the
discharge of geothermal waters to the aquifer to protect the public health from

fluoride contamination as required in the ldahq_ Water Quality Standards and
Wastewater Treatment Requirements.

2. The public utilizing the aguifer as a drinking water source should be informed of
the existing hazards and given information on methods for reducing their
exposures during the period that the aquifer takes to recover from past
discharges.

3. New systems developed in the Warm Springs Creek valley should be
constructed with designs and materials compatible with the characteristics of the
geothermal water,

RFACE WATER

1. The Idaho Department of Water Resources and the U.S. EPA should work
together to oversee development of geothermal resources and disposal of
geothermal wastewater.

2. All new geothermal discharges to surface waters from developed sources
should be permitied through the federal NPDES permit program to ensure
potential water quality impacts are addressed. Geothermal wastewater
treatment and/or re-injection should be considered.

3. No new point source geothermal discharges to Warm Springs Creek from
developed sources should be allowed until potential toxicity and thermat
impacts of the proposed discharge are thoroughly evaluated. No new point
source geothermal discharges should be allowed that will increase ambient
fluoride levels or temperature in the Big Wood River.

4. Additional chronic and acute bioassays should be conducted to permit
development of a fluoride water quality standard. This research should include
a chronic study with rainbow trout and brook trout under physical and chemical
conditions similar to Idaho streams.
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Table 1. Well survey data, Warm Springs Creek Valley, 1987.

Well Casing Datum Water Groundwater

Location Elevation Correction* . Depth Elevation
Greyhawk 98.98 5913.3 21.0 58582.3
405 Sage 101.14 5014.4 30.2 5883.5
2810 W.S. Rd. 84.93 5898.2 56.1 5842.1
320 Georgina 61.86 5875.2 22.0 5853.2
220 Cedar 55.10 5868.4 42.4 5826.0
2512 W.S. Rd. 71.75 5885.1 59.7 5825.4
2206 W.S. Rd. 61.18 5874.5 54.3 5820.2
Limelight 55.90 5869.2 49.5 5819.7
401 Bald Mt. Rd.  34.25 5847.6 26.8 5820.8
Four Seasons 47.90 5861.2 48.7 5812.5
W.S. Ranch 12.20 5825.5 20.2 5805.3
410 Riverrun 29.50 5842.8 40.5 5802.3
Greyhawk 73.20 5886.5 2.5 5884.0

Geothermal well

*56813.3 ft



Table 2. Flow estimates, Warm Springs Creek Valley groundwater

study, 1987.

SPRING

GUYER SPRINGS

GUYER PIPELINE

LLOYD SPRINGS

GREYHAWK AND UNNAMED
SPRINGS

GUYER PIPELINE
DISCHARGES

GUYER PIPELINE LEAKS

625 gpm

450 gpm

200 gpm

350 gpm

50 gpm

100 gpm

SOURCE

CHoM Hill (1986)

IDWR unpubl. data

CH,M Hill (1986)

CH,M Hill (1986)

Present study

Present study



Table 3 Well Monitoring Data. Fluoride in mg/l and Depth in ft.

Grevhawk

Sample Date 2/25(3/25/4/22|5/13|6/24|7/22(8/25(9/22|10/20:11/17|12/721
Fluoride

Depth 20.90/21.20/21.50{21.10/21.00 21.50/21.80] 21.80

2206

Sample Date 2/25(3/25(4/22(5/13(/6/24/7/22|8/285/9/22|10/20111/17|12721
Fluoride 3.43] 3.64] 3.95| 3.97] 3.37| 3.40| 3.10! 3.33 3.10

Depth 56.70[56.10{54.60[54.40{ 54,20 55.80/57.00| 57.60

401 Bald Mountain

Sample Date 2/256j3/25(4/22:5/13(6/24{7/22|8/25|9/22(10/20(11/17[12/21
Fiuoride 1.56] 1.35] 1.35] 1.49] 1.44 1.41

Depth 34.30{28.80[27.10|27.00|26.70 28.10/29.60[ 30.00

4 Seasons

Sample Date 2/25/3/25|4/22|5/13(6/24|7/22/8/25|9/2211¢/20(11/17|12/21
Fluoride 3.30] 3.26] 3.39| 3.81] 3.23] 3.00] 3.40| 3.43 3.43 4.08] 4.70¢
Depth 50.40|/49.70/48,40| 48.60| 48.80 49.40|50.60| 50.80

410 Riverrun

Sample Date 2/25[3/254/22|5/13|6/24(7/22/8/25(9/22|1106/20!11/17|12/21
Fluoride 0.95 1.01] 1.11] 1.08[ 1.14] 1.80 1.31 1.37

Depth 40.60)/40.20:39.60/40.10/40.40 40.60141.40; 41.90

Limelight

Sample Date 2/25|3/25/4/22/5/13|6/24|7/22/8/25|9/22(10/20|11/17!112/21
Fluoride 1,96/ 1.82] 2.09] 2.25! 2,68 2.15 1.51| 1.34 1.51 4.03 3.20
Depth 51.10/48.60;49.50 £50.80| 50.50|52.00| 52.50

405 Sage

Sample Date 2/25|3/25/4/22(5/13|6/24|7/22/|8/25/9/22(10/20]11/17{12/21
Fluoride 0.04] 0.13] 0.17] 0.11] 0.15 0.08 0.19 0.01

Depth 31.10/31.00/30.90/30.90] 31.30/31.70| 32.80

320 Georginia

Sample Date 2/25|3/25/4/22/5/13|6/24(7/22(8/2519/22(106/20(11/17|12/21
Fluoride 5.33; 5.36] 5.53] 5.25] 6.60] 6.05 5.64 5.08 5.24

Depth 22.20[21.80[21.80/22.00 22.80(22.80] 22,70

115 Corrock

Sample Date 2/25|3/25/4/22/5/13|6/24|7/22/8/25(9/22[10/20{11/17[12/21
Fluoride 3.50] 3.80[ 3.21| 0.89 3.83 3.50

Depth 48.20)48.90] 48.60/49.10| 48.70

WS Ranch

Sample Date 2/25|3/25/4/22/5/13|6/24l7/22/8/258({9/22(10/20|11/17{12/21
Flueride 1.12] 0.95| 0.98 0.98 1.08 1.04

Depth 20.20{20.20/21.20[ 20.60/21.60] 21.30




Table 3 Welt Monitoring Data. Fluoride in mg#t and Depth in fi.

2512 WS

Sample Date 2/25|3/25/4/22|5/13|6/24[7/22[8/25[9/22{10/20(11/172|12/21
Fluoride 1.01] 0.79] 0.682] 0.67/ 0.6%] 0.46| 0.80 0.55

Depth 60.20/59.80{58.60 62.20 62.90

Ketchum #1

Sample Date 2/285|3/256{4/22|/5/13i16/247/22(8/25|9/22/10/20(11/17[12/21
Fluoride 2.78] 2.20 2.23] 2.80| 3.35| B6.00; 3.38| 3.66

Depth

Ketchum #2

Sample Date 2/25/3/25/4/22(5/13|6/24i7/22|8/25|9/22|(10/20|11/17|12/21
Fluoride 0.04| 0111 0.22| 0.17; 0.18f 1.40| 0.18| 0.27 0.24 0.21

Depth

2810 Sage

Sample Date 2/25|3/25/4/22|5/13is/24;7/22(B/25|9/22|10/20(11/17[12/21
Fluoride

Depth £6.10|56.50/56.60/56.30/58.10 58.20|58.30| &1.10

220 Cedar

Sample Date 2/25|3/25{4/22|5/136/24/7/22/8/25|9/22[10/20[(11/17{12/21
Fluoride 2.84 2.56] 2.71] 2.88| 3.02 2.84

Depth 42.30143.60/ 44.00/44.70] 45.40




Table 4
Rl MA ALAN ATION

27mgd x 8.34 Ibs/gal x 1.07mg/| = 2411bs/day
roundw low
0.5mgd x 8.34lbs/gal x 2.0mg/l | = 8lbs/day
r Pipeli flow

(450 - 50 2- 100gpm ) x 1440min/day / 1,000,000 x 8.34Ibs/gal x
16mg/l = 58lbs/day

Warm Sprin reek {inflow
24mgd x 8.34Ibs/gal x 0.69mg/l = 138lbs/day
r rin inflow

630gpm x 1440 min/day / 1,000,000 x 8.34Ibs/gal x 16.2mg/l =
123Ibs/day

roundwater {inflow

2.2mgd x 8.34Ibs/day x 0.07mg/| = 1Ib/day



Table 4. Continued.

| H rin inflow

200gpm x 1440min/day / 1,000,000 x 8.34Ibs/gal x 16mg/| = 38Ibs/day

Grevhawk and Unknown Springs (inflow}

(1200*‘4 - 630 - 200gpm) x 1440min/day / 1,000,000 x 8.34Ibs/gal x
16mg/l = 71lbs/day

*1 See Figure 6 for field data summary

*2 IDHW-DEQ estimate

*3 Leakage in lower one half of the pipeline

*4 CH2M Hill estimate of available geothermal water(1286)

ABBREVIATIONS

mgd = million gallons per day
cfs = cubic feet per day

ppd = pounds per day

mg/l = milligrams per litre
ppm = parts per million

lbs = pounds

gal = gallons

-78-
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Table 6 Pipsline Salt Test Data. Values reported in mg/l.

Salt #1

Ketchum #1 11710 11794 (11/12011/113111/7/14[(11/115]111/716(111417
Fluoride 3.36 .3.38 3.16| 2.60 3.16} 3.14 3.071 3.68
Chloride 4.0 4.0 3.8 4.2 4.0 4.0 3.8 4.2
Caloulated Cli 4.8 4.8 4.4 4.0 4.4 4.4 4.4 4.8

CI/F _Ratio 1.10: 1.18] 1.14] 1.62[ 1.27] 1.27] 1.24] 1.14
Limelight 11/10 14/11111712[41713 111714111 /15[91/18|11/17
Fluoride 332 3.66/ 3.70| 3.78) 3.79/ 3.80[ 3.83] 4.03
Chloride 3.8 4.2 5.5 4.7 4.7 4.2 4.7 4.8
Calculated CI 4.5 4.8 4.8 4.8 4.9 4.9 4.9 5.0

Cl/iF Ratio 1.14| 1.15] 1.49] 1.24] 1.24] 1.11 1.231 1.19

Four Seasons 11/10 14/114111/12(11/13111/7/14|11/156111/16]11/186
Fluoride 387 3.79 3.71 3.75 3.73| 3.71| 83.200 4.08
Chloride 4.2; 4.2 4.2 3.8 4.2 4.0 4.9 4.4
Calculated Cl 4.8 4.9 4.8 4.8 4.8 4.8 4.5 5.0

ClI/F Ratio 114 1.11] 1.13] 1.01] 1.13| 1.08 1.53| 1.08

405 Sage 11/10 11/11|11/12[11/718111/14/11/15[11/16

Fluoride .01 0.01 0.01 0.01 0.01 0.01 0.01

Chioride 2.8 2.6 2.1 2.1 2.5 2.1 2.8

CYF Ratio | --eemeeadeemmaedoioeo e aem |-

320 Georgina 11/10 19/11|11/12[11/4i3[11/14]11/15]11/186

Fluoride 4.45 5.02| 5.08/ 5.12] 5.16] 527 5.24

Chioride 4.8 5.1 5.3 5.1 5.5 6.0 5.1

Calculated Cl 5.3 5.7 5.7 5.7 5.8 5.8 5.8

CI/F Ratic 1.10] 1.021 1.04] 1.00 1.07| 1.14] 0.97

Sait #2

Ketchum #1 12/15 12/16(12/17]12/18|12/198(12/20]12/21

Fluoride 350 3.10] 3.20] 3.30f 3.30] 3.40/ 3.40

Chloride 5.0 4.8 4.8 4.6 5.2 5.5 5.2

Calculated Cl 4.7 4.4 4.5 4.5 4.5 4.8 4.6

CI/F Ralio t.43 1.55 1.50 1.39, 1.58[ 1.82; 1.53

Four Seasons 12/15 12718|12/17|12/748]12/18|12/20|12/21112/22112/23
Fluoride 4.60 4.30] 4.40! 3.90| 4.50| 4.50, 4.70| 4.60[ 4.50
Chloride 4.2 5.4 5.2 5.6 5.4 5.4 5.5 57 5.7
Calculated Cl 5.4 5.2 5.3 4.9 5.3 5.3 5.5 5.4 5.3
Cl/F Ratio 0.91 1.26| 1.18 1.44] 1.20 1.20{ 1.17] 1.24 1.27




Table & Pipeline Salt Test Data. Values reported in mg/l.

Salt #2 Coniinued
Limelight 12/15 12/16|12/17112/18]12/19(12/20|12/21
Fluoride 4.200 3.700 3.70] 3.70| 3.40( 3.80| 3.20
Chloride 5.4 6.1 5.5 5.2 4.6 4.8 5.2
Calculated Cl 5.1 4.8 4.8 4.8 4.6 4.9 4.5
Ci/F Ratio 1.29] 1.65] 1.49] 1.41] 1.35 1.21] 1.83
No Salt
Limelight 1/22 1/23 |1/24 (1/25 |1/26 |1/27 [1/28
Fluoride 1.42] 1.46/ 1,40{ 1.48] 1.54[ 1.48 1.59
Chloride 3.6 2.9 3.1 3.8 3.5 2.7 3.5
|Calculated Cl 3.3 3.3 3.2 3.3 3.3 3.3 3.4
ClI/F Ratio 2.54| 1.89| 2.21] 257 2.27] 1.821 2.20
Ketchum #1 1/22 1/23 |i1/24 |1/25 [1/26 [1/27 |[1/28
Flucride 3.72] 3.89 3.97 3.9 3.81] 3.48) 3.55
Chloride 3.5 4.8 5.2 5.4 5.4 5.2 5.8
Calculated Cl 4.8 4.9 5.0 4.9 4.8 4.6 4.7
CI/F Ratio : 0.94] 1.23] 1.31 1.38[ 1.38] 1.48 1.58
Four Seasons 1/22 1/23 {1/24 [1/25 [1/26 |1/27 [1/28
Fluoride 479 5.38] 5.49| 5.47] 5.44| 5.45 5.47
Chloride 5.8 5.8 8.0 5.8 5.8 5.6 5.8
Calculated Cl 5.5 5.9 6.0 8.0 6.0 B.0 6.0
Cl/F Ratio 1.21] 1.08/ 1.08] 1.08 1.07} 1.03] 1.06
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Table 17. Average percent recovery for flucride spiked samples from
Guyer Hot Springs and Warm Springs Creek.

Guyer Hot Springs

Sample Percent Recovery
1 83
2 B87.4
3 88
4 88.6
5 B9.2
Ave, % recovery 87.2 + 3.1

Warm Springs Creek

Sample Percent Recovery
1 84
2 131
3 121
4 116
5 84
Ave. % recovery 107.2 + 27.0




Table 18. Precision of duplicate samples from Warm Springs Creek, 1987.

Average Relative

STORET # Parameter n Range (%)
00951 Fluoride 22 10
00500 Hardness 12 3.4
00410 Total Alkalinity 12 1.12
70300 Filterable Residue 22 2.16
00095 Specific Conductance 22 1.07
00856 Silica 22 0.8
00840 Chiloride 12 286.2
00916 Calcium 22 1.4
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Figure 2. Geologic cross-section of the Warm Springs
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MASS BALANCES
Fiuoride and Flow

(ppd*) (mgd)
W.S. Creek R
(138ppd)oam d> R § W.S. Creek N
PP g wWARM SPRINGS WM (211 ppd) 27 mgd

Guyer Springs)
(123ppd) 0.9mgd

SYSTEMIRUERERIERE ;o Pipeline

| (58ppd) 0.4mgd=*
Groundwater} i E Groundwater S
(1ppd) 2.2mgd (72ppd) 0.5mgd

Greyhawk & Unknown Springs
(7 1ppd) 0.5mgd
Lloyd Springs
(38ppd) 0.3mgd

** Assumes leakage of 100 gpm to Warm Springs System

Guyer Springs
450gpm{86ppd)

Trailcreek S
200gpm(38ppd)

>& GUYER PIPELINE N

v v
Discharges to Warm Pipeline
Springs Creek leskage

S0gpm(10ppd) 200gpm{38ppd)

* ppd - pounds per'day
mgd - million galions per day
gpm - gsllons per minute

Figure 3. Mass balances for fiuoride and flow, Warm Springs
Creek Valley aquifer system, 1987.
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Figure 7.
Fluoride concentration (mg/l} vs. depth of groundwater (ft)
in selected wells.
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Figure 7. Continued

410 Riverrun
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Figure 7. Continued

115 Corrock
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Figure 7. Continued

Ketchum #2
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Figure 7. Continued

Greyhawk Geothermal
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Figure 8 Depressurization Test.
Fluoride & chloride concentrations (mg/l) vs. days.
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Fluoride & chloride concentrations (mg/l) vs. date.
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Figure 10 Salt #2 Tracing Test.
Fluoride & chioride concentrations (mg/l) vs. date.
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Figure 11 No Salt Test.

Fluoride & chloride concentrations (mg/!) vs. date.
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Figure 12 Salt #1 Tracing Test.
Calculated chloride concentrations (mg/l) & field values vs. days.
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Figure 13 Salt #2 Tracing Tests.
Calculated chloride concentrations & field values (mg/l) vs. days.
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Figure 14 No Salt Test.
Calculated chloride concentrations & field values vs. days.
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Test: 7-day fathead minnow (Pimephales promelas) larval survival and

grovtll test
Client name: EPA Region X
Test procedure or protocol followed: EA protocol ATS-STC-FH-02, 7-day

larval survival and growth test with fathead minnows (Pimephales
promelas)

Sample description: Grab sample from the outfall of Guyer Hot Springs,
Blaine County, Idaho(a)

Client sample number: NA EA accession number: AT7-433

Time and date of sample collection: 1230 hours, 11 Auvgust 15987

Time and date of sample receipt: 1130 hours, 13 August 1987

EA QC test number: FG-08-13-87-483

Test initiation time and date: 1610 hours, 13 August 1987

Test completion time and date: 1630 hours, 20 August 1987

Dilution water: Dechlorinated municipal tap water

Organism lot number: FH-087 Source: EA Hiddletown
Age: <24 hours
Acclimation: NA
Length: NA
Range: NA
Weight: NA

Reference toxicant: SDS
E4 QC test number: RT-08-14-87-485
Dilution water: Dechlorinated municipal -tap water

(a) A grab sample of water from a "well mixed area" of Warm Springs
Creek above the outfall was collected at 1245 hours, 11 August
1987 (EA Accession No. AT7-432) and tested as an additional
concentration.

Note: Results of this test are provided in Tables 1 and 2.

-66-



Test: Day O and Day 6 Z4-hour fathead minnow (Pimephales nromelas)

acute tests
Client name: EPA Region X
Test procedure or protocol followed: Modification of EA Protocol
ATS-SAF-FM-03, static acute 96-hour LC50 assay with fathead minnows

(Pimephales promelas)

Sample description: Grab sample from the outfall of Guyer Hot Springs,
Blaine County, Idaho

Client sample number: Na EA accession number: AT7-433

Time and date of sample collection: 1230 hours, 11 August 1987

Time and date of sample receipt: 1130 hours, 13 August 1987

Day 0 Day 6
QC Test Number: SA-~08-13-B7-482 SA-08-19-87-490
Test initiation
time and date: 1523 hours, 13 AUG 87 1420 hours, 19 AUG 87
Test completion
time and date: 1511 hours, 14 AUG 87 1356 hours, 20 AUG 87
Dilution water: Dechlorinated municipal tap water
Organism lot #: FH-084 FH-0B4/086
Source: EA Middletown EA Middletown
Age: 13 days 19 days
Acclimation: 9 days 13-15 days
Length: X = 8.20 mm X = B.52
S.D. = 1.10 mm S$.D. = 1.07
Length range: 5.70-10.15 mm 6.51~11.29 mm
Average of
pooled weight: 3.74 mg 7.22 mg
Reference
Toxicant Test : RT-08-04~87-448 RT-08-04~87-448 (FH-084)

RT-08-10-87-469 (FH-086)

Note: Results of these tests are provided in Tables 1 and 3.



Test: 7-day Ceriodaphnia dubia survival and reproduction test

Client name: EPA Region X
Test procedure or protocol followed: EA protocol ATS-STC-CD-03, 7-day
survival and reproduction test with cladoceran (Ceriodaphnia dubia)

Sample description: Grab sample from the outfall of Guyer Hot Springs,
Blaine County, Idaho(a)

Client sample number: NA EA accession number: AT7-433

Time and date of sample collection: 1230 hours, 11 August 1987

Time and date of sample receipt: 1130 hours, 13 August 1987

EA QC test number: RP-08-13-87-476

Test initiation time and date: 1500 hours, 13 August 1987

Test completion time and date: 1530 hours, 20 August 1987

Dilution water: Patapsco River water EA accession number: AT7-427

Organism lot number: NA Source: EA cultures
Age: <B hours
Acelimation: NA
Length: NA
Range: NA
Veight: NA

Reference toxicant: SDS
EA QC test number: RT-08-11-87-471
Dilution water: Patapsco River water

Organism lot number: NA

(a) & grab sample of water from a "well mixed area" of Warm Springs
Creek above the outfall was collected at 1245 hours, 11 August
1987 (EA Accession No. AT7-432) and tested as an additional
concentration.

Note: Results of this test are provided in Tables 4 and 5.
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Test: Day O and Day 6 24-hour Ceriodaphnia dubia acute tests

Client name: EPA Region X
Test procedure or protocol followed: Modification of EA protocol
ATS-SAI-CD-02, static acute 4B8-hour LC50 assay with Ceriodaphnia

Sample description: Grab sample from the outfall of Guyer Hot Springs,

Blaine County, Idaho
Client sample number: NA EA acecession number: AT7-433
Time and date of sample collection: 1230 hours, 11 August 1987
Time and date of sample receipt: 1130 hours, 13 August 1987

Day 0 Day 6
QC Test Number: SA-0B-13-87-478 SA-0B8-19-B7-489
Test initiation
time and date: 1520 hours, 13 AUG 87 1535, 19 AUG 87
Test completion
time and date: 1541 hours, 20 AUG 87 1523 hours, 20 AUG 87
Dilution water: Patapsco River water Patapsco River water

(EA Accession No. AT7-427) (EA Accession No. AT/-434)

Organism lot #: NA NA
Source: EA cultures EA cultures
Age: <24 hours <24 hours
Reference
Toxlcant Test #: RT-08-11-87-471 RT-08-11-87-471

Note: Results of these tests are provided in Tables 4 and 6.
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TABLE 1 VWATER QUALITY SUMMARY FOR FATHEAD MINNOV TESTS
CONDUCTED 13-20 AUGUST 1987

7-Day Chronic
FG-08-13-87-483

Upstream
Receiving Day 0 Acute Day 6 Acute
Water SA-08-13-87-482 5A-08-19-87-490

Test Conc.
Temperature range
(degrees C) 23.2-26.8
pH range 7.5-9.6
DO range (mg/L) 3.7-9.0
Conductivity
(umhos/cm) 250-461

Additional parameters:

23.3-26.9 19.3-22.0 19.4-20.8
7.7-8.5 7.7-9.2 8.0-9.5
4.7-9.1 7.3-8.5 7.6-9.0
220-270 255-390 260-390

Ammonia-nitrogen in whole effluent: 0.05 mg/L

Total residual chlorine: <0.1 mg/L
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TABLE 2 RESULTS OF FATHEAD MINNOW (Pimephales promelas) 7-DAY
GROWTH TEST (QCH FG-08-13-87-483)

Test concentration Mean survégﬁl Average (b)
{percent effluent) {percent) Dry Welght (mg)
Control 65 0.43
1 88 0.38
3 85 0.44
10 87.5 0.40
30 97.3 0.39
100 90 0.36
Receiving water 85 0.40

NOEC = 100X
LOEC = >100%
Chv = »100%

Reference Toxicant (5DS) Results

24 hour LC50: 28.3 (binomial method)

Laboratory control chart acceptability range for 2Z4-hour LCS0:

22.

(a)

(b)

(c)

1-37.6 mg/L.

Percent survival is based on an arithmetic mean calculated directly
from data set and may differ slightly from the mean calculated after
arc sine transformation (Dunnetts Test).

The average dry weight is the pooled dry wveight of fathead minnow
fry from each of four replicates per test concentration. These
values are expressed as mean total weight per fry and not daily
increases.

Although control mortality was greater than 20 percent, this test
can still be considered acceptable since less than 20 percent
mortality occurred in the low test concentrations.



TABLE 3 RESULTS OF FATHEAD MINNOW 24-HOUR ACUTE TESTS CONDUCTED
ON 13-14 AND 19-20 AUGUST 1987

Mean Percent Survival

Test Concentration Day O Day 6
(percent effluent) SA-0B8-13-B7-482 SA-08-19-87-490

Control 100 100

18 100 100

28 100 95

42 95 95

65 100 100

100 100 100
24-hour LC50 value: >100% >100%
(method of calculation): {NA) (NA)

Reference Toxicant (SDS} Results

24-hour LC30: 28.3 mg/L 28.3 mg/L (FH-084)
28.3 mg/L (FH-086)

Laboratory control chart acceptability range for 24-hour LC50:
18.8-34.7 mg/L.



TABLE 4 WATER QUALITY SUMMARY FOR Ceriodaphnia dubia TESTS CONDUCTED
FROM 13-20 AUGUST 1987

7-Day Chroenic
RP-08-13-8B7-476

Test Receiving Day 0 Acute Day 6 Acute
Conc. Vater SA-08-13-87-478 SA-08-19-87-489
Temperature range 23.0-26.3 24.0-24.8 24.2-25.,5 23.4-24.1
(degrees C) '
pH range 7.3-9.3 7.4-8.3 7.2-9.2 7.9-9.4
DO range (mg/L) 7.1-9.9 7.2-8.3 7.2-8.8 6.2-8.3
Conductivity
(umhos/cm) 205-440 215-248 220~-425 251-430

Additional parameters:

Sample Patapsco River Water

AT7-433 AT7-427 AT7-434
Conductivity (umhos/cm) 500 218 280
Hardness (mg/L as CaCa,) 40 56 60
Alkalinity (mg/L as CaCo0,) 75 44 44



TABLE 5 RESULTS OF Ceriodaphnia dubia 7-DAY SURVIVAL AND REPRODUCTION
TEST {(QCH# RP-DB-13-8/~476)

Test concentration Young per female
(%7 effluent) n Percent survival Total Mean (+ S.D)
Control 10 80 101 10.1 (16.4)
1 10 80 107 10.7 (17.4)
3 10 70 125 12.5 (+9.6)
10 9 67 79 8.8 (£7.5)
30 10(3) 90 130 14.4 (£10.5)
100 10 100 53 5.3 (£4.35)

Receiving water 9 B89 86 9.6 (£4.6)

NOEC = 100%

LOEC = >100%

ChV = >100X

Reference Toxicant (SDS) Results

24-hour LCS50: 15.2 mg/L (binomial method)

Laboratory control chart acceptability range for 24-hour LC50:
4.2-37.6 mg/L.

(a) 9 females, 1 male.



TABLE 6 RESULTS OF Ceriodaphnia dubia 24-HOUR ACUTE TESTS CONDUCTED
ON 13-14 AND 19-20 AUGUST 1987

Mean Percent Survival

Test Concentration Day O Day 6
{percent effluent) SA-0B8-13-87-478 SA-08-19-87-489

Control 100 100

18 100 100

28 100 90

42 100 100

62 100 100

100 100 100
24-hour LC50 value: >100% >100%
(method of calculation): {NA) {NA)

Reference Toxicant (5DS) Results

24-hour LC50: 15.2 mg/L

Laboratory control chart acceptabiiity range for 24-hour LC50:
4,2-37.6 mg/L.



TABLE 7 SUMMARY OF ACUTE AND CHRONIC ENDPOINTS

Species

Pimephales promelas

Ceriedaphnia dubia

Acute Toxicity
(24-hour LC30)
bay 0 Day 6

Chronic Toxicity

>100X >100%
>100% >100%

-7 6=

NOEC ChV LOEC

100% > 100X >100%
100X >100% >100%
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