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INTRODUCTION

The Colorado River drains a total of 663 000 km2

(256 000 mi2) in the United States and Mexico and
carries a salinity burden that has historically averaged
about 10 x 106 t (11 x 106 tons) annually. A number
of sources contribute to this high salinity level. Ap­
proximately half of the present salt concentration in
the Colorado River is man-induced (i.e., irrigation re­
turn flow, reservoir evaporation, exports of water,
municipal and industrial consumption, or contami­
nation), and the other half is due to natural sources
(i.e., direct salt loading from natural springs and
weathering of mineral-bearing rocks.

At its headwaters in the mountains of north-central
Colorado, the Colorado River has a salinity of only
about 50 mg/L. However, the salinity progressively
increases downstream as a result of water diversions
and salt contributions from a variety of sources. In
1977, salinity averaged about 820 mg/l at Imperial
Dam, the last major diversion point in the United
States. Unless control measures are taken, concen­
tration will continue to increase, reaching levels, es­
timated by the USBR, of 1150 to 1210 mg/l at
Imperial Dam by the year 2000 [1].* Water of 1000
mg/l or less salinity is generally considered to be
satisfactory for irrigating most crops, although con­
centrations of 500 mg/l can have detrimental ef­
fects on salt-sensitive crops. The U.S. Public Health
Service recommends that public drinking water sup­
plies contain less than 500 mg/L.

Salinity not only has economic effects on water users
in the lower basin States, but it is also an important
factor in international relations with Mexico, which is
guaranteed an annual supply of 1.85 x 109 m3(1.5
X 106 acre-ft) of Colorado River water, by a 1944
treaty. In 1973, the United States and Mexico agreed
that water delivered to Mexico from the main stem
of the river would have a salinity of no more than
145 mg/l greater than the average salinity of the
water at Imperial Dam.

In June 1974, Congress passed the Colorado River
Basin Salinity Control Act (Public law 93-320). Title
II of this act authorized the Secretary of the Interior
to construct, operate, and maintain four specific sa­
linity control units in the Upper Basin as the initial
stage of the Colorado River Basin Salinity Control
Program. In addition, the Secretary was authorized
and directed to expedite completion of planning
reports on 12 other units, one of which is the
Glenwood-Dotsero Springs Unit.

Among natural sources of dissolved solids in the Col­
orado River, the largest point-source contributor

• Numbers in brackets refer to entries in bibliography.
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(e.g., springs, geysers, mine drainage, and wells) to
the upper Colorado River is in the northwest quadrant
of Colorado near Dotsero and west of Glenwood
Springs (fig. 1). Before this study, it had been esti­
mated [1] that in this area thermal springs -rising in
or near riverbed and associated ground-water sys­
tems contribute about 27 137 000 m 3

(22000 acre-ft) of saline water, containing 399 161
t (440000 tons) of salt annually. A PIQR (Problem
Identification and Qualification Report) [2] identified
average annual concentrations of 18 648 mg/l salt
at GS (Glenwood Springs) and 9295 mg/l at DS
(Dotsero Springs). In this study, estimated flow­
weighted average values of 18 780 mg/l for GS and
9954 mg/l for DS were found. Of this amount, ap­
proximately 50 percent was contributed by known
surface springs and the rest came from subsurface
inputs.

Prior studies [1] of the Glenwood-Dotsero Springs
Unit indicated that salinity control measures can re­
duce salt contribution to the Colorado River by at
least 190 000 t (209 000 tons) annually from sur­
face springs alone.

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 for,
and find ways of preventing these waters from en­
tering the Colorado River. A characterization and ap­
plication study of GS and DS surface springs water
was made by the USBR Engineering and Research
Center, Division of Research [3].

In another study, the Bureau of Reclamation's UCR
(Upper Colorado Region) contracted to investigate
the control and disposal of hot saline water from
springs near Glenwood Springs and Dotsero, Colo­
rado. Chemical and physical data obtained were con­
solidated with water analyses obtained by the
Chemical Engineering Unit [4]. This study showed
that 14 GS identified springs ranged in dissolved salt
content from 16 670 mg/l to 21 850 mg/l, and that
11 DS identified springs ranged in dissolved salt con­
tent from 8300 mg/l to 10 670 mg/l.

Most Glenwood-Dotsero springs emerge in and
along the Colorado River at ground elevations lower
than river surface. Apparently, springs originate from
saltier aquifers and are diluted by surface water and
by river water before emerging. A test program was
needed to locate and characterize aquifers from
which the Glen-Dot springs emerge. The UCR con­
tracted the URS Corporation to locate and charac­
terize GS-DS aquifers [5]. URS chemical and physical
data were consolidated with water analyses obtained
by the Chemical Engineering Unit to more thoroughly
and accurately characterize GS-DS aquifer water.
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CONCLUSIONS

Glenwood Springs Aquifer

A salty aquifer located about 21.3 m (70 ft) below
the ground elevation of 1748 m (5735 ft) emerges
as 14 identified springs in and near the Colorado River
in the vicinity of the town of Glenwood Springs. Here
the Colorado River has a surface elevation of 1739 m
(5705 ft). The aquifer has a salt content of 22 200
mg/L, or 2.2 percent, a temperature of 50°C (122
OF), and a pH of 6.3. When brought to the surface,
the aquifer water effervesces from the escaping car­
bon dioxide.

Major salt constituents. - TDS includes 88 percent
sodium salt and 10 percent calcium salt. Potassium
and magnesium account for the other 2 percent salt.
Anion composition includes 78 percent chloride, 13
percent sulfate, and 9 percent bicarbonate salts.

About 60 percent of the calcium is bicarbonate, or
temporary hardness, and 40 percent is chloride, or
permanent hardness.

Minor dissolved constituents. - Significant
amounts of minor chemicals dissolved in aquifer
water include 1030 mg/L of carbon dioxide, 3
mg/L of fluoride, 40 mg/L of silica, 13 mg/L of stron­
tium, 0.7 mg/L of sulfide, and 4 mg/L of iron. About
7 mg/L of dissolved organic nitrogen compound and
3 mg/L of total organic compounds were found.

Radioactivity. - Dissolved radioactive salts in aqui­
fer water are well below hazardous levels. However,
exposure to gross beta levels that could be retained
in recovered anhydrous salts might exceed Federal
Occupational Guide Limits [6] of 5000 mrem/a.

RCRA (Resource Conservation Recovery Act)
considerations. - Pretreatment and/or desalting of
GS aquifer water would not result in RCRA-type [7]
hazardous waste.

Dotsero Springs Aquifer

A salty aquifer located about 30.5 m (100 ft) below
ground elevation of 1868 m (6130 ft) emerges as 11
identified springs in and near the Colorado River in
the vicinity of the area called Dotsero. Here the Col­
orado River has a surface elevation of 1864 m (6116
ft). The aquifer has a salt content of 10600 mg/L,
or 1.06 percent, a temperature of 35°C (95 of). and
a pH of 6.9. When brought to the surface, the aquifer
water does not exhibit any carbon dioxide bubbles.

Major salt constituents. - TDS includes 92 percent
sodium salt and 6 percent calcium salt. Potassium
and magnesium account for the other 2 percent salt.

3

Anion composition includes 85 percent chloride, 7
percent sulfate, and 8 percent bicarbonate. About
30 percent of the calcium is bicarbonate, or tem­
porary hardness, and 70 percent is chloride, or per­
manent hardness.

Minor dissolved constituents. - Significant
amounts of minor chemicals dissolved in aquifer
water includes 210 mg/L of carbon dioxide, 60
mg/L of silica, 4 mg/L of strontium, and 5 mg/L of
iron. No trace anions were found above detectable
limits. About 2 mg/L of total organics were found.

Radioactivity. - Dissolved radioactive salts in aqui­
fer water are well below hazardous levels. However,
exposure to gross beta levels that could be retained
in recovered anhydrous salts might exceed Federal
Occupational Guide Limits [6] of 5000 mrem/a.

RCRA considerations. - Pretreatment and/or de­
salting of OS aquifer water would not result in RCRA­
type [7] anhydrous waste.

DESCRIPTION OF STUDY AREA

The CRWQIP (Colorado River Water Quality Improve­
ment Program) was initiated in 1971 by the USBR to
identify measures that would maintain salinity con­
centrations at or below Lower Colorado River Basin
levels existing at the time. Under the CRWQIP, the
Glenwood-Dotsero Springs Control Unit was one of
16 control units (table 1) authorized for feasibility­
level salinity control planning by Public Law 96-375
in 1980. The locations of the 16 salinity control units
are shown on the Colorado River Basin map (fig. 1).

The Glenwood-Dotsero Springs Salinity Unit lies
along the Colorado River between Glenwood Springs
and Dotsero in west-central Colorado (fig. 2). The
major regional geographic features of the area are
shown on figure 3. 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 Gar­
field and Eagle Counties.

Glenwood Springs (fig. 4) lies at the western end,
and Dotsero Springs (fig. 5) lies at the eastern end
of the unit. Exact locations, physical properties, and
chemical compositions (app. 1 and 2) were studied
and reported by Eisenhauer [4].

ORIGIN OF SPRINGS

Thermal saline springs occur along the Colorado
River about 3.2 km (2 mi) southwest of the Colorado­
Eagle River confluence (Dotsero) near Glenwood
Springs. These springs and associated ground-water



Table 1. - Colorado River Basin saline water sources [8J.

Annual Average Annual
Unit average flow Source quantity TDS. load, Salt, Effect',

m3/s ft3/S 1Q8 m3/a acre-ft/a mg/L t 103 ton mg/L

Glenwood-Dotsero 0.48 17 15.43 12000 14200 227 250 23
Big Sandy River .57 20 17.89 14500 6500 118 130 11
Meeker Dome .042 1.5 1.35 1090 19300 25 27 3
Grand Valley 1.7 60 53.68 43500 3300 173 190 20
Lower Gunnison 0.66 23.5 21.22 17200 2900 61 67 5
Paradox Valley .057 2 1.79 1450 260000 164 180 19
McElmo Creek .24 8.5 7.65 6200 4700 36 40 4
Uinta Basin .42 15 13.45 10900 4500 61 67 6
Price River .92 34 30.73 24900 4000 122 134 13
San Rafael .86 30.5 27.39 22200 3550 97 107 10
Crystal Geyser 0.006 0.2 0.185 150 14000 3 3 1
Dirty Devil River 1.56 55 49.36 40000 2100 102 113 10
LaVerkin Springs 0.35 12.5 10.24 8300 9650 99 109 8
Lower Virgin .28 10 8.88 7200 8200 73 80 9
Las Vegas Wash 3.128 110.5 98.72 80000 1800 189 208 20
Palo Verde 7.30 258 230.8 187000 1 700 381 420 39
Energy development

wastewater 23.128 110.5 98.72 80000 1800 189 208 20

Total 21.76 768.7 687.4 557090 2166 2333 221

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

systems contribute approximately 400 000 t
(440 000 tons) of dissolved solids to the Colorado
River per year. Measured spring flows account for
about 50 percent of this amount. Most of the re­
mainder is attributable to unseen saline groundwater
seepage through river alluvium. Springs in both areas
exhibit high rates of flow and issue from solution­
widened joints, bedding planes, and fractures in Mis­
sissippian Leadville Limestone. Springs occur in areas
where the Leadville Limestone outcrops at the level
of the river. Specific springs locations are probably
fault or fracture controlled.

The mean salinity is 18 648 mg/L for GS water and
9295 mg/L for OS water. Quality analyses for both
areas indicate that saline springs waters are domi­
nated by sodium and chloride (90 percent of TDS)
and contain large concentrations of calcium and sul­
fate. The source of these ions is dissolution of halite
and gypsum/anhydrite beds in the Eagle Valley
Evaporite by circulating meteoric water.

The elevated temperatures of the Glenwood, 41 .7 °C
(107 OF), and Dotsero, 29.5 °C (85 OF), springs waters
may result from deep circulation through a normal
geothermal gradient or from the pre~ence of an el­
evated geothermal gradient, as evidenced by recent
volcanic activity and other thermal springs and wells
in the study area.

Springs and flowing wells in outcropping portions of
Leadville Limestone indicate that recharge takes

4

place away from these outcrops and in elevated in­
terior portions of the study area. The very similar
ionic contents of Glenwood and Dotsero spring
waters require either common recharge areas or dif­
ferent recharge areas with the same lithologic char­
acteristics. Probable areas of recharge are in the
northeastern and southern portions of the study
area. These areas possess structural, topographic,
and lithologic attributes that may explain the physical
and chemical properties of the Glenwood and Dot­
sero springs.

Recharge probably infiltrates downward along deep
faults or volcanic necks. Downward migrating water
contacts halite and gypsum deposits of the Eagle
Valley Evaporite, acquiring high concentrations of so­
dium, chloride, calcium, and sulfate. Water is heated
at depth, enters the underlying permeable Leadville
Limestone, probably mixes with other water, and mi­
grates toward areas of lower head at the surface,
where it issues as thermal saline springs at GS and
OS (fig. 6).

A thermal saline spring with associated seeps also
occurs along South Canyon Creek about 8 km (5 mi)
west of Glenwood Springs. This spring contributes
about 227 t (250 tons) of dissolved solids to the
Colorado River per year. The source aquifer for this
spring is the Dakota Sandstone. Mean temperature
is 44.5 °C (112 OF) and mean TDS is 776 mg/L. The
springs salinity and heat come from deep circulation
of meteoric water within the Dakota and associated
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formations. Recharge takes place in the upland areas
of Piceance Basin to the southwest or through out­
crops along Grand Hogback.

CHARACTERISTICS OF SPRING WATER

Chemical and physical properties of emerging spring
waters are described in [4]. Chemical and physical

8

properties of 14 id!=lntified GS springs and 11 iden­
tified OS springs are given in appendixes 1 and 2.
respectively.

Glenwood Springs

Glenwood Springs are located in the Leadville Lime­
stone strata. The combined flow rate of 14 identified
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springs is 0.296 m3/s (10.46 ft3/5). The character­
istics of these springs are shown in table 2a.

Because of the high bicarbonate content of GS water,
calcium could be reduced from 470 to 238 mg/L by
neutralization with lime (calcium hyrdoxide) to pre­
cipitate calcium carbonate. Trace metals and trace
anions are less than 0.1 mg/L. Raw water exceeds
or approaches the limits of toxicity for drinking water
for cadmium, chromium, fluoride, and selenium.
However, chemical pretreatment and desalting nec­
essary to bring the water below TDS limits could
reduce cadmium, chromium, fluoride, and selenium
below limits. Dehydrated salts or calcium carbonate
sludges recovered from GS water would not exceed
toxicity limits for RCRA hazardous waste. Glenwood
Springs water contains a gross beta radioactivity of
226 pCijL, primarily as K40 (potassium-40). The re­
sidual K40 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.

Dotsero Springs

Dotsero springs are located in the Leadville Lime­
stone strata. The combined flow rate of the 11 iden­
tified springs is 0.220 m3/s (7.77 ft3/ S ). The
characteristics of these springs are shown in table
2b.

Table 2a. - Characteristics of Glenwood Springs water.

Because of high bicarbonate content of DS water,
calcium could be reduced from 260 to 125 mg/L by
partial lime treatment. Most trace metals and trace
anions have a concentration of 0.1 mg/L or less, and
raw water meets toxicity limits for drinking water.
Dehydrated salts or lime treatment sludges would
not exceed toxicity limits for RCRA hazardous waste.
The raw water contains a gross beta radioactivity of
36 pCijL, primarily as K40. The residual K40 levels in
concentrated salt brines form either evaporation
ponding or desalting of process brines would be less
than that encountered in salt mines.

MAJOR SALT COMPONENTS
IN GLEN-DOT AQUIFERS

The USBR contracted with URS Corporation in 1981,
for a salinity investigation of the Glen-Dot unit. The
salinity investigation was designed, first, to interpret
the saline ground-water systems and associated ge­
ology, and secondly, to identify, study, and evaluate
alternative plans to reduce current salt contribution
from the largest point source of salinity in the Upper
Colorado River Basin. To implement the salinity in­
vestigation, URS Corporation bored well holes into
the GS and the DS aquifers. The contractor has re­
ported elsewhere [2, 5] results of geology studies,
resistivity soundings, test hole borings, and pump­
down tests.

Table 2b. - Characteristics of Dotsero Springs water.

Temperature range
pH
TDS
Cations (by percent):

Sodium
Calcium
Potassium
Magnesium

Anions (by percent):
Chloride
Sulfate
Bicarbonate

Temperature range
pH
TDS
Cations (by percent):

Sodium
Magnesium
Calcium
Potassium

Anions (by percent):
Chloride
Sulfate
Bicarbonate

25 to 51°C (77 to 124 OF)
6.6 to 7.6
16670 to 21 847 mg/L

90
7
2
1

54
10
6

23 to 32°C (73 to 90 OF)
7.2 to 7.7
8300 to 10667 mg/L

82
10
7
1

84.5
8.7
6.8

10

Aquifer Characteristics at Glenwood Springs

Glenwood Springs aquifer characteristics were de­
termined and reported by the contractor, URS Cor­
poration [2, 5]. To determine aquifer surficial
geology, 10 test holes were bored to provide sub­
surface geologic information. Figure 7 shows the lo­
cations of these holes.

Borehole depth and geology. - Between October
12 and October 26, 1982, ten holes were drilled to
the depths shown on figure 8, using mud-rotary drill­
ing techniques. Eight of the holes were in the main
test area, which included the pumped well. Test hole
GT-7 was drilled on the opposite side of the Colorado
River from the main test area on the south bank of
the river. The remaining hole, GT-9, was drilled at the
eastern edge of the Interstate rest area, about 1.6
km (1 mi) west of the main test area. Geologic logs
were made for each hole drilled. Close monitoring of
penetration rate, mud colors, and cuttings type pro­
duced a reasonably accurate picture of subsurface
geologic conditions. All holes were drilled to
alluvium-bedrock contact. Geologic fence diagrams
for 10 bore holes are shown on figure 9.

Water quality testing by contractor. - Water qual­
ity efforts at aquifer test sites involved collection of
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one water sample from each monitor hole and from
the production well. Each sample was analyzed for
principal constituents to provide background chem­
ical information on the test site.

On November 5, 1982, the contractor collected
water samples from the production hole and from
eight of nine monitor holes. The remaining hole,
GT-11, was sampled on December 23, 1982. For
each sample, the hole was first bailed to a constant
temperature, conductivity, and pH. The sample was
then filtered through a 0.45-micron (0.45 x 10-3 mml
filter before analysis.

The samples were analyzed at a commercial labo­
ratory in Denver for calcium, magnesium, sodium,
potassium, chloride, sulfate, total alkalinity, TDS, and
specific conductance. Table 3 shows the results for
nine monitoring holes including means calculated for
all constituents. The concentrations of constituents
in the holes found by the contractor were 10 to 20
percent higher than those previously reported by
Eisenhauer [4] for the surface springs. Lower con­
centrations in the springs indicate a higher degree of
mixing of bedrock water with meteoric water.

Aquifer Characteristics at Dotsero Springs

Dotsero Springs aquifer characteristics were deter­
mined and reported by the contractor [2, 5]. Fifteen
test holes drilled at 8 locations provided subsurface
geologic information used to define surficial geology.
Figure 10 shows the locations of these test holes.

Borehole depth and geology. - The drilling program
began in July 1982. Fifteen test holes were drilled
to depths shown on figure 11, at eight locations
along the north side of the Colorado River, south of
Interstate 1-70. With the exception of DT-10, a hole
was drilled to bedrock at each location as shown.

Because of dual aquifer system within the alluvium,
a second hole was drilled at each location, with the
exception of DT-4, to a depth of approximately 7 m
(23 ftl.

Geologic logs were made for each hole drilled. Depth
to bedrock varied from 27 to 32 m (89 to 105 ftl
and averaged 29.2 m (95.7 ftl (fig. 121. The eight
locations drilled at the Dotsero site indicate presence
of a two-aquifer system. These aquifers are sepa­
rated by a thick clayey silt. The appearance of two
gravels is quite similar both in lithology and in grain
size. Sand-gravel alluvium overlying bedrock ranged
in thickness from 3.3 to 9. 1 m (11 to 30 ftl with an
average of 5.4 m (17.75 ftl. Overlying basal alluvial
gravel is the clayey silt, which ranged in thickness
from 10.0 to 15.8 m (33 to 52 ftl with an average
of 12.6 m (41.4 ftl. The upper gravel ranged from
3.3 to 8.8 m (11 to 29 ftl thick and averaged 6.1 m
(19.9 ftl. Fill or natural topsoil was encountered at
the surface and generally was less than 4.6 m (15
ftl thick.

Both upper and lower gravels are predominantly peb­
bles and small cobbles with a matrix of course sand
to silt-sized material. Upper gravel is composed of
unequal amounts of light brown, fine-grained, well­
indurated sandstone fragments and black carbona­
ceous shale along with a minor amount of granitic
fragments. The sand in the upper gravel is primarily
silica with some very small sandstone and shale frag­
ments. Lower gravel pebbles and cobbles make up
15 percent maroon sandstone fragments, 35 percent
black carbonaceous shale, and 50 percent granitic
rock fragments. Discrete silica particles predominate
in the sandy portion of the lower gravel.

The confining layer separating the two gravels con­
sists of alternating layers of silty clay and sandy,
clayey silt. In samples collected, the layers appeared

Table 3. - Contractor's chemical analyses from Glenwood test holes.

Test Ca, Mg, Na, K, C!. S04' Alk, TDS, Sp. Condo
hole mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L Mmho/cm

GT-1 830 140 7400 190 11 600 1620 630 21 900 34500
GT-2 820 160 7600 200 12010 1730 640 21 980 34500
GT-3 820 125 7400 195 11 900 1650 640 22000 37000
GT-4 820 135 6800 195 10760 1650 715 20390 34600
GT-6 790 150 5900 160 9590 1400 640 18 150 30200
GT-7 485 80 1600 40 2840 705 325 6280 10800
GT-9 190 51 1500 26 2300 390 390 4750 8320
GT-11 780 96 7090 280 11 300 1320 735 21 300 35600
GT-12 730 130 5450 150 8800 1220 680 16730 28800

MEAN 811 138.3 6805 194 10856 1548 673 20403
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to be about 15.2 cm (6 in) thick. The data are in­
sufficient to accurately define any relationships be­
tween clay and silt layers throughout the area.

specific conductance. Results are summarized in
table 4.

Water quality testing by contractor. - Water qual­
ity testing at the aquifer test sites involved collection
of one water sample from each monitor hole and from
the production well. Each sample was analyzed for
principal constituents to provide background chem­
ical information on the test site.

On August 2 and 3, 1982, the contractor collected
water samples from the production hole and eight of
nine monitoring holes. For each sample, the hole was
first bailed to a constant temperature, conductivity,
and pH. The sample was then filtered through a 0.45­
micron (0.45 X 10-3 mm) filter.

Samples were analyzed at a commercial laboratory
in Denver for calcium, magnesium, sodium, potas­
sium, chloride, sulfate, total alkalinity, TDS, and

CHARACTERISTICS OF GLENWOOD·
DOTSERO AQUIFERS

Contractor's data reported in tables 3 and 4 were
evaluated to determine which boreholes at GS and
OS were most representative of source aquifers.
Boreholes GT-3 (Glenwood 3) and DT-9A (Dotsero
9A) were selected for further study as being most
representative of Glenwood and Dotsero aquifers, re­
spectively.

Glenwood Springs Aquifer

Major salt component analyses of nine Glenwood
Springs boreholes reported by the contractor [5J are
given in table 3. Borehole GT-3 was selected for fur­
ther study for the following reasons:
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Table 4. - Contractor's chemical analyses from Dotsero test holes.

Test Ca, Mg, Na, K, CI, S04' Alk, TDS, Sp. Cond.,
hole mgjL mgjL mgjL mgjL mgjL mgjL mgjL mgjL Mmhojcm

DT-4A 280 52 3190 50 4960 490 380 8880 14 112
DT-5A 275 47 3200 50 4960 510 315 8980 13944
DT-6A 260 57 3150 49 4780 485 340 8990 14070
DT-7A 265 55 3570 49 5500 490 340 9500 16346
DT-8A 310 66 4490 53 5970 650 340 10780 15492
DT-9A 255 55 3750 54 5830 415 340 10600 17308
DT-10A 260 50 4200 54 6420 415 320 10630 17544
DT-11 A 310 716 3940 59 6100 560 380 10440 17045

MEAN 280 57 3686 52 5565 502 344 9850

DT-5B 275 86 4940 48 7490 635 575 13300 17778
DT-6B 265 74 4050 53 6050 590 435 11 240 16333
DT-7B 470 88 3800 54 5760 970 390 10 950 17708
DT-10B 600 110 6190 84 9580 1380 380 17370 24500
DT-11 B 290 86 4040 59 6280 580 320 10770 13 176

MEAN 380 89 4604 60 7032 831 420 12276

• It has the highest salt content, or TDS (22 000
mgjL).

• Its calcium, sodium, potassium, chloride, and sul­
fate contents were higher than the means for
nine boreholes.

• It is located about 150 m (500 ft) away from and
5.5 m (18 ft) above the Colorado River. The bot­
tom of borehole GT-3 is 17.7 m (58 ft) below
the Colorado River.

• It was maintained under pressure by means of a
4-in (10 em) PVC pipe cap pressed on the top
of the borehole pipe.

• Water in borehole GT-3 was saturated under
pressure with dissolved carbon dioxide. (Copi­
ous amounts of carbon dioxide were released
whenever the pressure cap was removed from
borehole GT-3.)

Sampling methods. - Water samples were ob­
tained from borehole GT-3 by a chemist and chemical
engineers from the USBR, on August 15, 1984.
Water representative of the aquifer was obtained by
means of a 3-in (7.6-cm) diameter submerged pump
operated from ground level by another hydraulic
pump. The following procedure was used to obtain
representative water:

1. Removed pressure cap from top of the 4-in
(10-cm) PVC borehole pipe.
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2. Lowered pump until the bottom was reached
[23.1 m (76 ft) deep] and then raised pump 0.3 m
(1 ft) off the bottom.

3. Continued to pump waterfrom aquifer [22.8 m
(75 ft) deep] to the surface. After 5 min, initial
turbidity in water disappeared.

4. Continued flow of water at 18.9 Ljmin (5
gal/min) for 2 h to remove 1136 L (300 gal) before
filling the 1-qt (0.95L) and 1-gal (3.79 L) sample
bottles for off-site analysis. Since a 4-in (10-cm)
diameter pipe 23.2-m (76-ft) long holds 189.3 L
(50 gal), 2 h of pumping at 18.9 Ljmm (5 gal/min)
removes content of the borehole 12 times and, in
effect, the bore pipe refills from the aquifer 11
times.

Sample analyses procedures. - During the 2 h
pump-out period, effluent water flowed through a
probe holder that provided continuous monitoring of
temperature, pH, and conductivity. Titrations were
also made at the site to monitor alkalinity. Alkalinity,
temperature, pH, and conductivity stabilized after
Y2 h. After 2 h of pumping, water samples were col­
lected in 1-qt (0.94-L) and 1-gal (3.79 L) glass and
polyethylene bottles. Some sample bottles were
filled directly with raw water from borehole GT-3, and
other samples were adjusted to pH 1 in the bottles
with nitric acid.

Water samples were later analyzed at qualified Den­
ver commercial laboratories for physical properties,



major constituents, minor elements, trace anions, ra­
dioactivity, and organic compounds. Results are
summarized in table 5.

Physical properties. - As indicated in table 5, the
source aquifer for Glenwood Springs is located about
23.2 m (76 tt) below ground level. Its water tem­
perature is 49°C (120.2 OF). Surface pH measured
6.3. Aquifer pH would be about 5.5, because under
aquifer pressure, water is saturated with carbon diox­
ide. Aquifer water contains 22 200 mg/L of dis­
solved solids.

Major salt constituents. - Based on data in table
5, Glenwood Springs GS source aquifer contains
0.222 weight percent dissolved salt. This salt, on a
dry basis, is 9 percent bicarbonates, 13 percent sul­
fates, and 78 percent chlorides. Assuming all bicar­
bonate ions are combined with calcium and all sulfate
ions are associated with sodium ions, the total salt
weight composition on a dry basis can be repre­
sented as follows:

6 percent calcium bicarbonate
4 percent calcium chloride
0.5 percent magnesium chloride

11 percent sodium sulfate
77 percent sodium chloride

1.5 percent potassium chloride

Other chemicals present in significant amounts in­
clude:

1031 mg/L carbon dioxide
3. 1 mg/L fluoride

41 mg/L silica
13 mg/L strontium
0.7 mg/L sulfide
0.6 mg/L barium
4.3 mg/L iron

GS aquifer water has a dissolved calcium concentra­
tion of 824 mg/L. Under aquifer pressure, water con­
tains 1314 mg/L of bicarbonate ion. Because it was
shown above that dry basis salt contains 6 percent
calcium bicarbonate and 4 percent calcium chloride,
60 percent of the calcium in the water, or 494
mg/L, is in the form of bicarbonate, or temporary
hardness. Because GS water contains 1031 mg/L
carbon dioxide under aquifer pressure, it can be cal­
culated that 276 mg/L of calcium temporary hard­
ness is solubilized by dissolved carbon dioxide.
Consequently, 276 mg/L of calcium can be precipi­
tated as calcium carbonate by aeration. Processing
GS aquifer water through aeration, clarification, and
filtration would reduce calcium content to 548
mg/L. Following aeration with partial lime treatment
would remove the remaining temporary hardness and
reduce dissolved calcium to 330 mg/L.
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The remaining 330 mg/L of calcium is in the form of
highly water-soluble calcium chloride. This perma­
nent hardness could be removed from solution by
further treatment with soda ash or by ion exchange.

Minor metals. - Items 28 through 53 of table 5 are
trace metals found in GS aquifer water. Most trace
metal concentrations were less than 0.1 mg/L, or
below detectable limits. The following significant
amounts were found:

0.4 mg/L aluminum
0.4 mg/L boron
0.2 mg/L chromium
0.19 mg/L cobalt
0.16 mg/L iodine
4.3 mg/L iron
1.1 mg/L lithium
0.2 mg/L vanadium
0.6 mg/L barium

Trace anions. - Trace anions are listed as items 54
through 59 of table 5. Except for ammonia with a
concentration of 0.23 mg/L and organic nitrogen
compounds with a concentration of 1.2 mg/L, trace
anion concentrations are less than 0.02 mg/L.

Radioactivity. - Some of the radioactive constitu­
ents of GS water, including alpha, beta, radium, and
potassium are shown as items 60, 61, 62, 63, and
64, respectively, in table 5 and on table 6. The gross
alpha radioactivity was estimated as 30 mrem/a, and
the gross beta radioactivity as 320 mrem/a. Both are
well below the Federal Occupational Guide Limits [6]
of 5000 mrem/a. Raw GS water contains 60 pCi/L
of gross alpha, 640 pCi/L of gross beta, and 11
pCi/L of total radium. The radioactivity limits for
drinking water for these items are 15, 50, and 5
pCi/L respectively.

Although the gross alpha, gross beta, and radium
radioactivities 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 in the raw water from 22 000 mg/L
to the 500 mg/L TDS drinking water limit would also
remove about 97.5 percent of the radioactivity.

Disposal of GS water by evaporation ponding would
result in an increased radiation exposure to the en­
vironment. 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 60 pCi/L, and the gross beta concentration was
640 pCi/L, and if these radioactivities increased 49
times in the dry salt, then the estimated accumulated
body radiation exposure could reach 1470 mrem/a
for gross alpha and 15 000 mrem/a for gross beta.



Table 5. - Physical and chemical characteristics of Glenwood and Dotsero salty aquifers.

(1) (2) (3) (4) (5)
Item Characteristic Units Glenwood Ootsero

Well index No. 3 9A
Oate sampled 9/15/83 9/29/83
Samples analyzed 2 2

Physical properties
1 Conductivity at 25 'C mS/m 2857 2000
2 Flow m3/s 0.000132
3 pH (low) pH 6.3 6.9
4 TOS (total dissolved solids) mg/L 22200 10600
5 Temperature 'C 49 35
6 Total suspended solids mg/L 51 344
7 Turbidity JTU
8 Ground elevation ft 5722 6124
9 Well depth ft 76 Artesian (100)

10 Ground elevation m 1744 1867
11 Well depth m 23 Artesian (30)
12

Major constituents
13 Alkalinity as CaC03 mg/L 630 395
14 8icarbonate mg/L 748 390
15 Bicarbonate (corrected total) mg/L 1314 545
16 Calcium mg/L 824 270

17 Chloride mg/L 11400 5800

18 Carbon dioxide (measured/corrected) mg/L 826/1031 140/208
19 Fluoride mg/L 3.1 0.44

20 Magnesium mg/L 93 47

21 Potassium mg/L 220 55

22 Silica mg/L 41 60

23 Sodium mg/L 7780 3990

24 Strontium mg/L 13 4

25 Sulfate mg/L 1860 460

26 Sulfide mg/L 0.7 <0.1

27 Sulfite mg/L <0.1 <0.1

Minor elements
28 Aluminum mg/L 0.4 1.0

29 Antimony mg/L 0.09 0.06

30 Arsenic rng/L 0.001 0.01

31 Boron mg/L 0.4 <0.05

32 Cadmium mg/L NO NO

33 Chromium mg/L 0.2 0.2

34 Cobalt mg/L 0.19 0.08

35 Copper mg/L 0.04 0.02

36 Gallium mg/L <0.01 <0.01

37 Germanium mg/L <0.2 <0.2

38 Iodine mg/L 0.16 0.05

39 Iron mg/L 4.3 4.7

40 Lead mg/L NO NO

41 Lithium mg/L 1.1 0.16

42 Manganese mg/L 0.09 0.02

43 Mercury mg/L 0.001 0.001

44 Nickel mg/L NO NO

45 Selenium mg/L 0.001 0.002
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Table 5. - Physical and chemical characteristics of Glenwood and Dotsero salty aquifers. - Continued

(1) (2) (3) (4) (5)
Item Characteristic Units Glenwood Dotsero

46 Silver mg/L 0.003 0.003
47 Tin mg/L <1.0 <1.0
48 Titanium mg/L 0.04 <0.01
49 Uranium mg/L <0.002 0.007
50 Vanadium mg/L 0.2 0.1
51 Zinc mg/L ND ND
52 Zirconium mg/L 0.07 0.01
53 Barium mg/L 0.6 ND

Trace anions
54 Ammonia mg/L 0.23 0.04
55 Nitrite mg/L 0.015 0.012
56 Nitrate mg/L 0.002 0.004
57 Organic N+NH3 mg/L 1.2 0.10
58 Orthophosphate mg/L 0.004 0.002
59 Total phosphate mg/L 0.007 0.004

Radioactivity
60 Gross alpha pCi/L 60 28
61 Gross beta pCi/L 640 190
62 Radium - 226 pCi/L 5.4 1.0
63 Radium - 228 pCi/L 5.6 0.8
64 Potassium - 40 pCi/L 19.6 4.18
65

Organic Compounds
66 Total organic carbon mg/L 2.5 1.5
67 Pesticide: Endrin mg/L ND<0.OOO1 ND<0.0001
68 Lindane mg/L ND<0.001 ND<0.001
69 Methoxy chlor mg/L ND<0.001 ND<0.001
70 Toxaphene mg/L ND<0.002 ND<0.002
71 Herbicides: 2,4-D mg/L ND<0.01 ND<0.01
72 Silex mg/L ND<0.005 ND<0.005
73

Desalting % water recovery (CaS04 solubility)
74 O·C % 35.5 85.3
75 20 ·C % 49.1 88.1
76 50 ·C % 54.0 89.4
77 90 ·C % 48.7 88.8

Dry salt produced directly from raw GS water could
exceed Federal Occupational Guide Limits of 5000
mrem/a for gross beta radioactivity.

RCRA considerations. - The "Salinity Investigation
of Glenwood-Dotsero Springs Unit Phase I Report"
[5] proposed various plans for removing approxi­
mately 180 000 t/a (198 000 ton/yr) of salt from the
Colorado River Basin. Some of these schemes would
isolate and store essentially anhydrous salt from var­
ious water evaporation processes. Other schemes
would involve lime neutralization of the bicarbonate
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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 in the raw
springs water. Handling and storage of these salts
and sludges require consideration of the generation
and storage of hazardous waste covered by RCRA
regulations [8].

The RCRA maximum criteria for hazardous waste
classifications are compared in table 7 with pollu­
tants that would be present in GS lime treatment



Table 6. - Glenwood Springs water radioactivity
data and guide limits.

• It was maintained under pressure by means of a
PVC 4-in (10.2 cm) pipe cap.

(3) (4) (5)
Federal Drinking

Estimated Occupational water
yield, Guide Limits, limits,

mrem/a mrem/a pCifL

(1) (2)

Activity,
Radioactivity pCifL

Gross alpha 60
Gross beta 640
Radium 226, 228 11

30
320

5000
5000

15
50

5

Sampling methods. - Water samples were ob­
tained from borehole DT-9A by a chemist and chem­
ical engineers from the USBR, on August 16, 1984.
Water representative of the aquifer was obtained by
means of a 3-in (7.6-cm) diameter submerged pump
operated from ground level by another hydraulic
pump. The following procedure was used to obtain
representative water:

sludges. Based on the bicarbonate content of
1314 mg/L, aeration followed by partial lime treat­
ment of GS water would precipitate 2160 mg/L of
calcium carbonate. For every 1000 parts of GS water
dewatered (60 percent solids) 3.61 parts of calcium
carbonate sludge would result. Assuming all toxic
materials coprecipitate with the calcium carbonate,
they would concentrate 1000/3.61 or 277 times in
the sludge. The EP (extractable product) toxicity lim­
its in column 3 of table 7 are for a 20: 1 water extract
of a solid waste. Therefore, column 4 (table 7), EP
toxicity, was derived by multiplying the values for the
items in column 4 (table 5) by 277/20 or 13.9. All
the values in column 4 (table 6) are well below the
maximum RCRA limits in column 3 (table 6). Con­
sequently, calcium carbonate sludges recovered
from lime treatment of GS water need not be stored
or transported as an RCRA hazardous waste.

GS raw aquifer water contains an average TDS con­
centration of 22 200 mg/L, or approximately 22 g/
1000 mL. If the TDS in GS water were isolated, ap­
proximately 174700 t/a (192 170 ton/yr) of dried
salt would result, and the toxic materials in the raw
water would be concentrated 1000/22 or 45 times.
Isolation of all the TDS as dried salt would concen­
trate toxic materials less than precipitation of calcium
carbonate sludge. Consequently, calcium carbonate
sludges and dried salts are not RCRA hazardous
waste.

Dotsero Springs Aquifer

Major salt component analyses of 13 Dotsero
Springs boreholes reported by the contractor [5] are
given in table 4. Borehole DT-9A was selected for
further study for the following reasons:

• It is a 100-ft-deep borehole (fig. 11 ).

• It contains water with a salt content of 10 600
mg/L, which is an average TDS for four boreholes
with the highest concentration of TDS.

• It is accessible from Interstate 1-70, and located
on a flat section of land about 6.1 m (20 ft) from
the Colorado River.
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1. Removed pressure cap from top of the 4-in
(10-cm) PVC borehole pipe.

2. Lowered pump until bottom was reached
[30.5-m (100-ft) deep] and then raised pump
0.3 m (1 ft) off the bottom.

3. Continued to pump water from aquifer
[30.2-m (99 ft) deep] to the surface. After the first
5 min initial turbidity in water disappeared.

4. Continued flow of water at 18.9 L/min (5
gal/min) for 2 h to remove 1136 L (300 gal) before
filling the 1-qt (0.95-L) and 1-gal (3.79 L) sample
bottles for off-site analysis. Since 4-in (10 cm) di­
ameter pipe 30.5-m (100-ft) long holds 250 L (66
gal), 2 h of pumping at 18.9 L/min (5 gal/min) re­
moves content of the borehole nine times and, in
effect, the bore pipe refills from aquifer eight
times.

Sample analyses procedures. - During 2 h pump­
out period, effluent water flowed through a probe
holder that provided continuous monitoring of tem­
perature, pH, and conductivity. Titrations were also
made at the site to monitor alkalinity. Alkalinity, tem­
perature, pH, and conductivity stabilized after Y2 h.
After 2 h of pumping, water samples were collected
in 1-qt (0.95-L) and 1-gal (3.79 L) glass and polyeth­
ylene bottles. Some sample bottles were filled di­
rectly with water from borehole DT-9A, and other
samples were adjusted in the bottles with nitric acid
to pH 1.

Water samples were later analyzed by qualified Den­
ver commercial laboratories for physical properties,
major constituents, minor elements, trace anions, ra­
dioactivity, and organic compounds. Results are
summarized in table 5.

Physical properties. - As is evident from table 5,
the source aquifer for Dotsero Springs is located
about 30.5 m (100 ft) below ground level. Its water
temperature is 35°C (95 OF). Surface pH measured
6.9. Aquifer water contains 10600 mg/L of dis­
solved solids.



Table 7. - Comparison of GS sludge and dried salt with RCRA maximum limits.

(1 )
Table 5

item

(2)
Parameter

(3)
RCRA hazardous
waste criteria [8]

(20: 1 extract)

(4)
Pretreatment

sludge
(20: 1 extract)

30
53
32
33
40
43
45
46

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

EP Inorganic Toxicity (max. cone.)., mg/L

5.0
100.0

1.0
5.0
5.0
0.2

10
5.0

0.5
3.1
0.3
1.7
1.6

<0.003
0.3
0.3

<0.005
<0.01
<2.6
<0.13
<2.6
<0.3

EP Organic Toxicity (max. cone.), mg/L

0.02
0.04

10.0
0.5

10.0
1.0

Endrin
Lindane
Methoxychlor
Toxaphene
Herbicide 2,4-0
Silex, 2,4-5 TP

67
68
69
70
71
72

Major constituents. - Based on data in table 5,
Ootsero Springs source aquifer contains 0.106
weight percent dissolved salt. This salt on a dry basis
is composed of 3 percent bicarbonates, 7 percent
sulfates, and 90 percent chlorides. Assuming all bi­
carbonate ions are combined with calcium and all
sulfate ions are associated with sodium ions, the to­
tal salt weight composition on a dry basis can be
represented as follows:

2 percent calcium bicarbonate
5 percent calcium chloride
1 percent magnesium chloride

13 percent sodium sulfate
78 percent sodium chloride

1 percent potassium chloride

Other chemicals present in significant amounts
include:

208 mg/L carbon dioxide
0.4 mg/L fluoride

60 mg/L silica
4 mg/L strontium
4.7 mg/L iron

Under aquifer pressure, OS water contains 208
mg/L carbon dioxide. By calculation it can be shown
that 56 mg/L of temporary hardness is solubilized by
dissolved carbon dioxide. Consequently, 56 mg/L of
calcium can be precipitated by aeration. Processing
GS aquifer water through aeration, clarification, and
filtration would reduce calcium content to 152
mg/L. Following aeration with partial lime treatment
would remove the remaining temporary hardness and
reduce dissolved calcium to 52 mg/L.

The remaining 52 mg/L of calcium is in the form of
highly water-soluble calcium chloride. This perma­
nent hardness could be removed from solution by
further treatment with soda ash by ion exchange.

Minor metals. - Items 28 through 53 of table 5 are
trace metals found in OS aquifer water. Most trace
metals concentrations were less than 0.1 mg/L or
below detectable limits. The following significant
amounts were found:

1.0 mg/L aluminum
0.2 mg/L chromium
0.16 mg/L lithium

OS aquifer water has a dissolved calcium concentra­
tion of 270 mg/L. Under aquifer pressure, water con­
tains 545 mg/L of bicarbonate ion. Because it was
shown above that dry basis salt contains 2 percent
calcium bicarbonate and 5 percent calcium chloride,
28 percent (76 mg/L) of the calcium in the water is
in the form of bicarbonate, or temporary hardness.

Trace anions. - Trace anions are listed as items 54
through 59 of table 5. Trace anion constituents were
below detectable limits.

Radioactivity. - Some of the radioactive constitu­
ents of OS water including alpha, beta, radium, and
potassium, are shown as items 60,61,62,63, and
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64, respectively, in table 5 and on table 8. The gross
alpha radioactivity was estimated as 14 mrem/a and
the gross beta radioactivity as 95 mrem/a. Both are
well below the Federal Occupational Guide limits [6]
of 5000 mrem/a. The raw OS water contains 28
pCi/L of gross alpha, 190 pCi/L of gross beta, and
1.8 pCi/L of total radium. The radioactivity limits for
drinking water for these items are 15, 50, and 5
pCi/L, respectively.

Although the gross alpha and gross beta radioactivity
of the raw water exceeds drinking water limits, this
water could be used as a source of drinking water.
Treatment necessary to reduce Dotsero's TDS con­
centration from 1000 mg/L in raw water to the
500 mg/L TDS drinking water limit would also re­
move about 95 percent of radioactivity from the
water.

Disposal of OS water by evaporation ponding would
result in an increased radiation exposure to the en­
vironment. Assuming complete water evaporation,
the salt and radioactivity concentration in the raw
water would be concentrated 99 times. If the gross
alpha radioactivity concentration in raw water was
28 pCi/L, and the gross beta concentration was 190
pCi/L, and if these radioactivities increased 99 times
in the dry salt, then the estimated accumulated body
radiation exposure could reach 1390 mrem/a for
gross alpha and 9400 mrem/a for gross beta. Dry
salt produced directly from raw OS water could ex­
ceed Federal Occupational Guide limits of 5000
mrem/a for gross beta radioactivity.

RCRA considerations. - The "Salinity Investigation
of Glenwood-Dotsero Springs Unit Phase I Report"
[5] proposed various plans for removing approxi­
mately 2 000 000 t/a (2 200 000 tons/yr) of salt
from the Colorado River Basin. Some of these
schemes would isolate and store essentially anhy­
drous salt from various water evaporation processes.
Other schemes would involve lime neutralization Of
the bicarbonate content of the water with subse­
quent precipitation, isolation, and storage of calcium
carbonate sludge. Because isolation of salts and

Table 8. - Dotsero Springs water radioactivity data and gUide
limits.

(1 ) (2) (3) (4) (5)
Federal Drink-

Occupational ing
Estimated Guide water

Activity, yield. Limits. limits.
Radioactivity pCifL mrem/a mrem/a pCi/L

Gross alpha 28 14 5000 15
Gross beta 190 95 5000 50
Radium 226, 228 1.8 5
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sludges from OS water would greatly concentrate the
toxic metals present in raw spring water, consider­
ation was given to potential generation and storage
of hazardous waste covered by RCRA regulations.

The RCRA criteria for hazardous waste classifications
are compared in table 9 with pollutants that would
be present in DS lime treatment sludges. Based on
the bicarbonate content of 545 mg/L, partial lime
treatment of OS water would precipitate 894 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 cal­
cium carbonate, they would concentrate 1000/1.12
or 893 times in the sludge. The EP (extractable prod­
uct) toxicity limits in column 3 of table 9 are for a
20: 1 water extract of a solid waste. Therefore, col­
umn 4 (table 9) for EP toxicity was derived by mul­
tiplying the values for items in column 5 (table 5) by
893/20 or 44.7. All values in column 4 (table 9) are
well below maximum RCRA limits. Consequently, cal­
cium carbonate sludges recovered from lime treat­
ment of OS water need not be stored or transported
as an RCRA hazardous waste.

OS raw water contains an average TDS concentration
of 10 600 mg/L or approximately 10 g/1 000 mL.
The toxic materials in the raw water would be con­
centrated 1000f10 or 100 times in the 63000 t/a
(69 000 tons/yr) of dried salt recoverable from OS
water. Isolation of all the TDS as 10 600 mg/L of
dried salt would concentrate toxic materials less than
precipitation of only the dissolved 254 mg/L of cal­
cium associated with dissolved bicarbonate as cal­
cium carbonate. Consequently, calcium carbonate
sludges and dried salts would not concentrate EP
toxicity sufficiently to be classified as hazardous
waste.

UPDATE OF GLENWOOD SPRING AND
AQUIFER ANALYSES

Water samples were obtained by a contractor for
USBR chemical engineers on June 15, 1985, from
GS artesian spring No. S-GL-60 and from capped
borehole No. BH-GL-3. Analyses for these water
samples are compared with earlier analyses in
table 10.

Constancy ofspring analysis. - The June 15, 1985
analyses of spring No. S-GL-60 water show generally
little change from averages of 32 spring analyses
taken between April 21, 1972, and November 7,
1979. Temperature and TDS are the same. All major
constituents. except chloride, appear to fall within
the expected analytical variance. The anomaly in
chloride concentration may have been caused by



Table 9. - Comparison of OS sludge and dried salt with RCRA maximum limits.

(1)
Table 5

item

(2)
Parameter

(3)
RCRA hazardous
waste criteria [8]

(20: 1 extract)

(4)
Pretreatment

sludge
(20: 1 extract)

30
53
32
33
40
43
45
46

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

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

5.0
100.0

1.0
5.0
5.0
0.2
1.0
5.0

0.22
2.2
0.045
1.3

<1.0
0.005

<0.2
<0.7

<0.009
<0.02
<4.5
<0.2
<0.45
<0.45

EP Organic Toxicity (max. conc.), mg/L

0.02
0.04

10.0
0.5

10.0
1.0

Endrin
Lindane
Methoxychlor
Toxaphene
Herbicide 2,4-0
Silex, 2,4-5 TP

67
68
69
70
71
72

changes in analytical techniques during the 6- to 13­
year interim.

Constancy of aquifer analysis. - The June 15,
1985 analysis of borehole BH-GL-3 for calcium, chlo­
ride, fluoride, magnesium, potassium, sodium, and
strontium remained about the same (within expected
analytical variance) as the August 15, 1984 borehole
analysis. Anomalies in alkalinity, bicarbonate, carbon
dioxide, sulfate, and TOS are consequences of sam­
pling techniques. A high degree of confidence in an­
alytical results was obtained on August 15, 1984
water samples, because of carefully planned and
controlled sampling procedures by USBR personnel.
Water samples were taken at that time to ensure the
measurement of all carbon dioxide dissolved in water
at aquifer pressure.

Variance between spring and aquifer analyses. ­
The effects of loss of carbon dioxide on dissolved
salt constituents concentrations can be explained by
comparing aquifer water (BH-GL-3, August 15, 1984)
analysis with typical spring water (S-GL-60, June 15,
1984) analysis. Spring water shows weight-percent
reductions of 13, 27, 47, 89, and 38 (for TOS, bi­
carbonate, calcium, carbon dioxide, and sulfate, re­
spectively) over aquifer water. These losses in
dissolved constituents can be explained by the es­
cape of carbon dioxide from solution when an emer­
gent spring equilibrates with the atmospheric air.
When carbon dioxide leaves solution, calcium bicar­
bonate converts to insoluble calcium carbonate and
precipitates. In addition, the loss of acid anhydride
carbon dioxide lowers the calcium sulfate solubility,
and it precipitates. Losses in calcium, carbon dioxide,
bicarbonate, and sulfate result in a lower TOS.
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Table 10. - Physical and chemical characteristics of Glenwood Springs spring and aquifer.

Glenwood Springs water
Table 5 Spring sample Borehole sample

item Characteristics Units No. S-GL-60 No. BH-GL-3
4-21-72 to 6-15-85 1 8-15-84 6-15-85

11-7-79

Number of samples analyzed 32 2 2 2

Physical properties

1 Conductivity at 25°C mS/m 2940 2880 2860 3080
2 Flow m3 /s 0085
3 pH (lowest measured) pH 6.6 6.3
4 TDS (total dissolved solids) mg/L 19400 19300 22200 21 700
5 Temperature °C 50 50 49 40
6 TSS (total suspended solids) mg/L 18 51
7 Turbidity JTU 0.3

10 Borehole depth ft 76 76

Major constituents

13 Alkalinity as CaC03 mg/L 630 630 630 400
14 Bicarbonate mg/L 750 750 748 500
15 Bicarbonate (corrected for pressure) mg/L 1 031 775
16 Calcium mg/L 494 440 824 2820
17 Chloride mg/L 10900 9800 11 400 11 400
18 Carbon dioxide (measured/corrected) mg/L 100 826/948 125/-
19 Fluoride mg/L 2.4 35 3.1 4.5
20 Magnesium mg/L 82 78 93 110
21 Potassium mg/L 160 140 220 180
22 Silica mg/L 29 16 41 24
23 Sodium mg/L 6630 6400 7 780 7 300
24 Strontium mg/L 9 5 13 10
25 Sulfate mg/L 1 150 1 160 1 860 2090
26 Sulfide mg/L 1.0 0.7 3.2

1 Extraordinary sampling procedures taken on 8-15-84 to prevent loss of dissolved carbon dioxide.
2 Acidified to <pH 2 at site.
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APPENDIX A

CHARACTERISTICS OF GLENWOOD SPRINGS WATER





Table A-1. - Chemical and physical characteristics of Glenwood Springs water1
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38 ....cur. "tIL 0 <0.0001 0 <0.0001 <0.0001 '<0.0001 0.2 35
30 lieU) "tIL <0.090 0.075 0.055 0.028 0.013 J6
37 51'1 ....1.,. "tIL 0 0.011 0.013 <0.000$ 0.012 37
J8 SI1.,.,. "9/L <0.009 0.015 0.015 <0.020 0.013 1.0 '"39 Stroltti.,. "tIL 9.2 0.Z20 9.l 5.0 39
60 ft. "tIL <O.otO <0.090 <0.150 <0.005 <0.11 60
01 flUII"'- "tIL <0.0te) <0.010 <0.050 <0.003 <0.013 01
~ !t'.,.I.. "9/L 0.006 0.006 <0.001 0.006 02
U ,.,..U.,. "tIL <0.060 <0.040 <0.050 <0.005 <0.043 OJ.. Ztnc "tIL 0.010 0.035 0.020 0.030 0.007 0.OZ4 ..
OS llrconl_ "tIL <0.110 <0.140 <0.200 <0.008 <0.14 '5

TrICe Aftloll' 11 [2].. _to
"tIL 0.5 0.9 0.3 0.7 "., litrtt, "tIL <0.05 <0.05 <0.05 0.05 "18 It trite "9/L <0.05 0.09 <0.05 0.01 '8.. Iltr09" "tIL 0.01 0.01 0.07 0.1 0.01 0.06 0.02 69

50 OrtftOP,..,pnlt. "tIL 0.06 0.03 0.03 0.03 0.06 0.01 0.OJ4 50
51 ToUI pftospn.t, "9/L 0.12 0.09 0.09 0.09 0.12 0.06 O.to 51

R.lolCthU1!' [2]

52 iron .Ip'" pC'/L 85 • 61 115·66 100 • 113 "3 100 • 80 52
53 iross btt. pCtlL 132-. 16 I" +19 350 .. 140 8! 12 126" 98 53
50 Tou111a pC'IL 28.-6 68'''' 24.-5 40 .-6 5'
55 m" pCI/L 28" 5 28 ;: 5 9.0-. 1.1 1.2 • 0.11 22" 4 55
56 221 II pCI/L 18" 3 40" 5 15.-4 0.6)~ 0.62 Z4 .. 4 5'
57 ToUl K pCtlL 160- 160- 140- 140- 5'
58 60' pCl/L 120 120 120 120 58
59 90 5, pCtlL 0.4.0.8 0.4·0.1 0.' • 0.8 "" 59
60 2108' pCI/L -1.1-·2.2 <1.r-.1.6 0.8" 1.1 Nil 60

'I 210 .. pCI/L 0.1 ~-J.l 0.5 !.-2.0 0.5! 2.0 "" '1

Or9"'C e-... Y [oj

61 Tot.1 Of",'lIlcs "tIL y3['] 52
,"Ucta:

OJ !ftcIoot. "tIL 91 <0.0002 <0.0002 0.02 OJ
66 U,,"M "tIL l! <0.004 <0.0004 0.' ..
65- Ntthcu,ch Ior "tIL J/ <0.10 <0.10 10.0 ;5

" Tl».,phent "tIL !I <0.005 <o.cos 0.5 "*"tcl.:
67 2,'-0 "tIL 91 <0.10 <0.10 10.0 67.. 2.'-5 TP "tIL !I <0.01 <0.01 1.0 ..

(SII .... )

1/ All data pto"tdea tt, Upper eolor....1011 'or ••ter UII.,l., ~Men ..... i1 10. 1912 through Ito....r 7. 1919. '.C"t IS noted for r.f.rtne:., [2] .M ['l·
1/ ......nl,ned to t,.,.tift. Iprl"9.
1/ "'1Itnl propertte' and "Jor constituents not Inc'~ I" col~ (19).
l/ TM £P tp"rtet.'e srOd\lC"1 tOletcttl ft.ttl ... for. 20:1 ••ter e:J"rtc" of • so1td .aste.
l/ s-.tlon of no. r.te for 15 Iprl~'.
II ,..1_ ..lIunli ..,1"'1.
7/ "11 tMlltifted &1.ft~ Iprl"'1 ar' 10cated tft Leld.. llle II-.stol'lf.
1/ now r.te welg"ted f-'es.
,,/ "",lilts pr..toull, t r..".ted.
!2.1 TDS ., "lOOr.tlp l05'C to connant _I,"t.
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APPENDIX B

CHARACTERISTICS OF DOTSERO SPRINGS WATER





Table B-1. - Chemical and physical characteristics of Dotsero Springs water'

(I) 1ZI (J) (.) t51 (') (7) (I) (.) (10) (11) (12) (UI (I') (15) (16) III
h. QI""'erhttc Unlll OIIt ~/ :lot OIIt OIIt OIl' OIIt OIIt OIIt OIIt OIIt OIIt '.ff'''' OH:II l' II It..

4 S , 7 • 10 11 20 JO 40 10 "1I.h-
5.1....." .... 31 31 21 J2 It 22 21 22 10 221

"",tc.l "'..rtt"

CQeduct .,.II roS/. I 710 I 770 I 710 I 7tO I 570 I llO 1460 I '10 I '70 1'70 I 7JO 1640
.. lS ·C

fl.. oil/. 0.0028 0.0021 0:0021 0.0021 O.OSI O.Oll 0.040 0.011 0.011 0.020 O.eMS Y 0.220 2... 7.7 7.' 7.' 7.5 7.2 7.5 7.' 7.J 7.2 7.2 7.4 7.' J
70S (t...1 .11· .' 10 '52 10 '" 10 '00 10 '"

, 200 IJOO , 557 10 14J • 570 • tSO 10 us 1/ , tS4 ..
..bed
soli•• ) II 5

T......turi ·C U 21 21 12 J2 It 31 J2 Jl Jl Jl 51 Jl ,
T.t., ....,.- ..,, IS ,

!lIS
..I .... 7

T....,.I&, WTU I.' 0.21 51 I.' •....... "".'" LL 11 - ,'!'
...It

MoJor too..._.

•Atlltlhlh, ..I, JOG 145 JlO m 144
CIOIJ •• 10
CIOIJ II

10 C.lct_ ../L lOl lSI U' 2SO 2SS 250 lSJ lS. lSI 2S2 ltJ 7/250 12
11 COl.. ,... .." S ,. S TN 5 117 5 115 ••J7 4 4U 4640 S 607 5 Sl7 5. 56CM '11 5 07J U
12 I'c""." ../L 407 l7J ., lt2 .u lS7 J7I "J "2 442 ..5 '11 410 14
U .......,.. .." 'J 5• S5 Sl 56 54 54 'I 60 'I .. '11 51 IS
14 Po,.,t.. .." 57 'l II 57 11 lS J7 .. .. OJ Sl '11 12 "IS Silt.. .." 15 U U U - U.S 17
I' Soft. ../L J Jt7 J 740 J 72' J 72. 3 113 214J 2 703 3 '10 JSn 3511 J 562 71 J 2CM
17 So"'... ..I, ... m SI7 522 SI9 567 S40 SI9 SCM 50S 47S !I S20

Troc. 1It..1. 11 [lJ

II Ah....... ..,, 0.100 0.1 II
I. Afttt..." .,IL 0.010 0.011 0.01 I'20 """K .", 0.001 0.002 0.005 5.0 ZO
21 "I.. .", 1/ O.OS t4l 100.0 n
22 lor.. .,1, TI 0.07 4 22
2J CaMi.,. .,IL 0.010 0.010 0.002 - 0.001 1.0 23
24 Ow.t. .." 0.020 <0.010 <0.010 O.OJ S.O 24
lS CoH" ..,, <0.010 <0.010 <0.010 <0.010 2S
26 ca..... .,/L 0.040 0.040 <0.012 0.01l H
27 fl_l", .,1, 0.7 0.3 0.4 0.' 0.5 27
21 &.11 i_ ..I, <O.OJO <O.OJ 21
28 _I.. .,1, <0.100 <0.1 It
lO 1001'" .", <0.01 <0.01 JO
31 Iroo .", 1.10 0.010 0.070 O.OJO O.50J 1I
32 ,.. .,1, <0.005 <0.005 <0.010 <O.02J 5.0 Jl
33 Lttllh. .", 0.010 0.100 O.Ot 33
14 Mo"9-" .", 0.050 0.020 1.0lS 14
l5 MercurI .", <0.0001 <0.0001 0.0001 0.0001 0.2 JS• _tellt' .", <O.OS <O.OS <0.010 <O.OS3 •J7 Se'lfti... .", <0.005 0 0 <0.005 1.0 37
11 Sn..r .", <0.020 <0.020 <0.006 <0.015 5.0 11
Jt StrOfttt.. .", 2.600 2.600 Jt
40 TI. .' <0•• <0•• 40
41 Titant.. ..I, <O.OlO <O.OJO 41
42 ur ..hll ..I, O.OOJ O.OOJ 42
OJ v....t• .." <O.OJO <O.OJO OJ.. 21oc: .", 0.040 0.010 0.040 0.010 0.025 ..
4S Zlrcon'_ .", <0.100 <0.100 OS

TrlC. Aftl••• 11 [2J

4' -,. .", <0.2 0.2 ..
47 Itttlt' .,IL <O.OS <O.OS 47.. .'trttt .,IL <O.OS <O.OS ..
4' .ttr ..... .,IL O.Ot 0.06 0.075 ..
50 Grt_....... .,IL 0.02 0.02 50
U toUI ,.,,,,.tl .", 0.06 0.06 51

••I.oct 'wit, 11 [lJ

S2 Gros, .I,tI. IItIIL 41 • J5 4l. 27 ... 31 52
53 ;'on beU IItIIL 3J ! lot Jt+U .+. 5J
54 Tout •• lit", 10" 7 10" 7 54
S5 221 I. IItIIL 2.1-. 5 2.1-. 5 55
56 401 litI" S.7 - 5.7 - 56
57 lOS< IItIIL 0.0.0.01 0 57
51 210 II 1It'1L 1.7" I., 1.7 • I., 51
S, 210 .. lit", J.4 ! 2.1 3.4! 2.1 59

Gr,••,c e-- 11 [4J

60 ToUI.or,... tcs .", !' J [4J 60
,..Ucl... :

61 £ft4rtn ..IL 1/ <0.0002 <0.0002 0.02 61
62

L1__

..IL II <0.00t <0.0004 O.eM ..2
63 NllM&JCl'llor ..IL II <0.10 <0.10 10.0 n.. T...' .... ..IL !I <0.005 <0.005 0.5 ..

"rDici.e:
'S 2.4.0 .,IL 1/ <0.\0 <0.01 10.0 65

" 2.'·5 TP "'L· !I <0.01 <0.01 1.0 "(511... )

II All .........1......, Uppor Col........'''' f....t ........1.. t ..... .,rll 20. 1972 ........ __ 7,197' .,C..t .. oot.. f... "f...OlIC.. [2J ... C4J.
II _r """- t. I....t'f.......1...J: ~1:~f~~:I:~~:lhl:::.~:.::.It.tu ",.. for I 20:1 ••t~ educl of • \Oltd • .,tl.

II .... t..........,IIIH.
II All ,....""... OIIt..... 511"'... Ire loc.t.. I. ' .....111. lI...t....

~ ~:i'~~...~r~~,-::~t ...
!I TOS ., .....rotl.. It lOS ·C t. COIl.....t w'''t.

GPO 8411-71111
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