Proposed

DEVELOPMENT CONCEFT PLANS
INDIAN GARDENS

, GRAND 'CANYON NATIONAL PARK
| . ARIZONA

o | GCES OFFICE CC?Y
DO NOT REMOVE!

Prepared by
Deaqver Service Center

R : . . National Park Service
Department of the Interior

e 1773

: C o . - Diirertor, Western Region

pLEASE SETURN 10:

TECHNICAL INFORMATION CENTER

DEWYER SLRVICE CENTER .
"PARK SERVICE




L A

ORI
e o T

() Final Environmental Statement

United émtﬁ; Depsﬁn\ent of the Int&im, National Park Service
1. Type of action:+ - (X) Administrative ( ) Legisiative

{I. Brlef descrip:tion of action:
A development concept plan for Indian Gardens, Grand Canyon Mational Park
containing management plan for new campground and facilities, and the addition
of a new sewage treatment plant. °

il Summary of environmental impact and acverse envi.onmental effects:
a. .- Replacement of outmoded and poorly functioning sewage disposal system.
b. - Aesthetic: disturbances of construction activity, aerial importation of
- supplies. £ (ERVEERE ST :
" Longterm ; social - costs of mowing the campground from hospitable
" enwironment. ¢ i
Long-term aesthitic costs of artifically vegetating 2 serni-desert plateau.
e. Longterm effectof the spray field on the biological system.
1. Nutrient build-up principally nitrogen and phasphorus.
2. Effect of added salts —mainly calcium, potassium, soedium and
magnisium.
3. Effect of added water.
4. -Heavy metal build-up.
§. Mzintenance and enforcement costs associated with moving the campground
at:d increasing distance to pumphouses. '

V. Almrnatives considered:
a. Noaction.
b. Approval of a modified flash flood protecticn system, with a continued

policy of rehabilitating existing campground.
Retension of altemative developments of “b” with -a71 activated sludge

c.
’ sewage treatment plant.
Retension of altematives “b” and “c” with the addition of a tertiary

treatment made in sewage plant.

V. Conmmhmbea\mtedfromﬂ\efollowing:

a. Federal Agencies
United States Department of Agriculture: Forest Service, Kaibab National

Forest; Soil Conservation Service
United States Department of the Interior: U.S. Geclogical Survey, National
.- Park Service, Grand Canyon, Western Region
~ United States Department of Health Education and . Welfare: (Health
Aspects) Environmental Protection Agency: Water Quality Office
b. State Agencies
~ Arizona State Department of Health.
" Arizona Division Soil Conservaticn and Watershed Management

Arizona Canservation Council

V1. Date made available to Council on Environmental Quality and the public:
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ns forms one. of the most umque
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Canyon Natuonal Park. Of htstor cal Importance as 3 source of water, indian Gardens

Tars

pomnt _“s‘toppinérpomt for hukers and mule riders traversing the

Bright Arigal Trin from, the Swmémm to Phantom Ranch Indian Gardens itsslf is
o -" ;,lg.?,.,ﬁ = i

t whnch is 2 (XJO feet below the South Rim. Itiies
) formed by the Indian Garden Springs

am'rSf ﬂ1e gardens is small, and nestled

lymg \mthm the Bnght Angil faul
along the creek vb”ed for a few hun
Plateau, a hostlle envnronrnent of'semldesert scrub Flgure 1 shows the map cf the

jocsle of Indian Gardens Both the gardens and the Tonto Plateau are easily visible

yards. itis surrounded by the broad Tonto

from vantage points on the South Rim.

!

and well known arcas within Grand-
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s The dmlopmont concept p!an for lndwn Gardens is oriented towards continuing

its wmnt use aﬂ rest stop or mlpground for hlkers going into or coming out of

FEHh

s Brigh A’;,geu ’"Creek f}oni the present facility. Shads structures or
treesvwot;ld'be prov:ded there. A new sewage trestment facility would be built to

Additiénai ‘pfbposa!s call for construction of a new residence-office-contact
station and bunkhouse facilities for the trail crew, maintenance, and protection
personnel The flood protectnon dikes in the present campground would be
removed and an advance waming system devised to inform campers of the
potential threat of flash flood.

8. EXISTING DEVELOPMENT

As seen in figure 1, the developed area of Indian Gardens is very small. All of the
developments are located in the bottom land either adjacent to or just above the
springs that form Garden Creek. The shade in this bottom land from several large
cottonwood trees invites welcome respite fram the sun’s heat on the trails both
above and below the gardens.

. Because of their location, most of the facilities, including the
: ,ranger-statzon-resadence campground, and comfort station, lie in the path of flash
| ﬂoods emanatxng chiefly from the two major drainages that converge in the area
“(ﬁgure 2). A recent flash flood, in fact, caused considerable damage to the area of
f‘the carnpground and undermmed a portion of the stream bank. As shown in

: f' igure 1, a long rock wall diversion system was then constructed in an effort to

4 'channel runoff around the ranger station and the campground and into the stream
channel.

e
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. Scwage 00|lecnon and‘Tmatment Facnlmes

" The proposal calls for the moving of
' grea on the bench to the east and south of the present campground zbove Bright

stmctures woul
' waten'd by the irrigation system. This new area would be larger and thus offer

" mere space for

<"$"

added dmensuon to Indian Gardens as an important

n Gardensi consust of a comfcrt station and a wastewater

o5 &"."’g ,&.\:&;{J,

ollectxon syst#m,whlch mcludes a sep tic tank" lift station, and leach field. Sewage

from the fangef smuon, bunkhouse, and comfort station is treated in the septic

tank and the effluent is then discharged into the lift station and pumped to 3
leaching field on the slope to the northwest above the campground. The present

system_ is in disrepair, obsolete, and not large enough to handle the increasing
volume of waste from hikers and.backpackers. The manholes consist of

rectangular concnete boxes with lumber slat covers which give easy access for dirt, ™

rocks, surface runoff and refuse. The plugging of the sewers is a subsequent
namtenance problem. The |each fi eld does not function properly, and liquid
sewage ‘seeps to the surface and is often seen in pools. Odor is often a prob!em.
‘Soil percolatnon studies ‘have not been conducted. These may give some
explanation for the poor infiltration of the sewage liquid. However, the field itseli

is probebly not big enough for the current use load.

C.'  PROPOSED DEVELOPMENT
the campground and picnic area to a safer

Ange.l Creek (figure 3). This is an open area and theretore attendant shade

d be constructed, and cottonwood trees would be planted to be

the same number of camnars and picnickers. The land area slopes

upward tq the east from the current Srainage channel. This slope terminateson a
bench that is at a minimum about %t feet 2irxve the drainage channels and thus

¢
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on of an ressdencwffloe-contact station and bunkhouse
i and protectlon personnel. These

N ..;? SRR

facnlltles for ‘the new trail

‘ﬂ-. ' ‘ B o L
at-.the upper end of theram
W carnpground would ehmmate the need for the two

gabnon walled dlkes constructed to channel ﬂash flood overflow and these would

pground at its southernmost point.

therefore be removed

Scwago Tmtment Factlmu
posed secondary wastewater treatment system for Indian

The outlmo of tho pro
Gardens is shovm in f'gure 3. The exustmg lift station would be used to pump the

wastewater to a new treatment plant located on
An 8-inch trunk sewer would extend from the ranger

the slope to the south and above

the, extstlng pump statlons.

station area to the tnaatrnent facnlnty mth 4
two comfort statlons to be placed in the relocsted

would be treated, chlorinated, and the effluent

mch connections for the bunkhouse,

ranger ‘s quarters, and
carnpground area. The wasnewater
dlSChal'QEd into a8 wet well. Th|s plant is designed for a minimum 90 percent
reduction "in BOD and would have a capacity of treating 5,000 gallons 3 day
(gadl From the wet well, the effluent would be pumped through a 3-inch pipe to
rea for use as irrigation. An g-inchroutfall line would be
the effluent which is not used for irrigation
Garden Creek. The proposed

the new campground &
rovnded to discharge that portion of

to the area below the treatment plant into

wamwater collectlon system ‘would require approxnmanely 100 feet of 4-inch and

1,000 feet of 8-inch pipe wsth four manh
- be an actwated sludge package plant, a 110—gallon chlorine contact chamber an

fﬂuent wet well, and a 7‘/& hp. pump in the lift station to pump the effluentinto
lrrigation water may be diverted from this irrigation

oles. The treatment facility itself would

the |mgat|on system.
presure line at any number of locations. An irrigaticn system of open shallow

trenches would gravity feed water t0 mo
be used in aenal spray. |f both the irrigation and spraying

st of the proposed campground area.

Exoes water would

chamsma fall the overflow pipe would carry the treatment plant effluent to

$
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: desfgn popu!atton of 366 tndivaduals per dav ,_For terms of waste treatment, the

*&fe i >
! al;eg:&or mule’ riders. Based on 1 971 data, the maximum per 3
‘ li*;“{' A ﬁ’ 2 ., -
day use of lndlan Gardens was 56 percent of the maxlmum desngn population. 3
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sharp y delnneated put whlch
development proposal for the campground.

, variations in temperature are not uncommon.
resemble those of Phantom ‘Ranch, bemg extremely hot throughout the summer .

;‘«
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There isno cllmatlc data for the Indsan Gardens area itself. Located as itis atan

elevatlon mtermedlate between Phantom Ranch and the South Rim, and with the

two very different vegetative systems, itis difficult to extrapolate a mean between

these two stations.

The riparian environment of the springs forms an oasis in the deser?, with a

climate that contrasts sharply with the unshaded sheli of the surrounding Tonto

Plateau. Here, \Mthout the amehoratmg effect of the vegetation, great diumal
The conditions on the plateau more

and receiving between 6 and 8 inches of precipitation each year. With the high

reradiation, night temperatures can be quite cold.

»

8. - BIOTIC FEATURES

"1.‘f Vegetztlon
Bec:use of the entirely different perspeciwe offr»red by the “’gardens’” per se
and the surroundmg Tonto Plateau, the vegetative features of each will be

treated separately

The harsh environmental conditions of the Tonto Plateau have produced a

plant community capable of sustaining extremely hot daytime temperatures

and sharp cooling at night. The xerophytic vegetation is dominated by low

'proﬁle,‘- spreading sclerophyllous shrubs with shallow spreading roots

G
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i the sprlng waters,
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and'::'ﬁwe aspect as:fdommated by the Iarge cottonwood trees, many of them
. over 70 years old which give the area its character. A listing of the most
common vegetative types at the gardens is given in appendix 4 (Merkel 1962,
USDA 1837, Sutton and Sutton 1971, Rand 1958).

vegetatloh lnc udes several spec:es of willows and sedges,

2 ,; Faum ]

Because the area of the gardens is so small and isolated, most of the fauna,
! L except for a few amphxblans and some magratory bird species, are adapted to
tbe dry desert scrub envnronment. The mammalian fauna is dofminated by. .

members of the Rodentia, herbworous and feeding on the seeds and fruits of

%

the vegetation. The major predaceous species include the bobcat and coyote.
* " Because of the heat, most of the mammal activity is nocturnal and is rarely

noticed. Many of the species use the gardens area for water. The reptilian

fauna, as would be expected, is quite large. A com;i!ete listing of the fauna
- of.the Indian Gardens area is grven in appendlx 2. (Bailey 1939, Scharff
;'1967 Gehlback 1966).

-

e TOPOGRAPHY-GEOLOGY

B ";Tff'fAt an‘elevation of about 3,700 feet, 2,000 feet below the South Rim, the gardens
iuelf as‘fdcated within the Bright Angel Fault corridor, a post-Paleozoic normal
fault (Maxson 1961). This fault is the major factor influencing the drainage

o pattems of the area and is the resultant factor in the occurrence of the natural




sorl layer nas bea‘nnad&xmulated wnthln the gardens itself,
¥I"! s E

malnly frdm deposltson and :t‘ls held by the npanan vegetatlon in the area. Soil

v;a rL,, _,

e The sandstone of th_e Tonto Plateau is thlck énd coarse and is made up of resistant
D3 -'ﬁ”e@#ﬁ@” ﬂg@ﬂ L .
‘overlam Wlth a lay of soft and easuly erodible Bright Angel

*Wb,{ii m'f?i'
BRR Setour : ;‘e&%ﬁaﬂ R G < .
'the lack' f’scnl‘ntakes the plateau are% extremely susceptlble to damage by
“3:43 P‘*" wa;;' P '

eroslon ar oven.lse. The low buotncdwersnty only adds to its lack of stability. Scars

and overuse' on the plateau are thus not easxly healed or erased.

D. SOCIAL RESOURCES )
Other than a Park Service ranger, there is no permanent residential population at
lndlan Gardens, and none rs planned Because of the trans-canyon pumpmg
: -:mtlon, an lndmd.ial must be on duty at the gardens at all times. This
" responsxbnhty ns normally rotated among several individuals.

RN

E. ARCHEOLOGICAL-HISTORIC_AL-PALEONT OLOGICAL RESOURCES
The long history »and habitation of the Indian Gardens aréa as a site for farming

by the early lndian tribes gives added archeological importance to this site. From
- the evidence available, it appears as if the prehistoric predecessors of the historic

. mhabltants the Havasupai, entered the regu:-n of Grand Canyon obOUt A.D. 600

, '(Schwartz 1957) How long it took them to occupy the gardens area itself is not
‘ f.:”knom, but the ramd populatlon mcrease expenenced by this tribe a few hundred
iy years after its settlement would lead one to-expect that it was at this time that the
.'“rareas of the inner and lower canyon were first utilized for farmmg The available

V water source of the gardens was certainly an important drawing card. As with the
Phantorn*!j Ranch, the Development Concept Plan for Indian Gardens

unfortunately does not make any reference to the posslble archeological sites at

the gardens.
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".proposed,deve opmerw I.i de excavanons alnng the bench tu the east and

W ; .
d near the current pumpmg statlon.

ecause of the possubulmes of archeologa
'care and should ﬁgnlfcént fmdmgs be uncovered
: ~xzsionally evaluated.

No propertxes Ilsted in the National Reglster of Hlstorlc Plaoes will be affected by

the deVelopment.

R S e

VFUTURE ENVI RONMENT WlTHOUT THE PROJECT
d below the pr development concept plan may well

S el

of eorrectrve actnon (and w:th increasmg ,t,m further breakdown of the system

may well occur), the correctxve action in toto may well be more harmful than the

existing problems. .
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vrequnru cmsnderableceicavauon and pro
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mthdus project. The ¢ ns'tructsoh of the treatment plant would

T s e
bably sorne blastmg into the hillside.

i
the ranger statnon, and the bunkhouse. Trenching

W

mul& be mqmred' for the ’1'100 féet or more of new sewage lines to be
msta!led, As with Phantom Ranch, much of the disturbance is due to the

. isolation of Indian Gardens and the necessity of moving all construction

supplies and manpower into the site by helicopter. The noise of this activity
would be most disturbing to those campers staying at the gardens and to

those hikn;r:;a‘l‘odg the trail leading up to the South Rim.

" Since most of the construction activity would take place oh the slope to the

east and south of the pres.nt camping area, only the construction of the
treatment faciiiti itself and the eventual removal of the stormi-channel dikes
would be of severe detriment to those staying at the gaidens.

2. Temporal Physical Disturbances
Given the lack of vegetation cover on the slopes surrounding the Indian
Gardens, the lack of soil, and the fragile nature of the area, damage to the
physical environment caused by trenching and excavation could be quite
severe, long-lasting, and vary noticeable when viewing the gardens from
upper levels, mcludmg the South Rim,

Y
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ciosts of the lnd‘an Gardens dmlopment fall into o

oF ver{ hngh levdlmmtannung thls degree over a long-term interval and .
) 'g;raa:ally dccreasmg. Social costs are related to the disturbances

: :'cxpmmd by the users of Indian Gardens, principally the campers
audh‘kus.Th; iansent wnpground at Indian Gardens is a most
, enioyablc ermronmnt. pamwlarly after spending severalhours on the

| - hot tnn’ls of thc inner-canyon. To require the people to set up camp on
the exposed s!opec of the surrounding plateau void of shade when the
present shiaded campground is only a short distance zway, will cause
considerzble friction between users of the facility and those required to
maintain order. These disturbances are particularly upsetting to the
campér when he realizes that the only reason the present campground
c.anno@beused is because of flash flood danger. On a day when the

temperamre may spproach 110° on the exposed plateau, this

-

?‘; posﬁbility may well seem remote.
L The graph shows the social costs gradualiy decreasing because new
" cottonwood trees will have grown as a result of irrigation. The original
deterrent to the campground on the exposed slopes will have dissipated.



y-wegramd over time approaches unlty The curves,
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Af:f:);)t»l’t..').'lal _
I, the aﬁlhetlc costs of artnf' mally rtvegetatmg an zres

......

g7 34*

.quaqrupled each year As‘ d‘fferent vegetatxon

ope of the cunre is inversely propomonal to that for the social

et o Sk P s e SR

A -;',"cém. The intrusion of thls vegetatxon on or into the scrub desert of the

plateau mll bc notlceable by all but the most casual observers from the
‘ South le. Eventually, a climax community, adjusted to the
conditlons. is sttained. Thus, after 8 passage of at least 40 years, this ™

cum will fevel off.

ci Eﬁo:ts on tho Biolog:al-physml Wrwm Environmental costs, )

asd\ombythethurdwmmf'gure4 start off at a rather fiigh level. .
; This is due primarily to the physical disturbance of the area in the

: _ construction phases. Within a few years these costs will begin to =¥
decroase and at least stabilize. At this juncture, we find two divergent
curves are posa’ble. These indicate the possible effects of the spray-field
lmgatxon on the plateau ecosystem itself. One curve indicated that
- thess costs slowly increase and reach an untenable level; the second
indictm that they will slowly decrease and reach a negligible level.
Thus, one of the most lrnportant and unknown quantities in the
ddveloprnént~plan for Indian Gardens is not (as contrasted to Phantom
the method of 'mge treatment, but rather the method of

rermval of the liquid sewage effluent after it has been treated.




%
-
=
2
#
i,
‘o
4
M

"‘4;&@3« )w kkv GE el s f;j.‘)‘,_. R
AT‘ A v - .

Becaua of their lmpomnco to
Nk s s é‘ﬁm»:ﬂ h-»-ﬁ«:k ;

;ﬂﬂsgand tho wbsequent impact mmment. and the lack of good
] Bie 5Lt 0 i».: S EE A P el
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sysm'[he soil and vegcmnon act as a filter to renovate sewage .
5 ,,“_;‘x &Ni 1. - ,-; a ‘(‘ kS ;‘:r,_

'efﬂuent before ct mumed to the ground water sources. The

LA

pmtm of
52877 93 ks

‘the 1920’3 and ‘origmatedi‘m Germany on forested land. It has
been used in the United States on an ever-growing scale since 1947

o ‘(Sepp 1965).

. Much of the research on the mbject until recently has been limited
to’the abtllty of the soul to dispose of increasing amounts of «

gy »

cfﬂuents. and the abnhty of the efﬂuent to serve as a substitute for .
Af:;'}grr z’l, by -

fertilizers in agricultural atuat:ons. Only recently has emphasis

: -EA r.,f‘.’.'%o« W A B

been direcmd towards the effect of the effluent on the ecosystem

FT

nﬁelf and in partxcular natural systems.

The studies in‘general have indicated that the living filter of most .

ecosystems is highly efficient in removing important constituents
~ from the applied sewage waste water. The ability of effluent to
 fertilize crops is is likewise most impressive (Day et a/. 1962, Day

and Tucker 1959).

Sep:; (1965) has reported on the effects of sewage

treatment-irrigation systems based on a survey of 30 California

systems. He noted that most of the treatment plants are effective

in retaining the effluent on the land during dry weather and in

- light rains, whereas there is some runoff from the land areas during
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55 'gadxwere talned durmg summer weekends on some

000 ga H:" no't*ed that in eighwa the areas, the spray fields

15
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wgra falltng because of

noud ln thosaareas
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: 7 000 ga ] on aan&y‘forésf smls in Washmgton withno ill effects,
and «Imnlar resu!ts were repormd for volumes up to 10,000 for
' undy New Jarsey soils by Seabrook (1957).

On natural systems, the best and most comprehensive studies are
those being carried out st Pennsylvania State University (see
v e Kardoc and Sopper 1972, Kardos 1970, Kardos 1971, Parizek
‘ 1%7 and Pmnypacker, et al. 1967). The work from these
researcha will be incorporated into the followmg discussion.

The probable effects of cmgatmg an area with sewage effluent can
be brokedown mto four main areas. These four effects are those
concemed w:th the addition of:

Nutrients, principally nitrogen and phiosphorus
Water - ..

-l
.

w. N

Salts, principally calcium, potassium, sodium, and magnesium

>

Heavy metals

Nutrients
The pathways of the principal nutrient additions, nitrogen and
phosphorus can be seen by their biogeochemical cycies shown in
appendix 3. .

se of mnoff problemé. No marked changes were -




efnuent. Perenmal grasses appear to be most efficient in removing
mtrogen because their root systems, although dormant in the
wmter are ‘ready to begin absorption in the spring when the
seasonal bulge of _nltrogen occurs, and when annual grasses have <

yet to extend their roots (Kardos 1970).

Pbosphoms

Phosphorus is another of the nutrients responsible for the
eutrophmtxon in both streams and lakes. The phosphorous cycle
i in comparnsion to the mtrogen is simpler and the great reservoir is
L o not the alr but the sedxments and rocks. A necessary constituent

of protop!asm, phosphorus tends to circulate as an organic
eompound being broken down eventually to phosphates which

are available to plants. The soil appears to be a more effective
filter for phosphorus than for nitrogen. Kardos and Sopper (1972)
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On agricultural plots, on the other hand where the plants are

‘hawested phosphorous is continually being removed from the
| system and ‘therefore, can be added continually each year without

 a concomitant buildup. Kardos (1870) found that clover irrigated _—
”with 1 inch of effluent per week removed between 49 and 63
peroent of the phosphorous. Fig. 5 shows a general'zed pattern of. |

‘- mtrient_.cyc!mg and b.uldup in harvested and non-harvested

v i ‘Scwags ’Fefﬂuent also contams several dissolved mineral salts; the
. o R duef ona bemg potasxum calcium, magnesium, and sodium. For
o soﬂ to remam m ba!ance and fertile, soil’s salts raust be held ata

g ‘level desarable for the plants growing in it and must be removed by

the p!ants or by dramage as fast as new ones are added. In dry

| c!rmans, where the evaporzmon rates are high, irrigation water will

evaporatn leaving the salts behind. Harvested crops will remove a - Ny

'iuh&tahtial fraction of the mineral *salts except sodium. In

| non-harvested situations, the saits will gradually accumulate in the

. ’, upper soil horizons, killing the indigenocus plant Vpopqlations. The
 smount and rate of salt buildup is greatly dependent on the soil
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a more monst chmate. These new species will, in turn, upset the

oompet:tzve equilibrium and, in the long run, probably kill the

- existing plant life.

] Thns document has already referred to the change in the vegetation

;as havmg adi sturbmg aesthetic effect on those experiencing Indian
. - /Garcbt‘ts from the South Rim. The increased irrigation, of course,
o B \mll enable the growth and development of planted cottonwood
trees and probably some forms of perennial grasses. To what

~ extent the additional moisture will enable t.ﬁe growth and spread

: of—'naﬁve shrub species, such as desert thorn, blackbrush, and

=

Wiw is not known. However, research conducted by Wright
(1972) has alluded to the great ability of shrubs such as mesquite
to’ usurp the avanlable moisture in an area and dominate

-,"“obnoxlous. lt is probable that some contmumg form of vegetation
managernent will be reqmred a practice which is generally not
consistent with Park Service practices. Of equal consideration is
not imly the amount of water added to the system per se, but the

- percentage increase. In arid regions this will be great.



lnd‘ an 'Ga'dens‘ Speczf‘ ic Effects Sopper and Kardos

R PO

- ‘-/_ (1972) have indicated that about 130 acres of land are needed to
d'wpose of aumlhon ga!lorns of efﬂuent per week applied at 2 4 )

_ roposed spmy: f‘ eld could handle the design population sewage™
'v,,efﬂbent‘uf apphed at the rate of one-ha!f inch per week. It would .

o

be more opt:rnal 10 divide the area in half and apply at the rate of

. -fonemchevetyothermek.

&,
3

4

This would result in an approximate addition of 27 inches of
water/unit area. or a fourfold increase over the average
‘ precipitativon of the p!ateéu. Evaporation losses from the spray and
. ground would result in a loss of about 10 to 25 percent of the
added water, reducmg the increment to 22 inches or a 360 percent

mcwase. ) .

A diaéram of the possible effects of the added nutrients and water
to the herbaceous vegetation on the Tonto Plateau is shown in
"figure 6.. ln both cases, the time scale is over a penod of years and

the umts are an arbitrary scale of biomass. Both cases start from

the stable ecosystem, such -as seen in appendix 4, that has the
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litter: bmldup ‘;s low,‘ and_thus the plant popu!atlon is able to

i gy
Yy A }‘-‘\..

: owed and }eventua!ly litter buildup precludes herbage
5 g ﬂ“,. IR

gmwth beyond‘that produced before the advent of the spray field.

“anure 7 shows the long-term effects of the addition of spray
) :'efﬂuents to the ecosystem steady state. As was illustrated in figure
.4 ;‘6 the herbaceous vegetatzon is “the first to benefit by the addition
of nutnents and water, ard its rapid rise is seen during the first
ot A‘tlme mterval No rsse ls noted in the woody vegetatlon whose

‘ response to the add’ tnonal nutrients and water Iags the grasses.
_ .' Exotnc vegetauon is that Whlch is present in small amounts in the
S namral system, but whnch is characteristic of more moist environs,
and therefore is at the extreme of its range. It is this category of
vegetation that one would expect to increase the greatest as the
oondition for growth becomes more optimum. A_lso included in
this category are the vegetative forms artificially planted to give
shade and ground cover. .
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: shghtly dunng the secc;nd nrne interval and reach a second steady

| vegr‘satwn also reééha a steady state but not untii it has declined
consxderab!y. Part of this decline is a function of increased

'_jf oompennon from exotsc vegetatnve forms, and part is attnbutable

Ad tmrd source of Ios is due to the fact that the

] h" b e e s . N
5: cmsumes pcpu!anons have
ok m,}g&‘ﬁ" el KA e S L L
: !A fourth, factonf precnp:tatmg dechne may be due to the buildup in
lm;;silém:ncasa2offgure5 .

Mweﬂwér or not the steady state which is proposed will be
maintaine and for how long, is a major question. One possible
set of effects are l!lustrated in the last time interval of figure 7.

;

' '_-_Here the natsve herbage conunua to decline as a resuit of

%

‘increased competxtxon from newer forms and possibly becausz2 of

{{’an incrm»m soil salinity resulting from the irrigation. The

> oons‘umer_‘ f)opu!ation may also continue to decrease, as a function
of nitrate poisoning from an over-abundance of nitrate buildup in

the vegetation.

Other side problems such as the ponding and ru.ioff of effluent
from the spray field can be important if the rate of application is
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: not consdered ;n the:"’Development Concept Plan are related to the
mimyofﬂn pumpmg"“stanon and to the maintenance and order
d;':’!ﬁge campground. The pumpmg station at the Indian Gardens
wmgwt;ﬁvw&aw ﬁa an inverted syphon pipeline from Roaring

B "‘A LRG0 i"’f%&t A
- Sprfnss

loamd below the North Rim. A portion of the water received via

g&kyﬁ.,;,ms
thu ptpelfne_is pumped to the Scuth Rim storage facilities, it being the only

soume of mtzr from the Soud‘x Rim, and the remainder of tha water lS

returned to Garden Creek. Any factor which interrupts the operation of the

pumps for even a short tire has important consequences for those on the

South Rim. It has been the experience of the personnel maintaining the

pumps that the electru,.. equipment is very subject to shortcircuits,

especsal!y durmg electrml storms. At such time, an alarm sounds and the

) ranger on duty must manually reset the breakers and run a check on all of

) : B the equupment. This phenomenon can occur up to seven times a week in the

" thunderstorm seasons. ( Rosales — personal communication).

The distance between the current Ranger Station and the pumphouse is less
than one-tenth of a mile. The distance between the proposed site for the new

- Ranger Station and the cumrent pumphouse is over a quarter of a mile. Given




8 ' the current maintenance status of the operation of thypumps, this-lncreased

' distance - will result in extreme inconvenience to the personnel who are

required 1o service the pumps.

On the map in figure 1 above, it can be noted that the riparian vegetation
regime of indian Garcens extends well beyond the present campground. This
area is watered not only by the Garden Creek Springs, but also fr;m the
overflow from the trans-canyon pipeline which is not pumped to the South
Rim. At most times of the year, the volume of water from each source is
about equal. This is a rather broad .marshy area with several cottonwoods
and dense thickets of willow. [t is frequented by campers and hikers,
especially those arriving from Phantom Ranch. The increasing use of illicit
drugs over the past few years has added an increasing burden to those
enforcing the use of this area. Removing the Ranger Station to the bench to
the south of the gardens area, would add to this burden manyfold, especially
in view of the fact that camping in the present gardens area would also be

- eliminated.

R 8. ENVIRONMENTAL BENEFITS
The major tangible environmental benefit of the proposed development concept
plan would be the elimination of the present septic tank based sewage disposal

e system. The present sewage collection system, with its inadequate leach field and
N | o obsolete manholes, is not only inadequate in the face of increasing use but may
b L i eventually pose an important health problem. The elimination of camping and the
.- ' removal of the present facili.ties from the floodplain area will, for all intents,

eliminate the possibility of loss of life and property due to flash floods. As
"md‘mted”m the enwronmental impact mtement for Phantom Ranch, the

BRI W sgante

l}nd' ian G*rdens mc!udes eertam tang:ble bemefots. such as less compaction and
S ; degradauon of the tra:ls and the ehrmnatnon of posslb!e disease factors in the fecal
e e L vmatenal at the tranl and in the present campground. Likewise, the intangible

e ~o————— S <




' IV. MITIGATING EFFECTS
o As with Phantom Ranch, over the years a great deal of miscellaneous artifacts and
other junk have sccumulated at Indian Gardens. Although this situation is not as severe

as at Phantom Ranch and the deposits are more ordered and out of »*_ht of the general
public, a mitigating factor in the need for ferrying in construction supplies by

B helicopter would be to use these same planes to carry out junk in whet would
B | , otherwise be an empty flight. As with Phantom Ranch, detailed planning wouid be
' necessary and the operation would probably have to be written into the construction
y .‘ contract. All materials not used in the construction programs themselves would, of
_ v course, be removed. All flights for material spould be programmed %0 be performed in
T as small a time interval as possible, and schedules should be done during low periods of

: : 7 visitation. Likewise, flights for manpower and perishable supplies should be held to a

minimum aj.J notice of the construction activities shculd be posted at both rims to

. make hikers aware of the situation before they arrive at the gardens. The most feasibie
b situation would be to have the construction activities at Phantom Ranch and Indian ™
Lo : Gardens programmed co.incidentally. This would work espeically well if both treatment
systems were the same, such as activated treatment sludge. The advantage to this would
/‘ _ be to minimize the time period of the construction activity disturbance in the inner
N canyon and a possibility to lessen the total number of flights for supply and manpower
in that the same individuals could work on both jobs. Likewise, the flying in of
supplies could be centralized from a certain point. The possible mi.tigating effectinthe
need for the construction of a new bunkhouse-ranger-station complex would be that
- these could be used initially to house the construction crew working on the sewage

h . collection and disposal system and the new campground.
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V. SIGNIFICANT ADVERSE EFFECTS THAT
CANNOT BE AVOIDED

The sig.‘\lficant,advm effect of the proposed development would be the change that
would take place on the fonto Plateau utilized as a sprayfield and new campground.
Not only would the new buildings impose a disruption on this area but they could be
disconcertingly viewed from the viewpoints on the South Rim. Likewise, the sqars left
by the trenching processes along with the graduafehange in vegetation characteristics
of the present shrub desert would be a readily apparent unnatural intrusion in this area.
(Yhe long-term effects of utilizing spray field effluence were discussed above.) The
treatment system itself will also be a permanent facility, and therefore affect a change
of the system. However, lccated as it is near the present pumphouse complex, this

factor is not considered important.
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V. RELATION BETWEEN SHORT-TERM USE AND
LONG-TERM PRODUCTIVITY

Some of the possible long-term changes in the productivity of the land, the change in
diversity and vegetation characteristics, and the resultant change in the fauna were
discussed in Section (11.B. With the lack of long-term research findings on spray fields
and their resuitant effect, some of these speculations are merely probablistic and may
not at all be well-founded. However, they do offer one possible long-term effect.

25 .




Vil. IRREVERSIBLE COMMITMENT OF RESOURCES
Except for the Jand rescurce alluded to above and its change in status, the use of

nonrenewable resources is not contemplated in this proposal and this cunsideration is

to this extent not relevant to this development plan.
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o Vil ALTERNATIVES TO THE PROPOSED ACTION

" A.  NO ACTION

;P Fc;r this proposal, the no-action alternative is in some ways a feasible plan. The .
L reasons for this are as follows:

1) The chief reason for moving the campground is the danger of flash floods.
The danger of a flood approaching the inier)si_ty of that which struck a few years
ago is remote. Based on the last flood, the";;hysical damage woul!d be negligible
and with precautionary removal of the people from the campground, the danger

of loss of life is negligible also.

The last flood was tertned a once-in-a-100-year event. Such a frequency ana'ysis is
based on a cost relationship indicating the period of time needed to amortize the
A cost of lost physical facilities. The lack of expanswe facilities within Indian
. : Gardens makes this convention meaningless. The age of the cottonwood trees
would indicate however that a flood severe enough for their destruction has nct«

. occusred for at least 75 years.

S : 2) The present campground is operated on a permit basis limiting the number
of campers per night to 75 people. This puts an upper limit on the strain imposed

4 on the sewage facilities. Under this alternative, the existing plant may prove to be

o ) barely adequate in subsequent years. This would require a more rigorous

maintenance commitment including cleanin; of the leach lines.

B. LIMITED ACTION ALTERNATIVES

I 1. A mon feasible solution would be a limited action set of alternatives
. which would include the following:
a S a)  Flash Flood Protection System .

It was pointed out to the author that much of the damage done by the
recent flood at Indian Gardens seemed to have been caused by the improper

construction of the gabion wall. it is probable that simple extension of this

wall a few feet to the east and on the opposite end 1o the northwest would




have precluded much of the demage done by the storm and prevented the
flood water from camaging the ranger’s house, or entering the campground
at al!. This improvement, along with all others to be discussed, is seen on
fizure 8. Another improvement which might further decrease we probability
of flood in the campground would be to have an enginee¢ring study to
examine the possibility of excavating the stream channel entering the
campground from the south at the point at which it joins the gabion-walled
wash from the ncrthwest. Excavation of this channel with a bridge over the
trail to the trough where it joins the channelized wash would greatly
facilitate the flow of flood waters through the area and prevent their

subsequent spreading to the campground.

Respective  washes drain various areas of relatively small size. The one
running to the south of the campground parallels the trail for about a mile
and drains this area. The one running to the northwest drains a.. even smaller
area within the canyon with floodwaters coming from the top of the plateau.
in either case, a major flash flood is generally presaged by a severe
thunderstorm in the area and severe floods by water running over the top of
the plateau and into the wash to the northwest. in either case, adequate
advanced warning signs are available, especially to a trained observer, to give
adequate time to evacuate the campground area. it would probably be
worthwhile to have all potential rangers and maintenance men staying in
Indian Gardens attend a brief training course on the poténtial signs of a flasi
flood with what to do in case one occurs. Likewise, signs to that effect could

be posted in the campground.

b) Campground Renovation and Expansion

Thro(xgh the action of one of the current resident rangers {Ray Rosales}, the
campground, through plantings of perennial grasses and cottonwood
seedlings, has been considerably improved following destruction from the

flood. Areas in the campgrournd have been partitioned off so that
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revegetation might take place, and the irrigation system here and in the area

below the campground has been improved, further promoting revegetation.

Continuation and expansion of this practice, perticularly utilizing the area
north of the present campground in the lower riparian area while the upper
end is being revegetated, would greatly enhance the attractiveness and utility

of the area. Removal of mules as proposed in the DCP will aid in this

process.

c) Renovation of Facilities
The current ranger station appears to be structurally sound and 3 rather

attractive building. Its location is quite adequate to monitor the use of the
present campground and the area below. the present campground This
building was constructed in 1932 and lacks sufficient insulation and has a
damaged foundation, partly owing to the recent flood. Satisfying both of
these requirements, and minor renovation of the interior, would appear 10
make this building more than adequate for its existing use. As indicated
above, its present location also facilitates maintenance of the pumphouse
facilities. Likewise, renovation of the existing bunkhouse, possibly more

extensive, would be sufficient. 1t would appear to serve its needs.

Under this set of alternatives no sewage treatment plant would be proposed,
but rather a renovation of the existing sewage treatment facility and
extension and additions to the leach f:eld This is based on the assumption

that a number of permits issued for ‘campground use will remain as is.

2. Under this set of alternatives, the first four suggestions put forth in
Alternative A would be retained and the only change would be in the sewage
collection and disposal system. Under this alternative, the waste collection

facility as proposed would be constructed, but the comfort station would

remain in its existing location and a new 4-inch pressure sewerline indicated




in figure 3 would be constructed. The effluent would be trected to approved
state standards and piped into Garden Creek below the campground arva.
The type of sewage treatment system proposed, a packaged-activated sludge
trestment plant, would appear to be the most viable form of trzatment
facility that might be constructed. Of the various types of activated sludge
processes, the extended aeration-type piants would seem to be best due to
its better effluent quality and smaller accumulation of studge. Accumulated
sludge could be used for soil-building practices in the area below the present
campground. Such a plant would match that prbposed in Alternative C-2 for
Phantom Ranch. The presence of‘two compatible treatment plants would

greatly facilitate maintenance operations.

3. The further refinement of the activated sludge trestment process with a
tertiary treatment mode would, if maintenance problems cou!d be worked
out, be an even better alternative. This would eliminate the deposition of =
nutrienits such as nitrogen and phosphorus into Garden Creek and the

subsequent chance of its beginning stages of eutrophication.

4. Because of its location and high visibility from the South Rim,

treatment practices which employ lagoons, either oxidative or nrechanically

aerated, are not considered to be feasible solutions here.

&
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APPENDIX 1

VEGETATION OF THE INDIAN GARDENS AREA

8 Desert-shrub Tonto Plateau:
| H blackbrush (Coleogyne ramosissima)
"l . desert thorn (Lycium pallidum)

)

bursaye (Franseria erioccentra)
agave (Agave utahensis)
e . ‘ narrowleaf yucca ( Yucca angustissima)
pricklypear cactus (Opuntia sp.)
\ white brittlebrush (Encelia Frutiscens)
Sacred datura (Datura meteloides)
milkvetch (Astragalus sp.)

S i - Riparian Indian Gardens:
cottonwood (Populus fremontii)

e narrowleaf willow (Solix exiqua)
S \ 4 Dudley willow {Solix gocdingii)
. catclaw (Acadia greggii)

mesquite (Prosopis juliflora)
: blackberry bush fRubus sp.)
e California scrub cak (Overcus dumosa)
A blackbrush (Coleogyne ramnoasissima)

f o pricklypear cactus (Opuntia sp.)

e




APPENDIX 2

FAUNA OF INDIAN GARDENS AREA

Mammals:

White-tailed antelope squirrel (Ammospernophilus leucurus)

cliff chipmunk (Eutamias dorsalis)

canyon mouse (Peromyscus crinitus)

cactus mouse (Peromyscus erimicus)

Desert wood rat (Neotona lepida)

white throated wood rat (Neotoma albigula)
bighorn (Ovis conadensis)

desert shrew (Notiosorex crowfordi)

Ord’s Kangaroo rat {Dipodomys ordii)

Silky pocket mouse (Perognathus slavus)
spotted skunk (Spilogale putorius)

rock squirrel (Citellus variegatus)

spotted ground squirrel (Citel/ux spilosoma)
Gunnison’s prairie dog (Cynomys: gunnisori)
black-tailed jackrabbit (Lepus californicus)
short-tailed grasshopper mouse (Onyclomys leucogaster}

Regptiles

chuckwallow (Sauromaleus obesus)

collored lizard (Crotaphytus colloris)

striped whipsnake (Masticophis vaeneatus)

western rattlesnake (Crotalis viridis)

Grand Canyon rattlesnake (Crotalis viridis abysisus)
common kingsriake (Lampropelt's getulus)!

gopher snake (Petuophis melano leucus}

Western ground snake (Sonora semi-annulatoa)

w
EA




A VR SR ! . " y . - . . o
i i RPTRW = > s e LA e s e e S
WS 'u m{’t m\w;:‘;@, A SR P B = -

-

banded gecko (Coleonyx variegatus)
tree lizard (Uta ornata)

fency lizard (Sceloporus unduiatus)
dosert spiny lizard (Sceloporus magister)

Waestern whiptail {Cnemidophorus tigris)

K4

Plateau whiptail {Cnemidophorus velox)

HR Amphibians:
red spotted toad (Bufo punctatus)

canyon tree frog (Hy/a arenicolor)

V. Birds:
chipping spairow (Chlorura)
green-tailed towhee /Chlorura)
§cmbjay (Aphelocoma coerulescens)
grey-headed junca {Junco caniceps)
canyon wren Catherpes mexicanus)
violet greenswallow (Tachycineta thalassina)
desert sparrow (Amphispiza nevadensis)
house finch (Carpodacus mexicanus)
raven (Corvus corax) B wY

pinion jay {Gyminor hinus cyanocephalus)






