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As the Nation's principal conservation agency, the Department of the
interior has responsibility for most of our nationally owned public
lands and natural resources. This includes fostering the wisest use of
our land and water resources, protecting our fish and wildlife, preserv-
ing the environmental and cultural values of our national parks and
historical places, and providing for the enjoyment of life through out-
door recreation. The Department assesses our energy and mineral
resources and works to assure that their development is in the best
interests of all our people. The Department also has a major respon-
sibility for American Indian reservation communities and for people
who live in Island Territories under U.S. Administration.

The information contained in this report regarding commercial prod-
ucts or firms may not be used for advertising or promotional purposes
and is not to be construed as an endorsement of any product or firm
by the Bureau of Reclamation.

The information contained in this report was developed for the Bureau
of Reclamation; no warranty as to the accuracy, usefulness, or com-
pieteness is expressed or implied.
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Colorado River Water Quality improvement Program.
Colorado River Quality Office.

Refers to a particular spring in Dotsero Springs.

Dotsero Springs.

Extractable product.

Engineering and Research Center, Bureau of Reclamation.
Grand Junction (Colorado) Project Office, Bureau of Reclamation.
Refers to a particular spring in Glenwood Springs.

Glenwood Springs.

Problem Identification and Qualification Report.

Resource Conservation and Recovery Act.

Salt Lake City {Utah) Regional Office, Bureau of Reclamation.
Total dissoived solids.

Upper Colorado Region, Bureau of Reclamation.
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U.S. Geological Survey.
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INTRODUCTION

A number of sources contribute to high salinity levels
in the Colorado River. Approximately half of the
present salt concentration in the Colorado River is
man induced (i.e., irrigation return flow, reservoir
evaporation, exports of water, municipal and indus-
trial consumption, or contamination), while the other
half is due to natural sources {i.e., direct salt foading
from natural springs and weathering of mineral-
bearing rocks). The Colorado River drains a total of
663 000 km? (256 000 mi?) in the United States
and Mexico and carries a salinity burden that has
historically averaged about 10 million metric tons
{11 million tons) annually.

The Colorado River at its headwaters in the moun-
tains of north-central Colorado has a salinity of only
about 50 mg/L (milligrams per liter). The salinity pro-
gressively increases downstream as a result of water
diversions and salt contributions from a variety of
sources and in 1977 averaged about 820 mg/L at
Imperial Dam, the last major diversion point in the
United States. Unless control measures are under-
taken, the concentration will continue to increase,
reaching levels estimated by the Bureau of Reclama-
tion at 1150 to 1210 mg/L at imperial Dam by the
year 2000 [1].* Water of 1000 mg/L or less is gen-
erally considered to be satisfactory for irrigating
most crops, although concentrations of 500 mg/L
can have detrimental effects on salt-sensitive crops.
The U.S. Public Health Service recommends that
public drinking water supplies should contain less
than 500 mg/L.

Salinity not only has economic effects on water users
in the lower basin States, but is also an important
factor in international relations with Mexico, which
is guaranteed an annual supply of 1.5 million acre-ft
of Colorado River water by a 1944 treaty. In 1973,
the United States and Mexico agreed that the water
delivered to Mexico from the main stem of the river
would have a salinity of no more than
115 4 30 mg/L greater than the average salinity of
water at Imperial Dam.

In recognition of these facts, Congress passed the
Colorado River Basin Salinity Control Act (Public Law
93-320)in June 1974. Title Il of that act authorized
the Secretary of the Interior to construct, operate,
and maintain four specific salinity control units in the
Upper Basin as the initial stage of the Colorado River

* Numbers in brackets refer to entries in bibliogra-
phy.

Basin Salinity Control Program. in addition, the Sec-
retary was authorized and directed to expedite com-
pletion of planning reports on 12 other units, one of
which was the Glenwood-Dotsero Springs Unit.

Among the natural sources of dissolved solids to the
Colorado River, the largest of the point-source
contributors (e.g.. springs, geysers, mine drainage,
and wells) to the upper Colorado River is in the reach
between the mouth of the Eagle River near Dotsero
and the mouth of South Canyon Creek west of Glen-
wood Springs {fig. 1). In this area, it has been esti-
mated prior to this study [1] thermal springs rising
in or near the riverbed and associated ground-water
systems contribute about 27 137 000 m?
(22 000 acre-ft) of saline water containing
399 161 metric tons (440 000 tons) of salt annu-
ally. The PIQR (Problem Identification and Qualifica-
tion Report) [2] identified concentrations of 9295
mg/L salt averaged annually at DS (Dotsero Springs)
and 18 648 mg/L at GS (Glenwood Springs). In this
study, estimated flow weighted average values of
99654 mg/L for DS and 18 780 mg/L for GS were
found. Of this amount, approximately 50 percent
was contributed by known surface springs while the
remaining tonnage was from subsurface inputs. Prior
studies [1] of the Glenwood-Dotsero Springs Unit
indicated that salinity control measures have the
potential of reducing the salt contribution to the Col-
orado River by at least 190 000 metric tons
(209 000 tons) annually from the surface springs
alone. Our study recently estimated the salt contri-
bution as 174 700 metric tons (192 200 tons). This
would result in a salinityreduction of more than
19 mg/L at Imperial Dam.

Because of the significant salt contribution to the
river, the salinity control program focused on the GS
and DS point sources. Studies were initiated by
CRWQO (Colorado River Water Quality Office) to
characterize, quantify, identify beneficial uses, and
find ways of preventing these waters from entering
the Colorado River. A plan of study was initiated by
the Bureau’s UCR {(Upper Colorado Region) in a
report titled “Glenwood-Dotsero Springs Unit, Colo-
rado, Plan Formulation Draft Apendix’” [3]. A charac-
terization and application study of GS and DS waters
was made by the Bureau’s Engineering and Research
Center, Division of Research [4]. In another study,
the Bureau’s UCR contracted URS Corporation to
make an investigation of the control and disposal of
hot saline water from springs in the area of Glen-
wood Springs and Dotsero, Colorado. The results of
this study were published in a report titled “Final
Report, Phase | - Salinity Investigation of Glenwood-
Dotsero Springs Unit”[ 5]. The UCR and URS chemi-
cal and physical data were consolidated with water
analyses obtained by the Chemical Engineering Unit
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to more thoroughly and accurately characterize the
GS and DS waters.

CONCLUSIONS

1. The Dotsero Springs are located in the Leadville
limestone strata. The combined flow rate of the 11
identified springs was 0.220 m3/s (7.7 7 ft3/s). The
characteristics of these springs included:

Temperature range. 23t0 32 °C
{73 to 90 °F).
pH 7.2t07.7.
TDS 9954 mg/L
Cation (by percent):
Sodium. 82
Magnesium. 10
Caicium. 7
Potassium. 1
Anions (by percent):
Chloride. 84.5
Sulfate. 8.7
Bicarbonate. 6.8

Because of the high bicarbonate content of DS
water, calcium could be reduced from 260 to
125 mg/L by partial lime treatment. Trace metals
and trace anions were in most cases at a concentra-
tion of 0.1 mg/L or less and raw water met the toxic-
ity limits for drinking water. Also, dehydrated salts or
lime treatment sludges would not exceed toxicity
limits for RCRA (Resource Conservation and
Recovery Act) hazardous waste. The raw water
contained a gross beta radioactivity of 36 pCi/L pri-
marily as potassium-40 (K*9). The residual K* levels
in concentrated salt brines from either evaporation
ponding or desalting of process brines would be less
than that encountered in salt mines.

2. The Glenwood Springs are located in the Lead-
ville limestone strata. The combined flow rate of the
14 identified springs was 0.296 m3/s (10.46 ft¥/s).
The characteristics of these springs included:

Temperature range. 25t0o 51 °C
(77 to 124 °F).

pH 6.6 to 7.6.
TDS 18 780 mg/L
Cations (by percent):

Sodium. 90

Calcium. 7

Potassium. 2

Magnesium. 1

Anions (by percent):

Chloride. 83.9
Sulfate. 10.2
Bicarbonate. 6.0

Because of the high bicarbonate content of GS
water, calcium could be reduced from 470 to
238 mg/L by neutralization with lime (calcium
hydroxide) to precipitate calcium carbonate. The
trace metals and trace anions were less than
0.1 mg/L. The raw water exceeded or approached
the limits of toxicity for drinking water for cadmium,
chromium, fluoride, and selenium. However, chemi-
cal pretreatment and desalting necessary to bring
water to below TDS limits would reduce cadmium,
chromium, fluoride, and selenium below limits.
Dehydrated salts or calcium carbonate sludges
recovered from GS water did not exceed toxicity lim-
its for RCRA hazardous waste. Gienwood Springs
water contained a gross beta radioactivity of
226 pCi/L primarily as K%°, The residual
potassium-40 levels in concentrated salt brines from
either evaporation ponding or desalting process
brines and sludges would be less than that encoun-
tered in salt mines.

3. The combined flow rate for the 25 identified sur-
face springs (14 GS plus 11 DS) of the GS-DS unit
is 0.516 m3/s (18.23 ft3/s). The flow rate weighted
average TDS for the unitis 15 016 mg/L. The salt
load for the 11 Dotsero springs was 69 050 metric
tons (76 120 tons) annually and for the 14 Glen-
wood springs was 174 700 metric tons
(192 570 tons) annually. The combined salt load for
the unit is 243 700 metric tons (268 600 tons)
annually. It was estimated in the PIQR [2] that the
identified springs accounted for only 50 percent of
the salt load produced by the DS-GS springs. The
total salt load from the identified springs and from
the unmeasured subsurface was estimated to be
474 000 metric tons (622 500 tons) annually.

DESCRIPTION OF STUDY AREA

The CRWQIP was initiated in 1971 by the Bureau
of Reclamation, U.S. Department of the Interior, with
the goal of identifying measures that would maintain
salinity concentrations at or below the Lower Colo-
rado River Basin levels existing at the time. Under the
CRWQIP, 16 control units were chosen (table 1). The
Glenwood-Dotsero Springs Control Unit was among
these 16 authorized for feasibility level salinity
control planning by Public Law 96-375 in 1980. The
location of the 16 salinity control units are shown in
the Colorado River Basin map (fig. 1).



Table 1.—Colorado River basin saline water sources [6]

Annual Average Annual salt
Unit average flow Source quantity TDS load x 10° Effect™
m3/s /s 10% m3/yr acre-ft/yr mg/L metric short mg/L
ton ton
Big Sandy River 0.57 20 17.89 14 500 6 500 118 130 11
Meeker Dome 0.042 1.6 1.35 1090 19 300 25 27 3
Glenwood-Dotsero 0.48 17 15.43 12 000 14 200 227 250 23
Grand Valley 1.7 60 53.68 43 500 3 300 173 190 20
Lower Gunnison 0.66 23.5 21.22 17 200 2900 61 67 5
Paradox Valley 0.057 2 1.79 1450 260 000 164 180 19
McElmo Creek 0.24 8.5 7.65 6 200 4 700 36 40 4
Uinta Basin 042 15 1345 10 900 4 500 61 67 6
Price River 0.96 34 30.73 24 900 4 000 122 134 13
San Rafael 0.86 30.5 27.39 22 200 3550 97 107 10
Crystal Geyser 0.006 0.2 0.185 150 14 000 3 3 1
Dirty Devil River 1.56 55 49.36 40000 2100 102 113 10
LaVerkin Springs 0.35 12.5 10.24 8 300 9 650 929 109 8
Lower Virgin 0.28 10 8.88 7 200 8 200 73 80 9
Las Vegas Wash 3.128 1105 98.72 80 000 1800 189 208 20
Palo Verde 7.30 258 230.8 187 000 1700 381 420 39
**Energy development

wastewater 3.128 110.5 98.72 80 000 1 800 189 208 20
Total 21.76 768.7 687.4 557 090 4 200 2166 2333 221

* Effect at Imperial Dam on the Colorado River.
** Year 2000 estimates.

The Glenwood-Dotsero Springs Salinity Unit lies
along the Colorado River between Glenwood
Springs and Dotsero in west-central Colorado (fig. 2).
The area is located approximately 260 km (160 mi)
west of Denver and 150 km (90 mi) east of Grand
Junction and includes parts of Garfield and Eagle
Counties. Dotsero lies at the eastern end of the unit.

The Dotsero Springs are presently undeveloped and
some have been disturbed or covered by construc-
tion of Interstate Highway No. 70 (I-70). A cluster of
thermal saline springs are located approximately
4 km (2-1/2 mi) west of the town, just east of the
upstream end of Glenwood Canyon.

At the western end of Glenwood Canyon lies the city
of Glenwood Springs. The second and larger group
of thermal saline springs discharges from the banks
and from the bed of the Colorado River within the
city limits. Some of the larger springs at Glenwood
Springs have been developed for commercial swim-
ming pools and health spas which have made the city
a well-known resort area.

The Colorado River flows approximately 160 km
(100 mi) southwestward from its source in the Rocky

Mountain National Park before entering the study
area. At Dotsero, the Eagle River enters the Colorado
River above the thermal saline spring discharges
(figs. 1 and 3). West of the springs, the Colorado
River enters Glenwood Canyon where it is diverted
through the Shoshone Hydroelectric Plant. At the
mouth of the canyon in the city of Glenwood Springs,
more thermal saline springs discharge into the river.
The confluence of the Roaring Fork River and the
Colorado River is west of the city center. Down-
stream of the Roaring Fork confluence, more thermal
saline springs issue into the Colorado River. From
Glenwood Springs. the river flows westward to
Grand Junction and into Utah.

Specific locations for the Dotsero saline springs are
shown in figure 3. The springs were originally num-
bered by the Bureau in downstream ascending order.
With the addition of new springs and the combining

of old springs by highway construction, this number-

ing system has been somewhat altered.

The group of springs emerging from the ground
above the river level has been affected by highway
construction. When monitoring of the springs by the
Bureau began in 1972, this group consisted of two
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springs, DOT-05 and-06. In 1978, these two springs
were covered by construction of I-70 and later
reemerged as DOT-04, -05, -06, and -07.

Downstream of DOT-07 about 1.6 km (I mi) on the
north bank of the Colorado River is DOT-90. This
spring also occurs at above-river level. Prior to high-
way construction in 1978, this spring existed as
three separate springs: DOT-20, -30, and -40. Since
1978, their outflow has been combined as DOT-90.

Glenwood Springs specific locations are shown in
figure 4. The Glenwood saline springs were also
numbered in downstream ascending order. Springs
on the south bank of the Colorado River were num-
bered independently of those on the north bank.

Glen-10, -20, and 30-40 occur on the south bank of
the Colorado River above the Roaring Fork conflu-
ence. Glen 30-40 is located downstream of both
Glen-20 and a water supply siphon crossing the river.
Glen-30 and -40 were separate springs prior to the
construction involving the siphon. At that time, the
flows from these two springs were combined into a
single culvert now labeled Glen 30-40.

Glen-12,-50, and -60 are located on the north bank
of the river across from the south bank group.
Glen-12 is located directly across the river from
Glen-10. Flow issues from highway fill and riprap a
few feet above the low flow level of the river.

Glen-b60 and -60 are located almost directly across
the river from Glen-20 and 30-40. Gien-50 is the
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discharge from a culvert draining the ““Vapor Caves”
spa downstream of Glen-12. Glen-60 is the overflow
discharge from the large outdoor swimming pool at
the Glenwood Hot Springs Lodge. Glen-70 is the
outflow from the lodge’s swimming pool.

Glen-76, -78, and -80 are located downstream from
the Roaring Fork confluence on the north bank of the
Colorado River. Glen-76, -78, and -80 are not actu-
ally individual springs. They are measuring points for
thermal saline water flowing through culverts under
the Colorado Department of Highways facilities after
being collected in weep drains on the north side of
the highway.

Glen-90 is located downstream of Glen-80 on the
north bank of the river. Glen-90 is a spring used by

a local health spa for medicinal purposes. The spring
is routed from the spa to the river through a culvert.

Glen-100 is also on the north bank of the river down-
stream from Glen-90. Glen-100 is collected under
the highway (I-70) and routed to the river through a
culvert.

DOTSERO SPRINGS WATER

During the period between April 20, 1972, and
November 11, 1979, the UCR-GJPO completed a
sampling and analytical program to characterize the
11 Dotsero springs. Physical properties determined
included pH, temperature, conductivity, total dis-
solved solids, and turbidity. Concentrations of solu-
ble cations and anions determined included calcium,



magnesium, sodium, potassium, bicarbonate,
chloride, and sulfates. Table 2 shows the sampling
periods and number of samples taken. Computer
printouts of the data obtained by GJPO are included
as appendix A of this report.

The mean values of the GJPO data expressed in dif-
ferent measurement units are included in table 3. All
other data in table 3 are from references [2] or [4]
as noted. The data shown in column 4 for DOT-04
came from analyzing one sample and the data shown
in column 12 for DOT-30 came from analyzing and
averaging the results of 21 samples taken on differ-
ent days. A total of 228 water samples were
analyzed to obtain the average values shown in col-
umn 15 of table 3.

Physical Properties

The PIQR (Problem Identification and Quantification
Report) [2] showed all DS springs are located in
Leadville limestone strata. The values of items 1
through 5 of table 3 are plotted on figure 5 for each
spring. The pH ranged from 7.2 to 7.7 and averaged
7.4. Conductivity ranged from 1460 mS/m for
DOT-11 to 1790 mS/m for DOT-07, and averaged
1640 mS/m. Temperature ranged from 23 to
32°C (76 to 93 °F).

Flow rates ranged from 0.0028 m3/s (44.4 gal/min)
for DOT-04, -05, -06, and -07 to 0.0561 m3/s
(808 gal/min) for DOT-09. The combined flow rate
of the 11 identified surface springs was 0.220 m3/s
(3490 gal/min). The contribution of each spring to
total flow is summarized in table 4. Springs No. -04,
-05, -06, and -07 contribute only 4.8 percent of the
total flow. These springs emerge from the bank of
the Colorado River near the area that has been

affected by the construction of I-70. The low flow
of springs No.-04, -05, -06, and -07 can be more
easily visualized by expressing the average flow of
each spring as 0.0028 m3/s (44 gal/min).

The bulk of the flow, 95.2 percent is from seven
identified springs. Springs No.-09,-10,-11, and -90
(fig. 3) contribute 76.2 percent of the flow. Springs
No.-20, -30, and -40 contribute the remaining 19
percent of the flow. Springs No.-20,-30, and-40 are
not indicated on figure 3 because highway construc-
tion since these data were taken has combined
DOT-20, -30, -40, and -90 into a single flume as
DOT-90 outfiow.

Referring to figure 5 and item 4 of table 3, the TDS
{total dissolved solids) range from 8300 mg/L for
DOT-10 to 10 650 mg/L for DOT-04, -05, -06, and
-07. The springs labeled DOT-04, -05, -06, and -07
emerge from a bank above and about 15 m (50 ft)
from the river and can be readily sampled without
dilution by river water. Consequently, the average
concentration of DOT-04, -05, -06, and -07 is more
representative of the salt concentration of the source
aquifer (10 647 mg/L). Where the other springs, par-
ticularly DOT-10 emerge at or below river level,
some mixing of the river water and emerging spring
water had likely occurred before water samples were
taken for analyses. The flow rate weighted average
value of TDS for the 11 springs was 9954 mg/L.

A combined flow of 0.220 m3/s (3490 gal/min) or
6.94 x 108 m¥/yr (6625 acre-ft/yr) was obtained by
adding together the flow rates of each of the 11
identified springs. The flow rate weighted average
TDS content is 9954 mg/L. Therefore, the
combined flow of salt for the 11 identified springs
adds 69 053 metric tons/yr (75 958 tons/yr) of salt
foad to the Colorado River.

Table 2.—Dotsero Springs sampling dates and number of samples

Spring identity

Sample period

Number of
samples analyzed

September 6, 1979 to November 7, 1979 1

DOT-04

DOT-05 May 31, 1972 to November 7, 1979 31
DOT-06 May 31, 1972 to November 11, 1979 31
DOT-07 September 6, 1979 to November 7, 1979 1
DOT-09 August 2, 1972 to November 11, 1979 28
DOT-10 April 20, 1972 to November 9, 1979 32
DOT-11 August 2, 1972 to November 9, 1979 29
DOT-20 April 20, 1972 to March 13, 1979 22
DOT-30 April 20, 1972 to March 13, 1976 21
DOT-40 April 20, 1972 to March 13, 1976 22
DOT-90 August 30, 1972 to November 11, 1979 10




Table 3.—Chemical and physical characteristics of Dotsero Springs water

(1) (2) (3) 4) () (6) (7) (8) (9) (10} (11) (12) {13) (18} (15) (16) (1)
Item Characteristic units Dot 2/ Dot Dot Dot Oot Oot Dot Dot Dot Dot Dot Average RCRA EP 3/ Item
4 S 6 7 9 10 1 20 30 40 90 Vimits”
Samples analyzed 1 31 31 1 28 32 29 22 21 22 10 228
Physical Properties
1 Conductivity mS/m 1790 1770 1 780 1790 1570 1390 1 460 1 690 1670 1670 1730 1 640 1
at 25 °C
2 Flow md/s 0.0028 0.0028 0.0028 0.0028 0.051 0.031 0.040 0.011 0.011 0.020 0.045 4/ 0.220 2
3 pH - 7.7 7.6 7.6 7.5 7.2 7.5 7.4 7.3 7.2 7.2 7.4 T 7.4 3
4 T05 (total dis- mg/L 10 652 10 667 10 600 10 667 9 200 8 300 9 557 10 143 9 570 9 950 10 235 7/ 9 954 4
solved
solids) 3/ 5
5 Temper ature ‘C 23 26 26 32 32 29 3 32 32 32 32 5/ 32 6
6 Total suspended mg/L 15 6 5/ 15
solids - 7
7 Turbidity wTu 1.9 0.21 5/ 1.9 8
8  Water bearing L. 6/ Tt o6/
unit -
Major Constituents
9
9 Alkalinity mg/L 340 345 320 371 344
CaC03 as 10
CaC03 1
10 Calcium mg/L 301 251 239 250 255 254 253 259 258 252 253 7/ 254 12
11 Chloride mg/L 5 936 5 766 5 837 5 825 4937 4 412 4 640 5 607 S 537 5 486 5 604 7/ 5073 13
12 Bicarbonate mg/L 407 373 369 392 413 357 378 443 442 442 445 7/ 410 14
13 Magnesium mg/L 63 59 55 53 56 54 54 61 60 61 64 7/ 58 15
14 Potassium mg/L 57 63 68 57 38 35 a7 .4 44 43 53 7/ a2 16
15 Silica mg/L 15 13 13 13 T 135 17
16 Sodium mg/L 3 397 3 740 372 3724 3183 2 843 2 703 3610 35677 3538 3 562 7/ 3 204
17 Sulfate mg/L 646 533 517 522 519 567 540 519 504 505 475 7/ 520
Trace Metals 1/ [2]
18 Aluminum mg/L 0.100 0.1 18
19 Antimony mg/L 0.010 0.011 0.01 19
20 Arsenic mg/L  0.008 0.002 0.005 5.0 20
21 Bar jum mg/L 1/ 0.05 [4] 100.0 21
22 Boron mg/L T/ 0.07 [4] 22
23 Cadmium mg/L 0.010 0 0.010 0.002 0.001 1.0 23
24 Chromium mg/L 0.020 <0.010 <0.060 0.03 5.0 24
25 Cobalt mg/L <0.060 <0.060 <0.060 <0.060 25
26 Copper mg/L  0.040 0.040 <0.012 0.031 26
27 Fluoride mg/L 0.7 0.3 0.4 0.6 0.5 27
28 Gallium mg/L <0.030 <0.03 28
29 Germanium mg /L <0.100 <0.1 29
30 lodide mg/L <0.01 <0.01 30
3l Iron mg/L 1.90 0.010 0.070 0.030 0.503 31
32 Lead mg/L <0.005 <0.005 <0.060 <0.023 5.0 2
33 Lithium mg/L 0.080 0.100 0.09 3
34 Manganese mg/L 0.050 0.020 0.035 34
35 Mercury mg/L <0.0001 0 <0.0001 0.0001 0.0001 0.2 35
36 Nickel mg/L  <0.05 <0.05 <0.060 <0.053 36
3 Selenium mg/L <0.005 0 0 <0.005 1.0 37
8 Silver mg/L <0.020 <0.020 <0.006 <0.015 5.0 38
39 Strontium mg/L 2.600 2.600 39
40 Tin mg/L <0.085 <0.085 40
41 Titanium mg/L <0.030 <0.030 41
42 Uranium mg/L 0.003 0.003 42
43 Vanadium mg/L <0.030 <0.030 43
44 Zinc mg/L 0,040 0.010 0.040 0.010 0.025 a4
45 Zirconium mg/L <0.100 <0.100 45
Trace Anions 1/ (2]
46 Ammoni a mg/L <0.2 0.2 46
47 Nitrite mg/L <0.05 <0.05 47
48 Nitrate mg/L <0.05 <0.05 48
49 Nitrogen mg/L 0.09 0.06 0.075 49
50 Orthophosphate mg/L 0.02 0.02 50
51 Total phosphate mg/L 0.06 0.06 51
Radioactivity 1/ (2]
52 Gross alpha pCi/L 41 + 35 42 + 27 44 + 31 52
53 Gross beta pCi/L 33 * 44 39 F R 36 % 38 53
54 Total Ra pCi/L 10*7 10+7 54
55 228 Ra pLi/L 2.8§+5 2.8+ 5 55
56 40 K pCi/L 5.7 5.77 56
57 90 Sr pCi/L 0.0 + 0.08 0 57
58 210 Bi pCi/L 1.7%1.6 1.7+1.6 58
59 210 Po pCi/L 3.4%2.1 4% 2.1 59
Organic Compounds 1/ [4]
60 Total organics mg/L 17 3 (4] 60
Pesticide:
61 Endrin mg/L 8/ <0.0002 <€0.0002 0.02 61
62 Lindano mg/L B/ <0.004 <0.0004 0.04 62
63 Methoxychlor  mg/L B/ <0.10 <0.10 10.0 63
64 Toxaphene mg/L B/ <0.005 <0.005 0.5 64
Herbicide:
65 2,4-D mg/L 8/ <0.10 <0.01 10.0 65
66 2,4-5 TP mg/L B/ <0.01 <0.01 1.0 66
(Silvex)

1/ A1l data provided by Upper Colorado Region for water samples taken April 20, 1972 through November 7, 1979 except as noted from references [2] and [4].
7/ Number assigned to identified spring, E

3/ The EP {extractable product) toxicity limits are for a 20:1 water extract of a solid waste.

¥/ Summation of flow rate for 11 springs.

T/ Maximum measured values.

%/ A1l identified Dotsero Springs are located in Leadville limestone.

7/ Flow rate weighted averages.

T/ Analysis previously not reported.

3/ TDS by evaporation at 105 *C to comstant weight.
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Figure 5.-Physical properties of Dotsero spring waters.




Table 4. —Contribution of each Dotsero spring to the

total flow

Spring Flow Flow Percent

No. m3/s ft3/s flow
04 0.0028 0.099 1.2
05 0.0028 0.099 1.2
06 0.0028 0.099 1.2
07 0.0028 0.099 1.2
09 0.051 1.801 23.2
10 0.031 1.095 14.1
11 0.040 1.413 18.4
20 0.010 0.3563 4.6
30 0.011 0.388 5.0
40 0.020 0.706 94
90 0.045 1.689 20.5
All 0.220 7.769 100.0

Major Constituents

ltems 10 through 17 of table 3 are the average
values for soluble salt cations and anions. Dissolved
cation concentrations of each of the 11 identified
springs are plotted in figure 6 and anion concentra-
tions are plotted as figure 7. Cation and anion con-
centrations generally relate to three groupings of
springs. The three groups include springs numbered
DOT-04, -05, -06, and -07; DOT-09, -10, and -11;
and DOT-20, -30.-40, and -90, and were designated
groups |, Il, and lii, respectively. The TDS values for
groups | and Il were all above the average value
while TDS values for group |l were all below the aver-
age value of 9954 mg/L. Likewise, referring to fig-
ures 6 and 7, concentrations of sodium, magnesium,
potassium, and chloride for groups | and Ill were
above the values for group Il. it is suspected that
water from the spring sources for No.-09, -10, and
-11 bhad been diluted by Colorado River water prior
to collection at the points of sampling. Sulfate con-
centrations confirmed the grouping of springs;
however, all concentrations were equally distributed
around a flow rate weighted average of 520 mg/L.
The grouping pattern was evident in the calcium and
bicarbonate concentrations but the dilution effect
was not evident. Because of the complex water
chemistry between calcium, bicarbonate, and car-
bonate ions, the dilution effect was not expected to
be discernible.

DS water had an average calcium concentration of
260 mg/L (12.96 meqg/L). Based on a bicarbonate
concentration of 410 mg/L (6.7 meq/L), 135 mg/L
or 52 percent of the calcium was in the form of tem-
porary hardness. Calcium could be reduced to
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125 mg/L, bicarbonate could be reduced to 0 mg/L,
and TDS could be reduced from 995654 to
9415 mg/L by neutralization with lime (calcium
hydroxide). The remaining 125 mg/L of calcium was
in solution with chloride ion and could be precipi-
tated by treatment with soda ash (sodium carbonate)
or ion exchange. Either process would increase TDS
back to 9432 mg/L due to displacement of calcium
ion from solution by sodium ion. Any further reduc-
tion in TDS would require desalting by evaporation,
reverse osmosis, or electrodialysis.

Trace Metals

items 18 through 45 of table 3 show the soluble

"trace metal cations found in DS water. All the aver-

age values in column 15 were less than 0.1 mg/L
except for aluminum, fluoride, iron, and strontium.
The concentrations of aluminum, fluoride, iron, and
strontium were 0.1, 0.5, 0.5603, and 2.6 mg/L.
respectively. These concentrations are low when
compared to most typical natural spring water anal-
yses. In fact, DS water meets toxicity limits for drink-
ing water. Soluble trace metals are compared to
drinking water toxicity limits in table 5. All trace
metals are lower than limits. Also, nitrate, pesticide,
and herbicide values do not exceed limits.

Trace Anions

Except for ammonia with a concentration of
0.2 mg/L, trace anions (items 46 through 51 of table
3) showed concentrations of less than 0.1 mg/L.
These anion concentrations are typical of natural
spring water.

Radioactivity

Some of the radioactive constituents of DS water
including alpha, beta, radium, and strontium, are
shown as items 52, 53, 54, and 57, respectively, in
tables 3 and 6. The gross alpha radioactivity was esti-
mated as 22 mrem/yr, and the gross beta radioac-
tivity as 18 mrem/yr. Both are well below the Federal
Occupational Guide Limits [8] of 5000 mrem/yr.
The raw DS water contains 44 pCi/L of gross alpha,
36 pCi/L of gross beta, 2.8 pCi/L of total radium,
and 0 pCi/L of total strontium 90. The radioactivity
limits for drinking water for these items are 15, 60,
5, and 8 pCi/L, respectively.

Although the gross alpha radioactivity of the raw
water exceeds the drinking water limits, the water
could be used as a source of drinking water. The
treatment necessary to reduce Dotsero’s TDS (total
dissolved solids) concentration from 10 000 mg/Lin
the raw water to the 500 mg/L TDS drinking water
limit would also remove about 95 percent of the
radioactivity from the water.
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Table 5.—Toxicity levels of raw DS water compared to drinking water standards

Table 1 Drinking water
Parameter Units column (15) toxicity limits [7]
values
Arsenic mg/L 0.005 0.05
Barium mg/L 0.05 1.0
Cadmium mg/L 0.001 0.010
Chromium mg/L 0.03 0.05
Fluoride mg/L 0.5 24
Mercury mg/L 0.0001 0.002
Nitrates as N mg/L <0.05 10
Selenium mg/L <0.005 0.01
Silver mg/L <0.015 0.05
Endrin mg/L <0.0002 0.0002
Lindane mg/L <0.004 0.004
Methoxychlor mg/L <0.1 0.1
Toxaphene mg/L <0.005 0.005
24-D mg/L <0.1 0.1
2,4-5 TP (Silvex) mg/L <0.01 0.01
Table 6.—DS water radioactivity data and guide limits
Federal Drinking
Activity Estimated Occupational water
pCi/L yield Guide limits
mrem/yr Limits [8] pCi/L
mrem/yr
Gross alpha 44 22 5000 15
Gross beta 36 18 5000 50
Radium 226 and 228 28 - - 5
Strontium 90 0 — - 8

Disposal of DS water by evaporation ponding would
result in increased radiation exposure to the environ-
ment. Assuming complete water evaporation, the
salt and radioactivity in the raw water would be con-
centrated 99 times. If the gross alpha radioactivity
concentration in the raw water was 44 pCi/L and if
this radioactivity were increased 99 times in the dry
salt, then the estimated accumulated body radiation
exposure could reach 2180 mrem/yr. This exposure
is still below the Federal Occupational Guide Limits
of 5000 mrem/yr.

RCRA Considerations

The “Salinity Investigation of Glenwood-Dotsero
Springs Unit Phase | Report” [b] proposed various
plans for removing approximately 200 000 metric
tons/yr (220 000 tons/yr) of salt from the Colorado
River Basin. Some of these schemes would isolate
and store essentially anhydrous salt from various
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water evaporation processes. Other schemes would
involve lime neutralization of the bicarbonate
content of the water with subsequent precipitation,
isolation, and storage of calcium carbonate sludge.
Since isolation of salts and sludges from DS water
would greatly concentrate the toxic metals present
in the raw spring water, consideration was given to
the potential generation and storage of hazaradous
waste covered by RCRA regulations.

The RCRA criteria for hazardous waste classification
are compared in table 7 with pollutants that would
be present in DS lime treatment sludges. Based on
the bicarbonate content of 410 mg/L, partial lime
treatment of DS water would precipitate 672 mg/L
of calcium carbonate. For every 1000 parts of raw
water processed, 1.12 parts of dewatered (60 per-
cent solids) calcium carbonate sludge would result.
Assuming all toxic materials coprecipitate with the
calcium carbonate, they would concentrate



1000/1.12 or 893 times in the sludge. The EP (ex-
tractable product) toxicity limits in column 3 (table
7) are for a 20:1 water extract of a solid waste.
Therefore, column 4 (table 7) for EP toxicity was
derived by multiplying the values for the items in col-
umn 15 (table 1) by 893/20 or 44.7. All the values
in column 4 (table 7) are well below the maximum
RCRA limits. Consequently, calcium carbonate
sludges recovered from lime treatment of DS water
will not need to be stored or transported asan RCRA
hazardous waste.

DS raw water contains an average TDS concentra-
tion of 9954 mg/L or approximately
10 g/1000 mL. The toxic materials in the raw water
would be concentrated 1000/10 or 100 times in
the 63 000 metric tons/yr (69 000 tons/yr) of dried
salt recoverable from DS water. Isolation of all the
TDS as 9954 mg/L of dried salt would concentrate
toxic materials less than precipitation of only the
dissolved 254 mg/L of calcium associated with
dissolved bicarbonate as calcium carbonate. Conse-
quently, calcium carbonate sludges and dried salts
would not concentrate EP toxicity sufficiently to be
classified as hazardous waste.

GLENWOOD SPRINGS WATER

From April 20, 1972, to November 7, 1979, the
UCR-GJPO completed a sampling and analysis pro-
gram to characterize the 15 Glenwood springs.

Physical properties determined included pH, temper-
ature, conductivity, TDS, and turbidity. Concentra-
tions of soluble cations and anions were determined
for calcium, magnesium, sodium, potassium,
bicarbonate, chloride, and sulfate. Table 8 shows the
sampling period and number of samples analyzed for
each spring.

The mean values expressed in different measure-
ment units are included in table 9. All other data in
table 9 are from references [2] and [4]. The data
shown are for the 15 identified springs although the
average values shown in column 19 of table 9 were
calculated from only 14 of these. The values for
spring Glen-115 were not used.

Physical Properties

The PIQR [2] showed all GS springs are located in
Leadville limestone strata. The values of items 1
through 5 are plotted on figure 8 for each spring.
The pH ranged from 6.6 to 7.6 and averaged 7.0.
Conductivity ranged from 2440 mS/m for Glen-80
to 3260 mS/m for Glen-90 and averaged
2870 mS/m. Temperature ranged 25 to 51 °C
(77 °F to 124 °F).

Continuing to refer to figure 8 and item 2 (table 9),
the flow rate ranged from 0.0028 m3/s
{(44.4 gal/min) for Glen-30, -60, -76, and -78 to
0.096 m3/s (1522 gal/min) for Glen-70. The

Table 7.—Comparison of DS sludge and dried salt
with RCRA maximum limits

(1) (2) (3) 4)

Table 2 RCRA hazardous Pretreatment
item Parameter waste criteria [9] sludge
(20:1 extract) (20:1 extract)

EP inorganic Toxicity {max. conc.), mg/L

20 Arsenic 5.0 0.22

21 Barium 100.0 2.2

23 Cadmium 1.0 0.045

24 Chromium 5.0 1.3

32 Lead 5.0 <1.0

35 Mercury 0.2 0.005%

37 Selenium 1.0 <0.2

38 Silver 5.0 <0.7
EP Organic Toxicity (max. conc.), mg/L

61 Endrin 0.02 <0.009

62 Lindane 0.04 <0.02

63 Methoxychlor 10.0 <4.5

64 Toxaphene 0.5 <0.2

65 2,4-D 10.0 <0.456

66 245TP 1.0 <3.45
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Table 8.—Glenwood Springs sampling dates and number of samples

Spring identity

Sample period

Number of
samples analyzed

Glen-10 April 20, 1972 to November 7, 1979 32
Glen-12 December 15, 1978 to November 7, 1979 4
Glen-20 April 22,1972 to November 7, 1979 19
Glen-30 April 20, 1972 to February 23, 1977 23
Glen40 April 20, 1972 to February 23, 1977 23
Glen-30 & -40 September 29, 1977 to November 7, 1979 7
Glen-50 April 21, 1972 to November 7, 1979 32
Glen-60 April 21, 1972 to November 7, 1979 32
Glen-70 April 21, 1972 to November 6, 1979 33
Glen-76 June 17, 1976 to November 6, 1979 19
Glen-78 September 7, 1979 to November 6, 1979 1
Glen-80 April 21, 1972 to November 6, 1979 28
Glen-90 April 21, 1972 to November 6, 1979 32
Glen-100 April 21, 1972 to November 6, 1979 31
Glen-115 April 20, 1972 to August 7, 1978 26

combined flow rate of the 14 identified springs was
0.296 m3/s (4692 gal/min). The contribution of
each spring to total flow has been summarized in
table 10. Springs No. 60 and 70 contributed
61.2 percent of the total flow. Glen-70 is located on
the right bank, and Glen-60 is located on the left
bank of the Colorado River above the Roaring Fork
confluence (fig. 4). Springs No. 30, 50, 76, and 78
are very slow flows and contribute only 4 percent to
the total flows. Springs No. 10, 12, 20, 40, 30-40,
80, 90, 100, and 115 contribute the remaining
34.8 percent of the flow.

Referring to figure 8 and item 4 (table 9), the TDS
ranged from 16 700 mg/L for Glen-70 and -80 to
21 800 mg/L for Glen-90. The other springs ranged
in concentration from 18 100 to 20 200 mg/L. The
flow rate weighted average value of TDS for 14 iden-
tified springs was 18 780 mg/L. Spring No. 115
emerged in the river and samples apparently were
highly diluted with river water. Consequently, the
TDS values and other values for spring No. 115 were
not included in the average for the other 14 springs.

A combined flow of 0.296 m3/s (4692 gal/min) or
9.34 x 108 m®/yr (7570 acre-ft/yr) emerged from
the 14 identified Glenwood springs and mixed with
the Colorado River water. The flow rate weighted
average TDS content was 18 780 mg/L or
0.0187 metric ton/m3(0.00583 ton/ft3). Therefore,
the combined flow of the 14 identified springs adds
174 700 metric tons/yr (192 170 tons/yr) of salt
load to the Colorado River.
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Major Constituents

Items 10 through 17 of table 9 are the average
values for soluble salt cations and anions. Dissolved
cation concentration of each of the 14 identified
springs is plotted as figure 9, and anion concentra-
tions are plotted as figure 10. Cation and anion con-
centrations do not relate to any spring location
grouping as was the case of the Dotsero Springs. The
flow weighted averages for all the spring flows are
randomly distributed around the average values of
springs Glen-60 and -70, which are apparent from
examination of figures 9 and 10 and table 11.

GS water has an average calcium concentration of
470 mg/L. Based on a bicarbonate concentration of
706 mg/L. 49 percent of the calcium (232 mg/L) is
in the form of temporary hardness. Calcium could be
reduced to 238 mg/L, bicarbonate could be
reduced to 0 mg/L, and TDS could be reduced from
18 780 mg/L to 17 836 mg/L by neutralization
with lime. The remaining 238 mg/L of calcium in
solution with chloride could be removed from solu-
tion by treatment with soda ash or ion exchange.
Either process would increase TDS to 17 876 mg/L
due to substitution for calcium in solution by sodium
jon. Any further reduction in TDS would require
desalting by evaporation, reverse osmosis, or
electrodialysis.

Trace Metals

Items 18 through 45 of table 9 are the soluble trace
metal cations found in GS water. All the average



Table 9.—Chemical and physical characteristics of Glenwood Springs water®

(1) 2y (3) (4) (s) (6) (7) (8) (9) (10) (11} {12} (13} (14} (15) (16) (17) (18) (19) {20} (1)
Item Characteristic tits Glen 2/ Glen Glen Glen Glen Glen Glen Glen Glen Glen Glen Gten Glen Glen Glen 3/ Average RCRA £P 4/ Item
10 12 20 30 40 30-40 50 60 70 76 78 80 90 100 1s Vimits —
Samples Analyzed 2 4 19 23 23 7 32 32 33 19 1 28 32 3l 26 316
Physical Properties
1 Condu;;ivéty mS/m 3 040 3 060 2 820 2 840 2 850 2 820 2 890 2 940 2 640 2 830 2 780 2 440 3260 2970 140 8/ 2 870 1
at 25 ° -
2 Flow m3/s 0.011 0.0084 0.022 0.0028 0.0057 0.0020 0.0028 0.085 0.096 0,0028 0.0028 0.0057 0.0085 0.018 0.0085 5/ 0.29 2
3 pH - N .6 . . 7.1 . . 6.6 7.2 7.3 6.7 7.4 7.0 6.8 7.6 . 3
4 TDS (total dis- mg/L 18 932 19 600 18 114 18 116 18 350 18 283 18 224 19 354 16 674 20 233 18 567 16 670 21 847 19 952 778 18 780 4
solved
solids) 10/ 28 41 38 46 6/ 51 5
5 Temperature °c 50 49 s1 51 50 51 50 50 36 27 25 5 5/ 18 6
6 Total suspended mg/L 12 18 -
solids 0.9 6/ 0.96 7
7 Turbidity NTU 0.96 0,30 ° “uwy 8
8 Water bearing L 7/ -
unit
Major Constituents
2 485 620 $
9 Alkalinity as mg/t 632 611 617 610 632 583 769 720 8.7 8/ 470 10
CaC03 8227 11167 10 204 218 B/ 9 900 1
10 Calctum mg/L 4638 477 448 455 5 442 443 494 419 713 670 499 711 711 298 B/ 706 12
11 Chloride mg/L 10 357 10 646 9 895 9 890 9 955 9 842 9 822 10 904 9 064 10 460 9 240 118 139 133 1.40 B/ 9l 13
12 Bicarbonate mg/L 764 772 725 703 683 706 700 750 646 630 720 140 188 167 7.1 B/ 169 14
13 Magnes ium mg/L 85 86 83 83 83 78 73 82 78 136 119 4.1 T 15
14 Potassium mg/L 185 200 163 162 164 156 160 162 151 167 201 s 217 7 260 6 646 286 8/ 6 458 16
15 Silica mg/L 29 30 27 28 29 1 629 2142 19% 101 /120 17
16 Sodium mg/L 6 550 6 900 6 329 6 434 & 461 6171 6 406 6 629 5 860 6 782 6 031
17 Sulfate mg/L 1088 1191 1 069 1153 1136 1319 1119 1 146 1 052 1977 1772
Trace Metals 1/ [2]
18 Alumi num mg/L 0.650 0.500 0.235 0.075 0.46 18
19 Ant.imony mg/L 0.02 0.046 <0.005 0.033 19
20 Arsenic mg/L 0.002 0.017 0.002 0.02 5.0 20
21 Barium mg/L 1/ 0.12 [4] 100.0 21
22 Boron mg/L T7 0.9 (&) 22
23 Cadmium mg/L o <0.010 0 0.010 0.001 - 0.0l 1.0 23
24 Chromium mg/L <0.080 0.050 0.06 0.033 0.067 5.0 24
25 Cobalt mg/L <0.0%0 0.080 0.055 0,033 0.075 25
26 Copper mg/L <0.020 0.040 0.050 0.023 0.037 26
27 Fluoride mg/L 2.2 .1 2.2 1.9 2.35 3.7 2.2 27
28 Gallium mg/L <0.040 0.040 <0.050 €0.003 0.043 28
29 German tum mg/L <0.0%0 0.090 <0.100 <0,005 0.093 29
30 lodide mg/L 0.01 0.155 0.01 0.083 30
3 Iron mg/L 0.030 0.030 0.070 0.080 0.059 0.16 0.054 31
32 Lead mg/L <0.0%0 0.048 0.053 <0.005 0.064 5.0 R»
33 Lithium mg/L 0.800 0.830 0.670 0.85 0.150 .78 3
34 Manganese mg/L 0.075 0.070 0.064 0.070 0.080 0.053 .072 34
35 Mercury mg/L <0.0001 O <0.0001 <0.0001 +<0.0001 0.2 35
36 Nickel mg/L <0.090 0.075 0.055 0.028 0.073 k]
37 Selenium mg/L 0.011 0 0.013 <0.005 0.012 7
38 Silver mg/L <0.00% 0.015 0.015 <0.020 0.013 1.0 38
39 Stront ium mg/L 9.2 0.220 9.2 5.0 39
40 Tin mg/L <0.0%0 <0.090 <0.150 <0.005 <0.11 40
41 Titanium mg/L <0.040 <0.040 <0.050 <0.003 <0.043 41
42 Uranium mg/L 0.006 .006 <0.001 0.006 42
43 Vanadium mg/L <0.040 <0.040 <0.050 €0.005 <0.043 43
44 Zinc mg/L 0.010 0.035 0.020 0.030 0.007 0.024 44
45 Zirconium mg/L <0.140 <0.140 <0.200 <0.008 <0.14 45
Trace Anions 1/ [2]
46 Ammonia mg/L 0.5 0.9 0.3 0.7 46
47 Nitrite mg/L <0.05 <0.05 <0.05 0.05 47
18 Nitrate mg/L <0.05 0.09 €0.05 0.07 48
49 Nitrogen mg/L 0.01 0.01 0.07 0.1 0.01 0.06 0.02 49
50 Orthophosphate mg/L 0.04 0.03 0.03 0.03 0.04 0.01 0.034 50
51 Total phosphate mg/L 0.12 0.09 0.09 0.09 0.12 0.04 0.10 51
Radicactivity 1/ [2]
§2  Gross alpha pCi/L 85 + 61 116 + 66 100+ 113 4+3 100 + 80 52
53 Gross beta pCi/t 1327+ 76 195+ 79 350 * 140 8% 12 226 + 98 53
54 Total Ra pCi/L 28 +6 68 +77 24 + 4 +6 54
55 226 Ra pCi/L 2875 28+5 9.00+3.1 1.2+0.17 22%24 55
56 228 Ra pCi/t 18%3 4075 15 474 0.65 + 0.62 24+ 4 56
57 Total K pCi/L 1407 140 140 140 57
58 40 K pCi/L 120 120 120 120 58
59 90 Sr pCi/t 0.4 +0.8 4407 0.4 +0.8 N1 59
60 210 Bi pCi/L 1.1+ 2.2 <1.37+ 1.6 0.8% 1.7 Nil 60
61 210 P pCi/L 0.1 #73.1 2.0 0.5% 2.0 N1 61
Organic Compounds 1/ [4]
62 Total organics mg/L 173 (4] 62
Pesticide:
63 Endrin mg/L 9/ <0.0002 <0.0002 0,02 63
64 Lindene mg/L 3/ <0.004 <0.0004 0.4 64
65 Methoxychlor mg/L 9/ <0.10 <0.10 10.0 65
66 Toxaphene mg/L 9/ <0.005 €0.005 0.5 66
Herbicide:
67 2,4-D mg/L 9/ <0.10 <0.10 10.0 67
68 2,4-5 TP mg/L 3/ <0.01 <0.01 1.0 68
(Sitvex)

1/ A1 data provided by Upper Colorado Region for water samples taken April 10, 1972 through November 7, 1979, except as noted for references [2] and [4].

7/ Number assigned to identified spring.

3/ Physical properties and major constituents not included in column (19).
/ The EP (extractable product) toxicity limits are for & 20:1 water extract of a solid waste.

T/ Summation of flow rate for 15 springs.
B/ Maximum measured values.

7/ A1l identified Glenwood springs are located in Leadville )imestone.

B/ Flow rate weighted averages.
3/ Analysis previously not reported.
T0/ TDS by evaporation at 105 *C to constant weight.
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Figure 8.-Physical propertes of Glenwood spring waters.
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Table 10.—Contribution of each Glenwood Spring to
the total flow

Spring Flow Flow Percent
No. m3/s 3 /s flow
10 0.011 0.389 3.7
12 0.0084 0.297 2.8
20 0.022 0.777 7.4
30 0.0028 0.099 1.0
40 0.0057 0.201 1.9

30-40 0.020 0.707 6.8
50 0.0028 0.099 1.0
60 0.085 3.003 '28.8
70 0.096 3.391 324
76 0.0028 0.099 1.0
78 0.0028 0.099 1.0
80 0.0057 0.201 1.9
90 0.0085 0.300 2.8

100 0.014 0.495 47

115! 0.0085 0.300 28

All 0.296 10.457 100.0

1 Spring No. 115 is highly diluted with river water.

values in column 19 are less than 0.1 mg/L except
for aluminum, barium, boron, fluoride, lithium, stron-
tium, and zirconium. Zirconium concentration is
suspected to be less than 0.1 mg/L but was
detected at an analytical precision of less than
0.14 mg/L. These cation concentrations are low
when compared to most typical natural spring water
analyses. The GS water exceeds or approches drink-
ing water toxicity limits for cadmium, chromium,
fluoride, and selenium. However, this would not
exclude processing GS water into drinking water. To
meet drinking water standards for TDS limits, GS
water will require considerable pretreatment and
desalting. Lime-soda ash or lime-ion exchange fol-
lowed by reverse osmosis or electrodialysis would
produce water with cadmium, chromium, fluoride,
mercury, and selenium well below drinking water
toxicity limits (table 12).

Trace Anions

Except for ammonia with a concentration of
0.7 mg/L. trace anions, items 46 through 51 of table
9, are at concentrations of 0.1 mg/L or less. These
anion concentrations are typical of natural spring
water.

Radioactivity

Some of the radioactive constituents of GS water,
including alpha, beta, radium, and stontium, are

19

shown as items 52, 53, 54, and 59 of table 9 and
in table 13. The gross alpha radioactivity was esti-
mated as 50 mrem/yr, and the gross beta radioac-
tivity as 112 mrem/yr. Both are well below the
Federal Occupational Guide Limits [8] of
5000 mrem/yr. The raw GS water contains
100 pCi/L of gross alpha, 226 pCi/L of gross beta,
400 pCi/L of total radium, and a nil amount of stron-
tium 90. The radioactivity limits for drinking water
for these items are 15, 50, 5, and 8 pCi/L,
respectively.

Although the gross alpha, gross beta, and radium
radioactivity exceed the drinking water limits, the
water could be used as a source of drinking water.
The treatment necessary to reduce Glenwood’'s TDS
concentration from 20 000 mg/L in the raw water
to the 500 mg/L TDS drinking water limit would also
remove about 97.5 percent of the radioactivity from
the water.

Disposal of GS water by evaporation ponding would
result in an increased radiation exposure to the envi-
ronment. Assuming complete water evaporation, the
salt and radioactivity concentration in the raw water
would be concentrated 49 times. If the gross alpha
radioactivity concentration in the raw water was
100 pCi/L and the gross beta concentration was
226 pCi/L, and if these were radioactivities
increased 49 times in the dry salt, then the estimated
accumulated body radiation exposure could reach
2450 mrem/yr for gross alpha and 5490 mrem/yr
for gross beta. Dry salt produced directly from raw
GS water could exceed Federal Occupational Guide
Limits of 5000 mrem/yr for gross beta radioactivity.

RCRA Considerations

The “Salinity Investigation of Glenwood-Dotsero
Springs Unit Phase | Report” [b] proposed various
plans for removing approximately 180 000 metric
tons/yr (198 000 t/yr) of salt from the Colorado
River Basin. Some of these schemes would isolate
and store essentially anhydrous salt from various
water evaporation processes. Other schemes would
involve lime neutralization of the bicarbonate
content of the water with subsequent precipitation,
isolation, and storage of calcium carbonate sludge.
Isolation of salts and sludges from GS water would
greatly concentrate the toxic metals present in the
raw springs water. Handling and storage of these
salts and sludges require consideration be given to
generation and storage of hazardous waste covered
by RCRA regulations.

The RCRA maximum criteria for hazardous waste
classifications are compared in table 14 with pollu-
tants that would be present in GS lime treatment
sludges. Based on the bicarbonate content of
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Figure 9.-Dissolved cation concentration of Glenwood spring waters.

706 mg/L, partial lime treatment of GS water would
precipitate 1170 mg/L of calcium carbonate. For
every 1000 parts of raw water processed, 1.95
parts of dewatered {60 percent solids) calcium car-
bonate sludge would result. Assuming all toxic
materials coprecipitate with the calcium carbonate,
they would concentrate 1000/1.95 or 513 times in
the sludge. The EP {extractable product) toxicity lim-
its in column 3 (table 14)are fora 20:1 water extract
of a solid waste. Therefore, column 4 (table 14) for
EP toxicity was derived by multiplying the values for
the items in column 19 (table 8) by 513/20 or 25.7.
All the values in column 4 (table 14) are well below
the maximum RCRA limits in column 3 (table 14).
Consequently, calcium carbonate sludges recovered
from lime treatment of GS water would not need to
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be stored or transported as an RCRA hazardous
waste.

GS raw water contains an average TDS concentra-
tion of 18 780 mg/L or approximately
20 g/1000 mL. If the TDS in GS water were iso-
lated, approximately 174 700 metric tons/yr
(192 170 t/yr) of dried salt would result, and the
toxic materials in the raw water would be concen-
trated 1000/20 or 50 times. Isolation of all the TDS
as 18 780 mg/L of dried salt would concentrate
toxic materials less than precipitation of only the
dissolved 470 mg/L of calcium associated with
dissolved bicarbonate as calcium carbonate. Conse-
quently, calcium carbonate sludges and dried salts
are not RCRA hazardous waste.
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Table 11.—Flow weighted average values for major constituents, Glenwood Springs

Flow

Parameter Units Spring Spring weighted

Glen-60 Glen-70 average
Calcium mg/L 494 494 470
Chloride mag/L 10 904 9 064 9 900
Bicarbonate mg/L 750 646 706
Magnesium mg/L 82 78 91
Potassium mg/L 162 151 169
Sodium mg/L 6 629 5 860 6 458
Sulfate mg/L 1146 1052 1200

21




Table 12.—Toxicity levels of raw GS water compared to drinking water standards

Table 9 Drinking water
Parameter Units column (19) toxicity limits {7]
values
Arsenic mg/L 0.02 0.05
Barium mg/L 0.12 1.0
Cadmium mg/L 0.01 0.010
Chromium mg/L 0.067 0.05
Fluoride mg/L 2.2 24
Mercury mg/L <0.0001 0.002
Nitrates as N mg/L 0.07 10
Selenium mg/L 0.012 0.01
Silver mg/L 0.013 0.05
Endrin mg/L <0.0002 0.0002
Lindane mg/L <0.004 0.004
Methoxychlor mg/L <0.1 0.1
Toxaphene mg/L <0.005 0.005
24-D mg/L <0.1 0.1
2,4-5 TP (Silvex) mg/L <0.01 0.01

Table 13.-GS water radioactivity data and guide limits

Federal Drinking

Activity Estimated Occupational water

pCi/L yield Guide limits

mrem/yr Limits pCi/L

mrem/yr

Gross alpha 100 50 5000 15
Gross beta 226 112 5000 50
Radium 226 and 228 40 —_ —_ 5
Strontium 90 nil — — 8
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Table 14.—Comparison of GS sludge and dried salt
with RCRA maximum limits

(1)
Table 6
item

(2)

Parameter

{3) (4)
RCRA hazardous Pretreatment
waste criteria [9] sludge

{20:1 extract)

(20:1 extract)

EP Inorganic Toxicity (max. conc.}, mg/L

20 Arsenic 5.0 0.5
21 Barium 100.0 3.1
23 Cadmium 1.0 0.3
24 Chromium 5.0 1.7
32 Lead 5.0 1.6
35 Mercury 0.2 <0.003
37 Selenium 10 0.3
38 Silver 5.0 0.3
EP Organic Toxicity (max. conc.}, mg/L
63 Endrin 0.02 <0.005
64 Lindane 0.04 <0.01
65 Methoxychlor 10.0 <2.6
66 Toxaphene 05 <0.13
67 2,4-D 10.0 <2.6
68 24-5TP 1.0 <0.3
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312 73 T.R0 T4, 17900, .0 10700, o? 12,50 4,80 165,00 1.10 0.00 6,36 168.00 10,70
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