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llYDROGEOLOCIC HEPOP.T Of fiUTTfHC1\NE !.l1\'.3HI 

Introduction: 

At the request of Creamer & Noble, Inc., Consulting En�ineers for 
Hurricane Cit_y ancl city officietls I have made a hydrogeolo,_�ic study of the 
structural basin in which Hurricane City is located. The objective is to 
delineate the extent of the underlying groundwater reservoir, and determ­
ine the inter-relationships of the various water wells, sources of re­
charge, and direction of groundwater movement -- all to show the effect 
of chanp:ing the point of diversion of various 1:rater rights to 2_ recently 
drilled test well for the City. 

Besides prior, related visits �nd study of the area, the area was 
recently exar;iinecl in further detail and research has been made of the 
follo�·1in.,� sources: 

Cook, E. F. (1960), "Geoloric Atlas of Utar,," Bulletin 70, Utah 
Geological and 1-lineralogical Survey. 

Cordova, n. M., et al, ( 1972), "Ground-l•iater Conditions in the Central 
Virgin River Basin, Utah," Technical Publication No. 40, Utah Division 
of Vatcr Rights in Cooperation with V. S. Geological Survey. 

Crear:ier & Noble, Inc. , Consul ting Engineers ( 1978), Personal 
Corrununica tion. 

Hansen, V. and Associates (1978), "Hurricane Sewage Lagoon Dye Test," 
208 Study. 

State Engineer's Office (1978), Utah Division of \·later Rights, Well 
log and water rights files. 

Stoker, G. (1976), "Hurricane City IJ/ell Test," Memorandum Report of 
Pumping Test on Well in SW½ Sec. 6, T 42 S, R 13 W. 

Heylum, E. B. ( 1963), "Guidebook to the Geolog;y of Southwestern Utah," 
Twelfth Annual field Conference, Intermountain Association of Petro­
leum Geoiogists. 

Utah Division of Oil & Gas and Mining (1978), files of oil and gas 
wells drilled. 

U. S. Geological Survey (1954), Hurricane, Utah, 15-Minute Quadrangle, 
Topor;raphic Map. 
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A hydro.?,colo,c;,ic rncH1 has been r1ren;u·ed of the subject area i::nd is 
included as a part of this rcncirt.:. Hcfcrence should be ,1ade to this ;;ia;) 
as the follo•·iing information is re�td. 

GeoJ.01.•y and i!ydrolo,;_y: 

The c1rea of concern •,c;es t ;:md southwest of l!urricanc Cit:;, 1•;ithin 4 
- 10 railes distance is a topographic bench - valley which is butted against
an abrupt and steep escarpment to the east, bein::r, the Hurricane Fault, and
is bounded on the north and we�t by the Virgin River gorge and valley.
To the south the bench - valley becomes low, sand covered mountains which
produce a sharp and steep, southerly escarpment that bounds Warner Valley
on its north side. The north encl of the area has been pierced by volcanic
eruptions and associated lava flows of various ages of basalt, cinders
and clinkers� with at least three cones being well preserved.

The underlying sedimentary bedrock strata consists of the Jurassic 
ap;e Navajo Sandstone, well lrnovm in southprn Utah. This cor,r;:ietent and 
massive, eolian derived sandstone h'."ls undergone downwarping to form a 
prominent synclinal basin beneath the area. This syncline is trending 
northeasterly and parallels the Virgin Anticline which is a fe-,•1 r::iles to 
the \•rest with its axis being Purgatory Flats. The 1,1est limb of the Hur­
ricane Syncline next to the Virgin Anticline is steeply dipping to the 
east causing the Navajo Sandstone to be bent upward here and truncated 
by erosion. The Navajo Sandstone is a fine grained, crossbedded'sandstone, 
with subrounded to rounded grains being cemented with calcite and iron 
-oxide and in some places loosely cemented to friable. It is well jointed
and fractured l'ri th .nost of the open joints and fractures trending northeast­
erly, parallel to the principal structure trend. Less prominent and fe\'rer,
open joints trend north\•;esterly and southv,esterly and intersect the other
joints. All of the joints dip steeply 54-84° easterly or southeasterly.
The primary or intergranular porosity is estimated to be 15 - 20 percent
with low permeability, but where fractured and jointed, the porosity and
permeability is increased considerably, depending on the degree of structural
deformation. From aQuifer tests conducted by the U. S. Geological Survey
(Cordova, 1972), by testing pumping wells completed in the fractured
Navajo Sandstone near Leeds and Gunlock, the hydraulic conducti vi t<.1 is
15 - 20 feet/day and the specific yield is 30 percent. Although the total
thickness of the Najajo Sandstone is near 2000 feet in southwestern Utah,
within the study area erosion has removed an estimated fourth of it. Two
,•1ells drilled by Flora Tech in Section 7, T 42 s, R 13 �·J, cut apparently
1450 feet of Navajo Sandstone before penetrating the underlying Kayenta
red shale and sandstone.

Underlyinc the Navajo Sandstone formation is the Triassic Kayenta 
formation is the Triassic Kayenta formation consisting of interbedded, 
brownish-red shale, siltsone and sandstone. It is about 600 feet thick 
and outcrops around the west and south edges of the Hurricane Basin as 
seen in the cliffs north of \•/arner Valley and the ledges east of the 
Virgin River and south of Berry Springs a few miles. The forr.1ation is 
tight of very low permeability except for some of the sandstone u.iits near 



joints ':1ithin the uprv�r ::.:oncl:3ton'.; :. ini ��:=: 
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o.f �:he
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Overlyin1 tl1e eroded surface of the Navajo Sandstone formation in the 
Hurricane Basin is the Ouaternary - Tcr tia.:-:J af,;e seque:1c:e of b;:t:::;cil t lava 
flo·,vs. In the northern end of the basin north,:est and south,.-1est of flur­
ricane Ci DJ are three prominent volcanic cones. In�:erbedded 1•:i th the 
basalt are some clinker and cinder beds alo.1:; ':Ii tr1 sor.:e ,mcient clay 
ancl uavel lenses. The f:lain lava de;,osit nortl1':1est of :fu.rricaine and 
paralleling the Virgin River, aooarently filled the orir;inal Virgin River 
channel, and being more resistant to erosion than acljacent forr�ations, 
caused the Virgin River to be shifted north and north,1est.-1a1°d into its 
present-clay channel. Th8 lava con t:.'c1cted 9url nh: rapid cooling causi ,1p: 
extensive :fractures throughout, bJt the present-day porosity and permea­
bility of the formation depends en the de,c;.ree of :filling of the :fractures 
with clay fror:i cinder alteration, interbeddcd cinder becls a.ncl :i.nt<.::rcalc1t8d, 
ancient alluvial deposits of clay, s:ravel and boulders. 

At the east edge of the Hurric:J.ne Basin nezt to the Hurricane Fault 
and beneath Hurricane City, bedrock formations incluc.iin2, so;;1e of the lavo. 
beds, are dropped do,•m relative to the Hurricane Cliffs to the east. Here 
the lava :flm1s are overlain and intercalated v;i th Qua ternary age and older 
alluvium, consisting o:f clay, silt, sa,1d, gravel and boulders. Except 
in the alluvial fan deposits at the mouths of Gould Wash Canyon and Froe 
Hollm-1 Canyon, the alluvial sediments are tight and yield only sr:iall 
quanities of water to wells. The Cannon well drilled to a total depth 
of 400 feet in alluvium, at the mouth of Frog Hollow Canyon :i.n the N;f 
Section 15, T 42 S, R 13 W, is an exception which yielded a reported 
1. 5 cfs from gravel-sand beds, on a pump test.

Recharge source and direction of groundwater movement in the Hurricane 
Basin can be indicated by plotting existing wells and static water levels 
in relation to topo_s;;raphy and geolOR1/, and contourinc1; the piezome tric 
p,round1•1ater surface as sho':m on the attached map. The arro,.,rs are attached 
to the contour lines to emphasize the actual direction o:f �round,•;ater 
movement. Thus, it is seen that the two principal source areas of recharge 
are the east edge of the Hurricane Bo.sin at and near the Hurricane Fault 
and the south end of the basin in the sand dunes area. The annual precip­
itation over the Hurricane Bench area averap;es only about 10 inches. 
Therefore, the groundwater recharge at the south encl including the sand 
dunes is limited to this ar.1ount above \1ater level elevation 2900 feet, less 
evapotranspiration losses. The east edge of �1e basin and the total basin 
below f!:rouncJv1ater elevation 2900 feet is r,e ttin_;:; grouncl 1:1atcr rcchc1r.:;e 
benefit from the natural prccipi tation over that area, infiltration from 
irrigation 1-mter brour;ht in fror1 the Virr,in River via the Hurricci.ne Canal, 
the c:-:tcnsi vc clrainc1ges of Gould 1:10.:::;h and Fro.r� I(ollot1 1-1hich corne off from 

t:l1c t:on '._-jhicf1 2.re joint:::ccl ttnd .\'ii:; L·:l ~;r:1~·1.lJ_ (111c1.:-i.l:i l:.i.(;:; of' 1.-i:::!..tcr- to [;:n"'in~s 
suc:h ;~;; ':/illo 1.1 :-;~·n ... in_:r, :-:an,:::l f,lounL.-·tLn ~)prir1 2nd '-:::1ct?r:;--- 1/al rin,~ :-"tt: 



tht�: h.Lf,)1cc, i'.11r1�icnnc Clit-�:; ;_·Lr,_·::_t to �:ltc C(� __ ;\:,. ;-i.rvI :--:n:;,�u�•�::1Ll:.: :--:'.'"l.t1:: ;;1.:;e;Jct'.:c
lo�::;:ic:-; C:--�(1r1 tlic \fir n l:lv·��r �-:h•�r'·� "L \.:: )l;--�:-.�:;r;;:� ovcc t�i1c: ()lll...r.=:t'n:1: .:.r·: ::��il)0b 
Lim:;.::; t:H10 � 

!liver ·on in Sections 2'J c1nd JO, T ,n S, F
Here te3t drillin� with associated vatcr 
into the !�aib,.ib Lir:;estone 

in t.:h(; �Jotto�:1 or the 'lir,sin 
lJ 1."i, r.c)r l-:hcc:.::.,; t of ! �urricane .. 

lit�/ tc� �:� ·,.:,::r� conducted 

posed Di.:<ie Froj ec t st:ora;•/:! dai;t·.. ThcsR tests sho;.•i(;.:-1 thr: ��.::1i G8b Lir:1.estone 
to be his\hly i'lermeable and for this reason the propo:c;e:-1 ci2.,7sitc \-.cas 2ban­
doned .. 1/i�:uul e:-:ar.1ina.tion of the V2..ib2b Limestone. h�rc. and el� -�c1.,1hcrc 
alons the Hurricane Cliffs show it to be well fractured and containin� 
many solution channels.. 0;-i the attached ;:1a;:i it c:.111 be noted th2.t the axis 
of the Hurricane Basin Syncline projects through the Hurricane Fault 2nd 
directl:,, throup,h the Virr),!1 River. Here, the \/irrr,in Hiver passes over the 
permeable, upper limestone units of the Kaibab Limestone. These limestone 
uni ts are in terbedded with tight shc1le beds •!ihich in the botto,:1 of the 
compressed syncline axis, could function 0,'s a trough to convey infiltrating 
Virgin River ':fa ter on an es l:ablished gradient, south-,,es b1ard to the Hurr­
icane fault about a mile or tv:o south of Hurricane City. At t;1is point 
1,:here drainage 1:;a tcr from Gould 'c'lash and Frog l [olJ.0,,1 have leached through 
the fault zone to increase its cross-permeability ? the transported Virgin 
Tiiver 1-1;:,i,ter could be enterin8 and helpin;:; to recharge tl1e Hurricane ,Jasin 
aquifer. 

Fro;;i a pumping test at a mazimu,11 rate of 55G gp�1 conducted in July 
1976, the Hurricane City test v1ell located in the nr:;� Sec. 5, T 42 S, 
R 13 W, SLB & M, was shown to have little or no 2ffect on nearby wells. 
The test was conducted under the direction of the State En;;,:ineer's, Area 
Engineer Gerald Stoker. ':later level ooservations in four other 1,1ells at 
a distance of 2410 - 9120 feet 2way fror;i the pumped ,,1ell showed no drop 
during the 72 hour test period. The pumping rate was 556 �am for the first 
72 hours of pumping, creating a water level d.rm1down of 74 feet in the 
pur,1ped 1•1ell. The pump testing continued at hig,her rates of 763 and 125Ll 
gpr;i for parts of tvro more days until the pump line shaft bristec1 off. 
After repairs, the well 1·1as purnped at a rate as hi_:2;!1 as 6 cfs, according 
to my understanding from the city officials. Thus, in this locality it 
is very apparent that the unconfined aquifer o:f the tiavajo Sandstone is 
well jointed and fractured, has great storac;,e of £:round v:atcr, and :::-apid 
recharre to the Hurricane City test ,.,;ell. 

� is obvious that the fractures and joints within the Navajo Sand­
stone and any injected basalt associated with it, arc the main source of 
perr:1cabili ty or hydraulic conduc ti vi ty, and of the high speci fie yield 
(water-yielding capacity in percentage of the total volume of roe;: occupied 
by the ul tirnate volur.ie of water released fror,1 storage per unit decline 
of the water table). Thus, in drilling into �1esc formations, no mud 
should be introc1ucecl under pres�,ure such as is clone with mud-rotary equiD­
ment. There are several examples of wells drilled into both the Navajo 
Sandstone and the basalt focmations 1-rhcrc the ground ,,ater \·1as nez:irly or 
completely mudded-off due to mud injection and plu?ging of the formation 
join ts 8ncl fractures. On the other hand, there are ·,1ells drilled \•ti thou t 
r.1ucl-injcction by use of c;:ible tools ':1here the resultant _;;,rounclwater yields 
were hi,0;h, such as the liurric0ns C.i. ty test \,1ell and sc'-1r:c3l other -.,:ells. 



t\��::-�oci.z�l:c::;, co;isulLin/� er: �incc:r0 1 under- ;_1, i'(...!d�r::J.1 ?ci�) :-;!:1Ll,·_,- 1 0;1 tiie 
J!ucricr:-HV:::! C:i sc�·r1,1 1 r,� ltl::o<:--in cC-flui:�nt, f1rcU1cr UtYlt.:r:.:t:Drv!i.tt - of th:: 
[�rounr}.-10.l:er !i;ovc11cnt in t:hc: ar 1�::�L h2s been ::-.;hcY�·,,.n� Tit.l�; t°.€':_;t r_:oncl:1ct':!c: in 
Scr1tcr:ibcr - flovcm{)cr, liJ7G, :.::::10'::ed 0. rcip1:_� ;;io·Jci:.cnt of ?COUil,.l \1l;::-1tcr f'ra::-i 
the sewa,r�e lc1_�;oon 1:1it:hin tJ1e Sc;c. 3,11., T lLl S, n 13 1

.'.
1

, fiC"Jct1v.-;2rcJ, 
north·:1!-::.st 1:r:::1cd and v.rGSt\-lc.lrc1. Ti1i:-; sho',\1:-,:; the ncr..:::d to h::�'.1e t;-1c 39;-'.12.:��,€! effluent 
tre� tc.!d to r·t cicr�ree that it c1oc0 not cont,:1:-i:.i..rFl te the; ,.-_round·::::i teT a qui fpr 
with coloforri1 bacteria, or else cor1ve:,t the crrll�cnt: �Jir,cline cl.i.rcctly 
to the Viri�i n River. 

Summary, Conclusions and Recommendations: 

The combination o:f data collected an. _'. anal_yzed shoi.,,s ti12..t ground 
t.rater is movin� from the Hurricane Basin a,iuifer to th8 Vir:3in Tiiver, to 
the north, northwest and i•JCst, but restricted in its ,•;esb::ard and north­
westward movement by the up'1rarped beds of ;Cayenta Forna tion. Ground 
,•1a ter is also moving fror,1 the aquifer to the southeast directly tu,rarcls 
the Hurricane fault zone at and near Sectio:-i 33, T 42 S, R 13 \','. 

Thus, unless this "snillage" 1•1ater from the grounch-1atcr aquifer is 
pumped and used, it \•rill be lost from the �roundv:ater reservoir in to the 
Virgin River, and Hurricane Fault zone to the south. A total draft on the 
}lurricane Basin aquifer in excess of the recharge inflow will cause a 
declining \·rater table.. Ho1.·1ever, the tot2..l sr�orc-i,_ze in the aquifer is large 
and Cordova, R. M. (1972), U. S. Geological Survey, estimated a recoverable 
volume o:f ground water :from the Hurricane Bench of 10,000,000 acre-feet. 
Of course, in thouse of the grounchrater reservoir it 1•1ould not be desir2.ble 
to mine the water to this total volume, but wise use o:f the groundwater 
storage would al low a ',Ji thdra\•1al and rei)leni shment throughout each 1:1a ter 
year similar to the manner in which a sur:face-1.vater reservoir is utilized. 

Some adjustments in water distribution to satisfy water rights in 
order o:f priority would need to be made once peripheral springs decrease 
and shallow-completed wells experience water levels below their pump 
setting. Hmrever, this would not be necessary unless a continuous and very 
large draft of water from the reservoir is experienced. J\ 10,000,000 
acre-foot reservoir must experience very large volume removals in order 
to cause much of an overall decline in the 1-rater level. The pumping 
test in the vicinity of the Hurricane City test well in Section 6, T 42 S, 
H 13 W, showed nil or very little effect of the pump well cone of depres­
sion on other ,·:ells, mainly because of the lar.P,e groumh•;ater storo.ge in 
place. 

It is apparent that all or· the ,Sround v1ater within the Hurricane 
Basin is interconnected but with varyinr:. decrees of permeability clue to 
the de.E;ree of open fracturing and jointing in the bedrock, and the nature 
of the alluvi;::il sediments in the east side of the basin. One may compare 
the location of different well locations and aquifer discharRe points to 
that of a surface river and lake system with its various water diversions. 
To change the point of diversion from the S:Jilling part of the ifurricane 
Basin aquifer baclt to the center of the reservoir or nc�r the recharge area 
would be sir�ilar to rnovin[', the point of diversion o·f the surface system 



no int:�rvcni�1.'""i: 1.rJ.tsr ri:-.:ht:.:; L:;1at ·,;ould t)(�� :1n�1-bl 1-:: to :Jc �-=:ati��riec.l tttrou��h 
the chiJ..nr·.e, there �:�houlcl be no cl i.. free enc>� on th<.: to Lal draft of th8 s_ystem .. 
If such ;J. cr1Gn_(�e 1.1oulc1 ca.u.::;c an intcrvcninr; rir;ht: ...lco be climinishccl in its 
allottcd su;:mly, then rc:iL: 1cer�cnt of ;;ater 11ould be necessary. To cletcrm­
inc the interrelation <1ffect of one riccht to c:,notlv:ir, 1•1ater c1easu;:-enents 
could be mad":! before and c1ftcr the change on al.l invol•,;ec! \-.'ater rir:;hts .. 
Although, this would require added effort and exnense to what is presently 
being done, to more cfficently use the cxistin� iroundwatcr resource, it 
could be justified. 

To move a v;ell ':1ater ri2)1t fro;;: a less favorable oart of the _rr,round­
water reservoir such as in or near Section 33, T 42 S, TT 13 W, or along 
the very west or north ed:;::;es of the Hurricane Basin, back into the deeper 
and central part of the basin v:ould constitute an advantage over 1:;hat Has 
originally appropriated. HoHever, it appears that the pronosed change of 
the Graft \'1ater right r~rom the SU'i Sec. 32, T 42 S, f: 13 1:/, to the City 
test ,•;ell in the S\•IX Sec. 6, T /,2 S, TT 13 \·/, is r,1oving froi'c one spill 
point of the aquifer to another spill point. T11e riro:Josal to change the 
Wilson well right from the southwest Corner of Sec. 15, T 42 S, TI 13 W, 
in the alluvium of low permeabilit:y to the City test 1.1ell in the S 1:1';:j 
Sec. 6, T 42 S, R 13 W, is movin� from the 
aquifer to near the lov1er spilling edge of .L• • .I'.' l.,ne a qui i er�

rechar,ce in the 

So long as an operational system of diversion and distribution of 
all existing 111ater rights in the aquifer is setup to satisf'y each right, 
then changes that would constitute a better utilization of the available 
large resource of ground water, should be imple�ented. 

Respectfully subrni tted, 

3512 South 100 East 
Bountiful, Utah 84010 

Telephone 295-8592 

higher area of 






