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Ingeneral the rocks dip 1° to 2° to the north or north-
eastexcept where the great northward=-and northeastward-
trending Sevier fault has broken and tilted blocks adjacent
toit(fig. 3). Lateral erosionby streams has stripped the
softer of the dipping rocks and has left extensive step-like
platforms of resistantrock bordered at their southern mar-
gins by steep cliffs. In many places, swift southward-
flowing main streams and their lesser lateral tributaries
have dissected even the resistant rocks and have formed
canyons several hundred to more than a thousand feet deep.

Lateral erosion by the southward-flowing streams that
head below the Pink Cliffs of the Paunsaugunt Plateau has
carved huge parklike areas that early geologists called
"amphitheaters" (Gregory, 1951, p. 87), of which the
Alton Amphitheateris the principal example in the area of
study. Many tributaries thathead in the Pink Cliffs of the
Paunsauguntand MarkaguntPlateaus begin in small amphi-
theaterlike alcoves gouged a few hundred feet deep and
wide to expose sheer walls of the Pink Cliffs. Gregory
(1951, p. 103) attributes these alcoves to "the snow and
rain that fall directly into the canyon and the frost and at-
mosphericacids. Thetransporting agents are intermittent
and ephemeral streams of short length." Some of these
alcoves, such as those at the heads of Water and Rush
Hollows inthe upperKanabdrainage (fig. 7), arethe sites
of rather large spring areas which may have helped in
forming the alcoves by ground-water sapping.

Superposed on this simple but well-dissected stair-
case structure of northeastward-dipping rocks is the great
Sevier fault zone thatruns diagonally northeastward across
the area and which in part has guided the erosion by the
EastFork of the Virgin River. Displacement on this fault
ranges from 100 to about 2000 feet (Gregory, 1950, p. 144)
with the west side down. Throughout most of its length
the faultis marked by a prominent escarpment such as the
Elkheart Cliffs east of Mt. Carmel. In most places the
scarpis a true fault scarp but eroded backward to a great=-
er or lesserdegree from the fault itself. However, north
of Alton rapid headward erosion by tributaries of Kanab
Creek has removed much of the Cretaceous rock on the up-
thrown side of the fault, and the pinkrocks of the Wasatch
Formation have beenleft at a high elevation on the down-
thrown side of the fault so that they form an obsequent
fault-line scarp several hundred feet high. AlthoughGreg-
ory correctly illustrated this fault-line scarp along the
Sevier fault (Gregory, 1951, fig. 81-b, p. 145), he did
not mention the scarp reversal and he did not call the
feature a fault-line scarp.

In a few places within the area and in many places
nearby, the dipping sedimentary rocks are covered by
volcanicrocks, principally basalt. This basaltis young-
er than the principal fault movements for it is not cut by
them, and it is younger than the principal canyon cutting
for itfills or partly fills many canyons. Sparsely distri-
buted areally but of interest in this report are the spring
deposits of calcareous tufa. These deposits consist of
brown or tan spongy calcareous material laid down at the
orifices of springs whose waters contain appreciable cal-
cium carbonate. By far the largest deposit of tufa is
around Hidden Lake onUS 89 about 2 miles north of Glen-
dale.
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WATER RESOURCES

The hydrologic cycle and relations
between ground water, springs, and
surface water in western Kane County

The hydrologic cycle describes the movement of water
from.the vastreservoir of the sea, to the atmosphere, then
through precipitation to the earth, where it flows over and
under the surface as surface runoff or ground water that
sooner or later returns to the sea, or returns directly to
the atmosphere as evaporation from surfaces of fresh water
or as transpiration from plants.

Essentially all water is derived from precipitation as
rain or snow. Ofthe precipitationthatfalls as rain, some
is used directly by plants or is evaporated, some becomes
soil moisture and is used eventually by plants, some runs
over the ground and is stored temporarily in rivers or lakes
or reservoirs before it finally reaches the sea, and some
seeps downward to the ground~water table where it remains
in storage or slowly moves down gradient until it comes to
the surface as a spring or a seep at a lower elevation.
Precipitation that falls as snow follows the same pattern
as rain except that some snow remains in surface storage
in winter and then becomes melt water in the spring or
early summer. This melt water becomes available in the
early growing season and supplements springtime preci-
pitation. Where snow melt is abundant, storage of such
water inreservoirs makes it available for year-round use.
A large amount of snow falls on permanent glaciers in
arctic orhigh mountain areas and becomes long-term stor-
age.

Water that runs off over the land or reaches the sea
after slow percolation through the ground carries with it
soluble minerals that, during the vast span of geologic
time, have made the sea salty; and in most parts of the
oceans, sea water contains about 35,000 parts per mil-
lion (ppm) total dissolved solids. Yet this tremendous
body of salty water is bit-by-bit transformed to fresh-
water vapor by the natural distillation of evaporation, and
when this water vapor is precipitated as rain or snow, it
is fresh. New precipitation is not totally devoid ofdis-
solved minerals, however, for by the time it reaches the
earth's surface it has picked up a few parts per million
of solids from the atmosphere.

Those are the broad features of the hydrologic cycle;
its variations from area to area are dependent on the cli-
mate of the particular area. In hot arid climates, local
precipitation does not equal evaporation so vegetation is
scant, and only intense storms produce runoff; in hot hu-
mid climates, precipitation may exceed evaporation many
fold so vegetation is luxurious and runoff is plentiful.
But in all climates there are definite relationships be-
tween precipitation, temperature, transpiration, evapora-
tion, runoff, and the acceptance or rejection of water by
the soil and underlying rocks. For areas whose precipita-
tion, temperature, andrates of evaporation and transpira-
tion are the same, runoff is largely dependent on the poro-
sity and permeability of the rocks over which the runoff
moves. Highly porous and permeable rocks will absorb
large quantities of runoff and will hold it in storage where
theregional water table is below the level of water in the
stream, as it generally is in arid climates, or later will



















































Long Valley Creek

The "upper part of the East Fork is known as Long Valley
Creek, " says the Burton Decree (Burton 1925), but the de-
cree does not indicate how far the "upper part" extends.
Inthis report, Long Valley is considered to extend almost
to Long Valley Junction, and Long Valley Creek includes
the waters from the headwaters spring, (C-39-6)9cca, and
other tributary waters down to the confluence of Long Valley
with Stout Canyon (fig. 8).

The tributaries of Long Valley include Seaman Canyon,
the unnamed canyon through which U 136 passes eastward
from US 89, and many other small valleys. Although some
springs are reported to rise in Seaman Canyon and other
springs rise in a few other areas north of the headwaters
spring, the waters from these springs are used locally,
and no perennial flow passes through Long Valley imme-
diately north of the headwaters spring, hence the springs
north of the headwaters do not contribute to the base flow
of Long Valley Creek. On the other hand, the springs in
the valley traversed by U 136 eastward from Long Valley
support three small lakes, the upper and lower LeVanger
Lakes and McDonald Lake, and it is likely that in years
wetter than the dry year of 1963 overflow from these lakes
contributes to the flow of Long Valley Creek.

Even without overflow from these lakes, the beginning
of Long Valley Creek is auspicious because about 1 cfs of
waterrises from a spring area that probably covers only a
few square feet, but whose dimensions are obscured by
the pond that has backed up behind the first diversion
from the spring. From this beginning, Long Valley Creek
gains water down to its confluence with Stout Canyon where
the flow as measured 5 times in 1963 ranged from 5.06 cfs
onApril 30 to 3.14cfs onAugust 13 (table, next cqlumn).
This gain in the base flow comes from springs in Long
Valley and probably to some degree from seeps or under-
flow contributions from tributaries such as McDonald Can-
yon and Jump-up Canyon. This gain in base flow exists
despite several diversions from the creek for irrigation.

Onlya few of the contributing springs have been cata-
logued (table 3), but notable among these are (C-39-6)
17dbd, (C-39-6)30cad, and (C-39-7)36adb, all of which
support two or more small ponds as well as contributing
their overflow to Long Valley Creek. Development of these
springs by wells probably could double or triple their yields
without ill effects other than stopping the flow of the springs
themselves.

Stout Canyon Creek and tributaries

To its confluence with Long Valley Creek, Stout Canyon
Creek brings about the same amount of water as Long Valley
Creek, the major tributary of the East Fork of the Virgin
River. Infact, diversions from Long Valley Creek so reduce
its flow during the irrigation season that measurements
made at the confluence in 1963 by U. S. Department of
Agriculture and by me all show Stout Creek contributing
more water than Long Valley Creek:
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Stout Creek Long Valley Creek

Measured by:

USDA April 30 7.19 cfs 5.06 cfs
May 9 6.79 4,2
May 24 6.24 4,01

Author July 25 4,67 3.92
Aug 13 4.16 3.14

The headwaters spring area, (C-39-6)7bcb, of the main
stem of Stout Canyon is 1-3/4 miles upstream from the con-
fluence with Dairy Canyon, and almost 4 miles below the
head of Stout Canyon at the south margin of the Markagunt
Plateau. This spring area stretches for about 200 . yards
principally along the west side of the creek. As measured
onJuly 27, the flow began below a dry reach of the stream
and increased toabout 25gpm in 50 yards. At the firstroad
crossing, about 0.3 miles downstream, the flow increased
to160gpm (.35 cfs). Other springs (not recorded) contri~
buted more water, and one mile farther downstream (0.4
mile above confluence with Dairy Canyon) the measured
flow was 1.84 cfs.

Dairy Canyon was not investigated, but its creek yields
an estimated 1 cfs, and aerial photographs show several
probable spring areas between its mouth and the Pink Cliffs
atits head. Likely, Dairy Canyonhas spring areas similar
to those in Shingle Mill Canyon, described below.

The headwaters spring, (C-39-7)16baa, for Shingle Mill
Canyon yields about 3 gpm of 48° water from Cretaceous
sandstone. This trickle does notreach the next spring area,
(C-39-~7)16abd, which fills the valley at about 7450 feet
and yields an estimated 20t0 30 gpm. Three other flooded-
meadow spring areas fill the width of the canyon and yield
50 to 100 gpm each between 7300 and 7150 feet, yet the
yields of these areas plus the yield of a side canyon to
the southwestatabout 1.8 miles above the mouth of Shingle
Mill are insufficient to maintain flow throughout the canyon.
Thus, most of the yield of Shingle Mill is used by riparian
vegetation within the canyon, and only 5 to 10 gpm of base
flow normally reaches the main stem of Stout Canyon.

In Currant Canyon, the next tributary of Stout Canyon
south of Shingle Mill Canyon, the springs near the head
of the canyon, Currant Spring and Hidden Spring, have
trifling yields of 1 to 2 gpm, but farther downstream are
springs and seeps that provide a total yield at the mouth
of Currant Canyon of about 100 gpm, part of which is eva-
porated or transpired from a swamp and part of which reaches
Stout Creek. Many of the water-yielding areas in Currant
Canyon are seeps that support grass, principally on the
southeast side of the canyon bottom. Only two of these
areas, (C-39-7)26ccb and (C-39-7)26cdc, both of which
yield more than 10 gpm, have been designated springs.

Between the mouth of Shingle Mill Canyon and the con-
fluence of Stout Canyon with Long Valley there are many
spring areas along the main stem of Stout Canyon itself.
Six of these areas that yield from 1 gpm to about 200 gpm
have been catalogued (table 3). All these springs yield
water on the east side of Stout Canyon where the Creta-
ceous rocks dip northeastward away from the canyon.



Development by wells of several of the largest of these
areas, forexample Stout Canyon above Dairy Canyon, the
spring areas in Shingle Mill, and (C-39-7)26add near the
mouth of Shingle Mill Canyon, could double or triple their
present yields,

Hidden Lake

The spring that supplies Hidden Lake, (C-40-7)11ddb,
yields enough water, probably from sandstone of the Wah-
weap Formation, to support a lake of about one acre, to
maintain lush vegetation surrounding the lake, and to pro-
vide an overflow from the lake of about 250 gpm and seep-~
age from the tufa surrounding the lake of about 100 gpm.
This spring has built a hollow dome~like mound as the
basin in which Hidden Lake lies. This mound is of tufa,
a soft, spongy, slightly porous limestone, and is nearly
50 feet high. It now covers 3 or 4 acres, but at some
time in the past the mound may have been much more ex-
tensive for a deposit of similar tufa covers a ridge about
one-quarter mile south of Hidden Lake. At the present
time the two exposures of tufa are separated by the valley
cut by the East Fork of the Virgin, but they may have been
connected when the East Fork was flowing at a higher level.

Hidden Lake has been reported to yield warm water in
winter and cool water in summer, but I could find no re-
cords of temperatures to support the report. Around the
periphery of the lake I measured temperatures of 69° to
74%inJuly, andI believe the temperature was perhaps 20°
lower near the orifice of the spring, which probably is 50
to 75 feet below the surface. In wintertime, water of 50°
orless could give the impression of being much warmer if
the spring provides sufficient circulation to keep the small
surface of the lake from freezing.

The water in Hidden Lake is reported also to be inca-
pable of supporting fish, although the outflow from the lake
successfully supported fish. The chemical analysis of the
water from this spring (table 6) does not indicate that the
water might be lethal to fish, but it is possible that the
water as it issues from the spring contains little oxygen,
and the small surface area of the lake may inhibit absorp-
tion of enough oxygen to support fish.

Lydias Canyon Creek and tributaries

The total potential yield from the base flow of Lydias
Canyon may be even greater than the 4 to 5 cfs which ap-
pears to be about normal for Stout Canyon, but use of the
water by riparian vegetation and development of the water
for irrigation within the canyon have reduced the flow so
that its estimated yield to the East Fork of the Virgin River
is lessthan 2 cfs. The areas of greatest potential in Lydias
Canyon are the extreme heads of the branches of Right Fork
and the big spring half a mile above the mouth of the canyon.
Although the high springs in Left Fork, such.as Trough
Spring, (C-39-9)25cbd, and Chokecherry Spring, (C-39-8)
25dca, are of interest because they are about 50 and 300
feet, respectively, below the top of a narrow ridge, yields
are less than 1 gpm, and there are no springs in Left Fork
that are comparable to the springs in the flooded meadows
of Right Fork.
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Headwaters of Right Fork of Lydias Canyon

The four branches of the Right Fork of Lydias Canyon
head below four alcoves cut into the Pink Cliffs of the
Markagunt Plateau. The easternmost branch of Right Fork
is fed in part by a spring in the Pink Cliffs, (C-39-7)17cda,
but all branches receive appreciable water, amounting to
an aggregate estimated at about 1-1/2 cfs, from Upper
Cretaceous rocks that begin below the Pink Cliffs and con-
tinue through a vertical interval of about 150 feet in the
west and middle branches and about 300 feet in the east
branch. These spring areas, of which the one in the East
Branch, (C-39-7)17c and 20b, is the largest, support
flooded meadows on slopes of 500 to 600 feet to the mile.
The wettest parts of these meadows are avoided by cattle
which have worn paths beside them to reach better grazing
atthe heads. Much of this water is consumed by the ve-
getation in the spring areas because the yields of these
areas were measured at only 375 gpm or not quite 0.85 cfs
atthe confluence of the major branches of Right Fork in the
northwest corner of sec. 29, T. 39S., R, 7W.

In the east branch of Right Fork the water comes out of
the ground at the edges of each tributary swale coming into
the main valley, and dead trees at the edges of the wet
area suggest that the valley is actively widening due to
sapping by this water, Some of these trees evidently
started togrow when the spring areas were topographically
below theirroots. Growth of the springs areas by sapping
later permitted the flow of water to begin at a higher ele-
vation and so flood or drown the root systems of these
trees.

Development of the spring areas in Right Fork by wells
mightincrease theyieldto2 to 3 cfs which would be ample
to supply present beneficial uses and to provide 1 to 2 cfs
for other new uses.

Other springs in Lydias Canyon

Big Spring, (C-40-7)10dda, is of interestbecause its
yield of about 1 cfs is rather high among the springs of the
area and because its water is appreciably softer than most
spring waters of the area; the springs developed for Dr.
Thomas on the slopes of a canyon tributary to Lydias Can-
yon north of Big Spring are of interest because they were
developed in areas thatdid not naturally yield water to the
surface.

Big Spring rises at about the center of the alluvial valley
in Lydias Canyon, possibly along an unrecognized fault.
Water from this spring has a hardness of 140 ppm (parts
per million) and contains 180 ppm total dissolved solids
(table 6); this water, therefore, is less mineralized than
any other spring or well water recorded in this report
(tables 6 and 7) except the water from the campground
spring on US 89, which contains 145 ppm total solids
(table 6). No faults are shown on Cashion's map of the
area that includes Lydias Canyon (Cashion, 1961), and I
recognized no displacement of Cretaceous rocks on the two
sides of the canyon, but I did observe that the dip of the
rocks appears to change at the canyon. From the road on
the Glendale Bench opposite the mouth of Lydias Canyon



I saw that the rocks on the south side of the canyon dip
about 1°© to the northeast whereas the rocks on the north
side of the canyon dip about 2°. Possibly this change in
dip marks a buried fracture that acts as a conduit to bring
artesian water from somedepth. Development of this spring
by a well probably would double or triple its yield.

Dr. Thomas' springs, (C-40-7)11lcbc and (C-40-7)10
dad, are on the east and west sides, respectively, of a
short north-trending canyon tributary to Lydias Canyon .
These springs yield about 1 and 3-1/2 gpm of hard, but
otherwise good quality water. According to Mr. Cornell
Chamberlain, who developed these springs, there was no
indication of even dampness at the land surface although
he was confident that water must be close to the surface
because there were good stands of water birch (Betula
occidentalis) at both locations. In order to develop the
west spring, (C-40-7)10dad, Mr. Chamberlain bulldozed
a trench about 6 to 8 feet deep in the hillside, laid in and
gravel packed a 4-inch perforated aluminum pipe as a drain,
and installed a storage tank 16 feetlong, 3 feet in diameter.
This area was yielding a measured 3-1/2 gpm in July 1963 .
The two smaller spring areas grouped as (C-40-7)llcbc
were vielding 1 to 2 gpm on the same day. The water sup-
porting these spring areas is coming from Cretaceous sand-
stones and its ultimate source is the precipitation that
falls on the adjacent ridges.

Calf Pasture Hollow

Calf Pasture Hollow drains about 2-1/4 square miles
and its creek joins the East Fork about half a mile north of
Orderville. CalfPasture Hollow, likeother canyons in the
area, gets its base flow from springs.

OnJuly 18, 1963, afteralong period of dry weather, the
measured flow at the mouth of the creek in Calf Pasture was
82 gpm. During the period of August 12 to 14, after rainy
weather during the first week of August (table 2-C), the
flow of the creek ranged from 105 to 150 gpm. Daily morn-
ing and late afternoon measurements for those dates follow:

August 12 ~ 10:30A 120 gpm
6:30 P 105
13 - 9:15A 130
5:00 P 105
14 - 8:30A 150
6:30 P 125

Although there was onlya trace of rain during the August
12 to 14 period, the creek showed a decrease in flow during
eachdaybutanincrease in day-to-day flow. The decrease
in flow during daytime hours can be attributed to evaporation
and to transpiration; the increase in day-to-day flow prob-
ably is due partly to effluence from alluvium and partly to
a delayed increase in yield from bedrock springs, due to
slow recharge from rainfall.

The rains during the first week of August saturated the
banks of Calf Pasture creek and thus put water into the small
alluvial ground-waterreservoir in the canyon bottom. This
water not only began to return to the stream after the flow
went below the high water of the rainy period but the satur-
ation of the alluvium also prevented some spring water from
returning to the ground in reaches that normally take water
from the stream. Yet these effects should be decreasing
rather than increasing=--in other words, they should result
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ina higher base flow after the runoff stopped, but this base
flow should decreasewithtime. Therefore, the explanation
for the day-to-day increase in base flow probably lies in
the springs that provide the normal base flow. These bed-
rock springs receive their recharge from the local drainage
area but the rain that provides the recharge requires time-~
evidently on the order of a few days--to percolate deep
enough to affect the flow of the springs. Thus the total
increase and the day-to-day increase in the flow of Calf
Pasture creek can be attributed to the rain of the first week
in August through its saturation of the alluvial ground-water
reservoir and its slow recharge to the reservoirs that feed
the springs.

The springs in Calf Pasture Hollow were catalogued in
perhaps more detail than were the springs in most other can~
yons, and from this cataloging I can make a few generali-
zations that apply to the springs in general.

Many of the springs in Calf Pasture rise in the creek
bed yet, although their yields are only a few gallons a
minute, their presence can be detected by the colored
algae that grow in them, and it can be verified by com~-
paring the temperatures of the always (at least in summer-
time) cooler waters of the springs with the warmer waters
in the creek.

The coloring of the spring areas by algae is quite marked.
Inmost areas it is light yellowish brown but in other areas
it is deep reddish brown. These "rusty" spots of color are
typical of most of the spring areas and call attention to them
in areas where surface water might mask their presence.
Temperatures measured at five springs in Calf Pasture were
529, 549, 57°, 58°, and 649F whereas temperatures in the

creek were 70d to 80°.

Muddy Creek

The ditch below the mouth of Deer Hollow was flowing
about 1 cfs on August 16, 1963 and presumably was carry-
ing the full flow of Muddy Creek. At this point the water
was turbid with sediment but about 7 miles upstream, near
the top contact of the Tropic Shale, Muddy Creek was also
flowing atabout 1 cfs and was clear. The reasonably con-
stant flow of Muddy Creek in this reach suggests that there
is little orno loss to seepage or to evapotranspiration across
the Tropic Shale. This reach is singularly free of vegeta~
tion at stream level because the exposed shale evidently
does not support plant growth, whereas in the higherreach
across the water-yielding Straight Cliffs Sandstone, vege-
tation is readily supported by the porous fill in the valley
bottom.

Most of the downstream base flow across the Tropic Shale
comes from springs in the Straight Cliffs Sandstone. Seeps
yield water for about three~quarters of a mile upstream from
the top of the Tropic to the top of the Straight Cliffs but
above the Straight Cliffs the base flow in August was only
a trickle. Probably additional springs and seeps occur in
the Wahweap and Kaiparowits Sandstones but their yield is
not sufficient to provide appreciable flow so they were not
investigated.



Tributaries east of the Sevier Fault:
Spring Hollow, Stewart Creek, Red Hollow

Springs in the Carmel Formation near the heads of Spring
Hollow, Stewart Creek, and Red Hollow, (C-40-7)25adb,
(C-40-7)36ccb, and (C-41-7)11bad, respectively, yielded
from 1 gpmin Stewart Creek to about 5 gpm in Spring Hol-
low when visited in July 1963. These tiny yields supplied
drinking water for a few cattle that were grazing in the vi-
cinity.

Traverses up Spring Hollow and Stewart Creek revealed
no water coming from the lower exposed parts of the massive
upper member of the underlying Navajo Sandstone, and a
traverse down Red Canyon to the top of the dry waterfall
about 150 feet below the top of the Navajo revealed no
water coming from the upper part of the Navajo. Presumably
any water that gets into the Navajo in this area moves
northeastward down dip from the area. The evidence here
might suggest that the massive upper member of the Navajo
does not contain water, but it seems more likely that the
upper parts of the upper member are dry and that if the base
of the upper member were exposed, as it is farther south in
Three Lakes Canyon, it mightbe found to be water bearing.

Johnson Wash

The creek in Johnson Wash is ephemeral above the out-
crops of the Lamb Point Tongue of the Navajo Sandstone
about six miles north of its mouth. Below that point the
springs thatissue from the Lamb Point would probably pro-
vide perennial flow if they were not diverted for otheruses.
On August 26, 1963, after a period of appreciable rainfall
(table 2), the stream in Johnson Wash was flowing about
1 cfs at Johnson, but was dry about 15 miles farther up-
stream. Likely most of the flow at that time was from
priorrainfall; probably Johnson Wash is dry throughout its
length at many times during most summers. The U.S. Geo-
logical Survey has reported a flood on August 19, 1963 which
was estimated at 1540 cfs about 1 mile above US 89.

No inventory was made of the springs in Johnson Wash
but a cursory upstream examination showed that the springs
beginatJohnson, where the base of the Lamb Point Tongue
is in contact with the Kayenta, and continue intermittently
for about four miles upstream, where the top of the Lamb
Point Tongue disappears below the surface. A strong fault
follows Johnson Wash but the springs appear to be controlled
by the lithology rather than the structure of the rocks.

Development of these springs by wells probably would
increase their present yield, estimated at 1 to 2 cfs, to 3
or 4 cfs.

Trans-divide migration of ground water as a
source of some of the water in springs

The base flow of the East Fork of the Virgin River and
of upper and lower Kanab Creek comes from springs. These
springs are in many formations almost throughout the whole
geologic section; they begin at the Lamb Point Tongue of
the Navajo Sandstone and continue with interruptions up
to the Brian Head Formation.
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Most of these springs receive their supply from deep per-
colation of precipitation that falls on the adjacent higher
areas within the local watershed, but many springs in the
cliffs close to the divide between northward- and southward -
flowing surface drainage probably are fed in part by water
that falls on the higher Markagunt and Paunsaugunt Pla-
teaus tothe north, on areas whose surface drainage is trib-
utary totheSevier River. Movement of ground water from
a higher surface-drainage area to a lower surface drainage
is a natural phenomenon that can occur wherever the water
table is high enough to intersect the land surface. Obvi-
ouslyahigh water table will interesect a lower land surface
at points below its intersection with a high land surface
and, inanarea of uneven slopes, such as a gently-sloping
plateau faced by cliffs, the water table will intersect the
steeper or cliff side below the shallower or plateau side
(fig. 9). In time, drainage of the ground-water body may
result in actual migration of the ground-water divide and
displace it from the surface-water divide, but such migra-
tion will occur only if the discharge to the lower drainage
exceeds the discharge to the upper drainage and succeeds
therefore in differentially lowering the water table. As the
water table lowers on the steep side, the gradient steepens
and the divide migrates.

In western Kane County, the water table is high under
the Markagunt and Paunsaugunt Plateaus, because both
areas receive good quantities of precipitation (fig. 6),
and both are underlain largely by the jointed and water-
receptive Wasatch Formation (fig. 3). It is evident that
springs rise along many cliffs that cut these plateaus,
and the question of how much of this spring water in the
south-facing cliffs is derived by ground-water capture
from the natural surface drainage to the north is one that
has come up before. Thomas and Wilson (1960, and a
longer unpublished manuscript in press) have concluded
that the principal source of water for Cascade Spring on
the North Fork of the Virgin River is outflow from Navajo
Lake on the Sevier drainage. Gilbert and Brown (written
communication, 1963) of the Soil Conservation Service
have speculated that trans-divide migration of ground water
may account for the Virgin River drainage having an .appar~
ently higherrunoff-precipitationratio than the headwaters
ot theSevierRiver. The question of how much ground water
migrates from the drainage of the Sevier to the drainage of
the Virgin and Kanab cannot be answered until detailed
work has been done in the several areas, but some of the
areas where trans-divide migration probably occurs will
be mentioned here, and one area--at the heads of Right
Fork and Shingle Mill--will be discussed in some detail.

Upper Kanab Creek - main canyon

The headwaters spring of upper Kanab Creek, (C-38-5)
23cd, probably is supplied from Cretaceous sandstone which
receives its water from the overlying Wasatch. The base
of the Pink Cliffs is concealed, and the principal orifice
of the spring is covered with calcareous tufa and moss, so
that the direct source is not readily visible. This spring
is directly below the Pink Cliffs which here are about 700
to 800 feet high.



























Two convenient methods of comparing waters are by
means of total hardness and total dissolved solids. Hard-
ness is the quality of water that is usually recognized
because hard water requires a greater quantity of soap
to produce lather and because it forms scale inside pots
and boilers. Water that contains 60 ppm (parts per mil-
lion) or less is considered soft; 61 to 120 ppm is moder-
ately hard; 121 to 200 hard; and over 200 very hard (Con-
norand others, 1958, p. 23). Total dissolved solids are
usuallydetermined by evaporating the measured sample to
dryness; the samples recorded on table 6 were evaporated
todryness at 105° C. Water that contains more than 500
ppm total solids is generally considered to be unsuitable
for public or domestic supply, but many irrigation waters
that contain 1000 to 1500 ppm are satisfactory for such
use, and some animals not only tolerate but relish water
that contains more than 5,000 ppm total solids. Water
considered suitable by Nevada Power Co. for its generat-
ing plant should contain less than 900 ppmdissolved sol—
ids.

Waters of Kanab Creek drainage

All waters sampled in both upper and lower Kanab Creek
areas were hard to very hard, but contained less than 500
ppm total solids (table 6). None of these waters contained
excessive quantities of silica, sulfate, chloride, or iron,
but the excessive hardness of all but the sample from the
Navajo Sandstone in the lower Kanab drainage suggests
that this water should be treated before being used for do-
mestic, public, and most industrial uses.

The water from the Navajo Sandstone in lower Kanab is
comparable to the water sampled from the Kanab well in
Three Lakes Canyon by Nevada Power Co. (table 7).

The two samples from the Tropic Shale (Alton 4 and 5)
are harder than any other surface samples from this drain-
age, and both contain more than 400 ppm total solids. The
evident similarity of the two samples in all constituents
except sulfate supports the idea that they have a common
source.

The other four samples (Alton 1, 2, 6, and 8) probably
all came from Cretaceous sandstone; their range in total
solids, 277 to 462, and in other constituents can probably
be attributed to the differences in the kinds of rocks through
which the waters percolated before appearing as springs
and tothe length of time the percolation lasted. Samples
Alton 1 (from headwaters, upper Kanab) and Alton 8 (from
Rush Hollow) both probably percolated through the lime-
stone of the Paunsaugunt Plateau, but Alton 1 with 277
ppm, came from an artesian spring whose water may have
moved through a rather large conduit ina short time, where-
as Alton 8 with 462 ppm came from a spring at the contact
between sandstone and shale and probably was in closer
contact with the containing rocks and for a longer period
of time.

The high total dissolved solids in the samples col-
lected by Nevada Power Co. from their wells 1 and 2 near
Alton (table 7) indicate that three of the four samples came
from formations containing large quantities of sulfate,
presumably the Curtis or Winsor Formations which con-
tain gypsum, and that the fourth sample, although also
containing appreciable sulfate, came from a source of
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better water, presumably the upper part of the Navajo Sand-
stone. Water equal in quality to this last sample probably
would be usable by Nevada Power Co. standards (J. H.
Zornes, written communication, Sept. 3, 1963), but such
water is not nearly so good as water from lower in the Nav-
ajo, as indicated by the water from the Kanab City well
(table 7) and from the spring near lower Kanab Creek (sample
Alton 7, table 6).

Waters of East Fork and tributaries

The 20 samples collected from 19 springs and 1 well in
the drainage of the East Fork have a range in dissolved sol-
ids of 145 to 2708 ppm and a range in hardness of 124 to
1819 ppm (table 6). The median values of these 20 samples
(10 had less, 10 had more) were 450 ppm for total dissolved
solids and 350 ppm for hardness.

The best water in the East Fork drainage comes from
springs in the Cretaceous sandstones and from a spring in
the Wasatch Formation. Nine (Alton 3, Orderville 2, 3, 4,
7, 9, 10, 11, and 19) of the 15 samples collected from
springs issuing from the Cretaceous sandstones have less
than 425 ppm total dissolved solids, although seven of these
are very hard and two, Orderville 4 and 7, are hard. These
nine samples probably come from the Kaiparowits or Wah-
weap Sandstones and are low in all constituents except for
calcium and magnesium carbonate; two of the samples,
Orderville 4 from the Big Spring in Lydias Canyon and Or-
derville 7 from the campground on US 89, whichrespectively
contain 180 and 145 ppm total solids, are of water that is
as good or better than the water from the Navajo Sandstone
(Kanab and Clay Flats wells, table 7; Alton 7, table 6).
The only sample from Wasatch Formation (Orderville 17,
table 6) contains 287 ppm total solids and has a hardness
of 278 ppm. Five (Orderville 1, 5, 12, 15, and 16) of the
other six samples, probably from the Wahweap or Straight
Cliffs Sandstones, contain between 511 and 690 ppm total
solids, and one (Orderville 6), possiblydue to surface con-
tamination, contains more than 2700 ppm total solids. In
addition to being very hard, the five samples contain 116
to 196 ppm sulfates, appreciably morethan do the nine sam-
ples from the Kaiparowits and Wahweap.

One sample (Orderville 8) was collected from a spring
probably in the Tropic Shale in Dry Wash. It contained 527
ppm total solids, was very hard,and had 132 ppm sulfate.

Two samples (Orderville 13 and 14) of poor quality water
were collected from the Carmel Formation in Spring Hollow
and Red Hollow. These samples contained 809 and 1017
ppm total solids and sulfates of 258 and 458 ppm. These
waters are probably satisfactory for their present use for
stock watering.

The only sample (Orderville 18) I collected from a well
inthis drainagerepresents some of the poorest water of the
area, yet it is water used for municipal supplies in Mt.
Carmel. As indicated in Appendix 1 and table 6, this sam-
ple contained 1825 ppm total solids and 669 ppm sulfates,
both quantities appreciably higher than the maximums re-
commended by the U.S. Public Health Service.



One other sample from a well in this drainage (North
Orderville, table 7) was collected by Nevada Power Co.
This water, probably from alluvium, contained 750 ppm
total solids and is harder than most spring water in the
vicinity. With adequate treatment it would probably be
satisfactory for domestic use.

Other waters

One sample (Sevier 1) was collected from Bear Spring
onStrawberry Creek in the headwaters of the Sevier River.
This water contained 272 ppm total solids and had a hard-
ness 0of 256 ppm. It was issuing from Tertiary rock, prob-
ably limestone of the Brian Head Formation, and is com-
parable in quality to water from the Wasatch, Kaiparowits,
and Wahweap formations.

Samples from wells in Johnson Wash (Johnson 1, table
6; Johnson Canyon BLM, table 7) contained 1227 and 790
ppm total solids and both were high in sulfate. Probably
these waters are satisfactory for their present use, irriga-
tion and stock watering.

Included in table 7 are analyses of water from 10 Mer~
ritt-Chapman and Scott Corp. wells in the Navajo Sandstone
near Glen Canyon. These analyses show a range in total
dissolved solids of 216 to 1814 ppm, and it therefore seems
evident thatdifferent horizons in the Navajo may yield water
of appreciably different quality. Thesewells are so far from
the area of interest of this report that detailed interpreta-
tions could not prove useful to development of water in the
Navajo in western Kane County so no further interpretations
are attempted.

Salvage of water through reduction of evapora-
tion and reduction of water-wasting plants

The total amount of wateravailable for all use is limited
by the amount available from precipitation, and, of the total
amountavailable, mangenerally uses only a small part be-
cause he has not yet exerted full control over the total sup-
ply. In areas where water is abundant the lack of control
is notcritical, butin areas where water is scarce the lack
of control can cause unnecessary hardships.

Full control of precipitation would entail capture and
use of all water that falls, and, exceptin very small areas,
total capture is essentially impossible. But if man were
to capture and put to beneficial use only the runoff part of
precipitation, hewould be taking a giant step toward rea-
sonably complete control. Inmanyareas all or most of the
runoff is captured, but much of the captured water evap-
orates from open reservoirs and much more is used by
useless water-wasting plants. Thus control of the water
supply not only entails capture of the water, but also the
prevention of non-beneficial waste after the water is cap-
tured; in many areas it is necessary to prevent non-bene-
ficial waste before as well as after capture so that more
water is made available for capture.

An accepted practice to make more water available for
beneficial use is to salvage wasting water by reducing or
eliminating evaporation from surfaces of swamps and open
waterand by reducing or eliminating water-wasting plants.
In some areas every drop of water commands a premium
price, and it may therefore be worthwhile to prevent all
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wastage, while inareas of great abundance of water, sal-
vage of waste water could cost more than the water might
be worth. Most areas have water supplies that are with-
in the range of adequacy; the supplies are not over abun-
dant but they are not especially scarce. And in most such
areas some water is wasted. This wastage may be natural
and occur in swampland, in flooded meadows, in lush but
unnecessary vegetation, or it may be the result of man's
efforts, suchas applying too much water to irrigated crops,
permitting useless plants to grow near ditches, orlosing
water through unlined or poorly constructed ditches.

I feel that we are not oversimplifying the problem of
water wastage if we say that water would not be wasted if
itwere valuable enough to save. If any wasted water can
be put toa use that will offset the cost of preventing waste,
then at some time the effort will be expended to stop the
waste. If the man who gets some small benefit from a
flooded meadow has no better use for the water, it is like-
ly that he will make no attempt to decrease wastage; but
if that same owner can make better use of the water by ir-
rigating crops or by diverting the water for any use that will
give a greater benefit than the flooded meadow, it is likely
that he will at some time decide to take advantage of the
better use.

The problem of deciding whetheror not to eliminate was-
tage, then, is one forthe water users. Therefore, I do not
intend to suggest that water users should start immedi-
ately to destroy useless water-wasting plants or to dry up
flooded meadows, but instead I intend to suggest that if
the water users want to make available more water for any
use, one way to obtain that water would be by salvage of
water that is now being consumed by relatively non-benefi-
cial uses.

This salvage could be accomplished by 1) developing
springs thatare feeding flooded meadows, and then divert-
ing the developed water to higher-order beneficial uses,
2) lining ditches and removing non-beneficial vegetation
that is now supported by ditch water, and 3) reducing or
eliminating non-beneficial, water-wasting plants along
natural water courses.

Fair-sized springs that feed flooded meadows are at the
headwaters of upper Kanab Creek and in several of its trib-
utaries and are in Stout, Shingle Mill, and Lydias Can-
yons. These springs probably could be developed inex-
pensively by drains or short tunnels and perhaps more ex-
pensively but more thoroughly by wells, but a greater cost
would be involved in transporting the water to the point of
use; the high altitude of these areas precludes the nearby
use of the water for agriculture so the water would have to
be moved several miles if it were to be used elsewhere for
agriculture or for industry.

In the East Fork drainage no ditches above theGlen-
dale diversions are lined and not all below those diver-
sions are lined, thus seepage from the ditches supports
thick growths of willows and other water-wasting plants.
These plants serve no useful purpose and could well be
eliminated at the time of lining irrigation ditches.No rec-
ords of loss from the present ditches are available, but
lining of ditches would assure that essentially all water
that passes the diversion headgates would reach the farm-
ers' distribution systems. In Escalante Valley a program



of land leveling and ditch lining is reported by Utah State
University to have increased efficiency of water use suf-
ficiently to make the farmers' investments in the program
worth while (Gardner and Wagstaff, 1963, p. 41 ff). In
Kane County, the benefits would have to be measured in
terms of the extra water available for beneficial use.

Some of the natural water courses, such as lower Kanab
Creek and JohnsonWash, are becoming infested with salt-
cedar (Tamarix pentrandra) , a non-beneficial plant that con-
sumes great quantities of water and spreads rapidly. All
watercourses have larger or smaller growths of willows
Salix fluviatilis) lining their banks or covering their flood
plains.

Both saltcedar and willows consume large quantities of
water but they also provide some slight flood protection
because they hold the soil together. If both willows and
saltcedars were to be eliminated, it would be necessary to
replace them with other vegetation or to treat the natural
water courses as ditches and provide lining. Obviously,
eitheralternative is costly and would not be attempted un-
til water is worth much more than it is now. But if the salt-
cedars advance and multiply here as they have in many
other areas, they will consume an ever larger amount of
the available water supply. Thus, unless control measures
are taken, non-beneficial vegetation will continue to con-
sume more and more water, and will soon, if it is not al-
ready, be using water for which there is an urgent benefi-
cial need.

Previously proposed surface reservoirs

A larger percentage of a fluctuating supply of surface
water may be made available for use by constructing dams
that will store water during times of excess supply. Hence,
any program for developing the full use of runoff from spring
snowmelt and from flash floods must include surface res-
ervoirs if these can be constructed cheaply enough so that
the benefits derived are obtained at a moderate cost. The
engineering and evaluation of dam sites and surfacereser-
voirs were far beyond the scope of this study, but early in
the study 1 was advised that two possible dam sites had
been talked about by residents of Kane County and that it
might therefore be worth while to look at the proposed sites—
one on Kanab Creek atthe Elbow and the other in Dry Wash,
a tributary to East Fork about half a mile north of Glen-
dale .

I found records of extensive correspondence on the El-
bow dam site in the office of the Soil Conservation Service
inKanab, and pertinent abstracts from that correspondence
are given below. But I could find nothing on the Dry Wash
site so the notes on that subject are my own.

Elbow Dam Site

The interest in constructing a dam at the Elbow (fig. 7)
probably goes back about 30 years, and as long ago as
1944, the Reclamation Service (now U.S.Bureau of Rec-
lamation) stated in a memorandum dated May 25, 1944:
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"In view of the limited water supply (2000
to 3000 acre-feet yield at most, measured at
Kanab diversion dam), the limited potential
capacity of the reservoir site, and the rela-
tively high average silt discharge it is obvious
thatdevelopment at the site for irrigation and/or
flood control purposes would be impracticable."

A 1949 report on an extensive watershed survey by Soil Con-
servation Service includes this statement about the pro-
posed Elbow reservoir, "Little or no flood protection can
be expected because of small initial capacity and need for
keeping the reservoir as full as possible for irrigation."

These two statements by federal agencies suggest that
the benefits to be derived from the construction at the El-
bow of a dam with reservoir capacity of 7,000 to 13,000
acre-feet could not justify its cost. They were not made
lightly but were the result of considerable investigation
by those agencies and by others. In brief, the Elbow dam
site was surveyed by Julian Low in November 1935, and
estimates of capacity and cost have been made on the basis
of this or other surveys; at least two estimates of silt ac-
cumulation have been made, one by the Reclamation Ser-
vice and one by Soil Conservation Service; and estimates
of the water available to fill a reservoir have been made
from a few measurements of stream flow and from the esti~
mated rainfall on the drainage basin. The estimates of
water available range from 5,500 to 12,000 acre-feet a
year, and the life of the reservoir, based on speed of silt-
ing, is estimated at 17 to 23 years.

Dry Wash Dam Site
Summary

My cursory examination of the proposed dam site on
Dry Wash half a mile north of Glendale (fig. 8) indicates
that there are two rather important drawbacks to the site,
but these drawbacks do not prevent me from suggesting
that the site be studied further by a competent dam-site
engineer or geologist. As I see them, the present draw-
backs are 1) the proposed reservoir lies just west of the
mainSevier fault and is cut by at least two faults that might
promote seepage from the reservoir (fig. 3) and 2) the com-
parative narrowness and steep gradient of Dry Wash would
require a high and probably expensive dam to store any ap-
preciable quantity of water.

Dry Wash is a tributary to the East Fork of the Virgin
River and has no perennial flow at its mouth. Water stored
in Dry Wash would have to come from the East Fork of the
Virgin or from the few floods and spring runoff in Dry Wash;
both Dry Wash sources likely would contribute only a few
hundred acre-feet each year. The few stream measurements
made on the East Fork during the summer of 1963 suggest
that the yield of the stream should be ample to fill a reser-
voir up to 10,000 acre-feet, but before the site is given
serious consideration further periodic measurements should
be made of the East Fork about 2 miles above Glendale,
of Hidden Lake, and of Lydias Canyon near its mouth.



General geology and the problem of faults

The Dry Washreservoir area is west of the Sevier fault
and is cut by normal faults that have tilted some of the
rocks and have formed breccia zones of high probable per-
meability. The south wall and bottom of Dry Wash are
underlain by the Tropic Shale, and the north wall is com-
posed of the Tropic at its base and of the Straight Cliffs
Sandstone higher on the wall. The two principal faults
are about one quarter and one half mile east of the mouth
of Dry Wash, and their trends are about N30W and N-S,
respectively (fig. 3). Both faults are downthrown on the
west. Thedisplacementon the eastern faultis of the order
of several hundred feet, but whereas the displacement on
the western fault is only a few tens of feet, the breccia-
tion in the fault zone and the westward tilting of the block
between the west and east faults probably have increased
the permeability of rocks on the north wall, especially
near the canyon mouth. If a dam were placed between the
two faults, probably much of the area of potential leakage
would then be outside the reservoir, yet the reservoir ca-
pacity probably would be reduced less than 20 percent.

The problem of narrowness and steep gradient

The topographic quadrangle at a scale of 1:62, 500
(U.S.G.S. Orderville Cuadrangle) with a contour interval
of 80 feetis not a good map for evaluating and estimating
the capacity of a reservoir, but must be used until a future
survey produces a more detailed map. This map indicates
that the gradient at the bottom of Dry Wash is about 150
feet per mile for the first 1-1/2 miles inside the mouth
and increases to 300 feet or more per mile farther up-
stream and in the tributaries, This gradient indicates a
dam 150 feet high would be required to back up water for
one mileup the canyon. If a dam of that height were built
one~third of a mile inside the canyon mouth, it could re-
tain water up to about the 6000-foot contour. A reservoir
filled to the 6000-foot contour would cover an area of about
250 acres and might have a capacity of 8,000 to 10,000
acre-feet. By contrast, a dam about 75 feet high at the
Elbow could impound more than 9,000 acre-feet.

The small surface area of areservoir in Dry Wash would
result in smaller losses due to evaporation but the cost of
building a high dam would probably be prohibitive.

Recommendations for Dry Wash

I feel that my impressions of the Dry Wash dam site
should not be used to condemn orrecommend it, and, there-
fore, if the site is to begiven further consideration, I sug-
gest 1) that records of stream flow be collected as men-
tioned above and that a reconnaissance study be made by
a competent dam-site geologist or engineer and 2) that
further detailed studies be made if the reconnaissance
study results in a favorable report. Detailed studies
would include:

Topographic and geologic mapping of the dam
site and adjacent area

Test drilling to determine depth of surficial
materials and strength of bedrock
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Availability of water
Availability of building materials
Kind, size, and cost of dam.

These studies would be costly but all are necessary if
the economic feasibility of the proposed dam is to be de-
termined.

Future development of water for
industry in western Kane County

The water resources of western Kane County might be
developed for industry by 1) removing water that is now
in storage in deep sandstone aquifers, such as the two
members of the Navajo Sandstone, 2) developing
springs that rise from the Tropic Shale in Sink Valley and
from the Cretaceous sandstone in upper Kanab Creek, 3)
developing and diverting springs in the Upper Cretaceous
sandstones and in the Wasatch Formation in Long Valley
or in tributaries of Long Valley, 4) developing springs or
drilling wells along the fault in Three Lakes Canyon, or
5) building dams to store flood- and spring-runoff water.
Of thesechoices the one that appears to have the greatest
potential in the vicinity of the coal deposits east of the
Sevier fault in Townships 39 and 40 South is the Navajo
Sandstone. In the same vicinity, the spring area in Sink
Valley and the spring areas in upper Kanab Creek, although
probably of much lower potential than the Navajo, un-
doubtedly would yield water to shallower wells and might
therefore prove to be more useful and more economical even
though less productive. West of the Sevier fault the springs
in the Upper Cretaceous sandstones and in the Wasatch
Formation could probably supply more than 10 cfs to shal-
low wells or tunnels, but these springs are some distance
from the coal deposits and it would probably be necessary
toguarantee maintenance of existing rights before develop-
ment could proceed. Farther south, Three Lakes Canyon
might be considered to have potential, but appreciable
development probably would reduce the size of the lakes
inthe canyon or cause them to dry up completely. I have
not felt qualified to makea thorough evaluation of the pos-
sibilities of surface storage, but prior evaluations by per-
sonnel of the U.S. Bureau of Reclamation and Soil Conser-
vation Service suggest that the site that has been given
most consideration, the site at the Elbow, would not pro-
vide economical storage. These five possible sources of
water are considered further below.

1 Navajo Sandstone

Probably the greatest potential source of water is the
Navajo Sandstone. Within the Navajo, the two most fa-
vorable water bearers are: the base of the massive upper
member, probablyabout 1,200 to 1,500 feetbelow the top
of the Navajo in Johnson Wash, and the base of the Lamb
Point Tongue, which is probably about 400 to 500 feet thick
and which is separated from the upper member in the vicinity
of Johnson Wash by about 100 feet of the Tenney Canyon
Tongue of theKayenta (fig. 3). According toWilson (1958,
p. 113) the "Tenney Canyon tongue pinches out into Navajo



sandstone to the east of Johnson Canyon" and it probably
thins northward as well. If so, the two members of the
Navajo in the vicinity of Alton may form a single unit
1,600to 2,000 feet thick. Near Alton the Nevada Power
Co. wells penetrated the top of the Navajo at 1,200 feet
in sec. 30, T. 39S., R. 5W., and at 1430 feet in sec.
18, T. 39S., R. 5W, (table 5).

The Navajo underlies about 300 square miles east of
the Sevierfaultin T. 40 to 42 S., R. 4-1/2 to 7 W., and
in T. 39 S., R. 5and 6 W, inthe vicinity of Alton (fig. 3),
In this area the greatest depths to the base of the Lamb
Point Tongue are in the vicinity of Alton where the base
is probably a little more than 3,000 feet deep, and the
shallowest depths are in the vicinity of Johnson Wash
where the Lamb Point Tongue crops out and forms the sur-
face over large areas. If the bottom 200 feet of either
the massive upper member or the Lamb Point Tongue is
saturated and if the porosity of the rock is a conservative
15 percent, then the Navajo in this area contains more
than 18,000 acre-feet of water per square mile or about
5,000,000 acre-feet in the 300-square-mile area.

No deep-well information is available to support the
above estimates of saturation because the cost of drilling
wells to depths of 2500 to 3000 feet so far has deterred
adequate exploration that will prove or disprove the esti-
mates. Therefore, it is necessary to depend for some
support for the estimates on information from shallow
wells, from springs, and from deep wells drilled in the
Navajo near Glen Canyon Dam, some 75 miles from our
area of interest.

NearKanab, where the Navajo is at the surface, wells
that serve the city of Kanab are reported to yield 400 to
600 gpm, probably from the Lamb Point Tongue member; in
the same general area along Kanab Creek and Three Lakes
Canyon, springs at the base of the massive upper member
also yield moderate amounts. Althoughthe Navajo was
not tested adequately by the Nevada Power Co. wells
which were drilled near Alton but failed to reach the base
ofthe massive upper member, the Navajo did yield about
250gpm. InJohnson Wash, the presence of springs in the
outcrops of the Lamb Point Tongue suggests that this unit
is completely saturated at depth downdip from the spring
areas; and the reported yield of 1000 gpm with about 90
feet of drawdown from the Judd well, (C-42-5)26ccb, indi-
cates that the Navajo can produce good yields. And in
the Glen Canyon area, six Merritt-Chapman and Scott
Corp. wells in the Navajo are reported to have yielded an
aggregate of about 5000gpm for the 2-1/2 years that their
production was needed.

Possible yields of wells in the Navajo

The possible yields of wells that might completely
penetrate the Navajo can be estimated only within broad
limits, but if the zone of saturation is as much as 200
feet thick, which is the probably conservative estimate
given above, and if the rock is jointed or fractured so
that water can move through it at a greater rate than it
could between the grains of unfractured rock, the wells
might be expected to yield within the range of the maxi-
mum yields of the Judd well in Johnson Wash or of the
Merritt-Chapman and Scott Corp . wells near GlenCanyon,
say 1000 to 1500 gpm. If the Navajo at the point of test
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is saturated through a lesser thickness or if the rock is
unjointed and less permeable than in the vicinities of the
present wells, the yields might be 400 to 500 gpm, What-
ever the ultimate yields turn out to be, it will be neces-
sary first to complete some wells before a final and more
reliable estimate can be made.

Effect of possible artesian conditions in the Navajo

If some of the more-permeable zones within the Navajo
are saturated and are topped by less-permeable zones,
water in that part of the Navajo may be expected to be
under artesian pressure. This pressure would be controlled
largely by the altitude of the outcrop area of the saturated
zones, but, because all outcrops of the Navajo are at
lower elevations than outcrops of the coal-bearing beds,
the pressure would not be sufficient to yield flowing water
to wells in the vicinity of the coal beds. Atbest, the pres-
sure might lift the water several hundred feet above the top
of the water-bearing stratum, but the water might still be
2000 feet below the surface. For example, if the Lamb
Point Tongue is saturated, artesian pressure could raise
the water about as high as its outcrop in Johnson Wash,
say 5,100to 5,200 feet. Butawell started at about 6,800
feet in Sink Valley would have to lift the water 1,600 to
1,700 feet plus the drawdown at the well.

Interference or effects on current users of water
from Navajo

Within the area of interest, the present withdrawals of
water from the Navajo are in the drainages of lower Kanab
Creek and Johnson Wash. If water were withdrawn from
the Navajo in the upper Kanab Creek drainage, or in the
vicinity of the upper tributaries of Johnson Wash, say 10
miles or more north of Johnson, this water would come from
storage within the Navajo, and it would take a long time,
probablydecades, before the effects of pumping would ex-
tend out beyond a radius of 10 miles. Meanwhile, if the
water withdrawn by present users is carefully measured, it
not only will be possible to detect any effects of pumping
the proposed deep wells, but there will be some basis for
determining just compensation for any interference, if it
ever occurs,

2a Tropic Shale in Sink Valley

The present aggregate yield of the springs and seeps
in Sink Valley, including that used by local vegetation,
is probably little more than 1 cfs, but the water rising in
the springs mayrepresentthe overflow from a more exten-
sive aquifer than is evident at the surface, and it is pos-
sible, therefore, thatdevelopment might yield appreciably
more than the potential 3 or 4 cfs that might be estimated
from the springs themselves. The rather tenuous support
for this speculation is the spring in the Tropic Shale,
(C-40-5)5bcd, about one mile south of most of the springs
inSink Valley. Theanalyses of the water from this spring
and of the water from the Sorensen spring, (C-39-5)29bac,
(table 6) are sufficiently similar in all constituents to be
of waters from the same source.

If this area could yield 8 to 10 cfs to wells less than
500 feet deep, this water would be available close to the
coal deposits. Rights of present users in the area would



have to be satisfied if the area were developed, butthere
is no perennial base-flow yield to downstream users from
this area so there is no need to plan on providing an out-
flow from the area. However, withdrawalat the maximum
potential rate of 10 cfs probably would result in the re-
moval each year of more water than is returned to the aquifer
by natural recharge. If this were to occur, water levels
would lower at a rate dependent on the capacity and areal
extent of the aquifer and on the amount by which withdrawal
exceeded recharge. If the aquifer extends over several
square miles and if the annual recharge is more than half
the withdrawal, the lowering of the water table might be
atarate that would be low enough to justify development.
Reliable approximations of the effects of pumping on the
aquifers can be determined only by actual pumping;esti-
mates of the recharge to the aquifer might be made after
logs of test wells are examined to determine the thickness
and stratigraphic position of the water-bearing beds.

2b Cretaceous sandstone in
upper Kanab Creek drainage

The Cretaceous sandstones of the upper Kanab drainage
yield appreciable quantities, probably in excess of 5 cfs,
in Water, Cougar, Cabin, and Rush Hollows. Develop-
ment of these areas possibly could increase the yield to
10 cfs which would provide 3 to 5 cfs for use by irrigation
around Alton and make the rest available for other uses.
But the sources of water are spread so far apart that a long
and intricate system of pipelines would be required to bring
the water to the coal deposits. In addition, development
would have to be gradual to determine the effect on meadow
land that now produces forage. Likelythese springs would
not be so economical a source of supply as the springs in
Sink Valley.

3 Cretaceous sandstone and Wasatch
Formation in East Fork drainage

Probablya very good source for water for industry, but
probably too distant to be a good source for water for de-
veloping the coal near Alton, are the many springs in the
headwaters of the East Fork and its tributaries. Develop-
ment of the springs could make available perhaps 10 cfs
above the amount now being used. Most of the springs
that rise in the valley of Long Valley Creek and in Stout
Canyon supply base flow to streams whose water is appro-
priated, so plans to satisfy existing downstream rights
would have to be included in any plans for development of
these springs; but other springs, especially in the Right
Fork of Lydias Canyon and in Shingle Mill Canyon, yield
water that is nearly all consumed by flooded meadows or
nearby downstream vegetation and thus they supply little
water farther downstream.

Among the springs whose water is now appropriated but
which might be developed further are the headwaters and
several other large springs along Long Valley Creek, a
large spring area about 1-1/2 miles up Stout Canyon, and
Big Spring near the mouth of Lydias Canyon. Development
by wells of the springs listed below and other similar
springs might double or triple their present yields and make
that much more water available for beneficial use:
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Potential by

Estimated yield development

Headwaters, Long 1 cfs 2-3 cfs
Valley, (C-39-6)9cca

Long Valley, (C-39-6) 100-150 gpm 1 cfs
17dbd (0.2-0.3 cfs)

Stout Canyon, above  nearly 2 cfs 4-6 cfs
Dairy Canyon

Stout Canyon, near 200-300 gpm 1-2 cfs
Shingle Mill (C-39-7) (0.4-0.6 cfs)

26add

Big Spring, Lydias 1 cfs 2-3 cfs

Canyon, (C-40-7)
10dda

In Shingle Mill Canyon and in the Right Fork of Lydias
Canyon are springs that feed flooded meadows. At present
we have no measurements of the yields of these springs,
but springs that can maintain ankle-deep water on grassy
slopes with a gradient of 500 to 600 feet to the mile must
be yielding appreciable water, water that is available for
development. Some of these areas, such as the springs
(table 3) thatIhavelisted in the several branches of Right
Fork, yield appreciable downstream flow, 375gpm for those
springs, but they also yield other water that is consumed
by local vegetation and evaporation.

Inorderto estimate the yield of these areas I have meas-
ured the areas of flooded meadows on aerial photographs,
have applied a consumptive-use factor of 3 acre-feet per
acre equivalent to a flow of almost 2 gpm, or more than
.004 cfs, to the flooded areas, and have added the con-
sumptive-use figure to the apparent downstream yield.
The consumptive-use factor gives an approximation of the
amount of water that may be salvaged, but the total yield
is a better base for estimating total potential of the aquifer
supplying the water for the spring. Evaluation of these
factors suggests that the potential yield of the areas listed
below, if they were developed by wells, could be 4 to 5
cfs.

Acres Consump- Meas. or Poten-
of flooded tive use est, down- tial
meadows  (cfs) stream devel-
vield Qpment
Shingle Mill 40 .16 SEY 1-1/2 - 2 ofs
(four spring
areas)
Right Fork 70 .28 .85(MWY/  2-3 cfs 2/

Lydias (seven
spring areas)

1/The downstream flows of Shingle Mill and Right Fork
diminish rapidly below the lowest spring areas.

2/Although seven spring areas contribute to the yields re-
corded, by farthe greatest amount of water is contributed
by springs (C-39-7)17c and 20b, 18dd and 19aa, 19ba,
and 19bb; development of these four areas probably would
vield closetothe 2 to 3 cfs indicated for all seven springs.



Other springs that must be mentioned but probably would
not be considered fordevelopment are the LeVanger Lakes,
McDonald Lake, and HiddenLake. Development of these
areas by wells would reduce the size of these lakes or
cause them to dry up completely, and therefore develop-
ment will probably not be considered so long as these
lakes prove useful as they are.

Inall the areas discussed above there is no doubt about
the presence of water; there are doubts about the exact
amount available, the best way to develop it, the effect
of development on downstream users, and the cost of de-
veloping and transporting the water to where it canbeused.

The amounts of water than can be developed cannot be
reliably measured until development proceeds, but better
estimates of present yield, which could give better ap-
proximations of potential yield, could be made by study-
ing the evaporation and transpiration that are now using
up much of the yield and by making periodic measurements
of yield below the flooded areas.

A full discussion of the ways to develop these springs
is beyond this paper, but an engineering and geological
study to determine whetherdrains , tunnels, or wells would
best develop the water could be made as soon as it is de-
termined that the potential supply would be worth the cost
of development.

From the amount developed it will be necessary to di-
vert enough water downstream to satisfy present users.
Periodic measurements of the present yields of Right Fork,
Stout Canyon Creek, and Long Valley Creek would begin
to establish basic data that can be used in the future to
define rights.

4 Additional Wells in Three Lakes Canyon

The presence in this canyon of the wells that supply
Kanab and of three lakes evidently supported by springs
suggests that further development by wells could produce
appreciably more water than is now being supplied to the
lakes. Butunless such development were carefully con-
trolled it undoubtedly would be at the expense of one or
more of the lakes, which would disappear if the water
table were lower appreciably. Development of this area,
then, hinges on the value of the lakes as they are, against
the value of the water that might be obtained, say 3 to 5
cfs, if one or more of the lakes were drained by this fur-
ther development.

5 Surface Reservoirs

Surface reservoirs, specifically the one at the Elbow
or the one in Dry Wash (both discussed earlier in this
report), cannot be completely discarded as a way of de-
veloping water forindustrial use, buttheir potential would
appear to place them in a position after the Navajo Sand-
stone and the Cretaceous sandstones, and probably even
after the Tropic Formation. If the earlier surveys of the
Elbow are correctand if my own short cursory examination
of the Dry Wash area has led me to the correct interpreta-
tion of its potential, I feel that development of any of the
ground-water sources would result in a more dependable
supply for year-round us e than would development of either
surface reservoir.,
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Recommendations for future work

Collection of basic data

As was pointed out in the introduction, the interpreta-
tions given here are little more than guesses because they
are based almost exclusively on data collected during the
summerof 1963. In water investigations, single records
of flow or yield provide only a shaky foundation for inter-
pretation; long-term repeated records are required if an
interpretation is to be better than a guess. Therefore
there is urgent need to establish a system of record col-
lection to provide information so that the next study of
the water resources of the area will be based on solid
facts and not on educated guesses.

The data that should be collected in the future include:

Continued measurement of diversions on the EastFork
(as now done by the River Commissioner) supplemented
by periodic measurements (say once a week April 1 to
Nov 1) of 1l)Long Valley Creek and Stout Creek at their
confluence (staff gages were installed on these streams
by the Dept. of Agriculture in 1963 but there is no pro-
gram for periodic measurements); 2)Lydias Canyon Creek
atits mouth and perhaps at Right Fork; and 3)Muddy Creek
at its mouth.

Continuous measurement of streamflow on the East Fork
by means of an automatic gaging station about one mile
below Mt. Carmel Junction just below Foote's diversion.
(This station would record the yield of the East Forkin
excess of the diversions above this point.)

Periodic measurement of diversions from upper Kanab
Creek. This could be accomplished during the irrigation
season by weekly measurements of a Parshall flume to be
installed at the head of the diversion.

Year-round weekly observations of flow at the flood
gage atthe Elbow. The presumed long periods of no flow
would actually become a matter of record, rather than of
conjecture.

Periodic measurement of diversions from lower Kanab
Creek. This could be done during the irrigation season
by weekly measurements of a Parshall flume to be installed
at the diversion dam.

Periodic measurement of flow of Kanab Creek below
diversions. This could be accomplished by year-round
weekly measurements of a staff gage to be installed at
the overflow of the diversion dam.

Periodic measurement of flow of Johnson Wash at John-
son or at bridge where US 89 crosses the creek. Year-
round weekly measurements would record downstream yield
of this area.

Periodic measurement of flow of some of the larger
springs. Of especial interest would be Hidden Lake, Big
Spring inLydias Canyon, headwaters spring in Long Valley
Creek, headwaters spring in upper Kanab Creek, head-
waters springs in lowerKanab Creek. Eachof these would
provide interesting information if measured weekly or
monthly for a year or two. Easiest to measure would be



Hidden Lake where a Parshall flume could be installed at
the overflow.On this spring a continuous record for sev-
eral months or even a full year might provide interesting
information not only about constancy of yield but also
about fluctuations due to evaporation and transpiration.

Measurement of water levels in wells., Although there
are as yet few wells in the whole of western Kane County,
it is suggested that three or four wells be selected and
measured annually or seasonally so that they can become
the nucleus of an observation-well net that will be needed
if more wells are developed.

The data recommended for collection would be of use
and interest principally to the local water users to permit
them to manage their water resources more carefully, and
therefore the measurements of diversions of the tributaries
of the East Fork and of spring flow should become the re-
sponsibility of the irrigation companies and the river com-
missioner of the East Fork of the Virgin River. But the
establishment of gaging stations on the East Fork and on
Kanab and Johnson Creeks has been recommended as part
of the State Water Plan (Bagley, 1963, p. 37 and 38), and
these new stations should be added to those already op-
erated by the U.S. Geological Survey in cooperation with
the State Engineer. The need for these and other stations
recommended to be established as part of the State Water
Planis discussed rather thoroughly in that report and will
not be repeated here (Bagley, 1963, p. 34-39). Measure-
ments of water levels in observation wells also should be
fitted into the cooperative program of the U.S. Geological
Survey and the State Engineer.

Further interpretive studies

Interpretive studies that would include quantitative
information for a water budget for western Kane County
cannot be completed until most of the program proposed
above has been in operation for several years, but mean-
while other studies in this area could include 1) further
inventory of springs, especially in the Navajo Sandstone;
2) a closer determination of the geologic environment of
some of the springs--for example, Hidden Lake and the
Big Spring in Lydias Canyon may be on faults, but only
more detailed study can prove the actual control; and
3) further sampling of water for chemical analyses. For
example, a new study could include sampling of water
from upper and lower reaches of the East Fork to deter-
mine effect of irrigation on water quality. Sampling the
headwaters spring on Long Valley Creek, Stout Creek at
confluence with Long Valley Creek, and East Fork at di-
versiondam above Orderville should give some indication
of effect of return flow from irrigation yet not be compli-
cated by the gypsum in the rocks near Mt. Carmel.

REFERENCES CITED

Bagley, J. M., Criddle, W. D., and Higginson, R. K.,
1958, More water for southwestern Utah: Farm and
Home Science, Utah State University, v. 19, p. 30-
31 and 49-50.

1959, Water supplies and their uses in Iron,
Washington, and Kane Counties of Utah: Special Re-
port 13, Utah Agric. Exper. Station, 56 p.

-57-

Bagley, J. M., 1963, Developing a State waterplan: Utah
State University and Utah Water and Power Board, 122 p.

Burton, T. H., 1925, Decreed Schedule of Water Rights -
VirginRiver: FifthJudicial Districtinand for Washing-
ton County, State of Utah.

Cashion, W. B., 1961, Geology and fuels resources of
the Orderville=Glendale area ,Kane County,Utah: U.S.
Geol. Survey Coal Investigations Map C-49.

Connor, J. G., Mitchell, C. G., and others, 1958, A
compilation of chemical quality data for ground and
surface waters in Utah: State Engr. Tech. Publ. No.
10, 276 p.

Detterman, J. S., 1956a, Photogeologic map of the Kanab
SE quadrangle, Kane County, Utah, Mohave and Coco-
nino Counties, Arizona: U.S.Geol. SurveyMisc.Geo-
logic Investigations Map 1-137.

1956b, Photogeologic map of the Johnson SW
quadrangle, Kane County, Utah, Coconino County,
Arizona: U.S. Geol. Survey Misc. Geologic Investi-
gations Map I-164.

Detterman, J. S., and Hackman, R. J., 1957, Photo~
geologic map of the Johnson SE quadrangle, Kane
County, Utah, and Coconino County, Arizona: U.S.
Geol. Survey Misc. Geologic Investigations Map -248,

Gardner, B. D., and Wagstaff, F. J., 1963, Improving
irrigation efficiency by land leveling and ditch lining:
Farm and Home Science, June 1963, p. 41, 42, 52.

Gregory, H. E., 1945, Post-Wasatch Tertiary formations
in southwestern Utah: Jour. Geology, v. 53, p. 105~
115,

1350, Geology and geography of the Zion Park
region, Utah and Arizona: U.S. Geol. Survey Prof.
Paper 220, 200 p.

1951, Thegeologyand geography of the Paun-
sauguntregion, Utah: U.S. Geol. Survey Prof. Paper
226, 116 p.

Hackman, R. J., 1957, Photogeologic map of the Johnson
NE quadrangle, Kane County, Utah: U.S.Geol. Survey
Misc. Geologic Investigations Map I-245.

Harline, O. L., Eidler, C. J., and others, 1963a, Muni-
cipal and industrial water requirements , Utah counties,
1960-2020: a Summary: The Bureau of Economic and
Business Research, University of Utah, 44 p.

1963b, Use of water for municipal and indus-
trial purposes, Utah counties, 1960-1961: The Bureau
of Economic and Business Research, University of Utah,
174 p.

Hintze, L. F., 1963, Geologic map of southwestern Utah
in Guidebook to the Geology of Southwestern Utah:
Intermountain Assn. of Petrol. Geologists.



Marine, I. W., 1963, Ground-water resources of the Bryce
Canyon National Park area, Utah: U.S. Geol. Survey
Water-Supply Paper 1475-M, p. 441-486.

Pillmore, C. L., 1956, Photogeologic map of the Kanab
SW quadrangle, Kane County, Utah, Mohave County,
Arizona: U.S. Geol. Survey Misc. Geologic Investi-
gations Map I-138.

Pomeroy, J. S., 1958, Photogeologic map of the Johnson
NW quadrangle, Kane County, Utah: U.S. Geol. Sur-
vey Misc. Geologic Investigations Map 1-267.

Robinson, T. W., 1958, Phreatophytes: U.S. Geol. Sur-
vey Water-Supply Paper 1423, 84 p.

Robison, R. A., 1963,A reconnaissance survey of the coal
resources of southwestern Utah: Utah Geol. and Min~-
eralogical Survey Special Studies No. 3, 34 p.

Thomas, H. E., and Wilson, M. T., 1960, A case of un-
derground piracy: International Geol. Congr., XXI
Session, part XX, Applied Geology, p. 24-31.

Tolman, C. F., 1937, Ground Water: McGraw-Hill Book
Co., New York, 593 p. (Springs 435-466)

Van de Graaff, F. R., 1963, Upper Cretaceous strati-
graphy of southwestern Utah in Guidebook to the Geo-
logy of Southwestern Utah:
Petrol. Geologists, p. 65-70.

Wilson, R. F., 1958, The stratigraphy and sedimentology
of the Kayenta and Moenave formations, Vermilion Cliffs
region, Utahand Arizona: Doctoral Dissertation Stan-
ford University, 337 p.

APPENDIXES

I. Municipal Supplies

Alton Town Supply

The water system for the town of Alton consists prin-
cipally of three springs, (fig. 7) a collection box, a two-
mile-long pipeline, a storage cistern, and the necessary
mains and pipes for distributing the water to the twenty-
odd families that live in Alton. The water systemis owned
by the Alton Farmers Association, and the users of the
water own shares in the association.

The three springs--main, east, and west springs--are
about two miles due north of Alton on the south-facing slope
of a canyon thatdrains into the East Fork of the Virgin River
(fig. 7). On July 9, 1963 these springs were yielding a
measured 4-5 gpm (gallons per minute) for main, and an
estimated 1/2 gpm for westand less than a gallon for east.
The temperature of the water at main was 47°,

Intermountain Assn, of
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The development at main spring consists of a tunnel
2-1/2 to 3 feet wide and 4-1/2 to 5 feet high dug about
45 feet into the hillside on a bearing about N3SE. The
portal of the tunnel is protected by a 30-inch diameter
culvert, 16 feet long. About half theculvertis exposed
onthe hill slope, and its entrance is covered by a sliding
metaldoor. The walls and back of the tunnel are of cross-
bedded, medium- to coarse-grained, arkosic, poorly-
cemented sandstone with interbeds of well-rounded peb-
bles to two inches in diameter, and with a few clayey
layers. The rock of the tunnel is nearly saturated, but
the largest flow of water comes from an opening 3 to 4
inches across at the far end of the tunnel. The bedding
of the rock dips about 4° into the hillside. Water is col-
lected by a screened pipe at the bottom of the tunnel.

The east spring also has a culvert set into the hillside
but it is shorter--only 21 feet long--and the tunnel be-
yond the culvert appears shorter but was not measured.
The collection system here is not so efficient as at main
spring because a flow about equal to the near gallon cap-
tured escapes around the culvert and feeds grasses down-
slope. West spring has a drain system and feeds two
pipes; one leads into the collection box in the Alton sy-
stem and the other feeds a stock trough in the center of
the valley.

The concrete storage cistern about one-half mile north
of Alton is connected to the springs by a pipeline about
1-1/2 miles long. This pipeline is buried one to two feet
deep over most of its length but was exposed where parts
recently had been replaced. This line crosses two major
ridges between the springs and the cistern. Hand level-
ing indicates the following pertinent heights above the
cistern:

First ridge north of cistern 220 ft
Low point in next valley 135 ft
Second ridge north of cistern 345 ft
Trough in next valley 215 ft
Main spring culvert 380 ft

(Collection box for

main, east, and west
springs about 10 ft below
main spring culvert)

Source

The source of the water for all three springs is probably
the overlying plateau whose area is about one-half square
mile, butwater fromthat source could be supplemented by
other water reaching the area through faults. The spring
area is in part bracketed by faults of the Sevier Fault zone
but whether or not these faults contribute water is unknown.
More likely the faults in part outline the overlying plateau
area (figs. 3 and 7) and help to retain the local precipita-
tion within the area thus feeding not only the springs that
supplyAlton but also other springs on the north side of the
plateau.



The water from the Alton springs is of good quality al-
though very hard, as is most of the water of the region
(table 6), but it is of insufficient quantity to supply the
needs of the present population and would be wholly in-
adequate to supply any others who might move into the
area. Thereis a need, therefore, to supplement the pre~
sent supply or to replace the present system with a new
system. The present supply might be supplemented by
preventing wastage of seepage around east and west
springs, which might yield 1 to 3 gpm additional water,
or by prospecting for another spring or seep areas in the
vicinity. Two areas in the vicinity would be worthy of
investigation: 1) a stand of Ponderosa pines above the
main spring may indicate an additional spring there, and
2) anareaabout 1/3 mile north of the Alton springs where
aspen on the north side of the plateau may be drawing
their supplies from a near-surface source of ground water.

If these possible sources do not prove adequate or
feasible, the most likely source of water for replacing
the present supply would be one of the tributaries of up-
per Kanab Creek or the springs in the main canyon of Kanab
Creek. Theclosesttributary, and probably the best source
for appreciably increasing the present supply, is Rush
Hollow. Several springs on the east (or southeast) side
of main canyon might yield enough without development
by wells to double the present supply, and further search
in main canyon probably would find other small springs.
Development of these springs by tunneling into the Straight
Cliffs Sandstone or by drilling shallow wells through the
sandstone to the top of the Tropic Shale should produce
25 to 50 gpm, several times the present supply.

Orderville town supply

Inthe summer of 1963 Orderville was supplied by water
from its main spring and middle spring. These springs
were yielding 60 gpm (measured) of 54° water and 5 gpm
(estimated) respectively. A third spring, south spring,
had beendeveloped, and its cistern was connected to the
water system, but its yield was not getting into the sy-
stem ,presumably because the pressure from the main spring
was preventing the opening of the check valve on south
spring. OnJuly 16, southspring was yielding 12-13 gpm
(measured) of 58° water. This water was going into an ir-
rigation ditch.

The system is gravity fed, and each successively dis~
tant spring is at a higher elevation than the previous one.
Precise surveying instruments were not available but the
following measurements made by hand level from the irri-
gationditch on the west side of Long Valley show that the
system has a gradient in relation to the ditch as follows:

15 ft
15 ft

Ditch to base of main storage tank

Ditch to base of cistern at south spring
(measured 27 ft to top of cistern which
is reported as 12 feet high)

Ditch to outlet pipe on cistern at middle 60 ft
spring

Ditch to main spring

Ditch to proposed spring site between
main spring and middle spring

145 ft
130 ft

(all measurements made from a point on ditch
below point measured)
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This system, with its nominal yield of 75 gpm and a
storage tank whose reported capacity is 150,000 gallons,
is probably more than adequate to fill the ordinary needs
of 437 persons served by the system (Harline and others,
1963b, p. 100), but is not adequate to meet unusual de-
mands in summer time. If the yield of the springs is con-
sistent, and measurements on other springs suggest a con-
sistency within 10 or 15 percent, this system can sup-
ply about 250 gallons per day per person, which although
it is appreciably greater than the average per capita use
in Orderville of 159 gallons (Harline and others,1963b,
p. 100), is probably much less than the demand in sum-
mertime. The inability of the system to meet peak sum-
mertime demands can be remedied only by adding an addi-
tional source of water to the system. Additional storage
facilities, short of a tank having a capacity of 4 or 5
million gallons, can be ruled out because only a higher
daily yield could meet a sustained high demand for a period
of a month or more.

Additional supplies appear to be available in a spring
area on the west side of Long Valley between main and
middle springs, but a chemical analysis of this water
shows it to be of poor quality, and it is therefore sug-
gested that additional samples be collected and analyzed
before this area is considered for development. This area
includes several springs and seeps that might yield 20 to
30 gpm if developed by trenching and laying perforated
drain pipe. If additional analyses show some or all of
this water to be satisfactory it would prove a good sup-
plement to the present supply.

The caution against the future development of this area
is based onananalysis of a sample of water from the north
end of this spring area which shows that this water is of
very poor quality, containing more than 2700 ppm total so-
lids of which almost 1250 ppm are sulfate (table 6). This
sample was collected from a test hole that yielded less
than 1 quart per minute and it may not be representative
of the whole area. Additional sampling and analyses
would show which if any part of the water can be used for
municipal purposes.

Source of water for Orderville springs

The water from main spring and the water from south
spring are so similar chemically (table 6) that it is rea-
sonable to suppose that both come from a common source,
the eastward dipping Cretaceous rocks to the west and
northwest of the springs, by way of a fault (see figure 5).
The eastward dip of these rocks is a local structure whose
complete extent has not been delineated but whose eas-
tern border is a north-trending fault along which the Or-
derville springs rise. This fault is a branch of the Sevier
fault zone whose trend follows Long Valley. Probably the
middle spring and the spring that has been proposed for
development are also on this fault but there is no chemical
analysis of the water of middle spring and the analysis of
the water from the proposed spring suggests that it is com-
pletely unlike the water in main and south Orderville
springs.

Therecharge area for these springs is only a few hun-
dred acres, butthe storage capacity of the overlying rocks
should be sufficient to maintain yields at about the present
rate because there is little likelihood of up-structure de-
velopment of water to deplete the reservoir.




















