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INTRODUCTION

Boeing Engineering and Construction (BEAC) is invesfigéting_the
.feasibility of transporting Utah coal via slurry pipeiiﬁe to the west
coast. Such an investigation requires an abundanée.of data.cancerning
such things as the availability énd quality of water Whiéﬁ'can be
slurried with ceal, the location of such watér with iespeét to thé de;
posits of coal, and the ultimate disposal of the water at the pipeline‘s.
end. B

This study gepérated a limited amount of new data and gathered
éxisting data and information.related'to surface and ﬁndérgrbund.ﬁater'
within a 50-mile radius of Emery, ﬁtah, but festﬁicted érimarily to
the Colorado River drainage. Data were gaﬁheied also of coél and water
in mines ﬁithin the same area, and determinatioﬁs were'méde of tﬁeir.
mutual effecté on each other Whén slurried together in the'laboratory.

Tasks are listed and discussed in this report in the same order
as rhey appear in the research proposal. Supporting data and informatidn.

in the form of maps, tables, charts, and references are also included.



A. GROUNDWATER

‘1. DPefine the boundaries of the Navajo Sandstone (Jn) AQuifer;

The Navajo Sandstone résulfs froﬁ the wesferﬁ two—-thirds of the
Colorado Basin being buried during.the Jurassic period by drifting
sands. The fofmgtion'was once a solid sand sheet interrﬁpted only
locally by playa 1akeé (desert 1ake$ that dry up during the dry_seaéon).
This sand sheet cﬁvered all of the eastern'and southwestern portions
of Utsh, and parts of Nevada, Ariiona, Colorado, énd Wyoming. The
formation pinches out eastward before reachlng the San Juan mountains -
and Uncompahgre Plateau of Colorado.. The sand sheel carried the name
VNavajo in Arizona and Utah, "Nugget" in Wydming, and "Aztec" in
Nevada. Dip directions of Navajo'cross;beds indicate Windrdirections
from the north and northwes;; northwestern and west central Utah
served as the source area {Hintze, 1973: Baars, 1972). Subsequeﬁt '
to the deposition, the sandstone and oﬁerlaying-and,uﬁderlyiné forma—-
tions were uplifted and eroded in ranéom paﬁterns througﬁout the érea
such that at the.present time the éandstone ranges from being as mﬁcﬁ
aé 10,000 feet below the present ground surfacé,.béing exposed at:the
surface, or being entirely removed by erosion.

The primary-stuﬁy areas of Navéjo Sandstone for this report are
Castle Valley which extends from Price,lUtah on the north to Emery,
Utah on the south and lies between the eastern slope of the Wasatdh
Plateau and the San Rafael Swell; and the Henry Mountain Basin which.
-is connected with Castle Valley by the Last Chance Saddle. All of tﬁis

area is underlain with the’ Navajo Sandstone with outcropping around the
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periphery of the San Rafael Sweil, the Waterpocket Fold, and the Henrty
Mountain uplift at Dirty Devil Canyon.

The Navajo Sandstone is classed as an aquifer.because_of its unique .
physical capacity to store and conduct water. Being aﬁ eolian or ﬁind
blown saﬁd, the grains which constitute the saﬁdstone aﬁe relatively
uniform in sizg with approximately.QO pexcent of the particles being:
classed as fine to very fine sand. The remaindér is either medium
sand or silt with no gravel or clay éarticles present. The porosity
of the sandstone is approximately 25 percent and, because of the nature
of the particle shapes, the permeability is relatively.high and essen-—
tially non-directional. The formation is higbly jointed and fraétured
as a study of the Outcrdp.indicateé;'with some additiépai fracturing"'
'probably present in areas Whére foldiﬁg has occurred. These.joints and
fractures tend to increase the effective porosity and pérmeability of
the formation. The.fermations that lie immedilately above (Carmel) énd
below (Kéyenté) the Navajo Sandstone are both water deposited matefiais
Which'contain.a high percentage of silt and clay particles and.are not
_'gcéd éonduétors of ﬁater.' The Xavaje Sandsténe is effectively an aquifer
between two aquitards or water barriers.

Recent exploration and testing of the NSA in the Henry Mountains
area have_been done under the direction 6f the Board of Director§ of
the Intermountain Power Project (IPP).. The depths from ground surface
to the top of the'ﬁavajo Sandstone, together with the tﬁiéknessrof the
.formation, based on the IPP study, a¥e showm’ on Figure'l. Using geoq
logic logs from oil and gas well exploration as tabulated by the USGS,
these depth and thicknesS'cdntéﬁgs have been extended to include thgﬂ'

Castle Valley area and areas east and north of the San Rafael Swell.
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The portion of the Navajo Sandstone formation known to contain
water and for which information-is availéble extends under a Y-shaped
area (see Figure 1) that is about 100 miles long (noxrth-south) and up
to 75 miles wide {east-west). The towns of Emery'and Green River are
located at the top of the ¥, and Lake Powell'ié located at the bottom.
The ﬁoundafies of the aquifer generally coincide with the limits 0f 
the exposed Navajo Sandstone. It is exposed.at Thousand Lake Mouﬁtain,
the Waterpocket Eold, the San Rafael Swell, thé Hénry Mountains, and in
the.canyons of the Green River, the Dirty Devil Riveﬁ,_and the Colorado
River. The'Thousand Lake-Paradise fgult zone fbrms.an additioﬁal bound~
'ary on the.northwest; The'verticai dispiacement.af moﬁe than 2,000 feet
totally offsets the Nawvajo Sandstoneron_each side of thé fault zone.

In the IPP study, an implied boundary_eéisté across the Lasf Chance
Saddle that separafes the Castle Vailey from the Parédise'Bééin ;nd the
Heﬁry Mountains;.roughly-an areé'south of highwaﬁ'I—YO. Wheﬁhér this
is real or not can only be determined with additional exploration.'_Iﬁr
is likely that the Navajo Sandstone north of highwéy I-70 is also an
aquifer with the fault zope extension as oné béundary, the'San Rafael
Swell outcrop andther, and an undefined boundary to the north as the

formation dips deeply to below mean sea level elevation.

2, Define the average water leével within 50 miles of Emery, Utah
in the Navajo Sandstone. :

The IPP drilled wells into the Navajo Sandstone near Caineville,
Utah, and made a rather extensive study of the water bearing qualities
of the aquifer. Being confined, the water in the formation is under

artesian pressure, and in many areas the piezometric surface is at or
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above gfound 1éve1. The piezometric surface has been plotted in Figure
2 and shows the general direction of flow of the water in that.portion
of the aquifer. Water that originates in the Thousénd Lakes and
Paradise Basin area flows southeésterly‘through the Last Cﬁance Saddle
and southerly until it discharge$ probably into Lake P§w911 or the
canyons of the Dirty Devil River. Eo information is available bn the
water potential in the Névajo Sandstone ﬁﬁrtheast pf Paradise Basin.
in the Casfle Valley area. It is likely tﬁat the forﬁation in this
area contains water which mayzoriginate in the headwéfers of the:San
Rafael and Price Rivers énd from the éxteﬁsive outcrop areas on ﬁhé
nprth and westeriy gides of the San Rafael Swell. Exéépt.fo: areas::
near the outcrop, the depth‘to fhé'tqp of the formation is exceésive

for economic dxrilling, however (see Figure 1).

3. Deteérnine the average expeécted water quality within this 50 o
milé ‘area in the Navaijo Sandstone. :

Numerous oil and'gés wells have been drilled into and thrqugh.tﬁe
Névajo Sandsténe, but feliable.measurements of water'quélity in the.'
aquifer from these are limited. Some quality'measurementé have beeﬁ'
taken from a limited nunber of spriﬁgs and wells that draw water from
the Nawvajo but the most reiiable data available'to.date are thosé.ob—
tained by the Intermountain Power Project (IPP) when tﬁey drilled two
wells into the équifer during 1975 and 1976. These data are presented
in Table 1. | | |

Measurements indiéated that water quality in the Navajd varies
spatially, and deteriorates with distance from the recharge source areas.

Water from the Navajo is generally better in quality than that from
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Table 1. Quality analysis of water from the Navajo Sandstone Aquifer.
(Data in parts per million or as indicated.)

Well Name
Parameter O
oW~ OV
OW-1A TCPA St?no— TW-1 Colt
lind

Number of Samples 1 3 2 22 8

Temperature °C Field — 20.1 17.6  17.5 17.3
Specific Electrical Conductance

(imhos/cm) 988 3897 2990 4315 1494
pH Units 7.97 7.63 7.62 7.81 7.71
Calcium (Ca) 128 259 136 84~ 102
Magnesium (Mg) 49 105 46 - 30 56
Total Hardness as CaCOy 570 1075 530 332 469
Sodium (Na) 18 495 475 823 151
Potassiumn (K) . 3.1 4.8 4.2 4.0 5.3
Alkalinity as CaC0Og (Total) 230 - 197 248 237 211
Sulfate (804) © 304 1022 652 600 356 .
Chloride {C1) 7.1 623 454 847 180
Silica (SiOZ) 13 12 8.5 8.6 9.4
Iron (Fe) 3.2 0.8 - —= 0.54 1.0
Boron (B) 0.03 0,30 — 0,37 0.04
Fluoride (F) - 0.21° 0.54 - 0.9 0.17
Nitrate (NOg) 0.4 0.20 0.9 0.4 -~
Nitrite (NOj) — 0.002 - — -
Total Kjeldahl Nitrogen (N) 0.10 — — 0.07 0.03
Phosphate (POy) —_— 0.2 0.03 —— -
TDS 690 2823 12008 2658 1135

Source: Preliminary Engineering and Feasibility Study, Intermountain
Power Property (IPP), 1977,



eithei the underlying or overlying formaﬁion, the Kayenta and the Carmel.
It does not meet the standards for human consumption but much of it.is.
suitable both for llvestock watering and for 1rr1gat10n (see Tablas 2,

3, 4 and 5). Water near the upper and lower boundarles of the Navajo..
may be of a lesser quality than that in the 1nterlor due to leakage

from adjacent formations. |

4. Estimate the cost to develop the numbsr of wells" needed to pump
8,000 acre—feet per yeéar from the NSA.

a) Well drilling N : c) Cost of water rights
b) Pumps : d) Collection system

The cdst to develop wells and install a collection systeﬁ to pump
8,000 acre feet of water per year from.the Navajo is dependent on
" several variables, the most 1mportant of which is probably location.

As indicated dn the map (Figure 1), the depth from ground surface to
the top of the Navajo varies throughout the study area’ from,a few hun-
dred to several thousands of feet. Wells drllled at some locationsp'7
will be under'artesian pressure as is thé iPP test weli TW-1, and othérs
near the outcropped areé may ﬁave no artesian pressure at ali, Surface
terrain plays an important role as well and would affect such thingé

as accessibility for.drilling and‘the cost of installing a pipeliﬁg
netwdrk for interconnecting the wells.

Reasonably accurate estimates cannot be:made until the locations
of the wells have been determined because thié Will_directly and
significantly affect cost of drilling, water rights, and the collection
system. However, the following general guidelines can bé ﬁsed for

making estimates.
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Table 2, Recommended surface water criteria for public water supplies
(mg/l except where specified).

Elements Public Water Supply Sources
Ag No limit recommended

As _ 0.1

B Limit not yet determined
Ba 1.0 '

cd G.010

c1 250.0

Cr 0.05

Cu ) 1.0

F ' Range from 1.4 to 2.4%
Fe 6.3

Hg 0.002

Mn 0.05

‘NHq 0.5

NO4 {(as N) 10.0

NO, {as N} 1.0

Pb 0.05

Se _ - 0,01

S0, 250.0

Zn 5.0

pH, pH units 5,0 - 9.0

CN 0.2

Recommended upper limit dependent upon maximum dally air
temperature, -

Source:

Water Quality Criteria 1972, EPA-R3-73-033, National Academy
of Sciences and National Academy of Engineering,

D.C., March 1973,

Washington, -



Table 3. EPA interim primary drinking water regulations establdished .
December 1975 - effective July 1977. (Concentrations in

mg/l.)
Element : "Upper Limits
Ag 0.05
As : . 0.05
Ba 1.0
cd ' 0.010
Cr 0.05
F ' - Dependent upon air temperature®
Hg -0.002
NOg (as W) ‘ 10.0
Pb : ' 0.05
Se _ 0.01
Radium 226 Combined Ra-~226 and Ra—228

5.0 pCl/l

_Gross alpha partlcle act1v1ty,
'15 pCi/i.

* .
Maximum allowable fluoride concentration.

Air Temperature L Conc,

(°r) °c) | (mg/1)
53.7 & below - 12.0 & below ‘ 2.4
53.8 - 58.3 12,1 ~ 14.6 _ 2,2

58.4 —~ 63.8 14,7 - 17.6 2.0
63.9 ~ 70.6 17.7 - 21.4 1.8
70.7 - 79.2 21.5 - 26,2 1.6
79.3 - 90.5 26.3 - 32.5 1.4
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Table &4, Recommended upper limits for livestock (mg/l except where

specified).

Elements Livestock Waters
As 0.2
B 5.0 '
Cd 50,0 ug/1
Co’ 1.0
Cr 1.0
Cu 0.5
F 2.0
He 0.0 pg/1
Mo - Limit not yet determined
NO, (as N) 10 ppm
NOg5 + NOy (as N) 100 ppm
Pb : 0.1
Ra—-226 5.0 pCi/i
Se 0.05
v 0.1
n 25.0
TDS 3000

Source: Water Quality Criteria 1972, EPA-R3-73-033, National Acadenmy of
' Sciences and National Academy of Engineering, Washington, D.C.,

March 1973.
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a & b) Well drilling and pumps. Very few wells have been drilled
into the Navajo for the purpose of developing watet, i.e., most of the
available data which have been utilized for determining the depth to
and the.thickness of the Naﬁajo Sandsténe Aquifer, as well as the
piezometric surface, haﬁe been extiacted from oil and gas exploration '
wells which penetrate far beyond the Navajo, sometiﬁes to several-tﬁou~
.sands of feet. |

The Intermountain Power Project (IPP) drilied one test well and
one observation well into the Navajo in 1975; and.these have provided
‘the most recent and reliable drilling~éost:data that we've.béen.able
to find.

Test well TW-1 was drilléd by R. Johnson Drilling Co. using a
Hopper Drilling.Rig. This well is 1ocated'1-1/2.miles wést of Caine-
ville in the Red Desert and waé drilied into the Navéjo on the Caine-
vill anticline. It was drllled with am 18 1/2" roller bit to-a depth
of 53 feet, a 15" RB to 447 feet and a 9 7/8" RB to 1, L0685 feet. |

Observation wells OW-1 and OW-1A were drllled by K O Burt Drllllng_
Co. us;ng a Portadrill TK 10 2,000 drdill rig. They were drilled into
the Wavajo on the west flank of the Séleratus Creek syncline in North
VBlue Flats, approximately 5 miles west of TW~1, an& 7'1/2_mileé‘west
of Caineville. Observyation weli OW-1 was drilled ﬁith a 15" reamer
to 60 feet and a 9 7/8" roller bit to 1,615 feet. At this point a
maliunction caused the drill string to be dropped to the bottom of the
hole, and it could not be recovered. The well was abandoned and a new
hole, OW-1A, was drilled. It was drilled with a.15" reéamer to 50 feet,

a9 7/8" roller bit to 2,344 feet,
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Personal communication with Mr. X. O. Burt provided the following
best-estimate of cost of well-drilling into the Navajo in the Caine~

ville area:

Assume well-depth of 1,700 feet

Drilling $ 100 per foot
+Bits, mud, casing,

cementing and test~ . .

pumping - $ 30,000 to $50,000
Pump and Motor $ 15,000

Total cost per well $235,000

Based on data and-expexience'gathéred by the IPP, three wells in
the Caineville area should be able to sﬁpply 8,000 acre feet of water
per vear. Each would Ee flowing at a rate of aﬁéut 1,653 gallons pér
minute, or 3.68 cubic feet per seéond {cfs). The cost of.three_#ells
.wﬁuld-be-approximately $705,0d0.

&) Collection system. If the wells were 1ocated in relatively

flat terraln the collectlon system could presumably consist of open
conerete-lined dltches, all bringing the water from the wells 1nto-
an open storage'pond. Alternat;ves to the ﬁpen ditches are cqncﬁeﬁe;
plastic, or steel pipe. Installation costs of each of these alterna-
tives are affected by the tyﬁe of terrain, which again can bé aséér~ '
tained only after exaét locations of the wells have been deterﬁihed..
Table 6 presents unit costs of some of the éurrently availaﬁlg
materials and provides a meané of comparing alternatives. .A price
range indicates variations 1n quotations from different suppllers.
Table © presents also examples of head loss concrete and plastic pipe

of various diameters. These are calculated'for a flow rate of 1,650 gpm,
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which is what woul& be réquired from each of three wells in order to
provide 8,000 acre feet of water per year.

The pipelines making up the collection system should probably be
buried, both fof aesthetic and protection purposes. Costs of digging
the trench, laying the pipe, and backfilling will vary according to
type of terrain as well as kind of pipe; and the following information
will provide a basis for comparisons. .

Plastic (PVC) irrigation pipelines are presently being laid in |
fairly smooth terﬁain at a cost of about.65 ceﬁts per foot, which in-
ﬁludes digging the trench, aséembling and laying. the pipe,‘and.back—-
filling, |

Steel pipe used for water transport is-geﬁerally coated or wrapped
to prevenf rusting, and.the_lengthsfare welded tégether.on‘site. The
welded joints are also.coated; and then cathodic.protectioﬁ is provided
to eliminate destructive”éléctro—chemical reaction betﬁeen the metal 
piﬁe and the soil. Salinity in the wafer may meke itndesiréble t0:¢o§t-

" the inside of the pi?e as well. The use of concrete or plasﬁic piﬁe
eliminates the need of special coatingé or céthodic ptotection.

A reasonable estimate for installing steel pipe is as follows;

Digging trench $0.25/1ineal foot
Weld, coat welds and ' :

lay pipe _ '0.015/pipe-dia/lineal ft
Backfill trench 0.15/1ineal foot

Cathodic protection consists of welding electrodes to the pipe at
intervals along the line, and would be done by the welder at little or

no extra cost when he welds the pipe.lengths together.
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To install a 12" diameter steel pipeline, 1,000 feet long, would

cost the following using the above figures:

Excavation - = 0.25 x 1,000 = $ 250.00

Weld and lay pipe = 0.015 x 12 x 1,000. = 180.60

Backfilling = 0.15 x 1,000 | = 150.00
Total | $580.00

d) Cost of water rights. Surface or underground water rights

are obtained by éubmitting aﬁ éppiication to the State Engineer'sr
office and paying a sﬁall filing fee. If the appiication is approved,
the ﬁater'may be diverted at the speéified location and utilized. If
thefe are objections to the application, answers must Ee submitted and
éventuélly hearings  held and justification presented._ This all repre;
sents time énd money. In any éﬁent;_the'State Ehgineer must be
convineced that unappropriatgd water.exists and that the appliéant has
real intent to proceed to apﬁropriate for a beneficial use. He mus t
also be convinced that no exiéting water rights will bé impaired by .
the proposed use. .Since the Navajo aquifer is umproven as to yield
and recharge.it may be'ﬁeceséary.to conduct éome additionél explanation
and testing to provide the State Engineer.with confi&eﬁt answers. Thié
wouid‘add to the cost of obfaining the water righﬁ.. The‘épplicanﬁ muét
also own land or hold a bonafide lease before the:appiication would

be approved.

Water rights that have already béen approved may be purchased from
others at whatever price may be negotiated-~there is mo "going rate."
In the case of underground water rights.thé price'may include the
drilling costs, pump costs, and other costs associated with a distribu~

tion system. Sometimes it may involve purchasing a piece of land to
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obtain the water rights that pertain to it, or may involve purchasing
someone's entire farm or several farms in order to get the amount of
water required.

Several applications for water in the study area presently exist
which have not yet been approved (see Table . 7 f. It would be risky
to buy them until aﬁprovél could be assured. The only advantage to‘r
gaining rights this way is the priority date, which may or may not be
of.value is an aréa where such little Present-usge exists, -

The only estimate received on the price of water that mightrbe
purchésed in the Study area is $1?000 per acre foot, and this appatent—-

1y was not based on any first~hand knowledge of water for sale.

5. Determine or estimdte sepdration between wells in the Navajo Sand-
stone Aquifer (e.g., Salt Wash Ared) to prevent interforence be-
tween BEAC wells, and between our wells and those belonging to
others. ‘

Extensive pumbiﬁg tests were performed by the Interméuntaiﬁ Power'
Project (IPP} on the well they drilléd into the Névaj§ Sandstone Aquifer,
An observation well was-drilled'also_at a distance:of.25,185 feeﬁ'from
the pumped well. Thiee more observation wells were:used in the study
as well, one at a distaﬁce of 2,427 feet'from.fhe pumped well, the
second at 3,113 feet, and the third at 4,963 feet. Water levels in the
observation wells were measﬁre& periodically thfqughout the 35 day
period of pumpiﬁg, and for 35 days thereafter during.recovéry;

Data generated by the IPP are the nost extensive and veliable that
could be found for the area‘of.interest,'and they provide a reésonablg
estimate of desirable separation distances betweéﬁ'wells pumping from

the Navajo. Estimates made by the IPP from their pumping data of the
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Table 7. Unapproved groundwater application on file in the State
Engineer's Office-—possible Navajo Sandstone.

Appl. Claim Quantity

No. No. Applicant ofe ac, ft. County
29072 95-410 C. 5. Albrecht 6.0 Wayne
38367 95644 Kemmerer Coal Co. 66.0 Emery
40508 -691 Garkane Power Assoc, 25,0 Wayne =
40747 -697 Garkane Power Assoc. . 70.0 Wayne
40748 -698 Garkane Power Assoc. 70.0 Wayne
41022 ~705 Garkane Power Assoc, 25 - Wayne
41073 -707 Garkane Power Assoc. 50,000 Wayne
41357 ~718 ICPA 100 50,000 Wayne
42671 ' =750 Vance Taylor 6.0 Wayne
43270 ~765  Robbert M. Lunmen 5.0 Wayne
L4144 ~1562 George Palelsas 1.0 Wayne
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desirable separation distances between wells is 7,000 feet when four
wells are used, each pumping 1,500 gpm (total of 9,700 acre feet per
yeérj, and 10,000 feet for six wells pumping 2,000 gpn each (total of
| 20,000 acre feet per year). These estimates ére based on a totél
pumping periﬁd of 38 years at the rates indicated. For more wells,

or for drastically different pumping periods'or.extraction rateé,
additional pumpiné tests and calculafibns.sﬁould be maderiﬁ order to
determine the spacing needed to pre&ent exﬁessive interference between
adjacent wells,

In é personal communication with Bryce Montgomery, Geologist for

the Utah Division of Water Resoﬁrces; he'indiCatéd that a onefhalf
mile_spaciﬁg'mighf be adequate in the Navéjd_aquifer.

6. Estimate the average well depth within SO'miles'df'Eméry,'Utah,
and in Sdlt Wash region.

Since there are so few wells in the Névajé férmation, an answer
to fhis part has little meaning. The most usefﬁl inférmatipn here
is the map (Figure i) shbwing depth to the top of the Navajo formaﬁion;
and the thickness of the formation. Poténtial well depths. for ény
area within the napped boundaries can thus.be estimated. Tt is noted
- that the Naﬁajo formation dips away from the expoéed poffions; This
means wells would be progressively deeper as the distance frém the out—
crop increases.

Water in the Navajo fo%mation is generally under artesian pressure
and in many areés.wells would fldw without additional pump engrgy.added.

In any case the artesian pressure would subtract from the pumping needed.
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As far as could be determined, there are no water wells in the Salr

Wash region.

7. Estimate expected recharge rate of NSA for area within 50 miles
' of Emery, Utah. '

Recharge is estimated as coming from two éourcesf percolation of
direct precipitation into exposed.Navajo Sandstone and percolation from
perennial and intermittent streams flﬁwing over the exposed Naﬁajo.'

There is no.man—induced rechéxge into the Navajo in the area south
of highway I-70, but there is a possibility of recharge frém irrigated
-areas north of the highway, but it.woﬁld have to depend on leakage
through overlying formations. Exposed Navajo does not exist in the
agricul tural regioﬁs of the study area. The excess water pefcolatgs
into forﬁatiens considerably younger than the Navajo Sandstone.

Estimates of recharge to the Navajo south of highway I-70 from
various sources are summarized in Table 'Sf USGS pérSénnél suggest
the lower figure as Being nore realisﬁic than the range which has:beéh'
suggested by the IPP, |

Estimates of recharge to the northern portion Have not been made
because of a sparcity of data. Dété'being assembied currently by. the
USGS may enable such estimates to be_méde in the not-too-distant future.

(Refer to list of project-related studies in the appendix.)

8. Qther users of Navajo Sandstoné Aquifeér that could impact BEAC
uses.,

Most of the wells that have been drilled into the Navajo in the
state have been for oil and/or gas exploration, and thus produce no water,

Four wells known to tap the aquifer are located and used as follows:
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Well No. 1 (Approved application No. 22954(95-356)) is located
about 9 miles south of Hanksville and was dfilled to a depth of 500
feet. This project was approﬁed by the state to produce 0.015 cfs.of
water for Iivéstock watering. It will not be affected by pumping in
the area of interest.

Well No. 2 (Approved application No. 40356(95*685)) is located
approximately 16 miles south and slightly west of Caineville.. It was
approved for.2 cfs for stockwatering, irrigation, and dbmestic use,
This well will not be affected by pumping in tﬁe'afea of interest;

Well Xo. 3.(Approved application No. 42596(95-748)) was appfoved'

for 0.208 cfs for stockwatering and a small freshwater fishery. This

is the Stanolind Water Well located approximately 3,100 feet west of ‘L

the IPP test well, and was utilized as one of the observation wells
during the pumping test. It is estimated that the drawdown in this
well aftér 38 years of normal pumping b& the IPP Would be 350 feet.

Well No. 4 (APPIOVed:appliCatiQn No. 39084(95H665)) ﬁas drilled
for stockwatering, and BLM has a water right of 0.015 cfs from it.
It is located about 16 miles north and slightly west of.Caineville;
The Navajo is only partially saturated in this area and may also be
partially restricted due'to_igneoﬁs intrusions; Estimated'dréwdown
from ﬁormal puﬁging of the pr0posed.IPP well fiela would be hot more
than 200 feet.: | |

In addition to these approved wells, a number of additional
applications for water rights have been filed with the State Engineer's
office which have not yet been appﬁoved; Any of,théSe,thét become .

approved and those proposed'by'BEAC could have a mutual impact upon
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each other as well as on those wells already in existence. Table f
gives a representativé listing of unapproved groundwater rights appli-
cations currentiy on file in the State Engineer's office.

An application to appropriate-watér from the Navajp or Ferron
aquifers would likely be protesteé by_some of the existing applicants
and/or users. These would'include the Garkane Poﬁer Company, a-mémbef
of the ICPA, and a holder of several uﬁapproved appliéations in Wayne
County; the Consolldated Coal Co.; the Kemmerer Coal Co., Utzah Power -
and Light Co., the U.S5. Bureau of Land Management, the U.5. Forest
Service; Utah Division of Water Resources; Mt. State Resources; some
of the Wayne County irrigafion companies;.and some private inaividuéls.
Protests may also be expected for the Wayne Cdunty.Water Conservation

District and possibly from the Central Utah Water Conservancy Distriet,
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B. SURFACE WATER

1. Define the average water level of shallow (<800 feet) ground-
water (SGW) within 50 miles of Emery, Utah.

For this study shallow groundwater (SGW) and surface water are
considered together. Also, because the top of the Navajo Sandstone
Aquifer (NSA) is less than 800 feet.from the ground.surface-in some
parts of the study area, anmother distinction is necessary which ex-—
cludes all NSA Waﬁer from the SGW designatidn.

| There is very little quaternary material 1n.thls ares and.what
does exist is mostly w1nd blown sand (sand dunes) and some alluv1um
~along the upper parts of the perrenial streams, Most of the'agriu
cultural activity is within the alluvial sandsﬁhich are shallow and
overlie members of the mancos shale formations._ Some shallow water
table COHdlthHSex1st in these areas but recoverable water 1Is not
generally practlced and would probably be of low quality.

The Ferron Sandstone member of the mancos shale appears to be. the
‘most 11ke1y source of large quantities of good quality water. It is
also interbedded with numerous coal seams which do not appear to coﬁ—
duct water. Flgure 3 has been prepared from 11m1ted geologlc data to
1nd1cate the extent of the Ferron Sandstone and to show the locatlon
of existing water wells.

Very few water wells exist in the area of interest, so data
from oil and gas exploration wells have been utilized to define the
aquifer. BEight water wells have been drilled in the sotuthern éortion
of the Ferron, including oné that provides the domestic supply fbr

Emery City. Wells in the northern portion of the mapped area north
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of Price, produce good water but do not penetrate the Ferron Sand-
stone. Cemerally the wells in the Ferron have artesian pressure with
the piezometric surface varying from 67 feet below ground surface to

49 feet above.

2. Determine the average expeCted water quality of SGW within 50
miles of Emery, Utah. -

Generally speaking SGW in the area of interest is of a.quality
suitable for irrigation, even though iﬁ.varies considerabiy through-
out the region. Particular.locations at certain times of the year may
contain- excess concentrations of.particular constituents és ﬁoted in
Tables 9.and 10 . Samples from which these data were éxtracted
ware obtained from selected sﬁreéms; mines, wells and springs ﬁhrdugh;
out-the study area.

Data in Table 9 pertain entirely to sufface stfeams, and éon#
stitute ﬁart of the 208_Was£e'Water.Quality Management Study for £he
State of Utah required by fhe Environmeﬁtal Protection Agency. ﬂote
that goncentrations of variéus constituents in excess pf ﬁhose réﬂ_.
commended for irrigation,wafér‘ are identified. Those values singly
underiined exceed the recommended limits for irfigation watexr applied
on a continucus basis to all soils. Double underlining indicates ex~
ceeding.the recommended limit for.use cn.fivemfextured alkaline or
neutral soils for up to 20 years.

The table indicates‘thét concentrations of Arsenie and Selenium
exceed.the'limitS'at nearly ali 1ocations; which is probably not a fact,
because sampling by otheré do not groduce the‘éaﬁe reéﬁlté; (See for
example Waﬁer analyses from selected stréam sites iﬁ material.appended

to the report.)
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Perhaps there exists aproblem with the analysis procedure for these
two elements in whatever laboratory did the work, and additional
éamples from the same locations should be run again before any con-
clusions are drawn. Water frém these streams has been used for
irrigation for many years and no apparent problem has regulted £from
its use.

3. Estimate cost to develop the number of wells needed to pump 8,000
acre feet per year from SGW.

Cost estimates presented under item A-4 for the NSA are valid also
for the SGW.
4. Determine or estimate separation between wells. in .SGW in area of

interest to prevent interference between our own wells and be-
tween ours and otlier wdter ¥ights iusers,

- Insufficient data are available from ﬁhiéh to make this detefminaQL
tioﬁ. Mbét of the existing wells ére uﬁder'artesian.pressure; an& one
flows as much.as 300 g?m without pumping. The.few existing wells
apparenﬁiy do not interfere with eéch other_at.present.because.the total
use rate for each is so 1ow.- Carefuily designed and executed pumping
aﬁd recovery tests would have to be conducted of wells in the.area
of interest before reasonable estimates could be made of desirable °

spacing between wells.

5. 'Estimate the average well deépth in the area of interest for SCW.

Plotted on Figure 3 are the locations of all of the . wells in the
study avea for which data are available, and most of these are oil and

gas exploration wells .that are as deep as several thousands of feet.
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Water wellé in the vicinity of Emery, Utah, are few in number but are

of particular interésf because  they apparently all draw water from the’

Ferron Sandstone Aquifer which is a promising source of additional water.
The Ferron Sandstone Aquifer is exposed throughout much of the

study area, but in othér 16catioﬁs it is deeply covered'wifh over—

bufden.material. Thus, wells drilled into the formafion can vary in

depth from a few feet to several_hundfeds of feet. Seven of the eight

existing water wélls aré located in TOWnship 22S'R§E, and the eighth

is a short distance to the east. These wells vary in depth from lﬁD'feet

(E.C. = 3,700) to 1,600 feet (E.C. = 1,080).

6. Fstimate the eéxpécted ¥echdrge rYate- of SGW in the area of dinterest.

Climatological and stream gagiﬁg stations in the aréa of interest
provide many years of precipitation and streamflow data. Apparently,
no specific studies have been*ﬁade to determine thé.recharge rate t§
shallow groundwater aqdifers;:and particularly to the Ferron Sandstone.
HOWever,.at the present time the ﬁsége rate from,théée Unaergfound
séurces is so low that it ap?ears that the'recharée'réte far exceeds
the amount being extracted. Carefully planned'énd executed pumping

tests are needed to obtain reliable estimates of recharge rates.

7. Other users of SGW which could affect gor impact ocur uses.

All of the communities, industries, and irrigators in the area of
interest are utilizing SGW, and cogld affect 6r would be affected by
any use By BEAC. Generaiiy speaking most.of the surface supplies are
fully allocated, and applications for grﬁupdwateﬁ'would‘mést certainly.
be protested by present users and others With'§rior~appliéations; not

yet approved.
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Water wells presently existing in the vicinity of Emery, Utah, are’

the following:

a) Emery City Well. This well is located in T225 R6E and supplies
culinary water to the city of Emery. It is 1,600 feet deep (which is’
near the bottom of the Ferron Sandstone formation), has a specific
conductance of 1,080, and a temperature of 79°F. The piezometrié head
level during the perio& 1975-76 varied between 35.10 and 48.3 feet
.above-ground surface, and the well flows under this artesian head at

the rate of 300 gpm.

b) Kemmérer Coal_Co}'Weli._ Located in T228 R6E, the ﬁell.is' 1;554 _
feet deep, the specific conductivity of the_water“is 990 ﬁm with a temperé4_
ture of 80°F. Piezqmétric level during the period 1975~7? varied from:'
£5.5 to 49.0 feet above ground surfaée; and the well flows at the rate
of 239 gpm.

) Consolidated Coal Co. Wells. These wells are four in'number

and are all located in T228 RﬁE,-southeast of the'city of Emery. The
. first well is 355 feet deep, with a static head Eetween’Zl.é? and 25.9
feet below ground level. _The second is 400 feét'deep with wafer.level
7.3 to 8.5 feet below the Surfaée} Number 3 is 236 .feet deep with .
static head between —22 and -23.2 feet; The:fourth haé a depth of 256

feet and a water level of -23.17 to ~24.36 feet.

d) 'E. B. Bryant Well. Located in T228 R6E this well is 406 feet’
deep and the water has a specific conﬁuctivity of 1,800 and temperature
of .55°F. Artesian head is 3.53 feet above ground 'surface and the well

flows at a rate of 30 gpm.
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e) Cedar Ridge Land and Livestock Co. Well. This well is located

in Section 8 of T228 R7E and is 130 feet deep with specific conductivity
of the water 3,700. Water level in the well stands ar 67 feet below

ground level.
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C. COAL MINE WATER

1. Repeat Applicable Portions of A or B to Water Found in Coal Mines
of the Area of Interest:

The only portions of A and B that relate to water in coal mines aré
those.having to do with quantity and quality. In general; quantities
of water in coal mines in most of the area of interest, pafticularly
the southern half or two—thirds, are relatively small aﬁd of fairly
good quality. Some of the mines in the northern po;tion of the.area,
near Price, have larger quantities, and some of thé abandoned oneé'are
nearly filled. For éxample, the Braztah Peerless Miﬂé in Price Canyqn, .
which was aﬁandoned about 50 years ago, has filled.to a depth of 200_
feet. It is estimated that the mine contains épproxiﬁate1y 900 acre
feet of water, and it all must be pumped out before ﬁining can contiﬁﬁe
in another coal seam beneath it.

Sampleszwere collected from some of the mines and an;lyzed at the
UWRL. Additional quantifﬁ and éuality daté'wéfe.ggtherea frdm all.ﬁther
known sources, and these are suﬁmariéed iﬂ Table 10,

Very little water exists in the coal itself, but entefs the miﬁes
from adjacent formations.' Mine opefators monitor the water reguiarly.
sé as to be able to protect themselves and their operation from any pos—
sible adverse effects. Part of the water in each mine is treated and
used for dust control and other in-mine purposes. The remainder is
treated és necessary to meet environmental requirements and dischafged

from the mine.
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Water in coal mines in thé study areaprobably is not present in
sufficient quantity and ae;ial conéentration to sustain a coal slurry
operation of any significant size., Another difficulty in obtaining
.rights to such water wouid beriﬁ proving that it is not now é part of

some other water supply which has already been allocated.
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D. SLURRIES

1. Residential effects of water quality of A, B, and C above on coal
in slurry or ‘as 'a user product.

2. Residential effect of Emery/Salina coal on waters of ‘A, B, and C
"~ above for agricultural uses.

The apparently two most ptobable sources of water for slurrying,
coal are the Navajo Sandstone Aquifer (NSA) and the Ferron Sandstone
Aquifer (FSA). Thgrefore all ofrthe coal slurries that were tested
in the laboratory were prepaféd‘using watef from these two locations.
Coal samples were obtainea from a mine in.Salina Canyqn'beldnging to
thé Coéstal States Coai.Company; from a Consolidation Coal Compény
mine near Emery, from theiUtah,Power and Light Company, Wilberg
Mine near Orangeville, and from the Braztah Miné near.PriceQ

Slurries were made With éoal from three of the.mines'usiﬁg wéter
' froﬁ both the NSA aﬁd the FSA. There was only sufficient coal from
the Coastal States Mine sample to slurry with ﬁater'from the NSA. Coai
sampies were grouﬁd according £o the particle Sizé'analyses sh0wn.in
Table 11 . Each sample was preparéd by mixing 250 g of coal'with_ZSO
ml of water and placed in a mechanical shaker where it was yigorously
agitated for six days. _The water was then dtaineﬁ from the sample.
and analyzed for the various constituenfs showvn in fablea 12 ané 13..'Cleanr
samples of the water before slurrying were subjectéd;to the same analyses,

and these results are presented also in Tables 12 and 13.
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Table 11. Sieve analysis of coal samples.

Coal Sample from Coastal States

Coal $ £ Braztah Mi
oa ample from Braztah ne Coal Mine

Z Total 4 Total

Sieve Weight Ve Sieve Weight Ve
(rum) , _ (e) Retained (). (g) Retained
1,168 (14) 0.02 — 1.168  (14) . 0.05 0
0.500 (35) 31.3 6.3 0.500  {(35) 6.9 1.4
0.246  (B0) 158,2 31.6 0.246  (60) 115, - 23.2
0.147 (100) 91.0 . 18.2 0,147 (100) 124.8 25.0
0.074 (200) 84.3 16.9 0.074 (200) 101.3 20.3
0.043 (325) 112.5 22.5 G.043 (325) ' 91.1 . 18,2

<0.043 ' 16.8 3.4 <0.043 ' 57.5 11.5
494,1¢g 98.9% 497,5g - 99.6%
Coal Sémple from Consolidation . Coal'Sample from UP&L Wilberg
Coal Co., Mine ’ Cozl Mine

Sieve Weight % $ztal Sieve ) " Weight _. % égtal
(o) (g Retained: () : (&) Retained
1,168  (14) <0,1 0 1.168  (14) - 0.1 R—
0.500 (35) 30,5 6.1 0.500 (35) . 16.6 3.3

- 0.246  (60) 174.5 34.9 0.246 - (600 157,4'._ . 31,5
0.147 (100) 160.8 20.2 0.147 (100) 107.1- S 2l 4
0.074 (200) . 78,9 15.8 0.074 (200) &7.6 " 17.5
0.043 (325) 43.6 8.7 0.043 (325) 36.9 17.4

<0.043 71.2 14,2 <0.043 42.6 - 8.5

499.5¢g 99,9% 498, 3g 99.67%
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By mutual agreement with BEAC no tests were run on the coal to
determine what effects, if any,-the'slurrying would have on its burning
properties. Any changes in quantities of constituents in the water
before and_after Slurrying are attributed to the.coal; i.e. they are
either retained by the.coal frow the water, or leached froﬁ the coal by
the wateﬁ.

_Referring te Table 12 and 13; the most noticeable‘effecﬁ of the Slurrying
is the large uptake by the water of Boron from the cdal, and a smaller
uptake of Molybdenum. The concentration Qf Boroﬁ in the water after
slurrying exceeds the recommended limits fér irrigation'watef both for
use on fiﬁe textured alkaline or neutrél soils for up to 20 years, and
for continﬁous use on all soils (see Table 5 ). Molybdenum concéntration
in all sémples exceeds the’recomﬁended limit for comntimuous use, and
Qne_saﬁple exceeds the 20~year use limit as well (see Table. 5 ). _How~
..evér, the molybdenum conceﬁtration iﬁ'the water from both the NSA'énd
the FB8A exceeds the recommend?d limir for continﬁous use on éll soiis,-s
even before 1t is slurried with.the coal.

The minor increases or decreases in concéntrations of the bther
~ constituents in the water apparently do not adversely affect its
potential for use in irrigation. However, the'effectiof changes in

concentrations of these same elements in the coal is not known.
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E. ADDITIONAL INFORMATION CF INTEREST

1. Water and coal samples were gathered from the Atlas-Dirty.
Devil strip mine neat Hanksville, Utah. Accor&ing to tﬁe Monégraﬁh
Series No. 2, 1972, Eastern and Northefn Utah Coal Fields, this coal |
reserve is situated iﬁ.T27S R9E in the northern end of the Heﬁry Mountain
coal field. About 26,000 acres are involvéd with an'averagé of 5 feet |
of coal beneath a shallow overburdeﬁ. Reserves are estimated to bé
22,750,000 tons. |

The coal appears to be bf'near coking quality; and the well that
supplies water to the project apparently is in the Ferron San&stone.'_
The coal is presently being strip-wined, hauied to_éréeﬁ.River, Utah,
by truck, and shiﬁpéd to Nevada by rail forruse by ﬁhe'Nevada Power
Company. | |

2. Mrc. W. R. Snow of Price, Utah, 1eased.é secfiqn of land (Secf
tion 2 T238 R9E SLB&M) whiéh is immediately south of I-70 freeﬁay, about
midway between Salina and Gréeﬁ River, Utah;_ His intent was to construcf
a motel complex on the site, but so far has mot 5éen'ab1e to obtain
access to ihe freeway.from the State of Utah. He ﬂriiled'a 700 ft
deep well on the property which is approximately l;OOOIfeet south of
the I-70 right—dfnway fence. No well log has'been‘located; and no
pumping tests have been performed so we caﬁ only speculate conéerning '
yield; drawdown, recharge rate, etc. HoweVEr,ran_analysis of the water
by Terralab, SZZi Major Street, Salt Lake City shows the'waﬁér'to bé of

fairly good quality.
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3. CXM Drilling Co., Price, Utah, drilled a 1,456 ft deep well,
about 12 miles east of Castle Dale, Utah, near Cleveland in the Buck-
horn Wash country. The waler was extremely salty and weighed 9 1bs/gal;
the well has been capped and abandoned.

4. The IPP study showed that from 21,000 to 27,000 acre feet per.'
year of water could be made available to their plant from the Fremont
River. If the plant isn't built in that vicinity, presumably this séme
water may be available for othér.uses. However, some.of the proponents
of the ICC still think that there is én butside.chaﬁce that the plant
ﬁill be built near Caineville.r | |

From a political point of viéw, vnderground water may bé much more
readily available for slurrying coal, than ié surface water, and

particularly if it is of a lesser quality.
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WATER RESOURCES STUDIES IN UTAH BY THE U.S. CEOLOGICAL SURVEY
July 1, 1977 to June 30, 1978 '

INTRODUCTION

This report summarizes the progress on water-resources studies in
Utah by the U.S. Geological Survey during the period July 1, 1977
to Junme 30, 1978. Much of the work was done in cooperation with
the State of Utah or local agencies; additional supporting funds
were  transferred from other Federal agencies or appropriated
directly to the Geological Survey.

The State and local cooperators were:

Utah Department of Natural Resources
Division of Water Rights
‘Division of Water Resources
Division of 011, Gas, and Mining
Division of Wildlife Resources
Geologilcal and Mineral Survey

Bear River Commission '

Salt Lake County

The Federal cooperators weras:
Bureau of Land Managenent
Bureau of Reclamation

Corps of Engineers
Environmental Protection Agency
Federal Power Commission

The program in Utah at the end of the reporting period consisted
of 22 projects, and a discussion of each project is given in the
following pages. In addition to the 22 projects, work has been

or 1is being completed on reports for other projects. The status

of Tthe reports is as follows: .

oT 117 "Brief overview of the hydrothermal resources of Utah!,
In review. '

Ut 118 “Hydrologic reconnaissance of Wasatceh Plateau - BooR'Cliffs
coal fields area, Utah". In review.
urT 119 "Reconnaissance of chemical gquality of surface watef and

fluvial sediment in the Dirty Devil River basin, Utaht,
In review. ' '

Short descriptions are given at the end of this feport for three
proposed projects to be started on or after July 1, 1978.
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The following reports were released to the open file:

A digital madel of ground-waterrflow in Spanish Valley, Grand and San Juan
Counties, Utah: U.S. Geological Survey Open-File Report 77-760.

Dissolved-oxygen depletion and other effects of storing water in Flaming
Gorge Reservoir, Wyoming and Utah: U.S. Geological Survey Open-File.
Report 78-92. :

Hydrology of the Beaver Valley area, Beaver County, Utah, with emphasis
on sround water: Utah Department of Natural Resources Technical
Publication 63 (in press).

Hydrology and surface morphology of the Bonneville Salt Flats and Pilof'
Valley playa, Utah: U.S. Geological Survey Open-File Repoxrt 78-18.

Hydrologic reconnaissance of the Fish Spriangs Flat area, Tooele, Juab,
and Millard Counties, Utah: TUtah Department of Natural Resources
Technical Publication 64 (in press).

Selacted groundwwater data, Bonneville Salt Flats and Pilot Valley, wvest-
~ ern Utah: TU.S. Geological Survey open~-file report (dupllcatad as
. Utah Basic~Data Release 30)

Selected hydrologic data, Parowan Valley and Cedar City Valley drainage
basins, Iron County, Utah: U.S. Geclogical Survey open—flle reporu

_ (dupllcated as Utah Basic-Data Release 28).

Selected hydrolog1c data, Wasatch Plateau-Book Cliffs coal-fields area,
Utah: U.S. Geological Survey open~file report (duplicated as Utzh
Basic~Data Release 31) (in press).

Water resources of the northern Uinta Basin avea, Utah and Colorado, with
emphasis on ground-water supply: Utah Department of NatLLal Rew-
sources Technical Punllcatlon 62 {(in press).

The following reports were publlshed

Climatologic and hydrologic data, southeastern Uinta Basin, Utah and
Colorado, water years 1975 and 1976: TU.S. CGeological Survey open~
file report (duplicated as Utah Basic-Data Release 29).

Hydrologlc reconnalssance of the Dugway Vallewaovernment Creek area,
west~central Utah: Utah Department of Natural Resources Technical
Publication 59, ' :

Map showing general chemical quality of ground water in theé Kaiparowits
coal-basin area, Utah: TU.S. Geological Survey Miscellaneous Inves-
tigations Map I-1033-A.
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+ Map showing general availability of ground water in the Kaiparowits coal-

basin area, Utah: U.S. Geological Survey Miscellaneous Investigations
- Map 1-1033-B.

Reconnaissance of water quality in the Duchesne River basin and some adja-

cent drainmage areas, Uteh: Utah Department of MNatural Resources Tech-
nical Publication 55.

Seepage study of the Sevier Valley-Piute Canal, Sevier Couniy, Utah: Utah
Department of Natural Resources Technical Publication 58..

The historic level of Great Salt Lake, Utah, in Desertic Terminal Lakes: |

Proceedings of International Conference on Desertlc Terminal Lakes,’
May 2~5 1977, Ogden, Utah, p. 73~79.

Water resources data for Utsh, water year 1976: U.S. Geological Survey
Water-Data Report UT-76-1.



Current Project

-Title and Number: WATER IN BEDROCK IN PARTS
' OF EMERY, GARFIELD, AND
WAYNE COUNTIES, UTAH, WITH
SPECIAL E%PHASIS ON Tuu
NAVAJO SANDSTCHE; UT 76-121 C

Cooperating Agency: Utah Départment of Hatural
Resources

Staff: J. W. Hood, Project Chief
T. W. Danielson, Hydrologist
Other District perscnnel as needed

Period of Project: July 1975 to June 3978

Objective: The prlnclpal obgectlves are the debormﬁnablon of {1 welT ylelds

from the bedrock formations, especially from the Navajo Sandstone, (2) the

long-term capability of sustaining yields of suitable chemical gquality, and
(3) the effects of withdrawal from wells on the surface-water yields of the
Colorado River basin. Implicit in thnse objectives is a general deflpltlon ol
the hydrologic system in the pFOJECb area.

Approach: General definition of the hydrologic systenm includes tha procedures
used in general areal studies, including the accumulation of all available
hydrologic data in the files of the Survey and from other agencies and private -

sources.  Surface-water investigations are restricted mainly to niscellanecus

measurements and water sampling at selected sites. Ground-water Studies
include inventory and water sampling of the few accessible wells and =selected
springs, test drilling, laboratory determinations of the hydraulic properties
cf cores and a few ouberop samples, radioisctope analysis of selected ground-
water sources, infiltration-rate studies, aquifer tests, and digital modeling

of the Navajo Sandstone aquifer. Tensiomsters were installed at two sites in

cuterops of the Navajo Sandstone.

Progfess‘ Field work and report preparation are compWete Three reports are

pending completion of review.

Plans for Next Year: None.

Heports:

Danielson, T. ¥., and Heood, J. ¥W., Recharge to the Navajo Sandstone - some
methods used in its determination: Probable publication as U.S. Geol.
Survey Water Resources Investigation (in review).

-~
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Heood, J. W., and Danielson, T. V., Aquifer tests of the Navajo Sandstone near
Caireville, Utah: Utah Dept. of HNatural Resources Tech. Pub. {in

final review).

y Water in bedrock in the lower Dirty Devil River basin area, Utéh,
with special emphasis on the Navajo Sandstcone: Utah Dept. of Natural
Rescurces Tech. Pub. (in review).
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Current Project

Title and Number: SELECTED COAL-RELATED
HYDROLOGIC DATA, BOOK-
CLIFFS-WASATCH PLATEAU
AREA, UTAH; UT 77-128 T

Cooperating Agency: U.S. Bureau of Land
. Management

Staff: C. T, Sumsion, Project Chief
District personnel as assigned

Period of Project: October 1976 to Septemter 1978

_UTAH

Objectives: From both past and on-golng drilling programs selected ground-
valer data are collected and tabulated to help (1) define the areal extent of
aquifers that may be affected by mining and subsidence, (2) select wells for -
continvation and modification of the water-level  monitering program, (3)
design a monitoring program to detect changes in ground-water quality, and (1)
define areas for additional test drilling and chemiecal-quality testing.

Approach: Data to fulfill the above objectives. have been obtained from (1)
existing file records, (2) field inquiries at drilling sites, (3) collection
of test-drilliing data from all available sources, (%) field measurements of
water levels, spring discharges, and water-quality parameters, (5}
participation in aquifer tests by private companies and/or the USGS3, and (6)
collectlion of water samples for chemiecal znalysis. '

Progress: Hydrologic information from more than 400 sites has besn collected
from multiple sources, pericdic measuremsnts of water levels were made at 10
sites, and fleld water-quality data were c¢ollected periodically at 5 sites.
Field data collection has been completed and a basic-daia report is in
preparation.

Plans for Next Year: HNone

Reports: Sumsion, C. T}, Selected coal-related grbund—water' data, Wasatceh
Plateau-Book Cliffs area, Utah: U.S. Geological Survey Open-File Report
(in review). '
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Curreni Projecst

Title and Number: WATER RESOURCES MONITORING,
CENTRAL UTAH COAL REGION,
UTAH; UT 77-129

Staff: G. C. Lines, Project Chief (part time)
G. C. Plantz, Hydrolegic Technician

Period of Project: Started October 1976; ccntinuing

T UTAH .
Objective: To determine the characteristies of the regional water-resources

system and to detect and document changes in the system or in its components
that may be associated with coal mining.

Approach: Evaluate the existing basic-data collection program for its
regional survelillance value and add additional data sites or upgrade exisiing
sites as needed. Evaluate the data so that changes due to cozal mining may be
detected and documented. : . - :

Progress: Existing data-collection network has been evaluated for its value
“in detecting changes due to coal mnining. Six gaging stations have been .
‘installed in the Wasatch Plateau and Emery coal fields. Gage-house shelters
for eignt stations were built by private contraetor. Contract specifications
for operation of 12 gaging stations and miscellaneous measurements alb 52 other
sites have been prepared. : ' ' - :

Plzns for Next Year: A private contractor will operate 12 gaging stations in
the Wasateh Plateau, Book Cliffs, and Emery coal fields. In addition to
streamflow data, data on water quality, suspended sediment, bed material,
bacteria, and benthic invertebrates will be collected at the 12 stations.
Miscellaneous measurements at an additional 52 sites and chemical quality
sampling at 13 of the sites will alsoc be done by a private coniractor. The
data will be ‘analyzed, quality control will be maintained, and field
investigations carried out to document any changes that occur. The adegquacy
of the program to monitor the effects of coal mining will be evaluated, and it
will be upgraded as funds permit. '

Reportis: Administrative reports will be prepared when changes in the
hydrologic system, due to ccal mining,can be documented.
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Current Project

Title and Number: RECONNATSSANCE OF CHEMICAL
QUALITY OF WATER AND FLUVIAL
SEDIMENT IN THE SAN RAFAEL
RIVER BASIN, UTAH;
UT 78-131-C

Cooperating Agency: Utah Department of Natural
Resources

Staff: J. C. Mundorff, Project Chief (part time) .
K. R. Thompson, Hydrologist, (part time)
District personnel as assigned

Period of Project: dJuly 1977 to June 1979

Objectives: - The basic objective 1is to define the general chemical

characteristics of surface water in the 2,300-square-mile San Rafzel River
Basin. Seasonal variations of quality will be identified, and the general
effects of natural environment and of water use will be determined. ' Specific
problen areas for future intensive investigation will be determined. '

Approach: Available data from other ageneies will be inventoried and
compiled. These data along with information on geology, irrigation, soils,
vegetation, mineral development, and runoff  will be used as the basis for
design of a network of about 50 water-quality observation sites at which _
observations will be made during periods of flow. .Data on general chemistry
of the water will be obtalned seasonally during the perlod July 1977 to
September 1G78.

Progress:  About half of the data collection was complete by June 30, 1978.
The data indicate that major deterioration in water guality occurs in
approximately 10-mile reaches of Huntington, Cottonwood, and Ferron Creeks
downstream from points of major diversions for irrigation. For example,
during the period August 10-19, 1977, dissolved-solids concentrations upstream
from diversions on Huntington, Cottonwood, and Ferron Creeks were 289, 219,
and 312 milligrams per liter,respectively. At the points where State Highway
10 crosses these streams, concentrations were 2,020, 933, and 975 milligrams
per liter, respectively. At downstream sites on these three streams, where -
flow is largely depleted and is composed mainly of irrigation return flow,
. concentrations were 4,600 and #,770, and 5,130 milligrams per liter
respectively. HUntington and Cottonwood Creeks join to form the San Rafael
River; -and about half a mile downstream from this junction, Ferron Cresk
enters the river. The dissolved-solids concentration of the San Rafael Rlver
immediately below Ferron Creek was 5,230 milligrams per liter.
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Plans for Next ¥Year: Complete data collection by September 1 and prepare an
interpretive report..

Reports: None.
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Current Project

Title and Number: WATER RESOURCES OF UNDER-
: GROURD COAL-MINING AREAS
IN THE HUNTINGTCN AND
COTTONWOOD CREEKS DRAIN-
AGE BASINS, UTAH;
- UT 78-133~C

Cooperating Agency: Utah Department of Natural
Resources

Staff: T. W. Danielson, Project Chief
J. R. Butler, Hydrologic Technician

Period of Projesct: July 1977 to June 1980

Objectives: Determine source, quantity, and quality of the baseflow of
surface water in the Huntington and upper Cotionwcod Creeck drainages and
attempt to model snouwmelt runoff. Defire source and movement of ground water
in selected areas and determine areal extent of aquifers. FEstablish baseline
data concerning quantiiy and quality of surface and ground water in areas
where mining is, or is likely to be taking place and develcp methods useful in
determining unnatural changes in discharge. '

Approach: Conduct gain-loss study on all surface water in the project area.
Sample selected sites -and analyze the chemisiry of the water. Using physical
and chemical characteristies of selected ground-water samples, separate water
" into groups such that tracing of the water from one area to another is
possible. In addition to these characteristics determine precise elevations
of spring orifices. Assemble ground-water data which may permit delineation
of the areal extent of the aquifers. Use statistical methods to develop
relationships between discharges of certain springs and streams.

Progress: Gaging stations were installed in Tie Fork Canyon, Crandall Canyon, -

and Cottonwood Canyon and the gage in Huntington Canyon was reactivated.
Discharge was measured periodically at several sites. Aboubt 40 springs were
sampled and the chemical quality was analyzed. Biological samples were taken
from several surface-water gaging sites in October 1977. Five recording rain
gages were installed. ' o

Plans for Hext Year: Continue collection of spring data. Complete gain-loss
study on surfzce water. Attempt to model snowmel: runoff in selected areas.
Collect biological samples at selected surface-water sites.

Reports: None.

35



Current Project

Title and Number: HYDROLOGY OF THE FERRON ;
T ' SANDSTONE IN GASTLE VALLEY !
AND EFFECTS OF STRIP
MINIKG NEAR EMERY, UTAH; ‘
UT 78-134~T o ]

_ }
Cooperating Azency: U.S. Bureau of Land Management E
!

Staff: G. C. Lines, Project Chief {part time)
D. J. Morrissey, Hydrologist - !

E
r Eadar £12
Py
1Y
[

Period of Project: October 1977 through September 1980 L_#5%

UTAH
Objectives: (1) Determine the effects of stripping the upper confining layers
of shale from the Ferron Sandstone aguifer and mine dewatering on:

- {a) existing wells and springs; ' Co T o .
{b) the base flow and inorganic quality of water in affected streams;
(e) quality of water in the Ferron Sandstone aquifer; and D
(d) rates and directions of leakage batween the aquifer and the confining
layers. : ' Co

(2) Determine the effects that erosion and solution of stockpiled overburden
may have on the sediment and chemical characteristies of streams and the
stream aquatiz life.  (3). Determine the recharge~discharge relationships, -
aquifier characteristices, and the quantity and quality of water available from
the Ferron Sandstone throughout  Castle Valley. :

Approach: Standard techniques of hydrologic investigations will be used, in-

ccluding: well and spring inventory, observations of water-level fluctuations,
determination of aquifer coefficients, seepage runs on streams, geophysical
lozging of wells, construction of a digital-computer hydrologic model.

Progress: The well inventory has been completed,'and the spring inventory

partially completed. Water samples and levels were obtained from
approximately 15 selsmie test holes into the Ferron and overlying Blue Cate
Members. Three seismic holes in the Blue Gate were cased for water-level

monitoring.  Water levels have been measured. monthly at five wells in the
Ferron near the Emery Mine, and power consumption from the mine-discharge pump
nas been obtained monthly. Two recording rain gages have been installed.
Aquifer tests have been run on two wells in southern Castle Valley and
arrangements have been made for three other aquifer tests at existing wells.
As part of the EMRIA drilling program, arrangements have been made for three
other aquifer tests (with observation wells). Drilling specifications have
been prepared for test holes at eight additional sites to define level and
quality of water with depth.

36



One seepage run on Quitchupah Creek and Christiansen Wash was completad.
Gaging stations on these two streams are operational, and quality-of-water and
sediment samples have been collected. Single-stage sediment samplers have
also been installed at the two sites. '

“Cores for EMRIA drilling have been obtained for laboratory analysis of the
rock hydraulic properties. Cores will also be used for laboratory experiments
on leaching. '

Plans for Next Year: Aquifer tests and sampling at EMRIA test holes and USGS
wells. Seepage measurements in the fall and winter. Continued gaging station
operation and chemical quality and sediment sampling. Initiate seasonal -
sampling Tor benthic invertebrates. Begin construction of a digital computer
model of the ground-water system. Complete laboratory leaching experiments.

Reports: None.
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Current Project

Title and Number: HYDROLOGY OF THE CENTRAL
WASATCH PLATEAU, SANPETE,
SEVIER, AND EMERY COUNTIES
UTAH; UT 78-135-1

¥

Cooperating Agency: U.S. Bureau of Land
- Managenment

Staff: G. C. Lines, Project Chief (pari time)
C. T. Sumsion, Hydrologist
Vacancy, HJdFOlOglG Technician :
Jd. E. Tooley, Hydrologist (part tlmn)
District Personnel as assigned

Period of Project: June 1978 through September 1981.

Cbjectives: (1) Define bhe extent a“d characteristics of aquifers above,
within, and immediately below the coal-bearing sections of the Blackhawk
Formation. Also define areas of aquifer recharge and discharge and the

quantity and quality of water held in storage in each aquifer.  (2) Datermine
the existing seasonal variability in the quantity and quality of surfzce water

and the stream aquatic life. (3) Estimate wvolumes of runoff and areas
inundated by runoff from storms having 1-, 10-, 25-, and 100-year recurronce
intervals. - (4) Determine the: 1ocatlon and sources of water supply for

significant domestic, agricultural, industrial and other uses. Identify ..

municipal watersheds and agquifers thac are the sole source of supply for
public use. Determine the existing seasonal variablity in gquantity and
quality for the major sources of supply. (5} Where possible, predict the ef-
fects of underground coal mining and associated surface facilities on the
quantity and quality of surface and ground water and stream aquatic life, with
emphasis on aquifers and muniecipal watersheds that are the sols source of a
public water supply. -

Approach: Standard techniques of hydrologic investigations will be used,
including: well and spring inventory, observations of water-~level fluc-
tuations, aguifer testing, seepage runs, aquatic-biota surveys, surface-water
‘sampling for chemical qUﬂllty and sediment, flood- frequency analysis for peaks

and volumes of flow.

Progress: Contact has been made with Conservation and Geologice Pivisions énd
arrangements have been rade to case and test approximately 10 test holes.
Spring inventory has alsc been started.

Plans for Next Year: Continued data colleetion and analysis. Work will also

be completed on a preliminary report Lo be used by BLM for environmental
analysis.

Reports: None.
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Proposed Project

Title and Number: - WATER IN BEDROCK IN THE
NORTHERN SAN RAFAEL, SWELL
AREA, EMERY AND CARBON
COUNTIES, UTAH, WITH
SPECTAL EMPHASIS O¥ THE
NAVAJC SANDSTONE; UT 136-C

Cooperating Agency: Utah Department of Natural
Resources

Staff: J. W. Hood, Project Chief
Vacancy, Hydrologic Technician
Other District Personnel, as assigned

Period of Project: July 1, 1978 to June 30, 1981

Objectives: Determine or estimate so far as possible: (1) Potential well
yields of the pre-Mancos Shale formations. ° (2) The long-term capability of
the aquifers. to sustain yields of water of useful chemical quality. (3) The
probable effects of ground-water withdrawals on the surface~water supply of
the Coloradoe River systen. Implicit in these objectives is a general
definition of the hydrologic system in the project ares. ' S

Approach: Definition of the hydrologic system will use the procedures of
general areal studies, including accumulation of existing hydrologic and
geologic data, and the. use of existing base maps and geologic mans with minor
modifications made in the field. o o

No surface-water gaging network is planned; concurrent and previous data will
be used. Miscellaneous streamflow measurements and sampling will be done only
in selected areas that may provide data significant to the ground-water
evaluation. o

The' distribution, thickness, and structural attitude of équifers ‘will be
evaluated from existing geologic maps, photogeclogy, and the relatively
abundant data from oil-test holes and other mineral exploration records.

The ability of the aquifers, such as the Navajo Sandstone, to take in, store
and discharge ground water will be evaluated from any well tests that can be
run. Such tests will be supplemented by other tests, possibly . including
outecrop tensiometer installation, ring-infiltrometer tests, and laboratory
tests of rock speeimens for hydraulic conductivity and porosity. The data
obtained will be used for a generalized digital model for evaiuating general
conclusions and computations-construction of a predictive model is considered
unrealistic, owing to the lack of data and the fracturing that modifies the
basic¢ aquifer characteristics. ' -
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Existing chemical analyses of ground water will be supplemented with selective
sampling. In general, only the common dissolved econstituents will be
determined and evaluated for utility of the water, but some minor or %trace
elements may be determined for the purpose of interpreting interformational
movement of water.
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Cooperating Agencz: U.8. Bureau of Land

Proposed Projeet

Title and Number: HYDROLOGY OF THE PRICE
RIVER BASIN, WITH EMPHASIS
ON AREAS UNDERLAIN BY COAL;
- UT 138-I :

Management

Staff: Vaéanoy, Projeect Chief
Vacancy, Hydrologie Techniéian

Period of Project: October 1978 to Septemver 1981 |

Objectives: To determine the effects of preseﬁt and proposed coal mining on

the hydrology of the Price River Basin. - Specifically to determine the effects

of coal mining (ineluding the effecis of existing and potential land’

- subsidence) on surface-water quantity, quality, and biology; ground-water

recharge, movement, discharge, and quality; and sediment yields.

Approach: - Study the occurrence of ground water in the basin ineluding
recharge, movement, discharge, and aquifer properties. Evaluate surface~water
supplies, including identification of streamflow, of flcod~prona areas,
biological characteristies and sediment yilelds. Determine surface water-
ground water interrelationships and the chemical characteristics of ground and
surface water, Study: the occurrence of water in existing coal mines and

evaluate the effects of mining on the hydrologic system.

Plans for Next Year:

1. Literature survey and search of the files of Federal and State agencies to
compile data previously colleected in the azrea that will be useful in this
study. _ . '

2. Contacting coal and oil companies to obtain drilling data and available
: nydrologic data, including data on the occurrence of water in existing
coal mines. : ' '

3. Inventofy of wells and springs and collection of samples of surface and
ground water for chemical znalysis.

4, Determining water-bearing zones in the stratigraphic section using
information obtained in (1), (2), and (3).

5. Making seepage measurements along streams to indicate reaches gaining water
Trom or losing water to the ground-water reservoir.
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6. Designing a data~ccllection network to supplement present and past sites

for collecticn of surface-water, ground-water, sediment, water-guality,
and precipitation data. '

7. Determining the need for test-drilling to obtain grouﬁduwater data; and if
deemed necessary, design a drilling and testing program and prepars

specifications for a contract. -

8. Conducting aquifer tests on existing wells to determine hydraulic
characteristics of aquifers.
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