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METRIC CONVERSION FACTORS

Inch-pound units used in this report may be converted to metric S! (interna-
tional System) units by using the following conversion factors:

Multiply By To obtain

cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter

foot per day (ft/d) 0.3048 meter per day

gallon (gal) 3.785 liter

gallon per minute (gal/min) 0.06308 liter per second

inch (in.) 25.40 millimeter

mile (mi) 1.609 kilometer

National Geodetie Vertical Datum of 1929 (NGVD of 1929): A geodetic datum
derived from a general adjustment of the first-order level nets of both the United
States and Canada, formerly called '"Mean Sea Level.'' NGVD of 1929 is referred to
as sea level in this report.






EFFECTS OF EFFLUENTS FROM A COAL-FIRED, ELECTRIC-GENERATING
POWERPLANT ON LOCAL GROUND WATER NEAR HAYDEN, COLORADO

By Sherman R. Ellis and Phyllis G. Mann

ABSTRACT

Data were collected at the Hayden powerplant in northwest Colorado for about
a year during 1978-79 to monitor the effects of effluent and raw-water storage
ponds on the local ground water, Sage Creek, and the Yampa River. Ground water
downgradient from the effluent ponds had average boron concentrations in excess of
the Colorado Department of Health standard for agricultural use of water. The
water from seeps located downgradient from the powerplant is probably the best in-
dicator of downgradient water quality and had average concentrations of boron two
times that of the Colorado Department of Health standard for agricultural use of
water.

The Hayden powerplant uses seven principal ponds for the storage and disposal
of effluents and raw water: An evaporation pond, an 'intermediate-quality' pond,
an "oil-skimmer'" pond, a '"high-quality' pond, two raw-water storage ponds, and a
coal-pile runoff pond. Two theories may be used to explain the high boron content
and high specific conductance of the water from wells and seeps downgradient from
the evaporation, the intermediate-quality, the oil-skimmer, and the high-quality
ponds. One theory is that all of the ponds are leaking; the other theory, sug-
gested by Hayden powerplant personnel, is that a plume of ground water having high
concentrations of boron and high values of specific conductance is responsible.
This plume is the remnant of a plume resulting from the leakage of a fly-ash
storage pond, which was converted to a raw-water storage pond in 1976. The data
support the theory that the ponds are leaking or a combination of leaking ponds
and the vestigial plume theory. The theory that’' a vestigial plume is responsible
for the high boron content and high specific conductance of the water cannot be
refuted.

It is estimated that about one-fourth of the flow past a representative cross
section downgradient from the evaporation pond is leakage from the pond, and about
three~fourths of the flow past a representative cross section downgradient from
the intermediate-quality, the oil-skimmer, and the high~-quality ponds is leakage
from these ponds. Estimates of the amount of leakage from the ponds are based on
the assumption that the ponds are the only sources of water high in boron.



Chemical analyses of water from wells and a ground-water discharge weir
downgradient from the raw-water storage ponds indicate these ponds are leaking.
The effect of this leakage is that the ground water downgradient from these ponds
has a lower specific conductance and a lower boron concentration than the ambient
ground water. The concentration of trace elements in the water from the wells and
the discharge weir generally declined during the study, probably because of the
decreasing effects of a plume from the raw-water pond previously used for fly-ash
disposal.

The effluents from the Hayden powerplant lowered the specific conductance and
the iron and manganese concentrations, increased boron concentration, and had lit-
tle or no effect on the selenium concentration in Sage Creek. Sage Creek and the
effluent from the Hayden powerplant had no discernible effect on the Yampa River
because the volume of water in the Yampa River was so much greater than the volume
of water in Sage Creek and the effluent from the powerplant.

INTRODUCT ION

As of December 31, 1978, Colorado had 4,067.5 megawatts of electric-
generating capacity. Of this capacity, about 76 percent was generated by the
combustion of coal. In Colorado, the use of coal for generating electricity is
expected to increase in the future as supplies of oil and natural gas decrease.

Associated with coal-fired, electric-generating plants are various environ-
mental concerns, including fly ash, emissions from boilers, and effluents. The
effluents, which include brines from water concentrators, cooling-tower blowdown
water, and water that has been in contact with fly or bottom ash, commonly contain
large concentrations of certain chemical constituents, including boron (Phung and
others, 1979; Holland and Jones, 1978; and M. A. Hardy, U.S. Geological Survey,
written commun., 1980). Evaporation ponds commonly are used to dispose of efflu-
ents; however, the effects of these ponds on the local ground water are not fully
understood. Such an wunderstanding 1is essential for the design of adequate
effluent-disposal facilities at coal-fired, electric-generating plants.

The Hayden powerplant, located near the town of Hayden in northwest Colorado
(fig. 1), owned and operated by the Colorado-Ute Electric Association, Inc., was
selected as a site to study the effects of a coal-fired, electric-generating plant
on the local ground water. Prior to April 30, 1976, effluents from the Hayden
powerplant were discharged into Sage Creek, a tributary to the Yampa River. On
April 30, 1976, discharge of effluents into Sage Creek ceased and effluents then
were discharged into an evaporation pond. Studies done as part of the Yampa River
basin assessment (J. W. Warner, U.S. Geological Survey, oral commun., 1980) indi-
cated that ground water is discharging to the Yampa River in this area. Any water
seeping from these ponds could possibly affect the quality and quantity of the
local ground water. Thus, the ground water eventually could affect the water
quality of the Yampa River.
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Figure 4.-- Water-level fluctuations in the intermediate-quality and
the evaporation poads, October 1978 to January 1980.
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~ Water-quality samples were collected quarterly from December 1978 through
October 1979 from all ponds except raw-water storage pond no. 2, which has the
same source of water as raw-water storage pond no. 1. The initial samples were
analyzed for a fairly complete set of trace elements and common constituents. The
number of trace-element analyses was later reduced to include only those constit-
uents whose concentrations tended to exceed the Colorado Department of Health
(1977b) water-quality standards or were of local interest. The Colorado Depart-
ment of Health (1977b) standards for uses of water are listed in table 1. The
trace-element analyses subsequently performed included: Boron, iron, manganese,
selenium, and zinc. Only two analyses for common constituents were made on water
from the ponds. Results of all of the analyses are presented in the section on
Water-Quality Data.

Wells

In order to determine any effects that effluents from the powerplant might
have on the shallow ground water, 22 test wells were drilled near the plant (pl. 1
and table 2). Well HS-14 was drilled to provide information on the ambient ground
water. Well HS-14 and one privately owned well completed in the alluvium, the
Barnes well, were used as controls in the study. Well HS-14 and the Barnes well
are not directly upgradient from the principal direction of natural ground-water
flow beneath the plant, but lie to the west of the ground-water flow. Water in the
wells is assumed to represent the ambient ground water because both wells receive
water from the same alluvial fill as that upgradient from the powerplant. The
other 21 wells were drilled downgradient from the plant and its storage ponds. The
downgradient wells were used to monitor the effects of the plant and ponds on the
quality and quantity of ground water.

Well HS-17 was found to have been drilled in an old spoils dump left over
from plant construction. Although well HS-17 could not be used to monitor the ef-
fect of effluents from the plant, the analyses of water from the well did provide
information on the influence of the dump on the local ground water. This well and
the dump are not upgradient from any other monitoring well.

All 22 wells were drilled without fluids using a diesel hammer, reverse-air
circulation Becker! drill. Each well was drilled through the alluvium 0.5 to 2 ft
into the Lewis Shale. The wells then were cased with 3.25-in. outside diameter
PVC pipe. The lower end of the casing was capped and the lowest 10 to 20 ft per-
forated. The wells were backfilled with gravel from the same alluvium in which
they were completed. Each well was then sealed with cement and capped to prevent
contamination from surface water. Levels were run for each well to determine the
altitude above sea level.

1The use of the brand name in this report is for identification purposes only
and does not imply endorsement by the U.S. Geological Survey.
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Water levels in all wells except the Barnes well were monitored for a year,
from December 1978 through November 1979. The Barnes well has no access for meas-
urement. Water levels were measured monthly to identify changes due to seasonal
fluctuations, such as recharge from snowmelt and rainfall, pumpage from the aqui-
fer, and the effects of lower pond levels. The water-level measurements are shown
in table 2, and the water-level fluctuations in selected wells are illustrated in
figures 5 and 6. Water-level contours at times of low-, medium-, and high-water
levels are shown on plates 3, 4, and 5. The water-level contours tend to follow
the outline of the evaporation, the intermediate-quality, and the oil-skimmer
ponds, indicating a high ground-water level under these ponds. The shape of the
water-level contours indicates the ponds are leaking, resulting in the elevated
ground-water levels near the ponds.

Ground-water-quality data were collected quarterly from the test wells from
December 1978 to October 1979. In addition, the Barnes well was sampled in June
and October. Data from the Barnes well supplemented data from well HS-14 by
providing additional information on the ambient ground-water quality. The initial
samples were analyzed for a comprehensive set of trace elements and common con-
stituents. The number of subsequent trace-element analyses was reduced to include
only those constituents which exceeded the Colorado Department of Health (1977b)
standards (table 1) or were of local interest. The trace elements analyzed for
subsequent samples were: Boron, iron, manganese, selenium, and zinc. Two
analyses for common constituents were made on the water from all wells, except the
Barnes well, which had one analysis for common constituents made on the water from
the well. Results of all these analyses are presented in the Water-Quality Data
section.

Seeps

Seeps are present in the terrace cut along the north and east sides of the
Hayden powerplant (pl. 1). Seeps occur for about three-quarters of a mile along
the north face of the terrace. Eight representative seeps were chosen for water-
quality sampling. A1l seeps except seep HS-8 are perennial. The seeps were
developed by clearing the immediate area of vegetation, enlarging the outflow, and
digging collection basins which were drained and allowed to refill prior to sam-
pling. Estimates of flow were made prior to each sampling; these estimates were
either visual or based on the time required to fill a given volume. The estimates
may be in error because the seeps extend laterally.

Water-quality samples were collected from seeps HS-1 through HS-4 and the
gravel-pit seep from January through October 1979 on a quarterly basis. Samples
from seeps HS-5 through HS-7 were collected quarterly from March through October
1979, and samples from seep HS-8 were collected in March and June. Seep HS-8 was
dry in October. The January samples were analyzed for nearly all trace elements,
but subsequent analyses included only boron, iron, manganese, selenium, and zinc.
The common constituents were analyzed during the January and March samplings and
then discontinued. Results of the analyses and data on flow are presented in the
Water-Quality Data section.
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Discharge VWeir

The discharge weir is a concrete box containing a 90° V-notch weir used to
measure the flow from the 30-in. RCP drain. The flow from the system, the largest
single source of ground-water discharge in the area, is exceeded only by the
combined flow from the springs along the lower (north) edge of the terrace. The
average of four quarterly flow measurements made using the V-notch weir was about
0.40 ft3/s, varying seasonally from 0.26 ft3/s in January to 0.82 ft3/s in March.
Water-quality samples were collected from January through October 1979 on a quar-
terly basis. The same general analysis schedule was used for samples taken from
the discharge weir as was used for the wells and seeps. Results of the water-
quality analyses and flow rates are presented in the Water-Quality Data section in
this report.

Streams

Streams monitored in the Hayden powerplant study include the Yampa River near
Hayden (U.S. Geological Survey streamflow-gaging station 09244410), Sage Creek
above the Hayden powerplant, Sage Creek at U.S. Highway 40, and the Yampa River at
Hayden, where one low-flow sample was collected. Sage Creek above the Hayden
powerplant is an ephemeral stream, and the other streams are perennial. Flow rates
for the Yampa River near Hayden were obtained from stage-discharge relations.
Flow rates for Sage Creek above the Hayden powerplant were estimated using visual
methods. Flow rates for Sage Creek at U.S. Highway 40 were estimated using the
estimated flow of Sage Creek above the Hayden powerplant and estimates of inflows
between the two sites. This method of estimating the flow for Sage Creek at U.S.
Highway 40 was necessary because the site was located in backwater from the Yampa
River. The same gerneral scheme of water-quality sampling used for the wells and
seeps was used for these surface-water sites. The results of the water-quality
analyses and flow rates are presented in the Water-Quality Data section.

AMBIENT GROUND WATER

Data on the movement of the ambient ground water near the Hayden powerplant
were sparse and insufficient. Most of the wells in the area are domestic and
usually have no means of access for measuring the water level. Water levels are
available only from drillers' logs and these levels are outdated. Surface topog-
raphy is the main indicator of water movement and indicates that the ground water
moves in a north-to-northwest direction, except near Sage Creek where it may flow
northeast. Drillers' logs indicate that the maximum capacity of most wells is less
than 20 gal/min, and that the majority of the wells yield 10 gal/min or less.

Data on the quality of ground water near the plant were insufficient to de-
fine the ambient ground-water quality. Analyses of water sampled from well HS-14
indicated concentrations of nitrite plus nitrate larger than 10 mg/L (milligrams
per liter). Well HS-14 is downgradient from a wheat field and may receive recharge
from the field. Although well HS-1L4 is downgradient from the coal pile and the
raw-water storage ponds, analyses of water from the well indicate that the quality
of water 1is not influenced by water from either the coal pile or the raw-water
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storage ponds. Although the results of the analyses of other constituents probably
are representative of the local ground water, a second control well--the Barnes
well--was sampled in June and October for verification. The Barnes well (pl. 1) is
a domestic well about 2 mi southwest of the Hayden powerplant. According to the
drillers' log, this well penetrates the Lewis Shale, but it is screened in and re-
ceives all of its water from the alluvium.

Data from well HS-14 and the Barnes well were averaged in an effort to define
the ambient ground-water quality. The averages were: Boron, 220 ug/L (micrograms
per liter); iron, 55 ug/L; manganese, 35 ug/L; selenium, 8 ng/L; zinc, 40 ug/L;
and specific conductance, 1,050 umhos/cm (micromhos per centimeter). These con-
centrations do not exceed the Colorado Department of Health (1977b) standards for
agricultural use of water, except for a sample from well HS-14 that contained
15 ug/L of selenium. None of the concentrations exceeded the standards for drink-
ing-water supply except for nitrite plus nitrate (which averaged 19 mg/L) and one
sample containing high selenium (15 ug/L). Data from well HS-14 and the Barnes
well are presented separately in the Water-Quality Data section.

Data on ambient ground-water quality were obtained from two additional
sources and compared with the data from wells HS-14 and the Barnes well. The first
source of data was a ground-water-quality study (R. S. Williams, U.S. Geological
Survey, oral and written communs., 1981) in which 21 wells were sampled in the
Grassy Creek valley, located about 1 mi east of the Hayden powerplant (fig. 1).
The aquifer system in Grassy Creek valley is about the same as that near the
Hayden powerplant; the aquifer consists of alluvial terrace deposits underlain by
a relatively impermeable shale. Williams sampled 21 wells and collected 78 samples
of water for analysis of boron, manganese, selenium, and specific conductance.
The average values for the 21 wells were: Boron, 140 ug/L; manganese, 165 ug/L;
selenium, less than 1 ug/L; and specific conductance, 1,470 umhos/cm. The highest
values were: Boron, 440 ug/L; manganese, 2,000 ug/L; selenium, 1 ug/L; and spe-
cific conductance, 3,400 umhos/cm.

The second source of data on the quality of the ambient ground water was the
computer data files of the U.S. Environmental Protection Agency and the U.S. Geo-
logical Survey. The area considered for retrieval of the data from the computer
files was from south of U.S. Highway 40 to the southern boundary of the area shown
in figure 1 and from longitude 107°05'00" to longitude 107°15'00''. The computer
data files had data on six wells not included in the Williams ground-water-quality
or the Hayden powerplant studies. There was a variable number of analyses for each
constituent. Boron was determined in three analyses; manganese, in six analyses;
selenium, in six analyses; and specific conductance, in six analyses. The average
values were: Boron, 141 ug/L; manganese, 28 ug/L; selenium, 5 ug/L; and specific
conductance, 1,500 umhos/cm. The highest values were: Boron, 284 ug/L; manganese,
1,450 ug/L; selenium, 7 ug/L; and specific conductance, 2,950 umhos/cm.

An analysis of the data from the Williams ground-water-quality study and the
computer data files indicates the data from well HS-14 and the Barnes well are an
acceptable indicator of ambient ground-water quality in the area. None of the
wells had analyses in which the boron exceeded the Colorado Department of Health
(1977b) proposed water-quality standard of 750 ug/L.
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HAYDEN POWERPLANT EFFLUENT

Although a sample of the low-quality wastes was not obtained, one sample of
Hayden powerplant brine effluent disposed of in the evaporation pond was supplied
by powerplant personnel. The brine effluent sample, taken from the wastewater
concentrator (fig. 2), was highly colored and contained flocculate after filtra-
tion through a 0.45-micron filter. An analysis indicated the following: Specific
conductance, 75,000 pmhos/cm; carbonate, 240 mg/L; boron, 110,000 ug/L; iron,
1,700 ug/L; manganese, 37,000 ug/L; nickel, 300 ug/L; selenium, 220 ug/L; and pH,
6.2. The analytical dilution factor for selenium was 25; therefore, the value for
selenium may be in error, even though several aliquots were analyzed and the aver-
age value reported.

Because we were able to obtain only one sample from the wastewater concentra-
tor and no samples from the low-quality wastes, it is not known i{f this sample
truly represents the inflow into the evaporation pond. However, it is the only
available indicator of effluent quality.

EFFECTS OF BORON

Boron is of concern because it is a byproduct of coal burning and may be
introduced into the 1local ground water by effluents from the Hayden powerplant.
Whereas boron is important as a plant nutrient but is toxic to plants in high
concentrations, a discussion of the occurrence, movement, effects, and recommended
maximum levels is relevant. This discussion will be wuseful in assessing the
effects of boron when the water is used for agriculture.

Boron wusually is reported in terms of the element boron, and no effort is
made to differentiate the species present. At the pH of natural water--less than
pH 8.7--the predominant species would be H3BO3 (aqueous) and to a lesser degree,
H,BO3. At pH 8.2 the ratio of H3BO; (aqueous) to H,BO3 would be 10:1 (Hem, 1970).
Boron has been identified in several compliex mineral forms; colemanite and kernite
are two which are found in evaporate deposits in California and Nevada. Boron
also is found in simple forms--calcium, magnesium, and sodium borates. Organic
forms of boron also have been identified; they are the result of micro-organisms
and plants wutilizing boron in their growth. The organic forms of boron usually
are oxidized to the inorganic form when the micro-organisms and plants die (U.S.
Department of Agriculture, 1957). Boron in natural water does not seem to conform
to a simple solubility constant but is probably controlled by several factors that
are not well understood (Hem, 1970).

Movement of boron in the soil column is a complex procedure, involving pH,
soil type, and organic matter (U.S. Department of Agriculture, 1957). Boron is
readily adsorbed onto clays and to a lesser degree onto silts. Little or no
adsorption occurs on sand. The type of cation has little or no effect on the rate
or amount of adsorption. An increase in pH will increase adsorption and a decrease
will lower adsorption. The effects of pH are reversible; that is, an increase in
pH will increase the amount of boron fixed in the soil, and if acid is used to
lower the pH, the amount of boron fixed in the soil will decrease. This reaction

21



is rapid and appears to be continuous. Organic matter appears to decrease the
amount of boron fixed in the soil and release more boron into the water column to
be available for uptake for life forms (U.S. Department of Agriculture, 1957).

Crops such as sugar beets, alfalfa, and clover are affected by a deficiency
of boron in the soil. Boron is a necessary nutrient in the growth of Ilegumes,
especially alfalfa. Fertilizers that contain boron have been applied to crops for
many Years. The main results of boron deficiency are reduced growth, cellular
change, and finally death. It is difficult to determine the amount of boron need-
ed for growth by various plants because only a small fraction of the boron in the
soil Is in a form available for plant growth. Boron, as measured in the available
form, is needed in concentrations of 0.5 mg/g (milligrams per gram) for satisfac-
tory growth of alfalfa, sugar beets, red clover, and sweet clover (U.S. Department
of Agriculture, 1957).

Boron, although a vital nutrient in plant growth, is a toxic substance when
excess quantities are present. The problem of boron toxicity first became prom-
inent during World War |, when potash salts, usually purchased from Germany, were
mined from Searles Lake in California. Application of this potash resulted in
damage to potatoes and vegetables. Analyses of the potash indicated that it con-
tained more than 11-percent boron. The potash was then refined, the boron removed,
and the problem was solved. Symptoms of boron poisoning are yellowish~brown spots
on leaves (U.S. Department of Agriculture, 1957).

The problem of boron poisoning is not confined only to the application of
fertilizer, but also to the application of irrigation water. Several plants,
notably beans and fruit trees, are sensitive to boron. Crops such as alfalfa,
sugar beets, clovers, and carrots are among the most tolerant crops. The relative
tolerance of plants to boron 1in irrigation water is listed in table 3. The
permissible limits of concentration of boron in several classes of water used for
irrigation are shown in table 4. Irrigation water containing more than the recom-
mended concentration of boron may not produce immediate harmful effects. Water
containing as much as 2 mg/L of boron may be used on neutral and alkaline soils
for some time without injury to sensitive plants. However, if the soils are acid,
damage may occur rapidly [National Academy of Sciences and National Academy of En-

gineering, 1973 (1974)1.

In Colorado, the maximum permissible limit of 750 ug/L for boron has been
established by the Colorado Department of Health (1977b) only for waters for agri-
cultural use. Limits have not been established for water supply, aquatic life, or
other uses.

Gastrointestinal and pulmonary disorders have been observed in lambs when the
concentration of boron is unusually high in both the soil and water supplies. If
large amounts of boron are ingested by humans, some serious toxic effects may be
produced (Gough and others, 1979). More information is needed on the possible
effects of boron before standards may be established for the permissible concen-
tration of boron in water used for drinking and public supply.
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Table 3.--Relative tolerance of plants to boron

[In each group, the plants first named are the most tolerant and the last
named are the least tolerant. From U.S. Department of Agriculture (1954)]

Tolerant Semitolerant Sensitive
Athel (Tamarix aphylla) Sunflower (native) Pecan
Asparagus Potato Black walnut
Palm (Phoenix canariensis) Acala cotton Persian (English) walnut
Date palm (P. dactylifera) Pima cotton Jerusalem-artichoke
Sugar beet Tomato Navy bean
Mangoes Sweetpea American elm
Garden beet Radish Plum
Alfalfa Field pea Pear
Gladiolus Raggedrobin rose Apple
Broadbean Olive Grape (Sultanina and Malaga)
Onion Barley Kadota fig
Turnip Wheat Pers immon
Cabbage Corn Cherry
Lettuce Milo Peach
Carrot Oat Apricot
Zinnia Thornless blackberry
Pumpkin Orange
Bell pepper Avocado
Sweet potato Grapefruit
Lima bean Lemon

Table 4.--Permiseible limits for concentrations of boron
in several classes of irrigation water

[Concentration of boron in mg/L. From U.S. Department of Agriculture (1954)]

Class For crops that are
of

water Sensitive Semitolerant Tolerant
Excellent=-=--~ Less than 0.33 Less than 0.67 Less than 1.0
Good-=======--- 0.33-0.67 0.67-1.33 1.0-2.0
Permissible---- 0.67-1.0 1.33-2.0 2.0-3.0
Doubtful=-====-- 1.0 -1.25 2.0-2.5 3.0-3.75
Unsuitable----- More than 1.25 More than 2.50 More than 3.75
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EFFECTS OF EFFLUENTS

The effects of effluents from the Hayden powerplant on the local ground water
are presented for five categories: Ponds, wells, seeps, the discharge weir, and
streams. Data on the concentrations of trace elements in analyzed samples of
water from the ponds, seeps, the discharge weir, and streams, and the number of
samples which exceeded the Colorado Department of Health (1977b) standards for ag-
ricultural use of water are given in tables 5 and 6. Trace-element data are given
in tables 7 and 8.

Ponds

The ponds at the Hayden powerplant can be <classified as either effluent
(evaporation, intermediate-quality, oil-skimmer, and high-quality) or raw-water
storage (raw-water storage ponds no. 1 and no. 2). Because the coal-pile runoff
pond was dry during most of the study period due to evaporation, it was not con-
sidered to have a major effect on the ground water. The relationship of specific
conductance and boron with time for water in selected ponds is shown in figure 7.

The evaporation pond had the highest average specific conductance (6,590
umhos/cm) and the highest average boron concentration (4,800 ug/L) of the five
ponds sampled. Concentrations of these constituents varied greatly during the
study. The October 1979 sample contained the largest values of specific conduct-
ance (13,800 umhos/cm) and boron (13,000 ug/L). The December 1978 sample contained
the smallest value of specific conductance (1,850 umhos/cm) and the June 1979 sam-
ple contained the smallest concentration of boron (530 ug/L).

A large discrepancy was found between the concentrations of selenium in the
effluent entering the evaporation pond and in the water in the pond. The effluent
contained 220 ug/L of dissolved selenium (see page 21 for discussion of effluent
sample), whereas the pond samples had a maximum concentration of 14 ug/L and
averaged 6 ug/L. The concentration of selenium in the pond decreased during the
study. A sample of the bottom material from the evaporation pond analyzed for the
following trace elements was found to contain: Boron, 560 ug/g; copper, 35 ug/g;
manganese, 11 ug/g; selenium, none detected; and silver, 4 ug/g. The material was
primarily fly ash, and material from the clay liner of the pond was not included.
The analyses of the evaporation-pond water and the evaporation-pond bottom mate-
rial (fly ash) did not indicate the presence of large amounts of selenium. The
concentration of selenium in the downgradient wells was generally lower than in
either the evaporation pond or the ambient ground water. Further study is needed
to determine the fate of the selenium.

Seasonal evaporation, precipitation, and snowmelt will cause fluctuations in
the quality of water in the evaporation pond. The water will probably reach its
lowest annual concentration of constituents in early summer when runoff is great-
est and reach its highest concentration in late summer. It 1is not possible to
estimate the ultimate concentration of constituents in the -evaporation pond, but
the long-term trend is probably toward increasing concentration.
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Table 5.--Average concentrations of selected trace elements in water from ponds,
seeps, streams, and the discharge weir and the percentages as compared to
the concentrations of the same elements in the ambient ground water

[NS=not significant; NA=not applicable;

concentrations in microgram per liter, ug/L]

Trace elements

Site Boron Selenium Manganese lron
ug/L Percent ug/L Percent ug/L Percent ug/L Percent

Ambient ground water-- 220 100 8 100 35 100 55 100
Evaporation pond-=----- 4,800 2,200 5 NS 420 1,200 33 60
Intermediate-quality

pond-==========c=-==x 1,800 820 3 NS 63 180 37 67
Oil-skimmer pond------ 1,800 820 6 NS 120 340 30 55
High-quality pond-=---- 1,300 590 3 NS 73 210 Lo 73
Raw-water storage

pond no. l========-= 85 39 0 NA 30 86 230 420
Sage Creek at

U.S. Highway 40----- 320 NA 57 NA 130 NA 100 NA
Sage Creek above

Hayden powerplant--- 250 NA 61 NA 740 NA 120 NA
Discharge weir-------- 1,600 730 13 NA 130 370 -=- -
Gravel pit seep~------ 1,200 550 2 NS 810 2,300 260 470
Seep HS-1-=----==--u--- 1,300 590 h NS 12 34 70 130
Seep HS=2--==-=m=mona- 1,400 650 6 NS 33 94 180 330
Seep HS=3========c=um= 1,900 860 3 NS 33 94 130 240
Seep HS=f===-emmouauaxn 1,800 820 6 NS 47 130 90 160
Seep HS-5-=-=======--= 1,000 450 6 NS 5 14 5 9
Seep HS-6--==-======-- 1,600 730 2 NS 4o 110 Lo 73
Seep HS-7------------- 1,300 590 2 NS 15 43 Lo 73
Seep HS-8-=--=-==uc=mu-m 1,300 590 L NS 35 100 Lo 73
Yampa River

near Hayden-=-------- 72 NA 0 NA 4o NA 123 NA
Yampa River

at Hayden--=-=--=---- 80 NA 0 NA e --- -—-
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Table 6.--Number of samples of water from ponds, seeps, streams, and the

discharge weir analyzed for boron and manganese compared with the number

of samples exceeding the Colorado Department of Health (1977b) standards
for agricultural use of water

Number of samples that exceeded

Number of samples Colorado water-quality standards
Site for agricultural use
Boron Manganese
Boron Manganese

Evaporation pond=-======~=- 4 3 3 2
Intermediate-quality pond-- &4 3 4 0
OiI-skimmer pond=~-====-==- 4 3 L 0
High-quality pond-======~=- 4 3 h 0
Raw-water storage pond

no. l--==-===----emeeooo- L 3 0 0
Seep HS-1-=-=-==---cmmeona- b 3 0 0
Seep HS-2--------==----"uu- b 3 L 0
Seep HS-3-----==-~--=--omu- b 3 3 0
Seep HS-l-------c-me-oocone b 3 3 0
Seep HS-5-==-===me-mmmmmooa- 3 2 3 0
Seep HS=6-~=--=--==-=-=-====u- 3 2 3 0
Seep HS-/-=====m==-m==meoma- 3 2 2 0
Seep HS-8-====-==m-ommmuno- 2 2 1 0
Gravel-pit seep~---==--=--- b 3 L 2
Discharge weir----==-~==~--- b 3 L 1
Sage Creek above Hayden---- 2 2 0 1
Sage Creek at

U.S. Highway 40--=-===-=- 3 2 0 1
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Table 7.~-Average concentrations of selected trace elements in water from wells
and the percentages as compared to the concentrations of the same elements
in the ambient ground water

[NS=not significant; concentrations in microgram per liter, ug/L]

Trace elements

Site Boron Selenium Manganese Iron

ug/L Percent wug/L Percent ug/L Percent ug/L Percent

Ambient ground water-- 220 100 8 100 35 100 55 100
Well HS-t-=---==meeeeea- 960 kLo 4 NS 250 710 10 18
Well HS-2----=--uwue-- 1,000 450 4 NS 500 1,400 13 24
Well HS-3----=--mmmua- 1,200 550 1 NS 93 270 50 91
Well HS-4---m=mmmmemee 1,200 550 1 NS 360 1,000 Lo 73
Well HS-5===--mmumuu-- 1,500 680 2 NS 120 340 27 L9
Well HS=f-=-======mmu=- 1,200 550 3 NS 370 1,100 27 L9
Well HS-7===-=-mmeeuw- 1,100 500 i NS 100 290 4o 73
Well HS-8--===e==ceeu- 1,600 730 4 NS 290 830 10 18
Well HS-9----mceceeaa- 1,700 770 5 NS 73 210 15 27
Well HS-10----=w=mu==a 1,300 590 6 NS 37 110 13 24
Well HS=11====omcmuoam- 1,000 450 5 NS 20 57 30 55
Well HS-12---==-wmwen- 1,800 820 10 NS 67 190 23 L2
Well HS-13-===v-mmun== 1,600 730 10 NS 70 200 53 96
Well HS-15-=-====mueem 670 300 3 NS 4o 110 150 270
Well HS-16====mvcmmmuam 2,700 1,200 12 NS 300 860 93 170
Well HS-17-===mmemeuex 510 230 3 NS 1,400 4,000 600 1,100
Well HS=18-===mm=mmeua 960 440 b NS 210 600 43 78
Well FC-1-=======mee-- 1,700 770 3 NS 110 310 130 240
Well FC-2----~-=-=m=w=a 1,700 770 6 NS 50 140 17 31
Well FC-3-=====meoma=- 1,800 820 6 NS 110 310 20 36
Well FC-4-====mm=cmu-o 1,200 550 2 NS 30 86 17 31
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Table 8.--Number of water samples analyzed for boron and manganese compared
with the number of samples exceeding Colorado Department of Health (1977b)
for agricultural use of water from wells

Number of samples that exceeded

Number of samples Colorado water-quality standards
Site for agricultural use
Boron Manganese
Boron Manganese

Well HS-1--------cc-cumcanu L 3 L 1
Well HS-2-------~=comccnnnn L 3 L 1
Well HS=3==m-mmcmccmmeneaaa 3 L 0
Well HS-h----mommccmceenene L 3 4 2
Well HS-5-=-=m-cmmomnnononn 4 3 3 0
Well HS-6=-=---~=-~-oomeeme L 3 2 2
Well HS-7-=~--~--mmmcoconoo- L 3 2 1
Well HS=8-~mmmemmmmmmmcaeen L 3 3 1
Well HS-9-----=--commocunnn L 3 4 0
Well HS-10-----~==~====mu-- b 3 L 0
Well HS-11--=-----cmmmuonmn L 3 3 0
Well HS-12---------mocmmmne L 3 L 0
Well HS-13-------~---=c-mm L 3 L 0
Well HS-1h---==cmommmnnnae 4 3 0 0
Well HS-15~-~=mm=mmmmnmcenn 4 3 1 0
Well HS-16~~~~--m==mmmmenm- L 3 3

Well HS-17------=---ccmonne 4 3 0

Well HS=18~mmm=mommmmcmanan 4 3 3

Well FC-1-=mm=mmommmmmennan L 3 3 0
Well FC-2-==--mm=cmocmnna- 4 3 L 0
Well FC-3---~-=~~m===mmonn- L 3 L 1
Well FC-4=--=--=-momommmme L 3 2 0
Barnes well-=-====n==ncono- 2 1 0 0
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The intermediate-quality pond had the most consistent water quality of all
the ponds sampled. The average specific conductance was 3,140 umhos/cm and varied
only by about 500 pmhos/cm during the study. The average boron concentration was
1,800 ug/L. The quality of the pond was adequate for raising trout. Of the trace
elements sampled, only boron exceeded the recommended Colorado Department of
Health (1977b) standard for agricultural use of water. Only two samples--one high
in copper, the other high in zinc--exceeded the recommended Colorado Department of
Health (1977b) standards for aquatic life.

The average specific conductance in the oil-skimmer pond (the smallest pond
sampled) was 1,560 umhos/cm, and the average boron concentration was 1,800 ug/L.
Boron was the only constituent that was in excess of the recommended Colorado De-
partment of Health (1977b) standards for agricultural use of water. Of particular
interest was the October 1979 sample, which had a pH of 3.0; this value was veri-
fied by repeated measurements in the field and by analysis in the laboratory. The
sample did not contain excessive amounts of any other analyzed constituent. The
pH increased to about 6.0 the following day. It was subsequently determined that
this increase was due to an Incomplete construction modification resulting in de-
mineralized wastes being periodically discharged into the high-quality pond via
the oil-skimmer pond, resulting in severe pH fluctuations. The problem has since
been corrected, according to Hayden powerplant personnel (written commun., 1981).

The high-quality pond had the best water quality of any of the ponds, as
defined by the lowest values for specific conductance and boron. The average spe-
cific conductance of the pond water was 863 umhos/cm and the average boron concen-
tration was 1,400 ug/L. The pond contained high-quality effluents from the waste-
water concentrator and from high-quality wastes. The water quality was relatively
constant, deviating only slightly about the mean; for example, the deviation about
the mean for specific conductance was about 150 umhos/cm and for boron was about
400 ug/L. The October 1979 sample from this pond had the lowest pH--6.8--and was
affected by the same factors that lowered the pH in the oil-skimmer pond. Large
variations in water quality of the high-quality pond are not expected in the fu-
ture unless there is a spill or the inflow is altered.

Raw-water storage pond no. 1 has about the same water quality as the Yampa
River, its source. The water quality of the pond varies less than that of the
stream because the larger storage capacity of the pond acts as a buffer. The
average specific conductance of the pond was 326 umhos/cm and the average
concentration of boron was 85 ug/L. The March 1979 sample from this pond had the
highest concentration of boron--140 ug/L--whereas the sample from the Yampa River
had 60 ug/L. The reason for the difference is not known. No sample contained any
analyzed constituent in excess of the Colorado Department of Health (1977b) stand-
ards for agricultural use of water.

Raw-water storage pond no. 2, which was used as a fly-ash disposal pond from
September 1965 to late 1978, contained water of the same quality as raw-water
storage pond no. 1 from December 1978 through October 1979. While pond no. 2 was
being used as an ash-disposal pond, leakage probably resulted in a plume of leach-
ate moving downgradient from the pond. The movement, extent, and quality of this
plume are not known. The concentrations of boron and the specific conductance of
water in the plume would have been higher than those in the ambient ground water,
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but their values are not known. The plume would have caused boron to be adsorbed
onto the clays and silts in the aquifer. Desorption of boron from the aquifer
could have resulted in higher than ambient concentrations of boron in the ground
water after the plume was probably displaced by leakage from the pond in late
1978.

Hayden powerplant personnel (oral and written communs., 1980) stated that the
plume of water which originated when raw-water storage pond no. 2 was used for
fly-ash disposal is presently underlying the Hayden powerplant. They also stated
that the values <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>