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Map showing chemical quality of water
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MISCELLANEOUS INVESTIGATIONS SERIES
MAP 1-856-J (SHEET 2 of 2)

40700 EXPLANATION The taste of water is affected by dissolved solids, chloride, iron, and
i manganese. Dissolved solids and chloride impart a salty taste to the water,
DISSOLVED-SOLIDS CONCENTRATION IN WATER FROM UNCON- whereas iron and manganese impart a bitter metallic taste to the water and
SOLIDATED ALLUVIAL DEPOSITS,! IN MILLIGRAMS PER LITER to beverages made using the water.
Discolored water, stained laundry and porcelain fixtures, and incrusted plum-
bing are caused by iron and manganese in the water. Incrusted plumbing also
Less than 500 is caused by dissolved solids, magnesium, and excessive hardness. In addi-
g - tion, excessive hardness may reduce the “life” of hot-water heaters and im-
° pair the quality of frozen or canned fruits and vegetables. The classification
Greater than 500 of hardness used in this report is: Concentration less than 60 mg/L —soft water;
60 to 120 mg/L—moderately hard water; 120 to 180 mg/L—hard water:
Line pattern indicates dissolved-solids and greater than 180 mg/L—very hard water. Based on this classification,
concentration estimated 13 wells and springs yielded soft water, 46 wells and springs yielded moderately
halrl:ii \Aéater, 31 wells and springs yielded hard water, and 240 wells and springs
yielded very hard water.
AREA WHERE DISSOLVED-SOLIDS CONCENTRATIONS IN Water containing excessive magnesium and sulfate may have a laxative
WATER FROM UNCONSOLIDATED ALLUVIAL effect on people who are unaccustomed to drinking it. However, this condi-
DEPOSITS WERE NOT MAPPED BECAUSE WELL YIELDS tion abates with continued use of the water.
PROBABLY CANNOT BE SUSTAINED THROUGHOUT Fluoride, nitrite plus nitrate, and selenium in water may be health hazards.
THE YEAR Although fluoride is known to decrease dental cavities, concentrations greater
AREA WHERE WATER-TABLE CONDITIONS PREDOM- than 1.8 mg/L may cause mottling of teeth, especially in children. Concen-
” INATE IN THE DAWSON AQUIFER; BLUE LINE PAT- trations of nitrite plus nitrate as nitrogen greater than 10 mg/L may cause
20 TERN INDICATES DISSOLVED-SOLIDS CONCENTRA- methemoglobinemia (“blue-baby disease”) in infants less than 9 months old
N\ TION LESS THAN 500 MILLIGRAMS PER LITER; RED who drink the water or who are breast-fed by mothers who drink the water.
’ LINE PATTERN INDICATES DISSOLVED-SOLIDS CON- Concentrations of nitrite plus nitrate in the study area that are greater than
CENTRATION GREATER THAN 500 MILLIGRAMS PER 10 mg/L as nitrogen usually are indicative of contamination from septic-tank
T.15S LITER systems, barnyards, corrals, or commercial fertilizers. Concentrations of
— AREA WHERE WATER-TABLE CONDITIONS PRE- selenium greater than 10 ug/L (micrograms per liter) may cause selenium
DOMINATE IN THE DENVER AQUIFER; BLUE LINE PAT- poisoning in people and livestock. “Alkali disease” that afflicts livestock is caus-
TERN INDICATES DISSOLVED-SOLIDS CONCENTRA- ed by selenium.
TION LESS THAN 500 MILLIGRAMS PER LITER; RED
LINE PATTERN INDICATES DISSOLVED-SOLIDS CON- LIMITATIONS OF THE INVESTIGATION
CENTRATION GREATER THAN 500 MILLIGRAMS PER Well-yield data are few for those localities where the unconsolidated alluvial
LITER aquifers are known to contain water with less than 500 mg/L of dissolved
| 750000 - AREA WHERE WATER-TABLE CONDITIONS PRE- solids. Therefore, prior to any potential development of the aquifers for uses
FEET DOMINATE IN THE ARAPAHOE AQUIFER: BLUE LINE related to urban development, a comprehensive hydrologic investigation to
15 PATTERN INDICATES DISSOLVED-SOLIDS CONCEN- determine the physical and hydraulic characteristics of the aquifers would be
TRATION LESS THAN 500 MILLIGRAMS PER LITER; RED useful to adequately evaluate the potential of the aquifers for the intended
o LINE PATTERN INDICATES DISSOLVED-SOLIDS CON- uses. Also, all chemical constituents and physical properties that govern the
52’30 CENTRATION GREATER THAN 500 MILLIGRAMS PER suitability of water for a public supply were not determined during this in-
LITER vestigation. In addition to the chemical constituents included in this report,
1 AREA WHERE DISSOLVED-SOLIDS CONCENTRATIONS concTnt;aﬁons of tracelelements, such asdbarium, cadr;lﬂum, chromium, cop-
GENERALLY ARE GREATER THAN 500 MILLIGRAMS per, lead, mercury, silver, uranium, and zinc, as well as concentrations of
PER LITER IN WATER FROM COLLUVIAL LANDSUDE certain pesﬂcides, amounts of radbacﬂvity s numbers of fecal'coufom bacteﬂa,
2 4 and the concentrations or values of ammonia, color, foaming agents, hydrogen
AND WINDBLOWN DEPOSITS, AND FROM UPPER fide. pH. and turbidi b i b bl v e i
WEATHERED AND FRACTURED ZONE OF CON- 2R i Ay el esfeck thie suitabiity ok the waterfor Uaiovs
SOLIDATED SEDIMENTARY ROCKS o
AREA WHERE DISSOLVED-SOLIDS CONCENTRATIONS ﬂﬁfﬁfﬂ:ﬁ:ﬁﬂgﬁ&ﬂ: o nemonmi :’;;;f,,;‘;:;‘:,‘sg‘;"s"m‘;i el
GENERALLY ARE LESS THAN 500 MILLIGRAMS PER local governments. In Colorado, issuance of well permits, specifying from
4110 LITER IN WATER FROM FRACTURED CRYSTALLINE which aquifer water may be obtained and the volume of water that may be
ROCKS pumped, is determined in part by factors other than availability and chemical
‘ quality of the water. Some factors considered in issuing well permits are the
1.5 8 CONTACT.—Dashed where approximately located effects of new wells on: existing wells; streamflows; surface-water features,
+—L—L EASTERN OUTCROP LIMIT OF FRACTURED CRYSTALLINE such as lakes, ponds, and wetlands; and recharge to underlying aquifers. Land-
. T.38 ROCKS use plans and zoning ordinances also may preclude a particular type of land
Wore o WELL; CHEMICAL QUALITY OF WATER DETERMINED, — o et A R G D S R iyl
;g% 4 First (top) number is year water was analyzed; second number ’
Mn is dissolved-solids concentration, in milligrams per liter; third
: S0, number is total hardness, in milligrams per liter—shown only SELECTED REFERENCES
y awbl:’evr; Sea;j;edia‘:’::ml:cg (r;iﬂ:grt;r;sog‘e; l;ea;?l;zs:solﬁg:;r; Colorado Department of Health, 1971, Colorado drinking water supplies,
‘ — : f Engineering and
alluvial deposits: A = Arapahoe aquifer; Da =Dawson aquifer; February 1971—Chemical quality: Denver, Division of Eng g
g De =Denver aquifer; F=fractured crystalline rocks; Sanitation, 42 p. :
% 405 W =windblown deposits. Chemical symbols indicate dissolv- — 1977, Primary drinking water regulations for the State of Colorado:
" O ed constituents that exceeded the State standards for public Denver, Water Quality Control Division, 60 p.
;s , - Hall, D. C., Boyd, E. L., and Cain, Doug, 1979, Hydrologic data for wells,
Pt water supplies (Colorado Department of Health, 1971 and ’ = 220¥6, ’ ! g, » 1Y
% 1977). springs, and streams in Boulder County, Colorado: U.S. Geological Survey
: Fe =iron N =nitrite plus nitrate Open-File Report 79-979, 106 p. )
F = fluoride - nitrp i Hall, D. C., and Johnson, C. J., 1979, Drinking-water quality and varia-
N Y Mn = manaanese Se =selenh:)rg tions in water levels in the fractured crystalline-rock aquifer, west-central
. M :m g - SO. = sulfat Jefferson County, Colorado: U.S. Geological Survey Water-Resources In-
AR i =magnesim - R =suliate vestigations 79-94, 52 p.; available only from U.S. Department of Com-
O N 13% % Mn  SPRING; CHEMICAL QUALITY OF WATER DETERMIN- merce, National Technical Information Service, Springfield, Va 22151, as
5 87 ED.—First (top) number is year water was analyzed; second report PB-80-128-580, 57 p.
ey 41 number is dissolved-solids concentration, in milligrams per liter; Hillier, D. E., and Hutchinson, E. C., 1980, Well yields and chemical quality
\ 700 000 third number is total hardness, in milligrams per liter—shown of water from water-table aquifers in the Colorado Springs—Castle Rock
FEET only when hardness was 180 milligrams per liter or less. Let- area, Front Range Urban Corridor, Colorado: U.S. Geological Survey
45 ters above year indicate source of water if other than uncon- Miscellaneous Investigations Series Map 1-857-1.
solidated alluvial deposits: CS =consolidated sedimentary Hillier, D. E., and Schneider, P. A., Jr., 1979, Well yields and chemical quality
s rocks; Da=Dawson aquifer; F =fractured crystalline rocks; of water from water-table aquifers in the Boulder—Fort Collins—Greeley
) ' Chemical symbols indicate dissolved constituents that exceeded area, Front Range Urban Corridor, Colorado: U.S.  Geological Survey
T.45 the State standards for public water supplies (Colorado Depart- Miscellaneous Investigations Series Map 1-855-J.
ment of Health, 1971 and 1977). Hillier, D. E., Schneider, P. A., Jr., and Hutchinson, E. C., 1979, Hydrologic
N & Fe =iron N =nitrite plus nitrate data for water-table aquifers in the greater Denver area, Front Range Ur-
as nitrogen ban Corridor, Colorado: U.S. Geological Survey Open-File Report 79-214,
. Mn = manganese Se =selenium 68 p.
j o oo SO, =sulfate denkins, E. D., 1961, Records and logs of selected wells and test holes, and
- \ A chemical and radiometric analyses of ground water in the Boulder area,
e ° WELL; DISSOLVED-SOLIDS CONCENTRATION Colorado: Colorado Water Conservation Board Basic-Data Report 5, 30 p.
| ESTIMATED FROM SPECIFIC CONDUCTANCE. —Letters
oo X Konikow, L. F., 1975, Hydrogeologic maps of the alluvial aquifer in and ad-
: - : indicate source of water if other than unconsolidated alluvial jacent to the Rocky Mountain Arsenal, Colorado: U.S. Geological Survey
% o \ deposits: A =Arapahoe aquifer; Da=Dawson aquifer; Open-File Report 74-342, 1 sheet ’ I
U] #95 De =Denver aquifer; F=fractured crystalline rocks; McConaghy, J. A., Chase, G. H., Boettcher, A. J., and Major, T. J., 1964,
W = windblown deposits. Number corresponds to the tabula- Hydrogeologic data of the Denver Basin, Colorado: Colorado Water Con-
‘tion below indicating estimated dissolved-solids concentrations, servation Board Basic-Data Report 15, 224 p.
i in milligrams per liter, based on a correlation betweven specific Robson, S. G., 1977, Ground-water quality near a sewage-sludge recycling
e conductance and dissolved-solids concentration. site and a landfill near Denver, Colorado: U.S. Geological Survey Water-
‘ 1 =less than 500 3=1000 to 3000 Resources Investigations 76-132, 135 p.; available only from U.S. Depart-
o . 2=500 to 1000 4 =greater than 3000 ment of Commerce, National Technical Information Service, Springfield,
" . VA 22151, as report PB-269-294, 152 p.
o \ 'Dissolved-solids concentrations generally less than 500 milligrams per liter in water from localiz- Schneider, P. A., Jr., 1962, Records and logs of selected wells and test holes
. ed areas of unconsolidated alluvial deposits (not shown on map) occurring in stream valleys traver- ¥ Y st . ’
: sing; fractused crypealline rockis. and chemical analyses of ground water in the South Platte River basin in
» western Adams and southwestern Weld Counties, Colorado: Colorado
. Water Conservation Board Basic-Data Report 9, 84 p.
, Shroba, R. R., 1980, Geologic map and physical properties of the surficial
and bedrock units of the Englewood quadrangle, Denver, Arapahoe, and
30 Adams Counties, Colorado: U.S. Geological Survey Geologic Quadrangle
T4 CHEMICAL QUALITY OF WATER Map GQ-1524. '
T.58 The concentration of dissolved solids was the principal criterion used in this ler)nel:‘lz,erD;rE; ;l::n?;i:et;eb?b.ax? C c}r?lZi?)’r Gég:gf:é:,‘ a{; gf tgﬁ oglxtt:ixl‘
investigation to determine the suitability of ground water for urban develop- Survey Mlscéllaneous Insesﬂgaﬂons Boiss iVlap I-856.-H' ’
m?tn;l \A;ater lfontainlng 5100 :lng/ Iia or rll’ess gf di.;ssolved solidsls (gienerallst: lis U.S. Environmental Protection Agency, 1976, National interim primary drink-
suitable lor all uses associated with urban development, including public ing water regulations: U.S. Environmental Protection Agency Publication
; X drinking-water supplies. However, concentrations of individual dissolved con- 570/9-76-003, 159 p
o 3 \ stituents, values of selected physical properties, amounts of radioactivity, and 1977, National secondary drinking water regulations: Federal
: numbers of fecal-coliform bacteria in the water may cause the water to be R
Nae o N egister, v. 42, no. 62, Thursday, March 31, 1977, Part I, p.
SO : , O G unsuitable for a particular use. In addition to dissolved solids, concentrations 17143-17147
B ' ; 37'30" of dissolved arsenic, chloride, fluoride, iron, magnesium, manganese, nitrite '
5 plus nitrate, selenium, sulfate, and hardness as calcium carbonate were used
. to (i;\dica;e the chemical suitabilig of g%gund/\gatfeé. —_—
round water containing more than mg/L of dissolved solids is suitable,
FEET depending primarily on the degree of salinity, for only limited uses associated AUDHRTAL WE%(S)INI: P{%@S%PSSN%SA%?J%HR RANGE 65 WEST
with urban development as illustrated by the examples given in the section :
RELEVANCE TO URBAN PLANNING. As dissolved-solids concentrations 5 g
o increase, the possible uses in urban development decrease. & «= | o & ‘
. The dissolved-solids concentrations of water from water-table aquifers are E 3 28 | 2= Constituents that excceded
¢ shown on the chemical-quality map. Also shown are other dissolved consti- & S _z g (g E State standards for public -
< / : tuents that exceeded State standards for public-water supplies (Colorado 5 g 9 g gg § water supplies
Department of Health, 1971; 1977). Dissolved iron, fluoride, and manganese [ S z £ | Eg5 <
were the analyzed constituents that commonly exceeded State standards for Z > S8E |££8
public-water supplies in water containing less than 500 mg/L of dissolved
solids. The concentrations of dissolved iron could result from corrosion of well ; ig;g i’% - g&'llfm‘ide’ mangnase;, st
] — ate
casings and water-distribution systems and may not be representative of water 3 1976 1.980 - =
1380 in the aquifers. However, because of the widespread occurrence of wells and 4 1976 '980 —  |sulfate
springs with water that contained excessive dissolved iron, the iron probably 5 1976 309 51 Manganese
.53 occurs naturaly in the water. 6 1975 1,020 —  |Sulfate
T6s Summaries of the data collected for those constituents that could affect the 7 1975 1,830 ==
chemical suitability of water for urban development are shown in the tables. 8 1976 1,450 —  |lron, manganese, sulfate
The effects of these constituents in concentrations exceeding the standards 9 1975 1,620 = [Sulfate
for public-water supplies are listed below and are summarized from publica- }(1) ig;g %g% - s“gate
tions of the Colorado Department of Health (1971) and the U.S. Environmen- 12 1975 ‘376 | 138 Suifote
tal Protection Agency (1976, 1977). :
p Table 1.—Summary of selected chemical constituents in water from wells
4 [mg/L-milligram per liter, wg/L-microgram per liter, 1 milligram per liter=1,000 micrograms per liter]
Unconsolidated
1375 alluvial deposits Dawson aquifer Denver aquifer Arapahoe aquifer Fractured crystalline rocks
Number Number Number Number Number
Number of Number of Number of Number of Number of
Constituent Unit [Standard | Range of samples Range of samples Range of samples Range of samples Range of samples
samples | where samples | where samples | where samples | where samples | where
standard standard standard standard standard
exceeded exceeded exceeded exceeded exceeded
Dissolved solids_..__..__. mg/L 1500 139-7,600 | 242 166 137-488 13 0 175-7,110 27 17 343-1,920 4 3 107-520 30 1
30 Dissolved arsenic_.______ mg/L 250 <1-6 99 0 <1-1 7 0 <1 1 0 <1 1 0 <1 6 0
Dissolved chloride._.... mg/L 1250 1.4-4,250 242 19 1.2-42 13 0 3.0-3,050 27 3 37-85 4 0 .8-47 30 0
Dissolved fluoride..__.___ mg/L 21.8 .1-5.2 197 11 3-1.2 13 0 220 8 2 1.04.2 4 1 .2-34 30 2
Dissolved iron_.__.._.__._ ng/L 1300 | <1-12,700 167 34 <1-5,500 | 13 5 <1-6,900 21 3 70-150 3 0 <1-31,000| 30 5
Dissolved magnesium... {mg/L | '125 |1.5-355 225 2 9-14 13 0 0.2-180 20 1 .2-80 4 0 2.5-29 30 0
Dissolved manganese... | ug/L 150 | <1-8,300 145 51 <1-500 13 3 <1-12,500 19 6 30-100 2 1 <1-210 30 6
7.6 5. Dissolved nitrite plus
600000  nitrate as nitrogen.._. | mg/L 10 .02-40 227 12 .00-4.7 12 0 .00-3.5 27 0 .00-8.4 4 0 .01-18 30 1
FEET Dissolved selenium______ ng/L 210 | <1-40 99 12 <1-6 7 0 8 1 0 20 1 1 | e E: %
T 75 Dissolved sulfate__.______ mg/L 1250 15-1,900 | 239 84 14-149 13 0 1.7-1,190 22 14 3.3-980 4 3 2.3-81 30 0
) "~ Hardness, as calcium
carbonate_______._______ mg/L | None 32-1,660 | 242 --- 71-330 13 32-3,870 27 -- 30-696 4 49-350 30 #
'Recommended State standards for public-water supplies (Colorado Department of Health, 1971); with exception of magnesium, stan-
dards are the same as the recommended Federal standards established for publiic-water supplies (U.S. Environmental Protection Agency,
1977); no recommended Federal standard for magnesium.
*Primary (mandatory) State standards for public-water supplies (Colorado Department Health, 1977); standards are the same as the
mandatory Federal standards established for public-water supplies (U.S. Environmental Protection Agency, 1976); standard for fluoride
based on annual average of maximum daily air temperatures in the study area.
g a3gs Table 2.—Summary of selected chemical constituents in water from springs
[mg/L-milligram per liter, xg/L-microgram per liter, 1 milligram per liter=1,000 micrograms per liter]
" Unconsolidated Consolidated Fractured
¢ alluvial deposits sedimentary rocks crystalline rocks
Number Number Number
Constituent Unit  |Standard of of of
. Number | samples Number | samples Number samples
Range of where Range of where Value of where
samples | standard samples | standard samples standard
exceeded exceeded exceeded
Dissolved solids............_...____.___ mg/L| 500 141-1,140 10 4 87-251 3 0 140 1 0
Dissolved arsenic..............________ wng/L 250 <1-4 8 0 14 3 0 - - -
T.7s. Dissolved chloride______..........._._ mg/L | 250 2.5-45 10 0 1.0-9.8 3 0 1.7 1 0
Dissolved fluoride_____._____.._._._____ mg/L 21.8 .3-1.6 10 0 .2-6 3 0 3 1 0
43g000m. N, Dissolved iron wg/L| 1300 <1-4,200 9 1 20-270 3 0 30 1 0
T.85. Dissolved magnesium mg/L| '125 5.8-57 10 0 3-4.14 3 0 9.0 1 0
Dissolved manganese ng/L 150 <1-500 8 5 <1-80 3 1 0 1 0
Dissolved nitrite plus
nitrate as nitrogen__._______________ mg/L 210 .13-39 10 2 .06-2.0 3 0 14 1 0
39°22'30" Dissolved selenium_.____.__.__________ rg/L 210 <1-39 8 1 <1-2 3 0 - - -
45’  R.66 W. 525 R. 65 W. 53000mE. 104°37730" Dissolved suffate.....____________ mg/L| 1250 .7-530 10 2 6.1-21 3 0 18 1 0
INTERIOR—GEOLOGICAL SURVEY, RESTON, VA —1983—W82194 Howdhase, -8 caldim
G::';%Y [,",""2’;;’,;’0 from Trimble and Machette, 1979 carbonate mg/L| None 104-660 | 10 - 41-120 3 . 97 1 -
and Shroba,
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'Recommended State standards for public-water supplies (Colorado Department of Health, 1971); with exception of magnesium, standards are the same as the recommended
Federal standards established for public-water supplies (U.S. Environmental Protection Agency, 1977); no recommended Federal standard for magnesium.

?Primary (mandatory) State standards for public-water supplies (Colorado Department of Health, 1977); standards are the same as the mandatory Federal standards established
for public-water supplies (U.S. Environmental Protection Agency, 1976); standard for fluoride based on annual average of maximum daily air temperatures in the study area.



