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Data were gathered on the locaticen, history, permanence,
and quality of surface water resources within a 1,881 square
mile area in northern Arizona. The availability of surface
water was found to be primarily related to geologic struc-
ture, aquifer mechanics, and annual precipitation. The Muav
Limestone is the major geologic formation in which perennial
springs arise, while locally other formations may yield
gmiller quantities of water. Ephemeral and intermittent
water sources predominate in the region, with the few peren-
nial streams (excepting the Colorado River) being related to
large perennial spring systems on both the north and south
sides of the Colorado River. A classification system for
surface waters in the southwestern United States is presented.

INTRODUCTION

The zeasonality and limited availability of water 1n a priua
repron such as Grand Canyon Natlonal Park dictate the fact that watev
is a precious commedity, wmuch in demand by man and the biota. A

vical first step In the management of arid lands natural areas would
ho a comprehensive [nventory of the surface water resources. General-
i.od water vesource inventories covering large geographical areas
cxist (Caldwell 1968, Arenal 1969, Qureshi 1975, Qureshi 1978),

althongh detail ° inventories of arid lands natural areas are lary ly
weavallablie. 1, paper presents informar{on on the methodolegy and

results of an inventery of surface water resources {in the Grand Caryon
region of northern Arizona, with a classification system for surface
waters pplicable to the southwestern United States

*Funded by the National Park Service to meet provisions of Section 208
of the Federal Water Pollution Control Act Amendments of 1972 (Putlic
JLaw 92-500).

“Cooperative Natlonal Park Se¢rvice Resources Studies Unit, University
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*iivision of Resource Management, Grand Canyon Natiomal Park, Grand
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Previous water resources research in the Grand Canvon region, while
providing a wealth c¢f information on various topics pertaining to the
availability and location of local water sources, has not produced an
orvanized system of information on reglonal hydrology. No scientific
information on Grand Canyon was available until publication of "Report
upon the Colorado River of the West" (Ives 1861), which contained scne
mention of leocal water sources and availability. Powell explored the
length ¢f the Grand Canyon in 1869 and noted the presence of water
sources In his journal, "Exploration of the Colorado River of the
West" (Powell 1875). The "Tertiary History of the Grand Canyon District"
(Dutton 1882) was later published by the U.S. Geological Survey (USGS),
autlining regional spring locations and other exact water resource
information. The USGS gathered the majority of water resource informa-
tion after : including a synopsis of tributary flow into the
Celorado River oy LaRue (1925) and Johnson and Sanderson (1968) Ao
the majority of the region is extremely arid, much work has b
to define the zeologic occurrence of ground water supplies, 1r
¢ locare potonrially productive drilling sites (Metzger 19 NIV S
7). Recent wesearch into regional hydreology includes karst hydrology
Hantoon 1868, 1974), hvdro-mechanics of local ground-water systems
Hontoon 19703, and "The Relationship Between Tectonic Structure anc
Aguiter Mechanics in the Western Grand Canyon District, Arizona"
iHuntoon 1977). A series of USGS maps showing local ground-water
covditions is o 'v partially published (Farvar 1979).

STUNY AREA

T s ' area encomposses 1,881 sguare miles within Coconino and
“vhave unties between latitude 36°00' and 36°28' and between longi-
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L1745 and 1127453, The Grand Canyon region is an area of
iiph, semiarid plateaus dissected by deeply entrenched drainages
tormed by the Colorado River and its tributaries. Elevations in the
region range from less than 300m to 2850m, creating a mosaic of pri-
marily non-forested habitats. The entire region is characterized by a
relative scarcity of open or flowing water sources and minimal
srecipitation (25-76 cm/yr) which may vary greatly from year to year.

METRODOLOCY

Duta were gathered on the location, history, permanence, and quality of
surface waters in the study area. Information was stored on inventory
field cards developed specifically for that purpose. Site numbers
plotted on corresponding maps, and locations noted In mercator
coordinates on field cards to aid in computer-location and mapping.
and fleld cards are on permanent file with the Division of Resource
Managemenc, Orand Canyon Natiomal Park.

A rroject priority was to compile a list of known perennial water
sources within the study area. Sources were classified as perennial
nn the basis of detailed records indicating the scurce had not gone
duy within historic times, or the presence of plants dndicating
crernial sucface waters. Maidenhair fern (allantum capillus-vener?
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was used as an indicator of perennial surface waters in areas below
the rim (approximately 2150m) of Grand Canyon. Three other hydrophytic
species exist within the area whose prescnce requires moist mud or
rich, moist soil, but whose relationship to perennial surface waters
was not understood completely enough or early enough in the inventory
£0 useful. Columbine (Aquilegia chrysatha), crimson monkeyflower
(Mimdlus eardinaglis), and helleborine ovchid (Frpipactis gigantea) all
require moist mud or mesic habitats (Kearney and Peebles 1951). The
Gove-mentioned species all have shallow root systems which would
tpyvear to he an adaptation to wetter conditions. No published

carch was found to justify the use of any of the four above plants
indicators of perennial surface water. Prominent Dhrearophvtv
{es 1xciuuing cottonuwood (Fopulus fromontil), willow (S5alia
v, mesquite  (Drocopis juliflora), and the introduced salt co(nz

Y

vl eh7nensie) have not been found to indicate perennial surface

S0 appropriate classification scheme for the Southwest at the level of
tail needed was available. Inventory sites were classified accordiug
to the system devised specifically for the project (Table 1). This
cvstem addresses biological concerns, endangered and threatened species,
political concerns, limnological concerns, and public health and
access.  The classification is a hierarchical system {(from general to
inecific) designed to emphasize the public health aspects of eurfacvf
water for the park visitor, especially the backcountry user. To i
derive the classification and the code, numbers from each hierarchical
lovel are combined In sequence to yileld an 1ll-digit number. . This ‘
numerical classification has the advantage of permitting the meaningful
crouping of surface waters and a secondary advantage of permitting
easy computer storage and mapping of data gathered. A zero can be
inserted at any level where appropriate information is lacking. The
terms acre-foot (ac/ft), cubic feet per second (cfs), and gallons per
minute {gpm) are used throughout.

A Digitized Hierarchy for The
Classification of Surface Water Resources
Where:

10,000 permanence
11,000 continuity in space
11,100 origin
11,110 wolume and nature of sourcce
11,111 nearest perennial source
11,111.1 1legally threatened and endangered bilota
11,111,311 primary value or use
11,111.'11 secondary value or use
11,111.1111 water quality (w.q.)
11,111.11111 source of w.q. problenm
11,111.111111 nature of w.q. problem



Definitiouns

Cistern is a large receptacle for storing water; especially, a tank,
usually underground, in which rain water is collected for use.

For this classification, the term cistern includes its intake
(catchment) area.
It does not have wet and dry stretches (Meinzer 1923).

Developed Spring is a spring that has been dug, piped, pumped, and/or
completely contained in order to obtain maximum discharge for
human use of some sort. The term "developed" does not include
those springs of which a portion has been diverted (with pipes,
ditches, or other method); a developed spring is one in which the
entire discharpge is bcing utilized.

indangered species means any species which is in danger of extinction
throughout all or a signficant portion of its range (U.S. Fish and
Wildlife Service 1978).

Ephemeral stream is one that flows only in direct response to preci-
pitation. It receives no water from springs and no long-continued
supply from melting snow or other surface source. Its stream
chaunel is at all times above the water table. The term may be
arbitrarily restricted to streams or stretches of streams that do
not flow during periods of as much as one month (Meinzer 1923). *

Intermittent stream flows only at certain times when it receives water
from springs or runoff. If it is spring fed, the intermittent
che "acter of the stream is generally due to fluctuations of the
water table wheresby the stream channels stand a part of the time
below and a part of the time above the water tables. If fed by
runoff, the surface source is generally the gradual or long-continued
melting of snow in a mountainous or other cold tributary area.

The term may be arbitrarily restricted to stregms or stretches of
streams that flow continuously during periods of at least one

month (¥ ~-er 1923), *
Interrupted :: . um is one which is interrupted in space, contair- 'y

{(a) perennlal stretches with intervening intermittent or
strotches or (b) intermittent stretches with intervening
stretches (Meinzer 1923).

ferennfal strveas Is one which has not gone dry within historic times.
Perennial streams are generally fed in part by springs, aud their
uoper suriaces generally stand lower than the water table in the
Localities through which they flew (Meinzer 1923)., *

Plava fake g a shallow, wind-scoured basin that may cover a large

T area. They are characterlstic of deserts. At {rregular intcornals,

voert hast heeome the seats of broad, shallow sheets of watoer
{ch quick rather and almost as quicklv evaporate, leaving mud
Piate to mare ctheir sites, They are cssentially ephemeral

freshwater lakes (Reewves 1970).

e+ oa hele worn into the solid rock bv wind, solution, or by
i, yravel, and water at falls and strong rapids. Includes

the term "plunge pool."



Stocktaug ig an artificial reservoir for livestock water; it Is a
local term in the Southwest.

Storage tank {s water artificially impounded in service or underground
reservoirs for future use (Langbein and TIseri 1960).

Threatened specics means any species which is likely to become an
endangered species within the foresecable futura throughout all

or a s¢ “icant portion of its range (U.S. Fish and Wildlife
Service /8). -

Well is an artificial excavatien that derives some fluid fron
i{v crsticves of the rocks or soil which it penetrate
arplied o excavations from which water can be drawn A .
siphons, or to artesian wells. A water well necessarily extends
into the zone of saturatfon (Meinzer 1923).

Pona/Lake, pothole, and stocktank mar be classificd as perennial,

aterinlttent and ephemeral.

RESULTS

sotal of 537 surface water sources wias “dentified within the study
Perennial sources comprised 57 (1i%) of these, with intermittent
cp meral sources making up the remainder (89%). Total surface

senrces included the following: 194 springs (including seeps),
143 srreams, 85 lakes, 84 stocktanks, 15 potholes, nine wells, four
storage tanks or groups of storage tanks, two developed springs, and
one cistern. The majority of data gathered, including geologic forma-
tion, flow rates, substrate, and site vegetation will be analyzed by
computar at a later date.

the 57 {dentified perennial sources in Table 1 comprise 21 perennial
streams or stretches of streams and 36 perennial springs or seeps
which may or may not feed into perennial streams. ©Of the 36 known
perennial springs or sceps, 17 arise from the Muav Limestone; four
from the Bright Angel Shale; three from the Tapeats Sandstonej two
each from the Redwall Limestone, Coconlno Sandstone, and Supai Forma-
ticn; one each {rom the Esplanade Sandstone and Toroweap Formation;
and the sources of four are unknown. TIdentified perennial sources
occur at an average density of one in every 33 square miles.

DISCUSSION

The total number of identified surface water sources in the study area
only approximates the total number of existing sources of all types.
Source types which are documented in the literature, such as wells

are easily inventoried. The nine wells located within the study ar:a
represent viortually 100 of all existing wells. Other source types
which are not well-documented and are inventoried primarily through
Cold work, such as potholes, exist in numbers far greater than the o

indicared by this inventory.
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TABLE 1. Classification System for Surface Water Resources,
¢ * Canyon National Park

10000  Perernial Water Source

20000 Iaterr. rctent Water Source

30000 Fphemeral Water Source
"0 Inactive Water Source (dry for the last 5 consecutive years)
160 Ceontinuous Water Supply/Single Source
2000 Continuous Water Supply/Multiple Source
00 Interrupted Water Supply/Single Source
Y Interrupted Water Supply/Multiple Source

10 Not A “rable. (i.e. standing water sourcco)
100 Natur. ~sater Source

10 Ylewing Water {(more than 50 cfs)
20 Flowing Water (10 to 50 cfs)
Flowing Water (1 to 10 cfs)
i Flowing Water (.1 to 1 cfs)
W Flowing Water (.01 to .1 cfs)
f0r Flowing Water (less than .01 cfs or 4,488 gpm)
70 Pond/Lake (greater than or equal to .l ac/ft)
80 Pothole (less than .1 ac/ft)
90 Plava Llake
200 Man-Altered/Artificial Water Source
10 Developed Spring
20 Ditch
30 Well
40 Storage Tank
50 Cistern
60 Stocktank

1 more than 8 mi. to Next Perennial Source
2 7 to 8 mi. to Next Perennial )
3 6 to 7 mi. to Next Perennial

4 5 to 6 mi. to Next Perennial

5 4 to 5 mi. to Next Perennial

6 to 4 mi. to Next Perennial

7 to 3 mi. to Next Perennial

3 to 2 mi. to Next Perennial

9 less than 1 mi. to Next Perennial Source
Endangered Plant Species
Inreatened Plant Species
Erndangered Animal Speciles
Threatened Animal Speciles
Does not Support Endangered or Threatened Specics
I Ceremonial/Religious
.02 Domestic Use, Developed or Undeveloped
3 Recreational Use, Swimming, Bathing and Drinking
.04 Agriculture and Livestock Use
.05 TFishing
.06  Aesthetics
.07 OQutstanding Scientific Value
.08 Supports Riparian Vegetation
.09 Sediment Transport
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Table 1. (continued)

.001 Ceremonial/Religious
.002 Domestic Use, Developed or Undeveloped
.03 Recreational Use, Swimming and Bathing
004 Apriculture and Livestock Use
.005 Fishing '
006 Aesthetics
.007 Outstanding Scientific Value
.008 Supports Riparian Vegetation
L00%  Only One Main Use
0001 Water Quality Problem (public-health level)
.0002 Water Quality Problem (uon-public health level)
.0003 No Water Quality Probiem
00001 Problem Source Outside Park
L0002 Problem Source Within Park
00003 Problem Source Within and Dutside Park
L0GH301 Biological Problem :
L0002 Chemical Probloem
LO0T903  Blological and Chemical Froblem
000004 Sedimentation Proeblem
LC000905  Thermal Problem
000006 Other Problem

thue 36 ddentificd perennial springs or sceps within the study arean,
(e 1) which arise from the Muav Limestone indicate its importance as
s lecal aguifer.  The majority of springs and seeps (perennial and
son-oerennial) inventoried by Huntoon (1977) in the Western Grand
dovon Districr, 35 of 87 total springs and seeps, was positioned
gtoativrapnically in some member of the Muav Limestone. The Muav (s
wislly fractured and channelized, is underlain by the impervious
Bright Angel Shale, and has been referred to many times ag a good
sowifer (Merzger 1961, Twenter 1962). The Muav Limestone could be the
source of many smaller perennial springs and seeps in the study area
which were not identified by the present inventory.

Twe locations within the study area are noticeably lacking in perennial
water sources, The Coconino and Kaibab Plateaus are characterized by
ephemeral and intermittent water sources, and are both largely underlain
with nighly permeable Kalbab Limestone. Twenter (1962) noted that no
large springs issuc from the Kalbab Limestone, indicating that ground
water probably dralns from the formation into the underlying rocks.
This, in addition to the fact that the Kaibab Limestone occupies such

a large outcrop arca on tne relatively level Kaibab and Coconino
Plateaus, should account for the lack of perennial water in those

locations.
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Fable 2. FHonown perennial” water sources within Grand Canyon Natien

Clre NMoL T Nama Location Geologic Luulce

i e e ——— e . e £ b e e e et 280 1 e 5 A e RO % e

g
AEN Foacher Creek” NE of Eremita Mooa LT
G Brighit Anpel Creek River Mile 87.6 (righo) e
i angel Sprins Muav Limestone
kS farmest Spri Huav Limestone
L Zibbon Spri. Muav Limestone
e L Roarlong Spring: Muav Limestone
. Transept Spring . Muav Limestone
i ra Greek River Mile 41 (right) —eemmee
rooapring Pipe Croek Bright Angel Shile
Pl LT oapring Cape Royal Toroweap Formation
Calorado River USGS Gaging Station =eeeeee
Lopper Creck River Mile 110.2 (left)  ——-eeee
srystal Croeck River Mile 98.2 (right) e Tt
TA=44 Crystal Spring Tapeats Sandstone
<P-76  Deer Creek River Mile 136.2 (right)  ~=——=—u
KP-11 Deer Spring Muav Limestone
RP-42 Unnamed Spring ?
UA-64  Garden Creel River Mile 89 (left) = -—-memem
BA=20 cast and West Springs Muav Limestone
VT-9 srandview Spring lfance Canyon luav Limestone
VT-8 T Spring Hance Canyon Muav Limestone

davasu Creek River Mile 156.7 (left) e

Havasu Springs
Unnamed Spring
linnamed Springs

Supai Group
Redwall Limestone
Supai CGroup

Hermit Creek River Mile 94.9 (right) * ———rm——-
Dripping Springs Coconino Sandstone
Santamaria Spring Esplanade Sandstone
Lanamed Sprin Tapeats Sandstone
Unnamed Spring Coconino Sandstone
Handred and Twenty
Mile Creek Blacktail Canyon e

14 Bundred and Fifty
Mile Creck River Mile 149.7 (right)
Kanab Creck River Mile 1473.5 {vight)
i1tle Colarado River River Mile 61.4 (lert)
. . e

P s Nankoweap Creck River Mile 52.5 f(vighto) - e
fe 4 Az Last Spring Muav Limestone
i1 Ole Croek Pilver Mi{le 145.5 (loft) =~ee—eee
109 Pianton Creck West side of Bright Angel
Zanyon - e
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Table 2. (continued)

Site No. Name Location Geologic Source
BA-(0 Phantom Spriuag Muav Limestone
HP-68 Royal Arch Creook River Mile 116.4 (1oft) ——————

HP-67 Shinumo Creek River Mile 105.6 (right)  ———eeee

PP-47 Shinumo Spring Muav Limestone
I'P-35 Tapeats Creek River Mile 133.7 (left) -+ ~———cemee

PP-1 Tapeats Spring Muav Limestone
PP-11 Thunder River . Tributary of Tapeats Creek ——————-

PP-7 Thunder Spring Muav Limestone
N-14  Vasey's Paradise River Mile 31.9 (right) Redwall Limestone
HP-22d U named Seep Turquoise Canyon Bright Angel Shale
HP~27c Unnamed Seep Slate Canyon Muav Limestone o
KP-43 Unnamed Seep River Mile 148.2 (right) ?

KP-44 Uunamed Spring River Mile 155 (right) ?

KP-45 Unnamed Seep River Mile 138 (right) Tapeats Sandstone
{P-47  Unnamed Seep River Mile 152.7 (right) Muav Limestone
KP-51 Unnamed Seep 140-Mile Canyon Bright Angel Shale
N-18  Unnam: = Srep River Mile 35.5 (left) ?

5~46¢  Unnam - cep Forster Canyon Bright Angel Shale
“Coucces are olossified as perennial on the basis of detail.’ v ki

|

ords indicating the source has not gone dry within historic times,
cvoon the presence of maidenhalr fern (Ad7antwm capillus-veneris).
further research will no doubt identify other perennial sources within
che study area.  Sources which may possibly be perennial, and have
never been knowa to go dry, but lacking sufficient field or historic

recards includ Bedrock Canyon Creek (PP-40), Galloway Canyon o1 ek
F-41), Crape 2 Canvyon Creek (BA-~30), Matkatamiba Canvon Creek
FAR ) 1 J ¥

i
“0-35), Monumen: Canyon Creek (BA-46), Noble Spring (PP-25), Pipe
ing (BA-23), Slate Creek (BA-75), South Big Spring (PP-28), Stone
Sreek PP-42), and White Creek (PP-36). Clear Creek Spring (VT-44)
and a porticn of Clear Creek (BA~82) were identified as perennial on
the bhools of the presence of maidenhair fern after this manuscript
was tvped,

"
“Site numbers correspond to USGS topographic maps deposited with
the Divisicon of Resource Management, Grand Canyon National Park.

g .

“A stream classified as perenuial may be perennial for part or all
of Its length. Sources of streams, when springs which feed them
are not listed, are unclear or unknown.
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stermitient and ephemeral sources predominate in the region. While inter-
ittent sources recelve water from springs or long-term runoff and ephemeral
aurces contalin water only in direct responsc Lo runoif, there is some degree
coditfDoalty in separating the two if historical information is lacking.

anvearance of intermittent sources may be deceptive as well, as some go
cor o ooanly several cecasons a decade. While ic is difficult to quantita-
v orelate precip tion and runoff to the occurrence of local surface
wialer resources, sowme infevences may be made. Little precipitation fell
ferivg the years of 1976 and 1977 and many water sources were dry for the

ord, as indicated by nistoric information gathered. lNowcver,

winter or 1978-1979 was very wet, causing many intermittent streams to
oow thoughoat the summer of 1979, when they no doubt had previously been
dry by June.  Since several of these sites had not been inventoried

prior to the spring and summer of 1979, their volume and apparent
summer-constant flow were deceprive when vicwed from the perspective of
ane year's data,
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