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CDNVERSION mcroRS

For readers who prefer to use metric units, a:mversion factors for inch­
pound units used in this report are listed telow:

MultipJ,y inch-pound units ~ To obtain metric units

acre 0.4047 square hectaneter
0.004047 square kilaneter

acr~foot 0.001233 cubic hectaneter
1233 cubic meter

cubic foot ~r 0.02832 cubic meter ~r
seoond seoond

cubic foot ~r 0.02832 cubic meters ~r
seoond-day seoond-day

inches 2.54 centimeter
25.40 millimeter

foot 0.3048 meter
foot ~r mile 0.1894 meter ~r kilaneter
gallon ~r 0.06308 liters ~r seoond
minute

mile 1.609 kilaneter
square mile 2.590 square kilaneter
ton ~r day 0.9072 metric ton ~r day

megagram per day
ton per day per 0.3502 megagrams ~r day

square mile per square kilaneter

'I'elgrature

degree Fahrenheit 00= 5/9 (Op-32) degree celsius
degree celcius 0F= 9/5 (OC+32) degree Fahrenheit
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RE<DNNAISSANCE OF THE QUAL I'l'Y OF SUHEi...a: WNtER IN 'IBE

VIffiIN RNER BASIN, UTAH, ARIZONA, AND NEVADA, 1981-ff2

l:¥ George W. sandl:x=rg and LaVerne G. Sultz
Hydrologists, u. S. Geological Survey

ABSTRACI'

The Virgin River drainage from headwaters in Utah to Littlefield,
Arizona, has an area of about 5,090 square miles in southwestern Utah,
northwestern Arizona, and southeastern Nevada. In this area the river is
about 110 miles long and receives water from nine major tributaries. Two
tributaries, Fort Pierce wash and Beaver Dam Wash, are ephemeral with flow
occurring only from irrigation-return, floods or snowmelt, and springs in
short reaches.

Outcrowing geologic formations that affect water quality in the msin
are fine-grained clastic and carbonate rocks of Mesozoic age.

Tributary inflow to the Virgin River during the stu<¥ generally contained
smaller dissolved solids conamtrations than did the river and significantly
diluted dissolved-solids concentrations in the river during low flow.
Tributaries generally contained larger dissolved-solids concentrations than
did the river during high flow, but the pro~rtion of water from triburaries
was smaller during high flow and dilution effect was relatively small.

La Verkin Hot Springs enters the river at Hurricane fault and contributes
a flow of about 11 cubic feet per seoond. Dissolved-solids ooncentration of
this springs is nearly 10,000 milligrams per liter with sodium and chloride
oonstituting the major ions. Approximately 109,000 tons of dissolved solids
flow from the springs annually.

During low flow, dissolved-solids concentrations in the Virgin River
ranged from only 56 milligrams per liter in the North Fork Virgin River at
cascade Spring to 603 milligrams per liter upstream from La Verkin Hot
Springs, and from 2,760 milligrams per liter downstream from the hot springs
to 2,620 milligrams per liter at l:'ittlefield, Arizona. During high flow, the
dissolved-solids ooncentration upstream from La Verkin Hot Springs was 277
milligrams per liter and the range downstream from the springs was 492 to
1,120 milligrams per liter. Dissolved-solids concentrations were maximum
during low flow and minimLml during high flow at all sites except on some small
streams near triburary headwaters. Boron concentration was less than the
tolerance lE!l1el of all crops upstream from La Verkin Hot Springs and was more
than the tolerance lE!l1el of many crops downstream from the springs.

Sodium hazard was low to medium except just downstream from La Verkin Hot
Springs; the salinity hazard generally was low to high upstream from La Verkin
Hot Springs and high to very high oownstr'eam f rom the springs.

Sediment loads ranged from 0.13 to 2,555 tons per day for 25 samples
collected in August 1981 and from 0.55 to 3,582 tons per day for 14 samples
collected in May 1982. 'nlese loads reflect stable stream conditions during
sampling periods. Loads during flood flows have been as much as 1,930,000
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tons per day for the period of record. Largest sediment loads were in the
southwestern part of the basin, and largest sediment loads per ~uare mile of
drainage area were in the northeastern {art of the basin where gradients are
steeper.

Dissolved-oxygen concentrations ranged from 5.2 to 12.5 milligrams per
liter except immediately downstream from thermal springs. Manganese
concentrations were in excess of recommended limits for drinking water at
several sites. Data were insufficient to identify sanitary problems but
available data indicate that conditions may be degraded downstream from
livestock areas. Pesticide concentrations were minimal at the few sites
sampled.

INTROWCl'ION

This report on the qUali ty of surface water in the Virgin River basin
from the headwaters near Navajo Lake, Utah, to Littief ield, Ariz., was
prepared by the U.S. Geological Survey in cooperation with the Division of
water Rights, Utah Department of Natural Resources. The objectives of the
study leading to the report were to obtain information on general chemical
characteristics of surface water and to determine effects of the natural
environment and water use on these characteristics. The scope of the study
did not include an intensive investigation of the effects of man's activities
on water quality.

Methods of Investigation

water-quality data were obtained 1 to 5 times at 74 sites in the Virgin
River msin between August, 1981. and September 1982. Fifteen additional sites
were dry during all the sampling periods. The sites were numbered in
consecutive upstream order, beginning at Littlef ield, Arizona. The locations
are shown on plate 1. '!hirty-one sites were designed as key sites, and they
were sampled during each of the five sampling periods, if acoossible. 'Ble key
sites included active gaging stations, locations at, upstream from, or
downstream from major tributaries, and other locations of probable water­
quality significance.

The concentrations of selected trace elements were determined
semiguantitatively once at 23 sites and quantitatively once at 6 sites. 'Ble
concentrations of pesticides in str~bottan sediments were determined once
at 4 sites.

Suspended-sediment samp.les were collected at 25 sites in August 1981,
when flows were as lCM as 2 ft3/s and at 14 sites in May 1982, when flCMS were
as high as 600 ft3/s. sampling periods were selected when streamflCM was most
uniform, in order to define chemical characteristics of the river system.
Sediment samples, therefore, represent only loads during uniform flow
oonditions.

Most streamflCM measurements were made with fewer sections for velocity
and depth determination than are used in standard stream-gaging procedures.
This procedure was used in order to minimize the time needed for the large
numbers of samples and measurements. Comparison of results of the two
prooodures on selected measurements were within 10 percent.
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'!he U.s. Geological Survey began streamflow measurements at site 32 in
1909 in cooperation with the Utah State Engineer. '!he Geological Survey
currently (1983) oJ;:erates 16 stream-gaging stations in the study area and an
additional 15 have been o~rated in the I,:8st.

Previous Studies

Patterson and Somers (1966) reported on the magnitude and frequency of
floods in the Virgin River, and the U.S. Army Corps of Engineers (U.S.
Dep;l.rtment of Defense, 1973) published flo~plain information for the Virgin
River and Fort pierce Wash. Geological Survey studies exmcerned with water
quality resulted in reports on the thermal springs of utah (Mundorff, 1970),
the disp:>sition of water seeping from Navajo Lake (Wilson and Thomas, 1964),
and a map showing the general chemical qUality of surface water in parts of
the study area (Price, 1900). Cordova, Sandberg, and McConkie (1972) and
Cordova (1978 and 1981) reported on the chemical qUality of ground water in
the central Virgin River basin. water-quality data, including trace metals
and bacteria, were collected by the Geological Survey at sites 1, 17, and 32
prior to this study, the earliest being in 1949 at site 1. Water-quality and
sediment data have been published annually in several series of reports of the
Geological Survey (1974 and 1982).

Additional rep:>rts cxmcerned with water quality include those I:¥ Deacon
and Holden (1977), Vaughn Hansen Associates (1977), and Gebhardt (1977), and
the Five County Association of GoITernments (1977). The u.s. SOil Conservation
service (1981) and the u.s. Bureau of Reclamation (1982) canpleted reports on
the lower Virgin River, whidl includes I,:8rt of the study area. Trudeau (1979)
and Moore (1969) reported on Littlefield Springs and surface-water flow in the
vicinity of Littlefield. The Utah Water Researdl LaI:x>ratory (1974) reported
on planning for water qUality in the Virgin River system, and Goode (1964)
rep:>rted on the East Fork Virgin River.

HYDRCLOOIC Sfm'OO

Surface Drainage

The virgin River basin (pl. 1) has an area of about 5,100 square miles,
of which 3,000 are in Utah, 1,700 in northwestern Arizona, and 400 in
southeastern Nevada. The river length is approximately 110 miles f rom its
origin near Navajo Lake, Utah, to littlefield, Arizona. Nine major
tributaries enter the river in the study area. They are East Fork virgin
River, North Fork Virgin River, North Creek, La Verkin Creek, Ash Creek, Leeds
Creek, Fort Pierce Wash, Santa Clara River, and Beaver Dam Wash. Numerous
small ~rennial and eIilemeral tributaries enter the Virgin River and its major
tributaries.

flow in the North Fork Virgin River tegins at cascade Springs, whidl is
partly sustained by water from Navajo Lake (Wilson and Thomas, 1964). Fort
Pierce Wash, entry point for virtually all flow from Arizona, and Beaver Dam
Wash, entry point for all flow from Nevada, USUally are dry or have small
flows. These washes, however, can have large sediment-laden flows during
flash floods.
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'!he Utah section of the study area amtains about 15 reservoirs, most of
which pr0\7ide a small volume of water for irrigation. '!he three largest
reservoirs are Kolob (6,900 acre-feet) on Kolob Creek about 10 miles southeast
of Kanarraville; Gunlock (15,000 acre-feet) on the santa Clara River about 1
mile south of Gtmlock; and Ash Creek (12,000 acre-ft) on North Ash Creek about
9 miles south of Kanarraville. ca};8city records are kept only for Ash Creek
Reservoir where water is not uslBlly released because most of it seeps into
the porous basalt that underlies the reservoir. No reservoirs that are larger
than stock ponds exist in the Arizona and Nevada sections of the study area.

Geology

The surface rocks in the upper Virgin River basin range in age from
Precambrian to Quaternary. Similar ~ologic units have been grouped together
for simplicity in plate 1. Groups that probably affect water quality most are
the fine-grained clastic rocks of Mesozoic age, including the Tropic fbale and
the Kayenta, Chinle, and Moenkopi Formations; and the carbonate rocks of
Paleozoic age, including the Kaibab Limestone; Toroweap Formation; Callville,
Redwal1, Temple Butte, and Muddy Peak Limestones; Nopah and Bonanza King
Formations; and the Muav Limestone. Although the rocks in the basin are
extensively faulted, only the largest fault--Hurricane fault-- which is
defined mainly l:¥ the Hurricane Cliffs, is shown on plate 1.

TQpogrAPhY

'!be drainage basin generally slopes toward the southwest in Utah, the
northwest in Arizona, and the south in Nevada. Altitudes range from above
10,000 feet near the headwaters to below 1,900 feet at Littlefield. Some
mountain areas have sheer slopes of several hundred feet (fig. 1). Steep
stream gradients result in the erosion of large quantities of sediment,
significantly affecting water quality. The terrain changes progressively
downstream from high mountains and terraces to mesas and low desert land.
Much of the area is virtually inac~ssible. Major t0J;X)9ra};ilic features within
the basin are Beaver Dam, Bull Valley, and Pine Valley mountains, Hurricane
Cliffs, Vermillion Cliffs, and Kolob Terra~.

SOils

Most soils within the basin are sandy, sandy loam, or sandy loam with
gravel, and range fran shallow to deep (Mortensen and others, PJ77; Richmond
and Richarctlon, 1974) soils map. Most soils are well drained. Infertile soil
in much of the basin supports little vegetation, };8rticularly in desert areas
where precipitation is meager. Some areas have v irtually no soil and no
ve~tation.

Land use

Recreation is a major land use. Zion National Park, several State puks,
recreational areas, and mountain subdiv isions for sllnmer hanes are located
within the study area, mostly in Utah. Zion National Park is visited by
about 1.5 million people annually including as marw as 300,000 a month
during the sumner.
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Figure 1.-Deep Creek drainage area, part of North Fork Virgin
River and Zion Canyon area. Several sampling sites are
located within the plateau area and in the distant canyon.

5



Deficien<;, of water precludes agricultural developnent in many J:Elrts of
the basin. Main agricultural areas are in the vicinity of st. George and
Hurricane. Limited fanning also is chre in the snaller valleys.

Much of the basin is used for rangeland, but sparse range growth
gererally limits grazing. Most of the grazing is in the forested areas, where
3Ilall areas have been reseeded.

Climate
Normal annual precipitation in the msin ranges from more than 40 inches

in the mountains to less than 8 indles in the low desert areas (pl. 2). Rain
and melting snow in the mountains during spring and early sllllmer prOlT ide water
for downstream use. '!he small proportion of precipitation that falls on
desert areas (mostly rain) either sinks into the porous soil or runs off as
flash floods.

Tem~ratures generally range from 24 to -29 0celsius near the headwaters;
the mountain areas have fEMer than 90 frost-free days. Tem~ratures generally
range from 43 to -7 °Celsius in the desert areas; these areas have about 200
frost-free days (National Oceanic and Atmos};heric Adninistration, 1981).

water Sources and Use

Base flow of the Virgin River originates mainly fran springs and seeps.
Higher flows during spring and early SlDluner result from snowmelt. Flash
floods oontribute little to total annual flow. Virtually all flow upstream
from Littlefield originates in Utah. '!he small quantity of flow that occurs
in Arizona and Nevada usually appears and disappears intermittently in
streamreds, is ponded for stockwater, or is used for limited irrigation near
the source.

Most use of water fran the perennial streams is for irrigation. water is
diverted from the main dlannel of the Virgin River and tributaries along the
entire course of the river. Largest diversions are to the Hurricane and La
Verkin canals, al:x>ut 4 miles northeast of Hurricane, and the Washington canal,
about 7 miles east of St. George. Ground water is pumped for irrigation,
p:t.rticularly in the St. George-Hurricane area, and irrigation runoff adds to
river flow oownstream from these irrigated areas.

Phreatopl¥tes along the streams oonsurne water. '!he };hreatopl¥te growth
is mainly in chwnstream reaches where gradients are relatively flat and more
soil exists.
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<LM3SIFICATION OF WATER FOR roBLIC SUPILY AND IRRIGATION

-'!he National Interim Primary Drinking Water Regulations*** were
promulgated on December 24, 1975, in accordance with the provisions of the
Safe Drinking Water Act (Public Law 93-523) *** These regulations become
effective on June 24, 1977, and became in essence the standards l:¥ which all
pUblic drinking water supplies are judged- (U.S. Environmental Protection
AgenCj 1976a, prefaoo). '!he following table lists maximum oontarninant levels
for inorganic chanicals other than fluoride. '!he term "maximum rontarninant
level" is def ined as the ''maximum ~rmissible level of a rontarninant in water
which is delivered to the free flowing outlet of the ultimate user of a public
water f)ystan" (U.S. ErNirormental Protection AgenCj, 1976a, p. 5).

Contaminant

Arserlic •••••••••••••••••••••••••
BarillITl ••••••••••••••••••••••••••
CB.dnilIn •••••••••••••••••••••••••
Olranilml ••••••••••••.••••••••••.
Lead ••••••••••••••••••••••••••••
Mercu~ •••••••••••••••••••••••••
Nitrate (as N) ••••••••••••••••••
SelemlBIl ••••••••••••••••••••••••
Silver ••••••••••••••••••••••••••

LE!I7el
(milligrams
per liter)

0.05
1.0

.010

.05

.05

.002
10.0

.01

.05

When annual average of the maximum daily air tern~rature for the location
in which the community water system is situated is the following, maximum
rontarninant levels (apprOied limits) and other reoommerx:led oontrol limits for
fluoride are (U.S. EnlTirormental Protection Agency, 1976a, p. 5):

Milligrams per liter

Reccmnended rontrol limits
Ten~rature for flooride oonoontrations

~grees ~grees LOfler Optimun U~r ApprOied
Fahrenheit Celsius Lower Optimum Upper limit

53.7 and below 12.0 and below 1.1 1.2 1.3 2.4
53.8 to 58.3 12.1 to 14.6 1.0 1.1 1.2 2.2
58.4 to 63.8 14.7 to 17.6 .9 1.0 1.1 2.0
63.9 to 70.6 17.7 to 21.4 .8 .9 1.0 1.8
70.7 to 79.2 21.5 to 26.2 .7 .8 .9 1.6
79.3 to 90.5 26.3 to 32.5 .6 .7 .8 1.4

Hardness of water is corNentionally expressed in all water analyses made
in the United States in terms of an equivalent quantity of calcium caroonate
(Ca<D3). Some such convention is needed for hardness because this is a
property imparted by several different cations, which may be present in
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varying proportions; however, actual presence of the indicated number of
milligrams per liter in the form of caco3 certainly should not be assumed
(Hem, 1970, p. 84).

In practical water analysis, hardness is computed t¥ multiplying the SllIl
of millie;;{uivalents per liter of calcillIl and magnesium by 50. Hardness value
resulting generally is entitled "hardness as cam3 ".•..or "total hardness".
If hardness exceeds alkalinity (in milligrams per liter of ca~ or other
equivalent units), the excess is termed "noncarbonate hardness •••• (Hem,
1970, p. 224-225).

Durfor and Becker (1964, p. 27) use the following classification for
hardness:

Hardness range
(milligrams per liter
of calciun carlx>nate)

0-60 ........••....•.......••...••.
61-120 ••••••••••••••••••••••••••••
121-100 •••••••••••••••••••••••••••
More than 180 •••••••••••••••••••••

Description

Soft
ltk>derately hard
Hard
Very hard

'!he U.S. Environmental Protection Agency produced a group of "Quality
Criteria for Water" to provide a basis for judgement, other than regulatory
use, for several programs that are associated with water quality. Following
is a list of selected recommended limits for drinking-water supplies (U.S.
Enviromnental Protection Agency, 1976b):

Q>nstituent Q>ncentration

Milligrams Micrograms
per liter per liter

Berylliun 100
auoride 250
CO~r 1,000
Dissolved oxygen 5
Iron 300
Manganese 50
Sulfate 250
Dissolved solids 500

8



A classification for the dissolved-solids hazard in irrigation waters has
been prepared by the u.s. Environmental Protection Agency (1976b, table 16).
This classification is shown below:

Dissolved-solids
concentration

milligrams :fer liter

Less than 500 •••••••••••••••••••••
SOO-l,OOO ••••••.•••••.••••.••.••••

1,000-2,000

2,000-5,000 •••••••••••••••••••••••

Effects or limitation

usually none
can be ~terirnental to sane
sensitive cro~

May have adverse effects on many
crops and rEquire careful
rnanagerent

can te used for tolerant plants
on premeable soils, requires
careful rnanagaoont practices

Salinity and sodium hazards of water used for irrigation are classified
using a diagram de.veloped by the u.s. Salinity Laboratory Staff (1954, p. 80).
This diagram shows electrical conductivity of the water (salinity hazard)
which is an indication of dissolved-solids concentration; and sodium­
aOOorption ratio or SAR (sodium hazard), which is the relationship of sodium
(Na-+>, calcium (CA-H), and magnesium (Mg-H) ions expressed by the equation:

Na+

The assumption is ma~ that water will be used under average soil and drainage
conditions. If a large de.viation from average conditions occurred, water
could tecome unsuitable for use e.ven though under average conditions it would
te suitable for irrigation.

Boron may be a limiting factor in irrigation waters and is, therefore,
considered in assessing water quality. '!be u.s. Environmental Protection
AgenCj (1976b, p. 25) recommends a maximum roncentration of 750 micrograms :fer
liter of boron in water for the most boron-sensitive plants. Hem (1970, p.
329) rates irrigation water for various crops on the basis of boron
roncentrations in the water as shown in the following table:
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Boron (milligrams per liter)

Class of water Crops

Rating Grade sensitive Sanitolerant Tolerant

1 Excellent 0.33 0.67 1.00
2 Good .33 to .67 .67 to 1.33 1.00 to 2.00
3 Pennissible .67 to 1.00 1.33 to 2.00 2.00 to 3.00
4 Doubtful 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75
5 unsuitable 1.25 2.50 3.75

Boron-sensitive crops include pears, apples, cherries, pecans, peaches,
and apricots. 8emitolerant crops include potatoes, barlE¥, wheat, corn, milo,
and oats. Tolerant crops include alfalfa and sugar reets.

OIEMICN. QUAL ITY OF SURmCE WATER

Water types are characterized in this report using an arbitrary
nomenclature (Dav is and DeWiest, 1966, p. 119). Major ions present as less
than 20 peramt of the total millie;{uivalents per liter of cations or anions
are not used to name the water type. If any ion represents more than 60
per~nt of the total. millie;{uivalents per liter of either cations or anions
this ion is used alone to represent the dominant ion type. In mixed water
types, ions present in greater than 20 per~nt but less than 60 per~nt of the
cations or anions are listed in the order of their abundance. For example,
water at site 2 during May 1982 had a 47 per~nt calcium, 28 per~nt sodium,
23 percent magnesium, and 2 percent potassium of cations and 52 percent
bicarbonate, 37 per~nt sulfate, and 10 percent chloride of anions. This
would be a calcium sodium magnesium bicarbonate sulfate water type.
Bicarbonate is represented l:¥ alkalinity in tables 7 and 8 (back of report).

Streams in the Virgin River drainage flow from areas that are
considerably different from each other in geology, land use, vegetation,
altitUde, and climate. Water quality is measurably affected by these
differen~s. Sol utes are determined l:¥ rock and soil canJ;X>sition, climate,
biological effects of plants and animals, and water management and use as the
water flows downstream. Water in the upstream reaches has relatively small
concentrations of dissolved solids because much of the flow is derived from
rainfall and snowmelt and has been in contact with soil and rocks for
relatively short periods. water-quality changes for two sampling periods are
shown in plate 3. Olanges in dissolved-solids cx>n~ntration were generally
gradual between sites and changes in };8ttems in the illustrations show the
approximate location of the change in limits as represented I:¥ the pittems.
Data were not available where no };8ttern is shown on the stream.

Classification of water for irrigation at selected sites indicates
downstream change in quality of the water for irrigation (figs. 2 and 3).
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Figure 2.-Diagram showing classification of water for irrigation at selected sites
on the Virgin River during low flow, August 17-31,1981.
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Figure 3.-Diagram showing classification of water for irrigation at selected sites on
the Virgin River during high flow, May 3-11,1982.

12



Changes in concentrations along the river during the five sampling
periods are shown in figure 4. Dissolved-solids cxmcentrations were affected
significantly by the quantity of flow during various periods. Flows and
ooncentrations of various oonstitlEnts for sampling periods are shown in table
8. Downstream variations in the water quality are discussed in the following
sections.

Dissolved Solids and Major Ions

North Fork Virgin River Drainage Area

Altitudes along the North Fork Virgin River range from about 8,900 feet
at cascade Spring to 3,800 feet at the confluence with the East Fork Virgin
River. Average gradient of the river through this section is about 190 feet
per mile although the gradient in some upstream reaches is much steeper.

The North Fork virgin River begins at Cascade Spring, which emerges from
the Tertiary Wasatch Formation about 6,400 feet south of Navajo Lake. Water
sinks into porous basalt at the east end of Navajo Lake (fig. 5) and
oontributes much of the flow from Cascade Spring (Wilson and Thomas, 1964, p.
12, 13). Flow from cascade Spring (site 54) during the investigation was
lowest in October 1981 when the sink area of Navajo Lake had been dry for
about 2 months and highest in August 1982 when water had covered the sink area
since early summer. Dissolved-solids concentrations were largest; 139
milligrams per liter during the low October flow, but were smallest, 56
milligrams per liter, during the intermediate flow of August 1981 (table 8).
In both cases the water was a calciLml magnesiLml bicarbonate type.

Between cascade Spring (site 54) and the head of Zion Narrows (site 51)
many seeps, ephemeral streams, and small spring-sustained perennial streams
enter the North Fork Virgin River. ]Rep snow packs and SLmlmer thunderstorms
contribute most of the flow with discharge from springs and seeps comprising
the base flow. Some water is diverted for irrigation of meadows, but most
returns to the stream on the surface or as seepage. The area is used
extensively for grazing and recreation during the summer. '!be dissolved­
solids concentrations were between 222 and 278 milligrams per liter at site
51. Water type remained the same as at Cascade Spring.

Zion Narrows and Deep Creek area, characterized by steep canyons and
sheer cliffs, was inaccessible for collecting water samples between sites
44.1, 45, 50 or 51 and site 43.2 (pl. 1). Within this area, Deep Creek, Kolob
Creek, and OrdeIVille Gulch enter the North Fork Virgin River. Terrain and
water use of Deep and Kolob Creeks are similar to those of the North Fork
virgin River upstream from site 51 and water samples collected near their
headwaters indicate their quality is similar to that of the North Fork.
OrdeIVille Gulch originates at a lower altitude and in a different rock
formation with a resulting difference in water quality.

The Dakota Sandstone and Tropic Shale of Cretaceous age, coal-bearing
formations, crofX>ut between sites 51 and 43.2. Coal in these formations could
affect qUality.
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Figure 5.-Dike across east part of Navajo lake where water
sinks into the lake bed, October 1982. Site 55 is at far
end of dike.
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Base flow through the Zion Narrows reach is oomposed of dischar9= from
springs and seeps. Flow through this reach increased from 7.3 cubic feet per
second at site 51 to 54 cubic feet per second at site 43.2 in October 1981, a
typical period of low flow. Dissolved-solids oonamtration increased during
all periods of low flow. Lar9=st increases of sodium, sulfate, and chlorides
changed the water to a calcium magnesium sodium bicarbonate sulfate type
(table 7). Dissolved solids decreased during high flow in May 1982. Olange
in ions and dissolved solids are shown in plate 3.

Agricultural land along the North Fork Virgin River is located between
Springdale, about 10 miles downstream from site 43.2, and site 39. 'Ibis land
is irrigated f rom small canals and ditches using water f rom the river, and
runoff from irrigated areas returns to the river. '!he irrigatiorrreturn flow
adds signif icantly to the mineral concentration of the river. Dissolved­
solids concentrations increased about 30 percent between sites 43.2 and 39
during low flow and a1:x>ut 15 percent during high flow. Largest ion increases
were sodium, sulfate, and chloride. '!be water was a calcium sodium magnesium
chloride bicar1:x>nate sulfate type during low flow and a calcium bicar1:x>nate
~ during high flow.

Downstream increase in mineral concentration (as shown t¥ increasing
specific conductance) is shown in figures 2 and 3. In August 1981, when
dischar9= was low, there was an increase in specific coriiuctance of the water,
but little change in SAR between sites 55 and 51 (fig. 2). In May 1982, when
discharge was high, specific coriiuctance decreased between sites 51 and 43.2,
and increased slightly between sites 43.2 and 39 (fig. 3). SAR remained
virtually the same along the entire reach, showing the dilution effect of the
larger flow.

Change in dissolved solids during the five sampling periods are shown in
figure 4. Low-flows (fig. 4, a, b, c, e) had increases in dissolved-solids
concentrations, and high-flows (fig. 4, d) had little change in the
ooncentrations from site 52 to site 39.

East Fork Virgin River Drainage Area

Altitudes along the East Fork Virgin River range from about 7,200 feet at
the headwaters to 3,800 feet at confluence with the North Fork. Average
gradient through this reach is about 90 feet per mile. Terrain of the East
Fork drainage is less rugged than that of the North Fork drainage, although
steep canyons and high cliffs make the reach from Mt. carmel Junction (site
60) to the mouth of East Fork (site 56) generally inaccessible. Much of this
drainage area is used extensively for grazing.

The Tropic Shale and Dakota Sandstone, both with veins of coal cropout
between Glendale and Zion National Park. small active and abandoned mines
have been developed throughout these formations.

Headwaters of the East Fork Virgin River originate from seeps and
springs, mostly in grazed meaoow areas. Geologic Formations (pl. 1) and soil
types are similar to t1x>se in the headwaters of the North Fork Virgin River;
however, the headwaters of the East Fork have lower al ti tudes and less
precipitation than the headwaters of the North Fork. Dissolved-solids
ooncentrations in the East Fork upstream from site 64 were between 200 and 350
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milligrams per liter which are similar to those at sites 51 and 52 on the
North Fork. '!be water was a magnesium calcilnn biauoonate type.

Land in the vicinities of Glendale, Orderville, and Mt. carmel is
irrigated with water from the East Fork Virgin River, and most of the flow
through these areas is used for irrigation. water also is diverted from
upstream reaches of the East Fork and tributaries to irrigate meadows and
mountain pastures. Runoff from all irrigated areas returns to the streams.

Dissolved-solids concentrations increased about 3.5 times through the
irrigated areas (site 64 to site 60) during the irrigation season. Dissolved­
solids concentration decreased more than 100 percent tetween sites 60 and 56

, in August 1981. because natural inflow within this reach diluted the irrigation
runoff. Flow at site 56 was more than 10 times that at site 60 (table 8).
Dissolved-solids concentration were 1 to 2 times less at site 64 than at site
60 during nonirrigation periods. During these periods the dissolved-solid
concentration at site 60 was less, the flow was larger, and the percent
increase of natural inflow between sites 60 and 56 was less, resulting in
dissolved-solid concentration decreases of less than 50 percent. Greatest
decreases were in calcium, magnesium, and sulfate. Olanges in ion
concentration and total dissolved solids along the East Fork for high and low
flow are shown in plate 3.

Virgin River Drainage Area from the COnfulence of
the North and East Forks to La Verkin Hot Springs

Altitudes along this reach of the river range from about 3,800 feet at
the confluence of the East and North Forks to about 3,200 feet at La Verkin
Hot Springs. The gradient averages 38 feet per mile. Small ephemeral and
perennial streams enter the river in this reach.

Dissolved-solids concentrations were smaller in the East Fork upstream
from the confluence with the North Fork (site 56) than in the North Fork
upstream from the confloonce for all low-flow samples except August 23, 1982
(site 49). During high flow the concentrations upstream fran the oonfluence
were larger in the East Fork than in the North Fork (fig. 4). A slight
decrease in specific conductance and SAR in August 1981. at site 38 caused by
mixing the East Fork and North Fork waters is shown in figure 5. Virtually no
change occurred in May 1982 (fig. 3) when flow was hi<jler in the North Fork.

The river flows in a wide meandering channel oomposed mostly of unstable
sand fran the confloonce (site 38) to site 32. Hi<jl discharge including flash
floods can readily change channel shape and alignment. PhreatoPlyte growth
along the channel includes cottonwood trees, willows, and salt cedar
(tamarisk). Water is diverted for irrigation in this area. Predominant
constituents at site 32 for five analyses during the study period (table 8
back of report) and the average of seven analyses prior to the study period
(table 9) showed calcium, sulfate, and bicarlx>nate to te the daninant ions.

North Creek (site 33) was the only perennial tributary in this reach
large enough to sample. This inflow had nearly twice the dissolved-solids
concentration of the river, but discharge was so small in oompuison to river
flow that the dissolved solids had little effect on the river quality.
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From si te 32 to tE': 29 the riv(:[ £1,,)\;;,.: '("lgh a pro9n;E'.:1\'el~y de r.
gorge where it erodes through hi~Jher terrain on the upthrown side of the
Hurricane fault. River gradient is about the same along the entire reach
between site 38 and 29 although the higher terrain gives the illusion of a
steeper gradient between sites 32 and 29. The gorge is mostly in Kaibab
Limestone of Permian age which crops out and forms cliffs in the vicinity of
La Verkin Hot Springs. Water is diverted from the river into Hurricane and La
Verkin canals 2 miles upstream fJ~om La Verkin Hot Springs and within the
gorge. Most river flow is diverted during Periods of maximum irrigation. 'Ibe
largest quantity diverted during sampling periods of this study was about 60
~rcent of the total flow in August 1981.

Dissolved solids increased about 25 percent between sites 38 and 31
during low flow and about 35 rercent during high flow. Specific oonductance
of the water increased pro~rtinately and SAR increased slightly (figs. 2 and
3). Water along this reach generally was a calcium magnesium sodium
bicarbonate sulfate type. Ion distribution at various sites is shown in
plate 3.

Highly mineralized hot water from La Verkin Hot Springs (site 30) on the
Hurricane fault enters the river through the bed and banks of the channel.
Water temperatures in the different springs range from 38 to 42 0 celsius.
Inflow from the springs is about 11 cubic fE.>et per seoond (Mundorff, 1970, p.
44) and constitutes a large rercentage of the river discharge during low flCM.
Major ions in the spring water are sodium and chloride, with sodium more than
double calcium and magnesium and chloride about double sulfate. Mundorff
(1970, p. 46) reported that annual discharge of dissolved solids from the
springs to be about the same as that for the entire Virgin River basin
upstream from the springs. 'Ibe u.s. Bureau of Reclamation (1979, p. 1)
re~rted that the springs discharge 109,000 tons of dissolved solids annually.

Discharge from La Verkin Hot Springs (site 30) changed water quality in
the Virgin River most significantly between sites 31 and 29 during the August
1981 sample reriod when flow was lowest, and least significantly in May 1982
when flow was highest of the sample periods. Change in ions and dissolved­
solids concentrations during these periods are shown in figures 3 and 4 and
change in dissolved-solids concentrations for the five sampling periods are
shown in figure 4. '!here was a large increase in specific conductance and SAR
between sites 31 and 29 in August 1981 (fig. 2) when the spring flow was about
25 percent of total river flow. Increases were much smaller in May 1982 (fig.
3) when the spring flow was less than 2 percent of the river flow.

Boron ooncentrations increased from less than 100 micrograms per liter
upstream from the springs to concentrations ranging from 150 to 1,300
micrograms per liter downstream from the springs. This general range
persisted in the river as far downstream as Littlef ield (table 3), and varied
inversely with the quantity of water flowing in the river.

Mixing characteristics of La Verkin Hot Springs and Virgin River waters
are shown in table 1. Data for the table were collected during low flow on
Septenber 22, 1982.
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Virgin River Drainage Area from
La Verkin Hot Springs to santa Clara River

Altitudes range from 3,200 feet at La Verkin Hot Springs to 2,500 feet at
Fort Pierce Wash with a gradient averaging 35 feet ~r mile.

'IWo main tributaries, La Verkin Creek and Ash Creek, enter the river from
the north about 2 miles downstream from La Verkin Hot Springs. La Verkin
Creek begins in the vicinity of Kolob Reservoir and drains mountainland along
the east side of Hurricane fault. Outcroping geologic formations include
sandstone, siltstone, and shale of Mesozoic age. Terrain is extremely rugged
and the stream was inaccessible except in the downstream reach. one sampling
site (27) was established at the mouth of the stream. Water at this site was
a calcium magnesium sulfate bicaroonate ty~. Dissolved-solids oonamtrations
ranged from 654 to 1,470 milligrams per liter. Sulfate was the ion of
greatest ooncentration.

Ash Creek flows along the west side of Hurricane fault and is the main
drainage for the east side of the Pine Valley Mountains. Geologic formations
are mostly alluvium, basalt, and ooarse-grained rocks. Ash Creek drainage is
larger and streamflow generally is much larger than that of La Verkin Creek.
Small tributaries, maI1Y eIhemeral, from the Pine Valley Mountains, enter Ash
Creek. Flow from snowmelt provided the only sample (site 25.1) from these
tributaries. Kanarra Creek (site 26.1), a tributary in the northeastern tart
of the drainage, is completely diverted and used for irrigation in the
Kanarraville area. 'Ibis stream had a dissolved-solids oonamtrations of less
than 300 milligrams per liter during low and high flows.

North and South Ash Creeks are the only perennial tributaries to Ash
Creek. Flow from South Ash Creek is diverted for irrigation in the vicinity
of Pintura. Water f rom North Ash Creek is impounded in Ash Creek Reservoi r
and mostly seeps into the basalt on which the reservoir is built. The
reservoir was originally intended for irrigation but was not completed to
specifications and is used mainly for flood control. Flow from Ash Creek
Reservoir to Tcquerville Springs, upstream from site 23, is from flash floods,
snowmel t, or releases from Ash Creek Reservoi r, all of which occur
infrequently. All flow in Ash Creek at site 23 came from Tcquerville Springs
during the sample periods.

Tcquerville Springs emerge from the streambed and banks of Ash Creek at
the northern edge of Toquerville. Total flow from the springs, averages 20
cubic feet per second with flows from individual springs or seeps ranging to 4
cubic feet per seoond Most of the water is diverted for irrigation between
the springs and site 23. Origin of the springs is not known, but they are
probably are sustained by underflow from Ash Creek or La Verkin Creek or roth.
Dissolved-solids concentrations (450 milligrams per liter) at site 23 were
largest in the August 1981 sample. Proportionate ion concentrations were
similar to those of La Verkin Creek with sulfate pre<.X>minating.
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La Verkin Creek at site 27 and Ash Creek at site 22 had significantly
smaller dissolved-solids concentrations than the Virgin River at site 29
during the periods of low flow and diluted the river flow to site 21 (pI. 3).
Further downstream, decreases in the river salinity occurred at site 19.1 in
August and October 1981, and February 1982, probably because of fresher
ground-water inflow.

Gould Wash enters the Virgin River f rom the south about 3 miles
downstream from Ash Creek and is dry except during flash floods and return
flow from irrigation in the vicinity of Hurricane. Two samples collected at
the mouth of the wash (site 20.1) had dissolved-solids ooncentrations of 567
and 369 milligrams per liter. Concentrations of both samples were much
smaller than ooncentrations in the rive r.

Leeds Creek originates in the southern put of Pine Valley Mountains and
flows generally south to the Virgin River. Dissolved-solids ooncentration was
175 milligrams J;:er liter in the one sample obtained at the upstream site (site
19) on Leeds Creek and ranged from 901 to 1,200 milligrams per liter for the
five samples at the downstream site (site 18). The large dissolved-solids
increase in the stream prooobly was caused l:¥ return flow from irrigation and
seepage through Moenkopi and Shinarump Formations that oontain considerable
soluble minerals. Increases in dissolved-solids ooncentrations in the Virgin
River tetween sites 19.1 and 16.2 in August 1981, and tetween sites 21 and 17
in August 1982, probably were caused by irrigation return and inflow from
Gould Wash and Leeds Creek. Predominant constituents at site 17 for five
analyses during the study (table 4) and the average of five analyses prior to
the study (table 9) were sodium, sulfate, and chloride.

River flow is diverted to the washington canal (site 16.2) during the
irrigation season. Water is used to irrigate about 4,900 acres of the more
than 5,300 acres of cropland in the St. George-Washington area (utah Division
of Water Resources, 1982, p. 104).

An estimated 25,000 to 35.000 acre-feet of ground water per year seeps
into streams or is pumped from wells and flows into streams in the central
virgin River area mainly in the Hurricane to St. George area (Cordova and
others, 1972, p. 17). Dissolved-solids ooncentrations of sane of the pumped
water are larger than those of river water, but some inflow from seeps and
springs has smaller dissolved-solids ooncentrations (Corebra and others, 1972,
p. 54-55) compared with those at site 16.2 (table 8). Mud'l of this spring and
seep water enters the main channel directly and from small tributaries
downstream from the irrigation diversion, or as return flow from irrigation
between sites 16.2 and 16. These sources cause the river to regain a
significant flow in relation to the quantity diverted. Dissolved-solids
ooncentrations in the Virgin River increased 11 percent through the irrigated
area.

'!here was a net increase in dissolved-solids ooncentration tetween sites
29 and 16 during all of the sampling periods except February 1982 (fig. 4).
Sodium hazard decreased fran high to medium and salinity hazard remained very
high tetween the two sites in August 1981 when flow was low (fig. 2). Little
change occurred in May 1982 when flow was high (fig. 3). Water at site 16 was
a sodium calcium sulfate chloride type during low flow and a calcium sodium
sulfate bicarronate dlloride type during high flCM (table 7).
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Fort Pierce Wash

Atout one-third of the Virgin River drainage is in Arizona. Water from
most of this area reaches the ri~er through Fort Pierce Wash. Virtually all
land is uninhabited desert and is used for limited grazing. Altitudes
generally range from 2,500 to 5,000 feet except for Mt. Trumbull (altitude
8,028 feet) at the southern edge and an area west of Hurricane fault near the
Utah-Arizona border. Gradients are irrelevant along most of the channel
because the wash is mainly ephemeral and flows that do occur are
discontinoous. Gradient near the mouth of the dlannel is less than 1 foot per
mile.

A subdiv ision and golf course presently span the dlannel near the mouth
(fig. 6). Development along the channel was noted in a flood-plain study of
the Virgin River and Fort Pierce Wash area (U.s. Dep:irtrnent of Defense, 1973,
p. 3).

Two main tributaries to the wash are Short Creek, whidl originates in the
eastern part of the drainage and flows generally westward along the utah­
Arizona borcEr, and Hurricane wash, which originates in the southern part of
the drainage near Mt. Trumbull and flows north along the west side of
Hur ricane fault. These streams are ephemeral except for a small reach of
Short creek upstream frem Coloraoo City. '!his water is diverted and used for
limited irrigation in that area.

Flow in Fort Pierce Wash upstream from the farmed area south of st.
George comes from flash floods and runoff during the spring season. A water
sample collected for this area (site 15.2) in May 1982 contained large
concentrations of calcium and sulfate. Seepage and return flow from
irrigation through the farmed area contribute little to flow in the wash.
Dissolved-solids concentrations of the water at site 15 were similar to those
of the river water at site 6 except during May 1982, when they were double
those of the river.

Santa Clara River

The Santa Clara River originates on the north side of Pine Valley
Mountains, flows west and then south and southeast to join the Virgin River
south of St. George. AltitucEs along the Santa Clara River range from about
8,000 feet in the headwaters to 2,500 feet at the mouth, with most of the
altitucE change teing between the headwaters and Gunlock. '!he upstream reach
has a gradient of about 175 feet per mile mostly through igneous rocks and is
in a narrow canyon with little vegetation along the banks. By contrast, the
downstream reach from Gunlock to the Virgin River has a gradient of atx:>ut 52
feet per mile, is in a wider canyon, has medium growth of trees and willows,
and flows mostly through fin~ and course-grained clastic sedimentary rocks.

Water samples collected at sites 14, 14.1, and 14.2 had larger dissolved­
solids concentrations in August 1981, when the flow was small, than in May
1982 when the flow was about 20 times larger than in August 1981 (table 4).
Dissolved-solids concentrations decreased progressively downstream in August
1981, indicating that tributary inflow was diluting dissloved-solids load.
'll1e opIX>site occurred in May 1982, although little OITerall change was noted.
Flow, with less dissolved solids, from springs entering the main channel
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Figure 6.-Fort Pierce Wash near mouth with golf course
and housing subdivisions. Site 15 is at far end of the
golf course.
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between sites 14.2 and 14 probably was the reason for a decrease in dissolved­
solids concentations downstream in August 1981. This flow was minor and
probably had a negligible effect when the streamflow was high in May 1982.

Flow usually occurs only during snowmelt. Dissolved-solids oonamtration
of the 1 sample collected was 58 milligrams per liter, similar to that of
other samples along the river upstream from site 13.3. A spring at site 13.3
flowing about ore-half as much as low river flow and having more than twi~

the dissolved-solids oon~ntrations, significantly increased mineral oontent
of the river d:>wnstream from this point.

V€!jo Hot Springs {site l2.l}, atout 6 miles upstream f rom Gunlock, flows
from the base of a nearly vertical basalt cal¥0n wall. Water temperature was
31 and 16 °celsius and flow was 0.67 and 0.75 cubic foot per second for two
samples collected. Mundorff {l970, p. 43, 44} reported a temperature of 98
°Fahrenheit or 37 0celsius and a flow of 120 gallons per minute or 0.27 cubic
foot per seoond and indicated that water may be of meteoric origin.
Dissolved-solids ooncentration was atout 25 per~nt greater than in the river
water but the spring had virtually no effect on the river quality because of
the relatively small spring inflow. Water from these springs is used in a
swimming pool before entering the stream.

The santa Qara River is diverted to a small reservoir d:>wnstream from
Veyo Hot Springs for generating power and re-enters the main channel at
Gunlock where it flows into Gunlock Reservoir. 8elTeral tributaries enter the
main channel between the reservoir diversion and Gunlock, but little water
flows as far as Gunlock except during periods of snowmelt or flash flooding.
Samples were collected near the mouth of two ,Ferennial triburaries,Moody Wash
(site 10) and Matgotsu Creek {site II}. Major ions in both samples were
calcium and bicartx:mate.

Water from Gunlock Reservoir is used for irrigation prior to entering the
Virgin River. Use and return flow of this water between sites 8 and 7, mouth
of the Santa Qara River, increased the dissolved-solids oon~ntration about
500 ,Fercent. Largest ion increases were calcium, sulfate, and boron.

Virgin River Drainage Area
from santa Qara River to Littlefield, Arizona

Altitudes along this reach of the Virgin River range from about 2,500
feet at site 6 to 1,840 feet at site 1, with about two-thirds of the change
occurring in Virgin River Gorge located between the Utah-Arizona border and
Littlefield, Arizona. Reaches at either end of the gorge are meandering sandy
channels with considerable vegetation along the J:::anks. The channel through
the gorge is narrow and rocky with little vegetation. Many dry streambeds
join the main channel along the entire reach. Inflow to the river from Fort
Pierce Wash at site 15 and santa Qara River at site 7 affected the qUality of
the Virgin River at site 6 during August and October 1981., and February 1982,
but had little affect during May and August 1982 (fig. 4). Variations in
changes were caused by combination of flows and mineral concentrations.
sodium and salinity hazards were virtually unchanged by the inflow (figs. 2
and 3). Major ions at site 16 and 6 were sodium, calcium, sulfate, and
chloride during low flow. Major ions during high flow were the same with the
addition of bicarbonate.
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The entire river flCM seeps into, the streamood aoout 6 miles Cbwnstream
from site 6 during extremely low flow, and the estimated average annual loss
along this reach is 50 cubic feet per second (U.S. Bureau of Reclamation,
1982, p. 12). Geological Survey personnel measured losses of 36 to 106 cubic
feet per second in 1952 and 1956. '!he streamted is thence dry to Virgin River
Gorge where about 50 springs discharge into the river, with an additional 20
springs discharging into the river tetween the gorge and Beaver Darn Wash
(Trudeau, 1979, pI. 3). FlCM ranges from 0.1 to 3.0 cubic feet per second for
individual springs, with a composit flow of about 60 cubic feet per second.
Tritium analyses indicate at least two different sources of recharge to the
springs; one was a minimum of 22 years old and one less than 22 years old.
These sources are prote.bly river seepige from upstream and local recharge from
precipi tation (u.S. Bureau of Reclamation, 1982, p. 12). Trudeau (1979, p.
50, 51) reported dissolved-solids concentrations in the springs of 2,940
milligrams per liter, with a predominance of calcium and sulfate. Bicaroonate
and sodium, concentrations also were large. Temperature ranged from 22 to 27
°celsius.

Dissolved-solids concentrations in the Virgin River cEcreased tetween
sites 6 and 3 during the August 1981 sample period when the riverted was dry
along part of the reach but increased during other periods when flCM tetween
sites was continuous (fig. 4). ' Concentrations of all constituents increased
during later periods, with the largest increases occurring in calcium, sodium,
sulfate, and chloride. '!he section of dry riverbed was mainly through
geologic formations containing significant quantities of these constituents.

Beaver Darn Wash enters the river from the norttMest, 1 mile upstream from
Littlefield. Headwaters are located aOOut 50 miles north of Littlefield along
the Utalr-Nevada border. 'lhe stream is mostly in utah and flows in a southerly
direction. It is eIilaneral except for short perennial reaches. Five sites (2
to 2.4) were sampled during the study. Reaches were discontinuous and waters
were not necessarily related. All flows upstream from site 2 ranged from 2 to
5.3 cubic feet per second and contained from 200 to 500 milligrams per liter
of dissolved solids. Major ions were calcium and bicaroonate. Springs near
the mouth of the wash (site 2) supply the only water to the Virgin River.
Flows during all sample periods were less than 6 cubic feet per second and
contained less than 700 milligrams per liter of dissolved solids. Major ions
at site 2 were calcium, sodium, magnesium bicarbonate, sulfate, carbonate, and
bicarbonate. Little effect on water quality in the Virgin occurred by the
inflCM from Beaver Dam Wash.

FlCM in the Virgin River increased a maximum of 9 percent tetween Beaver
Darn Wash and Littlefield (site 1) as a result of springs and seeps entering
the river. '!his flow, in addition to inflow from Beaver Dam wash, caused no
change in diSSOlved solids of the river in May 1982 tetween sites 3 and 1 and
slight changes during other sampling periods (fig. 4). SOdium hazard was low
and salinity hazard was very high in August 1981 at site 1. Water was a
calcium sodium magnesium sulfate d'lloricE type. Long-term records at site 1
include 609 analyses. calcium and sulfate were ions with the greatest mean
concentration for the period of record (1949-78) although other ions may have
been predominant at specific times (table 9). Potassium and nitrogen were
ions with the least mean concentration.
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Trace Elements

ConstitlEnts of natural waters typically occurring in conamtrations of
less than 1.0 milligram };E!r liter oommonly are referred to as trace elements
(Hem, 1970, p. 188). water samples for trace-element analysis were collected
at 23 sites in the virgin River resin August 1&-31, 1981.. ~se samples were
analyzed semiquantitatively for 24 constituents (table 2). Based on those
analyses six sites were resampled from August 23 to September 3, 1982 for
quantitative analyses of 10 trace elements (table 7). 'U1e 10 trace elements
analyzed for quantitatively were chosen resed on prE!17 ious reports of possible
problems in the basin and constraints imposed by available laboratory
schedules.

The Five County Association of Governments (1977) inventory of Virgin
River resin sites reported sporadic problems with large oonoontrations of the
elements arsenic, iron, manganese, and selenium. Semiquantitative and
quantitative analyses for this study (table 7) showed iron or selenium
concentrations less than the permissable minimum contaminant level of the u.S.
Emironmental Protection Agency (1972) although reported concentrations are
dissolved only. One quantitative analysis (site 21, septernrer 2, 1982) showed
an arsenic concentration larger than the utah State Division of Health (utah
Water Researdl La1:x:>ratory, 1974) recommended limits in the dissolved ~ase;

but the concentration was lower than the mandatory limit. samples from six
sites in the Virgin River and tributaries had dissolved manganese
concentrations larger than recommended Utah Class C stream standard
concentrations and in excess of u.S. Env ironmental Protection Agency (1972)
public-water supply and irrigation recommended limits for total manganese
concentration.

Other Factors Affecting Surface-Water Onal ity

Flwial sediment

Sediment concentration depends on runoff intensity and type, and
stability of watershed material. Conoontration and quantity of runoff, or
discharge, determines total sediment load of a stream. Relation between
sus};E!nded-sediment conoontration and load is expressed 1::¥ the formula:

Sus~nded-sediment load ;: discharge x concentration x 0.0027.

Suspended-sediment load is reported in tons };E!r day, discharge in cubic feet
per second, concentration in milligrams per liter, and 0.0027 is the unit's
comersion factor.

Suspended sediment in streams of Virgin River drainage mostly is
transported during thunderstorms and snowmel t. Sus};E!nded-sediment loads
caused t¥ thunderstorms vary in intensity and pattern at different locations.
'U1understorrns are limited in extent and usually affect only parts of the basin
where they occur and the channel downstream. Loads during snowmelt may show
similar p:ltterns in larger p:lrts of the basin.

lLead concentrations are not reported in the semiquantitative analysis
table 7 recause of an error in the methodology.
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Susr;ended-secliment for Uus ~)tuqy reI,n?s<f::nt
and loads during stable flow conditions as sampling ~ri()ds were selected when
strearnflCM was most stable. SusFended-sediment mmples were collected at 25
sites in August when flows were low, and at 19 sites in May when flows
generally were high. The largest load recorded during the study was 34,108
tons per day during a flood on August 24, 1982 at site 17. Sediment loads
ranged from 0.06 (site 33) to 2,555 tons (site 16.2) per day in August and
from 0.55 (site 77) to 3,580 tons (site 33.1) per day in May. Comparison of
data for the two ~riods shows the greater transp:>rting cap:l.city of the larger
streams in May. Stream disdlarge and suspended-sediment loads at selected
sites for these ~riods are shown in table 8.

Sediment data were collected at six sites within the study area for
various long-term periods. These data show a large variation in sediment load
of the river and its tributaries. Maximum and minimum loads for periods of
record at these sites are shCMn in table 3.

Sus~nded-sediment discharge during water year 1970 at site 32 is shown
in table 4. During the 1970 water year total annual sediment load was near
average for the 9-year period of record at site 32. It is, therefore,
considered to re representative of annual sediment loads at the site.

Rapid velocities resulting from steeper gradients and large discharges
increases the erosive power in upstream reaches of streams and produce larger
sediment loads per square mile. The following table compares altitude
changes, drainage areas, and sediment loads in upstream and downstream reaches
of the Virgin River; the 1963-68 period was selected because it was the only
~riod common to site 32 and 1:

Sedirrent load
Stream Drainage
Stream Drainage 1963-68 average Maximun

Site gradient area
no. (feet per (square Tons ~r Tons Fer cay Tons Fer Tons Fer day

mile) miles) day Fer square mile day per square
mile

54
121 934

32 3,870 4.1 1,300,000 1,392
30 4,156

1 5,929 1.4 1,800,000 433
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Dissolved Oxygen

lRtennination of dissolved-oxygen cx:mamtration was made during each site
visit (table 4). Concentrations, excluding those at hot springs, ranged from
5.2 milligrams FEr liter (79-FErcent saturation) at site 29 in August 1981.. to
12.5 milligrams FEr liter (lOS-percent saturation) at site 56 in February
1982. Dissolved-oxygen concentrations of 0.5 and 4.6 milligrams per liter
were noted at the two hot springs in August 1981.; how€ITer, after mixing with
receiving water, the effect of the smaller dissolved-oxygen roncentrations was
largely negated. Dissolved-oxygen concentration at si te 29. immediately
downstream from La Verkin Hot Springs, was 5.2 milligrams per liter on August
25, 1981 during low flow. This is near the minimum concentration of 5.0
milligrams per liter recommended l:¥ the u.s. El1Ilirorunental Protection Agency
(1976b, p. 123) for maintenance of a viable fish population and is less than
utah Class C stream standards that have been applied to the Virgin River
system (Utah Water Research Laboratory, 1974, p. 15). When combined with
increased temFEratures, this may create an avoidance barrier to fish during
low flows (Warren, 1971, p. 188) and affect distribution and survival of
cquatic insects (Nebeker, 1972). Dissolved-oxygen ronamtrations at selected
si tes in August 1981. are shown in figure 7.

Diurnal dissolved-oxygen periodicity was measured at 11 sites with a
continoous dissolved-oxygen monitor for varying times during March and April
1982. GraFhic representation of dissolved-oxygen fluctuations, combined with
sep:lrate site measurements, showed that dissolved-oxygen ooncentrations in the
basin correlated closely with water temperatures in all areas not directly
affected l:¥ thermal springs. Monitor data on some tributaries showed marked
increases in dissolved-oxygen concentrations during daylight hours due to
Itlotocynthetic oxygen production. Turbid oonditions and the shifting nature
of the sand channel in the mainstream limit aquatic vascular plant,
phytoplankton, and algal growth so that the photosynthetic contribution to
dissolved-oxygen roncentrations is minimal. At monitoring sites on the Virgin
River there was almost a direct correlation between water temperature and
dissolved-oxygen roncentrations without large Ibotocynthetic daytime FEaks.

Continuous monitoring downstream from La Verkin Hot Springs (site 29),
February 26 to March 3, 1982, indicated an anomaly for both dissolved oxygen
and water temperature. For about 1 hour eadl €lTening between 7:30 and 11:30
p.m. (local time), the dissolved-oxygen roncentrations were rapidly decreased
by 0.4 to 0.6 milligram per liter and after 1 hour rapidly increased to
pre.rious ooncentrations. A corres~nding increase in water temperature of 1.3
to 1.6 °Celsius was noted during each period of dissolved-oxygen decrease. An
increase in specific conductance of the water also was noted on a separate
monitor; but as this was an hourly monitor, it did not consistently register
the increase. A similar irregularity of lesser intensity was noted during the
morning hours.

S{:ecific oonductance, pH, dissolved oxygen, and water temperature were
monitored at the springs during the wening of October 28, 1982. Although the
hot springs pool water was observed to become very milky during the
monitoring, no significant changes were noted in any of the measured
properties. The oxygen depletion monitored downstream from the springs was,
therefore, attributed to a brief increase in spring flow in a consistent
geyser-like fashion and to incomplete mixing with surface water at the
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moni toring site, as noted by measurements made at cross sections on
september 22, 1982. Further study will 00 needed to oonfirm the exact cause
and effect relationship.

Bacteria

certain bacteria which inhabit the intestines of animals are widely used
in detecting fecal contamination and the possible presence of pathogenic
organisms. While the "indicator bacteria" themselves may not be harmful, they
are considered to indicate the disease-producing potential of water. Fecal
coliform bacteria are among the organisms present in the intestine and fe~s

of warm-blooded animals and are used to indicate r~nt oontamination. Fecal
streptococcus bacteria also are present in the intestine of man and other
animals and may aid in determining the origin of pollution (Slack, 1974,
written comm un.) •

Bacterial samples were oollected at 24 sites during August 18-31. 1981.
Samples were analyzed using the membrane-filter method (Greeson and others,
1977). Results of the bacterial sampling are presented in table 5.

Also included in table 5 is the ratio formulated by dividing fecal
ooliform oolory (FC) count 1:¥ the fecal streptococcus oolo11'i (SC) count (both
expressed as colonies per 100 milliliters of sample). '!be Fc/FS ratio has
been used as an iIl\Testigation tool in pinrx>inting the sour~ and location of
fecal-waste contamination (American Public Health Association and others,
1976) •

Determination of the origin of fecal contamination is based on the
follCMing vallES for the ratio (Millipore Corp., 1972, p. 36):

Fecal coliform cOWlt (colonies per 100 millilitersL = Fe/FS ratio
Fecal streptoooccus oount (colonies per lOa milliliters)
FC/FS,L4.0 indicates rx>llution derived fran hllIlan wastes.

0.7 < FC/Fs~4.0 indicates mixed pollution sour~s.

FC/FS5,.0.7 indicates rx>llution primarily fran livestock or
poultry sour~s.

The U.S. Environmental Protecton Agency (1972, p. 58) recommends that
fecal coliform densities in untreated surfa~-water sour~s not exceed 2,000
oolonies p:!r 100 milliliters.

Data obtained f rom the single sampling are not sufficient to conf irm
sanitary problems in the basin; howelTer, earlier studies have oocumented large
ooliform bacteria oon~ntrations in tributaries and in the main channel during
low flow (Five County Association of GoIJermnents, 1977, p. 61).

Pesticides in Str~bottan Materials

Analyses were made for 24 organochlorine or organoIb:>sIilorus canrx>unds in
oottom-material samples at 4 sites oownstream from major agricultural areas.
Results of the pesticide analyses are presented in table 6. None of the
comrx>unds were present in detectable con~ntrations.
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SUMMAHY

Water quality in the upper Virgin River resin from the headwaters in utah
to Littlefield, Arizona, varies considerably. This variation results
primarily from variations in geology, hot-spring inflow, and return flo.v from
irrigation. During this study, dissolved-solids amcentrations were less than
100 milligrams ~r liter in the headwaters of North Fork Virgin River and the
Santa Clara River. Headwaters of other triburaries generally contained
between 200 and 400 milligrams ~r liter dissolved solids. Dissolved-solids
concentrations increase progressively downstream in each tributary, which
increased or decreased concentrations in the receiv ing stream depending on
relative discharges of the two streams.

Concentrations of dissolved solids in the Virgin River were large during
low flow when inflow from tributaries had greatest effect on the river. Many
small tributaries had larger ooncentrations than the river at higher flows but
had little effect on the river quality because their flow was small comtared
to that of the river.

La Verkin Hot Springs caused the single greatest change in river quality.
In the Virgin River downstream from La Verkin Hot Springs sodium hazard
generally was low, but was medium to high during low flo.v. Salinity hazard
ranged from low to high upstream from the springs and high to very high
downstream fmm the springs. Dissolved-solids ooncentration Cbwnstream from
the springs was nearly five times greater than upstream from the springs
during the lowest flow and less than two times greater during the highest
flow. Boron concentrations upstream from the spring were smaller than the
tolerance le.rel of all l:.xJron-sensitive cro[S; thE¥" were larger than tolerance
le.rel of ma~ crops downstream from the springs.

calcium was the predominant cation and sulfate the predominant anion in
the river system. Sodium, magnesium, bicarbonate, and chloride were in
greater concentrations in some reaches, but not as consistently present as
calcium and sulfate.

Most sediment was transported by the river during thunderstorms and
sno.vmel t. Greatest sus~n~d-sedimentloads were measured in the southNestern
part of the basin with the greatest loads per square mile occurring in the
northeastern tart of the up~r basin.

Dissolved-ox.'Ygen ooncentrations generally were larger than 6.0 milligrams
~r liter within the resin except in short reaches immediately do.vnstream from
thermal springs and in several snall tributaries during lew sumner flews.

Manganese ooncentrations were in excess of recommended limits in some
reaches of the river and in several small tributaries.

Data from this study were insufficient to confirm sanitary problems.
These data, oombined with pre.rious studies, indicate that bacterial loads may
cause degraded sanitary conditons downstream from livestock grazing areas
during lo.v flo.v. Pestici~ concentrations were minimal at all sites sampled.
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Table I.-Mixing characteristics of La Verkin Hot Springs and Virgin River
waters

section 1: located about 300 feet cbwnstream fran main spring area.
section 2: located about 600 feet darmstream fran main spring area.

Asterisk (*) indicates snall spring located on right bank al:x>ut 5 feet upstream
fran section 1-

section 1 section 2

Specific Dissolved Specific Dissolved
Tenperature conductance oxygen Temperature conductance oxygen

Distance (degress (microhroos per (milligrams (degrees (microhroos (milligrams
fran bank celsius) centimeter J;er liter) celsius) J;ersecond J;er liter)

(feet) at 25 0 at 25 0
celsius) celsius)

(left bank)
0 36 15200 3.2 26 5100 5.7
3 29 6500 4.8 26 5000 5.7
6 26 4100 5.2 26 5000 4.6
9 25 3650 6.2 25 4900 5.7

12 24 3500 6.4 24 4200 6.0
15 24 3400 6.4 24 3700 6.3
18 24 3300 6.5 24 3600 6.4
21 24 3300 6.5 23 3600 6.4
24 24 3300 6.5 23 3700 6.4
27 24 3400 6.5 22.5 3700 6.4
30 24.5 3470 6.4 23.5 3700 6.4
33 24.5 3550 6.3 24 3000 6.4
36 24.5 3600 6.2 24 3800 6.2
39 25 3000 6.2 23.5 3900 6.2
42 26 5100 5.2 22 3900 6.1

(right bank)
* 38 15500 0.2
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Table 2.--Traoe-elBnent oonaentrations in water ~mples

----------------------------------

Site
No.

sampling
I:Bte Site Name

Alu­
minllD,
(Al)

Arse­
nic,
(As)

Anti­
JlDIff,
(Sb)

Bat'­
ilJll,
(Ba)

Betyl­
lilll1,
(Be)

Bift"
tmJth,
(Bi)

Old­
miun,
(Cd)

Qlrcr
miLm,
(Cr)

Or
b!l1t,
(Cb)

Cb,r­
per,
(Cu)

Gal­
Iilll1,
(Ga)

--- ---------------------------------------

2

4

&-2H-811 Beaver Dam Wllsh at mouth,
Arizona

d<,. Vagin River below Virgin
River Gorge, utah

100

700

<30

50

100

30

<1

<1

<1,000

<1,000

<1

<I

<50

<50

<5

<5

<10

<10

<30

100

6

7

'}- J-82

&-2&-81

&-1&-81

do.

Virgin River near BlOClllington,
Utah

santa Qara River at mouth,
Utah

700

SOD

8

50

SO

100

70

<1

<1

<1,000

<1,000

<1

1

<1

20

<50

<SO

<S

<S

<10

<10

100

50

&-23-82

12 &-1&-81

12.1 00.

13 do.

IS &-2&-81

cr- 2-82

16.1 &-20-81

18 IH't-llJ

19.1 &-)1-81

do.

Santa Qara River below Veyo 300
Hot ~ings, Utah

Veyo Hot Springs, Utah 100

Santa Qua River above Veyo 100
Hot Springs, Utah

Fort Pieroe wash at mouth, Utah SOD

do.

Mill Creek near Washington, Utah 100

Leeds Creek at mouth, Utah SOO

Vi rgin River above Leeds Creek, 300
utah

8

10

<30

<30

<30

<30

<30

70

30

100

100

100

100

SO

100

70

<1

<1

<1

<1

<1

<1

<1

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1

<1

<1

<1

<1

<1

<1

<1

<1

20

<50

<SO

<SO

<50

20

<50

<50

<50

<S

<5

<5

<S

<S

<S

<S

<10

<10

<10

<10

<10

<10

<10

<30

30

<30

100

<30

<30

50

20.1 &-2&-81 Gould Wash at mouth, Utah 300

21 &-25-81 Virgin River below Ash Creek,
utah

SOD

<30

50

100

100

<1

<1

<1,000

<1,000

<1 <50

<50

<S

<S

<10

<10

<30

100

23

cr- 2-82

8-25-81

9 -2-82

do.

Ash Creek below westfield Ditch, 300
Utah

do.

31

4

<30 70 <I <1,000

<1

<1

10

<50

<10

<S

<1

<10

<1

50

27

J2

lJ

19

40

56

60

64

&-25-1I1

&-24-81

do.

do.

00.

do.

&-20-81

00.

La Verkin Creek at JlDuth, Utah

00.

La Verkin Hot Springs, Utah

Virgin River at Virgin, utah

North Creek at mouth, utah

North Fork Virgin River alxlve
cxmfluenoe, Utah

North Fork Virgin River near
Springdale, utah

East Fork virgin River above
amf1uenoe, Ctah

&1st Fork Virgin River at lit.
~rmel, utah

East Fork Virgin River near
Glendale, Utah

300

700

300

300

100

100

100

500

300

S

30

70

<30

30

30

30

<30

<30

<30

100

SO

100

100

100

100

100

70

SO

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1,000

<1

<1

7

<1

<1

<1

<1

<1

<1

<SO

<10

<SO

<SO

<50

<50

<50

<50

<SO

<50

<S

<S

<5

<5

<5

<5

<5

<5

<S

<10

<10

10

<10

<10

<10

<10

50

100

70

30

<30

<30

<30

<30

<30

1911l data are aemiqlllntitative. Results are reported frQll dltection IilIIit to l4P!r CDlloentration limit in steps of I, 3, 5, 7, and 10.
Due to rounding technique results are an estimate of one significant figure. Precision is approximately (+) or (-) one step at 68
,-,m:enl wrtidenoe level and (+) or (-) two steps at 95 percent mrtidlnoe level.
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collected during August 19m. and August, september 1982

Micrograms per liter

GeIlll&'"
nill1l,
(Ge)

300

700

700

500

100

300

100

700

100

700

500

300

500

300

SOO

Iron,
(Fe)

<5

10

30

10

10

11

7

5

7

10

20

7

10

7

30

10

20

10

<3

10

Lead,
(Pb)

4

5

<1

5

<1

Lith­
iun,
(Li)

50

500

500

70

30

30

30

300

100

70

500

30

500

10

30

Manga­
nese,
(It'l)

1

70

110

100

300

420

7

1

7

300

120

10

10

5

5

50

70

3

2

100

Mer­
cury,
(8g)

0.1

<.1

.1

<.1

.1

1tl1yb­
dem.lll,
(Itl)

<10

10

10

<10

<10

<10

<10

<10

<10

<10

<10

<10

10

10

<10

Nickel,
(Ni)

<so

<so

<so

<SO

<50

<50

<50

<SO

<SO

<50

<SO

<SO

<SO

<SO

<SO

Sel~

nil.lll,
(se)

2

2

1

1

1

Sil­
ver,
(Ag)

<10

<10

10

<10

<10

<10

<10

<10

<10

<10

<10

<10

10

<10

<10

Stroll""
til.lll,
(Sr)

1,000

5,000

5,000

3,000

300

700

300

5,000

1,000

3,000

3,000

1,000

3,000

1,000

3,000

Tin,
(Bn)

100

700

700

500

100

300

100

500

100

500

300

100

SOO

300

300

Tit&-"
nil.lll,
(Ti)

<5

10

10

7

<5

<5

<5

10

<5

<5

7

7

10

10

10

Vana­
dil.lll,

(V)

30

<10

30

10

<10

10

10

<10

<10

10

<10

<10

<10

10

10

Zinc,
(Zn)

<5

10

10

<5

<5

11

<5

<5

<5

7

20

<5

<5

<5

<5

10

10

<5

3

<5

Zirco­
nilJll,
(Zr)

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

5

<5

<5

1,000

300

300

300

100

300

SOO

300

8

10

10

10

7

<5

<5

5

30

<1

3,000

30

50

30

30

30

70

30

210

30

7

30

5

10

7

10

30

.1

30

10

<10

<10

<10

<10

<10

<10

<SO

<50

<SO

<50

<50

<50

<SO

<50

37
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<10 >10,000

10 1,000

<10 3,000

<10 700

<10 700

<10 1,000

<10 1,000

<10 300

700

300

300

100

100

100

500

300

30

10

7

<5

<5

<5

<5

<5

10

<10

10

<10

<10

<10

<10

<10

20

10

<5

10

<5

<5

5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5



Table 3.--Recorred maximum and minimum susp:nded-sediment loads at six sites

in the Virgin River drainage

Maximum susp:nred

sediment

Minimum susp:nded

sediment

Mean Mean

discharge discharge

Gaging Period (cubic (cubic

Site station of feet ~r Load feet per Load

no. number record Date seoond) (tons/day) rate seoond) (tons/day)

w
(Xl

1 09415000 Oct. 1947 to sept. 19681 12- 7-66 15,200 1,000,000 6-16-62 58 6

6-20-62 55

* 09410000 May 1962 to sept. 1968 ~28-62 359 540,000 many days - <.5

17 09408150 Mar. 1967 to June 1974 ~19-72 4,340 1.930,000 6-19-74 S7 2.9

32 09406000 May 1962 to June 1971 12- 6-66 9,670 1,300,000 7-11-69 94 4.6

51 09405450 Oct. 1977 to Sept. 1982 9-10-80 49 814 9- 8-81 7.7 .07

52 09405420 Oct. 1974 to sept. 1977 10- 2-76 31 1,080 10-20-75 6.6 .02

1 Also lOOnthly sus~nded-sediment records for 1978 water year.

Asterisk (*) indicates disoontinued gaging station located between sites 8 and 8.1 prior to

construction of Gunlock Reservoir.



".eU::lIent ilU Ii i \I"_~ 1 'Ii
ye'J, OC'l:Ot;('1 196" I <, ,)f:pl(]'1ILJe( 1(00:

00..:ober N(NHn~r L~:U!'lll(t

Mc~dn Mc'an r.'k::'an
Mean CDrK\,;n- sediment ~an o:.lna:>n- Sedl.mcl')l" 1"'ean (X)tlo'~'n' Sediment

Day discharge tratwll dlc:;charge discharge tration disc.ha!.cjfJ di,;charcJ(: tr,-tt iUll di~-:ch.'lrq('

(cubic feet (mil1 (tom; rer (cubic feet {milUqrams (t(inS rer (cuLd.c teet (mil (t()n~; [:.E'l

per second) reI: I day) p?r semnd) ~er liter) day) per Sf'u:md) rer da.y)

~_.__._---
~._,,--~--._----~-'--'''-'------~'-~'-.-

82 1001) 221 144 999 3HB 150 BJ2 329
ffi 720 167 141 856 326 j 5J 949 "lifl

90 5] 8 126 139 734 27 r) 156 lila 468
92 5J 8 129 135 600 219 161 J 020 443

101 518 141 136 600 220 158 938 400

6 J.05 916 260 132 600 214 149 ffi2 347

7 ] 01 748 204 187 llOO 555 152 792 325
8 101 6ll J67 174 1600 752 156 394 166
9 10] 666 182 163 946 416 163 196 ffi

10 101 725 198 167 650 293 156 433 182

II IDS 790 224 165 242 J 08 147 957 300
12 108 ffil 251 155 502 210 152 713 29)
13 JOO Kl2 225 152 1040 427 146 531 209
14 "03 f.£)4 224 148 2160 ffi3 148 396 J 58
lS 105 777 220 152 2060 845 148 295 UH

16 .lOB 751 219 259 4370 3060 148 408 ]63
17 ltD 7<;1 223 342 3500 3230 153 ~J64 n3
I I) 120 7~ll 243 257 1300 902 15.3 779 \22

19 140 740 200 152 1090 447 152 711) 29'>
}n l35 729 266 168 915 415 161 Gill 26<)

2J 140 730 276 175 768 363 150 609 247
22 162 1850 009 171 645 298 ISS 512 L.l4
23 154 1550 644 164 541 240 154 430 119
24 149 1130 455 159 454 195 149 "\61 J4 r)

25 141 700 266 156 223 94 14 B 303 In

26 144 413 161 157 233 99 151 255 104
27 138 'Xl0 335 152 243 100 151 214 fa
28 136 900 330 145 253 99 130 231 HI
29 139 708 266 143 264 107 118 ;;1\-9 79
JO 140 558 2ll 142 200 7J 121 "122 lOS
31 145 439 172 122 416 131

1\Jtal 3682 0095 5032 15832 4599 7072
." ----_._------_.~.-_._.__ .. _. __ .. _"----

_._------_._-_.~------_.•.._---

January l'ebruary r1'irch
--_.__._"-_. -----~---_._- -_._------~--_ ..__._---

t'ean Mean f-'('an
Mean OOTlcen- 5edi.nent

_0
ronren- sediJrent _n cx:mcen- Sedmnt

Lay discharge tration discharge disdlarga tration discharge discharg? tration dir;churge
(cubic f€€t (milligrams (tons per (cubic feet (milligrams (tons rer (cubic feet (mill igrarns (tons per
per ~oond) per liter) day) p>r ,",rond) p>r liter) day) per second) per liter) day)

-----_._--_.__ ._- ""-------_.-

124 350 117 132 300 107 312 6fllO 5DO
116 328 103 127 272 93 400 10400 13500
102 357 98 124 247 83 416 6100 6HSO
]08 \18 93 137 223 82 405 1040 1140
llO 2il3 84 134 201 73 403 ffi9 946

6 102 252 69 132 181 65 271 726 531
7 114 225 69 133 230 83 156 575 242
H ll6 200 63 133 292 105 157 455 193
9 130 269 94 128 406 140 148 469 187

10 144 362 141 128 192 66 156 4Kl 203

11 143 487 188 135 242 88 151 497 203
12 140 655 248 149 305 123 138 492 18J
13 138 655 244 144 403 157 134 48B 177
14 133 654 235 134 442 160 14) 4Kl 186
15 155 654 274 127 484 166 151 530 216

16 150 600 243 121 399 130 143 5lll 224
17 1115 000 402 121 329 107 146 47 H 188
le 163 590 260 117 271 IE 134 \93 142
19 144 661 257 118 223 71 122 Q3 106
20 142 740 284 114 200 62 126 261) 90

21 143 829 320 125 200 68 125 293 99
22 137 765 283 191 2500 1290 120 323 105
23 147 706 200 165 1500 661) 124 328 110
24 ISO 651 264 135 814 297 124 D2 III
25 145 Gal 235 129 442 154 136 337 124

26 137 601 222 129 240 84 131 ]42 121
27 136 601 221 131 310 UO 127 293 100
28 137 2'S1 106 130 400 140 119 251 III
29 124 ])7 46 124 195 65
30 119 219 70 129 151 53
31 131 351 124 120 150 49

Total 4166 5737 3723 4ll'i8 5671 32255
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Table 4.-Susperrled sediment at site 32, VirgIn River at virgin, Utah--Contin~d

--------~-----~-~. -,---_._-----_._--------~~
~-------_._-------

April May June

-_._----- --~--------------

""an ""an ""an_n
ooncen- sediment

_n
oonCE'n- Sediment Mean oonOOn- Sediment

Cay disdl.arge tration discharge discharge tration discharge disdlarge tration disdlarge
(cubic fto'et (milligrams (tons Fer (cubic feet (milligrams (tons per (cubic feet (milligrams (tons per
per serond) per liter) day) !>'r second) !>'r liter) day) !>'r second) !>'r liter) day)

III 150 45 116 250 78 79 150 32
109 ] 81 53 119 356 ]]4 78 265 56
]]6 176 55 139 167 63 79 40 8.5
114 172 53 167 78 35 76 91 19
]]6 248 78 182 242 119 00 205 44

6 126 :<58 122 182 750 369 95 200 51
"I 148 516 206 205 2100 ]]60 147 3670 1460
8 143 587 227 177 1000 9>0 89 2200 529
9 138 668 249 191 2100 1000 91 2400 590

10 151 761 310 209 2400 1350 98 2650 701

II 166 ffi6 388 238 2100 1350 103 1600 467
12 143 344 133 198 769 411 98 894 237
13 119 191 61 178 1200 615 89 781 188
14 120 133 43 190 10SO 539 9> 682 158
15 107 92 27 179 1156 414 83 813 182

16 102 74 20 192 700 363 79 416 89
17 102 59 16 196 2600 1300 75 600 122
18 102 47 13 181 1240 606 76 337 69
19 103 67 19 157 592 251 74 360 72
20 103 96 27 136 333 122 74 384 77

21 97 75 20 119 292 94 84 771 175
22 10l 59 16 106 248 71 BJ 758 170
23 98 48 13 106 258 74 83 391 88
24 92 81 20 103 375 104 81 385 84
25 97 136 36 107 257 74 82 379 84

26 ]]2 230 70 93 143 36 81 373 82
27 184 2 iii 142 90 212 52 85 556 128
28 167 355 160 84 61 J4 92 594 148
29 133 249 89 83 49 11 88 635 151
30 121 175 57 89 39 9.4 90 678 ]65
31 84 118 27

Total 3641 2768 4596 11845.4 2598 6426.5

JUly August September
----,-,-,-

_n Mean _n
Mean concen- Sediment Mean ooncen- Sediment Mean oonoerr- Sediment

Day discharge tration disctlarge disctlarge tration disdlarge disctlarge tration disctlarge
(cubic feet (milligrams (tons !>'r (cubic feet (milligrams (tons !>'r (cubic feet (milligrams (tons per
!>'r seoooo) per liter) day) !>'r seoond) !>'r liter) day) !>'r second) !>'r liter) day)

94 2S00 635 82 3S00 775 73 2520 497
94 2500 635 89 3000 913 85 2050 470
94 2S00 635 102 4120 1]]0 87 2000 470

119 6600 2120 236 38200 155000 100 2000 540
124 1000 603 950 90000 251000 840 32000 72600

6 131 3000 1060 520 120000 160000 350 13000 12300
7 109 2600 765 240 55000 35600 ISO 6440 2610
8 165 14700 6510 112 4790 14SO 100 3]90 iii1
9 307 12000 11000 119 4500 14SO 82 2350 520

10 351 6930 6570 113 4230 1290 79 1730 369

II 630 4000 6000 108 6020 1760 75 1440 292
12 100 752 203 106 7030 2010 79 1200 256
13 79 756 161 125 8200 2770 172 11000 5110
14 77 700 146 127 9570 3200 83 7000 1570
15 77 539 112 176 20000 9500 77 2900 603

16 89 2540 610 450 33000 40100 75 1200 243
17 92 12000 2900 ISO 19000 7700 78 1240 261
18 125 36000 12200 650 50000 87000 88 1290 307
19 112 17000 5140 500 65000 87000 88 1330 316
20 114 4290 1320 3SO SOOO 4730 iii 1040 241

21 336 51300 46500 300 10000 8100 85 008 185
22 263 11000 7810 360 60000 58300 88 968 230
23 102 10000 2750 ISO 5330 2160 92 1160 288
24 204 113000 62200 92 3930 976 88 1130 268
25 121 12100 3950 00 2890 624 81 1090 238

26 100 8720 2350 105 5000 1420 78 1060 223
27 99 6200 1600 130 14000 4910 79 978 209
28 90 4820 1170 150 6220 2520 78 903 190
29 82 3700 819 100 4610 1240 78 833 175
30 88 3350 796 ID 3420 766 00 000 173
Jl ll2 3040 673 74 2500 500

Total 4650 191703 6929 945574 3674 102615

Total discharge for year (cubic feet per seoor.d) 52961
Total Guspended-sedinent disctlarge for year (tons) 1334700.9
--_._._-------- -----~---------
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Table 5.--Indicator bacteria sampled Aug. 1&-28, 1981

Site
no. Site name

Beaver Dam \vash at mouth,
Ariz.

Date

&-2 &- 81

Time

1030

Discharge
(cubic

feet per
second)

3.7

Fecal
coliform (Fe)

(colonies
per 100

milliliters)

70

Fecal
streptococci (FS)

(colonies
per 100

milliliters)

5800

FC/FS
Ratio

0.01

4

6

7

12

Virgin River bel"" Virgin &-2&-81
River Gorge Springs, Ariz.

Vi rgin Rive r at Bloanington, &-2 &- 81
Utah

santa Clara River at mouth, &-1&-81
Utah

santa Gara River bel"" Veyo &-1&-81
Hot Springs, Utah

1230

1415

1845

1300

30.0

35.0

4.5

2.6

40 330

9300

550

.]2

.67

1.]

4.4

12.1 Veyo Hot Springs, Utah 8-1&-81 1400 .67

14.1 santa Clara River bel"" ron-- &-1&-81
fluence with Right Fork, Utah

14.2 santa Clara River above &-1&-81
campground, Utah

15 Fort pierce Wash at mouth, &-2 &-81
Utah

16.1 Mill Creek bel"" washington, &-20- 81
Utah

1100

0930

1545

1530

2.8

.86

2.1

1.9

30

90

25000

1,220,000

300

6000

6500

.06

.30

.83

3.]

19.1 Virgin River above Leeds 8-31-81
Creek, Utah

18 Leeds Creek at mouth, utah &-1!1-81 1130

0945

1.2

69.0 500

1200

1600 .31

20.1 GOuld Wash at mouth, Utah &-28-81

21 Vi rgin River bel"" Ash 8-25-81
Creek, Utah

23 Ash Creek bel"" Westf ield 8-25-81
Ditch near Toquerville, Utah

27 La Verkin Creek at mouth, &-25-81
Utah

30 La Verkin Hot Springs, utah &-25-81

32 Virgin River at Virgin, Utah &-24-81

33 North Creek at mouth, Utah &-24-81

39 North Fork Virgin River &-24-81
above confluence, Utah

40 North Fork Virgin River &-24-81
near Springdale, Utah

56 East Fork virgin River &-24-81
above contI t.ence, utah

60 East Fork Virgin River at &-20-81
Mt. Carmel Junction, Utah

1800

1400

0900

1100

1530

1000

1645

1345

IllS

1245

1145

1.4

55.0

9.3

2.2

12.0

80.0

.85

33.0

43.0

39.0

3.8

226,000

1200

1500

11300

1500

11000

44,000

1800

230

1800

3700

1300

1800

350

470

790

.59

.67

.13

.28

4.0

.35

1.1

0.83

.23

.13

1.3

64 East Fork Virgin River near
Glendale, Utah

&-20-81 1000 12.0

raased on colony count outside of the ideal range
2 Exceeds criteria for untreated surface water intended for public-water supplies (U.s.

Environmental Protection Agency, 1972)
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Table 6.--organochlorine canpOlmds organoI,ilosI,ilorus insecticides, PCB and pm
in stream-bottan rraterials

Micrograms per kilogram (rng/kg)

Site name

santa Clara Virgin River Virgin River East Fork Virgin
River at above Fort above Leeds River at Mt.

mouth, Pierce Wash, Creek, carmel Jtmction,
CcInpotmd and Utah Utah Utah Utah
insecticide (site 7) (site 16) (site 19.1) (site 60)

Aldrin <0.1 <0.1 <0.1 <0.1
OOordane <1.0 <1.0 <1.0 <1.0
DDD <.1 <.1 <.1 <.1
DDE <.1 <.1 <.1 <.1
DDI' <.1 <.1 <.1 <.1
Diazinon <.1 <.1 <.1 <.1
Dieldrin <.1 <.1 <.1 <.1
Endosulfan <.1 <.1 <.1 <.1
Endrin <.1 <.1 <.1 <.1
Ethion <.1 <.1 <.1 <.1
Gross PCB <1.0 <1.0 <1.0 <1.0
Gross Pm <1.0 <1.0 <1.0 <1.0
Heptachlor Epoxide <.1 <.1 <.1 <.1
Heptachlor <.1 <.1 <.1 <.1
Lindane <.1 <.1 <.1 <.1
Malathion <.1 <.1 <.1 <.1
Met1¥l Trithion <.1 <.1 <.1 <.1
Methyl Parathion <.1 <.1 <.1 <.1
Mirex <.1 <.1 <.1 <.1
Methoxychlor <.1 <.1 <.1 <.1
Parathion <.1 <.1 <.1 <.1
Perthane <.1 <.1 <.1 <.1
ToxaI,ilene <1.0 <1.0 <1.0 <1.0
Trithion <.1 <.1 <.1 <.1
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Table 7-Scmnary of selected

[Abbreviations: ft3/s, cubic feet ~r second: lDTIho, mic['crnms .fer centimeter

Site nunber: Numbers refer to sites shown on plate 1.
Gaging station nunber: Standard Geological Survey gaging station m.mber. '!he 09 indicates all drainage 10 ~he Coloraoo River Basin. '!he ranaininy
Discharye range: Period of record for gaging stations, sampling periods for other sites.
Dominant cations, anions: Refer to section "Classification of water for public supply and irrigation" for methods of determination. ca, calcillTi; Mg,
Irrigation supply: L-ICM, M-medium, H-high, Vll-very high. First classification is for flCM flow and second for high flCM.
Water-use problans: A blank indicates that no problan is knCMn to exist. Listings under "Public supply" are tased on the recommended limits trom

hazards under "irrigation supply" are tased on U.S. salinity Laboratory Staff (1954, p. 00). Boron: Range fran samples taken.
Remarks: Additional sediment data are shown on table 3 for each site except 16, 19.1, 54, 55. A (-) indicates no data available.

.. -------_._-~~_.-------- _._--- -~~------,-_.+

Discharge NlJIl!:>:!r
('.aging

~----------~---
of Dissolved Sp>cific

Site Station Site name Years of chanica1 solids co ndu<....-tance
Nu. flO. record Range Average analyses range ranqe

(ft3/s) (ft3/sJ (ug/L) (lJIlhc»)
._._--~._---_._--------- ---,------_._-~----- ---,--'--- _. __._---~-,----,--

09415000 Virgin River at Littlet ield, Arizona 52 38-35,200 234 1,120-2,620 1,620-3,500

2 Bear Dam Wash at mouth, Ar izona 3.7-5.9 5 479--652 750-900
3 Virgin River above Beaver Dam Wash, 61-318 5 1,120-2,720 1,620-3,620

Arizona
09413200 Virgin River near B1oanington, Utah 5.8-10,000 372 5 565-2.550 ffl0-3,450

7 santa Clara River at mouth, Utah 4.5-9.7 1,150-1,000 1,600-2,100

09410100 santa Clara River !:>:!low Winsor Ilam, 0-1,700 30.6 243-313 415-550
Utah

12 santa Clara River !:>:!low Veyo Hot Springs, 2.4-28 155-320 255-510
Utah

13 santa Clara River above Veyo Hot Springs, 1.7-31 5 155-312 250-510
Utah

15 Fort Pierao Wash at mouth, utah 2.1-36 5 1,110-2,690 1,510-4,020

16 Virgin River al.xNe Fort Pierce Wash, Utah 32-300 5 562-3,200 890-4,390

17 09408150 Virgin River near Hurricane, Utah 14 23-18,700 237 524-2,670 ffiC>-3,120

1H Leeds Creek at mouth, Utah 1.2-3.4 901-1,200 1,100-1,540

19.1 Virgin River atove Leeds Creek, Utah 69--500 5 511-2,600 815-3,140

21 Virgin River be1w Ash Creek, Utah 55-400 531-2,200 905-3,700

22 Ash Creek at mouth, Utah 7.0-14 5 492-558 750-840
27 La Verkin Creek at mouth, utah 1.9--19 5 791-1,470 1,100-1,930

29 Virgin River !:>:!lw La Verkin Hot Springs, 46-610 492-2,760 850-4,430
Utah

3] Virgin River above La Verkin Hot springs, 34-600 5 277-603 400-950
Utah

32 09406000 Virgin River at Virgin, Utah 65 22-22,000 206 5 238-598 430-960
33 North Creek a t mouth, Utah .85-20 5 291-1,110 500-1,420

33.1 Virgin River above North Creek, Utah 62-600 5 239--556 425-800
38 Virgin River below conflLenao of North 70-750 5 179--457 355-740

Fork and East Fork, Utah
39 North Fork Virgin River above confluence 33-720 5 192-4ffi 340-820

40 09405500 North Fork Virgin River near springdale, 56 20-9,150 102 4 173-447 335-000
Utah

43.2 North Fork Virgin River at mouth of 44-700 164-333 325-500
Zion Narrows, utah

51 09405450 North Fork Virgin River above Zion 3 2.2-130 27.6 222-27 H 360-455
Narrws, near Glendale, Utah

54 cascade Springs near Hatch, Utah 1.0-6.0 56-139 185-220

55 Navajo Lake east of dike, near Hatch, 53-77 97-135
Utah

56 East Fork Virgin Hiver above COnf1uenao 39--58 5 361-529 560-695
with North Fork, Utah

60 East Fork Virgin River at Mt. cannel 3.8-22 421-788 67C>-1,160
Junction, Utah

64 09404450 East Fork Virgin River near Glendale, 15 6.3-640 20.9 5 231-331 500-500
Utah

77 East Fork Virgin Hiver at Hig/May 136 1.4-2.1 5 247-284 450-475
bridge, Utah

_._-_._"--~._-_.-.. _~.
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hydcloqic data at key sites

at 250 Celsius; mg/L, milligrams ~r liter; ug/L, micrograms ~r liter]

JlUJllbcrs indimte tile <KJw'nstream order of the stations.

11idynC'[;iull; Na, sodiLml; Hill), bicartunate; el, chlorici:; 004' sulfate.

\I.S. Enviromental Protection Agency (1976a, p. 5); Cl, chlorid=; N, nitrogen; NO:l, nitrate; 804' sulfate. Listings of salinity and sodilJ11

Water-use problems

Public Supply Irrigation Supply
Dcrninant cation(s)

LCM High
flow £1""

Daninant anion (s)

High
£1"" Dissolved

solids
(mg,!L)

S~cific

ions
(mg,!L)

Salinity
hazard

SOdiun
hazard Boron

(ug/L)
Remarks

ca,Mg ca,Mg

Dry Octobe, J 9 Ul.
February ]982

Sediment data on table 1

Sediment data on talile J ,2

S:uiment rJa.liJ ()[j taLl (: 1,2

Sediment data On table 1
Inaccessible February 1982

Inaccessible February. May
1982

Inaccessible February. May
1982

270-460

40-70

20-30

30-ll0

30-70

30-00
60-300

10-40

20-30

350-950

230-270

0-10

10-70
20-60

20-50

20

0-10

40-7

60-00
90-200

30-140

20-30

30-00

130-920

370-1,100

20-290
390-1,200

140-1,100

190-960

130-1,200

160-1,000

150-1,300

M, I,

1" I,

L. I,

1" I,

1" I,

L. I,
L, L

1" I,

M, I,

M, I,

H, L

L, L

M, I,

1" I,

L. I,

1" I,

M, I,

M, L

L. I,

M, I,

1" I,

1" I,

L. I,

L. L

L. I,

L. I,

1" I,

L. I,

1" I,

L, I,

1" I,

1" I,

fl, M
fl, fl

H, M

M, M

Vll. H

M, M

VH, Vll

H, H
Vll. H

H, H

Vll. H

H, M

Vll, H

M, M

Vll, H

Vll, H

H, H
H, H

Vll, H

H, H

VH, H

H, H

M, M

H, M
M, I,

M, I,

H. M

M, M

M, M

M, M

1" I,

1" I,

9J4 ,Cl
250

3)4'Cl
250

S04'Cl
250

rsa

S04'Cl
250

S04'Cl
250

S042~

rsa
S04'a.

250
S04'Cl

250

500

500

500

500
500

soo

500

soo

500

SOO

500

500
500

500

500

500
500

500

500

HCD], S04

IICD3,S04
S04 , HCD]

HCD:J ,S04
HCD)

HCD], S04

HCD3·S04

liCD]

HCD3

HCD]

HCD]

H<DJ

HCD]

S04.HC!J:J

HCD],S04

HCD:j

11CD3

HCD], S04

S04 , liCD3
S04. lIlDj

Cl,HCD],S04 HCD]

HCD3.Cl,S04 HCD3

HCD]

HCD]

01,Mg

01,Mg

ca,Na

01,Mg

01,Mg

01,Na,Mg

ca,Na

01,Na

01,Mg

O3,Hy
Ca,My

01,Na

01,Mg
01,Mg

01,Na

01.Mg

01.Mg

Ca.Mg

My. 01

Na,01

ea,Na

Ca,Hy

('..:l,My

Ca,My

Na.01

C1,Na

ca,Mg

ca,Na,Mg ca,Na,Mg

Ca,Na,Hg 01,Na,Hg
lB. Na, Hg 01, Na, M:J

01,Hg
01,Mg

01,Na,Hg Ca,My
03, Mg, Na 03, Mg

Ca,Na,Mg 01.Mg

O3,Na.Mg Ca,Mg

Ca,Hy,N..1 ea,Mg

Ca,Mg,Na 01,Mg

Na,ca

(a,My, Na
(a,flg

Na,Ca

Na,ca

Ca,Hg 01.Mg

Ca.Mg Ca,Mg

ca,My

01. My

ca,My

Ca,Hy
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Table 8.-a-J.cal analy...s and IIIlIIpende6-_ loaa. of

[Abbreviations: ft3/St cubic feet per seoond; ce. degrees Celsius; tons/d. tons per day; lmho.

Uther d:l.ta. available: F, flwial sediment (table 3); K, key sites, additional l¥drologic (table 7); P, ~sticicEs (table 6); S, Statistical data

21

28
25
23
24
24

Dissolved
magnesilJll

(Mg)
(m<J!L)

95
87
60
81
80

77

Dissolved
calcillTl

(cal
(mg/LI

38
39
37
39
36

37

Dissolved
silica
(Si02)
(mg/L)

652
529
479
523
538

455

Dissolved
solids.
sun of

constituents
(mg/L)

980
770
805
750
840

610

·T.SOO-·_~-~-20----4oo~-i20

2,990 2,150 16 320 96
2,580 1,870 20 240 76
1,620 1,120 13 163 44
3,320 2.300 20 340 110

Specific
oonduetan~

(LIllho)

7.4
7.9
7.5
7.8
7.6

7.0

TEmperature
(Oe)

.13

Sus);"'nded
sediment
(tons/d)

3.7
5.9
5.0
4.0
5.2

3.4
Dry

Dry
Dry

Discnarge
(ft3/s)

&-2&-81
5-11-82

&-2&-81
5-11-82

rate of
oollection

&-2&-81
Hl-21-81
2-10-82
5-10-82
9- 3-82

Site Name

Beaver Dam Wash at lOOuth,
Arizona

2.1 Beaver Dam Wash belC7fi Bull
Valley wash, Utah

2.15 Bull Valley Wash at mouth,
Utah

SHe
N<'

---.--...c_c_---;-~=_;~,____,,_;;_;;_~-_:;_;---c_c_--:;c_;;:___,~
Virgin River at Littlefield, &-28-8.1 71 26.0 7.0

Arizona 10-21-81 136 18.0 7.8
2-10-82 205 10.5 8.2
5-10-82 322 627 19.5 7.9
9- 3-82 80 22.0 7.7

21.5
17.5
17 .5
20.0
21.5

22.0

2.2 Beaver Dam Wash at Mot<X)ua,
Utah

&-1&-81
5-11-82

2.0
2.0

24.5
16.0

7.8
8.4

690
445

425
319

38
31

74
58

23
16

Virgin River at Atkinville 8-28-81
Wash, Arizona 5- 5-82

Virgin River below Virgin 8-28-81
Gorge Springs, ArizoM 9- 3-82

santa Qara River beleN Winsor &-1&-81
ram near santa Clara, Utah l(}-lS-81

2-11-82
5- 4-82
&-23-82

Virgin River near Bloanington, 8-28-81
Utah 10-15-81

2-10-82
5- 5-82
9- 2-82

16

14
13

16
17

17
16

6.5
7.6

70
94
83
55
68

130
120

110
20

100
66
53
22

100

130
98
77
46

130

54
53

36
55

420
320
250
172
420

360
230
160

97
320

256
300
310
215
260

43

46
so

350
98

440
340

52
50

54
42

18
16
19
14
18

17
18

25
9.6

24
16
18
11
24

36
32
36
29
37

26

26
26

26
27

44
37

282
313

259
263

2,990
577

243

325
290

218
223

2.720
2,200
1,840
1,120
2.790

2,660
2.610

2, 1110
1,780
1,340

565
2,550

1,430
1,800
1.680
1,150
1,420

375
400

305
270

4,200
870

445
550

3,620
3,130
2.390
1.620
3,670

3,690
3,650

435
42S

4.180
2.630
1,990

870
3,540

1,960
2,180
2.150
1,600
1,890

415

7.4
7.5

7.3
8.0

8.0
8.0
8.2
7.9
7.9

7.8
7.9
8.3
7.9
8.0

&.2

8.0
8.5

8.2
8.5

7.2
7.8
8.1
7.8
7.7

8.3
8.6

7.8
8.1

24.0
16.0

18.0
19.0

29 .. 0
16.5

9.5
19.0
21.5

27.5
21.5

32.0
12.5

29.0
15.5
7.0

15.0
31.0

26.0
16.0

8.5
18.5
28.0

24.5

15.5
24.5

19.5
11.0

2.0

1.4

1.8

115

123

37
450

Dry
Dry

2.5
2.5

3.2
5.3

61
138
195
318

70

30
37

35
139
206
610

45

4.5
5.1
4.5
9.7
5.2

18
Dry
Dry

20
11

28
32

&-2&-81
5-11-82

&-1&-81
5-11-82

&-1&-81
5- 7-82

&-1&-81
5- 4-62

santa Qara River at mouth, l)-l8-81.
Utah 10-15-81

2-11-82
5- 5-82
&-23-82

Virgin River arove Beaver I:8m 8-28-81
Wash, Arizona 10-21-81

2-10-82
5-10-82
9- 3-82

2.3 Beaver Dam Wash at end of
Motcqua Road, utah

2.4 Beaver Dam Wash telCM Beaver
Darn State Park, Nevada

2.25 East Fork Beaver rem Wash at
IOOuth, Utah

8.1 santa Clara River below
Gunlock Reservoir, Utah

santa Oara River at Gunlock. ~18- 81
utah 5- 4-82

santa Clara River below Veyo 8-1&-81
Hot Springs, utah lO-lS-m.

2-12-82
5- 6-82
&-24-82

10

11

12

~ Wash at mouth, utah

Magotsu Creek at mouth, Utah

&-20-81
5- 4-82

&-17-81
5- 4-82

6.2
34

1.2
4.3

.17
2.6

2.6
2.4
3.5

32
2.7

.14

26.0
17.0

23.0
18.5

25.5
17 .5

25.0
20.3
16.0
12.5
24.5

8.0
8.2

7.6
7.9

7.9
8.1

7.7
8.1
8.4
8.1
8.0

460
320

465
440

780
700

510
475
495
250
470

273
188

288
277

469
413

2lti
315
320
155
294

37
25

48
44

42
35

35
34
33
22
31

47
37

50
52

72
72

53
54
56
30
51

17
12

16
15

32
26

2U
19
20

9.6
17

46



willer SdlIllJ,lcti collect:L'd in the VH<J.lll Hiver ba.fiin, 1981-&l.'-·-Qmtinue(j

bX'r \...'Cntirnetc[ <.it 25°C; Jl'y;L, rnilliqulll:D rer liter; ug/L. micrograms l:€r liter!

(r.ilble 9); T, trace metals (t...lble 1)

Dissolved
socii LOn

Dissolved
l-"0tassiun

Al kalinity
(tot~"11 as

(;:~j

Dissolved
sulfate

i~L

Dissolved
chlorid:>

lell
(mg/LI

Dissolved
flUJri~

IF)
llOCj/L)

Dissolved
nitrate Phostflorus,

(003) + or tho-'
nitrate p,.oSfhate

(~~)N (~E)

Tota.l
hardness

las

~l

Non­
<:arooffite

hardness
(as CaO)])

InqiLI

Sodium­
ab...sorption

ratio

Disso.lved
tOton (B)

luq/LI

Dissolved
o>0jlJen
Imq/LI

Otllf'(

d"1ta.
availaliJ t~,

. ·2;----2-4(1----1-,-20-0--430-- ·--0-.9----1-.1

23 240 800 400 .8 .f{)

2IJ no 760 340 .8 .85
]2 220 440 100 .4 .44
27 25J 990 370 .8 .90

3.0 1.100
3.4 850
3.6 650
2.5 370
3.5 1.100

no
270
2:jO
!JO
290

n
':)1
45
55
59

5.3
6.6
5.4
4.7
5.0

200
23lJ
230
220
210

240
140
un
150
170

44
32
12
31
32

.5

.6

.7

.7

.6

1.9
2.2
1.7
1.2
1.2

0.02
<.01

.05

.03

.03
<.0]

.01

.02

.01

1,500
1,200

9]0
590

1.300

350
320
290
300
300

1,300
950
640
370

1,]00

150
90
6 c,

81
89

1.8
1.3
1.2
1.5
1.6

290
20
60

130
160

7.1
H.'J
9 0
9.2
7.6

7.4
6.0
B.O
5.9
5.7

F. K. ~;

K. '1'

36

29
22

26
21

4.3

4.0
3.3

4.7
3.6

200

190
no

130
ISO

140 18

110 31
68 18

81 22
59 13

.7

.5

.6

.6

.6

.13

.19
<.10

.12
<.10

.02

.03

.01

.02

.0]

200

200
210

190
190

79

90
41

63
36

1.0

.8

.7

.9

.7

60

50
30

30
20

82

6.3
10.4

8 2
9.0

<5.0 15
6.0 10

1,200 400
920 420
720 320
430 100

1,300 430

J9
19

290
2><1
250
DIJ
300

200
300

450
60

460
200
200

55
3<J(]

]10
130
no
n
99

19

19
19

16
lb

20
12

23
21

45
36

22
21
21
9.7
1.9

5.8
5.0

30
24
20
]2

29

28
30

28
61

31
20
16
6.1

26

7.5
11

9.4
6.8
8.2

2.8

2.9
3.0

2.8
2.8

3.5
2.0

2.4
2.0

5.4
4.5

4.5
5.1
5.3
2.0
4.4

130
130

240
200
290
220
269

160
2!!7

240
150

250
240
250
160
260

240
260
320
270
242

160

100
177

160
170

]70

130

160
190

250
250

150
200
190
110
196

1,200
1.200

1,200
220

1,000
620
400
210
900

750
990
!!70
560
740

23

35
78

24
24

21
7.0

1.0
6.0

53
45

31
29
33
6.0

26

470
430

670
71

700
400
260

66
550

55
81
62
51
62

16

22
25

30
22

23
15

50
22

69
44

24
28
33
9.9

24

.5

.5

.8

.8

.7

.4

.9

.9

.8

.6

.2

.7

.5

.5

.3

.7

.3

.5

.5

.4

.4

.1

.3

.2

.2

.2

.2

.2

.2

.3

.3

.3

.3

.4

.4

.1

.3

.17
<.10

1.2
.fJI
.88
.46
.85

.33

.42

1.4
.31

1.5
.98
.fJI
.36
.90

.30
1.2
1.1

.38

.39

.12

.10
<.10

.03
<.10

.28
<.10

.15
<.10

<.10
<.10

1.3
.89
.88

<.10
.00

.02

.02

.02
<.01

.05

.02
':.01

<.02
.01

.09

.03

.07

.02

.13

.04

.21

.01

.01

.01

.03

.03

.02

.01

.02

.09

.01

.02

.02

.02

.02

.02

.03

.02

.01

.03

.02

47

120
170

1,600
1,200

940
620

1,600

1,600
1.300

1.300
330

1,300
850
620
330

1,200

930
1,100
1,100

760
930

170

200
190

100
190

190
140

190
190

310
290

210
210
220
120
200

o
39

1.300
1,000

650
400

1.300

1,500
1,100

1,100
100

1,100
610
370
170
950

690
800
000
490
690

13

20
32

21
25

18
12

31
2

62
37

65
13
32
5.0
1.0

.8

.7

3.2
3.5
3.5
2.4
3.3

3.0
3.6

5.4
1.5

5.5
4.2
3.8
1.4
4.9

1.7
1.7
1.4
1.2
1.5

.7

.6

.6

.6

.6

.7

.5

.8

.7

1.2
1.0

.7

.7

.7

.4

.6

30
30

1,200
800
660
390

1.100

1.000
1,000

1.100
140

1.100
600
450
140
950

370
460
370
270
370

60

40
70

50
60

60
50

50
40

110
8.0

90
60

110
30
00

8 0
9.7

7.2
8.2

10.6
9.1
7.9

6.9
7.3

7.2
9.4

7.0
8.5

10.9
9.9
6.3

7.9
11.3
10 '2
9.8
9.5

6.7

8.4
7.4

7.6
9.3

7.8
8.9

7.0
7.3

7.2
7.5

6.6
6.3
7.8
8.9
6.4

~'

K. T

K. P. 'I'

T. K



Table 8.-o-J.cal analyses and suspended-Bed_rlt loads of

Sitt
Nu Site Name

lXtte of
oollection Discharge

(ft3/s)

Suspended
sediment
(tons/d)

Specific
ronductanre

IlIllho)

Dissolved
solids.
SllTl of

constittents
(nqlL)

DiHsolved
fjilica
(Si02)
(mg!L)

Di~s()lved

caJ ci UII

I(~)

(ITItj/l.l

OJ: :"Jlv(-d
JHi.l.(jrlfl-[:l Ull

IM'l)
("i/1.1

12.1 Vfl-yo Hut Springs. Utah IH &-81
5- 6-112

.67

.75
31.0
16.0

7.1
7.9

650
630

404
Jff7

3H
J5

n
.n

13.3 Spring atxNe Baker Dam. Utah &-17-81
5- 4-82

13.1 santa Qara River bel"'" Baker 9-17-81
Dam Reservoir. utah 5- 4-82

13.2 santa Clara River above Baker 9-17-8l
Dam Reservoir, Utah 5- 4-82

14 santa Clara River near Pine 9-17- 81
Valley. Utah 5- 4- 82

14.1 Santa Clara River bel"" Right &-1&-81
Fork, Utah 5- 4-62

J4
9.6

4.2
1.8

,.]
1.4

4.2
1.7

10
J.J

II
JJ

Jij
1H
J9
9.6

17

5J
54
57
30
,4

34
35

9.3
4 7

38
32

33
92

9.1
5.4

12
4.0

37
36

20
13

23
12

25
lJ

37
16

35
34
J2
22
J1

36
22

217
162

J80
64

J87
197

67
41

75
40

2'"
293
312
J55
290

90
36

360
265

295
82

305
290

96
44

95
44

120
37

490
510
490
250
450

7.2
7.7

8.1
7.6

7.1
6.8

7.1
6.9

7.9
8.1
8.6
8.1
8.0

7.6
8.0

7.6
7.S

24.5
19.6
13.0
12.5
24.5

21.0
10.0

11.5
2.5

17.5
9.0

16.5
16.5

15.5
4.0

11.0
3.5

1.322

5.4
64

2.8
4.3

3.2
58

2.8
58

3.7
11

.8>
36

1.9
1.7
2.9

31
2.1

&-1&-81
5- 4-82

Santa Oara River atxNe Veyo 8-19-8.l
Hot S!!rings, Utah 10-15-81

2-J2-112
5- 6-112
&-24-112

14 .2 santa Clara River above
camp:;Jround, Utah

13

14.3 santa Clara-Pinto Diversion
near Pinto, Utah

J5 Fort Pierce Wash at mouth,
Utah

&-1&-81
5- 4-82

&-2&-81
10-16-81

2-10-82
5- 5-112
!f- 2-82

Dry
72

2.1
36
17
24
6.0

43

3.0

30.0
10.8
6.0

21.0
29.0

7.7

7.7
8.0
8.4
7.9
7.9

65

4.020
2.300
I, !l30
1.510
3.210

58

2,690
1.460
J.260
1.110
2.250

lij

21
15
16

9.4
20

7. B

410
J80
150
227
300

L9

85
53
4b
36
67

15.J Fort Pieroo Wash at oottan of 8-28-81
section 16, Utah 5- 5-82

Dry
40 28.0 7.6 2,690 2.650 6.5 580 65

15.2 Short Creek at Temple Trail,
Arizona

&-2&-81
5- 5-82

Dry
1.3 8.4 21.0 7.4 2.440 2,350 4.9 560 58

15.25 Hurricane Wash above oonfluence 8-28-81 Dry
with Short Creek, Arizona 5- 5-82 Dry

17 Virgin River near Hurricane, 8-31-81
Utah 10-20- Bl

2-11-112
5- 6-82
&-24-82

18 Leeds Creek at mouth, Utah 6-19-al.
10-20-ill

2-11-82
5- 7-112
&-23-112

Virgin River above Fort Pier~ 8-28-81
Wash. utah 10-16-81

2-11-112
5- 5-112
!f- 1-82

20.1 Gould Wash at mouth. Utah

55
50
39
2J
43

29
17

J2

64
20

59
49
42
21
45

26
3J

05
81
67
84
90

J20
72
50
21
99

J 70
160
123
174
180

37

300
240
140

93
310

91
97

560
82

190
150
125

86
620

200
170
U7

8.6
610

92
82

30

26
16
16

9.4
20

30
28
26
27
27

23
24

16
9.5

20
12
15

9 9
12

20
14
14
9.8

11

14
90

2.000
1.310
1,010

524
2.670

3.200
1.870
1.200

562
2.510

852
936

2.850
SOl

175

1.820
1.360
1.220

511
2.680

567
369

1.JOO
1,040

901
LUO
J .200

900
575

4.390
2.900
1.780

890
3.400

1.400
1.480

3.450
820

3.120
1.930
1,560

11;0
2,710

1.540
1.450
1.180
1.510
1.500

255

3.140
2.110
1.570

825
2.700

7.9
7.9
8.1
8.1
7.9

7.9
8.1
8.2
8.0
8.0

7.7
7.9
7.9
8.0
7.8

7.9
8.1

7.6
8.2

8.3

7.9
8.0
8.0
8.0
7.9

8.5
8.2

32.0
14.0
7.0

15.0
24.0

27.5
14.0

23.0
15.0

16.3

20.0
12.5

9.0
16.0
28.0

25.5
10.5
12.0
13.0
29.5

28.0
15.5

20.0
12.5

9.0
11.0
27.5

.21

.81

449

304

2.555

1.811;

2.510
34.108

1.9
2.9

1.2
1.7
3.4
1.9
1.5

Dry
Dry

29

'"182
575
34

fII
175

93
124
220
550
155

3.0

69
125
215
550
153

1.4
2.4

&-2&-81
5- 5-82

&-20-81
5- 6-82

&-24-81
5- 6-82

&-24-81

&-Jl-Bl
1O-20-Bl

2-11-1l2
5- 7-1l2
&-23-82

&-2&-Bl
5- 7-82

Leeds Creek near Leeds, Utah

16. J Mill Creek below washingon.
Utah

16.2 Washington Qmal at inlet,
Utah

16

19.1 Virgin River abJve Leeds
Creek, Utah

15.3 Short Creek at HiglMay 0-59
Arizona

19

48



water lIIlIIIP1es oollected in tile Virgin River basin. 1981-112.-O:>ntinued

Dissolved Dissolved Alkalinity
socii lin potassiun (total as

I~L I~L) ?'~\

Dissolved Dissolved Dissolved
sulfate d1loride flooricE

~~) (~) (~)

Dissolved
oitrate Phos(i10rus,

100]) + ortho-
nitrate [iloBIbate

(~~fN (~)

futal
hardress

(as
Ql<J:h)
(ng/L)

Non­
cartx:>nate
hardness

(a(~~3)

SOdi~ Dissolved Dissolved
aooorption oocon (B) oxygen

ra tio (uglL) (mglL)

Other
data

available

33
29

19
19
18

9.1
18

13
8.7

10
3.2

11
11

4.3
1.9

4.1
1.8

5.0
17

2.9

300
240
190
68

350

73

46

470
290
100

59
390

150
160

2SO
55

400
230
150
65

150

64
60
58
65
65

6.4

300
230
160
60

160

51
17

3.7
3.7

4.6
5.2
5.6
2.0
4.8

2.1
1.7

1.9
.8

2.0
2.3

.5

.4

.4

.4

.4

.4

1.0

25
17
15
11
24

20

15

33
21
15
6.1

28

16
16

21
5.4

27
17

"5.6
15

4.8
4.9
8.2
5.4
5.0

.9

28
17
14
4.9

16

8.9
2.9

210
200

200
190
100
110
196

140
120

130
39

130
140

40
21

46
20

62
18

31

200
200
200
130
168

59

51

260
170
210
160
2 III

190
210

160
100

230
190
100
100
178

250
230
200
200
214

140

3SO
210
230
190
lB1

190
170

79
77

16
20
27
6.0

21

5.0
6.0

<1.0
6.0

1.0
6.0

2.0
6.0

5.0
6.0

2.0
6.0

6.0

1,000
470
450
600
BlO

1.000

1.600

1,400
700
410
200
9SO

270
300

1.500
140

570
400
330
140

1.S00

5SO
530
420
550
670

<5.0

260
400
310
130

1.500

200
120

27
30

27
25
41
9.8

23

23
9.5

8.8
1.8

11
9.9

2.1
.9

1.2
1.0

2.6
.8

1.9

640
360
270
73

510

45

31

610
420
260

76
540

160
100

340
79

590
330
220

BI
220

41
35
27
31
35

2.7

660
350
220

83
220

56
17

.3

.4

.3

.4

.4

.1

.3

.1

.1

.1
<.1

.1

.1

.1
<.1

.2
<.1

.0
<.01

<.1

.4

.4

.4

.2

.5

.2

.2

.8

.5

.4

.2

.7

.7

.9

.3

.2

.5

.4

.4

.2

.3

.3

.4

.6

.5

.4

.1

.5

.4

.4

.2

.3

.2

.1

2.7
1.9

.94

.75

.74
<.10

.68

.27
<.10

.35
<.10

.49

.32

.11
<.10

0.0
<.10

.14

.10

.10

1.2
.68
.64
.69
.96

2.0

1.7

1.6
.73
.67
.29
.88

.14

.21

.68

.29

.85

.60

.61

.30

.48

.90

.74

.57

.52

.52

.12

.75

.58

.56

.28

.43

.44

.30

.03

.02

.03

.02

.02

.02

.02

.08

.03

.05

.04

.04

.05

.03

.03

.21

.02

.06

.02

.04

<.02
<.01

.01

.03

.02

.03

.02

<.01
.02
.02
.01

.33

.03

<.01
.02

.04
<.01

.02

.02
<.01

<.02
.01

<.01
.01

<.01

.05

<.02
<.01

.01

.02
<.01

.15

.05

49

260
250

210
210
220
110
200

150
120

120
36

130
130

41
19

40
20

51
16

27

1.400
670
570
720

1.000

1.000

1.600

1,400
900
560
320

1.200

330
370

1.700
290

720
500
490
300

1,700

770
730
500
700
820

140

730
630
460
300

1.700

350
270

46
51

6
19
41
4.0
9.0

13
o

1.0
o

1.200
470
370
590
1lI0

1,700

1.600

1.200
730
350
160
900

140
160

1,SOO
llO

490
390
310
120

1.600

520
500
300
500
610

300
420
230
llO

1.500

160
100

1.0
.9

.6

.6

.6

.4

.6

.5

.4

.4

.3

.5

.4

.3

.2

.3

.2

.3

.2

.3

4.5
4.0
3.7
1.2
4.8

.8

.5

5.4
4.2
3.6
1.5
4.9

3.8
3.9

2.7
1.5

6.5
4.5
3.2
1.7
1.6

1.1
1.1
1.2
1.1
1.1

.3

6.1
4.0
3.2
1.6
1.7

1.3
.5

150
120

70
50
60
30
70

30
10

20
10

20
20

10
10

10
10

20
10

10

960
520
400
190
700

290

100

1.200
670
390
130
910

330
360

660
130

950
490
320
140
350

260
240
230
200
270

40

920
500
330
130
370

00
30

4 6
7.0

6.5
7.0
80
9.0
6.4

5.9
8.3

7.7
9.4

7.8
7.6

8.0
10.4

8.4
102

8.4
10.7

10.4

6.6
10.0
ll.6

8.2
6.9

6.0

7.8

6.4
8.9

10.4
10.8
7.1

5.6
9.0

6.1
ll.O

7.9
9.1

10.5
103
6.6

7.1
9.6

10.0
9.2
8.0

8.2

8.0
9.3

10 8
10.4
6.7

6.1
8.6

T

T. K

T. K

T

P. K

T

F. K

T. K

T. P. K

T



1'lIble 8.~cal anoly...,.. ani s ...pende<t-ned_nt loodll of

------- .. -_._~---- -~-~---~._~

Dissolved
::lte l:ete of Suspended Specific solids. Dissolved Oiu;olvt!d lJif;thJVf;(J

Nu Site Name oollection
D~:5i~r

sediment Tenp;!:rature FlI oorducta.nce Bun of silica <:alcilln ffiliJ(jJ"I(:Ll1.J11

(tons/d) (OC) (lJIlOO) oonstitoonts (~) lcal (M(l)

(no/L) ( ) Inog!L) (rrqll,)

_._ •.._.-_._- ---
21 Virgin IHver tRlQi Ash Creek, &-25-81 55 254 29.0 7.8 3.700 2.200 20 240 6(J

utah 10-20-81 128 13.5 7.8 2,290 1,410 14 160 ')i
2-10-82 239 5.5 7.7 1.900 1.220 14 135 42
5- 7-82 510 12.5 7.6 905 531 8.6 84 1;
!l- 2-82 89 23.0 7.9 2.840 1.770 16 200 53

22 Ash Creek at routh. Utah &-25-81 7.0 1.4 19.5 7.8 840 558 40 '!7 39
10-20-81 13 15.0 8.2 750 541 41 a; 37

2-10-82 14 10.0 8.4 750 499 39 Hl 34
5- 7-82 11 17.5 8.1 705 492 38 82 33
!l- 2-82 11 20.0 8.4 790 533 39 88 :n~

23 Ash creek I:elQli West Field, &-25-81 9.3 16.5 7.6 700 450 42 79 31
Ditch at Toquerville, Utah 5- 7-82 7.5 17.5 8.2 625 431 3B 72 2b

!l- 2-82 4.0 16.5 7.8 700 439 3B 74 29

23 .1 Wet sandy at Anderson Ranch, 8-25-81 Dry
utah 5-11-82 Dry

24 SO uth Ash Creek a t routh, Utah &-25-81 Dry
5-11-82 12 10.0 8.7 175 105 21 21 5.1

25 SOuth Ash Creek below Mill &-17·81 1.6 15.5 8.6 185 56 25 26 6.5
Creek near Pintura, Utah 5-11-82 12 5.0 8.1 175 106 22 21 53

25.1 Leap Creek near Pintura. Utah &-17-Bl Dry
5-'11-82 2.0 9.0 8.5 365 240 27 45 15

25.2 North Ash Creek below Ash &-1&-81 Dry
Creek Reservoi r, Utah 5-11-82 Dry

26 North Ash Creek above Ash 8-18-81 1.5 24.5 8.0 505 311 4B 5B 20
Creek Reservoir, Utah 5-11-82 19 10.5 8.5 410 261 32 46 16

!l- 2-82 1.3 12.5 8.3 750 482 38 92 35

26.1 Kararra Creek at Kanarraville, 8-17-81 2.6 12·0 8.5 415 284 24 56 17
Utah 5--11-82 7.2 7.0 B.O 475 27B 14 66 16

27 La Verkin Creek at lOOuth, &-25-81 2.2 .44 25.0 8.0 1.520 1.090 21 228 56
Utah 10-20-81 5.2 14.5 8.0 1,250 932 16 177 50

2-10-82 7.5 2.0 8.1 1.100 791 11 152 43
5- 7-82 19 20.0 8.2 930 654 11 130 38
!l- 2-82 1.9 26.0 7.9 1.930 1.470 19 300 63

29 Virgin River below La Verkin &-25-81 46 143 30.0 6.8 4,430 2.760 16 200 43
Hot springs, Utah 10-20-81 70 15.0 6.8 2.700 1.740 11 200 51

2-10-82 136 8.5 6.5 2,780 1.760 13 184 48
5- 5--82 510 2.7SO 13.5 8.3 850 492 9.1 78 17
!l- 2-82 65 24.0 6.8 3.320 2.060 13 210 53

30 La Verkin Hot Springs, Utah &-25--81 11 41.5 6.4 13,000 9.660 28 820 160
5- 5-82 11 41.5 6.1 12.600 9,840 24 BOO 160

31 Virgin River ab:we La Verkin 8-25-81 34 79 26.5 8.2 910 560 12 92 30
Springs, Utah 10-20-81 77 10.5 8.3 950 603 7.0 110 14

2-10-82 151 3.5 8.1 820 49B 10 77 30
5- 5--82 SOO 3,289 12.5 8.4 400 277 B.l 60 14
!l- 2-82 53 19.0 8.5 810 504 11 III 30

32 Virgin River at Virgin, Utah 9-24-81 00 834 29.5 8.2 960 598 12 106 2>
10-17-81 123 15.5 8.3 850 564 7.2 94 35
2-10-82 156 5.5 8.2 850 526 10 81 J3
5- 5-82 620 3,582 10.5 8.3 430 238 7.6 55 13
!l- 1-82 82 17.0 8.1 840 489 12 79 31

33 North Creek at mouth, Utah &-24-81 .85 .06 30.5 8.1 1.350 958 20 170 47
10-17-81 3.6 12.5 8.2 1,420 1,020 18 200 47

2-10-82 6.7 5.5 8.3 1.160 806 15 140 38
5- 5-82 20 15 16.0 8.4 SOO 291 10 57 10
9-23-82 1.5 26.0 8.2 1.300 1.110 20 210 56

33.1 Virgin River awe North 9-24-81 62 473 28.5 8.2 880 556 12 89 27
Creek. Utah 10-17-81 110 15.5 8.3 810 523 12 B2 12

2-10-82 133 6.5 8.5 000 469 9.9 71 3]
5- 5-82 600 3,500 11.5 8.4 425 239 B.O 55 14
9- 1-82 80 17 .0 8.5 790 466 11 69 29

36 Coal(.>i ts Wash at mouth, Utah 9-24-81 Dry
5-- 5-82 Dry
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water samples collected in the Virgin River basin, 19ffi-82.-·-C.ontiruRd

-_.._._.._-_ •..~-------~-_._._-_._---~.--- -----~-_. __._-----------._-_.- - _.--_.-.- .._-.__ ._--_.-

Dissolved
sodiunl

(Nal
("JILl

Dissolved
IXltassilJn

(KI
("JILl

Atka] ini ty
(towl as

?'~;

Diss()lved
sui late

i~L

Db;solved
chloride

(01
("yLI

Dissolved
fluorice

(FI
(n<]/L)

nissolved
nitrate Phosp-lorus,

(NO]) + ortha-
nitrate FhOSp'\dte

(~) as N as P
\",yLI (mJ;'LI

Tota]
hardrv:'ss

(as

cao:>,l
(nqltl

Non-­
cl.1d..onate

tk'1rdnesn
(a~·) caCo1)

(I1>:j/LI·

SOdiLD1r
absorption

ratio

Di~;holv('d

toron (B)
(tKJlL)

Dl~;solved

oXy<J(:1l
(m'l/L)

uther
ddta

avaiJabl(·

450
260
210
68

)50

36
20
11
5.7

26

200
2411
260
190
277

630
390
350
130
460

670 -·---O~5------iJ~74-·_-<_o~02---·B50-·---"570

370 .5 .55 <.01 610 370
290 .4 .53 <.01 510 250
]00 .2 .27 .02 290 98
490 .5 .56 .01 720 440

6.7
4.6
43
1.8
5.7

1.000
540
440
160
820

6.3
9.6

11.4
9.5
8.1

'1', K

2.100 4.100
2.100 3.600

26
26
2]
2]

24

2]
18
19

1.5

4.4
1.8

8.1

16
12
23

9.1
7.2

42
40
33
22
47

500
330
'350

63
440

2.300
2.300

5\
46
51
18
50

53
Sl
50
]0
48

54
54
53
15
57

52
49
48
10
4[1

3.1
3.4
3.3
2.5
) .0

2.2
:/..4
2.9

.4

.6

.3

.8

2.4
2.3
2.6

1.7
1.3

4.8
4.4
3.7
3.9
5.9

43
26
29

8.7
32

150
150

4.6
3.9
4.4
2.4
4.2

5.0
4.5
4.5
2.0
4.0

8.0
5.8
5.3
2.1
9.0

5.1
4.5
4.3
1.9
4.0

200
190
100
190
196

110
14()
141

79

92
78

]70

190
no
161

140
170

150
ISO
100
160
132

210
300
310
170
329

2.0
1,020

160
\60
170
140
159

150
170
100
140
150

150
160
]70

99
132

170
100
170
ISO
170

220
210
] 90
100
200

110
160
170

<5.0

1.0
<5.0

5.0

33
66

\70

f{l

64

630
530
420
340
920

690
460
430
120
480

230
250
100

72
100

240
210
180

55
170

530
560
430
120
640

230
100
150

49
150

11
20
16
18
19

35
25
18

1.5

3.6
1.6

4.9

18
8.1

22

7.0
5.9

17
23
18
12
32

960
400
520

95
630

43
54
41
17
51

61
58
57
10
53

37
37
18
12
40

26
53
50
10
46

.2
.2
.2
.2
.2

.1

.2

.2

<.1

.1
<.1

.1

.1

.1

.2

.1

.2

.2

.2

.2

.2

.3

.7

.5

.6

.2

.6

2.8
2.9

.2

.2

.2

.1

.2

.2

.2

.3

.1

.2

.1

.2

.2

.1

.2

.2

.2

.3

.1

.2

.31
.77
.1l7
.69
.85

.90

.62

.75

<.10

.10
<.10

<.10

.22

.17

.54

.38

.26

.18

.32

.44

.18

.57

.48

.40

.48

.23

.32

.14
<.10

.21

.48

.56

.23

.40

.62

.49

.47

.26

.41

.23

.60

.82

.13

.10

.43

.48

.42

.23

.39

51

.01
<.01

.01

.02

.02

.04

.01

.02

.03

.00

.04

.02

.02

.03
<.01

.03

.02

.00
<.01
<.01

.01
<.01

.02
<.01
<.01

.02
<.01

.06

.05

.05
<.01
<.01

.02

.02

.03
<.01
<.01

.03
<.01

.03
<.01
<.01

.02
<.01

<.01
<.01
<.01

.02

.02

400
370
350
340
300

330
300
300

73

92
74

170

230
100
370

210
230

000
650
560
480

1.000

960
710
660
260
740

2.700
2.900

350
410
320
210
320

300
300
340
190
320

620
690
510
200
760

330
160
310
200
290

200
100
170
150
180

220
160
160

40

70
61

650
500
300
320
800

750
410
350

95
410

1.800

190
250
150

67
160

230
210
160

51
170

470
530
340
110
620

160
32

]40
45

110

.6

.6

.5

.5

.6

.6

.5

.5

.2

.2

.2

.3

.5

.4

.6

.3

.2

.7

.7

.7

.5

.7

8.2
5.4
6.3
1.8
7.0

19
19

1.3
1.1
1.4

.6
1.3

1.3
1.2
1.3

.J
1.3

1.0
.9

1.1
.5

1.0

1.3
1.3
1.3

.3
1.3

70
60
60
60
00

50
~)O

60

10

10
10

30

30
30
60

20
20

170
140
UO

90
200

1.300
600
790
150

1.000

1170
5.200

00
60
70
10
00

00
60
60
30
00

270
230
170
60

300

60
50
50
10
70

7.4
9.4
9.9
7.8
7.7

1.9
8.3
8 2

9 6

8.2
]0 5

9 2

6.7
9 6
9.2

B 2
8.4

6.8
10.4
123
7.8
7.3

5.2
9 1
9.4
n·s
6.4

.5
1.1

6.8
9.7

12 I
9.]
f3·2

6.3
fL 5

11.4
10 1

8.2

9 1I
9.6

116
9.0
B.ll

6.2
8.6

11.0
]].0

B.2

'1', K

T

F. 'I', K

'1', to;



Table 8.-QIBIli.cal analyses and suspehled-_ loads of

._------------------_. ------,-,._-----_..•_._- -_..._.._.._--

Dissolved
Sit c' rate of Suspmded SP!'cific solids. Dissolved Dissolved DH;6o!ved

Nu .site Name oollection Discharge seOiment '1'anperature FfI oonduetance SlIlI of silica calcilJTl magneslw
(ft3/s) (tons/d) (oC) (lIlIho) oonstituents (~) (QI) (My)

(mq/L) ( ) (mq/L) (mglL)

-"----------_._~-~
._-_......--_.-

37 Horse Valley Wash at IOOuth. &-24-Bl Dry
utah 5- 4-82 Dry

38 Virgin River telaw oonfluena!' &-24-Bl 70 III 26.2 8.3 740 418 11 60 27
of North Fork and East Fork. 10-20-Bl 93 9.0 8.3 650 457 11 62 30
Utah 2-11-82 126 4.0 8.2 670 429 9 5 58 28

5- 4-82 750 l,lIi9 9.5 8.4 355 179 6.7 47 9.6
9- 1-82 00 17.0 8.5 740 415 11 60 27

39 North Fork Virgin River abcwe &-24-Bl 33 39 24.5 8.0 820 461 11 59 26
confluence with East Fork. 10-20-Bl 42 8.5 8.3 720 470 11 63 26
utah 2-12-82 50 2.5 8.2 700 4ffi 9.5 6J 26

5- 4-82 720 1,928 8.5 8.4 340 192 7.1 47 9.6
&-23-82 65 7,125 21.5 8.4 520 352 8.5 58 17

39.1 oak Creek belOW' Park &-24-Bl Dry
BeadJuarters, Utah 5- 4-82 Dry

40 North Eo'ark Virgin River near &-24-Bl 43 18.5 8.2 790 437 11 '>6 25
Springdale, Utah 2-11-81 49 4.5 8.2 000 447 9.3 61 24

5- 4-112 720 1.608 7.0 8.3 335 173 6.9 46 9·4
&-23-112 65 2.568 19.0 8.4 495 341 11 60 17

4J Pine Creek at mouth, Utah &-24-Bl Dri
5- 4-112 Dry

41.J Oear Creek belQli Cb-op Creek, &-24-Bl Dry
near East Zion Entrance 5- 4-82 Dry
Station, Utah

42 Bird! Creek at mouth. utah &-24-Bl Dry
5- 4-82 Dry

43.1 Weeping Rock at trail. Utah &-l9-Bl .70 19.0 8.0 1,250 733 12 62 29
5- 4-81 .40 16.0 7.8 1,100 709 11 63 30

43.2 North Fork virgin River at &-l9-Bl 44 12 20.5 8.2 500 333 11 54 24
rrouth of Zion Narrows, Utah 10-17-Bl 54 8.6 8.6 540 336 11 59 24

2-11-81 45 6.0 8.3 550 340 9.9 60 24
5- 4-112 700 6.0 8.5 325 164 6.7 46 9.2

44.1 Orderv ile GuldJ. at road &-20-Bl .70 16.0 8.3 600 419 8.9 65 40
crossing, utah 5- 3-112 .50 16.5 8.5 850 522 8.0 78 47

45 Kolob Creek telQri reservoir, &-24-81 Dry
Utah

46 Kalab Creek atove reservoir, !H7-Bl .70 17.5 8.4 460 2Bl 6.8 82 J5
utah

50 Deep Creek at road crossing 1 &-20-Bl 2.0 16.5 8.3 415 236 8.3 75 16
mile east of COW1ty line, Utah

51 North Fork Virgin River aoove &-20-Bl 7.5 16.0 8.4 420 250 12 54 24
Zion NarrC7tls near Glendale. 10- &-81 7.3 14.5 8.5 435 278 J2 55 26
utah 5- 3-82 34 14.5 8.0 455 246 8 5 53 23

&-23-82 13 22.0 8.4 360 222 12 45 22

52 North F'ork Virgin River telCM &-20-112 9.3 14.5 8.2 385 237 12 54 22
Bullock canyon near 5- 3- 82 42 12.0 8.1 435 222 7.9 54 21
Glendale. Utah

54 cascade BpI: ings near Hatm. a-Zo-Bl. 2.' 12.0 8.8 IllS 50 4 0 26 7.9
Utah 10- &-Bl 1.0 8.0 7.7 220 139 5.6 36 10

&-23-82 6.0 13.5 7.8 211 118 3.7 31 7.4

55 Navajo Lake east of dike near &-20-Bl 18.0 9.0 105 53 .99 11 6.5
Hatch. Utah 10-12-Bl 3.0 9.3 97 63 1.9 12 6.6

&-23-82 20.0 8.6 135 77 2.4 20 6.9

56 East Fork Virgin River aoove &-24-Bl 39 118 24.5 8.0 620 384 12 60 28
confllence with North Fork, 10-20-Bl 58 8.5 8.5 570 404 12 6J 34
utah 2-12-81 47 2.5 8.3 '>60 361 9.6 55 30

5- 4-82 50 46 17 .5 8.2 660 378 11 54 32
&-23-82 53 22.0 8.3 695 529 IJ 97 28

'7 Meadow Creek at Higtway U-lS. &-24-Bl Dry
Utah 5- 4-82 Dry

60 East Fork Virgin River at &-20-81 3.8 2.6 23.5 8.0 1.160 788 11 118 71
Mount caramel JlID.ction, 10-12-Bl 21 13.0 8.3 920 635 11 H2 55
utah 2-11-82 22 4.5 8.2 670 421 9.0 76 46

5- 3-112 14 12 18.5 8.4 870 539 9 2 82 S5
&-31-112 9.6 19.0 8.1 1,110 705 11 HO 64
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water flIIIIlp1es collected in the Virgin River basin. 19HL-llZ.-<:ontinued

Dissolved
nitrate PhosIilorus, Total Non-

Dissolved Dissolved Alkalini~ Dissolved Dissolved Dissolved (OO)}+ or tho- hardness caroonate Sodium- Dissolved Dissolved Other

oodillll FOtassiLltl (total as sulfate chloride flooride nitrate p,0sP>ate (as bareness absorption boron (BI oxygen data

lNaI (KI
?'~l ~~I

(ell (F) (~) aaN as P c;m) (as QlCo3) ratio (ug/L) (mg,!L) available
(mg,!L) (mg,ILl (mg,!LI (mg,IL) mg,IL) (mg,IL) ( I (mg,ILl

48 4.0 160 130 41 0.2 0.21 0.02 260 100 1.4 60 7.0 K
52 4.6 100 130 'iI .2 .42 <.01 200 98 1.5 40 10.3
48 3.3 190 100 66 .3 .41 <.01 260 70 1.4 50 11.4

9.2 1.6 130 13 13 .1 .21 .02 160 27 .3 20 9.7
47 3.6 168 110 54 .2 .33 <.01 260 93 1.4 60 8.4

67 3.5 140 110 100 .1 .14 250 110 2.0 50 7.2 T. K
65 3.8 170 110 89 .2 <.09 <.01 260 94 1.9 40 9.8
71 3.6 200 100 94 .2 <.10 .02 260 59 2.1 50 11.9

7.7 1.6 130 22 18 .1 .21 .02 160 27 .3 20 9.9
35 4.0 167 89 39 .2 .12 .03 210 48 1.1 50 7.3

62 3.3 160 95 88 .1 <.10 <.02 240 B3 1.9 40 7.9 T. K
65 3.5 170 94 84 .2 <.10 <.01 250 81 2.1 40 11.6
7.6 1.5 130 12 10 <.1 .22 .03 150 24 .3 <.10 10.5

33 3.7 168 73 42 .2 .10 .01 220 52 1.0 40 8.4

150 6.3 170 170 200 .3 .26 .02 270 100 4.3 90 8.2
150 5.6 100 160 100 .3 .14 .01 200 100 4.3 90 7.7

30 2.8 150 B5 35 .1 .16 .02 230 84 .9 30 7.6
27 2.7 160 B3 33 .2 <.09 <.01 250 B5 .8 20 9.4
27 2.7 170 B3 31 .2 <.10 <.10 250 71 .8 20 11.1
4.5 1.4 130 11 6.4 .1 .22 .02 150 23 .2 30 10.6

21 3.4 190 160 5.8 .1 .11 .01 330 140 .6 50 7.4
23 3.6 210 230 6.1 .2 <.10 .02 390 100 .6 60 7.4

3.4 2.1 230 30 2.7 .1 .24 .03 270 37 .1 10 6.2

2.3 1.2 210 <5.0 2.2 .1 .11 .01 250 43 .1 10 7.5

8.1 1.5 100 39 2.1 .1 .11 .01 230 54 .3 20 8.0 F. K
8.6 1.4 210 44 3.5 .2 .15 .02 240 34 .3 20 8.2
4.8 1.2 190 39 2.3 .2 <.10 .02 230 37 .2 20 8.1
5.4 1.5 177 27 2.0 .2 <.10 <.01 200 26 .2 20 7.0

3.0 1.4 200 21 3.0 .2 .13 .02 230 25 .1 0 8.2
2.2 .9 190 20 1.7 .2 <.10 .01 220 31 .1 10 8.6

1.1 .5 92 <1.0 2.0 .1 .20 .02 'fI .1 0 8.7
1.5 .6 130 <5.0 1.8 .1 .13 .03 130 .1 0 8.8
1.1 .4 104 10 1.0 <.1 .19 <.01 110 0 <10 7.5

.9 .4 46 <5.0 .7 0 .12 .02 54 8 .1 0 10 7
1.2 .3 58 <5.0 1.1 <.1 .03 .03 'iI 0 .1 <10 8.41.0 .3 68 <:5.0 1.0 <.1 .10 <'01 78 10 .1 <10 9.4

26 4.4 150 140 19 .1 1.0 <.02 270 120 .8 50 7.1 T. K
28 5.1 170 140 18 .3 .In <.01 290 120 .8 40 10.6
23 4.2 100 110 18 .3 .69 <.01 260 81 .7 40 12.5
28 3.7 160 130 20 .3 .65 .01 270 110 .8 60 8.2
31 5.4 125 260 17 .3 .88 .01 360 230 .8 70 7.4

41 8.3 200 390 19 .2 2.0 .02 590 390 .8 140 6.5 T, P, K
27 5.5 300 230 9.9 .4 .74 <.01 510 210 .6 70 8.414 3.6 240 120 6.7 .5 .29 <.01 300 140 .4 30 10.8
22 3.8 260 200 8.8 .4 .31 <.01 430 170 .5 50 9.3
32 6.2 306 200 12 .4 1.2 <.01 540 230 .7 100 8.1
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'l'lIble 8.~co.I analyses am SUBpended-sediEnl: 1""a, of

Dissolved
:;tt:e rate of Suspended S~cific solids. Dissolved Dissolved Dissolved

IJu Site Name ooUection Discharge sediment Tenp!rature PI amductanre SlDI of silica calciun nla':jlleSlLITI

(ft3/s) (tons/d) (OC) (lJIlho) constitLents (~) (GIl (My)
(rr<y'L) ( ) (mg/LI ("g!L)

hi Mud,,,, Creek at mouth, utah &-20-81 Dry
5- 3-82 2.8 21.0 8.2 1,500 1,040 8.9 120 96

{)J Dry Wa.sh at mouth, Utah &-20-81 Dry
5- 3-82 Dry

64 East Fork Virgin River near &-20-81 12 2.2 13.5 8.0 SOO 231 9.4 58 36
Glendale, Utah 10-12-81 20 9.5 8.5 520 331 9.7 62 3H

2-12-82 17 2.5 8.1 SOO 300 8.6 52 36
5- 3-82 28 30 13.5 8.2 580 312 8.6 61 38
8-31-82 13 14.0 8.2 500 266 9.4 54 25

65 Lydia IS Qlnyon at routh, Utah 8-19-81 Dry
5- 3-82 2.9 16.0 8.0 540 346 9.3 64 43

68 Right Fork Lydia's canyon at 8-19-81 1.0 16.0 8.3 460 250 8.8 47 37
Roads end, Utah 5- 3-82 2.4 9.5 8.4 500 262 7.5 53 34

69 East Fork Virgin River abcNe 5- 3-82 25 13.0 7.9 560 2m 8.3 58 36
Lydia's Gu1yon, Utah

70 Stout canyon at mouth, Utah &-19-81 5.4 12.0 8.1 450 246 8.9 55 33
5- 3-82 13 10.5 8.3 560 275 7.8 59 35

75 East ruck Virgin River atove 8-19-81 5.0 12.5 8.4 440 244 8.9 50 33
stout Canyon, Utah 5- 3-82 7.3 10.0 8.2 5SO 2!l; 8.6 58 36

77 East Fork Virgin River at 8-19-81 1.8 10.0 7.5 465 247 9.0 56 33
Higtway 136 bridge, Utah 10-12-81 2.1 8.5 8.2 470 263 8.9 57 34

2-11-82 1.4 9.5 7.8 450 273 8.2 55 32
5- 3-82 2.0 .55 10.0 8.0 475 284 8.9 58 ]]
8-31-82 1.5 12.0 7.7 460 257 8.1 56 33
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"oiiJter si3£lIplcE C(jUe<..'t1~ in the \/lu,jin River bas~n. 19HJ-IIl.--O.mtlnLed

--~~-"-'------------"..._-_._._._--_. _.-._~. ---_._---_ ..
Dissolved
ill trate Phoslnorus, Total Norr--

Di,;~olveJ Dissolved Al. kal i ni ty Dissolved Dissolved Dissolved (N03) + or-tho- hardness carh..nlatp Sodil.llTl'"""' Dissolved Dimxll.ved ijtlJlo'r

sodiLlll [Otassiun (total as sulfate chloride fllJ),ire mtrate ~nb"jilate las harc'h1esr3 atsorption toron (B) oxygen chta

(Na) IK)
i"~i :~,

(el) IFI lNO;e as N as p ca~, (as cae(3) ratio (l1g/L) Img/L) J'Val.lati(

(nq/L) (mg!L) (mg/L) Img/LI mg!L) Img!L) I ) (rrq!L)

_ .._._~._------------------_._----_. __._-------- -------"._------_._~_.__._----

65 5.5 230 590 11 .3 <.10 <.01 700 470 1.2 70 7.7

S.6 2.3 170 15 3.9 .4 .12 <.02 270 100 .1 30 8. I '1', K

4.9 2.6 200 30 14 .5 .12 <.01 310 31 .1 20 8.6
4.8 2.3 270 28 5.0 .5 <.10 <.01 200 8.0 .1 20 11.5
4.3 1.9 270 30 5.2 .5 <.10 <.01 310 39 .1 20 8.9
4.8 2.3 223 22 4.3 .5 <.10 <.01 200 'Xi .1 30 8. I

4.2 26 290 44 4.1 .6 <.10 .02 340 47 .1 30 7.1

1.8 1.2 250 20 2.5 .1 .11 .01 260 13 .1 10 8.2
1.9 .6 260 6 2.0 .2 <.10 .02 270 12 .1 ('10 8.7

4.3 1.5 260 11 5.5 .4 <.10 .01 290 33 .1 20 9.0

2.1 1.4 220 9.0 I.B .3 .13 .02 270 47 .1 10 B.5
2.1 .9 260 11.0 2.6 .3 <.10 <.01 290 31 .1 10 8.9

3.6 1.6 250 <5.0 5.2 .4 .14 .02 260 11 .1 10 8.9
4.9 1.4 270 6.0 B.6 .4 .10 .01 290 23 .1 20 9.3

2.6 1.3 230 <1.0 5.7 .4 .23 .01 200 46 .1 20 8.9
3.1 1.2 250 <5.0 5.6 .5 .21 .01 200 26 .1 20 8. ")
2 .5 1.4 270 5.0 5.0 .6 .17 <.01 270 U .1 20 91
3.9 1.2. 270 6.0 9.6 .5 .11 <.01 200 11 .1 20 8.6
2.8 1.3 232 10 5.6 .5 .12 <.01 200 44 .1 30 B.6

.._._----_._----------_. .._--_.~_._...-
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Table 9.--Descriptive statistics of water-quality data at sites 1, 17, and 32
[Coeff icient of varian~: A uni tless measure of variability calculated t¥ the fonnula,

Standard deviation
. X 100.J

Mean
J\l,brE.Viations used: ft3 , cubic feet per serund, unho, micranhos, mm of hg, millimeters of mercury, oC, degrees

celsius; J'IU, Jackson 'l'ubidity Unit; F'IU, f'ormazin Turbidity Unit; mg!L, milligrams per liter; UM-MF,
micraneters-mentJrane filter; col/IOO mL, colonies per 100 milliliters; KF agar, a oose for culture media;
i£i/L as K40, Pico curies per liter; fet-f1d, fixed end point-field detennination; acre-ft, acre feet; ug!L,
micrograms per liter; cells7mL, cells per milliliter

Parameter

Nunber
of

analyses

Site 1

Mean
Standard Minim~n Maxirnun
deviation value value

Coefficient
of varian~

Ni trogen, arrrnonia, total (rng!L as N) 14
Nitrogen, ammonia, dissolved (mg!L as N) 14
Nitrogen, ammonia, dissolved (rng!L as NH4) 14
Nitrogen, ammonia + organic, dissolved (Iitg/L as N) 14
Nitrogen, organic, total (rng!L as N) 12

Discharge (ft3/s)
Streamflo.v, instantaneous (ft3/s )
Specific conductance (umho)
pH (units)
Barometric pressure (rom of Hg)

Temperature, air (OC)
Temperature (OC)
Turbidity (JTU)
Turbidity (F'IU)
Oxygen, dissolved (mg!L)

Oxygen, dissolved (peralnt saturation)
Coliform, fecal, 0.45 UM-MF (001s/100 mL)
Colifonn, fecal, 0.7 UM-MF (001s/100 IlL)
Streptococci, fecal, KF agar (eo1s/100 mL)
Streptococci, fecal, (cols/100 mL)

Hardness (mg!L as caCD3)
Hardness, noncarbonate (mg/L caCD3 )
calcium, dissolved (mg!L as cal
Magnesium, dissolved (mg!L as Mg)
Sodium, dissolved (mg!L as Na)

Peralnt sodiun
Sodium-adsorption ratio
Sodiun + potassiun dissolved (mg!L as Na)

Potassium 40 dissolved (pCi/L as K40 )
Potassiun, dissolved (mglL as K)

carbonate fet-fld (mg!L as CD3)
Alkalinity field (mglL as caCD3)
carbon dioxide dissolved (mg!L as CO2)
Sulfate, dissolved (mg/L as 504)
Chloride, dissolved (mg!L as Cl)

Fluoride, dissolved (mg/L as F)
Bromide dissolved (mg!L as BR)
Silica, dissolved (mg!L as SiC2)
Solids, residue at lOOOC, dissolved
Solids, sun of oonstituents, dissolved (mg/L)

Solids, dissolved (tons per aere-ft)
Solids, dissolved (tons per day)
Nitrogen, nitrate, total (mg!L as N)
Nitrogen, nitrate, dissolved (mg/L as N)
Nitrogen, nitrate, total (mg!L as N03)

Nitrogen, nitrate, total (mg/L as N)
Nitrogen, nitrate, diSSOlved (mg!L as N)
Nitrogen, nitrate, dissolved (rng!L as NC2)
Nitrogen, N02 + NO), total (rng!L as N)
Nitrogen, NC2 + NO), dissolved (mg/L as N)

Nitrogen, organic dissolved (rng/L as N)
Nitrogen, NH.4 + organic suspended,

total (rng/L as N)

716
300
695
612

18

14
360

21
4

65

15
4

21
20

5

607
611
412
411
512

454
566
108

8
344

384
261
138
609
609

152
113
399
507
211

605
599
11
57

207

14
16
16
18
75

14

14

393.89
540.14

2705.28
8.03

713 .61

19.89
18.34

565.10
35.82

8.91

83.96
958.50
618.62

3968.40
11095.98

1051.58
971.15
304.24

97.18
236.21

30.77
3.11

307.42
12.95
23.45

.11
243.71

9.96
952.65
353.71

.82

.45
22.26

1990.81
1932.80

27.37
1055.53

.58

.47
2.17

.02

.01

.03

.55

.45

.08

.08

.11

.65
1.56

.57

1.03

56

1342.27
982 .38
712.26

2.15
18.43

8.75
6.31

755.83
33.42
1.30

30.95
988.89
747.72

4813.23
19639.70

347.08
603.65

81.41
41.39
62.48

5.47
.67

270.99
4.09
6.60

1.38
45.77

8.76
323.67
287.74

.30

.24
15.35

581.89
595.89

174.51
1043.07

.30

.23
1.03

.01

.00

.03

.28

.29

.07

.06

.08

.35
1.59

.34

1.25

40.00
50.00

268.00
7.00

651.00

9.50
5.00

20.00
6.30
6.60

6.60
14.00
30.00

108.00
110.00

27.00
120.00
79.00
18.00
34.00

7.00
.60

49.00
6.90
3.30

.00
52.00

.00

.90
43.00

.20

.18
8.70

477.00
397.00

0.59
260.00

.11

.05

.20

.01
.01
.00
.12
.00

.01

.00

.00

.28

.41

.24

.00

27200.00
10600.00

4650.00
27.00

741.00

41.00
30.60

3100.00
80.00
13 .00

103.00
2000.00
3000.00

15000.00
45999.91

2250.00
3470.00
685.00
313 .00
443.00

46.00
5.50

1170.00
21.00
47.00

20.00
425.00
48.00

1960.00
2460.00

1.90
1.00

128.00
4250.00
2890.00

1410.00
12000.00

.96

.93
5.60

.04

.03

.10

.98
1.40

.22

.21

.27
1.70
5.90

1.60

4.40

340.77
181.88

26.33
26.75
2.58

43.99
34.42

133.75
93.29
14.58

36.95
103.17
120.87
121.29
177 .00

33.00
62.16
26.76
42.59
26.45

21.03
21.55
88.15
31.58
28.15

1266.91
18.78
87.96
37.52
81.35

36.34
54.15
68.97
29.23
30.83

637.51
98.82
50.79
47.95
47.54

58.85
46.70
78.67
51.77
64.21

81.20
72.02
71. 80
53.47

102.10

60.89

121.62



Table 9.--Descriptive statistics of water-quality data at sites 1, 17, and 32--COntinued

Parameter

Number
of

analyses Mean
Standard Minimum r-Bximun
deviation value value

COef f icient
of variance

Site l--Continued

Nitrogen, anunonia + organic total (mg/L as N)
Nitrogen, total (mq;'L as N03)
phosrnorus, total fmg/L as P)
Phosphorus, total (mq;'L as P04)
phosrnorus, di!>solved (mg/L as P)

Phosrnorlls, ortho, dissolved (mg/L as P)
phosrnorus, ortho, dissolved (mg/L as Rl4)
Arsenic, total (ug/L as As)
Arsenic, suspended total (ug/L as As)
Arsenic, dissolved (llg/L as As)

Bariun, dissolved (ug/L as Ba)
Boron, total recoverable (llg/L as B)
Boron, dissolved (ug/L as B)
Cacl1li um, total recOIIerable (ug/L as Cd)
Cadniulll, suspended recoverable (ug/L as Cd)

Cadmium, dissolved (ug/L as Cd)
QHaniUlll, total recoverable (ug/L as Cr)
Chranium, suspended recoverable (ug/L as Cr)
ChraniUl\l, dissolved (ug/L as Cr)
Cobalt, total recoverable (ug/L as CO)

CObalt, suspended recoverable (ug/L as CO)
CObalt, dissolved (ug/L as Co)
Copper, total recoverable (ug/L as eu)
Copper, suspended recoverable (ug/L as Cu)
Copper, dissolved (ug/L as eu)

Iron, total recoverable (ug/L as Fe)
Iron, suspended recoverable (ug/L as Fe)
Iron, dissolved (ug/L as Fe)
Iron, (ug/L as Fe)
Lead, total recoverable (ug/L as Pb)

Lead, suspended recoverable (ug/L as Pb)
Lead, dissolved (ug/L as Pb)
r-Bnganese, total recoverable (ug/L as Mn)
r-Bnganese, suspended reCOllerable (ug/L as Mn)
Manganese, dissolved (ug/L as Mn)

Mercury, total recOIIerable (ug/L as Hg)
Mercury, suspended recoverable (ug/L as Hg)
Mercury, dissolved (ug/L as Hg)
SeleniUl\l, total (ug/L as Se)
Selenium, suspended total (ug/L as 5e)

SeleniUl\l, dissolved (ug/L as Se)
Zinc, total recoverable (ug/L as Zn)
Zinc, suspended reCOllerable (Ug/L as Zn)
Zinc, dissolved (ug/L as Zn)
Phytoplankton, total (cells/fiL)

17
18
18
14
30

50
74

5
3

26

26
2

266
3
3

6
5
5
8
5

5
5
5
5

25

16
3

29
12
3

3
17

5
5

28

5
5
8
5
5

26
5
5

26
6

57

1.17
8.84

.66
2.00

.03

.03

.07
9.00
4.33
6.12

157.31
4040.00
769.52

7.33
4.00

3.33
14.00

8.00
8.50

23.00

13 .60
.40

24.60
20.00

2.12

2688.75
5000.00

28.96
72.50
82.33

48.67
61.70

474.00
460.00
29.28

.18

.02

.18
1.80

.20

1.46
70.00
54.00
22.42

815.00

0.83
6.69
1.24
4.19

.02

.02

.07
2.28
1.53
l.97

98.94
5600.28
255.20
11.02

5.29

8.16
13.42
10.95

9.90
42. Eli

20.84
.89

16.90
19.66
1.90

7246.29
8590 .98

20.76
192.08
103.23

47.25
171.72
571. 86
584 .51
33.01

.18

.04

.14

.45
.45

.51
56 .57
61.07

9.24
982.79

0.18
l.40

.01

.00
.01

.00

.00
7.00
3.00
1.00

90.00
00.00

.31

.00

.00

.00

.00
.00
.00
.00

.00

.00
2.00

.00

.00

.00
110.00
10.00

.00
7.00

7.00
.00

30.00
10.00

.00

.10

.00

.10
l.00

.00

1.00
20.00

.00

.00
140.00

2.80
3l.00

5.20
16.00

.06

.13

.40
13 .00
6.00
9.00

400.00
0000.00
1400.00

20.00
10.00

20.00
30.00
20.00
20.00

100.00

50.00
2.00

47.00
47.00

8.00

26000.00
15000.00

90.00
600.00
200.00

100.00
600.00

1100.00
1100.00
100.00

.50

.10

.50
2.00
1.00

2.00
140.00
130.00
40.00

2400.00

70.48
75.70

188.33
209.17
61.47

82 .37
103.54

23.27
35.25
32.15

62.89
138.62

33.16
150.21
132.29

244.95
95.8"3

136.93
116.46
100.10

153.23
223.61

68.72
98.30
89.62

269.50
169.11
7l.68

264.93
125.38

97.08
278.29
120.65
127.07
113 .03

99.38
223 .61

79.36
24.84

223.61

34.78
00.81

113.10
41.23

120.59



Table 9.--nescriptive statistics of water-quliity data at sites 1, 17, and 32--O:mtimed

Paraneter

Number
of

analyses Mean
Standa rd Minimum /oEximlJ11
deviation val ue val LIe

ClJefticient
of varianc:e

Nitrogen, ~+N03' dissolved (mg/L as N)
Phosp-lorus, or tho, dissolved (mg/L as P)
Phos)11ate, ortho, dissolved (mg/L as F(4)
lluron, dissolved (ug/L as B)

Potassium, dissolved (mg/L as K)
carbonate fet-fld (mg/L as m3)
Sulfate, dissolved (mg/L as 504)
Chloride, dissolved (mg/L as el)
Fluoride, dissolved (mg/L as F)

Ulscharye (ft3/s)
Streamflow, (ft3)
S[..ecific corxiuctance (umoo)
pH (units)
I\Clralletric pressure (11lI1l of Hg)

'l'enrerature, air (OC)
Temperature (oC)
Oxygen, dissolved (mg/L)
Hardness (mg/L as ca(3)
Hardness, noncarbonate (mg/L caill))

calcium, dissolved (mg/L as cal
/oEgnesium, dissolved (mg/L as Mg)
Sodiull, dissolved (mg/L as Na)
Percent sodium
Sodium-adsorption ratio

Silica,
Solids,
Sulids,
Solids,
SuI ids,

dissolved (mg/L as Si~)

residue at loooC disso!ved (mg/L)
SlIT' of oonstituents, dissolved (mg/L)
dissolved (tons per ac-ft)
dissolved (tons per day)

138
74
91

5
5

4
205

4
5
1

5
5
5
4
5

5
1
5
5
5

5
1
4
5
5

4
4
2
5

SITE 17

695.06
189.21

2049.34
7.96

683 .60

18.12
16.53
8.48

77 8.00
352.00

242.80
43.00

218.00
36.75
3.74

16.72
.00

605.20
311.40

.42

15.38
1400.00
1626.00

2.15
709.00

.56
.02
.09

476.00

SITE 32

1370.16
158.26
834.63

.09
7.76

13 .24
8.07
1.59

537.70

214.39
14.00

124.53
16.00
2.08

7.71

523.50
185.08

.19

5.75

920.88
1.09

260.00

.23
.01
.04

2'57 .62

48.00
40.00

270.00
7.90

674.00

.00
3.00
6.60

300.00
352.00

as .00
21.00
65.00
16.00
1.60

5.60
.00

140.00
B7 .00

.20

9.90
1400.00

524.00
.71

439.00

.30
.01
.06

140.00

8949.98
905.00

3999.99
8.10

695.00

28.00
85.00
10.30

1700.00
352.00

620.00
59.00

400.00
54.00
6.50

27.00
.00

1500.00
590.00

.70

23.00
1400.00
2670.00

3.63
1120.00

.85
.04
.12

950.00

1'57.13
83 .64
40.73
1.12
1.14

73.07
48.82
18.74
69.11

88.30
32.56
57.12
45.72
55.72

46.09

as .50
59.43
45.80

37.39

56 .64
50.94
37.94

41.38
70.71
47.14
62.53

Discharge (ft3/s)
Streamflow, instantaneous (ft3/s )
S[ecific conductance (urnOO)
pH (units)
Barometric pressure (11lI1l of Hg)

Temperature, air (oC)
Temperature (oC)
Oxygen, dissolved (mg/L)
Hardness (mg/L as ca(3 )
Hardness, noncarbonate (mg/L caill)

calcium, dissolved (mg/L as cal
/oEgnesium, dissolved (mg/L as Mg)
Sodium, dissolved (mg/L as Na)
Percent sodium
Sodium-adsorption ratio

Potassium, dissolved (mg/L as K)
Carbonate fet-fld (mg/L as (3)
Sulfate, aissolved (mg/L as S04)
Chloride, dissolved (mg/L as el)
Fluoride, dissolved (mg/L as F)

Silica, dissolved (mg/L as Si02)
Solids, residue at lBOoC, dissolved (mg/L)
Solids, sum of oonstituents, dissolved (mg/L)
Solids, dissolved (tons per acre-ft)
Solids, dissolved (tons per day)

Nitrogen, ~+N03' dissolved (mg/L as N)
phosrhorus, ortho, dissolved (mg/L as P)
Phosrhate, ortho, dissolved (mg/L as F(4)
Boron, dissolved (ug/L as B)

171
41
42
7
4

4
173

4
7
3

7
7
7
4
7

5
3
7
7
5

5
3
4
7
7

4
4
2
5

B06.13
175.95
7 B7 .00

8.08
665.75

23.62
17.00

8.28
365.43
2'57 .33

100.29
28.00
43.00
19.75
1.00

3.90
.00

248.43
37.98

.20

9.56
699.67
472.25

.77
3542.32

.44

.02

.09
60.00

58

las3.40
128.46
138.10

.21
7.93

8.09
7.24
1.56

88.38
84 .36

30.38
9.31

16.as
6.55

.39

1.14
.00

123.73
27.11

.07

2.32
14.47

162.67
.23

6578.78

.15

.01

.00
21.21

48.00
76.00

430.00
7.00

658.00

18.50
1.50
6.30

190.00
201.00

55.00
13.00
10.00
10.00

.30

2.00
.00

55.00
8.60

.10

7.20
683.00
238.00

.32
108.00

.26

.01

.09
30.00

9220.02
620.00

1000.00
8.30

674.00

35.50
29.50
10.10

456 .00
358.00

143.00
42.00
61.00
24.00
1.30

5.00
.00

402.00
66.00

.30

12.00
709.00
598.00

.96
17650.23

.62

.03

.09
80.00

231.15
73.01
17 .55
2.62
1.19

34.23
42.58
18.84
24.19
28.37

30.30
33.25
39.21
33.17
38.73

29.24

49. BO
71.37
35.36

24.32
2.07

34.45
29.44

185.72

33.as
57.74

.00
35.36
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