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DESCRIPTION OF AREA

Tolani Lakes area is located about forty miles north
of Winslow, Arizona, in the vicinity of the junotion of the
Oraibi and Polacca Washes. The area is triangular in shape
and occupies 31% square miles or 20,160 acres, lying mostly
in the Oraibi and Polacca drainage basine. The survey was
started September 19%5 and the field work was completed in
December 1935. Due to the graded, partly graveled Oraibi-
Leupp Highway the area is eusily accessible during all seasons
of the year., The population of this area is variable. During
the winter, very few families remain on the area but in the
spring they move in from the surrounding country to plant their
crops and herd their sheep and cattle, At “he peak, it is es-
timated trat some 300 p2cple live on the arsa. The entire area
is under Federal Governmeut contrcl, the northern portion is in
the Hopi Indirn Reservetion while the remainder is in the Navejo
Indian Reservationa

About 86 percent of the arca is a. axten»ive alluvial
flat, which sloyes gently toward the south and southeast, except
in the westoern rart where the slope is townrd the wost. The
residual soils occurring rostly in the west central and southern
portions are characteri~ed by & rolling topography. The eleva="
tion of the arce ranges from 1903 .5 feet above sc:a level near
the south boundary to 5000 feet in the northem portions. The

hilly residuval soils arc from 25 to 35 feet abovo the alluvial
soilss Two main draim ge ways enter the area from the north,
the Oraibi in the north central, and the Polacca in tho eastern
part. At present the scoreambeds of the Polacea ond Oraibi
Washes are stabilized, though the stecp banks, reaging in height
from a few feet to 80, are subjoct to caving, The materials
contributed in this namner in addition to the sediment carried
in from the semi-ba:rin watersheds during flood periods consbi=
tute a menace to the agricultural lands which arc subject to
overflows Ofton large mud bulls sevoral fzet in diameber, os
well as silt, cley and sand, have been deposited to a depth of
about three fect in the vicinity of the Oraibi Wash during ono
flood periods The water of the Oraibi and Polacca Washes have

a moderate to high alknli content derived largely from tho alka~
line soils on Elack Mesa, 4 large aumber of shallow drains pro=
vide good surface droinage over most of the orca and o permeable
subsoil provides good internal dreinoge except in the old lake
bed areas along the southern bordere Very little runoff occurs
from the scosoncl rains due to the fact that most of thc soils
have o loose level surfacc, It is only in a few places on the
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highly oroded rcsidual soils thnt some local runoff occurs,
'Over most of the arca therc is a spotted slight to modorate
vegotative cover. A good cover of Sacaton grass is prosont

in tho western portion while in the castern part it is Chamisoc,
Throughout the northern, contral, and southorn puyt the vogo-
tation is spotted, consisbing mostly of Chamiso, Mussian
thistlo, Shadscalce, Saltcodar, and mony annual wecds., Vory
little damago occurs from froit.

CLIMATE

The climate of Tolani Lekes aron i arid to somi~arid
with an cverage anrnual preeipitation of ab.vt scven inchos,
tho major portion of which occurs during Jnly and August.
Most of the rainf:ll is of the thunder showor type, although
occasionnl all day rains may bo cxp.uzsed.  Very Iittle snow
folls on this arcas The growing ccason o, vages ~oout 150
days, from about llay 20 to October 2C. The cumpe -turc dur-
ing the svmmer months is mild, averaging about 70 dogroos.
The winters aro gmorally mild, altnugh during 1933 o sovere
soason was rocorded. Strong cold v.ads during Morch aro ro-
sponsible for the major portion of the wind orosion, whilo
the lato full windy socson is of sccondary importiances Dur-
ing the windy soasons dust clouds aroc often so denso that

 visibility is not more than 500 fects The seasonal charactor
of the winds and roinfall governs practically oll cultural
oand plenting opor-tionse *he Indian farmers usually veit
until the spring winds have stopped and the carli rainy sonson
has started before he plants his crop.

AGRICUITURE

Little is known about the ocarly agricultural practicos
in this crea, but it is probubl- that the erude mothods now
omploycd havo been practiced for many ycarse A fow plows of o
poor grado wore obso:.od on the arca, but most of the cultiva-
tion is donc w ith hocss Afccording to pust rocords from 250
to 700 aercs have boen farmed dopending mainly on the aveilable
wotor supply. Most of the soils arc in oxeccllent condition, that
is they are loose texturcd, well drained, moderatoly high in
plant food, rolotively frce from alkali in the zonc of root pone-
tration. Some vatericgging oand clkali concentration occurs in
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tho lowor profile, cspocially in tho southorn portion in the
vicinity of thce old loke bods. All of the soils are subject
to wind orosion, with the most sovere rosults occurring in
the onstern portion of tho aroa in the vielnity of the Polacea
Wash.

On most of the present farms flood irrige ion is prac-
ticed, but the water thus dorived is augmonted by secpago from
tho Oraibi and 2 hand method, which is reosorted to during pro-
tracted dry spells. The hand method is morely tho dircct ap~
plication of wator to individual p lonts hwled thore by means
of a wagons Wetor is obtained from the O:ibi Wash, or Upper
Lake, or wells in the vicinity of' the trad'ng post. Corn,
watermelon, cantaloupe ard pumpkin constitwto the main cropse
Mkali tests of the wabear of the Craibi an: Polrcca indicate
that it is fair to poor for irrigttod ¢ . ..ultural purposos.
A continucd use ol this wiztor undor improper hondling mothods
moy hove o detrimental ofect upon ~ho p.-nts grovn, duo to
tho high concentrition of alkeli sa’ts pruont 1. Sho wotor.
It is, theroforc, rocommended that friable perme .ble soils be
used os much as possible under this irrigntion systom, and
also that proper handling methods are practiced.

GROUP A

The Ornibi sandy loam is the only type classed in
this group. It occupiocs somc 5365 acros of which obout 500
acros are at presont under cgriculture. Tho soil is charoacters
ized by a moderately compact highly colleidal surface with a
friable subsoil. Good watcr and air drair ige is prosont
throughout the profiles The surface in th. vicinity of the
proscnt Oraibi is lovel, smooth, and in many places barc of
vegetation, while over the romcindor of the area, there is a
large number of hummocks varying in size from scoveral inchcs
to about scven foet in height which gives the surfaco & choppy
appearancoe The general slope of about two porceny is townrd
tho southeast,
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SUGGESTED ILIROVEIENT PROGRAM AND PRECAUTIONS

In this group it will bo nocessary to prootice flood
control mothods ond chock the amount of sand, silt, and clay
deposited on the agricultural soil in the vieinity south of
Oraibi Washe If the wators of the Oraibi and Polacco Washes
aro used for irrigantion, the drainage fooilities of the soils
will have to be kopt open so tho soil will not bocome woter-
loggod or bocome highly concentrated in allnli saltse Due to
the overgrazed condition of this group it is suggosted that
propor rangc management practicos be oxor:isod in order that
a bottor vcpototi-e cover be dovelopeds <1 many plecos it
will be neccossary to sced the area in ords. Lo duvelop a bettor
covers Strip planting »1 browse mnd trocs .n such o mannor as
to chock wind orosion is rocommonded., Tl :; is espccially true
for the castorn portion vhore wind orosiun is sevorc.

MOISTURE PENETR/YION AND WATERFTIOLDING CLILCITY

It has beon obsorved from lLoborotory studies that it
requires from 2% 1o 25 minutes for water to penc:rato an inch
of air dry surfacc soil, dopending mostly upon tre compaction
and colloidal c-mtent cf the soils This group has medium
waterholding capacity.

ADAPTATION 0 EROSION COHTROL PrACTICES

This group is well cdaptod to orccion cor rol prace
ticess With somo slight leveling of the hummocks, water moy
casily be spread ovor the surface, duo te “he good surface
structure, slopc, watorholding capacity and rate of wator ab-
sorption of this groups Bocausc of the sovere cffects from
wind orosion it is rocommonded that strip cropping be proc-
ticed whorevor it is possible.

N SR TIT2Y R
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ADAPTATION TO IRRIGATION

This group is rocommended for irrigation agriculture
ond grass land. As proviously montionod the slope, drainage,
end pormeability of the soils of this group is goode Tho fer-
tility of the soils arc such that crops arc readily grovm.

The alkali concontration of the soils is not serious in the
zone of root penctration, but in the lower profile below sevon
feoot the concentration is greatcre The p.obablo use of this
land under proper irrigation mcthods will oo cultivatod crops
Or grasss

VEGETATIVE /DAPTATION

At presont tho vegotativo cover cuisists mostly of
Chamiso, Russion thistle, Szoaton grass, Gallot: grass,
Greascwood, Saltcedor, Rabbit brusk, and other plents of
minor oxtent. The prosont cultivated erops consist of corm,
watermilon, cantaloupo, and Indioan pumpkine Undor propor
treatment the native vegetation will producc a grod covors
Sovoral d ifforont types of cultivated grasses, such as
alfalfa, clovor or other logumes, may be acveloped undor
irrigation, and also cul*ivated crops such as wheat, oots,
potatoes, bouons, and mony vorioties of vegetobles.

VALUE OF SOIL FOR CONSTRUCTION PURPCS IS

The sandy loam soils of this group aro fair for con-
struotion of oarth wc'ksy In the dirvet vicinity of this group,
large arcos of clay surface soils may be found and with very
little oxtra work the two diffcrent tyjes may oasily bo mixed
for the construction of any carthwork that may be nccosscrye
This combinntion undor proper handling will moke good material
for construction purposos.

LIMITING FACTORS IN THE USE OF SOIL

The high conecontrution of white alknli in the lawor
profilc and the tendeoney of the surfaco to blow arc the min
limiting factors in the usc of this group.
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EROSION

The entire group is subjoct to wind orosion with the
moin areas looated in tho oastern part. In many places largo
blow outs are prosont loaving tho surfaoce roletively bare of
vogetativo cover, while in othors, wherc tho hummocks aro most
provalent a large numbor of Chamiso are growing, and the soil
is blowing in and about the base of these plants,

GROUP B

Ten diffexront soil separations consisting of both
alluvial and residual soil arc prescnt in “his greoupse The
separations consistv of soils varyiin: in te.ture :rom n sendy
loam to clay. The surfaco soil in the ens:corn, - xtreme southe
orn nnd westorn portion is choracterizod by a lssse friable
sendy locm, while throughout the no-thom wnd contral poart,
the group consists of o heavier texsuroed, more compact, usually
clay surfacc. The surfnce features arc similar to that of Group
&, which varies from o fev hwmocks in tho wosto:m portion toc o
largo number of high huwmmocks in the onstorn portions The en-
tirc surfaco has ¢ choppy appearoncos. Ixcopt for the resiaual
sandy locia type the alluvial soils for the most port have about”
o two porcent slopoes This group is divided into two moin types,
the ‘clay, and the sandy soilse It is bieouse of tho rolling
topogrephy of theo sandy soils and tho compgnet prefile of tho
clay soils that thoy have boen placed in this group rather than
in Group A

SUGGESTED IMPROVEMENT PROGRAM AND PECAUTT 4§

As in the caso of the i group cars must be oxerciscd
in tho usc of the highly concontrated al'ali water from the
Orcibi and Polacea Washes for irrigation purposcss Sinco tho
majority of thu soils in this grrup havo o moderately compact
surface and subsoil morc carc w'll be necossary to koop tho soil
well drained so thot puddling, wouerlogging, or the accumulation
of nlkali salts will not dovelop undor irrigation practicos. 4s
this soil is overgrozed, range m.noagenent and rosoeding procticoes




will have to bo followed in ordor to improve tho vegetative
cover. Since most of tne soils of this group have a relatively
hoavy textured surfoco or o fair vegotative cover on tho lighter
toxtured surfacus, wind erosion is nct as scrious on the whole
as on Group L, but this docs not mean that care will not hove
to be excrcisod to check it.

.
MOISTURE PLNELR..T ION ;ND WATERHOLDING CLPACITY

On the whole, moisture penctratic:n in this group is
slower than in Group he From laboratory simdins it has beon
observod that on the heavier Lexturcd soils it ravuires from
1l minutes to 2} hours fur watcr tc onots o ono inch of air
dry soil, depcending mostly upon tac struct~o cnd cuiloidal
content of the s »ile On the lighter texrured portions of this
group it requircs from ¢ to 19 mimtbcs for wator o penvtrate
ono inch of air dry soil. Usually :e slo‘or wo ° r penocrates
o soil, the greater is its watcerholding ecpacity, thorefore the
watorholding carncity of most of tho soile in tiiis group is
higher than ia Group As  The sandy loom scoils of this group have
about the same woterholding capacity as thoso of group fie

ADAPTATION TO FEROSION CCHTROI, PRACTICES

The clay soils of this group arc better dapted to
wator sproading practices than are ths loose textured soils,
bocause the slope is more uniform, the offect of wind erosion
is not as sorious, the woterholding capncity is higher, though
the ratc of absorption is slowore Strip -:ropping should be
practicod whereveor crops are grown becouco of the tendoney of
the soils to blow, Contour irrigetion would be neccssary on
the stocpor slopes of the sondy loam type 1f this type wore
placed undor irrigation, otherwisc serious gullying or shoet
arosion would dovelop.

CV-6417-201
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ADAPTLTION TO IRRIGATION

This group is not rocommended as highly for irrigotion pur-
poses as Group Ae. With proper handling of the heavior textured
pently sloping soils good results may be obtained under irrigation
rothods of ferming, This is also true for the looso textured soils,
but morc saro will have to be oxercisod in the handling of tho vator.
The stooper portions and the high residual soils arc not recommonded
for irrigation use because it would be rathor difficult to got water
on them, also it would rcquire moro wr.ter beciuse of the loose tox-
ture than couwld be spared to bring about fai: crop rosultse The
fertility of the soils of this group is suck shat a good native cover
moy casily be devolopede The white allkali coihent of the entire pro=-
file of theso soils is modorate and if placcd vader irrigation with
impropor handling may deoveicp into & s-irious “2nac. to plant growth.
Thoe sandy soils of the group arc subjuct te s o.ght amounts of black
alkali in the lower rortion o. the profile, wiile the clay 'oils on
the wholo are relatively f:+. .f blacik cilal. in thy upper soven feot
of the profiles It is recuine ded thro bhe s.ils ¢’ She Polacca and
the Lcupp Series be the only oncs used vndor irrig. .on cgriculture
ond the rominder % left in native cover.

VEGETATIVE LDIPTLATION

The proscnt vegetative cover is similar tc that of Group A
and in most placos the adaptations are similar to that groupe The
sandy soils of this group have a bettor cover cof Sa.aton gross.

VALUE OF SOIL FOR CONSIZRUCTION PULPOSES

This group has a good combination of s ils for construction
purposes for the sendy soils on tho wholc have a relatively high
colloidal clay contont and the heavier toxtured soils are onsily
accessibloe

LIMITING FLCTOLS IN THE USE OF THE SOIL

The cutstonding limiting Ioactors of this group aro: (1) The
compactness ond extont of tho cloy layors in tho heavy textured soils,
(2) Tho nmodorate amount of whito ellkali that is prosent in the zow
of root penctration of the hecovy textured soils and the much higher
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concentration in the lower profile, (3) Presence of a slight amount
of bleck alkali in the profile of the loose textured soils as well as
white alkali, (L) The excess slope of portions of the loose textured
soils and its susceptibility to the effects of wind erosion in the
eastern portion of the area surveyed, (5) Some places the clay
80ils are severely affected by wind erosion.

EROSION

The erosion conditions of this group nre similar to those
of Group A. This condition is also indicated in tl s above paragraph.

GROUP C

This group i: characterized by four differe-.. soil separa-
tions consistxng of woth residual and elluvic . soile such as Tolani
sandy clay, Corn Creek clay shallow phuse, Ives clay, and Tovar sandy
clays The surface soil usually has a moderately commact structure,
while the subsoil is variable consisting of either . compact or
moderately friable subsoils Areas of the Tolani sandy cley, located
in the western portion of the area, are characterizod by a friable
subsoil, while the remainder of the soils are compacts The general
topography of this group is level to gently sloping with an average
slope of 2 to 3 percent. Due to the genernl heavy ivexture of the
surface soil very little wind erosion has occurred in this group.
The drainage facilities of the Ives clay are not good, and many
places this soil has indications of poor sub=21il drainage. The
other types in this group indicate that they ave fair drainege
throughout the profile. In many places the p rofile of the Tovar
sandy clay is shallow and vegetation is spars. .

SUGGESTED IMPROVEMENT PROGRAM AND PRECAUTIONS

Since the majority of the soils of this group are character-
ized by a heavy surface an’ subsoil texture it is recommended that
deep rooted cultivated plants such as alfalfa be used if this section
is to be placed under irrigation so they may aid in keeping the drain-
age opene If very little or no irrigation water is used then the
native covor of Sacaton grass may be increased under betier range
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manngemont practicose At prosont the Ives clay is the only type
that doos not have o Smeaton grass oovor, the other with o little
care will dovolop an cxcellent stande In a fow plooces Cookleburs
are presont, ocspecially ono milo north of the trading posts It
will be necossary to remove thom beforo this section can bo im-
provod to such an oxtent that cultivatod grasses will grow, Tho
accumulotion of black and whito alkall will lve to be considored
in this group,. '

MOISTUKE PENETRATION AND WATERHOLDING CAPACITY

On tho whole, moisturc ponotrates the - >ils »f this group
slowor than in the two previous groups rue to the ;roater come
paction of the majority of the soilss “ho 1o:ni sundy clay occurs
in whot is known locally us the Soven Small thkes, ond the Ives clay
was a leke bottom ot tho time the Oraisi fles>d southonst past the
trcding poste It is due to the campoce. surfaco and subgoil that
wotor romnins on the swrfacc of theso types for o 1 .ng periode
Aftor scveral wooks >f dry woothor the lowor arofi.. of tho heavy
textured soils was moist, indicating that th»> watorholding capeity
of the soil was high.

ADAPTATION TO EROSION CONTROL PRACTICES

Only in a few local placcs has sheet orosion developed to
such an extent thet it 1s serious and these places are along th
breaks of the main dralnage way in the wostorm portion of tho aron
and along tho base of the foothills in the w-stern and southorm
portion of the area where the Tovar sandy cl:y has boon mappeds
Aside from thesc placcs this soil group is ncc subjeet to very
much damage from shect, wind, or gully erosioc:, due to the heavy
texture of the soil and the lovel topographye

ADAPTATION TO IRRIGATION

This group is not reoccmmonded for regular irrigoation proce
tices, but can be used if nocessity should arise, The sther two
groups arc much more desirablcs They arc extensive cnough to use all
woter supply from tho Oralbl and Polacca Washes. Whito alkali conw
centration is slightly highor in this group than is presont in the
other two groupse The concentration of vlack alkeli 4s about the
samc but cames o little closer to the surface in this groupe Tho
soils of this group can best be utilized for grazinge

fr.f—“\,. W, 620
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VEGETATIVE ADAPTATIONS

Tho present vogotative ocover consists mostly of Sneaton |
grass in the wostern portion, Shadscale in tho southorn and south-
western portion, and sovoral groups of aunual plants in tho west

contral and southcastorn portionse :

o g

VALUE OF THE SOIL FOIt "ONSTRUCTION PURPOSES R

i

| N

This group con bo us.d for cons® uc*tiox pur rses, but it e

is odvisablo that the compret adobe clay of .o of the soils of e

this group bc mixed with sone lighter textur-..a soils for the bost 2
rosults,.

This is ¢asily nccomplishod 4wn te tho nenrxness of the
light textured soils to thic group.

LIMITING FACTOXS IN USE OF THE SOIL : o

The main limiting factors of this group are: (1) Compoctnoss
of tho soil profile of thc majority of the soilsy (2) The shallow

profile of Tovar sondy clay; (3) The prosenco of white and bdlock . b
alkali in tho profilce.

EROSION

2
I

As previously mentioncd orosion is not a sorious factor on v K
this group excopt in a few local pleces.

GROUP D

The Tover sandy clay shallow phase is the only type in this : i
groups The slight soil ddvelopment consists mostly of the goologic ' - R
formation of Chinlco shale ond sandstones Tho topography is rolling N

to rugged, giving tho improssion of rough broken lande bPue to tho R
ncoture of this group it is not recommended for irrigated cultivated

F.W. 626
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crops or grass. It is suggested that it bLe left in its native
cover which consists mostly of Shgdscale and clumps of Saeaton
grasse With better range treatment a better cover may be develw
oped. Sheet erosion and gullies are serious over most of this
group, but since most of the soil has been removed checking of
this condition will seldom be economically feasible.

POROSITY STUDI}E}S IN RELATION TO WATER PENETRATION

voll Type Soil Depth Vol. Wte Porosity Water Penetmtion Swelling

CV-6417-201

Oraibi Cl, 12 - 2" 1.59 38.4% 8 Min., per inch Negligible
Polacca Cl. 12 « 2);" 1460 BhT% 1L " meo " A
Oraibi Cl. 0o~ 8" 1.58 36.3% mmemmmmemecesesescaseee—— e
Oraibi S.L. 0 = 12" lali8 l2.6% 25 ® w " S
5 Polacca Cle 0 = 12" 1.82 £3.5% 2l Hours " " 20%
Corn Creek Cl, 0 - 15" 1,81 26.7% 651" L 34 I
IR In making the tests of the above results, a puraffin wax was |
L placed about a cindrical inch piece of undisturbed air dry soil, in 1
g order to help hold the soil in its matural state, also to help in
SR obteining accurate resultse The ratc of penctrotion in paraffin sealed
columns is slower because of thenecessity of forcing air ahead of the
o water, also swelling tightens the colum. The following results were
A obmerved on paraffin free one-inch cubes of air dry soil,
Soil Type Soil Depth Time of Water Fenetration
' Corn Creek Clay 0~ 15" 11-3/; Min. for 1 inch of soil
Shallow Phase
Oraibi Sandy Loam 0= 6" 55  Min. £0r 1 inch of soil
Oraibi Sandy Loam 6 = 12" 2-1/3 " wewoonoowo
Oraibi Sandy Loam 0~ 8" 2-2,? Min. for 1 inch of soil
Oraibi Sendy Loam 8 - 18" 8~3/L, " L
Oraibi Sandy Loam 18 ~ 24" b=1/7 . omomowoww
Polacca Clay 0= 12" 5 Hours for 1 inch of soil
Polacca Clay 12 - 2))" 3 Min, "™ * " w» ¥
Polacce. Clay Q- 12" 1 Min, for 1 inch of soil
Polacca Cl&y 12 - 2“" 19 " n 1 1 L ll. .
Oraibi Clay 0~ 12" 63 Min. for 1 inch of soil *
Oraibi Clay 12 = ELI.U 5 ft n fn ft fn n
Tolani Clay 0~ 12" 1 Min. for 1 inch of soil 13
Toleni Clay 12 - n )4_1/3 l noon n " " 5
Tolani Sendy Clay Loam 0 - 15" 1 Min, for 1 inch of soil
Tolani Sandy Clay Loaml5 - 21" 3/ " nenoononn B
Tolani Stundy Loam 0~ 12" 1/3 Mine for 1 inch of soil CF
Tolani Sondy Loam 12 « 21" 1@ " L , E
Cern Creek Clay 0~ 2" 10 Min. for 1 inch of soil b
Oraibi Clay 0~ 8" 33 Min. for 1 inch of soil 2
Oraibi Clay 8 - 16" 3_1/2 ] non 1" " "
Oraibi Clay 16 - " 5 " " n n f "
Oraibi Sandy Loam 0= 12" 3 Mine for 1 inch of soil
Oraibi Sandy Loem 12 - 24" 25 " L
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RESULTS OF ALKALI DETERMINATIONS - TOLANI LAKES DEMONSTRATI ON AREA

Soil Type Lverage Concentration Alkali
Noe Location in profile expressed in P.P.l.*
White Alkali Black Alkali CO3

10 1-1/2 Mi. W. Lake 1953 . Strong
10 3/l M Bridge 1570 Moderate
12 Mi. N, Red Lake Store 1365 None
12 -1/l #i. E. Lake U2 None
12 iii. N. Store 129 None
12 Mi., NW Store 1037 None
12 1/2 Mi. S. Oraibi 1 None
12 Mi. Store 108/ None
12 1/h Mi. S. Oraibi 1ot None
12 1 i1, E. Bridge 4 None
1/h i, 8. Craibi 1007 None
1 Mi. NBE Bridge 2005 None
1-3/l, Mi. N. Store 1630 None
1-1/l Mi. WE Bridge 1650 None
1.1/2 i, NW Store 160 None
South edge of 2013 None
1 Mie W. Store 2017 None
2~1/1; Mi. KE Store 150% None
1-1/2 Mi. E. Loke 1462 None
2-1/), Mi. N. Store 1512 None
1 Mi. NE Store 1440 Tone
1/2 lii. NE Store 1553 YNone
1 Mi. NE Store .. 1200 " Yone
2 Mi Store 19¢3 None
1/2 Mi. E. Store 1700 Nons
3/l Mi. NW Store 2:90 Slight
1/2 Mi. S. Oraibi 1580 None
2 Mi Store 1L70 None
1/2 lii. E. Bridge 15,3 None
Ft. Ne Lake 79¢5 ¥one
Ft. Lake Loso None
lake 1390 None
E. Oraibi 1005 S1ight
Lake 850 None
Oraibi 1357 8light
White Bridge 2,97 Slight
VWhite Bridge 1480 None
Bridge 1840 Moderate
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(Alknli Tolani lakes, continued)

Lverage Concontration Alkali
Soil Type in profile expressed in P.P,H.*
" No. Locotion White Alkaeli Black Alkeli CO3

26 3 Mi. NE Store 1037 None
ch 3-3/l1 Mi. NE Store 1020 _ None
28 1/2 Mi. NW Store 2693 None
es 1/2 Mi. W. Store 2907 None
1-3/L Mi. W. Loke 1133 Slight
1-1/2 Mi. W. Loke , 1289 Slight
L - Mi, N. Store 707 None
2 Mi. W. Loke 1680 Moderate
L Mi. N. Store : 200 S1ight
L=1/2 Mi. NI Store 333 Slight
1/L Mi. W. Lcke 200 Slight
1-1/l) Mi. W Loke . 2ahs ¥nderate

(*P.P.M. = Parts per million to convert t» percent place
Cecimal point before fourir dig:b.)

TR JALYSIS

o Total '
Semplo Sclts Ca Ne. COz HCO§ 80, A.LQOB. Al
Location ppm ppm | ppm ppi  pph - ppm ppm”  ppm

Oraibi Wash 3430 136 716 6 110 2000 0 0

Polacca Wash 3632 228 868 6 112 2125 0 0

Tolani Lake 2,08 23 300 0 .191 1hoo L30 228

Tap Water 278 174 W36 0 198 1200 36L 197
0 0

Windmill Water 194 141 350 22l, 700 0
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TOLANI LAKES WATER TABLE STUDY

This report is intended to augment the available irformation
on the proposed Tolani Lakes Cooperative Projsct. The Land Plan-
ning Committee asked that a water table study be made. The data
obtained are to bo used to determine the feasibility of sub-irriga=-
tion on the projecto,

The proposed project is located about forty two miles north
of Winslow, Arizona, on the Winslow-Oraibi roads. This survey
covers a roughly triangular area of approximasely six and one-half
square miles, located between the Red Lake Trading Post and Tolani
Laks. Beginning at the windmilil neer the Trading Post, the east
boundary bears north to its intersection with the north boundury
line drewn east from a point on the Oraibi rcad three~eightls of o
mile north of the white bridge. From this pcint the southwest
boundary follows the Indian Service roald baci %o the point of orig‘int

The surface of the area under stuvdy is fairly smooth, al-
though there are some windblown hummocks in the easi=-central poi—
tions The southwest boundary follows a rocky slope, at the base
of which is a flat, sloping gently to the southeast. The north-
eastern part of the area slopes to the south and to the west, hav-
ing a drop of about seven and one-hclf feet to the mile, The old
Oraibi Wash ‘raverses the area paralleling the east boundary.

Coordinates were surveyed at c¢ne-half mile intervals in an
east=west and north-south direction and, at the intersections of
these lines, test holes were borede. The auger holes are thrse
inches in diameter and were bored to a depth of twenby feet or to
the water table if less than twenty feet. The test holes were
logged to determine the flow of the ground water and, if possible,
to determine reasons for differences in water levels.

Three types of ground water are rocognized in this studye
They are: hygroscopic moisture, capillary water and hydrostatio
water. Hygroscopic water is moisture held by the soil when air
dry. This type of water is inert in soil functions therefore will
not be considered further., Capillary water is water held in sus~
pension in the capillaries between the soil particles. Hydrostatic
water is commonly called ground or gravitational water. It is free
to move under the influence of gravity. The suspended water may
be derived from the hydrostatic or ground water below or from pass~
age of ground water following precipitation or flooding. The
height to which water can be drawn by capillary action varies with
the texture of the soil,

In this study the water table is defined as the upper sur-
fece of a zone of saturation.
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The water table is not level duu to variations of strata
in the subsoil, variations in topograophy and relative elevation
of the sources and outlets of the ground wator. It was encount-
ored within twonty fect of *the surface of the flat at the base of
the rocky slopes along the southwostern boundary. (See chart).
The moist area is cast of this whilc the very dry holes oocupy
tho east-central portion of the arca.

The movemont of water in hoavy clays, heavy sandy olays,
and heavy silty clays is very slowe 4 hole bored to the watoer
table in soils of this nature will take a consideraply longer
time to fill to the ground wator lovel than will holes in more
permeatle soils. Therefore, thc water table wns determined most
accurately in thosa test holes containing stiata of free draining
meterial such as lowmse. Several holeo in the roist area wero
checked two or three days after they vier. dr:led Lubt no water
was found, In most ccses these test holes & penotrated thick
beds of plastic clay anc muck,

The soils of the arer under consideraion are hotoro-
geneous. They ronge in toxture from loamy sonds tc heavy clays.
The flat, in which the wascr table wos cncountered within twenty
foot, is o shallow trough sloping gontily to vhe southeast. To
understend the underground woter flow bobter, o cortour mop wosmade
of the guiface of the water table. Surface contours werc also
drawn so that a comparison of surface and water table contours
at inversoctions could be mode to determine the relative depth
of the water table at thot point. The dotted lino from tost
hole 29 through 31 and on to the base of the rocky slopes shows
tho probable high point in the watcr table at the time of the
survey., It is probable that an undorground saddle of Chin Lee
moterinl joins the opposing rocky slopes ceusing this high pointe
The underground flow from these slopcs splits on the saddlo, the
mjority of it flowing south cast townrd the 0ld Oraibi Wash,
while o small amount flows north. At tost hole 3lj, the Chin Loe
formation wns found at o depth of scvon foes, its domming action
probably causing tho high watcr table found ..t numbers 30, 31,
32, and 33. The high concentration of salts found at 33 indi-
catos lack of water movemont in this nrea.

Another w.derground flow of water drains the northecastorn
eren toword the southwest probably splitting on the saddle at tle
south ond of the lake. Thore is also evidence of an underground
flow from the rocky slopes along the southwest boundary as indi-
coted by the sloping woter table and low salt concentrotion of the
water from the ECW well and test holus Lly, 43, and L2.

Tho bottom of Tolani Irnkc is probably socaled against any
appreciable subsurface flowe The marshy arca, lecatod ot thoe
south end of the lake, is subjoct to overflow during flood periods.
It iz possible that this adds considersebly to the underground flow.
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The vory dry arco shown on the chart is coverod with hummaci:s
ono to six feot in height of wind origins. The soil varies in tox-
ture but is dominantly a clay loam. Considerable troublc was ox-
porienced in boring the holes within this area because of the ex-
tremo dryness of the soil, #¥otor ponctration in the compact sub-
soil was observed to bo less than ono inch por hour.

Tho water table ot tho time of the survey had probobly ote-
tained its maximum hoight. Two primary factors account f{or this
condition; dormancy of plant growth and exceasive flood flow trom
the contributing wotorsheds. Tho transpirat:on of ground weter by
plants during the growing poriod tonds to lowor the water tablo,
but during the peried of dormancy the woter . apply bocomoes groator :
than the water use, which rosults in a higho» wator tablos Be-
couse of the lack ol available information, .~ is not possible to :
prodict the relative rate of ground watur dc-ictione This may beo
dono by meoasuring the wetor lcevel in tiue vo. wus v-.1ls ovor a
poriod of timc. . -

The accomponying pormeability chart was mnde from the data
on several test holcs in tho arve. Each test hole was placed on
tho chart at its respective surface c:iovotirn as found on Sho con~
tour map, The soil toxtures werc gra’od invo three classes accord-
ing to thoir relative pormeability, t4¢ pormoable class having less
than 205 clay, scmi=permoable having 20% to LOZ clay, and tho slowly
pormenblc class having Li0% or morc. In mest cases the uppoer part
of the profilc gonerally contoins thick layors of plastic cley which
will tond to maintain o constont water table.

It would be odvisable to maintain as constant a wator table
os possiblo in ordor to eliminate the  dangors accompanying a fluc-
tuating saturated zone. The hoavy plastic layers will tend to
stabilize the wator teble. Irrigation watcr will pencotrate those
loyers so slowly thot it will probably toke a numbor of ycars to
raiso the water table an appreciable amount . Superimposed wotor
tables might develop sbove extensivo impervi.us strato.

Corrcet intorprotation of the date obtained from tho alknli
analysis of an area affords o means of prodicting the future of an
area fter being submitted to irrigation for a fow years. The alkali
danger on the Tolani Lakes arca is not very emincnt oxeccpt in isolated
spotss Tho whole arcn is slightly affeeted but the salts are not ox- E

cossive and at prosent cause no particular damago to the ve, eotation.

Eight somples of the ground woter wore analyzed for alkalil
saltss The allkali coefficient was determined and the samples
classificd os good, foir, poor or bade The alkali coofficient is
dofined as, "the depth in inches of water which on ovaporntion
would yiold sufficient alkali to ronder o four foot depth of soil
injurious to tho moest sensitive plants". (1)

FW.i 632

oy

CV-6417-201

NNO001260




Annlyses of the ground wvator showod @ rolatively high salt
concontration in all the sumplese Thoy wure gusorally high in
sodium and calcium sulfatos and chloridese No indications of blaci:
olkali voro found, '

Much of tho alkali in the Tolani arca hes beon introduced by
flood wotcr, and has been conemtrated in tho lako and in tho soil
through cvaporation, Samples obteincd from the Oraibi and Polacca
woshes worz oxcoedingly high in total saltse These were talkon dur-
ing the dry scoson and give vory littlo infcrmation on tho amount
of salts that will bo in tho irrigotion wator. The tobnl salts
analysis of the two washes should be lowor during the flood scason
but will vary according to tho sourco of the floods As wc have
very little availoble infomation on the s: 17 content of the waters
of thoso washes, more data must bo accumulel .d beforo tho utility
for irrigation can bc determined,

It my bo said that injurious rcsult. due to olkali salts in
irrigation water depond on the toxture of Lbe soil wnd the gonoral
draincge conditionss Any apprcciable undorground flow toward o
permancent outlot will tond to losson the denger from tho concentra-
tion of tlkali salts. The contour mun of tiwo water table shows an
approciable underground flow from the vieinity of hole 55 toward the
01d C-2ibi Washe This flow should be sufficiont to drain this por-
tion or th. arca and provent dangerous alkali accvmulation 4f tho
irrigation watcrs aro relatively frece The first alkali trouble
will occur in the basin formod by the undorground scddle and the
bench noar test holo 3l  Hore, the salt concentration in ‘the ground
wobor is very high indicating poor draincge.

Moisturce will move upward through hoavy eley at tho rate of
about a fool in twenty four hours. In sandy soils, moisturc will
riso abouvt o foobt in six hourse Moisturo riscs most ropidly in
light testured soils bub higher in heavy toxturod soils. Thick beds
of plastic clay arc quitc common in the aru: s Moisturo movemont

through thesc beds in usually too slow to svpport active plant
growthe

Subsurface irrigation to be successful must koep the wator
table at o high lcvel boecause the mijority of plant roots feed
efficiently only in the first four fcot of soiles Moisturc below
soven feet will carry deoop rooted plants over o poriod of drouth
but will not producec a good crope

CV-6417-201

NNO01261




smmyg_z_’ Y

.

‘ The arca includos approximiboly six omd one-vh.y-.lf‘, square miles
It is located about forty-two miles north of Winslow, Arizonn, on
the Winslow=Oraibi road, : : ST

A woter toble study was mado to dotormine tho feasibility of
sub~irrigations The water tablo, within twenbty foct, wns found in
the flat at tho base of the rocky slopes along the soutlwest boun-
dO.ryc .

A contour map was mede of the surfaco o tho wabter tuble.
The moin underground flow is fram tho dottoed iine ¢n tho chart
south ecast toward the 01d Orcaibi Woshe Anot’ :r underground flow
from the rocky slopes olong the southwest bovuders is indieatod
by the lower salt concentration in test hol..: 42, 13, ond Ll

Alkali annlysis of tho ground wator showed o roletively
high salt concontration but thore were no indications of black
alkali. Mory data must be nccuwmulated beforo tho utility of the
irrigation wotor is lmovm. The first 21kali trouble will occur

in the basin formed by tho underground saddlo and the bonch noor
test hole 3.

The wotcer toblo should be maintained at o relativoly con-

‘stont level and should bo fairly highe
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ALKALIL ANAIYSIS OF THE GROUND WATER AT TOLANI JAKES

Viell Totel <(Ca Mg Na, 003 HC03 CcL th Alkali
No, ppm ppm ppm  ppm ppn Ppm_ ppm  ppm k Grade
2 10896 19l 239 2660 o0 .. 690 513 6500 16 Poor
33 1367% 580 192 3327 0 181 190 3750 L7 Baa
32 888 387 &5 1152 o 28l 265 3000 3.6 Poor
53 3830 322 9L 796 0 307 266 2200 Lk Poor
ECW Well 2578 86 217 756 o 2 366 1200 3,8 Poor
L3 57182 339 62 633 o0 3, 318 2050 bes Poor
(L) w.M.Well ‘Ugl 13 11 350 o 22 190 700 7.6 Fair
L2 2830 LS55 50 220 o 53 107 100  11.0 Fair
Oraibi Wash 330 136 Iy, 716 ¢ 11 105 ‘2000 6.7 Feir
Polacca Wash 5632 228 50 B68 4 1. 2./ 2125 bs3 | Poor
(From Tap) 273 7l 110 436 o 1-. 228 1300  AJy  Pair
Tolani Lake 2los 243 108 300 o " 65 1400 13,9 Fair

Classification of Waters for Irrization by Content of Alkoli,

Alkali Coefficient = k

Greater than 18

From 18 to 6 = Fair. Special care to prevent alkali accumulation has

Goods Have been used successfully for man
special care to prevent alkali accumuiation,

¥ years without

generally been necessary except on looss solls with fres

drainage.

From 6 to 1,2 ~ Poor. Care in seloction of scils has been found to be
imperative and artificial droinnge has frequently been

Tound necessary,

Less than 1,2 -~ Bed, Practicelly valueless for irrigution.

Alkeli Coefficient and Irrigetion Classification
frem the Quality of the Ylaters of Southeastern Nevada, Drain-
age Basins awd Vater Resources, by George Hordman and Meridith
k. Miller, The University of Nevnda Agricultural Experiment

Station, Bullets~ No. 136, P. 20.




