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LOWER COLORADO REG ION 

COMPREHENSIVE FRAMEWORK STUDY 

APPENDIX XVIII, GENERAL PROGRAM AND ALTERNATIVES 

This report of the Lower Colorado Region Framework Study State
Federal Interagency Group was prepared at field-level and presents a 
framework program for the development and management of the water and 
related land resources of the Lower Colorado Region. This report is 
subject to review by the interested Federal agencies at the departmental 
level, by the Governors of the affected States, and by the Water 
Resources Cormcil prior to its transmittal -to~esident of the'~ 
~Jn:Hed Scates for-his Ie<J4=ew'ftfl~ +:!tww;sibi!Tea to the Congress 
for its consideration. 
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SUMMARY OF FINDINGS 

The Lov1er Colorado Region includes most of Arizona, and parts of 
Nevada, New Mexico, and Utah comprising 4.8 percent of the contiguous 
United States. The Region is richly endowed with favorable climate, 
abundant land, mineral, and o ther resources and leads the Nation in 
population growth rate as well as in several other economic indices. 
The population is concentrated principally in central Arizona and the 
Las Vegas, Nevada areas. The remainder of the Region is sparsely 
settled and much is uninhabited. 

Inventories and appraisals of resources and development of the 
Lower Colorado Region established a base year of 1965 from which all 
projections of future requirements were made. These regional pro
j ections, originally made by the Office of Business Economics and 
Economic Research Service, were somewhat modified to more closely 
reflec t regional trends. Hence, the Lower Colorado Region compre
hensive frame~vork program is based on "Modified OBE-ERS" projections. 

Water Supply--Though land is abundant, the Region probably comes 
closer than most any o ther to utilizing the las t drop of available 
water for man's needs. The Region's economy is sustained by utilizing 
ground-water reserves accumulated over thousands of years. In 1965, 
t he depletion rate of these reserves reached 2.5 million acre-feet 
annually largely due to the lack of facilities for enabling the Region 
to utilize i t s unused share of Colorado River wa t er. The ongoing 
Southern Nevada Water Supply Projec~ presently under construction, 
the Central Arizona Project, and t he Dixie Project in Utah must be 
completed at an early date in order for the Region to utilize the 
remainder of the available renewable water supplles. However, in the 
absence of an imported water supply, ground-water overdraft is expected 
to continue and the regional water deficiency is projected to reach 
4 .72 million acre-feet annually by year 2020. Water resource-oriented 
programs need to be accelerated in the future with respect to both 
planning and implementat ion i f future requirements are to be satisfied 
on a timely schedule. The basic long-range ob j ective is augmentation 
of the Region's water supplies in sufficient increments to meet future 
water r equirements and reduce ground-water overdraft . It is recognized 
t hat a program of this magnitude will probably require time, in the 
order of 20 years, to implement. In the meantime, all possibilities 
f or lessening the eff ects of the increasing water deficiencies must be 
explored. 

The framework program includes expansion of water conservation and 
managemen t practices, more i ntensive water reuse, vegetative management 
f or i ncreased water yields, and treatment of brackish water. Vegetative 
management pr ograms are expected to add 200,000 acre-feet annually to 
the local water supply by 2020. Further studies are needed to evaluate 
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the po t eP.. tia l o f untapped ground- Ha t er r eser ves in re~1c te basins t o 
provide an in t erim vra t er s u.pply . 

Implementa t ion o f the lonc- rane;e proe; r am requi res earl.} ' i ni t iat ion 
o f planning for i mporti ng \·ra t er t o the I\eg ioc . Studies sho J l ::l be 
inc l uded f or e valuating t he rela t ive meri t s o f a ll po t er,t ie..l J11eans of 
i mpor t a t ion . Implementa t ion o f a ¥ra t er i mpor t program shou ld be 
accompli s hed by year 1990 t o provide about 2 . 25 mi llion a cre - fe e t . 
This sho uld be incree..s ed t o 1.>.15 million a cre - f ee t by y ea r 2020 . The 
i nitial s t a ge of the impor tation progr am Hou l d i nc l ud e t he national 
commitment }) t o reli eve t he Colorado Hi ver BE,sin ;3tates of the 
Mexican Treaty burden t o tal ing l. 8 mi llion e..cre- f ee t ::. nc l uding asso
ciated l o sses . 

Tab le A-l pro vides a s ummar y of the present and p r o j e cted wat er 
requ irement s and s upp l ies. 

\'l a t e r Quality 

Mai ntenan ce o f an acceptable l eve l o f i·ra t er qaali ty is vi t a l t o 
the e conor.1y , en vi romnen t , and general vre ll- being of t he peop le o f t he 
Reg i on . Prese n t l y defic i en t water s upplies and t he probab l e cos t of 
fu t ur e i mp or t ed wat er di cta t es maximum water u t i l i zation , in c luding 
recyc ling , with l i tt l e or no a llowance f o r tran sporting salts or waste 
loads from t he Iieg ion. The vra t e r quality program i nc l u des waste treat
ment faci l ities f or urba n c en t ers , treatmen t o f vmter from s a line 
s ou rce s , a nd maj or water reLlSe f a cilities . Augmenta t i on of the 
Colorado Ri ve r wou l d have e ffe cts o f maj or s i gni f i cance on improvement 
o f the quality o f this p rincipal wat er s ource . Continuing studies o f 
the 1\egion ' s increasi ng l y comp lex wa t er quality p r ob l ems are r ecommended . 

Land Resource s and Use 

The l and r esource base o f the Region appears t o be suffi cient in 
varie ty and amount t o satisfy the pro j ected l and use r e qui rements through 
the year 2020 . There wi ll ne ed t o be wide spread adoption o f the mu l tip l e 
use p r incip le in order t o sat isfy the requireme nt s o f a l l u ses . 

The f ollowing tabu l ation shows the ma j or l and use r equ iremen t s 
f or the per i od o f stu dy . 

90 th Congress , Pub li c Law 90- 537 , J1n Act t o Authorize .•• t he 
Colorado Ri ver Ba sin Project .•.• , September 1968 . 
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Use 

Cropland 
Li ves t ock Grazing 
Timber Production 
Urban and Industrial 
Outdoor Recreation 
Wilderness Areas 
Fish and Wildli f e 
Mili t ary 
Tra...'1sportation and Ut ili ties 
Watershed(Mgmt.for hater Prod.) 

Land Treatment and iVlanagemen t 

Regyirements -
l2b5 1980 

1,816 1,891 
76 ,054 73,739 

5, L~58 5,358 
513 863 

5, 542 5,888 
861 1,458 

1,858 3, 546 
4,126 1+, 126 

660 858 
114 364 

1 2000 Acres 
2000 2020 

1,905 1,852 
69,902 65 , 807 

5,153 5,044 
1,230 1,564 
6 , 012 6 ,146 
3, 158 3,458 
7,175 15,020 
4,126 4,126 
1,030 

634 
1,145 
1,414 

Irreversible losses of the ~egion's land resources must be ml nl 
mized t o preser·-re a f reedom of choice f or future resource users . 
Es t hetic and environmental factors were of primary consideration i n 
de ,relopment of the program. Ideally, the land treatment and management 
program should harmonize ~ori th all water and related land resource 
de velopment proe;rams required t o satisfy present and projected demands 
withi n the Hegion . On an equivalent a creage basis, as of 1965, a 
t o t al of nearly 7 million acres of cropla...'1d, f orest land, range land, 
ar:!d urban and o t her lands had received adequate treatment . The program 
includes t reatment of an additional 64 million acres by 2020. In most 
cases, the same acre vrill require treatmen t more than once during the 
study period because of development of improved methods, or the limited 
li f e of the measure or practice installed. 

Flood Con t rol 

The localized, bu.t often high intensity storms, the broad and poorly 
defined f lood plains, and the high rate of r unoff inherent to the desert 
areas present u.11ique f lood drunage problems. Forty-five percent of the 
Region 's developed urban area and 90 percent of the irriga t ed cropland 
is sub j ect t o flooding. Almos t all land suitable for general devel
opmen t is subject to some degree of flood damage, whether from a defined 
s t ream or over land flow. The program consis ts of structural andnon
structural measures to effec t damage pre·-ren t ion of ~p84 mi llion annually 
by year 2020. Bemaining damages i r; 2020, f or which there appear t o 
be no f easible solutions, >vi ll t o t al $68 million annually. 

I rrigation and Dr ai nage 

Irrigated land is expected to increase from the 1965 level of 
1,285,000 acres t o 1, 583 ,000 acres. Urbanization is expected t o remove 
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204,000 acres f rom production. The t otal new irrigation deve lopment 
would be 502,000 acres. The program includes completion of the reha
bilitation of existing >-Tater conveyance systems f or 429,000 acres of 
presently irrigated lands and new dis t ribution systems t o serve 
1,075,000 acres, a portion of which is presently irrigat ed exclusively 
from ground water. Onfarm water management measures such as land 
leveling and water control structures are recommended for about 2.2 
million acres during the study period. These measures are to provide 
better control and more efficient use of irrigation >-Tater and/or to 
reduce costs of irrigation. New drainage facilities are included t o 
ser ve 188,000 acres. 

Municipal and Industrial Water 

The rapidly increasing populat ion will require that water f or 
municipal and i ndustrial uses be increased from a 1965 level of 
450,000 acre-feet to 2.8 million acre-feet in year 2020. Presently 
authorized pro j ec t s will supply 446,000 acre-feet of additional water 
by 2000. Maj or urban centers would satisfy their additional water 
requirements through the importation program and t hrough treatment 
and recycling of waste water for some uses. Smaller communities wou ld 
fulfill their increasing needs by a variety of means , including further 
surface- and ground-water development, desaltin6 of brackish ground 
water, and by importation. 

Mineral Resources 

Adequate mineral resources are available t o meet the expected 
increased production, $511 million in 1965 t o $1.93 billion in year 2020 
(1958 dollars). Water withdrawal requirements would increase from 
105,000 to 357,000 acre-feet in this period while land requirements 
would increase from 75,000 acres to 223,000 acres. Environmental 
impacts of the mining and processing of ores will need to be minimized , 
especially with respect to air and water pollution, ecology and es theti cs. 
Water requirements of the mineral industry may be met by direct diversion 
of imported water; by upstream developments on the basis that downstream 
rights would be met by exchange for imported water; or by continued 
ground-water development, where available. 

Recreation 

Recreation needs of the Region are projected to increase from 
144 million recreations days in 1965 to 672 million recreat ion days in 
2020. Under existing legal, institutional, financial, and physical 
constraints only about 30 percent of these needs can be met. To satisfy 
the remaini~g 70 percent of the needs will require elimination or mod
ification of these constraints and a greater degree of Federal part i c
pation. 
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Hate r - bas ed r ecrea t ion ne eds vril l c limb t o 193 mi llion re creat ion 
days a nn ual l y by 2020. Ma.xirrr,.1n1 wat er a •)_gmen t a ti. on , d.e·.relo:pmen t a nd. use, 
c;nde r t he fram.ework plan -vrill s upply a lar g e part o r t he wat e r - ba sed. 
recrea t i on needs . 

La nd. a cq~i sition in the amount o f 296 , 000 a cre s will b e required. 
t o s atis f y the nonfed.e ra l r e c reation needs. 

The ar.nual dema nd. f or f ishing 1-.rould incr ease from a 1965 leve l o f 
4 millio n man - days -:_o 26 mi llim: ma n - d ays i r. y ear 2020 . !':u l t i pu rpos e 
d.e vel.opmen t: s expected t o be cons t ru c -':.ed by 1980, i nc l ud i ng t he ;\ l ar.io, 
Dixj_e, a n d. Cen t r o. l. Jl, riz ona Pr o j ects lla ,re tlle po t ential t o pro vide ab ml t 
l. 2 mill ::. on man- de.ys o f fi shing [J_r;n :l a1.1.y . P:cinar~. '- lnl'po s e :f'is. i ng 
d e v-e l opni";nts expe c t· ed t y l 9c-O wou.ld. pro •J i d.e 2 . 0 mi llioL rnan - :J a~rs o J:' 
~~j. s i-1i~1g an :.l j~a l l.y . I r: aid. i t i or~ , t he _progrBJ!l i. ~. c :_-..~de s tf1e co!1s tr~cti o:2 

o .:· pri r:~;:-,ry-p.;. rpos e d.e •Fe lo:pr ::en :~ s 1Jy 2020 '.:;l:a t:. i'!ou l d pro · .. · j __ dc GiJ·:) C:t 
16 . C 1~1 i llio:: : ann - da~.rs o f fis hi r,g anr~ \.l o.l ly . 'l1he i"r 3.l~le :tfork progra.1~1 ' s 
mu. l t. ip·;rpo s e pro j ects propo s ed. f o r de \re l o_rrnen i·. d ·1.l'i nc; -:::.:1e 19E;1 t o 2020 
period \'Ti l l c rea ~e ne1:.r -~ .. is :-:i nc r,;e..ter s r;.r1 J pr -J·.r j_ de 1 . 02 r.~ i ll :i.._o T. } r:~ .. an-
d.ays o f f i s h i re; e,T~m:. ::"t lJ.y . 

I\ 'ri t.a l cor: cern i~-~ so.~~ i sf~; i ni_S t he ~:r:i ld li ~e - oT2. er:ted 1''(: c:·_ .. ee~ t i o ll ::t 1 

ne e ds thro LJ.Jh ~he ~year 2020 is +~ ~ :e pre s er :.ra ~-, i o c~ o f i:.he re so ~ 1.r c e i ~, s e1r . 

The prese r ~r8. ti o;l o f rr~ 2/12-' :i. ~. :.por t. a;!t areQ. s c2.n be o. ss ,~ red ·u:/ re s er 1.rir2:; 
11. 8 millio:. a cres o f trie : e t_~ ior: c.:.s prirr.a r .:"- p ·_: __ l'_:::·o <.~e •.-rildJ.i f e l.a:~ C::. s . 
The p r ogr8.rr, a l s o h:c l :;_d es co r;s t: r c: " "Ci.o:: o f a c:: es s r o"l.ds t o i ne -' :c e s s i".J le 
are as a:-~ d. !1 _lr.lero ·J. s vra t e ring f'e - ~ i li ·vies i n v."c~t.~T- s:!or t a~eas . :..llhe 
denand. f or !Y . .mU r,e_; i s cxpe c;~ ed. t o :.nc re :::. s e f l'or.:. a 1965 le1.re l o f 
1.. 3 mi l li or.. man - C. o. ~'S Lo 5. 1 rai l H on r;la r - Gay s i n 20 2D. 

:.: l ectri c Povre r 

Ele c t r i c povrer r equ. ire ete r1 t s o .. r e expe c t ed t o :Ln c r e a s e by 40- f o ld 
b e t ~tre en 196 ~; a nd 2020 . 'l'hese r eq ..<i r '=me r. t. s IW 'J l 6. ,-j eed t o be me ~.: par 
t ial l y by cons t r 1.lctlon o f po~trer faci l iti es wL h: n t he ? eg i o:! and 
p a r t ially by j_!:·,por t s f r om o ther area s , largely , the :Jpper .. ; olorado 
Heg ion . The r egiona l vmt e r requ.iremer. t f o r po-vrer p r oduction wm1ld 
ir:c re ::J. s e f r 01:: 10 , 000 a cr e - f ee t i n 196 5 t o 7 50, 000 a cre - f ee t by ye a r 2020 . 
The i n crea sed. wa t er use -vro a l d. b e s ctpplied l argely by i npor t e C. -vmte r 
s :..<.pp l i es . 

En \'ironne n t.a J. Consid. e ra tion s - - Tf:e comprehen s i ve na t m·e a r.d. inte r 
re l ati on s h i p o f envi ronme ntal prob l ems ha ve r e c en t l y b e corae -vridely 
r e cogn i zed . The !~egion ' s r api d popu l a t ion gr owth rate , i t s conc e n
t r a t ion i n only a f ew locat i on s , t he f ragile n a t u re o f the d eser t 
environmen t , and t he extreme ly l j_mi t ed. wa t e r suppli es , r e quire 
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particular attention to the emrironmen tal impacts which may occur a s 
t he resu l t o f dev-e lopment necessary t o i n su re t he 'ilell-being o f the 
people of the Hegion . Such considerat ions hav-e been o f paramount 
concern t o planners in nearly e v-ery phase o f the framework studies. 
I1ain i t ems of concern include : preserv-ation o f cu l tural, scenic, 
and natural values; protection and management of land resources; 
saf eguarding the quality o f Hate r supplies; mai ntenance o f ae;ri
cu l tural areas; enhancement of f isheries; and the preservati on of 
wildlife habitat . 

Swnmar y of Pro j ected Demands and Framework Program 

Table A-2 sum.rnarizes the Region's gross dema nds for water-related 
function s and services. Table A- 3 summarizes the regional :frame-vrork 
program f o r the de velopmen t of vrater and rela t ed la..'1d resources needed 
t o sati s fy pro j ected requirements and Table A-4 s hows the needs Lillmet 
by t h e framework prograrn . 
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Table A-l 
Summary of Hater Hequiremen t s and Supply 

Ha t er Hequirement s (1,000 A.F. ) 

Withdrawals ( l, 000 A . F. ) 

Reservoir Evaporation 
Jv1unicipal and Industrial 
I rrigation 
Recreation 
Fish and Hildlife 
Elec tric Power Cooling 
Mining 
To t al 

Deple t ions (1,000 A.F. ) 

Reservoir Evaporation 
Municipal and Industrial 
Irrigation 
Recreation 
Fish and Wildlife 
Elec t ric Power Cooling 
Mining 
Total 

Water Supply without Augmentation 
(Units: million acre-feet) 

Colorado River Water available 
f or use in Lower Colorado 
Region 

Local ¥Tater Supply 

Total Supply available f or use 
in the Lower Colorado Region ~/ 

Lower Colorado Region Deple t ion 
Requirements 

Regional Hater De f iciency 

1965 To t al Annual Demand 
Base lJ 1980 2000 2020 

----~----------------------

230 
450 

8,903 
ll 

196 
10 

105 
9,905 

230 
198 

5,129 
4 

110 
10 
52 

5,733 

2. 63 

5.74 

0 

286 
863 

9,244 
21 

210 
58 

176 
10,858 

286 
358 

5,872 
7 

122 
58 
8 8 

6,791 

2.25 

3.12 

5.37 

1.46 

328 
1,703 
8,338 

41 
321 
203 
263 

11,197 

328 
677 

5,223 
14 

215 
203 
134 

6,794 

1.33 

4. 45 

7.25 

2.80 

359 
2,778 
8,260 

70 
551 
750 
356 

13,124 

359 
1,149 
5,292 

2if 
406 
750 
l 8if 

tf,lb4 

0.90 

4.02 

8.74 

4.72 



Table 1\-l (Conti nued) 
Smnmar y o f \·!a t.er .Requ irements and Supply 

l9hc To tal J\nm1a l Demand ,_ J I 
Base 1:, 1980 2000 2020 

Ha t er Supply wi th Aucnenta t ion 
(Units: Di lli on acre- f ee t) 

Colorado Ri ver a vai l able f or use 
i YJ Lower Colorado ~\egion 

Na t i ona l Ob l i gation t o 
I·1ex i ca n I;;' a t er Treaty ] / 

Lo cal Hater Supply 

To tal Supply avai l a.b le f o r u s e 
in the Lower Colorado :::egion ?} 

Lmver Colorado ~\egion Dep le tion 
Requ.ireme n t s 

Reg ional Water Defi c iency 

Reg ional Augmentation !::,/ 

Hema i ning De ficienc~r ]j 

2.63 2. 25 

3.12 

5. 75 5. 37 

6. 83 

0 1.46 

0 0.05 

0 L l+ l 

1. 33 0.90 

1. 80 1) 1. 80 ] / 

3.12 3. 12 

6.25 5.82 

7. 25 8.74 

l. OO 2.92 

0. 59 2.55 

Oo4l 0. 37 

1:/ 1965 base le vel o f demand or requirement exceeded actual o c currence . 

2/ Exc l u di ng gro und- vrater overdraft . 

1} Consists of l. 5 million acre- feet per annum f or delivery t o Mexico 
plu s 0.3 milli on acre- f eet associat ed loss es . In accordance v.ri th 
Pub li c Law 90- 537, Section 202 , "The Congress declares that the 
sat isfact ion o f the requirements o f the Mexican \·Tater Treat y f rom 
the Colorado Ri ·-rer constitutes a national obligation which sha ll be 
the f irs t obligation o f any water a ugraentation pro j e ct planned 
p ursu ant t o Section 201 o f this Act and author ized by Congress." 

I:!) As recommended in the Lmver Colorado Hegion framework program. 

'j_/ To b e s upplied by ground-water overdraft . 
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Table !i - 2 
Gross I:· er..an.d f o r \~:a t er ?elated F\mctions and Services 

19.)5 ~otal j\Dml.al Demand 
l3ase 1980 2000 2020 

~'load Da.mae;e Prevention 
( •!' \ ~+} l'-iillion ) 41 73 152 310 

\•Ji ldfi re Damage ::?rev-en t i on 
( ·!.· 
\ ·.,; !-li llian ) G 8 13 20 

Erosion Damage Fre venti or: 
'' 1-'J. i llion.) 7 ll 17 24 (<:' 
\ ' ) 

Ou t door Recreation 
(million rec- day s ) 138 2G8 540 918 

Sport Fishi ng 
(mi llion man-days ) 4. 10 15 26 

Hunting 
(1 , 000 man-days ) 73 126 215 301+ 

Irrie;ation 
(1,000 harves t ed acres ) 1, 285 1, 458 l, 5)+9 1, 582 

Drainage 
( l,OOO acres ) 212 68 32 88 

ix 



Table A-3 
FRAMEWORK PROGRAM FOR DEVELOPMENT OF WATER AND RELATED LAND RESOURCES 

LOWER COLORADO REGION 

l9bb-1980 1981-2000 2001-2020 
Cost Cost Cost 

(Million (Million (Million 
UNITS Amount Dollars~ Amount Dollars~ Amount Dollars} 

A. WATER RESOURCE PROGRAM (streamflow control and inplace use ) 

1. Reservoir storage for withdrawal and inplace use million acre-feet 3.71 46 1.32 132 0.28 30 

2. Flood Control 356 331 240 

(a) Reservoir and detention storage million acre-feet 3.15 (228) 0.60 (98) 0.65 (147) 
(b) Levees and channel improvement miles 860 (110) 455 (205) 245 (56) 
(c) Nonstructural measures thousand acres (18) (28) (37). 

3. Augmentation of Regional Water Supply million acre-feet 789 4,225 3,373 

(a) Imports to the Region million acre-feet 2.25 (3,600) 1.90 (3,000) 
(b) vlater salvage million acre-feet 0.30 (42) 
(c) Precipitation management 1:.1 million acre-feet 
(d) Water yield improvement million acre-feet 0.05 (18) 0.09 (33) 0.06 (35) 
(e) Intraregional transfers million acre-feet 1.67 (729) 3.00 (592) 1.08 (338) 

4. Water Quality, Pollution Control, and Health Factors million gallonG per day 126 108 327 

(a) Waste water treatment million gallons per day 270 (91) 440 (102) 530 (165) 
(b) Quality and pollution control million gallons per day 268 (35) 320 (6) 510 (2) 
(c) Drainage water treatment million gallons per day 150 (160) 

5. Single-purpose M&I Water SUpply Development million acre-feet 0.41 109 0.83 279 1.07 140 

6. Hydroelectric Power (pumped storage) million kilowatts 0.8 82 3.7 377 9.1 928 

TOTALS, WATER RESOURCE PROGRAM COSTS 1,508 5, !~52 5,038 

B. RELATED PROGRAMS 

1. Land Treatment and Management thousand acres 18,658 162 27,306 315 17,010 170 

(a) For water yield improvement(see item A. 3. ( d )above ) thousand acres (295) (--) (600) (--) (450) ( --) 
(b) For erosion, sediment, and runoff control thousand acres (18,363) (162) (26,706) (315) (16,560) (170) 

2. Irrigation and Drainage thousand acres 248 277 162 

(a) Land preparation, onfarm facilities thousand acres 573 (56) 801 (78) 779 {76) 
(b) New distribution systems thousand acres 347 (108) 596 (184) 132 (41) 
(c) Rehabilitation of existing distribution systems thousand acres 429 (70) --
(d) Drainage developments thousand acres 68 (14) 32 (15) 88 (45) 

3. OUtdoor Recreation (water-based developments) thousand recreation-days 20,100 171 63,,100 246 87,500 345 

4. Fish and Wildlife thousand man-days 4,022 51 7,014 ll4 11,791+ 2o8 

5. Wild and Scenic Rivers !I miles 280 4oo 4oo 

TOTALS, RELATED PROGRAM COSTS 574 912 827 

c. OTHER ASSOCIATED PROGRAMS 

1. Land Treatment and Management thousand acres 7,409 43 9,410 99 6,840 48 

2. OUtdoor Recreation {additional development and land 
acquisition) thousand recreation-days 71,200 388 220,600 581 306,645 815 

3. Fish and Wildlife thousand acres 331 1 3,629 1 7,845 1 

4. Preservation of CUltural and Scenic Values J:./ 
Wilderness Areas thousand acres 1,458 1,700 300 

5. Other Electric Power million kilowatts 815 6,100 18,000 

(a) Thermal power million kilowatts 1.9 (305) 22.8 (3,700) 77·7 (12,000) 
(b) Transmission facilities million kilowatts (510) (2,400) (6,000) 

TOTALS, OTHER ASSOCIATED PROGRAM COSTS 1,269 6,784 18,925 

!I Areas requiring further study to define required scope of development. 
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Table A-4 
Hemaining Demands Unsat isfied by Framevmrk Program y 

Ha t er Supply 
(Million Acre-Fee t ) 

Flood I:J amage Prevention 
( d• '1 • ll' ) ·:' L1. 1.on 

Elec t ri c Povrer I mports 
(l1illion KI·J) 

Land Treatment and Management 
f or Damage Redu c t i on sJ 
( :t; Million) 

l. L~ l 

41 

4.3 

17.6 

1981-2000 2001-2020 

O.l+l 0.37 

50 68 

14.8 20.5 

73.7 178.3 

y No t inc l u.ded i n t he framework program becau se o f infeasibility. 

5./ Damages by erosion , sedimentation, runoff, and vli ldfire. 
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CHA PTER A - INTRODUCTION AND DESCRIPI' ION OF THE REG ION 

The General Program and Alternatives Appendix utilizes the findings 
of 15 separate, functional appendixes which are listed on the inside 
front cover. 

Generally, the functional appendixes analyze the present status of 
the Region's socio-economic environment; define the current sufficiency 
and deficiency of the available resources; project trends of development 
and needs through the year 2020; and recommend means of satisfying 
future needs and/or enhancing the future environment. 

In this appendix , the studies set forth in the other appendixes 
are analyzed and integrated into a comprehensive framework program 
that appears to be the most reasonable for achieving the Region's 
economic, social, and environmental goals. 

Objectives of Framework Studies 

In accordance with Senate Document No. 97, 1/ a principal objective 
in water resource planning "is to provide the best use, or combination 
of uses, of water and related land resources to meet all foreseeable 
short- and long-term needs." To accomplish this in an expanding 
economy, the framework studies analyze past accomplishments and present 
and future requirements and compare them with the available water and 
related land resources to develop a program for t he efficient satis
faction of projected demands. 

To be most effective as guides for action programs and to serve 
as a sound base for a continuing planning process, framework studies 
should be both broad in coverage and flexible in structure so that 
additional alternative courses of action may be examined, evaluated, 
and instituted as desirable or necessary. Development of the Lower 
Colorado Region framework program has been accomplished with these 
planning goals and reporting objecti ves in mind. 

The economic and social welfare of the Nation and its component 
regions , including the Lower Colorado Region, depends on many complex 
f actors . Water r esources , while be i ng the dominant concern i n t he 
Lower Colorado Region, cannot be singled out as the sole vehi cle for 

~ Pol icies , Standards, and Procedures in the Formulation, Evaluation, 
and Review of Plans f or Use and Development of Water and Related 
Land Resources. 87th Congress , 2d Session. 
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these welfare features. Nevertheless, water can be readily established 
as a commodity that cannot be foregone if industry, agriculture, and the 
modern way of life in the Lower Colorado Region are to be enhanced. 
Water supports life, floods our lands, nourishes and washes our food, 
carries away our wastes, provides water playgrounds, cools and supports 
our industrial activities, and in many ways, supports and provides 
unique services to man and his activities, and wildlife. 

Our expanding economy and changing social goals place increasing 
pressures on the already highly developed water and related land 
resources of the Region. These resources have finite limits which vary 
considerably in quality, quantity, and distribution throughout the Lower 
Colorado Region. Accordingly, steps must be taken to assure that these 
resources are available in quality, quantity, and location and at the 
time needed to supply the services and products required by the economic 
and social objectives of the Region . Wise choices of use are required 
now and in the future to assure this availability of resources . 

Steps to be taken in effecting the regional choices may include : 
(a) structural measures to control s t reamflows·; (b) nonstructural 
programs to preserve environmental values, control the use of ground
water resources, manage the uses of flood plains, provide flood warning 
services, manage and treat land resources; or (c) combinations of 
structural and nonstructural measures under multipurpose programs. 

The objectives of the framework studies are to explore in depth 
the goals and choices to be made to eff ect an optimum water and land 
development program. This program would utilize the resources to 
provide the products and services required to support and promote 
economic growth and social betterment at national, regional, and local 
levels. 

Authorization 

The Lower Colorado Region is one of the major river basins in t he 
United States included in the national program. Comprehensive rive r 
basin plans for the developmen t , use, and management of the water a nd 
related land resources of the Nation are the main objective . This 
national program stemmed from recommendations of the Senate Select 
Committee on National Water Resources, and planning concepts are embodied 
in Senate Document No. 97, 87th Congress, Second Session. The overall 
program was presented by the President in the Fiscal Year 1963 budget. 
The Lower Colorado Region study was approved by Congress, and funds 
were provided to start this activity in Fiscal Year 1967. 

The Water Resources Planning Act (P.L. 89-80, July 22, 1965) 
established the Water Resources Council. The President transferred the 
functions and committee organization of the Interagency Committee on 
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Water Resources to the Water Resources Council on April 10, 1966. This 
transfer included the Pacific Southwest Inter-Agency Committee. By 
letter of October 10, 1966, the Water Resources Council requested the 
Pacific Southwest Inter-Agency Committee to take leadership and coor
dinate the comprehensive studies in the Pacific Southwest, including 
the Lower Colorado Region. PSIAC accepted this responsibility by 
letter of November 21, 1966. An organization meeting to begin the 
Lower Colorado Region study was held on February 8, 1967. The Department 
of the Interior was designated to be lead agency and the Bureau of 
Reclamation provides chairmanship of the Lower Colorado Region State
Federal Interagency Group and Staff. 

The States of Arizona, California, New Mexico, Nevada, and Utah 
are participating with the various Federal agencies in this investigation. 

At the Federal level, the various participating departments and 
agencies operate under numerous specific authorities which are listed 
in Appendix III--Legal and Institutional Environments. 

Scope 

This study deals with the water and related land resources of the 
Lower Colorado Region and embraces all significant problems and bene
ficial uses associated with these resources. Consideration was given 
to various aspects of problems related to supplies of water for munic
ipal and industrial purposes, water ~uality control, flood control, 
irrigation, electric power production, mining and mineral processing, 
watershed management and treatment, land resources and use, outdoor rec
reation, and fish and wildlife habitat. Environmental aspects such as 
natural beauty, cultural and historic values, rare species of flora and 
fauna, wildlife in general, and quality goals are considered t o be 
intregal parts of the fabric of an optimum framework program. 

Investigations in the Lower Colorado Region cover parts of the 
states of Utah, Nevada, Arizona, and New Mexico. 

The study covers the period from 1965 (base year) to the year 2020. 
In order to identify and stage early, intermediate, and late action 
programs, the study period was divided into three time frames: 1965-
1980, 1981-2000, and 2001-2020. 

In addition to the 1965 base level of development, there are sub
stantial authorized programs which have been recognized in the early 
action framework program. 

Study Approach 

For the purpose of this study, the Lower Colorado Region was divided 
into three hydrologically delineated subregions;and to accommodate the 
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socio-economic statistical analysis, the Region and subregions were 
extended to the closest fitting political boundaries. The latter deline
ations were designated the economic region and the economic subregions. 
All projections of economic, hydrologic factors were adjusted to rep
resent the hydrologic areas. Investigations were first conducted by 
subregions. These subregional studies were then coordinated, inter
related, and summed up to obtain the overall program for the Lower 
Colorado Region. 

The study program consists of three basic elements: 

(a) Evaluation of present and projected needs for goods and 
services which place a demand on water and related land 
resources; 

(b) Evaluation of resources, including those in authorized 
and potential programs, which will become available to 
serve the demands; and 

(c) Formulation of a general Lower Colorado Region framework 
and development program to serve short- and long-term 
needs. 

To fully utilize the capabilities of Federal and State agencies 
with expertise in all fields of planning, work groups were established 
to deal with each of the functional appendixes required to support this 
appendix. Generally, the chairmanship in each work group was vested 
with the agency having the most appropriate background related to the 
function. In all, 16 appendixes were developed, as listed on the front 
cover of this appendix. 

The Lower Colorado Region Staff, under the leadership of the 
Department of the Interior, reviewed the progress of the work groups, 
resolved coordination problems, ascertained that policies and study 
rules were being followed and made recommendations on study procedures 
and policies. 

Coordination 

To adequately cover all technical aspects of this comprehensive 
study and to enlist the viewpoints of all the Federal, State, and local 
interests, many agencies have been actively engaged in the framework 
program. Extraordinary diligence and perseverance were required to 
assure that data were properly integrated, interrelated, and free of 
conflict. 

Federal agencies exchanged information and coordinated their work 
directly among themselves and with appropriate State agencies. Periodic 



joint meetings of the Federal and State agencies were held at field 
level to review findings and to exchange data and views. 

Planning Policies and Constraints 

In the course of this broad, comprehensive investigation, it was 
necessary to make numerous general and specific assumptions to limit the 
number of possibilities of direction and magnitude of the various socio
economic projections. Among the major controlling assumptions and 
constraints are the following: 

A. For the duration of the study period, there will be no cata
strophic wars, no Nationa~ political upheava~, no major economic 
depressions, or any other environmental changes that would up
set the projected socio-economic trends. 

B. No constraints are to be considered on the amount of goods, 
services, and resources re~uired to support the projected 
levels of economic activity. 

C. The following assumptions governed consideration of interre
gional transfers of water: 

1. All existing diversions are to be recognized and the 
expected transfers of water included as a loss to the 
transferring-out region and available for use in the 
transferring-in region. 

2. All actively authorized projects for interregional 
diversions are to be treated as l. 

3. All water subject to distribution between regions in 
accordance with existing federally approved compacts or 
legal agreements are to be distributed in accordance with 
their provisions. In some cases, this re~uires a decision 
as to the future division of water between regions within 
a state. 

4. The ocean is considered available to the Lower Colorado 
Region and plans for its use as a water resource are 
included. 

D. Allocation of Water Among Competing Areas/Uses. 

Assumptions concerning allocation of water among competing 
areas and uses are of paramount concern. Historically, in 
the West, water has been appropriated for use under state law. 
It is expected that future uses will be sanctioned under 
similar jurisdictional arrangements. Established water rights 
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have inherent economic balue and are normally associated with 
beneficial use on specific land or property. The history of 
the West and western water law records the extreme sensitivity 
of the questions associated with allocation of water resources 
among competing areas and uses. In situations where wate r 
has been diverted from one use to another use either by court 
action or by purchase, severe social and public relations 
problems have developed. These complex questions and issues 
cannot be ignored nor can they realistically be greatly 
simplified. 

Experience has shown that expanding urban areas almost always 
have adequate capacity to pay whatever reasonable cost is 
involved in obtaining a supplemental water supply. The tech
nology of water project development, waste water treatment , 
and saline or brackish water conversion is sufficiently 
advanced that it is reasonable to assume that adequate "new" 
water supplies can be made available for supplemental service 
to urban areas at costs within the user's ability to pay. 

In recognition of the foregoing, it was concluded that the 
following basic assumptions were necessary in Type I planning: 

l. Water presently being beneficially used will not be 
diverted to supplement growing urban or industrial 
demands, except where urban or industrial growth occupies 
land on which water was previously beneficially used for 
another purpose, in which case it will be assumed that 
the water supply will be transferred with the land to 
the new use. 

2. Allocation of newly developed water supplies will be 
predicated on the projected demands for commodities, 
services, and other purposes. 

3. Available water allocated under compacts, agreements, or 
laws but not presently in beneficial use by the allottee 
will be available for future beneficial use of the allottee 
(state or other organization unit). Each of the regions 
will rely on appropriate state laws for determination of 
priorities of use among competing areas and uses. 

4. Plans will be made, if possible, for replacement of water 
presently being beneficially used but for which there is 
a legally established adverse claim, such as rights under 
area of origin, statutes and interstate compacts. 
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E. Water Quality Criteria. 

In this framework planning study, consideration of water 
quality provides sufficient latitude to permit future growth 
and full development of water use in the Pacific Southwest, 
providing t hat the condition of the water does not reflect 
failure to apply all corrective measures which are tech
nically possible and economically feasible. These water 
quality considerations do not inhibit application, in any way, 
of existing interstate compacts or court decrees or intrastate 
appropriation of water. 

F. Projections of Regional Growth. 

Projections of regional growth and development are generally 
constrained in this study in accordance with the national 
projections that were developed by the Departments of 
Agriculture and Commerce(Office of Business Economics and 
Economic Research Service) and supplied to the Region by 
the W~ter Resources Council. These projections were modified 
by the States of the Lower Colorado Region to reflect local 
conditions and trends. 

G. Environmental Policy and Constraints. 

Recognizing the impact of man's work on the environment, the 
National Environmental Policy Act of 1969 establishes the 
policy of promoting efforts to prevent or minimize damage to 
the environment, and of enriching the understanding of the 
ecological systems and natural resources of the Nation. 
Generally, the philosophy of the Act has been pursued in 
developing the framework program. 

The maintenance and/or enhancement of the environment of the 
Region extends into every segment of the framework study, and, 
in each of the functionaly segments of the study, has been 
considered on a comprehensive basis rather than on a single
purpose basis. 
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Canyon Country at Toroweap Point , Grand Canyon National Monument - NPS 
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Mountain Grass and Woodlands - NPS 
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Area of Study 

The Lower Colorado Region includes a large portion of Arizona and 
parts of Nevada, Utah, and New Mexico, and has a total area of 141,000 
square miles. See General Location Map, Lower Colorado Region (fron
tispiece). 

The hydrologic region is bounded on the east by the Continental 
Divide in New Mexico, on the west by a part of Nevada and the State of 
California, on the south by Mexico, and on the north by the hydrologic 
boundary at Lee Ferry, Arizona. 

The Region is naturally divided into three major drainage areas 
which are designated as hydrologic subregions, namely: Lower Main 
Stem, Little Colorado, and Gila. 

The Lower Main Stem Subregion encompasses 56,554 square miles of 
which 35,754 square miles are located in western Arizona, 17,310 square 
miles are in southern Nevada, and 3,490 square miles are in the south
west corner of Utah. Included in the Subregion are the cities of 
St. George, Utah; Las Vegas, Nevada; and Yuma, Arizona. 

The Little Colorado Subregion is comprised of the entire drainage 
area of the Little Colorado River which is located in the northeastern 
part of the Lower Colorado Region. The Subregion includes 21,667 square 
miles of Arizona and 5,310 square miles of New Mexico for a total of 
26,977 square miles. The cities of Gallup, New Mexico; Flagstaff, 
Holbrook, and Winslow, Arizona are included. 

The Gila Subregion encompasses 57,6o6 square miles of which 49,561 
square miles lie in Arizona and 8,045 square miles are in New Mexico. 
The area is bounded on the east by the Continental Divide and on the 
south by Mexico, and on the north and west by the hydrologic boundaries 
of the Gila River basin. Included in the area are the cities of Phoenix 
and Tucson, Arizona; and Lordsburg, New Mexico. 

Land Forms and Geology 

The Lower Colorado Region is composed of a complex of plateaus, 
mountains, canyons, deserts and plains, with elevations ranging from 
75 feet above sea level, near Yuma, Arizona, to over 12,600 feet above 
sea level at Humphreys Peak, near Flagstaff, Arizona. The topography 
takes in virtually every form and degree from level plains to pre
cipitous mountains and canyons between these elevation extremes. 
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Similarly, the geology of the Region includes a broad spectrum of 
sedimentary, metamorphic and igneous rocks which produce a wide variety 
of soils locally and along stream courses. In short, principal physical 
characteristics of the Region are its variety of land forms, topography, 
and geology. 

Resources 

Suitable land is available for nearly every purpose or need of the 
Region. Unfortunately, the development of the land is curtailed in many 
cases by the lack of an economical water supply and the regional choices 
for all water-based development have become very competitive. Limited 
renewable water supply is another characteristic of the Region. 

Although some minerals are currently uneconomical to mine, minerals 
are available in many categories in sufficient quantity to meet the 
development needs in the Region. 

Climate 

Climate in the Lower Colorado Region varies as widely as its land 
forms and topography. Maximum temperatures range from more than 100 
degrees in the desert areas to mild 70's in the mountains. In some 
mountainous areas, minimum temperatures sometimes drop to 30 degrees 
below zero. Frost-free periods range from less than 60 days in the 
high mountains to almost year-long in the desert valley areas. Annual 
precipitation varies from an average of less than 5 inches at Yuma to 
more than 30 inches in the higher mountain ranges. The combination of 
high temperatures and low humidity in the desert areas causes high rates 
of evaporation and transpiration and result in the loss of more than 
95 percent of the annual precipitation. See Figure A-1 for general 
climati c data. 

The People 

The Region's population growth rate is currently leading the Nation 
with Nevada ranking No. 1 and Arizona No. 2 in the national rating. 
Racial distribution is similar to that of the Nation except that the 
Indian population is 7 percent compared to 0.3 percent nationally. 

Education of the people of the Region compares favorable with the 
national average in most levels except that in the Region there are 
slightly more people having no schooling and slightly more completing 
at least 4 years of college. 
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The 1965 personal per capita income in the Region averaged about 
$2,292 or 90 percent of the national figure. 

Development 

The irrigated lands represent about 98 percent of all cultivated 
lands in the Region. About 1.2 million acres of land are irrigated, 
mostly in the southern desert areas where long-growing seasons and 
climate favor a wide variety of crops. 

Mining is one of the leading industries in the Region. Along with 
many other minerals, about 60 percent of the Nation's copper supply 
was mined in the Region in 1965. 

The combined regional electric power organizations in 1965 were 
supplying the Region's needs and were engaged in the exchange of large 
blocks of power with power organizations outside the Region. Construction 
is planned or underway to enlarge the power generation capacity. 

Manufacturing increased ten-fold in the 20 years preceding 1965 
to an annual value exceeding one billion dollars. Most important, 
regionally, is that the manufacturing industry is largely composed of 
the light, diversified, smokeless type, and uses a minimum amount of 
water. Representative categories include electrical components, air
craft and parts, primary metal products, food products, printing and 
chemicals. 

Tourism contributed substantially to the economy of the Region i n 
1965. Nearly 30 million visitors who were attracted to the Region in 
1965 found a wide variety of climates to suit their tastes at any time 
of the year. They found entertainment ranging from a lavish scale at 
the Las Vegas casinos to outdoor activities such as camping, golf, 
boating, hunting, fishing, water sports, rock-hounding, winter sports , 
and sightseeing. 

Transportation to and from parts of the Region is adequately pro
vided by railroads, airlines, buslines, and intercontinental highways . 
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Las Vegas, entertainment capitol of the southwest, contributes significantly to the economy of the 
Region. Over 13,000,000 visitors spent $350,000,000 in 1965. 
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CHAPrER B - PRESENT STATUS OF DEVELOPMENT 

ECONOMY 

Characteristics of the Population 

The Lower Colorado Region is a part of the fastest growing area 
in the United States. In 1965 the estimated population was 1,877,000. 
This represents a growth of slightly over 300 percent in the last 25 
years. About 45 percent of the 1965 population of the Lower Colorado 
Region was concentrated in three major cities: Las Vegas, Nevada; 
and Phoenix and Tucson, Arizona. In 1960, the last census year with 
published census data, 73.7 percent of the population was classified 
as urban and only 26.3 percent as rural. 

Employment and Personal Income 

The past and present employment within the Lower Colorado Region 
is shown in Table B-1. Figure B-1 presents graphic representation of 
regional employment by industries in 1965. The rapid_growth of 
employment in the Region is evident when compared with that of the Nation. 
The Lower Colorado Region, for example, recorded an 82 percent increase 
between 1950 and 1960, compared to approximately 14 percent increase 
for the Nation. Estimates for the period 1960 to 1965 show gains of 
approximately 31 percent for the Region while employment in the 
United States increased by 10 percent. In addition, regional employment 
growth has been accompanied by changes in the industrial composition of 
the economy. During the period 1950 to 1965, agriculture and mining 
remained almost stable as to the number of workers, but declined in 
relative importance. Employment in manufacturing, the trades and 
services, and government,on the other hana, increased sharply during 
this period. This trend toward more diversification stems largely from 
the Region's attractiveness to light industry; i.e., electronics, 
precisi0n equipment and the like and the increasing demands of recreation 
and tourism on the Region. 

Per capita personal income in the Region for 1965 amounted to 
$2,290. This figure, 10 percent below the national average, reflects 
in part the state of economic depression among the Indian and Mexican
American population of the Region. 

Regional Economic Activity 

The economic base of the Lower Colorado Region has expanded rapidly 
during the past decade. Early development, influenced by mining and 

XVIII-16 



Table B-1 
Employment by Industries 

Lower Colorado Region and United States 

Unit: lzOOO 
1950 1960 1965 

Industry Region U.S.A. Region U.S.A. Region u.s.A. 

Agriculture and Forestry 41.8 7,175 39.5 4,470 40.1 4,198 

Mining 13.1 945 18.2 675 17.9 589 

Manufacturing 24.7 14,801 63.1 18,245 90.9 19,959 

Trade 60.7 10,740 104.0 12,288 125 .9 13,552 

Services 64.8 10,256 135.0 14,124 178.2 17,161 

Transportation 15.6 2,997 18.3 2,860 21.5 2,872 

Contract Construction 24.3 3,509 48.0 3,968 56.6 4,493 

Rentals and Finance 8.0 1,948 24.6 2,821 32.1 3,167 

Utilities 9·9 1,516 17.2 1,791 20.4 1,841 

Government 25.6 3,588 53.8 5zl33 92.1 5z818 

Total 288.5 57,475 522.7 66,375 675.7 73,650 
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FIGURE B-1 
EMPLOYMENT BY INDUSTRIES-1965 
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FIGURE B-2 
GROSS REGIONAL PRODUCT -1965 
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agriculture, has expanded to include a variety of manufacturing indus
tries. In addition, recreation and tourism provides a major source of 
basic income to the economy of the Region. 

Industrial output levels by major groups, value added, and imports 
in 1965 are given in Table B-2 . Percentage of subregional gross output 
by industry in 1965 is illustrated by Figure B-3. Total industrial 
output of the producing industries in the Lower Main Stem, Little 
Colorado, and Gila Subregions amounted to about $1.6 million, $ . 3 million, 
and $5.7 million, respectively. For the Lower Main Stem Subregion, the 
primary-secondary industries (defined as agriculture, forestry, mining, 
and manufacturing) accounted for about 23 percent of total industrial 
output, and the tertiary or noncommodity producing industries accounted 
for the balance of about 77 percent. Similar approximate relationships 
in the Little Colorado Subregion were primary-secondary industries, 
59 percent, and tertiary industries, 41 percent; and for the Gila 
Subregion, 47 and 53 percent, respectively. 

Of significance in the base year is the importance of the business 
sectors in the Lower Main Stem Subregion--reflecting the Las Vegas 
complex and, to some extent, outdoor recreation. 

The primary industries, i.e., mining, forestry, and agriculture, 
play a more vital role in the economy of the Little Colorado Subregion. 
The secondary industries, i.e., manufacturing, contribute almost one
third of total industrial output in the Gila Subregion. Thus, sub
stantial differences exist in the degree of regional specialization 
within the Lower Colorado Region. 

As shown in Table B-2, value added totaled to $1,280.2 million 
in the Lower Main Stem Subregion; $221.2 million in the Little Colorado 
Subregion; and $4,524.4 million in the Gila Subregion. On a regional 
basis, the Gila Subregion accounted for 75 percent of total value added, 
while the Lower Main Stem and Little Colorado Subregions account for 
about 21 percent and 4 percent, respectively. 

The total value of imports for each subregion is also presented in 
Table B-2. The Gila Subregion ranks highest, showing $2,257.8 million
worth of goods and services purchased outside the subregion. The Lower 
Main Stem Subregion followed with $846.4 million, and the Little Colorado 
Subregion imported goods and services worth $225.7 million. 

In order to complete the measurement of regional accounts in terms 
of broad categories of the economy, it is necessary to measure the flow 
of product in 1965 as opposed to the flow of income and payments. Gross 
regional product (GRP) is defined as the sum of four major expenditure 
components: (l) personal consumption expenditures, (2) government 
purchases of goods and services, (3) gross private investment, and 
(4) net export of goods and services. The goods and services included 
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Table B-2 
Total Gross Output by Industry and Associated Total Primary 

Inputs by Subregion, Lower Colorado Region, 1965 

Unit: $1,000 
LMS L. Colo. Gila 

Subregion Subregion Subregion 

Producing Industries 

Agriculture 123.3 14.7 458.4 

Forestry 5.2 7.3 2.1 

Mining 32.1 107.0 458.5 

Manufacturing 197.1 72.1 1,759 .1 

Noncommodity Producing 
Industries 1,220.5 138.4 2.977.7 

Total 1,578 .2 339 . 5 5,655 . 8 

Value Added 1,280.2 221.2 4,524 . 4 

Imports 846.4 225.7 2,257 . 8 

Source: Interindustry Transactions Table. 
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FIGURE B-3 
PERCENTAGE OF GROSS OUTPUT 
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in GRP are largely associated with market items and every effort is 
made to measure only the value of final goods and services produced. 

Estimated GRP by major components for the Lower Colorado Region 
for 1965 are shown in Table B- 3 and illustrated by Figure B- 3. In 
general, consumer purchases account for the largest share of gross 
regional product, followed by government expenditures. As indicated in 
Table B- 3, consumer expenditures were roughly double that of government 
expenditures in both the Lower Main Stem and Gila Subregions. In the 
Little Colorado Subregion, government expenditures exceed consumer 
expenditure by approximately 15 percent, due to major Federal and state 
assistance programs. All subregions imported a larger a mount of goods 
and services than were exported, as indicated by the negative value of 
net exports. 

Table B-3 
Gross Regional Product by Subregion, 

Lower Colorado Region, 1965 

Unit : $1,000 
LMS L. Colo. Gila 

Subregion Subregion Subregicn Regi on 

Consumption Expenditures 711,010 125 ,482 2,553,588 3,390, 080 

Government Expenditures 369,354 143,102 1,159,642 1,672 , 098 

Gross Investment 
Expenditures 302,279 51,317 822,472 l,l76, o68 

Net Exports of Goods 
and Services !I - 102,420 98,659 ll, 324 - 212 , 403 

Gross Subregional Product 1,280,223 221, 242 4,524,378 

Gross Regional Product 6, 025 ' 84 3 

Source: Interindustry Transactions Table. 

!/ Negative values indicate that each subregion imported more goods 
than were exported. 

XVIII-2 3 



PRESENT WATER USE AND DEVELOPMENT 

The principal water control facilities in the Region have been 
designed to provide for the orderly and efficient use of the Region's 
water supplies. Spills which are lost to the Region occur infrequently. 
Unused outflow from the Little Colorado Subregion becomes inflow to the 
Lower Main Stem for storage and use downstream. Under present con
ditions there is essentially no outflow from the Region beyond exports 
to California and that required to meet the Mexican Treaty obligation. 

It should be noted, however, that the historic runoff of the 
Colorado River during the period 1906-1930, if repeated, could cause 
large spills to the Gulf of California. 

The major utilization of water within the Lower Colorado Region 
is for agricultural, municipal, and industrial purposes. At present, 
about 94 percent of the total regional water withdrawal from ground
water and surface-water sources is used for irrigated agriculture and 
6 percent for municipal, indystrial, and other uses. Minor quantities 
of water are used for cooling in thermal power generation, rural 
domestic needs, and for livestock. Other minor uses are hydroelectric 
power, recreation, and fish and wildlife. Municipal and industrial 
uses are increasing with the Region's growing population. 

One of the large consuming uses of water in the Lower Colorado 
Region is water-surface evaporation. The high rate of evaporation and 
the essential requirements for storage produce an estimated annual lake 
evaporation loss of over 1.4 million acre-feet. Almost 85 percent of 
these losses occur on major reservoirs on the Colorado River. These 
losses are, in effect, a part of the cost of making possible the 
orderly use of water for onsite and downstream purposes including the 
generation of hydroelectric power, and of considerable importance, of 
providing recreational opportunities for ever increasing numbers of 
people. 

Table B-4 shows the approximate relationships between amounts of 
water withdrawn from ground water and surface water in the Region and 
where t his water is used on the basis of estimated 1965 withdrawals. 
The ratio of depletions to total withdrawals shows a region-wide 
efficiency of nearly 65 percent due, in large measure, to the multiple 
reuse of existing supplies. 

As shown in Table B-4 over 60 percent of all withdrawals in the 
Region come from ground water. Historically, annual ground-water 
pumpage in the Lower Colorado Region has increased from less than l 
million acre-feet in the early 1930's to 3 million acre-feet following 
World War II, and to about 5 million acre-feet in 1965. 
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FIGURE B-5 
HOW WATER WAS USED 

IN THE LOWER COLORADO REGION IN 1965 
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At the present time there is an annual ground-water overdraft of 
approximately 2. 5 million acre-feet, of 1.,hich about 50,000 acre-feet 
occur in the Las Vegas area and most of the remainder in central 
Arizona. 

Among the areas of the greatest water demand are the desert low
lands of central Arizona and the Las Vegas Valley in Nevada which must 
rely substantially on mining of ground-water resources. The results of 
continued mining of ground water have already been felt in some areas. 
Lands that were once productive are being retired as wells go dry or as 
pumping costs rise to a point of no economic gain, or as water quality 
deteriorates. Until the introduction of other sources of water, or in 
some cases the econom~c means to better utilize the present sources, 
ground-water overdraft will probably continue in order to meet the 
demands for water. 

Table B- 5 is the summary of estimated depletions and withdrawal 
requirements, respectively, for the various water-oriented activities in 
the Lower Colorado Region at the 1965 level of development. Note t hat 
the estimated 1965 withdrawal requirements excluding evaporation for 
the Region is about 1.'5 million acre-feet more than the actual amount 
being withdrawn as indicated by records. The difference reflects t he 
effects of all restraints under the present conditions of water supply. 
Restraints include wat~ supply deficiencies, economics, water rights, 
water quality, etc., and all of their ramifications. 

There are presently 15 significant manmade impoundments on the 
Colorado River and its tributaries within the Lower Colorado Region. 
Seven of these are on the Colorado and eight are on tributaries. 
Aggregate usable capacities are 28.6 million acre-feet and 3.2 million 
acre-feet for the Colorado and tributaries, respectively. Largest of 
all manmade impoundments in the Region as well as in the Nation is 
Lake Mead with a usable storage capacity of 26.2 million acre-feet. 
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Hoover Dam and Lake Mead exemplify the concept 
stored water including: flood control; power 
recreation; fish and wildlife and other uses. 

XVIII-28 
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Theodore Roosevelt Dam, comple ted in 1911 on the Salt ? iver in Arizona , j_s the forerunner of 
mul tipurpose water storage projects in the l\egion and s til l provides flood control, water f or 
irrigation, munici pal and indu s trial uses, hydroelectric power generation, and recreation . - USBR 



Subregion 
and 

State 

Lower Main Stem 
Arizona 
Nevada 
Utah 

Total 

Little Colorado 
Arizona 
New Mexico 

Gila 

Total 

Arizona 
New Mexico 

Total 

Table B-4 
Estimated Annual Water Withdrawal l/ 

1965 Level of Development -
Lower Colorado Region 

Unit: 1,000 Acre-Feet 
Estimated Annual Water Withdrawal 

Ground-Water Surface-Water Total 
Pumpage Diversion Withdrawal 

400 
115 

10 

525 

72 
2 

74 

4,400 
_22 

4,465 

l,650 
55 
90 

1,795 

57 
21 

78 

1,200 
31 

1,231 

2,050 
170 
100 

2, 320 

129 
23 

152 

5,600 
__2§. 

5,696 

Lower Colorado Region 
Arizona 4,872 

64 
115 

10 

2,907 
52 
55 

__2Q 

7, 779 
119 
170 
100 

?:.I 

New Mexico 
Nevada 
Utah 

Total 5,064 3,104 8,168 ?:/ 

Gross: Ground water at pump head, surface water at the source. 
Th~se values are not necessarily those experienced in 1965, but 
rather, are the anounts which could be expected to be withdrawn 
under average conditions with t he 1965 level of development. 

About 500,000 acre-feet or 6 percent of total estimated withdrawal 
is used for purposes other than irrigation, and represents an 
average withdrawal rate of nearly 240 gallons per capita per day. 
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~ 
H 
H 
H 
I 

w 
f-' 

Uses l 

Reservoir Evaporation ~ 32 ·3 

Mineral Resources 6.4 

Irrigation 2,446.9 

Municipal and Industrial 115.6 

Recreation 3.2 

Fish and Wildlife 140.0 

Electric Power 2. 8 

Total 2,747.2 

Table B-5 
Lower Colorado Region 

Estimated Water Requirements 
1965 Level of Development 

Hydrologic Areas 

Withdrawal Re~uirements 
Subregions 

2 3 Region 

39.4 158.7 230.4 

1.0 97-7 105.1 

136.2 6,319.8 8,902 ·9 

19.5 315 .l 450.2 

1.5 5-9 10.6 

6.0 50.0 196.0 

0.8 6.2 9.6 
4/ 2o4.4 - 6,953.2 9,904.8 

Exclusive of Colorado River mainstream. 

Unit: l 000 Acre-Feet 
Depletion Require ments 

Subregions 
l 2 3 Region 

32.3 39.4 158.7 230.4 

2.6 0.6 48.3 51.5 

1,010.8 58.6 2/ 4,059.8- 5,129.2 

48.2 8.8 140.9 197-9 

l.l 0.5 2.0 3.6 }/ 

100.0 4.3 6.0 110.3 

2.8 0.8 6.0 9.6 

1,197.8 113.0 !:h,421.7 5,732.5 

!.1 
g_j Includes noncrop consumption associated with irrigation estimated as 15 percent of the computed 

irrigation requirement. Also includes an estimated 600,000 acre-feet per year of water losses 
in-transit in the central Arizona area of Subregion 3. 

11 
~ 

Represents require ments exclusive of existing lake and reservoir evaporation. 

Excludes normal annual export of 15,000 acre-feet to the Gila Subregion. 



WATER QUALITY 

Regionally, mineral water quality as expressed by total dissolved 
solids (TDS) concentrations is generally of lower quality than in many 
other parts of the Nation. Many surface- and ground-water supplies of 
the Region have mineral concentrations exceeding 500 milligra~s per 
liter, and many exceed 1,000 mg/1. 

The Colorado River, one of the two major supplies, enters the 
Region at concentrations exceeding 500 mg/1 and varies between 600 and 
900 mg/1 at major diversion points within the Region. Long-term data 
(1941-1966) indicate that some 8.2 million tons of dissolved solids are 
transported annually into the Region from the Upper Colorado Region. 

Salinity increases in the Lower Colorado River as it proceeds down 
stream are due principally to inputs from saline springs and the concen
trating effects of consumptive use and surface evaporation fro~ reservoir 
and river water surfaces. With average evaporations approaching 84 inches 
annually, the reservoir losses in the reach from Lake Mead to Imperial 
Dam exceed one ~illion acre-feet per year. In addition, river losses 
in this reach including evaporation, transpiration, a nd seepage, approach 
0.5 million acre-feet annually. 

Significant increases in dissolved solids from headwaters to mouth 
occur similarly in the Gila River. In the headwaters of the Gila, TDS 
concentrations are generally less than 500 mg/1. However, in the middle 
reaches below points of major diversions, the dissolved salt content 
usually ranges from about 500 to 1,000 mg/1. Most of the increase in 
dissolved solids concentrations results from the concentrating effects 
of consumptive uses and from salts contributed directly by the soil to 
irrigation water. Below Gillespie Dam near Phoenix, the Gila River is 
normally dry because all of t he highly ~ineralized (mean TDS 3,000 mg/l ) 
return flows from t he Phoenix-Buckeye area are diverted at Gillespie Da~ 
for irrigation use. 

Water quality is generally good in most of the headwaters of the 
Little Colorado River. The middle reaches of the Little Colorado River 
flow only intermittently. At the confluence with the Colorado River, 
flows contain very high concentrations of dissolved solids fro :n saline 
springs located near the mouth of the Little Colorado River. Map 2 
shows the location of salt springs. 

Some surface waters in the Region are very hard and at best are 
only marginally suitable for domestic uses. The Colorado River has a 
hardness (as calcium carbonate) varying from about 330 mg/l at Lee Ferry, 
Arizona, to about 370 mg/l at Imperial Dam. Downstream at Yuma, Arizona, 
the hardness increases to 700 mg/1. 
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The fluoride content is normally about l mg/1 in most water of the 
Region. This relatively high level of natural f luoride concentration 
persists even during flooding on some upstream portions of the Gila River. 

Sediment concentrations in surface water of the Region range from 
very high to moderate. The areas of greatest sediment yield are located 
in northwestern Arizona and southwestern Utah where sediment concen
trations as great as 700,000 pp:n have been measured and 500,000 ppm 
observations are not unusual. On Basin and Range Lowlands, the yields 
are moderate with concentrations in the adjacent streams averaging 
about 20,000 ppm. Annual average sediment yield in most areas re mains 
within moderate bounds due to infrequent occurrence of heavy rainfall. 
The area between Imperial Dam and Laguna Dam serves as a depository for 
silt re moved fro <n Colorado River water and more than 500,000 tons are 
re moved annually fro:n the water diverted from this reach to the All
American Canal. 

The presence of nutrients fro :n ~nanmade sources has caused exces
sive algal growths in Las Vegas Bay of Lake Mead, a ~jar recreat ional 
area. In isolated cases, bacterial concentrations have exceeded desir
able levels in streams below smaller communit ies and resort areas: 
Occasional overflows and breaks in mining was te disposal syste ms in the 
Gila Subregion have resulted in fish kills due to the toxic wastes. 

The mineral quality of ground water ranges from excellent to 
unsuitable for any purpose. Ground water in the alluvial deposits of 
the Basin and Range Lowlands, for example, contains from less than 100 
to :nore than 100,000 mg/1 of dissolved solids. Water fro11 most of 
these deposits, however, contains dissolved solids concentrations of 
less than 1,000 mg/1. Concentrations of total dissolved solids in ground 
water from aquifers beneath lowlands often vary, not only areally, but 
also with depth. As a result, t he concentrations of dissolved solids 
in water from a given well may change abruptly with the amount of draw
down as will the ionic makeup. In contrast, ma.jor sandstone aquifers 
in the Plateau Uplands of northern Arizona contain water having con
sistently more than 10,000 mg/1 dissolved solids. In the same overall 
area, the dissolved solids concentrations ranged from 90 to :nore than 
60,000 mg/1 for 1,500 samples analyzed. Map 3 indicates the location 
and extent of dissolved solids in ground water. 

The ground water ranges from soft to very hard, from less than 60 
mg/1 to more than 180 mg/l of calcium carbonate. The concentrations of 
the minor constituents such as iron, magnesium, and silica vary con
siderably throughout the Region; but, except for fluoride and nitrate, 
the concentrat ions are not objectionable for most uses. Though con
centrations of nitrate are generally small in water fro m drilled wells, 
in northern Arizona water from dug wells may contain r.1ore than 45 mg/l 
of nitrate which is the maximum concentration recommended in the 
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United States Public Healt h Service Drinking Vlater Standards. ~-1ore t ha n 
4 mg/1 of fluoride i s cornnon in ground waters of northern Arizona. 
\.Ja ter fro ,n many wells in t he Basin and Range Lowlands will contain more 
than 2 mg/1 of fluoride. Fluoride conc entrations in excess of the upper 
li nits reco rn.nended by t he USPHS Drinking \,,la ter Standards, are found in 
ground waters throughout the Lower Colorado Region . 

Boron concentrations of 0.4 mg/1, t he critical level for citrus 
crops, have been observed in Colorado River water at Imperial Dam. 

Other conditions presently affecting ·...rater quality, pollution con 
trol and public hea lth in the Lower Colorado Region are as follows: 

1. The presence of potentially water-borne disease in the Region; 

2. Open surface water conveyance systems presenting the possibility 
of contamination by radiological means, or by accidental spills 
of toxic materials; 

3. Bacteriological quality of water supplies at some recreational 
areas which do not conform with U.S. Public Health s~ rvice 
Drinking Water Standards, 1962; 

4. Thermal pollution resulting fro m irrigation return f lows, 
municipal and industrial wastes; 

5. Contamination of streams by runoff from livestock wastes and 
other solid wastes; 

6. Lack of water to maintain minimum streamflows; and 

7. Lack of an effective disease vector control program. 
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United States Public Healt h Se rvice Dri nki ng ifla t er Standards. ~-1ore t ha n 
4 mg/1 of f l uor ide i s cornnon i n gr ound waters o.f northe r n Ari zona . 
\.Jater fro .n many wells j_n t he Ba sin and Range Lowlands will contain more 
than 2 mg/1 of fluor i de. Fluoride concentrations in excess of the uppe r 
li nits recorn.nended by t he USPHS Drinking \.Jater Standards, a re found i n 
ground waters throughout the Lower Colorado Region. 

Boron concentrations of 0.4 ~g/1, the critical level fo r citrus 
crops, have been observed in Col or ado Ri ver water at I mperial Dam . 

Other conditions presently affecting water quality, pollution con 
trol and public hea lth i n the Lower Colorado Reg ion are as fol lows: 

l. The presence of potentially water -borne disease in the Region; 

2. Open surface wa t er conveyance systems present i ng the possibility 
of contamination by radiological rneans, or by acc idental spills 
of toxic materials; 

3. Bacteriological qua lity of water supplies at some recreational 
areas which do not c onform with U.S. Public Health S3rvi ce 
Drinking Water Standards, 1962 ; 

4. Thermal pollution resulting fro ,n irrigation return f lows, 
municipal and industrial wastes; 

5. Contamination of streams by runoff from livestock wastes and 
other solid wastes; 

6. Lac k of water to maintain minimum streamflows; and 

7. Lack of an effective disea se vector control program. 
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LAND RESOURCES AND USE 

Land Ownership and Administration 

In 1965 about 18 percent of the total land within the Lower 
Colorado Region was in private ownership, 18 percent in Indian Trust, 
12 percent in state and municipal ownership, and the remaining 
52 percent was in Federal ownership . Of the land in Federal ownership, 
59 percent was administered by the Department of the Interior, 32 percent 
by the Department of Agriculture, and 9 percent was administered by the 
Department of Defense. The basic land ownership and administration 
statistics (for each subregion and the regional total) are presented 
in Tables B-6, B-7, B-8, and B-9, and illustrated by FigureB-6 and 
Map 4 shows the location of lands under the various administrative 
agencies. 

Soils 

The soils of the Lower Colorado Region are inherent to the parent 
materials of the two broad physiographic provinces; the Colorado 
Plateaus Province that occupies the northeast part, and generally the 
higher elevations of the Region; and the Basin and Range Province that 
encompasses the re~inder of the Region. The parent materials from 
which the soil bodies have developed range from Precambrian basement 
rocks, comprising granites and metamorphics; to relatively young 
volcanic materials, with sedimentary material of sandstones, lime
stones, and shales contributing to the soil characteristics throughout 
much of the Region. 

In the Colorado Plateaus Province the major parent materials are 
older !mrine and continental sedi~ntary rocks that range from limestone 
to sandstone and shales. Local soils in places have developed from 
volcanic rocks that have intruded these sedi mentaries. In the Basin 
and Range Province the soils have usually developed on alluvial materials 
derived fro ;n the igneous and sedimentary rocks that comprise the mountain 
ranges typical of the Province. 

Soils of the Colorado Plateaus Province--This Province comprises 
the entire Little Colorado Subregion and a portion of both the Gila 
and Lower Main Stem Subregions. In general, the soils in this Province 
are shallow in depth to the parent material, often quite erosive, and 
severely dissected in places. Most of the soils on the Plateaus are on 
gentle slopes except those in the mountains. The mountains are steep 
to very steep and have shallow t o very shallow soils. Most of the soils 
in this Province have textures favorable to the entrance and movement 
of water, except where developed from clayey shales. 
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Table B-6 
Land Ownership and Administration - 1965 

Lower Main Stem Subregion 

Unit: 1 000 Acres 
Area 

Land Ownership and State of State of State of 
Administration Arizona Nevada Utah Total 

Federal Lands 
Dept. of Agri. 

Forest Service 1,432 336 289 2,057 
Other 0 0 0 0 

Dept. of the Interior 
Bureau of Land Management 7,526 8,123 1,115 16,764 
Bureau of Sport Fisheries & 

Wildlife 772 932 0 1,7o4 
National Park Service 2,091 441 139 2,671 
Other (Bureau of Reclamation) 364 54 0 418 

Dept. of Defense 3,109 y 526?) 0 3,635 
Other 0 14 y 0 14 

Subtotal Federal Lands (15,294) (10,426) (1, 543) (27,263 ) 

State-owned Lands 2,279 39 137 2,455 

Other Public Lands 3 0 0 3 
Subtotal Nonfederal 

Public Lands (2,282) (39) (137) (2,458 ) 

Privately-owned Lands 
Individual or Corporate 3,369 473 554 4,396 
Indian Trust Lands ~ 1,824 5 0 1,829 

Subtotal Private Lands (5,193) (478) (554) (6,225 ) 

Total 22,769 10,943 2,234 35,946 

y Includes Cabeza Prieta Game Refuge which is administered jointly 
with the Bureau of Sport Fisheries and Wildlife. 

gj This includes Desert Game Refuge administered jointly with the Bureau 
of Sport Fisheries and wildlife. 

~~ Administered by County, State, etc. 
;} All Bureau of Indian Affairs administered lands appear as line item 

"Indian Trust." 
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Table B-7 
Land Ownership and Administration - 1965 

Little Colorado Subregion 

Unit: 1,000 Acres 

Land Ownership and 
Administration 

Federal Lands 
Department of Agriculture 

Forest Service 
Other 

Department of the Interior 
Bureau of Land Management 
Bureau of Sport Fisheries and 

Wildlife 
National Park Service 
Other (Bureau of Reclamation) 

Department of Defense 
OthtH 

Subtotal Federal Lands 

State-owned Lands 

Other Public Lands 
Subtotal Nonfederal 

Public Lands 

Privately-owned Lands 
Individual or Corporate 
Indian Trust Lands ~ 

Subtotal Private Lands 

Total 

State of 
Ariz<na 

1,990 
0 

313 

0 
159 

0 

0 
0 

(2,462) 

1,354 

0 

(1,354) 

2,989 
7,052 

(lO,o4l) 

13,857 

Area 
State of 
New Mexico 

332 
0 

548 

0 
0 
0 

13 
0 

(893) 

326 

0 

(326) 

1,088 
1,088 

(2,176) 

3,395 

~ Includes Bureau of Indian Affairs administered lands. 
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Total 

2, 322 
0 

861 

0 
159 

0 

13 
0 

(3,355) 

l,68o 

0 

(l,68o) 

4,077 
8,140 

(12,217) 

17,252 



Table B-8 
Land Ownership and Administration - 1965 

Gila Subregion 

Unit: l 000 Acres 
Area 

Land Ownership and State of State of 
Administration Arizona New Mexico Total 

Federal Lands 
Department of Agriculture 

Forest Service 8,103 2,493 10,596 
Other 0 0 0 

Department of the Interior 
Bureau of Land Management 4,104 958 5,o62 
Bureau of Sport Fisheries and 

Wildlife 0 0 0 
National Park Service 94 0 94 
Other 0 0 0 

Department of Defense 435 0 435 
Other 86 0 86 

Subtotal Federal Lands (12, 822) (3,451) (16,273) 

State-owned Lands 5,674 766 6,440 

Other Public Lands 22 0 22 
Subtotal Nonfederal 

Public Lands (5,696) (766) (6,462) 

Privately-owned Lands 
Individual or Corporate 6,68o 932 7,612 
Indian Trust Lands y 6,443 0 6,443 

Subtotal Private Lands (13, 123) (932) (14,055) 

Total 31,641 5,149 36,790 

y Includes Bureau of Indian Affairs administered lands. 
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Table B-9, Land Ownership and Administration - 1965 
Lower Colorado Region Summary 

Unit: l 000 Acres 
Land Ownership and State of State of State of State of 
Administration Arizona Nevada Utah New Mexico Total 
Federal Lands 

Department of Agriculture 
Forest Service 11,525 336 289 2,825 14,975 
Other 0 0 0 0 0 

Department of the Interior 
Bureau of Land Management 11,943 8,123 1,115 l,5o6 22,687 
Bureau of Sport Fisheries & Wildlife 772 932 0 0 l,7o4 
National Park Service 2,344 441 139 0 2,924 
Other (Bureau of Reclamation) 364 54 0 0 418 

~ 
Department of Defense 3,544 526 0 13 4,083 
Other 86 14 0 0 100 

H 
(30,578) (10,426) (1,543) (4,344) (46,891) H Subtotal Federal Lands 

H 
I 

VJ 
\0 State-owned Lands 9,307 39 137 1,092 10,575 

Other Public Lands 25 0 0 0 25 
Subtotal Nonfederal Public Lands (9,332) ( 39) (137) (1,092) (10,600) 

Privately-owned Lands 
Individual or Corporate 13,038 473 554 2,020 16,085 
Indian Trust Lands 15,319 5 0 1,088 16,412 

Subtotal Private Lands (28,357) (478) (554) (3,108) (32,497) 

Total 68,267 10,943 2,234 8,544 89,988 

Note: Only land areas, water areas are not included. 
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Coniferous Forest - FS 
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Table B-10 
Vegetal Cover and Related Categories - 1965 

Lower Colorado Region 

Unit: 1,000 Acres 
Total 

Lower Little Lower 
Main Stem Colorado Gila Colorado 
Subregion Subregion Subregion Region 

Forest Land 

Conifer l,o68 1,702 3,752 6,522 

Woodland 7' 396 5,609 6,898 19,903 

Chaparral 439 3,027 3,466 

Riparian ___g _.2: 106 --
Subtotal 8,955 7,311 13,731 29,997 

Range Land 

Southern Desert Shrub 17,111 15,026 32,137 

Northern Desert Shrub 5,628 2,919 0 8,547 

Grassland 3,765 6,940 6,197 16,902 

Subtotal 26,504 9,859 21,223 57,586 

Miscellaneous 

Urban 129 19 365 513 

Cropland 332 63 1,421 1,816 

Water 249 13 78 340 

Barren and Other 26 50 76 -- --
Subtotal 736 95 1,914 2,745 

Total 36,195 17,265 36,868 90, 328 
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FIGURE 8-7 
VEGETAL COVER AND RELATED CATEGORIES-1965 
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Soils of the Basin and Range Province--This Province is charac
terized by steep, generally barren, northwest-southeast trending 
mountains and broad alluvial-fill valleys. Most of the soils in the 
basins and valleys of this Province are deep, level to nearly level, 
and have textures favorable to both water entrance and soil workability. 
The soils on the mountains of this Province are very shallow to ~od
erately deep, and are on steep to very steep slopes, and generally have 
loamy to clayey textures. In places these soils are very stony and/or 
rocky. Important source areas for sediment in this Province are in the 
valley of the San Pedro River and along the Gila River between San 
Carlos Lake and the Arizona-New Mexico boundary. 

Vegetal Cover 

The Region has a wide variation in vegetal cover types and related 
categories that determine the resources, uses, and developnents that 
exist or may be projected. The natural vegetation ranges from desert 
through the chaparral and mountain brush, pinon juniper and oak wood
land, to the yellow pine and spruce-fir forest, to alpine and tundra 
type on top of the highest mountains. The vegetal cover is dependent 
upon the climate, elevation, soil, geologic formation, and topography. 
The extent of vegetal cover and related categories for the Region is 
shown in Table B-10 and illustrated by Figure B-7 and Map 5. 

Present Use of Land Resources 

Numerous resources, uses, and activities presently exist on all 
classes of regional lands. These are as varied as is the climate, 
topography, vegetation, and pattern of land ownership and administration. 

TablesB-11 through B-14 show total acreage in 1965, for each land 
resource group and the acreages of multiple-use demands in each group, 
by subregion and for the Region. Figure B-8 depicts land use by 
resource groups for subregions and the Region in 1965. 

Cultivated Cropland 

The Region's cropland area contains about 1.8 million acres of 
which 1,285,000 were irrigated and 1,212,000 acres were harvested in 
1965. About 77 percent of the irrigated cropland area is in the Gila 
Subregion, some 20 percent is in the Lower Main Stem Subregion, and 
about 3 percent is in the Little Colorado Subregion. Almost all of 
the Region's cultivated area is irrigated (98 percent in 1965). 

There were 21,000 acres of nonirrigated cropland harvested in the 
Region in 1965. This cropland is located on -gently to moderately 
sloping lands lying above 4,000 feet elevation and having annual precip-
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H 
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s:: 
0 

~ •rl 
Area bO <l>+> 

of?) 
s:: ~ g Land Culvitation •rl 
N • <0 

Resource LRG's Non- cd 8 0 

( 1965) 
~ ~ 

Groups Irrig_. Irrig. t:.:J p.. 

Cropland }:/ 332 237 5 132 0 

Range 26,504 0 0 20,6oo -

Forest 8,955 0 0 7,238 873 

Urban 129 - - - -

Barren & 
Other 26 0 0 0 0 

Total 35,946 I 237 5 27,970 873 

Table B-11 
Uses of the Land - 1965 
Lower Main Stem Subregion 

r-l <tj(ll 
cd <l> (/) 

o8 •rl +> <l> 
~ Outdoor cd s:: 

~~ s:: ~ 
Recreation bD<l> 

{!,5 •rl <0 » Un- oor-l 
~ s:: <l> •rl 

H De vel. Devel. A:::S: 

- - 250 0 

- 3,203 20,612 0 

- 1,034 5,705 0 

129 10 30 0 

- - 26 0 

129 4,247 26,623 0 

:;:., 
~ 
cd 
+> 
•rl 
r-l 

~ 
"'"' 

-
3,652 

-
-

0 

3,652 

s:: 
0 

r-l •rl 
Fish & cd+> 

~ () 
Wildlife Wat~rshed <l> :1 

S::rcl 
i! 0 Un- Un-
~ Desig. Desig. Class. Class. 

- - 332 0 332 

4 1,148 23,929 0 26,504 

1 675 7,493 0 8,955 

- - 128 0 129 

0 0 26 0 26 

5 1,823 31,908 0 35,946 

];_/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965, 
farmsteads, farm roads, farm irrigation canals, etc. 

?) Land Resources Groups. 

}/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc. 

Note: Dash indicates small acreage. 
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Table B-12 
Uses of the Land - 1965 

Little Colorado Subregion 

Unit: 1,000 Acres 

s:: .-I 'r.l fll ~ 
0 ro (!) fll 0 

~ •rl o8 •rl -P (!) ?, .-I ·rl 
Fish & Area bD (1)-jJ H Outdoor ro s::: ~ ro+> 

of 5_/ s::: ~ ~ S:::+> S:: H ro H o 
Wildlife Watershed Land Culvitation •rl ro fll Recreation bl)(l) +' (!) ::l 

N • rr,j ~,g •rl '("j •rl S:::'r.l Resource LRG's Non- ro E-i 0 J/ Un- fllrl .-I ~ 2 Un- Un-
( 1965) 

H H :::> s::: (l)·rl •rl 
Desig. Desig. Class. Class. Groups Irrig_. Irrig. ~ p_, H De vel De vel. A~ ~ p_, 

Cropland ]:/ 63 28 16 36 0 - - 52 0 - - - 63 0 63 

Range 9,859 0 0 9,381 - - 175 7,985 0 21 5 8 9,851 3 9,856 

Forest 7,311 0 0 7,187 ~,419 - 26 6,886 0 - 2 8 7,303 12 7,299 

Urban 19 - - - - 19 2 2 0 - - - 18 0 19 

Barren & 
Other 0 0 0 0 0 - 0 0 0 0 0 0 0 0 0 

Total 17,252 28 16 l6,6o4 ~,419 19 203 14,925 0 21 7 16 17,235 15 17,237 

~/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965, 
farmste~ds, farm roads, farm irrigation canals, etc. 

5./ Land Resources Groups. 

}/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc. 

Note: Dash indicates small acreage. 
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Table B-13 
Uses of the Land - 1965 

Gila Subregion 

Unit: 1,000 Acres 

~ M '"dttl ~ 
0 al Q) ttl 

M .~ J..t .,; o8 .,; .p Q) » Area bO Q).P J..t Outdoor al ~ J..t al-P Fish & 
Land of 5./ 0.n1 vi t.A.t. inn .~ ~ g S::+> 

Recreation 
~ J..t al J..t CJ 

Wildlife Watershed al ttl bl)Q) .p Q) :1 
N • '"d -e.g •rl '"d •rl S::rd Resource LRG's Non- al 8 0 ]} Un- ttlM M 

~~ Un- Un-
( 1965) 

J..t J..t :::> s:: Q)·rl 
~ Groups Irrig_. .Irrig. 0 P-. H De vel. Devel. q::;:: Desig. Desig. Class. Class. 

Cropland !:I 1,421 895 - 412 0 - - 1,000 0 - - - 1,333 0 1,421 

Range 21,223 0 0 20,777 - - 655 12,000 10 4o2 13 12 21,157 4 21,219 

Forest 13,731 0 0 10,291 3,166 - 4ol 8,000 851 51 50 7 13,681 12 13,719 

Urban 365 - - - - 365 36 100 0 - - - 65 0 365 

Barren & 
Other 50 0 0 u c - 0 50 0 - 0 0 50 0 50 

Total 36,790 895 - 31,480 3,16E 365 1,092 21,150 861 453 63 19 36,286 16 36,774 

};,/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965, 
farmsteads, farm roads, farm irrigation canals, etc. 

5./ Land Resources Groups. 

Jl Includes National Parks, City Parks, County Parks, Public Campgrounds, etc. 

Note: Dash indicates small acreage. 
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Table B-14 
Uses of the Land - 1965 
Lower Colorado Region 

. .. Unit· l 000 Acres 

s:: .-I '0 (/l s:: 
0 cd (!) (/l 0 

H •rl o8 •rl .j.) (!) ::-, .-I •rl 
Fish & Area till (1)-P H Outdoor cd s:: H cd+> 

of~/ 
s:: ~ § 

S::+> S:: H cd H c.> 
Wildlife Watershed Land Culvitation •rl cd (/l Recreation till(!) .j.) (!) ;:j 

N • '0 ~,g •rl '0 •rl S::<d Resource LRG's Non- cd 8 0 11 Un- Cllrl .-I •rl 0 Un- Un-
( 1965) Irrig. 

H H !::) s:: (!) •rl •rl ::?.:J! Desig. Desig. Class. Class. Groups Irrig: d p.. H De vel. De vel. A~ :E: 

Cropland !I 1,816 1,160 21 580 0 - - 1,302 0 - - - 1,728 0 1,816 

Range 57,586 0 0 50,758 - - 4,033 4o,597 10 4,075 22 1,168 54,937 7 57,579 

Forest 29,997 0 0 24,716 5,458 - 1,461 15,591 851 51 53 690 28,477 24 29,973 

Urban 513 - - - - 513 48 132 0 - - - 211 0 513 

Barren & 
Other 76 0 0 0 0 - 0 76 0 - 0 0 76 0 76 

Total 89,988 l,l6o 21 76,054 5,458 513 5,542 57,698 861 4,126 75 1,858 85,429 31 89,957 

:!_/ Includes irrigated pasture, acres planted but not harvested, acres developed for irrigation but idle or fallow in 1965, 
farmsteads, farm roads, farm irrigation canals, etc. 

gj Land Resources Groups. 

]/ Includes National Parks, City Parks, County Parks, Public Campgrounds, etc. 

Note: Dash indicates small acreage. 
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itation of 16 inches or more. Crop failure in years of below average 
precipitation is a significant problem. Other problems in nonirrigated 
farming include a short growing season and the low precipitation rate 
during the growing season. 

Livestock Grazing 

The total area available for grazing in 1965 was about 76 million 
acres, whic h i s about 84 percent of the total land area of the Region. 
It is distributed throughout the Region with about 28 million acres in 
the Lower Main Stem, 17 ~illion acres in the Little Colorado, and 31 
million acres in the Gila Subregion. About 21 percent of the total 
grazing land is in private ownership, 14 percent state and county owner
ship, 20 percent in Indian Trust, and the remaining 45 percent is owned 
by the Federal Government. 

Timber Production 

There are 30 million acres of forest land in the Region. The 
forests generally occur at the higher elevations, usually above ~- ,000 
feet in elevation. Of the 30 million acres of forest land in the Region, 
5.5 million acres are classed as commercial timberland5 Of the total 
commercial forests, 69 percent is in Federal ownership, l percent is 
state land, 23 percent is on Indian lands, and the remaining 7 percent 
is in private ownership. 

Urban 

Urban uses occupied about 513,000 acres in the Region in 1965. 
These range from 158,000 acres in the Phoenix metropolitan area to 
small towns of less than a square mile. Average urban population 
densities are generally lowest for the large cities with their 
sprawling suburbs. Industrial users of land are generally within 
urbanized areas; only the mining industry occupies significant amounts 
of land outside of urban areas. 

Outdoor Recreation 

Practically all the Region has something of interest to the 
recreationist. The forest and rangelands provide a wide variety of 
outdoor recreation opportunities. The Region is unique in that it has 
desert environment for enjoyment in winter and mountains that provide 
cool summer recreation opportunities. The mountains also provide winter 
sports opportunities. Areas most valuable for recreation are those 
which have special attraction such as forests, rivers, streams, lakes; 
and areas of unusual archeological, historical, botanical, scenic, and 
geological values. For example, the wonders of the Grand Canyon attract 
tourist and recreationist from around the world. 
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Phoenix, capitol city of Arizona, ranks as one of the Nation's fastest growing cities; the heart of the 
States industrial empire, and a major tourist attraction. Rapid expansion envelopes lands previously 
used for irrigated agriculture. 



The extensive areas of public lands provide almost unli mited 
opportunities for dispersed recreation and general enjoyment, the open 
spaces of the f orest, mountain, and desert environment. The Region 
contains more than 68 million acres suitable and available for outdoor 
recreation. 

Wilderness and Primitive Areas 

Within t he Region in 1965 were 13 areas classified f or wilderness 
managerent. These areas, totaling nearly l~ million acres, i ncluded 
6 wilderness areas, and 7 primitive areas. Wilderness areas are 
designated by Congressional action and any changes would require legis
lation, whereas, primitive areas are administratively established. 

Areas within the Wilderness Preservation System are closed to a ll 
forms of motorized transportation. They are open to most for ms of 
outdoor recreation, to hunting and f i s hing, to grazing of livestock 
(where this use was established prior t o the effective date of the 
Wilderness Act), and for other uses, provided the wilderness charact er 
of the area is preserved. No structure or installation may be con
structed and harvesting of timber is not permitted within the wildernes s 
areas. Other than t he trail systems, the only facilities permitted are 
limited to those essential for sanitation, fire prevention, and the 
preservation of wilderness values. 

Mineral Production 

The actual acreage used for mineral product i on in 1965 (75,000 
acres) is a very small percentage of the total land area . Although 
small in extent, t hese lands are intensively used. Their economic 
importance is great and their compatibility with other uses is low. 
These lands are almost entirely in private ownership. 

Low grade mineral deposits occur over large areas. However, in 
most places mineral extraction from these deposits will be delayed 
until future demands and technology make it feasible to mine these 
areas. 

Transportation and Utilities 

In 1965, 660,000 acres were used for transportation and utility 
purposes in t he Region. This use generally keeps pace with the 
regional growth and population. Some facilties such as roads, rail
roads, and airports effectively alter other land uses, but these mostly 
exist over such a large area they do nothing more than break up the 
country into large blocks. Other facilities such as telephone, 
electric power, and pipeline rights-of-way may modify existing uses . 
In most cases, proper management of the rights-of-way produces benef its 
such as improved livestock forage and increased water yield. 
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Mineral Production--necessary for the Nation's welfare and a major contributor to the Region's 
economy. About 60 percent of the Nation's copper is produced in regional open-pit mines similar 
to this. 



Fish and Wildlife 

Most of the water and land within the hydrologic region are of 
value to fish and wildlife. It is estimated that approximately 
76.4 million acres of the Region contribute materially as important 
habitat for game and nongame fish and wildlife and most acres are 
available for fishing and hunting. Only 3.6 percent of the Region is 
managed and administered principally for fish and wildlife by the sev
eral state fish and game agencies, the Bureau of Sport Fisheries and 
Wildlife, or Indian and other private land owners. 

Over 40 species of game occur throughout nearly all of the Region. 
Big game occur on approximately 72 million acres, small game on nearly 
90 million acres, and waterfowl on 42,000 acres of suitable habitat. 
More than 710 species of nongame birds and mammals occur throughout 
the Region. 

Military and Related Uses 

Most of the land used for military and related purposes in the 
Region is desert or semiarid mountainous terrain. This land was 
selected for military and related uses because it was isolated from 
developed areas. Generally the land is not readily suited for agri
cultural uses and does not yield minerals in economically significant 
quantities. 

Watershed 

Every acre in the Region can be considered as watershed, and 
management of every resource and activity has an effect upon watershed 
conditions. Watershed conditions vary depending upon the topography, 
climate, vegetation, soil, land status and past and present use, each 
with infinite variations. 

The forest lands of the Region contribute an average of about 
2.8 million acre-feet of water annually to streamflow and important but 
unmeasured quantities of water to underground aquifers. About 31,000 
acres of regional lands are included in classified watershed to provide 
for high quality domestic water to local municipalities. 

Hydrologic studies indicate that water yield improvement programs 
can provide effective and efficient means of augmenting existing water 
supplies in water-deficient areas. 
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MINERAL RESOURCES AND DEVELOPMENT 

In 1965, and for the preceding century, the principal ~lnlng areas 
of the Region were those producing copper in the southeastern portion of 
the Region. However, increasingly inportant quantities of suc h minerals 
as copper and uranium, and most recently, petroleum are being now pro
duced in the northern part of the Region. 

Copper's predominant position in the Region's mineral industry is 
unique in the Nation, overshadowing all the combined renainder with 
60 percent of the national output.. Moreover, because of the huge volume 
of copper ore mined, significant amounts of silver and gold are pro
duced as byproducts of the copper production . 

Along with copper, the current leading ~ineral co~modities are 
uranium, sand and gravel, lead-zinc, and cement. This com~odity-mix 
has persisted since the late 1950's; prior to that period, uranium was 
not produced in volume in the Region, and lime was ranked as one of the 
five leading minerals produced. 

There is an excellent possibility that petroleum will soon be one 
of the top five and will probably maintain that position through the 
end of the century. 

Because of the recent and current construction of fossil-fueled 
thermo-electric generating plants, coal production is beconing increas
ingly important in the Region. 

The construction industry has been and is currently in an apparently 
long-term uptrend, which has proportionally influenced the production 
of sand, gravel, and ce~nt in the Region. 

Mineral Production and Value 

Mineral production in the United States, Upper Colorado Region, and 
Lower Colorado Region in base year 1965 is recorded in Table B-15. 

The table reflects company confidentiality where required. 
Petroleum is the catchall term for crude oil, natural gas, liquid 
petroleum gases, helium etc. Likewise, uranium data include byproduct 
vanadium because the two commodities commonly are produced fron the 
same ores in the northern part of the Colorado Plateau. 

Table B-15 also serves as a reference to all the ~ineral commodities 
produced in the Colorado Region during t he 1947-1966 interval. The 
tabular listing and footnotes 3, 4, and 5 cover the minerals produced 
in 1965--footnote 6 completed the post-World War II picture. This 
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"minerals register" may seem impressive at first glance, but upon further 
examination, it is apparent that some ite~s are unimportant to a compre
hensive framework study. For example, it is clear that in 1965 the 
value of copper production in the Lower Colorado Region was predom
inant in the minerals industry, whereas the value of iron ore output 
was quite insignificant. 

Table B-15 implies that a wide variety of metalliferous ores was 
mined in 1965, but many of these commodities were byproducts. In the 
Lower Colorado Region more than 10 million pounds of molybdenum was 
produced, but no molybdenum ore was mined because it was recovered as a 
byproduct from copper ore from several nines. Regionwide, virtually 
no gold and silver ores were minedj most of the gold and silver was 
recovered as byproducts from copper operations in the Lower Colorado 
Region. Thus, it is evident that only a few of the 40 or so mineral 
commodities listed in Table B-15 dominate the production and value 
figures in the Lower Colorado Region. 

Markets 

In general, mineral fuels produced in the Lower Colorado Region 
find markets outside the Region and metals are marketed nationwide. 

The Lower Colorado Region is an important exporter of uranium, 
the only mineral fuel currently produced in substantial volume. Oil 
and gas have only recently been discovered and produced, and output of 
coal, although intermittently produced for decades, has been negligible 
in importance. Uranium is :rarketed nationwide, and so:ne foreign sales 
contracts have also been recorded. Future market potential, both domes
tic and foreign, is excellent. 

Oil and gas production is expected to increase in the near-term 
with distribution to southwest and West Coast markets most probable. 
Coal output is projected to increase markedly to fuel a thermal power 
plant in southern Nevadaj over the long-term, however, coal's future 
in the Region does not appear to offer significant increases in the 
dollar value of mineral production in the Region. 

Almost all metals output leaves the Lower Colorado Region, mostly 
in the form of mill concentrates, or s~lter product, for further 
upgrading or refining and subsequent industrial use elsewhere in the 
Nation. During the 1960's, molybdenum was the only metal consistently 
produced in quantities sufficient to satisfy some foreign demand. 
Periodically, the Nation has been a net exporter of copper, and obvi
ously the Region's vast annual copper output was largely responsible 
for this occasionally favorable balance-of-trade ite:n. Statistically, 
the Nation has hovered about self-sufficiency in copper output for .nany 
years, usually falling short o f a balance by some small margin. 
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Considering the continuing new mine develop·nents and expansions at 
established operations in the Region (and elsewhere in the Nation), a 
marked surplus production potential seems virtually certain at least 
until the mid-1970's. Therefore, with due consideration to political 
and social instability in several important foreign copper-producing 
countries, the Region's output seens destined to become :nuch more widely 
distributed through the 1970's, thus, periodically enhancing t he 
Nation's balance-of-trade account. 

Essentially all nonmetals production in the Lower Colorado Region 
is for internal use, most ly to meet regional construction industry 
needs. Typically bulky, low in unit value, and common to most areas, 
the more important nonmetallics--sand, gravel, cement, stone, gypsum, 
and clays--ordinarily are transported only short distances to markets. 
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Economic Economic 
- /R 1/ Table B- 15 -Mineral producti on In the United St a t es , Upp e r Color.,d~3i on , ,,nd Lowe r Col or ado eg lon In 1965-'-

United States Upper Colorad o Reclon 
Minera l 

Lower Colorado Reg i on 
Valu e c ontribution to totnl 

U. S. product i o n ( pe rcen t) 

Quantity 
Va lue 

(thou sn nd s ) Ouantlty 
Value 

(thou so nds) Quant 1 ty (thou sands ) Co lo rado Colorado I Colo rado 
Value II Upp er I Lower 

Regi on Region Regi on 

Mine ral !ue l s: 
Coal , bltumlnous, , ,, , ,,, , , , ,,,,,,,,,,, , ,,, ,, . . thou sand shor t t ons . • 
Helium .. ..... . .... . ...... . .. .. ...... ... . , ... . thou sa nd cubic fe e t .. 
Natura l ga s ,. ............ .. ... ... .... ......... -million cubic feet .. 
Natural gas liquid• : 

Natu ra l gasoline . .. ....... . . . ........... ... .... thousand gall ons .. 
LP gases •. .. .. . .•• , • .••• . •..•..• . • . ....•.•.... . ........ . . do .... 

Petroleum .. • ..• • ...••. • •.•.. • ••. •• ..• thousand 42 r gallon barrel s .. 
Ura nium ore

37 
. .•••.•• • •• •• ••••.• . •.•• .... •• •.•.. . .. .• . short t ons .. 

Other fue 1 s=- • . •••• • ••• • •• ••• •••• •• • • •• • •••• • . • ••••• •• . ... .• • .•••.• 

Total ml nera 1 fue ls • ••• .••••.• • .•..... •.• •. .•..•• • ...•.•. .. ... .. 

Metals : 
Copper . , ....... . ....... .. ... , , .. . . . , . , .. . . . , , ... . , , . . short t ons . . 
Gold . .. , . , .. . . .. , .... . . . .... . . .. .. . . , . , . . . , . , ... . , .. troy oun c es .. 
Iron ore . , . . .... , : . ..... . .. . . ......... .... .. . thousand lon g t ons .. 
Lead ... ...... .. ... . ......... , . . .. . . , . . , . : . . . . .. ..... .. short tons .. 
Man ganlferou• ore (5 to 35 percent Mn) .• • •.••... •..• ..•.. . .. do .. .. 
Mercury . ..•.•..••••••..• . • . ••• . ••. . . .• •..•...... 76-pound fla s ks .. 
Hol ybd enum ...... .. ... ........... .. .......... . ... thou sand pounds .. 
S ilve r ....... . • . .... ... . . ... . .. .. ......... thou sand troy ounces ... 
Vanadi um . . , ... . . .. . . . ... ...... ... ........... .- . . ....•. short tons .. 

~!~~~- ~~~~i;.Y:::::::::: ::: :::::: : :::::::::: :: : : :::::::::::: -~~:: :: 
Total metals . •••• ••.• . . • ••.•.••. • ••. • .•.• •.•• ••• ••.•••.•. . •. . ...• 

Non:ne tals : 
Asbestos .... . ............. . . . . .. ... .... . . ... ...... .... short tons .. 
Clays . . . .. . .. . .. ..... . ......... .. . .. . ·-.. . . ... thousand short tons . . 
Gypsum .. . . .• •.•. .••• •• • • • • • •. .. • . • .....• •• ... . . .••.•. , , .. . . do .. . . 
Lime . . ..•.... •• ...••. . . •• ...• • •..• • . ..... . ... . •.•• . . . . . •. • • do . .. . 
Pumice . . . ....• ..•••..•.•.. . ..• . . ... •...•.•.. . • . .... ...... . . do .•.. 
Sand and gravel .••••. .... • •• . •.....•. • ..••. . ... ........ .... do ... . 
Stone . .. ... , ... ........ , . , .......... , ....... .. ... . ..... . ... do ... . 
Other nonme tal s ~/ ..... . ... ............ ... ......... .. .... . . ........ . 

Total nonmetals .... . ... ..... ..... . ........... . ...... .. . . .. ..... . 

512,088 
4 , 365,068 

16 , 039,753 

. 7, 238 ,07 0 
11, 25 7, 26 7 
2,848 ·'• 62 
4,362,614 

XX 

XX I 

1,3 51, 734 
1,705 ,190 

84 ,472 
301, 14 7 
33 2,763 

19 , 582 
77.3 10 
39,80R 

5,226 
611,153 

XX 

XX I 

118 , 275 
55 , 089 
10 ,035 
16. 7 94 
3,483 

908,049 
780 , 072 

XX 

XX I 

XX I 

$2,276 ,0 22 
66 , 6H7 

2,4 94. 54 2 

494 .3 54 
41 7 ,249 

8. 158 . 1 ~0 
83 , 9 15 

137,714 

14,129,000 

957,0 28 
59,682 

804,4 98 
93 , 959 

2/ 
11, tl6 

120,80 1 
51 ,469 
18,234 

178 , 284 
2/ 

2 , 388,000 

10,162 
203.772 
37.'• 23 

232,939 
6 ,6/oO 

95i ,iol 6 
1,203,6 18 
2,265,000 

4,916,000 

10 , 905 $54,245 
80 ,5 83 2 , 82 1 

687 , 90 5 85,3 98 

127 , 84 3 7 . 735 
lo56 , 377 16 , 679 

67,118 18 1, 330 
942 ,282 19,517 

XX 5. 780 

XX 374,000 

3, 822 2,7 07 
35,188 l, 23 2 

114 . 787 
20,470 6,387 

- -
- -

50 ,715 78 ,609 
1,7 55 2,269 
4. 788 15, 753 

51,210 14. 953 
XX 2 ,150 

XX 125, 000 

- -
293 650 

- -
2/ "!./ 
s2 78 

6,895 7 , 126 
2 ,473 3, 807 

XX 2/ 

XX 43,000 

XX 

2. ~ 
2/ 

3-:-4 

35 7 $1,816 2.4 

I 
0 . 1 

2/ 2/ 4 . 2 y 
3,106 376 3 · '· 

n 

- - 1.6 1.6 
- - 4 .0 4 .0 

~I 
64 . 2 

JJ ?I 2 .2 y 
1,835,898 34,3l8 23 . 3 40 . 9 

XX 3,307 XX XX XX 

XX 40,000 2.6 0.3 2.9 
= 

802 , 026 567 , 83/o 0 . 3 59.3 59.6 
155, 060 5,io 27 2 . l 9. l 11 .2 

8 51 0. l n 0. l 
10,01 6 3,1 25 6.8 3.3 10. 1 

2/ 
o-:-8 

79 .4 

50 , 090 2/ - 2/ 
158 9o I - o-:-8 

10,3 12 17, 296 65.1 14.3 
6, 550 8 .'•69 4 . 4 16 . 5 20 . 9 

109 301 86.2 2. l 88 . 2 
59,8 25 17,469 8.4 9.8 18 .2 

XX 2/ XX XX XX 

XX 6~ 1 . 000 ' 5 .2 26.0 31. 2 
= 

3 ,469 '•41 - 4.3 '• . J 
150 278 0.5 0 . 3 0 .8 
585 2. 14 7 - 5. 7 5 . 7 

2/ 
24 -:-0 

448 8 . 20 5 2/ ·3. 5 
1 , 161 l . 516 t-:-2 22.8 

19 , 685 22 ,578 0. 7 2.4 3. l 
3,410 5,925 0.3 0.5 0 . 8 

XX 11 ,1·13 XX XX XX 

XX 53,000 0.9 1.1 2.0 -
XX 2 . 5 3.3 5. 9 Grand tot a l mineral productlo~/ ............ ... ................ .. 21,4 33 , 000 I 542,000 714. 000 

_J__ 

n Negligible. XX Not applicable . 
1/ Source: Bureau of Mines Minerals Yearbook, Volume I, 1965, and files of the Denve r and San Francisco Offices o f Hine r ~ l Resources. Values are unadjusted 
- dollars. 

1965 

2/ Fi gu re withheld to avoid disclosing Individual co•npany confidenti a l da t a; value included with va lue of o t he r fuels, o the r me tals , and other nonmetals. 
J/ Othe r fuels (In order of value) are gl l sonite and natural carbon dioxide In the Upper Colorado Region and he lium and petroleum (valu es comb ined but withheld) In the 
- Lowe r Colorado Region . 
4/ Other metals are tungs t e n, pyrite, and tin In the Upper Colorado Region and pyrites, tin, and tungs ten In t he Lowe r Colorad o Regi on. 
S/ Othe r nonmeta ls are sodium carbona t e , potash , phosphate rock , sa lt , and lime (va lue withheld) In the Upp e r Colo rado Reg ion and cemen t, perlite, feldspa r , mi ca, 
- di atomite, and s a lt In the Lower Color ado Region. 
6/ Tot a l mineral produc tion f or 1965, as li s ted i n the table and footnotes 3, 4, an•1 5 , was c omprised of 29 mineral commoditi es in the Upper Colorado Regio n and 30 
- mineral commodities In the Lowe r Colorado Region. Other mineral commodi ties produced in the Re g i on since World War II are as fo llows : Upper Colorado Region-

manganese , manganiferous ores, columbi te-t antalite, beryllium, rare earths , clays (varieties other thon tho s e produced in 196 5), feldspar, barite; fl uorspar, 
lithium , gyps um , and mica. Lower Colorad o Region--coal, manganese, columblte-tantallte, beryllium, r a re earths, clays (varieties other than those produced in 1965), 
brucite, b•rite, fluorspar, and vermiculite. 
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LAND TREATMENT AND MANAGEMENT 

Land treatment and management in the Lower Colorado R2gi on consist 
of practices and measures, designed to have one or nore of the following 
effects: (l) increase forage; (2) reduce land erosion; (3) reduce 
floodwater and sedLnent damages; ( 4) i mprove the quantity a nd quality 
of runoff; (5) provide proper drainage; and (6) provide protection 
fro :n forest and range fires. Due t o differences in topography, soils, 
precipitation, and degree of develop,nent, watershed problems vary 
greatly fro ·n subregion to subregion, and within subregions as well. 
Management to reduce these proble~s varies a ccordingl y. 

Erosion 

Soil eros i on within the R2gion i s a significant problen. Erosion 
causes damage in the follm1ing ways: (l) sheet erosion and flood plain 
scour result in reduced productivity of the soil and increased costs, 
and (2) streambank and gully erosion result in land loss, land depre
c iation, damage to improvenents and facilities, and increased land 
manage .nent costs. Erosion damage can be materially reduced by proper 
land t reat:.nent and ·nanagement. 

Approximately 60 percent of the land within the Region experiences 
slight to severe erosion a nd is generally considered to require so ~ne 

form of land treatment. The remaining 40 percent of the land does not 
require treatment because the measures have already been applied; the 
problem is minor ; or, erosion treatment is not feasible. 

Erosion of high forest lands is usually slight and generally occurs 
in the form of sheet and gully erosion brought about as the result of 
road construction, heavy grazing, logging operations, or other uses 
that disturb the soil mant le . At the lower elevations, areas of 
moderate to severe gully and sheet erosion occur. 

Erosion of rangeland varies widely from severe to slight, although 
generally it is slight. Areas of severe erosion are characterized by 
valley trenching and moderate to severe sheet erosion . 

Average annual erosion damage on forest land and rangeland (1965 
prices and conditions) is estimated to be about $6.1 million, of which 
about 50 percent is due to loss in land productivity. 

Erosion of cultivated land is primarily in the forrn of sheet 
erosion but bank erosion also destroys some of these lands. So .re 
scouring occurs when these lands are flooded. Average annual losses on 
cultivated land from erosion in the Region were estimated at about 
$526,000 under 1965 prices and conditions , of which about three-fourths 
is due to loss of productivity. 
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Area converted from chaparral to grass for increased water yield and 
improved forage - FS 
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Table 38 in the Land Resources and Use, Watershed Manage ment 
Appendix presents a breakdown of average annual erosion da~age by 
subregion. 

Sediment Yield 

For this s tudy, sedi ment yield is defined as the volume of sedi 
ment in acre- f eet per square mile per year, carried past a measuring 
point within a watershed. Sediment yield rates for regional lands are 
grouped into 5 classes. 

The following table shows the acreage and percentage of land in 
each sediment yield class in the Regi on by subregion. 

Table B-16 
Acreage and Percent of Land in Each Sedi~nt Yield Class 

Lower Colorado Region 

Unit: 1,000 
Sediment Yield Classes 

l 2 3 4 

Acres 

5 
3.0* l.0-3.0* 0.5-l.O* 0. 2-0.5* 0.2* 

Subregion Ac. % Ac. ~ Ac. ~ Ac. ~ Ac. ~ 

L.M. Stem 0 0 1,955 2.2 3, 321 3 .7 17,759 19.7 12,910 14 . 3 

L. Colo. 0 0 3,167 3 . 5 3,861 4.3 4, 866 5.4 5' 358 6 . 0 

Gila 0 0 0 0 5, 467 6.1 21,517 23.9 9 , 8o6 10 .9 

* Acre-feet per square mile per year. 

The Sediment Yield Map, Map 6, shows the general l ocation and 
extent of sediment yield classes 2 through 5 within the Region. 

Water Supply Deficiency 

Decreasing ground-water level and limited surface-water supplies 
are major problems in most parts of the Region. Well drilling for the 
purpose of new land development is restricted i n some areas. A defi 
ciency in the supply of surface water results in improper livestock 
distribution in many grazing areas. 

Drainage Deficiency 

Drainage proble ms within the Region are usually associated with 
irrigation and beco ,re apparent only after the land has been irrigated 
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for some time. As new lands are developed, drainage problems may be 
expected. 

Progress of Practices and Measures 

Over the past several years significant advances have been nade 
in land management practices and techniques by land owners and public 
land Tianagement agencies. Although most land has had some treatment, 
there is no accurate measurement for estimating how much of the Region 
had been provided adequate land treat~nt and management in 1965. On 
an equivalent basis, based upon present standards, sufficient measures 
had been installed to adequately treat about 37 percent of the cropland 
in the Region; 15 percent of the area used by domestic livestock; less 
than 10 percent of the commercial timberland; and 25 percent of the 
urban and other lands. In nearly all cases, the measures and practices 
meeting the standards in 1965 are expected to be inadequate in the near 
fUture because of improved technology and a limited life. All will 
require maintenance and rehabilitation. 

The watersheds are the source of sediment-laden floods that damage 
the valuable land, crops, canals, roads, equipment, homes, and indus
tries. The management of these lands and their resources has a material 
effect upon flooding. Land treatment and management measures installed 
in the watersheds are instrumental in reducing floodwater and sediment 
damage, especially for the smaller less intensive rains. 

Management programs, developments, and practices that have been 
installed on public and private lands as of 1965 include measures pri
marily for reducing erosion and sedimentation, and controlling runoff. 
Also installed are measures for improved grazing management. In the 
first category are: measures for bank and/or channel protection, 
stabilization structures, terraces, minor dikes and levees, floodwater 
diversions, floodways, and channel improvement. In the second category 
are improved grazing management, fencing, stock-water developments, and 
reseeding. In 1965, most land received some degree of wildfire pro
tection. Vegetative and resource management have been provided on over 
2,500 square miles of forest land. This is primarily for increased 
water yield and forage. 

As of 1965, work involving 1,577 square miles in 11 upstream 
watersheds had been authorized. Of the total projects authorized, 
6 had been completed. 

XVIII-66 



FLOOD CONTROL 

Major flood problems exist at unprotected cities and in highly 
developed agricultural areas throughout the Lower Colorado Region. 
Floods along the major strea~s cause recurrent damage of major 
proportions by cutting streambanks, changing the shape and location 
of channels, and eroding farmlands; overflowing stream channels and 
inundating farmlands and urban areas; and damaging and destroying 
irrigation, communication, utility and transportation facilities. 

Floodwaters of the tributary streams are heavily laden with sediment 
eroded from the land surface and scoured fro <n the channels. During 
summer floods on the tributaries, when the main streams are not usually 
in flood, the force of the peak flows from the side streams is dissi
pated rapidly in the main channel and much of the silt load is deposited, 
causing divided channels and meandering flow in the mainstreams. 

Flood Control and flood damage prevention measures include flood 
forecasting, protective structures, watershed management and treatment 
practices, and flood plain management. 

Flood forecasting includes the formulation and public dissemination 
of weather, river stage, and flood forecasts and warnings. These 
forecasts and flood warnings are provided to local people in areas 
threatened by floods to permit organizing for flood fighting and rescue 
activities. Agencies with operational responsibilities of dams and 
reservoirs use this information, together with that from their own 
hydrological networks in the drainage basin above their respective 
reservoirs, to regulate outflow from reservoirs to minimize downstream 
damages. Water year, seasonal and residual volume forecasts are made 
for 14 river gage locations in the Lower Colorado Region. These fore
casts are made the first of each month during the potential flood 
season, January through May. Additional forecasts are made for flash 
floods resulting from summer cloudbursts. 

Flood protection structures include reservoirs, channel improve
ments, levees and dikes, channel stabilizations structures, and 
retarding basins for water and sediment. There are 19 existing reser
voirs (1,000 acre-feet or more) with total flood-control storage of 
10,700,000 acre-feet providing structural protection for the Lower 
Colorado Region. These are supplemented by four major reservoirs in 
the Upper Colorado Region which control practically all inflow to 
Lake Mead. One recently completed major structure, Alamo Dam, provides 
an additional 838,000 acre-feet of flood-control storage and will con
trol floods originating in the Bill Williams River basin. In addition, 
major reservoirs on the Gila, Salt, Verde, and Agua Fria Rivers, provide 
some protection for the metropolitan area of Phoenix and the agricul-
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The Salt River JS F FTT?7P at Tempe, Arizona , December 1965 -Januar y 1966. Photo by 
Don Keller, Phoenix, Arizona 



Streambank erosion 

Irrigation canal and road damage - SCS 
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Floodwater and sediment damage to young citrus grove - SCS 

Floodwaters spreading over irrigated cropland - SCS 
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tural districts along the rivers. Flood protection measures which 
include about 143 miles of levees and 120 miles of channel improvements 
provide varying degrees of flood protection to urban and agricultural 
areas. 

Land treatment and manage7ent practices under existing program, 
while smaller in scope, have significant offsite effects in reducing 
erosion and sedimentation, controlling runoff, and prolonging the life 
of downstream det ention and storage facilities. Practices and measures 
installed as of 1965 which have these effects are reported in the land 
treatment and management section. 

Prior to and including 1965, flood plain ~anage ment programs to 
insure proper use of flood plain lands have not been widely established 
in the Region. Statutes of the several states concerning flood plain 
management are inadequate to prevent encroachment on overflow areas. 
Flood plain regulations used by communities to exercise some control 
on the extent and type of development on lands subject to flooding 
include use of zoning ordinances, health regulations, building codes 
and subdivision r egula t ions. 

Completed flood control structures consisting of reservoirs, levees, 
channel improve ments, and watershed projects have prevented an estimated 
$110,400,000 cumulative flood damages to 734,000 acres through 1965. 
Although the flood damages prevented are an impressive amount, future 
flood damages are likely to rise because of continued agricultural and 
urban growth in flood prone areas. 

TableB-17 shows flood damages experienced from floods of record 
on streams in the Region, both at the time of occurrence and brought 
up to 1965 price level. 

Flood damages have been classified with respect to forest and 
range resources, forest and range facilities, crop and pasture, other 
agriculture, land, residential and commercial, industrial and utilities, 
and public facilities. The estimated average annual flood damages 
under 1965 conditions for the Region, by subregion, is presented on 
Table B-18. Maps 7, 8, 9, and 10 locate existing and po t ent ial flood 
prevention projects. 
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Date 
Subregion, Study Area, of 

and Stream flood 

LOWER MAIN STEM 
Colorado River 

Bill Williams River 1938 

Bill Willians River 1939 

Virgin River 
Virgin River 1966 

Meadow Valley Wash 1938 

Las Vegas Wash 
Las Vegas 'v/ash 1955 

Lower Gila River 
Gila River 1916 

LITI'LE COLORADO 
Little Colorado Riv-er, N. Mex. 

Puerco River 1959 

Little Colorado River, Ariz. 
(below Puerco River) 
Ruby Wash 1928 

Ice House Wash 1945 

GILA 
Gila River (Stateline to 

Coolidge Dam) 
Gila River 1905 

San Carlos River 1965 

Table B-17 
Floods of Record and Damage 

Lower Colorado Region 

Total da:nage 

At time of flood 2/ 
Damage 

Damage pre-
without vented 

Location flood by flood 
and flow Actual control control 

( cfs) damage projects projects 

Near mouth 10 10 0 
61,000 

Alamo 50 50 0 
86,000 

Littlefield 968 968 0 
32' 500 

Near Caliente 318 318 0 
15,000 

Las Vegas 1,500 1,500 0 
6,000 

Near Yuma 308 308 0 
200,000 

Gallup 63 63 0 
9,400 

Winslow 100 100 0 
8,000 

Winslow 48 48 0 
1,500 

Coolidge da ms ite 1,295 1,295 0 
150 , 000 

Peridot 127 127 0 
36,300 XVI II- "12 

- ~$1, ooo J 1.z 
1965 economic conditions 

and :erices 3L 
Damage 
with Damage Damage 
1965 without pre-

project flood vented 
condi- control by 1965 
tions projects projects 

20 20 0 

100 100 0 

950 950 0 

800 2,000 1,200 

2,900 2,900 0 

6,300 63,800 57,500 

110 110 0 

1,175 1,175 0 

224 224 0 

3,700 3,700 0 

127 127 0 



Date 
Subregion, Study Area, of 

Table B-17 (Continued) 
Floods of Record and Damage 

Lower Colorado Region 

Total damage - {$l,oooJ 1Z 
1965 economic 

At time of flood 2L and prices 
Damage Damage 

Damage pre- with Damage 
without vented 1965 without 

Location flood by flood project flood 
and flow Actual control control condi- control 

conditions 
3L 

Damage 
pre-

vented 
by 1965 

and Stream flood {cfs} dama6e Erojects projects tions Erojects projects 

GILA (Continued) 
Gila River (Coolidge Dam 

to Salt River) 
San Pedro River 1926 Near Charleston 2,500 2,500 0 4,000 4,000 0 

98,000 
Queen Creek 1954 Near Florence 2,079 2,079 0 1,480 2,860 1,380 

43,000 

Santa Cruz River 
Tucson Arroyo 1961 Tucson 200 200 0 45 230 185 

5,100 
Santa Rosa Wash 1962 Vaivo Vo 11,370 11,370 0 15,300 15,300 0 

53,000 
Rillito Creek 1965 Tucson 1,160 1,160 0 1,160 1,160 0 

12,400 

Salt River 
Salt River 1905 Below Verde River 627 627 0 3,440 3,440 0 

115,000 
Granite Creek 1963 Prescott 546 546 0 690 690 0 

8,500 
Salt River 1965 Roosevelt Lake 139 139 0 139 139 0 

68,800 

Gila River (Salt River 
to Painted Rock) 
Tribly Wash 1951 Near Phoenix 2,850 2,850 0 510 3,420 2, 910 

34,000 
Agua Fria River 1951 Near Phoenix 3,628 3,628 0 4' 350 4' 350 0 

20,000 

1/ Maximum flood for which data are available. 
2/ Data based on prices and project and economic conditions at time of occurrence of flood. 
y Data based on recurrence of historical flood. 
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Table B-18 
Estimated Average Annual Flood Damage - 1965 

Lower Colorado Region 

Flood damage lZ - ~$lz000~ 
Forest Other Resi- Indus-

Forest & & range agri- dential trial Public Study 
range re- facili- Crop & cul- & com- & util- facil- Area 

Subregion and Study Area sources ties pasture tural Land mercial ities ities Total 

LOWER MAIN STEM 
Colorado River 10 135 656 411 197 394 99 1,268 3,170 
Virgin River 2 35 84 104 32 78 104 251 690 
Las Vegas Wash 1 20 0 0 7 740 198 209 1,175 
Lower Gila River 0 5 1,609 lz864 181 245 44 1,137 5z085 

~ 
Subregion Total 13 195 2, 349 2, 379 417 1,457 445 2,865 10,120 

H LITTLE COLORADO H 
H Little Colorado River, I 
......,] N. Mex. 0 12 79 32 18 41 19 147 348 + 

Little Colorado River, 
Ariz. (incl. Puerco River) 1 28 48 69 10 219 40 280 695 

Little Colorado River, 
Ariz. (below Puerco River) 5 75 35 55 7 214 132 864 lz387 
Subregion Total b 115 162 156 35 474 191 1,291 2,430 

GILA 
Gila River, N. Mex 4 48 163 73 49 7 2 112 458 
Gila River, (State line to 

Coolidge Dam) 6 62 498 517 159 191 134 615 2,182 
Gila River, (Coolidge to 

Salt River) 0 2 1,185 933 323 621 272 1,014 4,350 
Santa Cruz 5 50 2,940 1,207 597 1, 355 688 1,588 8,439 
Salt River 10 75 639 657 136 4,478 1,453 1,812 9,260 
Gila River (Salt River to 

Painted Rock) 0 ~5 lz223 935 287 170 56 834 3z520 
Subregion Total 25 252 6,648 4, 322 1,551 6,822 2,605 5,975 28,200 

44 562 8,753 3,241 10,131 40,750 
on July 19 5 project conditions. 



IRRIGATION AND DRAINAGE 

Irrigation 

In base year 1965, there were approximately 1,530,000 acres of 
land developed for irrigation in the Lower Colorado Region. About 
370,000 of these developed acres were out of production because of 
insufficient water supplies, poor water quality, high pumping costs 
and other factors. Of the remaining 1,160,000 acres irrigated, a sub
stantial portion was plagued by similar list of problems. About 
125,000 acres were double cropped in 1965. 

Approximately 77 percent of the Region's irr igation is in the 
Gila Subregion with about 20 percent and 3 percent occurring in the 
Lower Main Stem and Little Colorado Subregions, respectively. Nearly 
94 percent of the total irrigation is in the southern third of the 
Region where long growing seasons favor double cropping and increase 
the irrigation water de nand. 

Of the 1,285,000 acres planted in the Region in 1965, only about 
250,000 acres depend entirely on surface waters. About 417,000 acres 
require supplemental ground water and 618,000 acres depend entirely on 
a ground-water source of supply. TableB-19 shows the distribution of 
irrigated lands according to water sources. 

Due to the high average summer temperatures in the major portion of 
the irrigated area, a high evapotranspiration rate occurs requiring 
average irrigation withdrawal rates of over 6 acr e-feet per acre and 
in some areas withdrawal rates may be over 10 acre-feet per acre because 
of soils having high infiltration rates. 

Seven crops accounting for nearly 90 percent of the total harvested 
acreage under irrigation in the Region are listed in TableB- 20. 

There is a very intense recycling and reuse of irrigation runoff 
and percolation resulting in the concentration of dissolved solids in 
the water. The results are that damaging concentrations are being built 
up at the lower elevations of some areas, and in the Lower Colorado 
Region in general. Ground water is annually becoming less capable of 
offsetting these effects because of the dropping water table and 
deterioration of water quality. 

Thus, it appears that there was sufficient water available in the 
Region in 1965 to irrigate the 1,285,000 acres but the profits from a 
large portion of the irrigated acreage were being reduced by deteri
orating water quality and the increasing costs of pumping ground water. 
TableB-2lpresents estimated water withdrawals for irrigation purposes 
in 1965 for the Region by subregion and state. 
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Table B-19 
Irrigated Cropped Areas by Water Source - 1965 

Lower Colorado Region 

Unit: 1 000 Acres 
Irrigated bl Water Source 

Total~./ Surface 
Cropped and 

Subregion Lands Surface Ground Ground 

Lower Main Stem 263 219 38 6 
Arizona (223) (194) (23) (6) 
Nevada (19) (6) (13) ( 0) 
Utah (21) (19) (2) (0) 

Little Colorado 28 16 4 8 
Arizona (22) (10) (4) (8) 
New Mexico (6) (6) (0) (0) 

Gila 994 15 576 403 
Arizona (961) (9) (554) ( 398) 
New Mexico _ill) _2.) {22) _{2) 

Total Region (acres) 1,285 250 618 417 

Includes 125,000 acres of land double cropped, of which 29,000 
acres were in the Lower Main Stem and 96,000 acres were in the 
Gila Subregion. 

Crop 

Alfalfa 
Barley 
Citrus 
Cotton 
Pasture 
Sorghum 
Winter Vegetables 

Total 

Table B-20 
Acreage of Major Crops - 1965 

Lower Colorado Region 

XVIII-79 

Unit: 1,000 Acres 
Acreage 

208 
170 

39 
345 
92 

186 
__.22 

1,139 



Table B-21 
Estimated Water Withdrawals for Irrigation - 1965 

Lower Colorado Region 

Unit: l 000,000 
Subregion and State Surface Ground 

Lower Main Stem 1.73 0.44 
Arizona ( 1.62) ( o. 39) 
Nevada (0.02) ( 0.04) 
Utah (0.09) (0.01) 

Little Colorado 0.05 0.06 
Arizona (0.04) (o.o6) 
New Mexico (0.01) 

Gila 1.13 4.26 
Arizona (1.09) (4.19) 
New Mexico (o.o4) (0.07) 

Total 2.91 4.76 

Drainage 

Acre-Feet 
Total 

2.17 
(2.01) 
(o.o6) 
(0.10) 

O.ll 
(0.10) 
(0.01) 

5- 39 
(5.28) 
(0.11) 

7.67 

Drainage problems in the Lower Colorado Region are generally 
ass ociated with irrigation. These problems have been caused by three 
factors: poor management of irrigation water, restricted permeability 
of layer or horizon in the soil, or topographic relief of the area 
being irrigated. Each of these factors, singly or in combination, 
cause water to accumulate in and/or on the soil faster than it can be 
used by plants, evaporate, or percolate through the soil. As a result, 
adequate aeration is precluded, thus adversely affecting plant pro
duction. 

Millions of dollars have been spent on correcting drainage prob
lems. These problems generally become apparent after the land has 
been irrigated for some time. Most of the land that has been irrigated 
has had s ome drainage problems. 

The measures, practices, and facilities have been instrumental 
in saving and more effeciently using the available water and in treating 
the drainage problem. 
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MUNICIPAL AND INDUSTRIAL WATER 

Water Use 

The estimated withdrawal requirements for domestic, manufacturing, 
livestock, governmental, commercial and other M&I water uses in the 
Lower Colorado Region was 450,200 acre-feet in 1965. The estimated 
depletion requirement for these uses was 197,900 acre-feet. Estimated 
regional withdrawal and depletion for M&I water uses are shown in 
Figure B-9 . 

Domestic 

Regional domestic uses of water, including municipal-domestic and 
rural domestic, had t he largest withdrawal and depletion requirements of 
the M&I water uses. A population of 1,877,000 within the regional eco
nomic boundary had an average domestic withdrawal rate of 129 gpcd and 
an average domestic depletion rate of 65 gpcd. Domestic depletion 
requirements were estimated to be 50 percent of domestic withdrawal 
requirements. The Gila Subregion had the largest subregional domestic 
requirement. 

The uses of domestic water are very familiar and can generally be 
categorized as being exterior or interior uses. Exterior uses include 
lawn and plant watering, swimming pools and car washing. Interior uses 
include bathing, laundering, sanitation, dishwashing, garbage disposal 
operations, cooking and food preparation. 

Most domestic uses of water do not have high consumptive require
ments. The use of water for lawn and plant watering is an exception. 
Virtually all of the water used for lawn and plant watering is consumed 
which accounts for the large domestic per capita water depletion rate 
in the Region. Desert landscaping which could reduce the amount of 
water used in lawn and plant watering was not extensively used in 1965. 
The aesthetic values of the regional population will have to change 
drastically before desert landscaping becomes important as a water 
conservation alternative. 

Domestic air conditioning which relies upon the evaporation of 
water for cooling can have a high consumptive requirement. Economical 
developments in air conditioning technology have resulted in a signif
icant amount of replacement of evaporative cooled equipment with refrig
erant cooled equipment throughout the Region. The result has been a 
decrease in the consumptive use of water. 

Domestic water requirements exhibit definite seasonal variations. 
Withdrawal requirements vary from a maximum during the summer months of 
about 170 percent of the average monthly requirement to a minimum during 
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FIGURE B-9 
MUNICIPAL AND INDUSTRIAL WATER USE-1965 
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the winter months of about 40 percent of the average monthly requirement. 
Peak demands occur primarily during the months of June, July, and 
August. 

Manufacturing 

Manufacturing industries require water for a variety of uses 
including cooling, steam generation, process, sanitary and other water 
uses. Water for cooling and steam generation is required in most 
manufacturing industries and accounts for about 70 percent of the total 
manufacturing water use in the Region. 

Water requirements of the manufacturing industry are met by with
drawals and by recirculation and reuse. Withdrawals by manufacturing 
industries in the Lower Colorado Region are increasing. There is, 
however, a trend toward decreasing unit withdrawal rates as indicated 
by the increasing recirculation ratio which was considerably higher 
than the national average in 1965. Water conservation measures are 
necessary in the Region because of the scarcity of adequate supplies 
in many areas. 

The manufacturing demand for water does exhibit seasonal variations; 
however, seasonal patterns are not as predictable as for domestic water 
use. Some manufacturing industries require significant increases during 
the summer months for air conditioning and lawn watering purposes. 
Other manufacturing industries, such as some firms in the food and 
kindred products industries, require major increases in the fall months 
when raw food products are ready for processing. Manufacturing industry 
water demands vary generally from a maximum of 120 percent of the 
average monthly requirement during the summer months to a minimum of 
80 percent of the average monthly requirements during the winter months. 

Livestock 

Livestock water requirements were significant throughout the Region 
with the largest requirements being in the Gila Subregion. Livestock 
water requirements depend upon climatic factors; species, age, and 
condition of the animal; nature of the diet; and upon water management 
practices. Virtually all of the water required for livestock purposes 
is consumed by the animals, by surface evaporation, by evapotranspiration 
from riparian vegetation, or by seepage. 

Livestock water requirements are seasonal in nature. Maximum 
water requirements generally occur during the month of August and 
amount to 125 percent of the average monthly requirement. 
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Governmental 

Governmental water depletions were about 10 percent of govern
mental withdrawal require ments. The Gila Subregion had the largest 
governmental water requirements. 

Governmental requirements for water result from a wide range of 
Federal, state, and local governmental activities. A variety of 
factors affect these requirements; climate is probably the most signif
icant factor, and cost of water is the least significant. Some of t he 
governmental uses of water include supplies for: public buildings 
such as post offices, schools, hospitals, and office buildings, military 
installations; watering public lawns, parks, and golf courses; fire 
control; street cleaning; public swimming pools; and various research 
activities. There are 8 military installatio~s in the Region which 
have significant water requirements. Governmental water require-
ments are seasonal in nature and are greatest during the summer months. 

Commercial and Other 

The water depletions by commercial and other uses were about 
32 percent of the withdrawal requirements. The Gila Subregion had 
the largest commercial and other water requirements. 

Commercial requirements for water refer to the requirements of 
the trades and services industries. These requirements depend pri
marily upon two factors; per capita income in an area and the extent 
to which commercial services are provided for a transient rather than 
a permanent population. This latter factor is particularly relevant in 
the Lower Colorado Region because of the large tourist industry. 

Commercial uses of water are varied and closely approximate the 
domestic uses of water. Commercial water uses exhibit seasonal var
iations with a maximum during the summer months of 120 to 180 percent 
of the average monthly withdrawal requirement. Minimum requirements 
during the winter months range from 50 to 80 percent of the average 
monthly withdrawal requirement. 

Water requirements for the contract construction industry have 
been included in the comrrercial and other uses category. Water uses in 
the contract construction industry include dust control, batching of 
concrete, and various washing processes. 
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OUTDOOR RECREATION 

Existing Development 

The Federal Government, through several agencies, assists the s t ates 
and other interests in the Region in providing outdoor recreation. There 
are more than 94 bureaus, independent offices, agencies, boards, com
missions, committees, and councils presently involved with outdoor r ec
reation, of which most are concerned with recreation in some form i n 
t he Lower Colorado Region. The existence of these programs blanketing 
the broad spectrum of Federal, State and local agencies is probably 
responsible for the present status of outdoor recreation in the Lower 
Colorado Region. 

The regional use of available outdoor recreation resources in 1965 
ranged from the intensively developed and utilized city parks , such as 
Encanto Park in Phoenixjto undeveloped primitive areas typified by t he 
Gila Wilderness of western New Mexico a nd the Mazatzal Wilderness area 
south of Payson, Arizona. All levels of government, and the private 
sector in some measure, provided recreation resources and recreation 
development for public enjoyment. 

The Region, whi ch comprises 90,327,000 acres including about 
340,000 surface acres of water (at maximum storage pool), is largely 
owned or controlled by public agencies. Table Land Ownership and 
Administration - 1965, indicates the major land ownership divis i ons . 
The Bureau of Land Management and the Forest Service together, control 
about 80 percent of t he Federal land holdings . 

The lands available and suitable for outdoor recreation withi n the 
Region total about 68 .000,000 acres and include private as well a s 
public lands . Table B-22 indicates the distribution of recreati on land 
by recreation land class f or public agencies. Although private l ands 
were not inventoried by recreat i on land class, a substantial a mount 
(about 80 percent) of the tot al private land holdings are available to 
some degree f or outdoor recreation purposes. Indian Trust lands, con
sidered as private in this s t udy, offered another potentially great 
recreation resour ce. Because much of the Indian Trust lands are in 
large blocks, it was assumed t hat most of t he lands are similar in 
character to Recreation Class III lands. Recreation land classes, 
fully defined in Appendix XII, are as follows: 

Class I - High Density Recreation Areas 
Class II - General Outdoor Recreation Areas 
Class III - Natural Environment Areas 
Class IV - Outstanding Natural Areas 
Class V - Primitive Areas 
Class VI - Historic and Cultural Sites 
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FIGURE 8-10 
RECREATION LAND AND WATER ACREAGE BY SUBREGION 

MAl N STEM 74.4 

PERCENT OF REGIONAL TOTAL 
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Table B-22 
Lower Colorado Region 

Lands Available and Suitable for Recreation - 1965 

ADMINISTRATION 

Federal 

Forest Service 
Bureau of Land Management 
National Park Service 
Fish and Wildlife Service 

Total Federal (Available for Recreation) 

Federal Land not Available for Recreation 

State 

Class I 

700 
4,000 

l2 ,200 

16,900 

Local !/ 4,390 

Total Public (Available for Recreation) 

Public Lands not Available for Recreation 

Private 

Indian Trust 2/ 
Other Private-]_/ 

21,290 

20,808 

Total Private (Available for Recreation) 
Private Lands not Available for Recreation ~/ 

Total Region (Available for Recreation) 
Region Lands not Available for Recreation 

1/ Includes cities, counties, districts, etc. 
2/ Not inventoried by Recreation Land Class. 

Class II 

4,575 
105,050 

81,220 
160 

191,005 

3, 570 

7,960 

202' 535 

17,339 

Class III 

12' 532' 340 
19,332,660 

1,617,050 
1,694,360 

35,176,410 

213,290 

50,960 

35,44o,66o 

10,665,784 

LAND AREA (ACRES) 

Class IV 

66,700 
2,012,260 

310,690 

2,389,650 

4,090 

10,340 

2,404,080 

~ Rural Areas and Areas in Communities under 5,000 population. 
_/ A portion of these lands may be available for recreation but have not been inventoried. 

Class V 

1,447,710 
925 ,o6o 
896,390 

3,269' 160 

9,500 

76,500 

3,355,160 

0 

Class VI 

3,0(;0 
16,o6o 
4,910 

23,970 

40 

910 

24,920 

0 

Total 

14' 055' 025 
22,395,090 
2,922,460 
1,694,520 

4l,o67,090 

5,768,410 

230,490 

151,060 

41,448,640 

16 ,.035,360 

15,549,700 
10,704,000 

26,253,700 
6,249, 300 

67' 702,340 
28,053,070 



The percentage breakdown of recreation land holdings in the Region 
by public agency is as follows: 

Bureau of Land Management 
United States Forest Service 
National Park Service 
Fish and Wildlife Service 
State 
Local 

54.5% 
34.2% 
7-1% 
4.2% 
0.6% 
0.3% 

At the Federal level, the Bureau of Land Management, the Forest 
Service, the National Park Service, and the Fish and Wildlife Service 
administered about 60 percent of all regional lands available and suit
able for outdoor recreation in 1965. Typical of Bureau of Land 
Management developed recreation areas are the Cerbat Mountains Area 
and the Hualapai Mountain Complex. 

Saddle Mountain, west of Phoenix, attracts rockhounds because of 
the fire agate found in the area. Many other rockhounding areas can be 
found on public domain lands. Since much of the public domain lands are 
lowland and desert, these lands are used for camping, sightseeing, etc., 
during the fall, winter, and spring when the high country climate is 
not inviting for these activities. 

Ten National Forests provided lands for outdoor recreation in 1965. 
The major winter sports areas are within National Forests. Charleston 
Peak near Las Vegas, Nevada, and Arizona Snow Bowl and Williams Ski 
Area near Flagstaff and Williams, Arizona, are heavily-used winter 
sports areas. In the summer when the desert temperatures rise Forest 
Service campgrounds located at higher elevations are used to capacity. 

Twenty-one areas in the Region are administered by the National 
Park Service. The areas include parks, monuments, and recreation areas. 
Zion National Park in Utah;and Grand Canyon National Park, Saguaro 
National Monument and Organ Pipe Cactus National Monument in Arizona 
are examples of the scenic splendor available. Coronado National 
Monument in Arizona and Gila Cliff Dwellings National Monument in 
New Mexico are preserved as historical monuments. Lake Mead National 
Recreation Area, which includes Lake Mead with 162,700 surface acres 
and Mohave Lake with 28,200 surface acres, was visited by over 3~ mil
lion people in 1965. Campgrounds, boat ramps and marinas, picnic areas, 
and trails are some of the many facilities available for recreation use 
within the Lake Mead National Recreation Area. 

Typical state parks include the 18,000-acre Valley of Fire State 
Park, northeast of Las Vegas, Nevada, Buckskin Mountain State Park, 
along the Colorado River in Arizona, and Dixie State Park, in Utah. 
These and other state lands offer opportunities to enjoy land or water 
sports. 
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Although not an intensively developed area, South Mountain Park, 
part of the Phoenix park system containing more than 14,000 acres, is 
one of the world's largest city parks. Encanto Park, Phoenix; Randolph 
Park, Tucson; and S~uires Park, Las Vegas,are examples of urban parks 
providing day-use recreation opportunity. The Arizona Park System in 
Maricopa County contains more than 60,000 acres in 20 separate areas, 
many of which were undeveloped i n 1965. 

Six designated wilderness areas and seven primitive areas are 
located within the Region and all but one lie within the Gila Subregion. 
These 13 areas encompass 1,447,000 acres. The Superstition Mountain 
Wilderness Area lies within a two-hour drive for almost 50 percent of 
the Region's population. 

The total listing of existing recreation supply includes numerous 
smaller, specific recreation areas aggregating to a substantial base 
in terms of recreation days and acres. 

As noted in Table B-22, private lands were not listed by land class 
for the study. Private recreation areas include golf courses, dude 
ranches, summer homes, racetracks, amusement parks and hunting and 
fishing preserves. The Indian Trust lands amount to 22 percent of the 
land available and suitable for recreation in the Region. The Fort 
Apache Indian Reservation and the San Carlos Indian Reservation, for 
example, have developed some of their lands for public recreation use. 
Special licenses and/or permits obtained from the reservation have 
enabled the Indians to make a profit from their lands while making 
more land available for public outdoor recreation enjoyment. 

Water has a magnetic attraction to recreationists and, if avail
able, will be used irrespective of location. In the Lower Colorado 
Region, it was estimated that about 218,700 surface acres of water were 
available for recreation use in 1965. At large reservoirs, such as 
Lake Mead and Mohave Lake, a recreation pool size rather than a full 
pool was used to arrive at water acreage availability. The regional 
distribution of impounded water available for recreation use, is pre
sented in Table B-23. 

As can be seen from the table, the Colorado River with its many 
impoundments provides nearly 75 percent of the opportunity for rec
reation participation in water based and water related recreation 
activities. The most visited impoundments are Lake Mead, Mohave Lake, 
Havasu Lake, Imperial Reservoir, and Senator Wash Reservoir 

In the Gila Subregion, Bartlett and Horseshoe Lakes, on the Verde 
River; and Roosevelt, Apache, Canyon, and Saguaro Lakes, on the Salt River; 
Lake Pleasant, on the Agua Fria River; and San Carlos Reservoir on the 
Gila River provide most of the water area for water based recreation. 
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Table B-23 
Distribution of Water Availabl e f or Recrea tion 

Lower Colorado Region 

Location Surface Area 

Lower Main Stem Subregion 162,790 

Little Colorado Subregion 

Gila Subregion 

Total Region 218,670 

Unit: Acres 

In the Little Colorado Subregion, many small lakes along the north 
slope of the Mogollon Rim provide for fishing and other water based and 
water related recreation. Near Flagstaff, Arizona, Lake Mary, Ashurst 
Lake and many other small lakes make this a summer mecca f or recre
ationists escaping the desert heat. Although there are no large 
reservoirs or lakes in the Little Colorado Subregion, almost 84 percent 
of the water surface area in that Subregion is available for recreation 
purposes. 

In addition t o impoundments of the Region, many streams, such as 
portions of the Colorado, Gila, Salt and Verde Rivers, provide recre
ation opportunities. 

Thus, it appears that the total recreation water supply for the 
1965 base year was adequate, though in some respects, not ideally 
di stributed . 
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FISH AND WILDLIFE 

Fish 

About 85 species of fish are known to exist in the Lower Colorado 
Region. Approximately 25 species provide sport fishing and the others 
have value as forage fish, as pollution indicators, for scientific 
investigations, and as a source for a possible commercial fishery. 
Fifty-six species of fish have been introduced. The notable intro
ductions of game fish are cold water species of grayling and northern 
pike and warm water species including striped bass, white bass, channel 
catfish, flathead catfish, yellow perch, walleye, tilapia, and thread
fin shad. White sturgeon, Kokanee, and silver salmon have been intro
duced in Lake Mohave on the Colorado River. Native species have not 
provided any important sport or commercial fishing in the Region for 
many decades. The Gila and Apache trout are considered endangered 
species. Important species of bait fish such as the redshiner, fat
head minnow, speckled dace, redside shiner, and threadfin shad are 
found regionwide in most streams and lakes. 

Fishing waters in the Lower Colorado Region consist of approx
i mately 251,000 acres of streams and manmade impoundments. There are no 
natural lakes of importance to fishing. The fishery is classified into 
two major categories: the cold water trout fishery of headwaters and 
impoundments generally above 5,500 feet elevation; and the warm water 
"spiny-rayed" fishery in the streams and impoundments of elevations 
below 6,000 feet elevation. The waters of the Colorado River and 
other streams in the Region that are stocked and provide trout fishing 
only during the cooler months of the year are classed as warm water 
fisheries. Table B-24 shows cold and warm water habitat available in 
1965 by subregion. 

In 1965, there were 4,217,000 fisherman -days expended in the Lower 
Colorado Region. Based on the hydrologic Region's population of approx
imately 1,847,000, the annual use of the fishery resources was about 
2.3 man-days per capita. Over 52 percent of the total fishing in the 
Region occurred in the Lower Main Stem Subregion. The second most fished 
subregion is the Gila, in which 40 percent of the total fishing occurred. 
The Little Colorado Subregion provided 8 percent of the total fishing 
in the Region. 

Sixty-seven percent of the fishing in the Region was in impound
ments and 33 percent was in streams. Warm water impoundments supported 
49 percent of the total fishing compared to 18 percent from cold water 
impoundments. Warm water streams provided 23 percent of the total 
fishing as compared to 10 percent provided by cold water streams. The 
following Table B-25 shows man-days of fis hing spent annually in the 
Region. 
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Hydrologic 
Subregion 

Lower Main Stem }/ 

Little Col orado 

Gila 

Table B-24 
Fish Habitat: Cold and Warm Water ~ - 1965 

Lower Colorado Region 

Unit: 
Streams Impoundments 2Z Subtotal 

Cold Water Warm Water Cold Water Warm Water Cold Water Warm Water 

294 6,215 1,753 212,487 2,047 218,702 

188 11 2,401 2,162 2,589 2,173 

1,482 2,007 3,013 19,060 4,496 21,067 

Acres 

Total 

220,749 

4,762 

25,563 

~ Regional Total 1,964 8,233 7,167 233,709 9,132 241,942 251,074 
H 
H 
H 
I 

~ !/ Habitat includes all waters in the Region supporting fish populations. Cold water: Waters 
generally above 5,500 feet elevation that provide year-around trout fishing. Warm water: 
Wat ers generally below 6,000 feet elevation that provide fishing for such species as large
mouth bass, bluegill, and catfish. 

g/ Impoundments include the relatively small acreages of farm and ranch ponds. 

}/ Acreages include the California side of the Colorado River and impoundments fro m Davis Dam 
downstream to the International border. 



~ 
H 
H 
H 
I 

\.0 
-.,J 

Hydrologic 
Subregion 

Lower Main Stem g) 

Little Colorado 

Gila 

Regional Total 

Table B-25 
Sport Fishing: Cold and Warm Water - 1965 !/ 

Lower Colorado Region 

Unit: 1,000 Fishing Man-days 
Streams 

Cold Water Warm Water 

189.9 

27.3 

219.1 

436.3 

640.8 

1.6 

315.1 

957.5 

Impoundments 27 
Cold Water Warm Water 

204.9 

213.4 

349.1 

767.4 

1,189.0 

103.7 

763.1 

2,055.8 

Subtotal 
Cold Water Warm Water 

394.8 

240.7 

568.2 

1,203. 7 

1,829.8 

105. 3 

1,078.2 

3,013.3 

Total 

2,224.6 ~/ 

346.0 

1,646.4 

4,217.0 

y Approximately 75 percent of the cold water fishing man-days was expended in "1darm 1dater" habitat. 

2/ An additional 6.0 man-days of cold water fishing and 604.0 man-days of warm water fishing are ex-
- pended on the California side of the Colorado River from Davis Dam downstream to the International 

border. 



The fisherman-days used in 1965 were estimated to be nearly 
75 percent of t he Region's capacity of 5,723,000 man-days. The avail
able warm water habitat was being fished to 67 percent of its potential. 
Only an insignificant amount of cold water habitat is not being used to 
its capacity. 

Because of less accessible streams and larger reservoirs where 
derrands technically were somewhat less than capacity, there appears 
to be a regionwide surplus of fishing. Such waters were being used to 
the limit of their accessibility rather than the limit of their produc
tive capacity. Inadequate physical access limited fishing in some 
areas such as t he headwater areas of the Gila and Salt Rivers, the upper 
end of Lake Mead and the Colorado River upstream to Lee Ferry. Many 
of t he smaller, high mountain trout lakes and streams in the Mogollon 
Rim and White Mountain areas were also in this category. Fishing 
capacity was also limited by legal access difficulties, restrictions 
resulting from large reservoirs, and the preference of fishermen for 
certain types of fis hery. 

Sport fishery installations and facilities existing in the Lower 
Colorado Region in 1965 consisted of 97 fishing lakes and 8 fish 
hatcheries. There were 3 national fish hatcheries and 5 state fish 
hatcheries that produced approximately 6,700,000 fish, all of which 
were trout with the exception of 150,000 channel catfish. The Region's 
production was about 80 percent of the total fish stocked. The 
remaining 20 percent of the fish stocked were imported from outside 
the Region. 

The pri r~ry-purpose public fishing lakes existing in 1965 provided 
about 6,400 acres of water for fishing. These lakes were constructed 
and managed primarily for fishing and use of the water surface was so 
restricted. Nineteen of the lakes, totaling about 1,400 acres, are 
administered by state fish and game agencies. Four lakes, providing 
850 acres, are administered jointly by State-Federal agencies. Two 
private lakes, providing 140 acres of water surface, were open to the 
public and managed by the Arizona Game and Fish Department. Indian 
Tribes administered 72 fishing lakes providing about 4,000 acres of 
water in 1965. 

Consumptive use of water by fish hatcheries and impoundments des
igned for fish is generally minor. In 1965, approximately 10,315 acre
feet of water were consumptively used. In addition to 6,400 surface 
acres of water, approximately 425 acres of land were utilized for hatch
ery facilities and fisherman access. The following Table B-26 shows land 
and water needed in 1965 to maintain fish facilities in each subregion. 
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Table B-26 
Land and Water Requirements for Fishery Facilities ~/ - 1965 

Lower Colorado Region 

Land Water 
Hydrologic Acres Acres Nonconsumptive Consumptive 
Subregion (Acre-Feet) (Acre-Feet) 

Lower Main Stem 5 300 30,000 15 
Little Colorado 45 2,500 6,000 4,300 
Gila 375 3,600 50,000 6,000 

Regional Total 425 6,400 86,000 10,315 

!/ Fish hatcheries and primary-purpose fishing lakes. 

Commercial fishing is of minor importance in the Region. Although 
commercial fishing has been conducted on a sporadic basis for a number 
of years, there are few records of commercial catches prior to 1965. 
Since 1960, the Region's total catch ~f commercial food-fishes, con
sisting mostly of buffalo-fishes, have been taken from Roosevelt and 
Apache Lakes on the Salt River in central Arizona. Annual harvest from 
these lakes in the period 1963-1968 ranged between 17,640 and 33,075 
pounds. 

The only recorded fishing for bait fish fro m wild sources is f rom 
the Utah portion of the Region, and the catch in 1965 was nearly 250 
pounds. The value of the catch, which was sold to fishermen, was 
approximately $1,200. In 1965, private enterprises recorded rearing 
2,500 pounds of bait-fish valued at $13,000 retail and 57,500 pounds of 
rainbow trout valued at $16,000. 

Wildlife 

Wildlife species in the Lower Colorado Regi on are as many and 
varied as the climate, terrain, and vegetative types. More than 40 
species of wildlife provide hunting ranging from highly prized bighorn 
sheep and elk to hunting of rabbits and coyotes . There are also many 
species of small mammals and birds, which provide enjoyment for the 
nonhunting outdoorsman in nature study and photography. 

In relation to hunting, there are three wildlife types--big game, 
upland game (including fur animals and nongame species),and waterfowl. 

XVIII-102 



Big Game 

Big game species are distributed nearly regionwide throughout 
approximately 72 million acres of widely diverse habitat types. Deer 
are the most abundant of the big game species and have a range of about 
70 million acres. Somewhat more limited in range than deer, but still 
an important big game species, are elk which occupy over 6 million acres 
of habitat in the higher country along the Mogollon Rim. Pronghorn 
antelope occurring in somewhat greater numbers than the elk occupy 
nearly 10 million acres of the rolling grassland, both north and south 
of the Mogollon Rim. The desert bighorn sheep, although its numbers are 
limited, is one of the most desirable big game trophies of the Region 
and occurs on nearly 40 million acres of the low desert mountain ranges 
in southern Nevada and the southern and western portions of Arizona. 

The black bear ranges on about 9 million acres throughout much of 
the Region's pine forests and the pinyon-juniper and oak country along 
the Mogollon Rim. Wild turkey is considered big game and ranges through
out about 12 million acres in approximately the same area as the black 
bear. 

The javelina, or collared peccary, ranges over 36 million acres in 
areas varying from the lower pinyon-juniper into the highe r southern 
desert shrub areas. The American Bison or buffalo, now extinct through
out most of its former range, is found on approximately 17,000 acres 
in special areas set aside especially for its preservation. 

Upland Game 

Upland game species vary widely in the extent of their range, 
some extending nearly throughout the Region while others are quite 
localized in distribution. Examples of these wide variations of 
distribution include the mourning dove and cottontail rabbit with 
nearly a regionwide distribution of 90 million acres. The white
winged dove is more restricted in distribution, occurring on almost 
21 million acres in the lower desert regions of western Arizona and 
southern Nevada. The bandtail pigeon occupies over 14 million acres 
of range in the central to southeastern portion of the Region. Even 
more limited in distribution are the blue grouse, chukar, and sage 
grouse with a range of 1.3 tmllion, 68,000 and 17,000 acres, respectively. 

Three species of quail--Gambel's Mearn's and Scaled--occur in the , , 
Region. The Gambel's quail occupies an area of approximately 13 million 
acres primarily in the desert and lower mountain elevations. Mearn's 
and Scaled quail normally occur at higher elevations than Gambel's 
quail, and occupy approximately 12 and 11 million acres, respectively. 

The Afghan white-winged pheasant recently has been stocked in agri
cultural areas in the desert, and presently occupies approximately 
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292,000 acres of suitable habitat. The ringnecked pheasant is found 
in the Region, but its range is quite limited. 

Pine forests are the preferred habitat for the Abert's squirrel, 
which occupies approximately 6 million acres of habitat. Several 
species of fur animals and nongame species occur throughout the 
Region and provide considerable hunting and trapping recreation. 
Taking of fur animals for commercial purposes is insignificant in amount. 

Waterfowl Habitat 

Waterfowl habitat within t he Region consists of approximately 
42,000 acres of native habitat along t he permanent strea~s, man~de 
lakes and marsh habitat. 

Hunter Use 

In 1965, there were 1,343,500 man-days of hunting expended in the 
Lower Colorado Region. Based on the Region's population of approximately 
1,847,000, hunter use of the wildlife resources of the Region amounted 
to 0.73 man-days per capita. Upland game hunting which includes sport 
hunting for fur animals and nongame animals was the most popular in the 
Region, accounting for 56 percent of all hunting. Big game hunting 
accounted for 39 percent and waterfowl accounted for the remaining 
5 percent of the hunting in the Region. 

The Lower Main Stem Subregion, second in popularity with the 
hunting public, had some of the best bighorn sheep habitat as well as 
much of the white-winged dove and waterfowl habitat. On a regional 
basis in 1965, this Subregion accounted for 20 percent of the total 
hunting; 25 percent of the big game hunting; and 32 percent of the 
waterfowl hunting. 

The Little Colorado Subreglon contained some of the Region's 
better pronghorn antelope habitat and a considerable amount of good 
elk and mournlng dove habitat. In 1965, this Subregion accounted for 
ll percent of the total regional hunting; 14 percent of the big game 
hunting; 8 percent of the upland game hunting; and 10 percent of the 
waterfowl hunting. 

The Gila Subregion contained the widest range of wildlife habitat 
types, as well as some of the largest expanses of the better habitat 
types in the Region. This Subregion also contained approximately 
75 percent of the regional population in 1965. As a result, the 
Gila Subregion sustained 69 percent of the total regional hunting. 
This hunting consisted of about 61 percent of the big game hunting; 
77 percent of the upland game hunting, and 58 percent of the water
fowl hunting in the Region. 
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The following table gives a breakdown of the distribution of sport 
hunting in the Lower Colorado Region. 

Subregion 

Lower Main Stem 
Little Colorado 
Gila 

Region 

Table B-27 
Sport Hunting - 1965 

Lower Colorado Region 

Big Game Upland Game 

129.6 112.6 
76.1 61.5 

316.3 574.0 

522.0 748.1 

Unit: 1,000 Man-days 

Waterfowl Total 

23.6 265 . 8 
7.4 145.0 

42.4 932.7 

73.4 l, 343.5 

Hunter use of t he wildlife resource in 1965 was estimated as 
approximately 53 percent of the total resource capacity. Although the 
total wildlife resource created the appearance of being sufficient to 
supply the needs; the apparent abundance occurred, however, relative 
only to certain species. Upland game resources were heavily hunted in 
some areas while other areas remained relatively untouched. The rugged 
terrain of the Region, while creating a natural refuge for wildlife in 
many areas, in itself was a limiting factor in the hunting of game. 
Legal right of access, in some cases, also limited utilization of wild
life resources. 

Wildlife develop.nents and facilities in existence in 1965 included 
49 management areas, 568 habitat improvement facilities and 20 access 
roads comprising a total of approximately 4,190,000 acres. Nine of the 
wildlife management areas totaling approximately 3,185,000 acres were 
administered by the Federal Government, 32 areas totaling approximately 
72,000 acres, were administered by state governments, and 8 areas 
totaling over 930,000 acres were administered jointly by state and 
Federal interests. 

Nineteen of the wildlife areas in the Region, totaling 3,955,000 
acres, were developed primarily for the benefit of big game, 7 areas, 
totaling 73,000 acres, were developed for upland game, 17 areas, 
totaling 197,000 acres, were developed for waterfowl, and 3 areas, 
totaling 29,000 acres, for wildlife in general. In addition, one area 
of 1,542 acres developed as a public hunting area and 568 habitat 
improvements, including water catchments, plot exclosures, and other 
local developments had been developed in the Region in 1965. 
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The following table shows the estimated land and water requirements 
of the wildlife developments a nd facilities which were in existence in 
1965. 

Table B-28 
Land and Water Requirements for Wildlife Facilities ~/ - 1965 

Lower Colorado Region 

Land Water 
Subregion Acres Diversion (A.F.) 

Lower Ma.in Stem 4,037,000 
Little Colorado 16,000 
Gila 137,000 

Region 4,190,000 

~ Consumptive water requirement. 
~/ Less than 100 acre-feet. 

110,000 
2/ 
"?_! 

110,000 

Water 
Consumptive Use (A.F. ) 

100,000 
2/ 
?_I 

100,000 

In the development of lands for wildlife uses, insignificant acre
ages of water are required for big game and upland game. An estimated 
34,300 acres of water had been developed in conjunction with waterfowl 
developments in the Region. In 1965, nearly 100,000 acre-feet of water 
were consumptively used on wildlife management areas most of which 
occurred along the Colorado River in the Lower Main Stem Subregion. 

Trapping for fur animals for commercial purposes is insignificant 
in the Region. Some furs, consisting primarily of the predatory fur 
animal species such as coyote, bobcat, and fox were taken by sport 
hunters. Thus, fur marketing was a byproduct of sport hunting. The 
total furs taken in 1965 consisted of 4,900 pelts, valued at $12,000. 
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ELECTRIC POWER REQUIREMENTS 

Historical 

Electric power requirements in the Region increased rapidly during 
the period 1955 through 1965. Average annual growth rate was 9.5 percent 
which is much greater than the national growth rate of 6.6 percent for 
this period. Annual past power requirements for 1955, 1960, and 1965 
are shown in the following tabulation. 

Table B-29 
Annual Past Power Requirements !/ 

Lower Colorado Region 

1955 
1960 
1965 

Year 
Energy 

(gwh) 

5, 387 
8,967 

13,346 

!J Quantities partially estimated. 

Peak 
( mw) 

1,082 
1,798 
2,695 

Load Month of 
Factor Peak 

(%) 

56.8 Sept. 
56.9 July 
56.5 Aug. 

The occurrence of peak loads in summer months is attributable to 
air conditioning and irrigation pumping requirements due to the desert 
climate of the Region. 

Energy Loads by Consumer Classification 

The rate of increase in residential use was greater than that of 
the other classifications. This resulted more from increased use pe r 
customer rather than from the increased number of customers. Commercial 
use had the next greatest rate of increase based on a similar condition. 
Although irrigation energy use has shown a net increase, it has dropped 
from 28.9 percent of total sales to 13.3 percent in the 1955-1965 decade. 
The following tabulation compares the 1955-1965 average annua~ growth 
rate for three principal classifications of energy usage for the Region 
and for the United States. 
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Table B-30 
Growth of Electrical Energy Uses, 

By Consumer Classification - 1955-1965 
Lower Colorado Region 

Unit: Percent 
1955-1965 Growth Rates 

Residential 1:_/ 
Commercial 
Industrial 

Lower Colorado 
Region 

13.)+ 
11.9 
10.5 

United 
States 

8.4 
8.9 
5.4 

!/ Includes farm and nonfarm but excludes irrigation and drainage 
pumping. 

Table B-32 shows the regional distribution of energy sales to 
principal consumer use classifications and transmission losses. 

Power Resources Existing and Under Construction 

Electric utility generating capacity installed and under construction 
in the late 1960's in the Region amounts to 4,310,683 kw. The total 
includes 14 hydroelectric plants with installed capacity of 1,655,000 kw, 
17 steam-electric plants with 2,534,668 kw, and 16 internal-combustion 
electric plants with 121,195 kw installed.Tabl e B-31 shows installed capacity 
in the Region during 1965. 

Hydroelectric Power 

The primary purpose of water resource projects in the Lower 
Colorado Region is to provide water for municipal, industrial and agri
cultural purposes and/or to provide flood control. Hydroelectric power 
is often a byproduct of projects designed to provide water for con
sumptive uses. 

Existing hydroelectric power developments in the Lower Colorado 
Region had an installed capacity of 1,655 mw after deduction for 
scheduled retirements. There were no hydroelectric projects under con
struction in 1965. 

The first units at Hoover Dam were completed in 1936 and the last 
in 1961. It is currently the third largest hydroelectric plant in the 
United States with an installed capacity of 1,340 mw and an average 
annual output of more than 4 terawatt-hours. 
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The 3 Federal plants--Davis, Coolidge, and Hoover--have a com
bined capacity of 1,575 mw, or 95 .2 percent of t he hydroelectric total, 
and 36 .5 percent of the total electric utility generating capacity of 
all types for the Region. However, 970 mw of the above-mentioned 
installed capacity are utilized to serve loads i n the California Region. 

Thermal-electric Power 

Seventeen steam-electric plants, having a total of 2,535 mw instal
led capacity after deduction for scheduled retirements, were in operation 
in 1965. In addition, there were sixteen internal-combustion plants 
having 121 mw of installed capacity. The largest existing steam
electric plant in the Region is the Salt River Project's Agua Fria plant, 
with an installed capacity of 390 mw. Tucson Gas and Electric Company's 
Irvington steam-electric plant is next in size, with 331 mw. The 
largest internal-combustion plant is Nevada Power Company's diesel plant 
in the Westside substation, Las Vegas, Nevada. 

Utility companies having more than 100 mw of thermal capacity 
installed or under construction are Arizona Public Service 796.9 mw; ~/ 
Tucson Gas and Electric, 613.0 mw; Salt River Project, 538.4 mw; and 
Nevada Power Company, 528.4 mw. 

Electric Power Exchanges 

Power exchanges to and from the Lower Colorado Region occur with 
the California, Great Basin, and Upper Colorado Regions, a part of 
western New Mexico, Mexico, and the Federal Hydroelectric System of 
the Missouri River Basin. The exchanges with the Gr eat Basin Region, 
the portion of New Mexico outside the Upper Colorado Region, and Mexico 
are minor amounts, and are not included with those listed in the 
following paragraph . 

In 1966, major exchanges between organizations within the Lower 
Colorado Region and those outside the Region were as follows: 

Generating Capacit~ 
Noncoincident Peak 2/ ~]_/ (mw) - h 

In Out Net Out In Out ----
Summer l,o48 1, 348 300 3,081 2,155 
Winter lz080 lz280 200 2,840 1,531 

Includes 75 mw Yuma Axis plant, which is jointly owned with 
Southern California Edison. 
Summer--July. 
Winter--December. 

Net In ----
926 

lz309 

~/ 

?) 

]_/ Summer--April, May, June, July, August, and September. 
Winter--January, February, March, October, November, and Dece mber. 
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Table B .. 31 
Summary of Installed Capacity-Electric Power Resources - 1965 

Lower Colorado Region 

Units: (kw} 
Installed Under Scheduled No. 
Capacity Construction Retirement of Net 

Subregion 12/31/65 (After 12/31/65 Plants Total 

Hydroelectric 

1 1,568,310 0 6 1,568,310 
2 0 0 0 0 
3 87z490 0 ~ ~) 8 86z690 

All 1,655,800 0 14 1,655,000 

Steam-electric 

1 460,516 113,636 0 4 574,152 
2 131,100 0 0 2 131,100 
3 lz657,48o 173z300 ~ 

11 l,B2~z416 
All 2,249,096 286,936 ' ) 17 2,53 ,668 

Internal-combustion 

1 52,128 1,136 (1,38o) 5 51,884 
2 0 0 0 0 0 
3 75z 046 lz910 ~ 

11 69z311 
All 127' 174 3,046 5 Ib 121,195 

Total Power Resources - All Types 

1 2,080,954 114,772 (1,38o) 15 2,194,346 
2 131,100 0 0 2 131,100 
3 1,820z016 175,210 ~) 30 lz985z417 

All 4,032,070 289,982 ( ' 9) 47 4,310,863 
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Table B-32 
Distribution of Energy Sales and Losses - (1955-1965) 

Lower Colorado Region 

1955 1960- 1955 
Percent of Percent of .Percent or 

Energy Utilit y Sales Energy Utility Sales Energy Utility Sales 
(gwh) (%)) (gwh) . -- ~%) (gwh)____ (%) __ _ 

Re s idential Farm and Non-
farm 918 19.4 1,809 22.5 3,251 27.5 

Irri gation and Drainage 
Pumping l , 368 28.9 1,705 21.2 1,572 13.3 

Commercial 1, 027 21.7 1,922 23.9 3,180 26 .9 

Industrial 1,288 27.2 2, 397 29.8 3,511 29.7 

Street and Highway 
Lighting 57 1.2 72 0.9 106 0.9 

All Other 76 1.6 137 1.7 201 1.7 -
Subtotal--Consumer Use 4' 734 100.0 8,042 100.0 ll, 821 100.0 

Transmission Losse s 653 13.8 925 11.5 1,525 12 .9 

Total Requirements 5,387 113.8 8,967 111.5 13,346 112.9 



Industrial and Miscellaneous Power 

Fourteen steam plants and 5 internal-co11bustion plants have a 
total installed capacity of 240 mw. All the industrial plants are 
thermal plants located in Arizona; 11ost of which are owned by .nining 
companies, particularly copper ·nining, a ad have a total ins t alled 
capacity of 195 nw. The lu~ber industry operates four stea n plants 
with 43 mw installed capacity. 
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CHAPTER C - RESOURCES AVAILABILITY 

WATER 

There are three sources of water supply presently available for 
use in the Lower Colorado Region: (1) a portion of Colorado River 
flows delivered at Lee Ferry, (2) local runoff originating within the 
regional boundaries, and (3) local ground water. Table C-1 summarizes 
the present and projected available water supply. 

Colorado River 

Flows originating in the Upper Colorado Region and released through 
Glen Canyon Dam constitute a major source of supply to the Lower Colorado 
Region. The release made in any single year depends on many variables. 
However, Article IIId of the Colorado River Compact provides that the 
river at Compact Point, 17 miles downstream from Glen Canyon Dam, will 
not be depleted below an aggregate of 75 million acre-feet for any 
period of 10 consecutive water years. If Colorado River main stem water 
is available at the Compact Point (Lee Ferry) in sufficient quantity 
to satisfy 7,500,000 acre-feet of annual consumptive use in the three 
Lower Colorado River Basin States, Arizona, Nevada, and California are 
apportioned 2,800,000; 300,000; and 4,400,000 acre-feet, respectively. 

The Mexican Treaty of 1944 provides for delivery of 1,500,000 
acre-feet of water annually to Mexico and such delivery is equally an 
obligation of the Upper and Lower Colorado River Basins. The treaty also 
provides that in the event of extraordinary drought, deliveries to 
Mexico may be reduced in the same proportion as consumptive uses in 
the United States are reduced. 

The average annual undepleted flow of the Colorado River as it 
enters the Lower Colorado Region is estimated at about 15.09 million 
acre-feet for the 60-year period 1906-65. In its natural state, the 
river would gain an average of about 1 million acre-feet of water 
during its journey through the canyons to the site of Hoover Dam then 
lose more than the million acre-feet gained in the upper reaches as the 
river continues its course toward the Gulf of California. With the 
contribution of the Gila River near the Mexican border, the Colorado 
River's average annual undepleted flow into Mexico would be about 
15.9 million acre-feet. 

Estimates of Colorado River runoff based on hydrologic periods 
other than 1906-65 have been used in other investigations. The other 
periods are the 1914-65 period with an average annual undepleted flow 
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Table C-l 
Present and Projected Available Water Supply 

Lower Colorado Region 

Unit: Million Acre-Feet 

1965 1980 2000 2020 

Water Supply 

Colorado River (1906-65) !/ 

Modified Flow, Compact Point 11.64 10.26 8 .97 8 .54 
Estimated System Spill g/ - 0.65 - 0.52 - 0.15 - 0.15 
Main Ste m Reservoir and 

Channel Losses - 1.86 - 1.59 - 1.59 - 1.59 

Available Water Supply 9.13 8 .15 7.23 6.80 

Out of Region Depletions - 6.50 - 5.90 - 5.90 - 5.90 

California (5.00) (4.40) (4.40) (4.40) 
Mexican Treaty ( 1.50) ( l. 50) ( 1.50) ( l. 50) 

Colorado River Water Available 
to Lower Colorado Region 2.63 2.25 1.33 0.90 

Local Water Supply 3.12 3 .12 3.12 3.12 

Total Available Water Supply 

Lower Colorado Region 5·75 5·37 4.45 4.02 

!/ From Appendix V, Water Resources, Comprehensive Framework Studies, 
Lower Colorado Region, Preliminary Field Draft, November 1970. 

y From Lower Colorado River Basin Operation Studies--90th Congress, 
Second Session, House of Representatives, Serial No. 90-5, 
Hearings on H. R. 3300, Colorado River Basin Project, Part II 
U.S. Government Printing Office, Washington, D.C., 1968. 
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of 14.65 million acre-feet and the 1922-65 period with an average annual 
undepleted flow of 13.87 million acre-feet, representing the period 
beginning with measured flow at Lee Ferry. 

The annual virgin undepleted flow of the Colorado River and the 
progressive 10-year average is shown on Figure C-1. It may be noted 
that the 10-year average virgin flow has been on the decline since the 
year 1929. 

Local Runoff 

Approximately 100 million acre-feet of precipitation fall each 
year upon the Region of which approximately 3 million acre-feet reach 
the streams or ground-water reservoirs for downstream use. About half 
of the Region receives less than 10 inches of precipitation annuallyo 

There is a wide variation in annual runoff within the Region. In 
the desert areas, where runoff is directly dependent on rainfall, the 
bulk of the flow, if any, occurs during the summer--July through 
September. 

Above the major storage reservoirs, peak monthly runoff generally 
occurs during the March-June period as a result of snowmelt in the 
high mountains. Occasionally, floods of large magnitude occur in 
January and February during years of greater than average precipitation. 

The distribution by subregion of average annual runoff (renewable 
water supply) is estimated as follows: 

Table C-2 
Estimated Undepleted Annual Average Runoff !/ - 1965 

Lower Colorado Region 

Subregion 

Lower Main Stem 
Little Colorado 
Gila 

Total 

!J Local, excludes Colorado River flows. 

Millions of Acre-Feet 

0.90 
0.42 
1.80 

The aver~ge Fenewable water supply contributed by the tributaries 
of the Lower Colorado River, exclusive of the Little Colorado and Gila 
Rivers, is estimated as about 0.9 million acre-feet annually. Tributary 
development is not extensive and most of this supply is consumed by 
uses along the main stem, including channel losses. 
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Under the natural environment, the Little Colorado River contributed 
an average of about 0.42 million acre-feet annually to the Colorado 
River. A large portion of this supply is produced from saline springs 
near the mouth. Most of the water resource development in the Little 
Colorado Subregion is at and above Winslow, Arizona. 

The average annual undepleted streamflow of the Gila River is 
estimated as about 1.8 million acre-feet in the upstream area of 
central Arizona, 1.3 million acre-feet at the site of Painted Rock Dam, 
and about 1.1 million acre-feet at the Colorado River. Channel losses 
through the desert reduced the flow considerably. Almost 90 percent of 
the estimated local water supply originates from the Salt River and the 
Gila River above Kelvin, Arizona. 

Ground Water 

Much of the present economic development of the Region has been 
made possible through the mining of the Region's ground-water reserves. 
Even though these reserves are still large, many problems attendant to 
its extraction and use may inhibit the further economical development 
of much of this resource in the Region. 

As considered in this study, usable or recoverable ground water 
is that portion of total water in storage which couJd be extracted with 
equipment and methods now available, but without regard to economic, 
physical, legal, and environmental factors. Under this definition, 
the volume of recoverable ground water to a depth of 1,200 feet below 
land surface in the main aquifers in the Lower Colorado Region is 
estimated to be about 1,430 million acre-feet. 

In the Lower Main Stem Subregion, about 620 million acre-feet of 
recoverable ground water are in storage to a depth of 1,200 feet below 
land surface. Of this, about 430 million acre-feet are in storage to 
a depth of 700 feet below land surface. 

In the Little Colorado Subregion about 250 million acre-feet of 
recoverable ground water is stored at variable depths in a 100-foot
thick section of sandstone and limestone aquifers underlying about 
16 million acres. 

In the Gila Subregion about 800 million acre-feet of recoverable 
ground water are stored to a depth of 1,200 feet below land surface, 
some 560 million acre-feet of this above 700 feet in depth. 

In most areas in the Lower Colorado Region where ground water is 
being pumped, it is being used far in excess of the rate of replen
ishment; consequently, water levels are declining, and pumping lifts 
and costs are increasing. Additionally, in some areas in central 
Arizona and Nevada where large amounts of water have been pumped 
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land subsidence has occurred. This subsidence has resulted in earth 
cracks, which disrupt natural drainage; sheared and collapsed well 
casings; misaligned highways, railroads, and irrigation canals; and 
has endangered structures, such as buildings and bridges. In areas 
where land subsidence has occurred, continuation of excessive 
pumping will cause additional damage. Continued dewatering of aqui f ers 
in areas not yet affected by land subsidence will certainly result in 
more cases of land subsidence. Another environmental effect of water 
table declines has been the dewatering of marshes and other wetland 
resources which are important as wildlife nesting and feeding grounds. 

Some of the recoverable ground water is highly mineralized and 
would require treatment to make it sui table for either irrigation or 
domestic use. Some ground water contains objectionable concentrations 
of fluoride and boron which would preclude its use for many purposes. 

Other fact ors which make development of 'llUC h of t he remaining 
ground-water reserves impractical or uneconomical include legal con
straints, degrading quality, remote location, low aquifer yield, 
unecono~ical pumping depth, and its location in basins having rela
tively small storage capacity. 

If properly controlled, managed, and integrated with the other 
water sources, ground-water reserves can continue to serve future 
generations. If exploitation and development continue at or near 
current levels (in excess of annual recharge), ground-water reserves 
of the Region will be impaired as a water management resource. 

Depth to Water 

Map l l depicts depth to ground water, in feet below land surface, 
in wells tapping the main aquifers in the Lower Colorado Region for the 
base year 1965. For purposes of this presentation, depth to water i s 
divided into four ranges--less than 200 feet, 200 to 500 feet, greater 
than 500 feet, and from 0 to 500 feet below land surface. Where data 
are lacking, mainly in remote or mountainous areas, no depth symbol is 
shown on the map. 

The map presents a very generalized picture, and local exceptions 
occur. In some areas in Arizona, as parts of the San Simon Valley and 
the Safford Valley, the upper San Pedro River Basin near St. David, and 
part of the Navajo Indian Reservation, wells flow at land surface. 

Change in Depth 

Map 12 depicts changes in water levels in wells in the Lower 
Colorado Region from 1960 to 1965. The general picture is one of almost 
continuous water-level decline except in a few areas. Declines have 
been more than 60 feet in the 5-year period in the San Simon, Willcox, 
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lower Santa Cruz, and Phoenix basins in Arizona and in the Las Vegas 
basin in Nevada. Rises in water levels in wells have been associated 
with areas where drainage of applied surface water for irrigation is a 
problem, where pumping of ground water for irrigation has decreased, 
or where recharge to ground water has been above average. 

Recharge to Ground Water 

The ground-water reservoirs are recharged from several sources: 
(l) streamflow from precipitation in adjacent mountain ranges, (2) infil
tration of excess applied irrigation water and canal seepage, (3) under
flow from upstream basins, and possibly (4) direct penetration of 
precipitation. 

Although a large part of the precipitation on the mountain ranges 
adjacent to the valleys is lost by evaporation or transpiration, a 
portion becomes runoff and reaches the coarse materials at the mountain 
fronts where it may recharge the ground-water reservoir. Data fran the 
upper Santa Cruz River Basin indicate that from 3 to 6 percent of the 
precipitation on the mountains may become recharge to ground water. 
These percentages would not be exact for all the basins but they probably 
are in the right order of magnitude. 

A part of the water applied to the land for irrigation in the 
valleys is returned to the ground-water reservoir by infiltration. In 
some areas possibly as much as 25 percent of the water applied to irri
gated fields may infiltrate to the ground-water reservoir but in other 
areas the amount is negligible. Some water also is returned to the 
ground-water reservoir by seepage from unlined canals. 

In some basins, the ground-water reservoir is recharged by the 
movement of water by underflow from upstream ground-water basins 
through permeable materials separating the basins. While this movement 
of water by underflow is recharge to the downstream basin, it is dis
charge from the upstream basin and may not result in a net increase of 
available ground water to the Hegion or subregion. 

Most of the precipitation that falls in the lower desert portion 
of the Region evaporates directly from the soil or is transpired by 
vegetation. Some water seeps downward to the ground-water reservoir 
where the precipitation falls directly on the coarse-grained materials 
along the washes that traverse the valley floor, but the amount prob
ably is negligible. 

Potential for Artificial Recharge 

The potential for artific i a l recharge in the Lower Colorado Region 
is generally high. Dewatering of aquifers by pumping in excess of 
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natural recharge has created potential reservoir space for ground
water storage and has increased ground-water gradients from recharge 
areas to centers of pumping. Existing strea~ channels are except
ionally efficient media for recharge. Data indicate that in the 
Santa Cruz River Basin as much as 86 percent of the total inflow to the 
river system may become recharge to the ground-water reservoir. 

Present Water Supply Sufficiency 

To illustrate sufficiency of regional water supply in 1965, an 
overall regional water balance was estimated by computing the remaining 
water supply in each subregion after all manmade depletions, evaporative 
losses, channel losses, system spills, and out-of-region diversions were 
subtracted. 

The following tabulation, based on the 1906-1965 period of record, 
shows the apparent surpluses or deficiencies in each subregion and the 
regional balance• 

Subregion 

Lower Main Stem 
Little Colorado 
Gila 

Regional Water Balance 

Undepleted 
Water 
Supply 

3.53 
0.42 
1.80 

14.76 

Unit: Million Acre-Feet 
Depletion ~/ Apparent 
Requirements Surplus or 

and Losses Deficiency 

1.20 +2.33 
0.11 +0.31 
4.52 -2.72 

14.84 -0.08 

~/ Actual 1965 depletions were less than estimated requirements. 

The above tabulation illustrates that from a broad regional point 
of view that the total present water supply in the Region is nearly 
equal in amount to the total water requirements. The apparent water 
supply deficiencies in the Gila Subregion could be nearly offset assuming 
the hypothetical possibility of complete control and redistribution of 
water from areas of surplus. 

Similar estimates, based on average annual depleted flows at the 
compact point for the 1914-1965 and the 1922-1965 periods of record, 
show 1965 regional water deficiencies of 0.53 million acre-feet and 
1.30 million acre-feet, respectively. 
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LANDS 

Cultivated 

In 1965, there were approximately 36.2 million acres of land suit
able for irrigated cropland in the Region. Of this acreage, about 
1.6 million acres were also suitable for nonirrigated crop production. 
Table C- 3 presents acreage by land classes suitable for irrigation by 
subregion and region in 1965. 

Table C-3 
Acreage of Land Suited for Irrigation - 1965 

Lower Colorado Region 

Unit: 1 000 Acres 
Land Class 

Subregion 1 2 3 4 Total 

Lower Main Stem 953 2,647 4,029 3,729 11,358 
Little Colorado 575 1,052 2,765 2,409 6,801 
Gila 4,040 4,118 4z538 5z360 18z056 

Regional Total 5,568 7,817 11,332 11,498 36,215 

As shown in the table, about 13.4 million acres are of Class 1 and 
2 quality. Class 1 and 2 lands are well suited for production of all 
crops climatically adapted to the area where the lands are located. The 
remaining 22.8 million acres are of Class 3 and 4 quality which have 
restrictive characteristics reducing crop suitability or productive 
capacity of the land. The irrigation land classes include a con
sideration of on-farm land development criteria such as drainage 
improvement, leveling and clearing of trees, brush, or stones. They do 
not include consideration of factors affecting the feasibility of 
service such as location, size, and distribution of lands with respect 
to other lands to be developed, the quantity and quality of available 
water supplies, or the costs of pumping and conveyance. 

The estimated 36.2 million acres suitable for irrigated cropland 
is the gross acreage for the Region. The net acreage available for 
irrigation would reflect deductions for rights-of-way; streambeds; 
urban and industrial areas; national forest; national wildlife refuges; 
national parks, monuments, and other high priority uses. Though not 
computed for this study, the resulting net acreage will greatly exceed 
projected requirements for irrigated croplands and would also be far in 
excess of that which could be irrigated with projected water supply 
developments. 
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Livestock Grazing 

In 1965, there were approximately 79.1 million acres of land suit
able for livestock grazing in the Region, of which about 74 million 
acres were available. This included 23 million acres of forest types 
(conifer, woodland, chaparral, and riparian), 51 million acres of 
range types (southern and northern desert shrub and grassland), all 
croplands, and portions of undeveloped lands within urban areas. 

The difference between acreage suitable and that available was 
land allocated to uses whereby domestic livestock grazing is prohibited 
by existing laws, ownership, or restrictive uses. Examples are: 
national parks and monuments, research areas, portions of military 
reservations, and private lands managed for other uses. 

Timber Production 

The forest land considered in this analysis is that area capabl e 
of producing more than 20 cubic feet of industrial wood per acre per 
year under natural conditions. Of the 28 million acres of forest land 
in the Lower Colorado Region, 6 million acres are suitable for the 
production of commercial timber products. About one-half million acres 
of this land are included within the boundaries of national parks, 
monuments, wilderness, scenic and other areas having high recreation, 
watershed, scientific, and other uses where commercial timber harvesting 
is modified or precluded. 

About 5.5 million acres within the Region are suitable and avail
able for producing commercial timber products. The following table 
shows the distribution of this acreage by ownership, administration, 
and subregion for 1965. 

Table C- 4 
Lands Suitable and Available for Commercial Timber Production - 1965 

Lower Colorado Region 

Unit: 1,000 Acres 
Bureau State 

Forest Land Indian and Misc. 
Subregion Service Mgmt. Trust County Farmer Private Total 

Lower Main Stem 844 6 3 10 10 843 
Little Colorado 1,049 199 30 75 66 1,419 
Gila 1,889 7 1,070 12 174 14 3,166 

Total Region 3,782 13 1,269 45 259 90 5,458 
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Urban and Industrial 

The availability of land for urban and industrial uses is related 
to the location of population growth and development. Physical land 
characteristics are not as limiting as for other uses. However, 
restrictive land uses (such as military), susceptibility to floods, 
extremely rugged topography, lack of public facilities, etc., often 
present serious obstacles to development for these purposes. 

Land in national parks, national forest, and wildlife refuges are 
available to a very limited degree for urban and industrial development 
(mostly resorts). 

Outdoor Recreation 

The lands available for outdoor recreation within the Region total 
over 68 million acres and include private as well as public lands. 
Table B-22 indicates the distribution of land by recreation class con
trolled by public agencies which is available for outdoor recreation use. 
Although private lands were not inventoried by recreation class, the 
table shows a substantial amount of total private land holdings are 
available for this purpose. Indian Trust lands, considered as private, 
have very good potential for outdoor recreation development within the 
Region. 

Minerals 

Availability of land for mineral production is chiefly a function 
of availability of the resource and of changing demand and technology. 
Large amounts of land are not required for mineral production and such 
lands will be available when demand for the resource makes new develop
ments economically feasible. 

Fish and Wildlife 

Practically all land and water areas within the Region are suit
able for some use by fish and wildlife. Urban, transportation and 
recreation lands and waters, where heavy public use occurs, offer 
limited wildlife habitat. 

The total area of streams and impoundments having suitable fish 
habitat (0.25 million acres) in 1965 were available for fishing and 
associated uses. The total area suitable and available for hunting big 
game, small game, and waterfowl within the Region in 1965 was 71.3 
million acres. An estimated 18.3 million acres of wildlife habitat 
were unavailable for hunting purposes because of ownership, existing 
laws, or restrictive uses. The following table shows habitat types and 
acreages suitable and available for fishing and hunting in the Region 
in 1965. 
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Table C-5 
Habitat Available for Fishing and Hunting - 1965 

Lower Colorado Region 

Total Lands Available for 
Each Type Fishin8 and Hunting 

Acres Acres Percent of 
Vegetal Cover {llOOO's} Percent .{ llOOO Is l Regional Total 

Conifer Forest 6,522.0 7.2 6,300.0 7.0 
Woodland 19,756.0 21.9 18,922.0 20.9 
Chaparral 3,466.0 J.8 3,l90.0 3·5 
Southern Desert Shrub 32,123.0 35.6 21,985.0 24.3 
Northern Desert Shrub 8,692.0 9.6 7,574.0 8.4 
Grassland 16,917.0 18.7 11,851.0 13.1 
Riparian 1o6.o 0.1 97.0 O.l 
Urban, Transportation 513.0 0.6 0.0 0.0 
Cropl a nd 1,816.0 2.0 1,000.0 l.l 
Water 319.0 0.4 300.0 o. 3 
Wetlands 10.0 0.05 9.0 0.05 
Barren 76.0 0.05 68.0 0.05 

Regional Total 90,327.0 100.0 71,296.0 79.0 

Military and Related Uses 

The lands presently in military and related uses in the Region are 
barren desert or semiarid mountainous terrain. This land was selected 
for military uses because it was isolated from developed areas and 
because there was a low demand for most other uses. There are addi
tional areas in the Region that meet these requirements and that could 
be made available if and when the need arises. The land most readily 
available for this use would be land still in public domain. 

Preservation of Natural and Cultural Values 

Cultural Values 

Through appropriate action by state and Federal legislative bodies, 
adequate lands could be made available for the recommended sites for 
preservation of cultural and historic values. 

Wild and Scenic Rivers 

Consideration of twelve stretches of river has been recommended in 
the Recreation Appendix for study as potential wild, scenic, and rec-
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reation rivers. Generally, there is an ample amount of suitable 
riparian land available for preservation of wild and scenic rivers, 
though conflicts may develop as more specific river reaches are 
identified. 

Wilderness Areas 

In addition to the nearly l~ million acres of existing designated 
wilderness areas, there are some 1.7 million acres that have been 
suggested for potential Wilderness Areas. It is anticipated there will 
be substantial blocks of suitable land available for designation as 
Wilderness Areas. 
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MINERALS 

Minerals customarily produced in the Lower Colorado Region in 
important quantities are assumed to exist in known and unknown mineral 
deposits in sufficient quantities to satisfy all reasonable demands, 
when such demands are supported by realistic prices and mineral 
development is not unduly hindered by regulatory or environmental con
straints. Those minerals produced for consumption almost exclusively 
within the Region--sand, gravel, stone, lime, and other construction 
materials--seemingly are present in inexhaustible quantities. Quantities 
of existing deposits of lead, zinc, and uranium cannot be fully defined; 
there is, however, a vast area in which geologic conditions appear 
favorable for future discoveries when economic incentives warrant the 
exploration effort. Copper, backbone of the regional minerals industry, 
has an exceptionally strong resource base. 

Access for exploration and development of both public and private 
mineral-bearing land has been assumed to be readily available when 
subsequent mining operations are developed in an orderly manner with 
due consideration to environmental factors. 
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CHAPI'ER D - FUWRE REQUIREMENTS 

INTRODUCTION 

The Lower Colorado Region's projected growth in population and 
economy is dependent on solving the present proble ms of water defi
ciency and providing for future needs. The Region is richly endowed 
with other natural resources needed to assist in meeting the demands 
of an increasing national population. There is an abundance of land 
that could be made available for dispersement of population through 
developnent of new urban centers. Some developments have recently 
been sponsored through private enterprise and most have been very 
successful. The Region presents a wide range of climate to suit nearly 
any desire. The warm desert areas have attracted most of the popu-
lation growth and this trend is expected to continue. The Region contains 
about 36 million acres of land suitable for irrigated agriculture, much 
of which has a year-long growing season. 

Each functional appendix has evaluated the future need for water 
and land to provide for the projected growth of the Region. Under the 
original framework planning policies, projections of water needs were 
to be unconstrained because water is a transferrable resource. However, 
in recognition of the probable high cost of importing water into the 
Region irrigated agriculture was, in fact, constrained by water supply; 
therefore, projections do not include consideration of maximum agri
cultural potential. 

The requirements of a growing population necessitates development 
of all aspects of water and related land resources. The demand for 
municipal and industrial water is expected to increase by 370 percent 
by year 2020. Electric power must be provided for homes and industry 
and t his demand is expected to increase forty-fold and will result in 
increased water wi thdrawal requirements for power production. The 
increasing leisure time of a growing population will create greater 
demand for outdoor recreational development. As additional land is 
developed to meet the many needs of the population, increased flood 
protection must be provided; water quality and pollution becomes an 
ever increasing problem where nearly all water is utilized and outflow 
from the Region is nearly nonexistent. 

The land resources must be managed for increased intensity of multi
purpose uses to provide for such needs as livestock grazing, wildlife, 
recreation, timber production, environmental considerations, and to 
reduce flood damages in both urban and rural areas. The sections 
following in this chapter present a consolidation of the patterns of 
development and projected require rrents for water and related resources 
developed in the other appendixes. 
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ECONOMIC PROJECTIONS 

The projections presented in the following sections are based on 
historical trends and the magnitude and direction of current economic 
activity in the Region . The selected measures of economic growth 
include population, employment, personal income, sales to final de~nd, 
and total sales. 

Population 

Population in 1965 and pro jections t o the year 2020 for the Lower 
Colorado Region by subregion are shown in Table D-1 Total population 
is expected to increase from about 1, 8 million in 1965 to over 6.9 
million by 2020. The Gila Subregion is expected to continue to dominate 
as far as total numbers are concerned. See Figure D-1. 

Area 

Table D-1 
Estimated and Projected Population 

Lower Colorado Region 

Estimated Projections 
1965 1980 2000 2020 

---------Thousands-- - --------

Region (Economic) 1, 877 2,911 4,796 6, 982 

Lower Main Stem Subregion 345 816 l, 520 2,020 
Litt l e Colorado Subregion 125 184 240 326 
Gila Subregion 1,407 1,911 3, 036 4,636 

Within the Region, however, the most rapid population growth rate 
is projected for the Lower Main Stem Subregion with the 2020 population 
of 2.0 million being about six times the 1965 population. A major part 
of this increase is projected to take place in the Nevada portion of the 
Subregion where an eight - fold increase in population is pro jected by 
2020. The Gila Subregion ranks second in rate of population growth, 
although the relative increase by 2020 is only a little over one-half 
that of the Lower Main Stem Subregion. However, with its large 1965 
population base, the increase in number of people in the Gila Subregion 
(3.2 million) is double the increase (1.6 million) in the Lower Main 
Stem Subregion. Population of the Little Colorado Subregion is pro
jected to increase more than 2~ times over the 55-year period, reaching 
326 thousand by 2020. 
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FIGURE D-1 
POPULATION GROWTH 
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Employment 

Employment i n t he Lower Colorado Reg i on is pro j ec t ed t o increase 
from 676 thousand i n 1965 t o about 2 . 8 million i n 2020, an i ncrease of 
320 percent. See Table D-2 . The employment participat i on rate of 
the Lower Main Stem and the Gila Subregi ons compare f avorably with 
national figures. The Little Colorado Subregi on di ffers due t o t he 
large pove rty pockets on Indian reservat ions. The pro j ect i ons indica t e 
an improvement in e mployment in the Li ttle Color ado Subregi on a s pre sent 
training and j ob opportunities programs are completed. 

Table D- 2 
Estimated Total Number of People Employed and the Partic i pat i on Rate 

Lower Colorado Region 

Area 

Region 

Lower Main Stem Subregion 
Little Colorado Subreg ion 
Gila Subregion 

Region 

Lower Main Stem Subregion 
Little Colorado Subregion 
Gila Subreg i en 

Economic Activity 

Estimated 
1965 

676 

135 
34 

507 

39 
27 
36 

Projections 
1980 2000 2020 

---------Thousands-----------

1,133 1, 932 2, 833 

338 640 859 
6o 85 120 

735 1,207 1, 854 

Participation Rate 
Percent of Tot a l Popul a tion 

39 

41 
33 
39 

40 

42 
36 
40 

40 

42 
37 
40 

Industrial output levels by major groups, value added, and imports 
for each subregion are shown in Table D- 3 for 1965 with modified OBE-
ERS projections to 1980, 2000, and 2020 . In most instances the primary 
industries are expected to more than double their output levels over the 
projection period. At the same time, however, an increase equal to 2 3 
times is expected i n manufacturing output levels in the Lower Main Stem 
Subregion with increases of 16 and 9 times in the Gila and Little Colorado 
Subregions, respectively. 
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Tertiary, or noncommodity producing industries, in the Lower Main 
Stem Subregion are expected to account for 85 percent of total i ndus
tria~ output by the year 2020, as compared to about 75 percent in the 
base year. Much of the expected growth and development relates to 
increased demand for goods and services by local markets, but more i mpor
tant is the goods and services produced fo r outside markets. Exports of 
electric power, for example, and sales outside the Region by such busi
ness sectors as transport at ion and finance, are important sources of 
basic income. A major demand for good and services from outside the 
Region, however, stems from outdoor recreation and tourism. 

Out-of-region direct recreation expenditures in the Re gion have 
been estimated to be $252 million for 1965 and are pro j ected to reach 
$428 million by 1980, $738 million by 2000, and $1,154 million by 2020. 
The magnitude of these values reveals the importance of outdoor rec
reation and tourism as a source of "new dollars" to the regi onal economy. 

Value added, made up largely of government payments and income 
payments, amounted to $.22 billton in 1965 and is pro j ected to reach 
about $4. 8 billion by 2020 in the Little Colorado Subregion. Similar 
projections for the Lower Main Stem Subregion shows value added 
increasing from $1.3 billion in 1965 t o approximat ely $35.2 billion in 
2020. In the Gila Subregion, which accounted for 75 percent of total 
value added in the Lower Colorado Region in 1965, projections indicate 
an i nc rease from $4.5 billion in 1965 t o $73.4 billion in 2020. 

Gross regional product (GRP) measures the flow of product as 
opposed to the flow of income and payments (value added) discussed 
above. Projected levels of GRP are given in Table D-4. 
The reader will note that total GRP in each subregion is equal to total 
value added in each subregion which has been shown above and need not 
be repeated. Thus, the regional accounts in terms of broad categories 
have been measured using regional income figures (value added) and by 
using regional product figures (gross regional product). 

Agriculture 

The irrigated acreage of crops harvested i n the Region is pro
jected to increase from 1.2 million in 1965 to nearly 1.6 million i n 
2020, an increase of 358 thousand acres during the 50-year period. A 
major part of t his i ncrease--224 thousand acres--is projected for the 
1965 -1980 period. Another 95 thousand-acre increase is projected for 
the 1980-2000 period,with the re maining 39 thousand acre increase to 
occur in the 2000-2020 period. 

Food crops are pro j ected to increase substantially. The vegetable 
acreage is pro jected to increase 2.5 times by 2020. A similar increase 
is projected for the citrus acreage. The noncitrus fruit and nut acreage 
is projected to increase 4.5 times by 2020. 
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By the year 2020, acreage of cotton i n the Region is projected to 
increase 20 percent; acreage of feed grains and hay is projected to 
decline; and the number of livestock is projected to increase as follows: 

The nu~ber of range cattle is pro j ected to increase by about 
20 percent; a four-fold increase is pro j ected for cattle fattened i n 
feedlots; the number of 'llilk cows is pro j ected to double; numbers of 
sheep and lambs are projected to decline; the number of hogs marketed 
is projected to increase about 20 percent; the number of laying hens 
is projected to inc rease modestly with a greater increase pro j ected in 
numbers of broilers and turkeys marketed; and, the number of horses is 
pro ,iected to i ncrease substant ially. 

Timber Industry 

The ti mber industry is only a s mall portion of the tot al regional 
economic activity, but timber-producing lands used for recreation are a 
major factor in the service and trade industries. Total gross output 
a ttributed to the timber industry is projected to reach $30 million by 
2020. However, the timber-related industries of pulp, paper, lumber, 
and wood products are ma j or manufacturing industries. By 2020, pro
jections indicate these timber-related industries will produce a total 
output of $1.4 billion. Annual output of the timber sector, by 2020, will 
reach 171 million cubic feet; a 110 percent increase over 1965 output. 

Mineral Industry 

The mineral industry accounts for less than one percent of total 
employment throughout the projection period. In terms of value of 
product, mining will amount to about 2 percent of total regional output 
by year 2020 (see Table D- 3 .. • Copper is expected to continue to 
account for major sales in minerals. Sand and gravel products will also 
increase in importance as the construction industry expands. Production 
increases in other minerals will also be required to meet a growing 
chemical industry raw material demand. 

Manufacturing 

Projected growth rates for the food and food processing sectors 
(secondary agricultural activity) compare well with growth rates in 
other manufacturing and commercial activities. Food processing 
particularly of fruits and vegetables, is expected to continue as an 
important part of total manufacturing activity. Such manufacturing 
groups as metal fabrication, printing and publishing, electrical equip
ment, machinery, and chemicals are presently of major economic importance 
and are expected to continue. The primary metals sector accounts for 
about 24 percent of present total manufacturing output, but declines in 
relative importance throughout the period. Other industries, such as 
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Table D- 3 
Total Gross Output by Industry and Associated Total Primary Inputs 

by Subregion, Lower Colorado 

Estimated Modified OBE-ERS Projections 
Subregion 1965 1980 2000 2020 

---------------$1, 000,000- ------------- - -

Lower Main Stem 
Producing Industries 

Agriculture 123. 3 191.5 266.7 366 . 5 
Ti mber Industry 5 .2 7.7 9 . 4 9 · 5 
Mineral Industry 32 .l 126.3 153.2 189 . 0 
Manufacturing 197 .1 766.3 2,168.4 4,557.4 

Noncommodity Producing 
Industries 1,220.5 4,586.6 13,634.3 28,931.7 

Total 1,578.2 5,678.4 16,232.0 34,054 .1 

Value Added 1,280.2 5,298.4 16,154.1 35,192.4 
Imports 846 . 4 l, 523.6 3,047.2 6,120 .4 

Little Colorado 
Producing Industries 

Agriculture 14.7 17.6 23.6 30 .1 
Timber Industry 7.3 7. 4 7.4 6 . 8 
Mineral Industry 107.0 690 .4 649.1 604.3 
Manufacturing 72.0 183 .1 325.2 629.4 

Noncommodity Producing 
Industries 138.4 284.5 654.1 1,375.1 

Total 339.5 1,183.0 1,659.4 2,645.7 

Value Added 221.2 812. 8 1,890. 9 4,779.1 
Imports 225.7 406.3 812.7 1,625. 3 

Gila 
Producing Industries 

Agriculture 458.4 727.6 991.5 1,287. 8 
Timber Industry 2.1 4 .3 6 .0 6.4 
Mineral Industry 458 .5 652.0 953.0 1,268 .0 
Manufacturing 1,759.1 4,335.2 ll, 486.7 27,908 .2 

Noncommodity Producing 
Industries 2,977.7 6,442.5 16,773.8 39,501. 8 

Total 5,655.8 12,161.6 30,211.0 69,972.2 

Value Added 4,524 .4 10,341.2 28,669.1 73,376.2 
Imports 2,257.8 4,o64.o 8, 127.9 16,255.8 

Source: Industry Transactions Tables. 
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electronics and re sea rch a nd develop~ent related activities, on the 
other hand, are expected t o increase in importance in the future. 

Noncommodity 

Pro j ected growth rates in construction, transportation, and utili
ties related closely t o meet i ng the needs of the projected populati on 
and i ndus t ria l growth . Employment in t hese sec tors to 2020 will vary 
f r om a n annual i ncrease of about 2 . 1 percent in construction to 1. 8 
percent f or ut ilities. 

The trade, serv i ce, a nd f i na nce a nd real es t ate sec t ors are expected 
t o gain i n their s hare of to t a l ec onomi c ac t i vity during the period . 

Government 's share of t otal e ;nployment , espe c ially state and l ocal, 
i s expe cted to i ncrease t hr oughout t he pr o j ection pe ri od. 

Subregion 

Lower Main Ste m 
Little Colorado 
Gila 

Ta bl e D- 1-+ 
Gross Regi ona l Produc t , 1965 a nd 

Modified OBE - ERS Projections 
Lower Colorado Regi on 

Unit: 
1965 1980 2000 

1,280.2 5 ,298 . 5 16 , 464.7 
221. 2 811.2 1, 891. 6 

4z524 .4 l 0 z342. 9 28 z706.2 

Gross Regional Product 6,025. 8 16 , 452. 6 47, 062. 5 
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WATER REQUIREMENTS 

Lower Colorado Region 

From the broad point of view, present regional water supplies were 
sufficient to meet all require ments if facilities had been available to 
convey water from areas of excess to the water deficient Gila Subregion . 
By 1980, assuming adequate diversi on and conveyance of available supplies, 
projections indicate a wate r defic iency of about 2 million acre-feet, 
increasing to more than 4 .5 ~illion acre-feet by 2020. Previous studies 
have i ndicated that the Colorado River f lows would need to be augmented 
to fulfi ll present commitments of 3 .1 maf to t he Lower Colorado Region, 
4.4 maf to California, and 1.5 maf to the Republic of Mexico. 

Estimated pre sent pro,jected regional water withdrawal and depletion 
require ments are presented in Table D- 5 . It should be noted that 
this is a table of e s t i mated wate r re quirements; quantity actually with
drawn in 1965 is shown i n footnote to the table. Water require ments for 
all uses are expected to i nc rease to a l evel of 13.2 million acre-feet 
by 2020. Projected inc r eases are associated primarily with the needs 
result i ng from population gr owth i n the Region . Municipal and indus
trial water withdrawal require ~nts are expected to inc rease 2.3 maf; 
for e l ectric powe r generat ion , 0. 7 maf; fo r mi neral deve lopment, 0 .2 maf; 
a nd fo r recreation, fi s h and wj_ldli f e, 0.4 maf. Irrigat i on '"i thdrawal 
require :nents would re (T}a i n about the same level as for 1965 . Water 
saved by i ncreasing management efficiencies and lining of canals would 
j ust about 11eet inc r eased require -nent s r e sulting from pro_jected addi
tional deve l opments . Figures D-2 and D- 3 a l so s how projected require ment s . 

Ground - water withdrawals, es timated pre sently to exceed recharge 
by about 2 . 5 mill i on acre -feet annually, mus t be reduced substantially 
during the study pe r iod. There are impelling reasons to replace the 
pract i ce of excessive ground -wate r ove rdraf ts with other sources of 
water . Such reasons include: increased cost of pumping; degrading 
water quality; land subsidence; and the ultimate potential of totally 
exhausting the resource in areas of intens i ve use. 

The most critical immediate need is to meet withdrawa l requirements 
projected to occur prior to 1980 without i ncreasing the ground -water 
ove r draft . To gradually eli mi nate t he ground -water overdraft, the 
long- range program to year 2020, would need to provide for increased 
annual water withdrawals of about 4.7 maf . 

Lower Main Stem Subregion 

The present and pr o j ected water withdrawal and depletion require 
ments for the Lower Main Stem Subregion are summarized i n Table D-6. 

XVIII-137 



FIGURE D-2 
PROJECTED REGIONAL WATER REQUIREMENTS 
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FIGURE D-3 
PROJECTED REGIONAL WATER REQUIREMENTS BY USES 
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One of the most vital needs of the Lower Main Stem Subregi on are 
the municipal and i ndustrial water needs of a rapidly gr owing popu
lation in the Las Vegas, Nevada area. 

Additional irrigat ion development is expected to occur within the 
Fort Mohave and Colorado River Indian Reservations whic h would utilize 
Colorado River water under exis t ing water rights. I t is est imated that 
the water wi t hdrawal require ment of 2.7 million acre -feet i n 1965 will 
increase to 3.2 million acre-feet by 1980 and to 3-7 million acre-feet 
by 2020. 

Little Colorado Subregion 

The present and projected withdrawal and depletion requirements 
for the Little Colorado Subregion are summarized in Table D- 7 . 

The most vital needs of the Little Colorado Subregion are : to 
supply additional water to its two major cities of Flagstaff, Arizona, 
and Gallup, New Mexico; to help maintain ec onomic stability and to pr o
vide for future gr owth ; t o stabilize the present agricultural economy 
through a more depe ndable water supply; to provide greater employment 
opportunities for its predominantly r ural Indian population through 
further development of the tourist industry, t o attract outdoor rec
reationists, and t o encourage development of light industry . The 
water supply is adequate on a subre~onal basis but is poorly distrib
uted with respect to the areas of need. Additional water for munic ipal, 
industrial, and agricultural uses needs to be made available fo r sev 
eral areas in the Subregion. 

Gila Subregion 

The present and projected water withdrawal requirements for the 
Gila Subregion are summarized in Table D-8 . 

The Gila Subregion is the major water deficient area of the Region . 
Even though 2 .5 million acre- feet of ground water was mi ned i n 1965, 
the apparent water requirements were not satis f ied. By 2020, the with
drawal requirement is expected to increase by more than 2.1 million 
acre-feet. The increased require ments are due primarily to the needs 
of an expanding population. The maj ority of the water needs are con
centrated in the vicinity of Phoenix and Tucson. Existing supplies 
are utilized t o the extent t hat only i nfrequent floods produce outflow 
from the Subregion. There is a critical need to aug ment the water 
supplies of the Subregion to reduce the ground-water overdraft and to 
meet the increasing water requirements. The excessive overdrafting of 
ground water in the central Arizona area has caused land subsidence 
ranging up to several feet in some areas. Fissures have frequently 
occurred. Damage has resulted to farmland, irrigation structures, 
highways, railroads, buildings, etc., and unless overdrafting of ground 
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water is greatly reduced, the damaging effects can only increase . In 
many upstream areas of the Subregion , additional streamf low regulation 
is needed to eliminate seasonal irrigation water shortage s; to provide 
additional upstream storage of water for increasing municipal and i ndus 
trial uses; for the development of mineral resources; and for enhancement 
and manage ment of fish and wildlife resources . 
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Table D-5 
Estimated Water Withdrawal and Depletion Requirements (1965 and Projected) 

Lower Colorado Region 

Unit: 1,000 Acre-Feet 
Wi thdravrals Depletions 

Water Use I 1965 1980 2000 2020 19 2000 2020 

Reservoir Evaporation !/ 230 286 328 359 230 286 328 359 

Mineral Development 105 176 263 356 52 88 134 184 

Irrigation ?} 8,903 9,244 8,338 8,260 5,129 5, 872 5,223 5,292 

Municipal & Industrial 450 863 1,703 2, 778 198 358 677 1,149 

Recreation lJ ll 21 41 70 4 7 14 24 

Fish & Wildlife 196 210 321 551 110 122 ?.15 406 

Power 10 58 203 750 10 ~ ~ __TIQ --
Total 9' 905 ':!:/ 10' 858 11,197 13,124 5, 733 6,791 6,794 8: 164 

~ Exclusive of Colorado River Mainstream evaporation. 

?} Includes nonbeneficial consumptive use, e s timated as 15 percent of irrigation requirement. Also 
includes estimated 600,000 A.F. in-transit water losses in central Arizona a rea of Gila Subregi on 
(1965 and 1980). 

lJ Exclusive of lake and reservoir evaporation l osses . 

':!) 8,391,000 acre-feet actually withdrawn in 1965 , includes 230,000 acre-fee t reservoir evaporat ion. 
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Table D-6 
Estimated Water vli thdrawal and Depletion Requi r ements ( 1965 and Pro je ~ted ) 

Lower Main Stem Subregion 

Uni t: 1,000 Acre-Feet 
Withdrawals Depleti on s 

Wat er Use 11965 - - i 98o 2000 2020 19 0 2000 

Re servoir Evaporati on ~ 32 49 50 50 32 49 50 

Mineral Development 6 17 22 25 3 6 9 

Irrigation ?} 2,447 2, 586 2,276 2, 251 1,010 1,308 1,276 

Municipal & I ndustr ial 116 323 684 954 48 125 257 

Recreati on ]} 3 7 15 24 l 2 5 

Fish & Wildlife 140 152 220 293 100 110 166 

Power _ _ 3 ~ 6o l ii ·T _ _ 3 ~ 6o --
Tot al 2, 747 ~/ 3, 172 3, 327 3, 744 1,198 1,638 1, 823 

~ Exc l usive of Colorado River Mainstem evaportion . 

?) I ncludes nonbenefic i al consumptive use, est imated as 15 perced of irrigat i on requirement . 

1/ Excl usive of lake and reservoir evaporat i on. 

2020 

50 

lO 

1,367 

394 

8 

227 

~ 

2,203 

~ 2,352,000 a cre- f ee t a ctuall y withdrawn in 1965 , includes 32,000 a cr e- f ee t r es ervoir evapora t i on . 
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Table D-7 
Estimated Water Withdrawal and Depletion Requirements (1965 and Projected) 

Little Colorado Subregion 

Unit: 1.000 Acre-Feet 
Withdrawals De 

Water Use 11965 1 80 2000 2020 1980 2000 

Reservoir Evaporation 39 41 45 45 39 41 45 

Mineral Development 1 5 6 7 1 4 5 

Irrigation l_/ 136 141 129 120 59 72 72 

Municipal & Industrial 20 37 63 105 9 16 26 

Recreation?} 1 3 5 8 l l 2 

Fish & Wildlife 6 7 12 25 4 6 9 

Power l 1 0 0 1 l 0 - - - - - -
Total1) 204 4/ 235 260 310 114 141 159 

lJ Includes nonbeneficial consumptive use, estimated as 15 percent of irrigation requirement. 

E} Exclusive of lake and reservoir evaporation. 

J/ Excludes normal annual expor t of 15 ,000 acre-feet to Gila Subregion. 

2020 

45 

5 

72 

41 

3 

20 

0 -
186 

~ 170,000 acre-feet actually withdrawn in 1965, includes 39,000 acre-feet reservoir evaporation. 
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Table D-8 
Estimated Water Withdrawal and Depletion Requirements (1965 and Projected) 

Gila Subregion 

Acre-Feet 
Withdrawal 

Water Use 11965 1980 2000 2020 I 1965 1980 2000 2020 

Reservoir Evaporation 159 196 233 264 159 196 233 264 

Mineral Development 98 154 235 324 48 77 120 169 

Irrigation y 6,320 6 ,517 5,933 5 ,889 4,060 4,492 3,875 3,853 

Municipal & Industrial 315 503 955 1, 719 141 217 394 714 

Recreation ?) 6 ll 22 38 2 4 7 13 

Fish & Wildlife 50 50 89 234 6 6 40 159 

6 ___0] 602 6 ___0] 603 Power 20 20 -- --
Total 6, 954 ]./ 7,451 7,610 9,070 4,422 5,012 4,812 5,775 

y Includes nonbeneficial consumptive use, estimated a s 15 percent of irrigation requirement, also 
includes estimated 600,000 A.F. in-transit water losses in central Arizona area of Gila Subregion 
(1965 and 1980). 

5./ 
]/ 

Exclusive of lake and reservoir evaporation. 

5,869,000 acre-feet actually withdrawn in 1965, includes 159,000 acre-feet reservoir evaporation. 



WATER QUALITY, POLLUTION CONTROL, AND HEALTH FACTORS 

Salinity Control 

At present the major water-quality problem in the Lower Colorado 
Region is the high level of dissolved mineral solids in water supplies. 
This condition causes major problems to irrigated agriculture and to 
municipal and industrial users of water. There will be substantial 
future increases in salinity unless a water-quality program is initiated 
·w-hich would include both management and construction of major facilit ies. 

Some 8 .2 million tons of dissolved solids are transported into 
the Region annually from the Upper Colorado Region according to long
term data for the period 1941-1966. l/ Two-thirds of the salt burden 
contributed by the Upper Colorado Region comes from natural sources 
and the remaining one-third of the salt burden at Lee Ferry comes 
from manmade sources, of which irrigation is of major significance. 
Salinity increases in waters of the Lower Colorado Region are due 
principally to inputs from saline springs and the concentrat ing effects 
of consumptive use and evaporation. 

TDS concentrations were not pro j ected for the Little Colorado 
River nor in the Gila Subregion. 

Salt balance in the Central Arizona Project area may beco .ne a 
significant problem. Ground-water quality (TDS) varies widely in 
composition and concentration. The transfer of water from the 
Colorado River to the Central Arizona Project area will add about 
1.3 million tons of salt annually into the area by 1980. 

Because of the intense use of water having relatively high salinity, 
the nondegradability of the salts, and the absence of any significant 
outflow from the area, the ulti~te repository for the dissolved salts 
will eventually be the ground water. Under these conditions, deteri
oration of ground-water quality is inevitable. To date, water quality 
degradation has occurred, but not on a uniform basis. The timing of 
the overall problem on an area-wide basis has not been predicted 
because of certain unknown complexities of the ground-water aquifers. 
Ways to improve salt balance in this desert southwest subregion should 
be included in future detailed studies. 

ll U. S. Department of the Interior, "Quality of Water -Colorado River 
Basin," Progress Report No.4, January 1969. It should be noted that 
the 1941-1966 period of record is a period of below normal annual 
runoff rate. Runoff during average or higher years will carry a 
proportionately greater tonnage of dissolved solids. 
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Waste Water Treatment 

Inadequately treated effluents fr om municipalities, manufacturing 
installations, mining and milling activities, Federal facilities and 
recreation areas have caused measurable stream pollution. 

Adequate treatment of waste waters will be essential to assure 
~intenance of the water quality levels set forth in s t ate water 
quality standards. To improve waste water quality, the backlog of 
construction for waste treat nent facilities would have to be overcome. 
Construction of adequate treat ment works should accompany all new wa ste 
producing developments. The waste treatment plants would have to be 
properly operated and ,naintained. 1 

In some critical areas, most notably in the Las Vegas, Nevada, 
area, there is a need to remove significantly large percentages of 
nutrients from municipal was t e waters in order to abate the eutrophi
cation proble m resulting from Las Vegas Wash discharges t o Lake Mead. 
Advanced methods of waste water treatment for the reclamation of munic
ipal effluents for uses requiring high quality water will be needed in 
the Las Vegas, Phoenix, and Tucson metropolitan areas by 1980. 

Erosion and Sedimentation 

There is a need for land treatment measures that will reduce 
pollution caused by erosion and sedimentation. Erosion and deposition 
of sediments detract from land and water resources developments in the 
Region. Furthermore, the processes of erosion and sedimentation are 
factors in the chemical pollution of surface waters. 

Sedi ment transport is the primary means whereby phosphorus applied 
to the lands as fertilizer reaches streams. Pesticides are washed from 
the land surface and carried into streams in runoff caused by rainfall 
and the application of excess irrigation water. Disturbed mining areas 
and tailings piles are sources of erosion and sedimentation and the 
subsequent contamination of waters by heavy metals transported with the 
sediment. All of these pollution sources will need better surveillance 
and management programs to avoid degradation of water quality in the 
Region. 

Air and Water Pollution and Vector-Borne Diseases 

Available data indicate that rates of occurrence of potentially 
water-borne disease in the Lower Colorado Region are higher than are 
the national rates. Better epidemiological data are needed to assess 
what portion of these disease occurrences are due to water-borne 
pathogens. 
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Since infectious diseases are present in the Region, projected 
increases ill the use of recreational areas, public water syste~s and 
waste disposal faci lities e mphasize the need for i ~provenent of vector 
control and drinking water quality control i n recreational areas. 
Developers of land and water re sources will need to place additional 
e~phasis on minimizing the risk of spreadi ng infectious diseases . 
Proper disposal of solid wastes will be nee1ed to protect the publi c 
health and to prevent further pollution of land and water r esources. 

Projected growth in the ~nufacturing , mi ning and thernal power 
production sectors emphasize the need to prevent further air pollution 
fro~ these sources. The expected use o£ nuclear fuels will make 
necessary the provision of adequate safeguards against hazards of 
radiological pollution. 
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LAND REQUIREMENTS 

The economic projections formed a common base for determination of 
gross demands in terms of goods and services. The land requirements 
were based upon the translation of the water and related land resources 
to satisfy short and long-term needs within the Region. In the deter
mination of land requirements, assumptions were made t hat (l) to the 
extent practicable, land use will be based on sustained or increased 
production wit hout deterioration of the land and water resources and 
(2) the maximum application of the principle of multiple use will be 
employed. 

Table D-9 compares land suitability a nd availability with pro
jected requirements of land for all principal uses. It should be noted 
that, while t here are sufficient suitable lands for each individual 
land use, there will need to be widespread adoption of the multiple-use 
principal in order that the require ments f or all uses may be fulfilled. 

Table D-9 - Compa rison of Land Suitability and Availability 
wi th Projected Land Requirements 

Unit: 1,000 Acres 
Lower 
Main Little Total 
Stem Colorado Gila Region 

Cultivation - irrigated 
Suitable 13,298 7,202 19,260 39,760 
Suitable & Available (1965) 2,749 4,812 9 ,059 16,620 
Use in 1965 324 40 1,421 1,785 
1980 Requirement 379 44 1, 440 1,863 
2000 Requirement 382 44 1,456 1, 882 
2020 Requirement 403 43 1,387 1,833 

Cultivation - nonirrigation 
Suitable 181 707 743 1,631 
Suitable & Available (1965) 39 67 82 188 
Use in 1965 8 23 31 
1980 Requirement 7 21 28 
2000 Requirement 6 17 23 
2020 Requirement 6 13 19 

Livestock Grazing 
Suitable 35,645 16,654 32,733 85 ,032 
Suitable & Available (1965) 27,970 16,604 31,480 76,054 
Use in 1965 27,970 16,604 31,480 76,054 
1980 Requirement 26,769 16,429 30,541 73,739 
2000 Requirement 24,017 16,263 29,622 69,902 
2020 Requirement 20,608 16,057 29,142 65,807 
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Table D-9 - Comparison of Land Suitability and Availability (Continued) 
with Projected Land Requirements 

Unit: 1,000 Acres 
Lower 
Main Little Total 
Stem Colorado Gila Region 

Timber Production 
Suitable 1,063 1,510 3,600 6,173 
Suitable & Available (1965) 873 1,419 3, 166 5,458 
Use in 1965 873 1,419 3,166 5,458 
1980 Requirement 845 1, 396 3,117 5,355 
2000 Requirement 838 1,333 2,982 5,153 
2020 Requirement 831 1,284 2, 929 5,044 

Urban and Industrial 
Suitable N/A 1/ N/A N/A N/A 
Suitable & Avai lable ( 1965) N/A - N/A N/A N/A 
Use in 1965 129 19 365 513 
1980 Requirement 286 78 499 863 
2000 Requirement 460 98 672 1,230 
2020 Requirement 530 135 899 1,564 

Outdoor Recreation 
Suitable N/A N/A N/A N/A 
Suitable & Available (1965 ) N/A N/ A N/A N/A 
Use in 1965 2/ 4,247 203 1,092 5,542 
1980 Requirement 4,570 206 1,112 5,888 
2000 Requirement 4,609 246 1,157 6,012 
2020 Requirement 4,660 262 1,224 6,146 

Wilderness (Classified) 
Suitable 2,000 58 1,400 3,458 
Suitable & Available ( 1965) 2,000 58 1,400 3,458 
Use in 1965 0 0 861 861 
1980 Requirement 0 58 1,400 1,458 
2000 Requirement 1,700 58 1, 400 3,158 
2020 Requirement 2,000 58 1,400 3,458 

Military & Related Uses 
Suitable N/A N/A N/A N/A 
Suitable & Available (1965) N/ A N/A N/A N/A 
Use in 1965 3,652 21 453 4,126 
1980 Requirement N/A N/ A N/ A N/A 
2000 Requirement N/A N/A N/A N/A 
2020 Requirement N/ A N/A N/ A N/A 
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Table D-9 - Comparis on of Land Suitability a nd Availability (Continued) 
with Projected Land Requirements 

Unit: 1,000 Acres 
Lower 
Main Little Total 
Stem Colorado Gila Region 

Mineral Production 
Suitahl e N/ A N/A N/A N/A 
Suitable & Available (1965 ) N/A N/A N/A N/A 
Use in 1965 5 7 63 75 
1980 Requirement 9 28 78 115 
2000 Requirement 10 41 105 156 
2020 Requirement ll 84 128 223 

Fish & Wildlife (Pri mar y -purpose) 3/ 
Suitable 30,615 14,600 31,210 76,425 
Suitable & Available (1965 ) 1, 823 16 19 1, 8)8 
Use in 1965 1, 823 16 19 1, 858 
1980 Requirement 3, 326 47 173 3,546 
2000 Requirement 5, 330 226 1,619 7,175 
2020 Requirement 12, 680 476 1, 864 15,020 

Transportat ion and Utilities 
Suitable N/ A N/A N/A N/A 
Suitable & Availabie (1965) N/ A N/A N/A N/ A 
Use in 1965 221 63 376 660 
1980 Requirement 266 103 489 858 
2000 Require ment 318 130 582 1,030 
2020 Requirement 357 136 652 1,145 

Flood Control ~/ 
Suitable N/A N/A N/A N/A 
Suitable & Available ( 1965 ) N/A N/A N/A N/A 
Use in 1965 3 74 77 
1980 Requirement 36 l2 181 229 
2000 Requirement 54 17 218 289 
2020 Requirement 61 20 255 336 

1/ N/A signifies not applicable. 
2/ Designated outdoor recreation areas - 1965. 
] / Primary-purpose: lands administered primarily f or fis h and wildlife , 

but not precluding other activities which are compatible with fis h 
and wildlife management. 

~/ Area required for structures, impoundment s , flowage casements, and 
other necessary rights-of-way. 
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MINERAL REQUIREMENTS 

Table D-10 summarizes the value o f mineral production in base year 
1965, plus projected requirements for 1980, 2000, and 2020. 

Copper is expected to re main dominant in the Region's mineral indus
try continuing to comprise 60 to 65 percent of the total domestic copper 
production. The production growth t rend is expected to remain at about 
the same rate as occurred fro~ 1948 to 1966. The output of the byprod
ucts of molybdenum, silver, and gold will parallel the copper output. 

The increase re~uirements fo~ sand and gravel would be related to 
the population growth and its subsequent needs for construction materials. 

An upturn in uranium production is expected to occur within the 
economic boundaries of the Region. However, the majority of this 
expected production would be outside the hydrologic boundaries of the 
Region. 

Table D~lO-Estimated value of mineral production to Subregions for the 
Modified OBE-ERS level of development, 1965, 1980, 2000, 

and 2020, Lower Colorado Hydrologic Region 

Va lue of mineral production 
(thousand 1958 dollars) 

Subresi on 1965 1980 2000 2020 

Lower Main Stem 4 3, 412 141,000 171,600 197,800 

Little Colorado 10, 894 131, 800 162,100 154,000 

Gila 456,298 74 3, 500 1 1 120,300 1,582,600 

Lower Colorado 
Hydrologic Reg ion 510,604 1,016,300 1,454,000 1,934,400 
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LAND TREATMENT AND MANAGEMENT 

An effective land treat~ent and watershed management program will 
be required to prevent loss of productive capacity of regional lands 
due to erosion and infertile overwash to improve quantity a nd quality 
of water supplies and to reduce peak runoff. Such a program will need 
to consider ways of using a larger percentage of precipitation, 
i mproving fish and wildlife habitat, increasing forage production, 
providing recreat ional opportunities and providing protection from f ire, 
overgrazing and other factors which would tend to disturb the ecological 
balance. 

An appraisal of future land treatment and manage ment requirements 
was made assuming that all land use will be based on sustained or 
increased production without deterioration of the land and water 
resources. In determining growth factors, consideration was given to 
such basic elements as population growth and distribut ion, expansion 
of employment opportunities, increased income, and agricultural and 
other land resource production trends. 

To estimate future average annual da:nages resulting from upstream 
watershed problems, projection factors were developed for each of t he 
categories of damage. These factors were applied to the estimated 
damages under present protection levels and conditions of economic 
deve l opment to obtain an estimate of future damage levels. Upstream 
floodwater and sediment damages are summarized in the following 
section on flood control. 

The growth factors for items of damage related to agriculture were 
based on projections of total realized gross farm income. For items 
of damage other than agricultural, growth factors developed from popu
lation, income, and productivity projections were used to estimate future 
damage on the basis that these would reflect the increase in production 
and consumption of goods and services, changes in levels of capital 
development, and changes in land use. 

In 1965, there were about 60 million acres within the Region in need 
of land treatment for erosion control and sediment yield reduction. The 
average annual damage based on the 1965 level of development on this 
acreage from this source is estimated to be $6.7 million . Assuming no 
additional erosion control measures were installed, the average annual 
damage would increase to $24 . 1 million by 2020. See Table D-11. 
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Table D-ll 
1965 and Projected Average Annual Erosion Da~ge 
(with t he 1965 Erosion Control Program in Effect) 

Lower Colorado Region 

Unit: $1,000,000 
Subregion 1965 1980 2000 2020 

Lower Main Stem 1.5 2.9 4.9 7.0 
Little Colorado 1.2 1.5 2.1 2.8 
Gila 4.0 6.2 9·6 14.3 

Region 6.7 10.6 16.6 24.1 

The protection of the fo rest a nd rangelands from damage by wildfire 
had kept pace with increasing values of the Region's water and related 
land resources to 1965 . Due to the expanding urban, industrial, and 
public use development proJected for this area, problems in fire pro
tection are expected to increase. Average annual damage and suppression 
and rehabilitation costs of wildfires in the Region were about $5.7 
million in 1965; this figure is expected to increase to $20 million by 
2020. See Table D-12. 

Table D-12 
1965 and Projected Average Annual Wildfire Damage and Costs 

(with the 1965 Fire Prevention Program in Effect) 
Lower Colorado Region 

Unit: $1,000,000 
Subregion 1965 1980 2000 2020 

Lower Main Stem 1.3 1.6 2.2 2.7 
Little Colorado 0.6 0.8 l.l 1.4 
Gila 3.8 6.0 9.6 15.9 

Region 5-7 8.4 12.9 20.0 

Projected requirements indicate a need to i~rease runoff from 
upstream watersheds to the maxi~m extent consistent with soil stability, 
economic feasibility, and wildlife and recreation considerations. 

In many rangeland areas inadequate supplies and poor distribution 
of stockwater are ma ,i or problems. 
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FLOOD CONTROL 

A major part of the Region's presently developed urban area and 
productive cropland is on lands subject to periodic flooding. Most 
land having topography suitable for general development within the 
Region is subject to flooding whether near a defined stream or not. 
It is expected that most future developme~t , whether urban or a gri
cultural, will need some degree of flood protection. 

Some of the areas presently developed are now protected to some 
degree by flood control measures, however, most areas remain unprotected. 
In 1965, there were approximately 164 ,000 acres of urban land and over 
one million acres of cropland subject to flooding within the Region. 
In addition, about 4.3 million acres of forest and range land are subject 
to flood damage. 

Flood damages are classified as either downstream or upstream. In 
general, downstream flood damages are those occurring on the main stems 
and major tributaries, and upstream flood damages are those experienced 
on the smaller tributaries (having drainage areas of less than 250,000 
acres). 

Based on the 1965 level of flood plain development and protection, 
estimated average annual flood damage within the Region is estimated to 
be about $40.8 million. Of this amount approximately $21.3 million is 
agricultural damage and $19.5 million is nonagricultural damage. Of 
the total damage 30 percent is in downstream areas and 70 percent is in 
upstream areas. Probable future damages were determined by pro jecting 
current flood damages by the use of growth factors from data developed 
in the Economics Appendix. With protection at the 1965 level, the 
expansion of the economy and projected growth in the area subject to 
flooding would increase total flood damage to $310 million by 2020 as 
shown in Table D-13 and graphically illustrated in Figure D-4. 
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Table D-13 
1965 and Projected Average Annual Flood Damage 1/ 
(with the 1965 Flood Control Program in Effect )-

Unit: $1, 000 
Subregion 19/55 1980 2000 2020 

Lower Main Stem 10,120 20,530 42,980 77 , 000 
Downstream (4,990) (8,570) (16 , 590 ) (28,300) 
Upstream (5, 130) (11,960) (26,390 ) (48 ,700) 

Little Colorado 2,430 4' 360 8 , 300 17,100 
Downstream (100) (220) (570) (1,530) 
Upstream (2,330) ( 4' 140) (7, 730 ) (15,570) 

Gila 28 ,200 47,960 100,370 215, 900 
Downstream (6,760 ) ( 11,230) (24,210) (52,460) 
Upstream (21, 440 ) (36 ' '(30) (76 ,160 ) (163,440) 

Total Region 40,750 72,850 151,650 310,000 
Downstream (11, 850) (20, 020 ) (41,370) (82 ,290 ) 
Upstream (28, 900 ) (52,830) (110,280 ) (227,710) 

!;_/ Refe r to the Flood Control Appendix for •nore detailed i nformation 
on the total flood damage problem and the Wate rshed Management 
Appendix for the upstream portion of this problem. 
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FIGURE D-4 
PROJECTED ANNUAL FLOOD DAMAGES 

WITHOUT ADDITIONAL FLOOD CONTROL MEASURES 
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I RRIGATION AND DRAII'JAGE 

The Lower Colorado Regi on has over 36 ·nillion acres sui table fo r 
irrigated a griculture of which only about 5 percent is pro ,j ected t o 
be utilized for crop pr oduction . The paucity and hi gh cos t o f water 
in this semiarid region , where irri gat i on is a necess ity for c r op 
production , is expected to limit future a gricultural development . 

Irrigated agriculture i s an i ntegr al part of t he R= gi on 's econo~ 
upon which 'llany other econo ·nic sectors depend either directly or benefit 
indirectly. Agriculture also provides limited employment opportunit ies 
to a segment of the Region's unskilled population . Part - ti me e nploy ment 
is also available to students during summer nonths. The Region is an 
i mportant supplier of many of the Nat ion's a gricultural products such 
as citrus f rui t, winter vegetables} and long-staple cotton. 

Projections indicate that about 204}000 acres of land presently 
developed for irrigation will be converted to urban development by 
the year 2020. Expected new land development fo r irrigat i on during 
the study period would include: lands i n 14 Indian Reservations, small 
acreages in Nevada and Utah, and land in outlying ground - water basins 
principally i n Arizona and New Mexico. 

Although drainage is not considered a major problem in the Lower 
Colorado Region, local problems do continue to ~terialize in connection 
with irrigation. These proble ms are usually caused by one or more of 
several factors and often are slow in development. 

With future i mportat ion to the Gila Subreg ion , agricultural 
drainage will increase substantially. Drainage systems will be required 
to collect this water. It is a nticipated that about 69,000 acre-feet 
will be collected by 1990 and collection will approach 309 ,000 by the 
year 2020 . 

Drainage water collection will not only pr otec t agricultural lands 
but also will provide water for reuse. 

Table D-14 summarizes t he anticipated land use and irrigation agri 
culture and Table D-15 summarizes water requi r ements and developnent 
needs. 
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Table D-14 
Lower Colorado Region 

Summary of Farm Irrigation Development 

Unit: l 000 Acres 

Year 
Subre~ion {Hldrolo~ic) l9b5 1980 2000 2020 

Irrigated ]:_/ 
. Region 1,285 1, 458 1,549 l, 582 

Lower Main Stem 263 329 343 372 
Little Colorado 28 34 36 36 
Gila 994 1,094 1,170 1,174 

Double Cropped ~/ 
Region 125 142 151 154 
Lower Main Stem 26 33 34 37 
Little Colorado 0 0 0 0 
Gila 99 109 117 117 

Plantedz Not Harvested 
Region 73 18 16 15 
Lower Main Stem 15 2 2 2 
Little Colorado 2 ll 9 6 
Gila 56 5 5 7 

Idle or Fallow Jl 
Region 374 292 225 160 
Lower Main Stem 41 32 25 18 
Little Colorado 6 5 3 3 
Gila 327 255 197 139 

Roads, Farmsteadsz Canals ~ 
Region 8o 87 92 95 
Lower Main Stem 14 20 20 22 
Little Colorado 2 l 2 2 
Gila 64 66 70 71 

Total De~eloped Area in 
Farms d./ 

Region 1,614 1,695 1,715 1 , 684 
Lower Main Stem 292 349 354 376 
Little Colorado 36 40 41 40 
Gila 1,286 l,3o6 l, 320 1,268 
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Table D-14 (Continued) 
Summary of Farm Irrigation Development 

Unit: 
Year 

Subresion {HYdrolosic 1965 1980 2000 

Harvested Acres ~/ 
Region 1,212 1,440 1, 533 
Lower Main Stem 248 328 341 
Little Colorado 26 23 27 
Gila Subregi on 938 1,089 1,165 

Irrigated acres including double cropping. 

Page 2 of 2 

1 000 Acres 

2020 

1,568 
371 
29 

1,168 

Ten percent of total harvested exclusive of Little Colorado Subregion. 
Includes idle land in skip-row cotton production, plus a decrease 
of 1 percent per year from the 1965 base acreage of idle and fallow. 
Approximately 6 percent of total developed irrigated land. 
Summation of net irri~ated cropland, farmsteads, farm roads and farm 
canals, and idle or fallow. 
Irrigated acres less planted, not harvested. 
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Table D-15 
Irrigation and Draina ge Water Re quirement s and Developrnent Needs 

Water Requirements (1,000 A.F . 

\.Jater Re9.uire me nt s 
Deple t i ons 

Lower Main Ste rn 
Li t tle Colorado 
Gila 

Withdrawa ls 
Lower Main Stem 
Little Colorado 
Gila 

Development 

Drainage Needs ~/ 
Lower Main Ste m 
Little Colorado 
Gila 

Rehabilitation of Existing 
Irrigat ion Dist . System~/ 

Acreage Served 
Lower Main Stem 
Little Colorado 
Gila 

Develop~ent of New Irrigat ion 
Distribution Systems ]/ 

Lower Main Stem 
Litt le Colorado ~/ 
Gila 

Irrigation Water Manage .nent 2./ 
Lower Main Ste m 
Little Colorado 
Gila 

1/ Group drainage needs. 

4 , 529 
1, 011 

59 
3, 459 

8 ,302 
2 , 446 

136 
5,720 

1965 
Needs 

210 

2 

262 
100 

2 
160 

5, 272 
1, 308 

72 
3, 892 

8 , 61~4 
2,586 

141 
5, 917 

1))66-
1980 

(1, 000 Acres ) 

l 

429 
103 

6 
320 

347 
127 

7 
213 

128 
10 

4 35 

2000 

5,223 
1,276 

72 
3, 875 

8 , 33t'l 
2,276 

129 
5,933 

1981-
2000 

18 
1 

13 

596 
17 

3 
576 

207 
13 

581 

2020 

5 ,292 
1, 367 

72 
3, 85 3 

8 ,260 
2 , 251 

120 
5 , 889 

2001-
2020 

1 32 
34 
1 

97 

208 
1 3 

561 

2/ Requirement to deliver water to farm. 
lJ Includes replacement for irrigated area utilized in urban expansion . 
~/ It is as sumed that about 50 percent of the irrigated area will not 

be included in an organized district. 
2/ Acreage needing rehabilitation and developnent of on-farm irrigation 

facilities for efficient water manage ment. 

XVIII - 162 



~IDNICIPAL AND INDUSTRIAL WATER 

A projected 370 percent increase i n population, sixteen-fold 
increase in the value of manufacturing output, fifteen-fold increase 
in t he economic activ i ty i n the trade and services sectors, and rising 
•..rat er-use rates by t he Region's Indian and other r nral residents are 
the major reasons for t he tremendous growt h of municipal and industrial 
water require ments s hown on Table D-16 . When compared to 1965 require
ments , the 2020 depletions and wit hdrawals will require increases of 
0.9 million and 2.3 million acre-feet per year, respectively. 

As s ho·,.rn by Table D- 17, the increase in livestock water req1..1.ire
ment will be greater than 0.02 million acre-feet by 2020. The 
projected increase in range livestoc k is slight. Feeder livestock, on 
the othe r hand, are pro j ected to increase significantly over the study 
period. 
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TABLE D-16 
MUNICIPAL AND INDUSTRIAL WATER SUPPLY REQUIREMENTS ~~ 

FOR THE MODIFIED OBE-ERS PROJECTIONS 

19b2 1980 2000 2020 
State[Subre€;iOn Withdrawal DeJ2letion Withdrawal DeJ2letion vJi thdrawal DeJ2letion Withdrawal DeJ2letion 

Arizona 30,800 12,100 39,100 14,700 50' 900 18,800 73,000 29,700 
Nevada 76,100 30,000 272,300 102,300 618,400 228,600 861,700 350,800 
Utah 4 2400 12800 6 2 ~00 22400 82 100 ~ 2 000 112 100 4z500 

Lower Main Stem 111,300 43,900 317,700 119,400 677,400 250,400 945,800 385,000 

Arizona 13,700 5,200 26,600 10,500 44' 500 17,000 67,000 25,500 
:>< New'Mexico ~ 2 600 1 2400 72 700 32000 16 2 300 6z;100 35z400 l3z400 
<: Little Colorado 17,300 6,6oo 34,300 13,500 6o,80o 23,300 102,400 38,900 H 
H 
H 
I Arizona 302,900 129,700 481,800 197,600 925,000 367,700 1,677,900 680,400 t-' 
()'\ New Mexico lz8oO Boo 3z300 lz400 7,300 2z 900 12,700 5,100 + 

Gila 304,700 130,500 485' 100 199,000 932,300 370,600 1,690,600 685,500 

Arizona 34 7,400 147,000 547,500 222,800 1,020,400 403,500 1,817,900 735,600 
Nevada 76,100 30,000 272,300 102,300 618,400 228,600 861,700 350,800 
New Mexico 5,400 2,200 11,000 4,400 23,600 9 ,200 48,100 18,500 
Utah 4 2400 lz800 6 2 ~00 2 2400 8zl00 22000 llzlOO 4z 500 

Region Total 433,300 181,000 837,100 331,900 1, 670' 500 64-,300 2,738,8oo 1,109 ,400 

y Does not include livestock water use. Water requirements are based on hydrologic subregions boundaries and expressed in 
acre-feet per year. 



State/Subregion 

Ariz,ona 
Nevada 
Ur;ah 

Lo,,.;er liia:i.n Stem 

Arizona 
Ne"l·i l\!exico 

Little ColoraJ.o 

Ax·izona 
Ne"I·T Hexico 

Gila 

Arizona 
Nevada 
Ne .... r Mexico 
Utah 

Regional Tot<1l 

':L'ABLE D-17 
Lrv'J~STOCI\ v;;\'I'ER RE,~UIJJEl·cC:HTS l_/ 

?O.LZ TEE IviODIFIED OBE<~<.S i'IWJEC'l'I OIJS 

1:;6) 1jCO 2000 

3, 1~00 4, L~oc ) , 500 
jOO ~~co ;::_{ '·('\ 

/"V 

600 700 ';;00 
1+ ) 300 5, 500 ~ :::; ) ')0 

1,700 1, 700 1 , 800 
)00 )CO 6co 

2, 200 2 , 200 ~ 
"- J · ··UV 

9 , 500 16 ) )00 ~~o , Doo 
900 1, 600 2zl 00 

10 , L~oo 10, 100 22 , 900 

1L~, Goo 22 , 600 28 , 100 
300 400 500 

1, 400 2 ,100 2 , '('00 
Goo 700 C)OO 

16 , 900 25 , 800 32 , 200 

2020 

() )COG 
Goo 

1, 8oc 
Soc 

2, 1;00 

26 ,100 
2, 6co 

2P, '!()'0 
\.J ) l 

31~ ) 700 
Goo 

3, 200 
1,100 

39 , 600 

~/ I ncludes onl y consumption by a nimal s . Evaporation from stock 
1-.ratering ponds is inc l uded in the r eservoir evaporation totals 
shovn in the Hater Re s ow~ces Ap:pendj.x . Ass u:ne s -vri thdraval = 
depletion. Hater r equirements are based on :tydrologic sub:;._·egi ons 
and expressed in acre - f eet per year . 
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RECREATI ON 

Outdoor recreation demand estimates were based on analysis of 
twenty recreation act i v it i es with cons i derat i on given to such factors 
as increasing leisure time, gr eater mobility , more disposable income 
and other social aspects whic h affect total anticipated outdoor recre 
ation participation . 

The total de'Il8.nd f or outdoor recreation i s pr o ,]ected to increase 
over six - fo l d between 1965 and 2020 . The greate s t recreation pressures 
are expected to be exerted on res ou rces in t he Gila Subregion because 
of the present a nd pro j ected popul ation. 

About 70 percent of the total recreation demand is urban oriented 
which :neans t hat this de :nand should be supplied withi n an hour travel 
ti ,ne of the origin point of t he recreation participant . Total r ecre
ation demand i s summarized by t he ti'l'le fra ,ne for each subregion i n 
Table D- 18 . Figure D- 5 graphically illustrat es regional reql) ire me nt s . 

Of the total pro j ected r ecreat ion demand about 45 percent i s "\-later 
Based." Table D- 19 shows the water -associated recreati on de11and by time 
frame for eac h subregi on . 

Table D- 18 
1965 and Pr o j ected Tot al Annual Recreation De mand 

Lmrer Colorado Re gi on 

Unit : Mill i on Rec r eation 
Subregi on 19ti5 1980 2000 2020 

Lowe r Main Ste :n 41. 6 92.4 l 9 J.6 jlj . l 
Little Colorado 19.4 35 -9 63 .2 101.1 
Gila 77 .2 139 - 3 28j . O 50J.4 

Re gion 138 .2 267.6 539 . 8 917 .6 

Table D- 19 
1965 and Projected Annual Wate r Based Recreati on De mand 

Lower Col orado Region 

Uni t : Million Rec reat i on 
Subr egi on 19iS5 1980 2000 2020 

Lower Ma i n St em 10.9 25 . 0 52 . 8 85 . 5 
Litt l e Col orado 5 .1 9.6 17.0 
Gila 22.0 38 . 9 78.3 1 39 . 0 ---

Re gi on 38 . 0 73.5 148 .2 252 . 0 
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Table D-20 shows the total recreat i on needs by ti rne fra rne for 
each subregion while Table D- 21 shows total water - based recreation 
needs. Recreation need is that part of pro j ected recreation demand 
whic h the 1965 resource supply would not satisfy. 

Table D- 20 
Projected Total Annual Recreati on Needs 

Lower Colorado Region 

Unit : Million Recreation Days 

Subregion l 980 2000 2020 

~-· < ~·-·---------------------------------

Lower Main Stem 
Little Color ado 
Gila 

Region 

Table D- 21 

43.1 
22 .7 
77.7 

143.5 

124.1 
43.3 

196.7 

364.1 

Projected Total Annual Water -ba sed Recreation Needs 
Lower Col orado Region 

217 . 8 
72 .2 

380.7 

670 .7 

Unit: Million Recreation 
Subregion 1980 2000 2020 

Lower Main Stem 13 .6 37.2 65 .4 
Little Colorado 7.2 13.7 22 . 9 
Gila 21.9 54.7 104 . 8 

Region 42.7 105.6 203.1 
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FIGURE D-5 
PROJECTED RECREATION DEMAND 
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FISH AND WILDLIFE 

The demand for sport fishing and hunting will grow with increasing 
human population, leisure ti~e, mobility , and affluence. De mand varies 
directly with human population, and good quality fishing and hunting 
opportunities vary inversely with the population. The bulk of the 
present and projected demand originates from the population centers of 
Phoenix, Tucson, Las Vegas, Gallup, and Yuma. Areas of high use include 
the Colorado River south of Davis Dam, the Mogollon Rim area from 
Flagstaff east into New Mexico, and the Gila and San Francisco River 
areas in New Mexico. 

The projected fish and hunting de~nd for 1980, 2000, and 2020 was 
determined by adjusting upward the 1965 per capita rate, taking into 
account the population 's increasing leisure time, greater mobility, 
increasing life expectancy, and earlier retire~ents. The projected 
demand for 1980, 2000, and 2020 is dependent upon population densities, 
changes in urban-rural populations, and changes in availability of 
opportunity. The projected demand for sport fishing is presented in 
Table D-22 and the projected demand for sport hunting is presented in 
Table D-23. Figure D- 6 illustrates the projected re gional requirements. 

Bird and ani~l watching, photography, and related activities are 
becoming a more important segment of wildlife-oriented recreation. It 
is possible that by the year 2020, the number of man-days expended on 
these activities will approach the rate of hunting. 

There are 11 s pecies of fish and wildlife within the Region that 
are classified as "endangered." Endangered species are those so few in 
numbers or so t hreatened by pre sent circumstances as to be in danger of 
extinction. There are 4 species classified as "rare," 23 peripheral 
species, and 13 species whose status is undetermined. The preservation 
of habitat for these species is a critical need. 

For detailed information on fish a nd wildlife see the Fish and 
Wildlife Appendix. 
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FIGURE D-6 
PROJECTED SPORT FISHING AND HUNTING DEMANDS 
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Table D-22 
Sport Fishing: 1965 and Projected De mand 

Lower Colorado Region 

Subregion 1965 
Demand ~Million Man-Days) 
1966-19 0 1981-2000 2001-2020 

Lower Main Stem 

Cold Water 0 .4 0.8 1.6 2.8 
Warm Hat er 1.8 3 .5 6 .2 9·3 

Subtotal 2.2 4.3 7.8 12.1 

Little Colorado 

Cold Water 0.2 0.5 0.6 1.0 
Warm Water 0. 1 0.2 0.2 0.2 

Subtotal 0.3 0.7 0.8 1.2 

Gila 

Cold Wa ter 0.6 1. 8 2.0 4.0 
Warm Water 1.1 2.9 4.5 8 .6 

Subtotal 1.7 4.7 6.5 12.6 

Region 

Cold Water 1.2 3 .1 4.2 7.8 
Warm Water 3.0 6 .6 10.9 18. 1 

Total 4.2 9·7 15.1 25.9 
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Table D-23 
Sport Hunting: 1965 and Pro jected Demnd 

Lower Colorado Region 

1965 
Demand (1 ,000 Man-Days ) 

Subregi on 1966-1980 1981- 2000 2001-2020 

Big Game 

Lower Main Ste m 130 316 592 777 
Little Colorado 76 112 147 196 
Gila 316 4o4 687 1, 056 

Tota l 522 832 1,426 2 , 029 

Upland Game 

Lower Main Stem 113 274 515 675 
Little Colorado 62 91 119 158 
Gila 574 780 1,245 1,914 

Total 749 1,145 1, 879 2,747 

Waterfowl 

Lower Main Ste m 24 57 107 141 
Little Colorado 7 ll 15 20 
Gila 42 58 93 143 

Total 73 126 215 304 
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ELECTRIC POWER REQUIREMENTS 

The electric power requirements in the Region increased rapidly 
during the period 1955 through 1965. The average annual gr o;..rth rate 
was 9.5 percent which i s about 1.5 ti11es the nat i onal growth rate of 
6.6 percent for this period. 

Power requirements are predicted to average an 8 .2 percent annual 
increase for the 15 - year period of 1965 -1980 , 7.6 percent for 1980- 2000, 
and 5 . 7 percent for 2000-2020 . 

Estimates o:f :future power requirements were based on analyses o:f 
classified sales data and population data as published in the most 
recent National Power Survey. Apparent trends were extended into the 
future, modified, and adjusted to take account of infor~tion on 
economic development expected in the Region. The r~sulting esti11ates 
were compared with similar estimates supplied by the power systems of 
the Region, and further adjust11ents 11ade . No attempt was made to fore 
cast cyclical variations in the demand for electric power even though 
these occurred in the past and will no doubt recur in the future. 

Projected electric utility require ments are shown on Table D-24. 

Table D-24 
Projected Electric Utility Requirements 

Peak Load 
Energy Demand Factor 

1980 
2000 
2020 

(gwh) 

4 3, 350 
186,110 
564,540 

( mw) (%) 

8 , 331 59 .4 
35,767 59 .4 

108 494 59.4 

Regional 1965 and projected power generating capacities and related 
cooling water requirements are shown in Table D-25. 

Table D-25 
Generating Capacities and Wate r Requirements }:./ 

1965 1980 2000 2020 

Generating Capacities ( mw) 4,300 5,400 31,800 118,600 
Water Requirements 

(1,000 A.F.) 10 60 200 750 

}:./ Depletions =withdrawals. 
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CHAPTER E - MEANS OF SATI SFYI NG REQUIREMENTS 

WATER SUPPLY 

The water supply problems of the Region are extre :ne l y complex i n 
nature and extens i ve in scope. Though s o ~ne l ocalized proble ms may be 
solved through developments of s omewhat li:nited scope, the reg ional 
water problems must be approached wi th the broade s t i nte rpretat i on of 
multipurpose concepts. The objec tives of the reg ional progra~ are 
first, to a chieve t he most effic ient use of existing reg ional water 
supplies ; second, to ascertain the additional quant ities of water 
needed in future t i tne frame s; and finally , to de ter :ni ne the potential 
means by which these needs may be supplied. 

All mea ns employed i n the fra :nework pr ogra m fo r the sat is faction 
of water require ments, as well as the other requi re ments, ~ust co~ply 

with the National Environmental Policy Act o f 1969 , P. L. 91-190 
( 83 Stat . 852 ). 

The primary objective during the time period 1965 to 1980 is to 
forestall the i mpending water crisis through construction of those 
pro j ects already authorized. The next ob j ective must be an i nte nsive 
study of all alter native neans of augme nting t he Reg i on 's existing 
water supply with i nc rements sufficient to mee t the i ncreasing de na nd 
and to reduce or eli :ninate the present ground-water overdraft. An 
i mplemented, unde rway program is urgently needed now to meet the 1980 
water requirements and i s , i n fact, a t least 10 years behind schedule. 

There are several potential means whi ch must be considered to 
either increase the Region's freshwater supply or to de crea se sub
regional deficits. These means include t ransfers of wate r from areas 
of surplus within the Lower Colorado Region, i mportat ion of wate r fr om 
areas of surplus outside the Region (Alaska or Pacific Northwe st), 
desalting sea vate r (Pac ific Southwest ), desalting brackish water (a reas 
where ground water is plentiful but brackish), precipitation manage ment 
(cloud seeding), water conservat ion (eli mination of wa ste ), water salvage 
(reuse after treatment ), and i ncreasing watershed yield thr ough land 
treatment (treatment of land to control r unoff r ates ). Anot he r 
potential water source wort hy of consideration and further study is the 
geo-ther~l fie lds underlying parts of the Regi on . Among these mea ns, 
only the desalting of sea wate r and import a t ions of wat er f rom a reas 
or surplus outside the Pacific Southwes t Area appear to have significant 
potential for supplying the large quant i t ies of water needed. Legislative 
constraints i ,nposed on the Secretary of the Interior preclude consid 
erati on of the latter s ource fo r t his comprehensive plan. A combination 
of t he several approaches could reduce i mportat ion require ments, and 
these potential means should also be cons idered. 
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Conservation storage in reservoirs presently constructed or author
ized for construction will provide control to the extent tha t little 
or no water will leave the Region. So~e additional storage is needed to 
provide a regulated water supply for areas upstrea rn fro~ the San Carlos 
Reservoir in the Gila Subregion. Since all Gila River water is presently 
overappropriated and utilized, additional water ~ust be i ~ported to the 
downstream area. In the Little Colorado Subregion, upstream storage 
could provide sane regulation and make additional water available for 
local uses. Thi s potential is limited, however, by the lack of 
reservoir sites, poor water quality, and li mited water supplies in t he 
areas of need. 

There is evidence indicat i ng the presence of untapped ground water 
in storage in the mountain regions of north central Arizona. This could 
provide a source for a transbasin diversion to the Gila Subregion. 
Future study is needed to evaluate this potential source. 

Ot her possible outlying (remote from area of need) ground -water 
basins should be evaluated as to their potential as a s ource of water for 
diversion to areas of deficiency. Though limited, these ground-water 
potentials could provide a te :nporary means of alleviating some of the 
gr ound - water overdraft until other means of augmentation become avail
able. 

Nearly all return flows in the Region are presently reused either 
d i rectly or by rec harge to ground water. Treated sewage water is used 
for industrial c ooling and as irrigation water. Irrigation return flows 
make up part of downstream supplies that are eventually reapplied to 
crops . More extensive reuse of municipal, and industrial effluents, 
after s ome form of tertiary treatment, will provide increasing amounts 
of water where practiced, thus reducing the total regi onal withdrawal 
requi r ement. Further work is needed to establish safe standards for, 
and suitable uses of, treated waste waters and to determine what con
veyance and distribution systems will be required to deliver the 
reclaimed wate r . 
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WATER QUALITY, POLLUTION CONTROL, AND HEALTH FACTORS 

The ma i ntenance of desired levels of water quality will require 
control of the amount of pollutants reaching the waters of t he Region. 
Pollution control measures will be required i n the Upper Colorado 
Region to reduce the amount of dissolved salts carried into the Lower 
Colorado Region. (See Water Quality, Pollution Control, and Heal th 
Factors Appendix, Upper Colorado Region.) Regional salinity controls 
to be required will involve the suppression of salt discharges fro m 
saline springs a nd water :nanage ·nent i mpr ovements aimed at minimizing 
the degradation of quality . Augmentation of surface sources will 
dilute salt loads and i mprove water quality . 

Salinity control measures s hould be i ncorporated i nt o a basinwide 
water quality manage ment sche me. Additional research and demonstration 
projects are necessary t o establish t he feasibility o f various proposals 
fo r i mprove ~ent. In so me areas the desalinat ion of surface a nd ground 
waters will be necessary to meet future needs. 

I mpr ove ments i n '"aste water treatment will reduce water pollution 
caused by the d ischarge of municipal and industrial effluents. Water 
quality standards will be met. Special attention to waste water 
trec.tment, in areas of intensive recreational use, will help to provide 
the hi gh quality water needed for recreational purposes. Advanced 
me thods of waste water treatment will not only further reduce water 
quality proble ms , but will also provide an acceptable quality of 
water for agricultural, industrial, a nd recreational uses. Research 
will provide a better understanding of tertiary treatment methods and 
the suitability of reclaimed water fo r various uses. 

Means presented in the Watershed Management Appendix to reduce 
erosion and sedimentation will also have beneficial effects on water 
quality. Pollution caused by the transport of agricultural chemicals 
by sediments may be reduced by better management of t he use of chemicals. 
Research should be continued toward t he development of effective 
eliminative pesticides or suitable substitutes. 

The development of additional environmental control programs at 
all levels of government and increased support of present programs wi l l 
provide improved protecti on of t he public heal th from air, water, and 
vector-borne diseases. Improve ments in environmental quality could 
be accomplished, in part, through the education of the populace to the 
needs of a properly controlled environment. Enforcement of state ai r 
and water quality standards and compliance, by Federal activities with 
Executive Order 11507, will be essential to the achievement of a better 
environment. 
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Present potable water systems as well as waste wat er treatment 
works must be upgraded for the protection or the public health . 
Provision must be r~de for the adequate and safe disposal of solid and 
liquid wastes f ro m future activities. Reporting and warning systems 
and emergency procedures for handling accidental discharges of 
hazardous materials should be developed. A power-siting committee s hould 
be establish~d to choose locations of future thermal power generat i ng 
plants and t o select designs to mini 11ize potent ial pollution proble :ns 
associated with that f ield. 
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LAND TREATMENT AND MANAGEMENT 

Waters hed manage ment f or water production is concerned with the 
quality , quantity , a nd ti~ing of t he water whic h is produced. 
Acceleration , expansion , and maintenance of the present land treatment 
a nd manage ment program is required to ;neet t he present and pro j ected 
demands for wat er and related land resource uses. The program which 
would i nclude t he analysis, protection, development, operation, and 
maintenance of the land, vegetation, and water resources of the Region 
will be necessary to avoid or mini mize irreversible losses of the 
resources in order to preserve the freedom of choice for future 
resource users. 

An effective program must be designed to provide: protection of 
the res ource base, ~ore eff icient production and water use, improved 
fish and wildlife habitat, enhanced recreation opportuni t ies, i ncreased 
and stabilized patterns of streamflow, reduction of sediment yield, more 
e f ficient urban development, and an overall enhanced living e nviron
ment. It is essential that the land treatment and management progra1n 
harmonize with all water and related resource development programs 
required to satisfy present and pro ,j ected derrE.nds within the Region. 

Cropland 

Measures such as diversions, levees and dikes, channel improvement, 
floodways, and streambank protection should be considered for flood
water and erosion control on cropland. These contemplated measures are 
primarily for protection of the land and i mprove ments and would include 
t hose measures which would not require group i mplementation but could be 
installed by the individual owner or operator. These features would 
be designed to maintain and / or improve the productivity of the land, 
reduce the sedi ment ation and erosion hazards and to help keep soil 
losses with i n allowable limits. Said practices would have a beneficial 
effect on water quality and would f urther the environmental quality 
objectives. Mos t of the water pollutants such as sedi ment, plant 
nutrients, and insecticides which could be carried to t he watercourses 
by floodwaters would be retained on the land. 

Rangeland 

An accelerated conservation land treatment and :nanagement program 
is necessary to satisfy the demands being placed upon rangelands. Areas 
of greatest concern are reduction of sedi me nt yield, i mprove~nt of 
water quality and/or quantity, and protection of t he ability of the land 
to produce. Land treatment measures designed to produce these improve
ments will usually also benefit recreation, livestock forage, wildlife 
habitat, esthetics and other resources, uses, and services. 
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Means for consideration in developing an effective land treatment 
and management program on rangeland consist of (1) structural measures, 
such as grade stabilizat ion, diversions, and terraces; (2) vegetative 
measures such as grass, tree or shrub plants; and (3) the orderly and 
efficient use of wat er, land and other resources and the protection of 
the environment. 

Forest Land 

Watershed protection, management, and treatment programs of forest 
lands are designed, implemented, and maintained to assure improved water 
quality, increase water yield, and improve runoff timing to provide 
optimum values for on-site and downstrea:n uses. 

Water of poor and unsatisfactory quality on the forest land usually 
results from poor watershed conditions. Improved land use practices can 
contribute substantially to improvement of watershed conditions and soil 
stability. In some cases, mechanical measures, including weed control 
and grass seeding, furrowing , trenching, gully plugs, stream channel 
riprapping and other stabilization measures will be required. Improved 
land use practices and appropriate mechanical measures applied to more 
than ll million acres of forest land in the Region would result in 
decreasing the average annual sediment yield by more than 9 million tons. 

More than 2.5 million acres of forest land in the Region can be 
managed to increase the average annual water yield by more than 
800,000 acre-feet during years of average precipitation. This includes 
an estimated 250,000 acres of phreatophytes along the main streams of 
the Region with an estimated potential of about 500,000 acre-feet of 
increase in water yields annually. 

Timber management programs for mixed conifer types provide for 
natural or artificial regeneration to be achieved through clear cutting 
in small blocks or strips. The ponderosa pine type will be managed on 
a "seed tree" or "shelter wood" silvicultural system. Treatment for 
pinyon-juniper, chaparral and riparian types of forest lands would 
be a permanent conversion to grass and forbs, leaving areas o f tree and 
brush cover for wildlife habitat. This proposed treatment for increasing 
water yield if properly planned and carried out will improve the habitat 
for most wildlife, increase domestic livestock forage production and 
stabilize the soils, thereby, reducing erosion and sediment production. 

Urban and Other 

Vegetative cover information, seeding and other methods are avail
able to reduce sediment yield from urban areas. New construction sites 
can be protected by plastic, undisturbed native vegetation, temporary 
vegetation and other means. 

XVIII-179 



Esthetics and quality of runoff water can be improved and pro
tection of the soil resource can be effected by control of soil erosion 
from streets and alleys by seeding and stabilizing of road cuts, 
utility rights-of-way, and other disturbed areas. 
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FLOOD CONTROL 

Satisfaction of regional needs fo r flood control can be accomplished 
by structural and nonstructural measures. Str uctural measures would 
control t he flow of water and would include reservoir storage for flood
water and sediment, levees, and channe l i mprovement . Nonstructural 
measures would prevent f lood damage through contro l of the f l ood plain 
and would include f l ood plain regulation and flood forecasting. 

Flood control projects would be designed to regulate the flow so 
that flood damages are kept to a minimum . Flow regula tion would be 
accomplished by constructing reservoirs with f l ood control storage or 
levee and channe.L improvement wor ks separately or i n combi nation . I n 
a reservoir with flood contr ol storage, f loodwaters would be stored 
and later released at nondamaging r ate s. In levee and channe l i ~prove

ment pro ,jects, suffi c ient channel capacity t o carry peak f lows woul d 
be provided by dredging, clearing , and s traightening t he waterway ; by 
bui lding a channel with smooth surface to improve f low characteristics; 
by constructing levees; by providing bypasses; or by some combination 
of these methods. 

The nonstructural measures of floodway regulation would be ai~ed 
at managing development, whether sub.ject to damage or not, that would 
adversely affect the passage of floodflow. Means available to com
muni t i es to regulate the flood plain, are zoning , subdivision regul at i ons, 
building and health codes, tax concessions and others. 

Flood proof ing methods would include a combi nat ion of structura l 
changes and adjustment s to structures already existing in the flood 
plain, and to new struc tures, where activities depende nt upon a riverine 
location need s ome degree of protect ion. 

Development of a national flood insurance progra~ will enable 
i ntere sted persons to purchase insurance a gainst l osses, and it will 
identify floodprone areas, established flood-risk zones, and develop 
criteria for land management a nd use. 

The flood-forecasting syste ~ should be improved by expansion o f 
data measuring and reporting networks. This expansion would include 
more extensive use of teleretered soil moisture and precipitat ion 
measuring device s in remote areas; the capability fo r satellite measuring 
of surface te mperature fields, snow area and depth, and atmosphere 
tempe rature - moisture profiles; and increased radar coverage. Increa sed 
research is needed to develop be tter hydrologic models. 

Widespread application of land treatment measures through water
shed management will provide means for alleviating local erosion, 
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sediment damages, and flood losses (in some situations preventing or 
reducing floodflows) and will complement the structural measures, 
particularly with respect to sediment problems. Bank erosion would be 
reduced or prevented by impounding floodwaters in reservoirs and by 
levee and channel improvement projects. 
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IRRIGATION AND DRAINAGE 

To satisfy irrigation requirements listed in the preceding chapter, 
it will be necessary to develop some lands not presently irrigated. A 
portion of these· will include lands that are now developed, but idle, 
while the remainder will encompass new lands. 

It was assumed that all existing distribution systems would be 
rehabilitated with concrete lining and/or pipelines by 1980. In addi
tion, new irrigation distribution systems would pe required to deliver 
water to areas that are now served by pumped water and to the areas that 
will be needed for the projected irrigation increase and urban replace
ment. 

Water management measures are means of meeting the needs for control 
and more efficient use of irrigation water and/or reducing the costs of 
irrigation. At the same time these practices maintain or improve the 
productive capacity of the soil and provide opportunity for increased 
yields through better water distribution and timeliness of operations. 
Measures such as land leveling, irrigation ditch lining, and converting 
from open ditches to pipelines should be considered in imple menting 
this program. 

By year 2020, additional drainage facilities will be required to 
collect an estimated 309,000 acre-feet of agricultural drainage water 
for disposal or for treatment and reuse. 
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MUNICIPAL AND INDUSTRIAL WATER 

Augmentation of regional water supplies will be necessary to meet 
future municipal and industrial water requirements. There is presently 
practically no outflow fro m the Region and the existing water supplies 
are reused either following treatment or by recycling through the 
ground-water reservoir. The importation of water into t he Reg ion would 
provide additional opportunity for the direct reuse of return flows 
through water reclamation facilities. Some water could probably be 
transferred from other uses, but this would result in increased 
deficiencies in such use sectors as a griculture, fish and wildlife, 
and recreation. The extent of water transfers would be limited by 
economic, legal, and institutional constraints. 

Table D-26 summarizes regional problems and potential means of 
meeting the pro j ected municipal and industrial needs. 
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~ 
H 
H 
H 
I 
I-' 
CP 
V1 

Proble ~n Area 

Lower Main Stem Subregion 
Clark County, Nevada SMSA 

Yuma, Arizona 

Little Colorado Subregion 
Holbrook-vHnslow, Arizona 
Flagstaff. Arizona 
Gallup, New Mexico 

Gila Subregion 
Maricopa County, Arizona 

SMSA 

Pima County, Arizona 
SMSA 

Table D-26 
Present and Potential M&I Proble~ Areas 
and Probable Means of Sat is fying Needs 

Type of 
Problem 

Quantity & Quality 

Quality 

Quantity & Quality 
Quantity 

Quantity & Quality 

Quant ity & Quality 

Quantity 

Timing of 
Problem 

2000 

1965 

1980 
1980 
1965 

1965 

1965 

Probable Means of Satsi fying Needs 

Develop~ent of Additi onal Supply; 
treatment. 
Central Softening Plant . 

Develop~ent of Additional Supply. 
Development of Additional Supply. 
Development of Additional Supply. 

Establish11ent of Metro . Service ; Direct 
Conversion of Irrigation to M&I; 
Treat:nent; Trans fe r of treated M&I waste 
water for irrigation supply. 

Direct Conversion of irrigation to M&I. 
Transfer of treated M&I waste water for 
irrigation supply. 



RECREATION 

The means for satisfying the recreation needs involve consideration 
of two basic alternatives. These two alternatives are: (l) developing 
a recreation plan that attempts to meet the recreation needs within the 
constraints of the existing legal, institutional, financial and physical 
framework, and (2) meeting the recreation needs by implementing changes 
in the existing legal, institutional and financial framework. 

The first alternative assumes that the historical trend of pro
viding recreation opportunity by government entities and the private 
sector would continue into the future. Analysis of this historical 
trend indicates that only 30 percent of the total recreation develop
ment and acreage acquisition needs would be met by the year 2020. This 
means that 205,000,000 recreation days out of 670,000,000 would be 
satisfied, leaving an unmet need of 465,000,000 recreation days. 

The second alternative entailed an assessment of the various options 
available to goverment and private interests for meeting all recreation 
needs with primary consideration given to those options which could be 
most reasonably proposed. 

Within the concept of the second alternative, most recreation needs 
would be met if the necessary legal, institutional and financial con
straints are removed or modified. 
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FISH AND WILDLIFE 

Most species of fish and wildlife are very sensitive to the methods 
used in the development of the water and related land resources. As 
development within the Region occurs every effort should be made to 
maintain in the present condition or improve the fish and wildlife 
habitat in order that projected demands for the use of these resources 
may be satisfied. 

Fish 

The development of an adequate water-resource base,consisting of 
multipurpose and primary-purpose impoundments, is necessary to satisfy 
the expected demand for fishing and associated uses. Primary-purpose 
fishing reservoirs, up to 200 surface acres,in size are proposed to 
help meet t he demand for public fishing. These smaller lakes are more 
easily managed for :~ximum production while maintaining fishing quality 
for public benefit. In instances where reservoir development would be 
in conflict with established water rights, exchanges or purchase of 
water rights would be necessary. 

Multipurpose reservoirs larger than 200 acres offer substantial 
opportunity to satisfy a portion of the demand for fishing and other 
water oriented uses. Per acre use, however, is usually less intensive 
on the larger reservoirs. Planning of such impoundments must be fully 
coordinated to insure that all purposes, including fishery enhancement, 
are considered in project formulation. 

Protection and enhancement of present and future water resources 
needed for fishing and associated uses would be helped by an intensified 
watershed protection and management program. 

Adequate access, parking, and sanitary facilities must be provided 
to assure optimum use of the fishing habitat. Selected lakes and reaches 
of streans need facilities for intensive public use while other areas 
should be kept in a more primitive state. Appropriate zoning of 
certain reservoirs, sections of reservoirs, and reaches of streams could 
aid in meeting projected demand and in preserving the quality of the 
fishing experience. 

Improve ment of fishery manage ·nent practices would assist in main
taining optimum conditions for sport fishing and associated uses . For 
instance, intensified lake rehabilitation will help in :~intaining the 
ratio between game and nongame fish to yield the most productive sport 
fishing. 

Fish propagating facilities to supplement natural reproduction 
will be required to satisfactorily stock available habitat and to 
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provide a more desirable quality of sport fishing and associated uses 
through the projection period. 

Wildlife 

Many methods which could be used in an attempt to satisfy pro
jected demand for wildlife oriented activities are available to wildlife 
managers. These manage :rent procedures vary from providing all habitat 
requirements artificially, t o simply making available public lands which 
are now under restricted usages. 

One of the primary concerns in the perpetuation of wildlife and 
hunting is the preservation of existing habitat. A number of areas 
of the Region merit preservation in their present condition because 
they are extremely i~portant to one or more species of wildlife. Some 
areas within the Region are marginally suitable for other uses, and 
would be more beneficially used if managed primarily for wildlife. 
These areas should be set aside and managed primarily for wildlife. 

In water-short areas of the desert where other habitat require
ments are met, wildlife watering stations would be of significant value 
to most wildlife species. In areas where food and/or cover is limited, 
construction of water-spreading dikes along natural drainages would 
provide a natural irrigation which would increase growth of plants for 
both food and cover. These spreader dikes would also serve as water
collecting devices for wildlife watering facilities. 

An intensified watershed protection and management program should 
be designed to protect the land resources required to satisfy the pro
jected demand for sport hunting and associated uses. Fencing of high
value wildlife areas to exclude livestock would be beneficial in some 

' cases. 

The construction of access roads and trails into the remote areas 
of the Region would help in meeting the projected demand. 

Federal lands that are prime wildlife habitat are classified for 
retention in Federal ownership thus avoiding the likelihood of 
introducing conflicting uses. 

Many areas within the Region may be suitable for introduction of 
new wildlife species. Restocking of former range is a normal, accepted 
practice by most wildlife agencies. The introduction of new wildlife 
species, however, can connote various difficulties. Introduction of 
big game species should only be accomplished following intensive 
investigation of both the animal and the habitat. 
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Elimination or ~oderation of currently existing unnecessary 
restric t ions to hunting or other associated wildlife uses on some 
lands would also help in meeting the projected hunter demand. 

Adjust ment of the hunting seasons for certain species of wildlife, 
especially those species that mi grat e, could make available more 
opportunities f or participation. Dispersion, as much as possible of 
t he hunting seasons during the year for the different species,would 
be bene f icial i n providing additional hunting opportunities. 

Const ructi on and maintenance of marshes and ponds for open water, 
plus planting of crops to supply feeding areas, could help in meeting 
projected hunting demand by attracting and keeping waterfowl in the 
Region . 'Waterfowl habi t~:>.t could be enhanced by providing management 
areas on selected existing and future r e servoirs. Properly zoned 
manage me nt areas would reduce occurrence of conflicting activities. 
Manage ment of t hese water-habitat areas would include surveillance and 
control of disease vectors such as mosquitoes and other insects. 
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ELECTRIC POWER 

In Appendix XIV, it was assumed that ther r~l power plant addit ions 
to satisfy regional requirements would be located, in most cases, near 
the load centers, as this would reduce the cost of transmission. An 
alternative to this plan would be t o locate the thermal power plants 
along the Colorado River. This would result in reduced conveyance costs 
for cooling water, but would increase t he cost of transmission lines 
required to deliver the power to load centers. In either alternative, 
thermal power plants would use cooling towers, and the highly saline 
water would not be returned to either the stream or to ground water 
but would be evaporated in ponds. 

It was assumed that no new conventional hydroelectric power plants 
would be utilized in meeting future power loads. There is a possibility 
that the controversial Hualapai pro j ect on the Colorado River may be 
constructed, if future investigations indicate this potential development 
to be in the public interest. 

There is a possibility that imports from the Upper Colorado Region 
mine-mouth thermal-electric plants could be increased by as much as 
10 million kilowatts. 

Increased research and development activities may s how that exotic 
power plants could be utilized in meeting future power loads. These 
exotic power sources would include magnetohydrodynamics, nuclear fusion, 
fuel cells, thermionics, photovoltaics, and thermoelectrics. The 
source displaying the most apparent feasibility for central station 
generation is magnetohydrodynamics or MHD. Plants using nuclear fus ion 
~ay come into use late in the study period but much research must be 
done before such plants can become a reality. 

Another alternative source might be geo-thermal power by importation 
from the Imperial Valley-Salton Sea area or from hot-saline waters in 
the lower Gila area in Arizona. Much exploration and developme nt work 
must be done before this source can be considered realistic. Some 
preliminary information is available on potential geo-thermal sources 
in the Salton Sea area but the possible extension of this geo-thermal 
field under the lower Gila area is large conjectural. 

Since electric system facilities would directly affect the 
atmosphere, water resources and site ecology, sites and designs would 
be carefully selected to minimize deleterious effects on the esthetic, 
ecological and recreational aspects of the environment. 
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MINERAL RESOURCES 

It was assumed that mineral-bearing lands containing both known 
and unknown ore deposits exist in sufficient quantities in the Lower 
Colorado Region to support projected mineral production through 2020. 
Reasonable access to these lands and equitable returns to land owners 
also have been assumed. 

It has been assumed that the mineral industry will continue either 
to develop its own water supply or to utilize developed local water 
resources when such developed supplies exist. It has become increas
ingly evident during the 1960's, especially in the Gila Subregion where 
ground-water resources are being overdrawn, that the industry soon will 
be required to seek water supplies elsewhere. Because of the projected 
increase in mineral industry activity in the Region, purchase of water 
supplies from developed sources or from future water resource develop
ment projects, will become the only alternative means of satisfying 
water requirements of the mineral industry. 
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CHAPI'ER F - REGIONAL COMPREHENSIVE FRAI'-1EWORK PROGRAM 

GENERAL 

The major effort of t he functional appendixes a nd the forepart 
of this appendix has been t o evaluate the elements of t he socio-econo·nic 
environme nt which are a significant measure of t he prosperity, sus
tainment and gratification of t he people living in t he area. Studies 
have been made of the resources available, extent of development, 
economic activities and present de fi ciencies. Projections from this base 
provided the growth patterns through the 55-year period of study for 
determining what provisions must be made to maintain or enhance the 
present qualities of socio-economic environment within the capabilities 
of the natural resources and at the sane time preserving important 
open space. 

The objective of the framework program presented is to serve as a 
guide for action prograns and as a base for continued planning . The 
program must be viable and s hould be periodically updated. It must be 
recognized that as projections delve farther into the future, a progres 
sively larger ele ment of error must be expected. One only needs to 
consider what pro j ections made in 1920 might have envisioned for the 
present. The projections utilized in this study are considered to be 
in the median range. The public's objectives also change with time as 
has been particularly in evidence with the recent emphasis on maintaining 
the quality of t he environment rather than solving all problems on t he 
most economical dollar basis. A viable framework program periodically 
updated and r e sponsive to changi ng ti mes can assist in a balanced develop
ment and preservation of resources to meet future needs. 

This chapter will present what appears to be the best choice of 
means of satisfying needs in selecting a program which will provide an 
orderly sequence of develop~nent and investment that will assure continued 
growth of high quality. Of paramount importance in the Lower Colorado 
Region is the preservation of quality, conservation, and wise choice 
of use of available water supplies and related land resources. Second 
in importance is a plan, within the constraints imposed, which will 
augment the Region's available water supply. Other aspects of the best 
overall plan, while very important, are not as urgent and suitable 
choices are more flexible. 

A work group with membership representing the various study inter
ests was organized to for mulate the program . The group has selected 
what appears to be, in its collective and experienced planning judgment, 
the best comprehensive program for the Region. The program presented 
in this report reflects the consensus of the study participants. 
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Framework Planning Concepts 

Guidelines 

Policies, standards, and procedures that provided the basic rules 
for formulation of the Lower Colorado Region framework programs are 
contained in the following documents: 

l. Senate Document No. 97 (87th Congress, Second Session, 1962); 

2. "Guidelines for Framework Studies" (Water Resources Council, 
1967); and 

3. "Pacific Southwest Compendium of Framework Planning Policies" 
(Pacific Southwest Inter-Agency Com~ttee, 1968). 

Economic Projections 

Projections developed for the Lower Colorado Region were based on 
projections of population and economic activity provided by OBE-ERS 
which were modified somewhat to more nearly reflect local historical 
and anticipated trends. See Chapter L -Alternative Levels of Development 
for comparisons. 

Water Supply 

The total annual water require ments in the Lower Colorado River 
basin remains nearly constant from 1965 through 2000 as shown on 
Table F-l. The estimated total average annual water supply based on 
the runoff period 1960 to 1965 would appear to have been adequate to 
meet these require11ents. However, a maladjustment of supply and de .na.nd 
due to lack of sufficient conveyance and distribution facilities caused 
mining of about 2.5 million acre-feet of ground water in the Gila 
Subregion and 30,000 acre-feet in the Lower Main Stem Subregion in 1965. 
By year 2000, water requirements as projected in the Upper Colorado 
Region will deplete the Colorado River supply over 6 million acre-feet 
annually. At that time, without an augmentation program, the lower 
basin would experience an annual water deficiency of 2.8 million acre
feet increasing to 4 .7 million acre-feet by 2020. The treat ment of 
forest lands t o increase water yield will alleviate t he deficiency by 
about 200,000 acre-feet in year 2020. The remaining deficiency must 
then be met either through increasing ground-water overdraft, satisfied 
by importation of water from another source, remain unmet, or be 
resolved by some combination of these alternatives. 

It should be noted that the f uture water supply deficiencies as 
shown on Table F-1 would be greatly increased if the runoff period 
selected did not prove out. The 1931 to 1965 Colorado River runoff 
produced an average annual water supply of 2 million acre-feet less 
than the longer period. An extended drought of this magnitude would 
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Table F-1 
Lower Colorado Region 

Water Supply Augmentation 

Unit: Million Acre-Feet 
1965 1980 2000 2020 

Water Supply 
Colorado River (19o6-65)~/ 

Modified Flow, Compact Point 
Estimated System Spill 2/ 
Main Stem Reservoir and-Channel 

Losses 

Available Natural Supply 
National Importation Obligation 

(Mexican Treaty including 
associated losses) J/ 

Total Available Colorado River 

11.61~ 
- 0.65 

- 1.86 

9 .13 

Water Supply Lower Colorado River 
Basin 9 .13 

Out of Region Depletions 

California 
Mexican Treaty 

Colorado River Water Available to 
Lower Colorado Region 

Local Water Supply 

(Lower Main Stem) 
(Little Colorado) 
(Gila) 

Total Available Water Supply 
Lower Colorado Region 

Lower Colorado Depletion Requirements 

Beneficial Uses 
Losses Associated with reuse 

and recycling !!._/ 

- 6.50 

(5.00) 
( l. 50) 

2.63 

3.12 

(0.90) 
( 0.42) 
(1.80) 

5.75 

5·73 

(5.13) 

(o.6o) 
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10.26 
- 0.52 

- 1.59 

8.15 

8 .15 

- 5·90 

(4.40) 
( l. 50) 

2.25 

3.12 

(0.90) 
( 0.42) 
( 1. 80 ) 

5.37 

6.83 

(6.19 ) 

(0.64) 

8.97 
- 0.15 

- 1.59 

7.23 

1. 80 

- 5.90 

(4.40) 
. ( l. 50) 

3.13 

3.12 

(0. 90) 
( 0.42) 
( 1.80) 

6.25 

7.25 

(6.79) 

(0.46) 

8 .54 
- 0.15 

- 1.59 

6. 80 

1.80 

8.60 

- 5.90 

(4.40) 
( 1.50) 

2.70 

3.12 

(0.90) 
( 0.42) 
( 1.80) 

5.82 

8.74 

( 8.16) 

(0.58) 



Table F-1 (Continued) 
Lower Colorado Region 

1,-Jater Supply Augmentation 

Unit: 
l 9b5 1980 

Million Acre-Feet 
2000 2020 

Regi onai water Deficiency 1. 46 1.00 2.92 

Regional Augmentat i on Program 0.05 0.59 2.5 5 

I mproved watershed Yield ']./ ( 0 . 05) (0.14) ( 0.20) 
I mportation (0.45) ( 2. 35) 

Nat ional I mportat ion Program 1. 80 1.80 

Remaining Re gional \-later Deficiency 1.41 0 . 41 0 .37 

J:./ 

?:/ 

]./ 

(conti nued gr ound-water overdraft) 

Except where noted, this information is fro m Appendix V, Water 
Resources, Compr ehensive Framework Studies , Lower Colorado Region 
(Second Review Draft, June 1970 ). 

From Lower Colorado River Bas in Operat ion Studies --90th Congress, 
Second Session, House of Representatives, Serial No . 90- 5 , 
Hearings on H. R. 3300, Colorado River Basin Pro j ect, Pa rt II, 
U.S. Government Printing Office, \-lashington, D.C., 1968 . 

90th Congress, Public Law 90- 537, An Act to Authorize •.. the 
Colorado River Bas in Project •••. , September l 9b8 t o relieve both 
the Upper and Lower Colorado River Basins of their co·nmitment t o 
equally share t he burden of delivering l. 5 million acre - feet to 
Mexico . 

~/ I ncludes est i mate s of water losses ass oc iated with the recycling 
of return flows through the gr ound - water reservoir including 
i n- transit losses; and losses associated with the treatment and 
direct reuse of water . The resultant regional average recycling 
effic iency range s between 8L~ and 88 percent . 

I 

L/ I ncreased r unoff fro m se lec t ed areas as t he r esult of vegetative 
~nage ment practices. 
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create debilitating shortages i n both the Upper and Lower Color ado River 
Bas ins particularly with t he Mexican Treaty obligat ion to be met. 

Congress recognizing this s ituat i on stated i n Title II of the 
Colorado River Basin Project Act: "The Congress declares that the 
satisfaction of the re qui rements of the Mexican Hater Treaty f ro 'n t he 
Colorado River c onstitutes a national obligat i on which s hall be t he 
first obligation of any water aug ,nentation project planned pursua nt 
to Section 201 of this Act and authorized by t he Congress." 

Multipurpose Planning 

Recogni zing t he ~ost practical and effic ient method for meet ing 
the large and numerous de mands fo r water and related land resources, 
and for maintaining environr~ntal quality in developing the natural 
resources, a f r a:nework program has been developed which is mul t ipurpose 
oriented. The demands stated in t he functional appendixes are single
purpose oriented. However, the multipurpose framework program atte mpts 
to meet as much of the individual functional de~ands as practicable. 
Some of the demands that are not met by the multipur pose program, 
either because of insufficiency of the resource or because of location, 
are treated as single-purpose items in t he framework program. 

In keeping with the guidelines set out for this study, the present 
and projected require:nents for services, products, environmental develop
ment, and resources were all given due consideration. 

The volume of import water required was calculated to satisfy all 
needs, with no consideration of priorities nor discounting of stated 
needs. 

Early Action Program, 1965 - 1980 

The early action progra:n objective is to fully utilize all surface 
water supplies available to the Region, seek every means of conserving 
water for beneficial use, to explore the effects of ground -water over
draft, and investigate possibilities of untapped ground -water reserves 
that might be utilized as an interim measure until augmentation from 
sources outside the Region cou ld be achieved. 

Multipurpose Water Supply 

Several water supply projects, now authorized, are included in the 
1965 to 1980 framework program. These projects, when constructed, will 
provide facilities to convey 1.67 million acre-feet of the Region's 
share of the Colorado River to central Arizona for mult ipurpose uses; 
provide facilities to convey 0.13 million acre-feet to Las Vegas, Nevada, 
for municipal and industrial water supply; provide municipal, industrial 
and supplemental and new irrigation water for the Dixie Project in 
southern Utah; provide 3.7 million acre -feet of multipurpose reservoir 
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storage facilities within the Region; and the recovery of approximately 
270,000 acre-feet of water along the Colorado River. In addition, 
35,000 acre-feet of water will be recovered along the Gila River. 
Tertiary treatment facilities would make available 260,000 acre-feet 
for direct reuse. 

The 1965 to 1980 land treatment program provides water yield improve
ment measures on about 350,000 acres of forest lands to increase yield 
by 50,000 acre-feet. Means to conserve and more efficiently utilize 
existing water supplies are also included in the early action program 
and are discussed under the appropriate functions. 

After implementation of the early action program, there remains a 
water supply deficiency of about 1.4 million acre-feet after 1980 i n 
the central Arizona portion of the Gila Subregion. See Map 13 for potential 
water resource facilities. 
Water Quality 

Until augmentation and/or salinity control measures are installed, 
the increased use of water in the Upper Colorado Basin will result in 
further quality degradation of Colorado River water entering the Lower 
Colorado Basin . Unless remedial measures are taken this will have very 
serious consequences, especially to agricultural production downstream 
from Parker Dam where the salt concentrations are presently at a critical 
level for some crops. 

The water quality program provides for the treatment of a saline 
springs area contributing salts to the Colorado River and a tertiary 
treatment plant for treating municipal and industrial waste flows i n 
the Las Vegas area. Treat ment facilities and provisions for reuse 
are also provided for municipal and industrial waste water occurring in 
the other urban centers of the Region. 

Land Treatment and Management 

The land treatment and management program is needed to mlnlmlze 
irreversible losses of the land resources and preserve the freedom of 
choice for future resource users. The program includes treatment of 
19.7 million acres by 1980 at a total cost of about $279.7 million. 
I deall y,the land treatment and management program should harmonize with 
all water and related land resource development programs required to 
sat isfy present and projected demands within the Region. 

Cropland--Measures such as diversions, levees and dikes, channel 
improvement, floodways, and streambank protection were considered for 
floodwater and erosion control on cropland. These measures are 
primarily for protection of the land and improvements, but also help 
maintain and/or improve the productivity of the land, reduce the 
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sedimentation and erosion hazards that would adversely affect the 
operation and maintenance of structural measures, and help in keeping 
soil losses within allowable limits. These ~easures have a beneficial 
effect on •rater quality, air quality, and further other environmental 
quality objectives. Wate r pollutants such as sediment, plant nutrients, 
and pesticides which could be carried to the watercourses by floodwaters 
are retained on the land where they are needed. 

Soil surveys, the associated program for cropland, are necessary 
for implementation of the irrigation water management, and floodwater 
and erosion control measures. 

Installation or the program is recommended for about 573 , 000 acres 

between 1965 and 1980 at a total cost of $3.5 million. Of this acreage 
76 percent is in the Gila Subregion, 22 percent in the Lower Main Stem 
Subregion, and 2 percent is in the Little Colorado Subregion. 

Rangeland--The progra~ for rangeland was formulated by purposes. 
These were: erosion, sediment, and runoff control; forage production 
improvement, wildfire prevention and suppression, and associated programs. 
Measures considered in developing an effective land treatment and 
management program on rangeland consist of (l) small structural measures 
such as grade stabilization structures, diversions, and terraces, 
(2) vegetative measures such as grass, tree or shrub plants, and 
(3) intensive management, the orderly and efficient use of water, land, 
and other resources. Proper grazing management is necessary for maximum 
multiple-use and production i•hile protection and improving environmental 
values. The program was designed to reduce sediment yield, reduce 
wildfire damage, improve water quality and/or quantity, and increase 
the productive ability of the land. Proper land treatment and manage
ment of rangeland will benefit recreation, wildlife, esthetics and 
other resources, uses, and services. 

A total of 15.3 million acres are recommended for treatment at a 
total cost of $80.9 million between 1965 and 1980. Subregional distri
bution of the acreage would be about 45 percent in the Lower Main Stem 
Subregion, and 21 and 34 percent in the Little Colorado and Gila 
Subregions, respectively. 

Forest Land--Programs for development and management of forest 
land and resources are designed to utilize and maintain or improve the 
total productive capacity of the land and water, including wood, forage, 
recreation, wildlife, and water to meet the regional and national needs 
of the people. These programs include thinning, reforestation, insect 
and disease control for increasing wood production; conversion of 
woodland and chaparral for increasing forage; management of vegetation, 
resources, and activities for the enhancement of the recreation resources, 
including esthetic and environmental values; management of vegetation 
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for improved water quality; and vegetative management for increasing 
water yield. 

Structural and other management and development programs are 
designed to reduce sheet, gully, and streambank erosion, control peak 
runoff, and prevent downstream floods. Roads, trails, and other 
improvements are designed, constructed, and maintained to minimize 
erosion and sediment yield and deposition. 

About 3.6 million acres of forest land in the Region are included 
for treatment at an estimated cost of $137.9 million between 1965 and 
1980. Approximately 19 percent of the lands to receive treatment are in 
the Lower Main Stem Subregion, and 26 and 55 percent are in the Little 
Colorado and Gila Subregions, respectively. 

Urban and Other--Measures such as diversions, levees and dikes , 
channel improvement, floodways and vegetative were considered for 
erosion, floodwater, and sediment control in urban and mined areas, and 
along roadsides, utility rights-of-way, etc. These measures may be 
temporary or permanent. The protective vegetative cover of land being 
developed is usually disturbed by land forming or heavy equipment. 
These areas should be provided temporary protection during and imme
diately after construction. Permanent type measures must be planned 
and installed during the initial stages of any development to 
adequately protect the area from future erosion, floodwater, and 
sediment damages. 

It is recommended that a total of 182,000 acres of urban and other 
lands receive treatment between 1965 a nd 1980 at a total cost of $5 . 5 
million. About 59 percent of the treatment would occur i n the Gila 
Subregion, 31 percent in the Lower Main Ste 11 Subregion, and about 
10 percent in the Little Colorado Subregion. 

Flood Control 

The flood damage reduction program involves the consideration of 
the control of water and the controlled use of the flood plain. 
Measures used to control the flow of water include reservoirs, retarding 
structures, levees, and channel improvements. Measures considered to 
control the flood plain use include land treatment practices, flood 
forecasting, evacuation, and flood plain regulations involving zoning 
ordinances, building codes, open space requirement, development 
policies, subdivision regulations, tax adjustments, and warning signs. 

Two types of reservoir systems are considered in the program: main 
stem reservoirs for protection of downstream !/ flood plains and up
stream reservoirs and floodwater retarding structures for protection 
of upstream!/ flood plains. 

!/ Upstream drainage areas are less than 250,000 acres, downstream areas 
are larger. 
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Included in the early action program is 3.1 million acre-feet of 
flood>..rater storage at an estimated cost of $228 million. About 2.5 
million acre-feet of this new storage are in downstream reservoirs and 
0.6 million acre-feet are in upstream reservoirs and retarding structures. 
Multipurpose reservoirs provide 2.1 mi llion acre-feet of the downstream 
floodwater storage. 

Local protection projects consisting of channel improvement or 
levees are provided in the programs where floodwater storage would not 
fully satisfy the flood protection needs. The plan includes local 
protection pro j ects containing about 210 mile s of levees and 240 miles 
of' channel i'11provements in the do·.rnstream area. In the upstream area, 
65 miles of levees and 340 miles of channel improvements are included at 
a total cost of $llO million. 

In formulation of the flood control program, consideration was 
given to land treatment and management practices that reduce damaging 
peak runoff. These practices have an effect i n reducing peak runoff 
from the smaller, less intensive storms but have less effect on '~jor 

storms. Since these practices also maintain or enhance the productive 
capability of the land resource base, the costs are included in the 
land treatment and manage'Tlent progran. 

The early action program provides for continued preparation of 
flood plain information reports requested by local authorities on 
a priority basis. 

The flood control progr am includes making maximu m use of nonstruc
tural measures in flood plain management as a means of preventing damage 
from floodwater. This program would include flood forecasting, zoning, 
building codes, health regulations, flood proofing, and purchase of 
private lands sub j ect to flooding for open space use. 

The program would reduce upstream damages by about $22 million and 
downstream damages by about $10 million annually. The estimated 
remaining upstream damages would be over $30 million and re maining down
stream da r~ges would be nearly $10 million. 

Irrigation and Drainage 

The early action irrigation program includes increased conservation 
of existing water supplies, more efficient utilization of lands developed 
for irrigation,and about 200,000 acres of new irrigation development of 
which about 110,000 acres are expected on Indian lands. About 28,000 
acres of this new irrigation development will compensate urban dis
placement. 

The program includes completion by 1980 of the on-going rehabil
itation of irrigation water conveyance systems to facilitate more 
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efficient utilization and the conservation of water supplies. On-farm 
water management measures such as land leveling and water control 
structures are recommended for about 573,000 acres between 1965 and 
1980 at a total cost of $56.4 million. These measures are for better 
control and more efficient use of irrigation clater and/ or to reduce costs 
of irrigation. Authorized Central Arizona Project and Dixie Project 
facilities will provide supplemental water for lands presently developed 
for irrigation, some additional irrigation in Utah, and re gulatory 
storage to facilitate more efficient utilization of water s upplies. 
The Central Arizona Project provides that each contract for the delivery 
of project water will re~uire that the canals and distribution systems 
through which water is conveyed be maintained with linings ade~uate to 
prevent excessive conveyance losses. The vmtershed management program 
also includes water management measures to increase on-farm irrigation 
efficiencies. 

During the period 1965 to 1980, the irrigated acreage is expected 
to increase from 1.29 million to 1.46 million acres. A portion of the 
increase would result from declines in crop failures and idle lands, 
largely because of the Central Arizona Project. A minor amount of 
additional irrigation is expected in outlying ground-water basins. 
Though the irrigated acreages would increase by 173,000 acres, the 
increased water utilization efficiencies will result in an increased 
water withdrawal re~uirement of only 340,000 acre-feet. Additional 
drainage facilities are provided to serve 68,000 acres largely in the 
Lower Main Stem Subregion. 

Municipal and Industrial Water 

Projects presently under construction or authorized for con
struction constitute most of the municipal and industrial water supply 
early action program providing 446,000 acre-feet of water by 1980. 
These projects will provide water for municipal and industrial uses to 
the major population centers of Las Vegas, Nevada, and Phoenix and 
Tucson, Arizona; and the less populated area of Washington County, Utah. 
Two of the projects are multipurpose in scope and one, the Las Vegas 
facility, meets only municipal and industrial needs. 

Desalting facilities to treat brackish water for 8 municipalities 
would have a total capacity of 18 million gallons per day. Other 
communities are expected to meet most of their water needs through 
1980 by continued development of ground-water resources. The program 
includes costs for the development of community water supplies. 

Recreation 

The single-purpose recreation program is essentially one of land 
ac~uisition, recreation development, and operation, maintenance and 
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replacement of facilities. By the year 1980, about $559 million for 
development and acquisition will be required to meet total recreation 
needs of 144 million recreation days. Water-based recreation needs 
will total 43 million recreation days by 1980 and will cost over 
$173 million for development and acq~isition. 

Implementation of the program to meet these needs will require 
judicious planning, coordination, and funding. Within existing legal, 
institutional, physical, and financial constraints, only 30 percent of 
the needs can be met. Not only will the nonfederal entities have to 
expand their efforts by two or three ti1nes, but Federal involvement, 
both direct and indirect, will have to be expanded. Urban-oriented 
recreation developments will particularly need Federal attention since 
they account for over 65 percent of the total recreation costs. 

Some of the water-based recreation needs can be met by the multi
purpose water development programs previously outlined. Approximately 
32,700 acres of new water surface could be used to meet needs and this 
acreage would provide opportunity for 11. 9 million water-based rec
reation days with proper development and land acquisition. Other water
based recreation needs could be met by canalside parks, or small single
purp::>se impoundments. Reclaimed ·water may also provide a recreation 
medium. 

The states included in the Lower Colorado Region have completed 
comprehensive state recreation plans. These plans s hould be kept 
current and flexible to meet the increasing and changing public desires. 

Fish and Wildlife 

The additional 32,700 acres of 1vater surface that will be provided 
by presently authorized projects will assist in meeting fishing demand 
i n conjunction with recreation uses. 

The multipurpose developments expected to be constructed by 1980, 
including the Alamo, Dixie, and Central Arizona Pro jects,have t he 
projected potential to provide about 1.2 million man-days of fishing 
annually. Continued development of the Colorado River and t he con
struction and improvement of fishery developments by state, Indian, 
and private interests will provide about 2.0 million man-days of 
fishing annually. Two cold water fish hatcheries are being constructed 
and will be in production by 1980. Projected needs indicate that three 
additional hatcheries' should be provided before 1980. 

Fishing demand not met by multipurpose reservoirs would be met by 
primary-purpose fishing lakes of 200 acres or less serving primarily 
the population centers of Las Vegas , Gallup, Phoenix, and Tucson
Douglas. Approximately one-fourth of the fish habitat would be 
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•..,rithi n the city proper and the remaining three-fourths within 75 miles 
of t he cities. 

The program provides for 1, 960 ac res of primary-purpose fish 
habitat in the 1965 to 1980 period. Associated fishermen access 
facilities a re provided to assure optimum fishing use of the total 
habitat expected to be in existence in 1980 . The program also provides 
t he equivalent of one cold water and two warm water hatcheries by 1980 
to stock t he available habitat. 

To assure the development and protection of high quality fish i ng 
areas and preservation of the natural environment, approximately 
10 percent of the surface acres required to satisfy the fishery demands 
necessarily rm1st have restrictions on the amount of public use. Planning 
and development of these areas should begin prior to 1980 . 

Fishery management practices will be continued to maintain a ratio 
between ga me and nongame f ish t hat yields the most productive sport 
fishery. 

The primary concern in an atte mpt to meet future wildlife needs is 
to preserve the natural environment and the existing wildlife habitat. 
Approximately 330,000 acres of existing high value riparian and wetland 
habitat would be set aside between 1965 and 1980 to be administered 
primarily for wildlife manage ment. This program would assure the 
perpetuation of much habitat which is highly productive of small game, 
big game, and nongame species. The wetlands are important to migrating 
waterfowl. The management of these primary-purpose areas would be 
principally for wildlife but would not exclude other compatible u ses. 

The early action, 1965 to 1980 program, includes the construction 
of 135 miles of access roads into inaccessible areas and the development 
of approximately 980 wildlife water facilities. These facilities are 
intended to be constructed in water-short areas of multipurpose as 
well as primary-purpose public lands. 

Electric Power 

It is anticipated that during the 1965 to 1980 period, the principal 
source of additional electric power would be imports from mine-mouth 
plants in the Upper Colorado Region which will supply about 4.3 gigawatts 
of generating capacity. Electric power developed within the Region is 
estimated as 0. 8 gigawatts fro m the Montezuma pumped storage plant near 
Phoenix and 1.5 gigawatts from a fossil-fueled thermal power plant 
located in the Las Vegas area. 
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Continuing Program, 1981 - 2020 

Multipurpose Water Supply 

By 1980, all feasible water conservation and uti lizat ion measures 
will have been implemented in the Regi on. In 1980, the water supply 
deficiency will be an estimated 1.4 million acre-feet, which can be met 
only by continued ground-wate r overdraft. Water withdrawal requirements 
are projected to inc r ease f r om the 1980 l evel of 10. 9 million acre- f eet 
to a l evel of 13.1 million acre -feet i n 2020 . Depletions will i ncrease 
from 6.8 to 8 .2 million acre-feet in the same period. 

The continuing water supply program will provide water to satisfy 
the i ncreasing demands and to great l y reduce the ground-water overdraft. 
The only foreseeab le method to effectively augment the regi onal water 
supply will be by Lnportati on from outside the Region . I mportation 
studies should i nclude consideration of the needs of the entire Pacifi c 
Southwest Area for reasons of effi c iency and potential savings in 
cost. 

The first augmentation consideration will be a s stated i n Title II 
of t he Colorado River Basin Project Act : "The Congress dec lares t~at 
the satisfaction of the require ments of the Mexican ivater Treaty fro m 
the Colorado Ri ver constitutes a national obligation whic h shall be 
the first obligation of any water augmentati on pro j ec t planned pursuant 
to Section 201 of this Act and authorized by the Congress." 

Previous rec onnai s sance s tudies have i ndi cated that an augmentat ion 
of 1. 8 million acre -feet would be requi red to meet the national obligation 
to Mexico by the year 2000. Other bas i n augmentation considerations 
include t he rate of development in the Upper Colorado Region, the needs 
of t he southern portion of the California Region , and the dependability 
of the supply from the Colorado Ri ver. 

The l ong-term 60-yea r record (1906 to 1965) indicates the annual 
average virgin flow of the Colorado River at Lee Ferry, Arizona , to be 
15.09 million ac re- feet while the 35 -yea r period of 1931 to 1965 indicates 
an average annual virgin flow of onl y 13. 09 million acre-feet. This 
study uti lizes the long-term 19o6 to 1965 period of record, which also 
was used for estimating the available wate r supply in studies leading 
to authorization of the Colorado River Basin Pro j ect Act. 

Augmentat i on proposals in the past have i ncluded surface water 
imports from various areas of surplus outside the Pacific Southwest Area, 
desalting of sea water, and precipitat ion ma nagement . Each of these 
alternatives should be fully explored prior to i mplementing an augmen 
tation program. 
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Precipitation manage ment is being studied as a possible source of 
water for augmentation. However, the potential magnitude of water 
quantity that might be provided by this method would be inadequate to 
meet long-range needs. If large scale weather modification becomes 
operational, it could reduce importation requirements. 

I mportation of surface water from areas of surplus is one alter
native for meeting the water supply deficiency of the Region, as well 
as t hat of the remainder of the Pacific Southwest Area. Both private 
and public entities have made various proposals for studies of long
distance water t ransfers from areas of surplus, such as Ca nada and the 
Pacific Northwest. However, legislative constraints and the guide
lines for fra •nework studies preclude consideration of this alternative 
at t his time. More specifically, the Secretary of the Interior is 
prohibited under Title II of the Colorado River Basin Project Act of 
September 30, 1968, for a period of 10 years from the date of the Act, 
from undertaking studies of any plan for the importation of water into 
the Colorado River Basin from any natural river drainage basin lying 
outside the States of Arizona, California, Colorado, New Mexico, and 
those portions of Nevada, Utah, and Wyoming that are in the natural 
drainage basin of the Colorado River. 

The desalting of sea water remains as the one available source for 
large scale water importation which may be considered in the Type I 
studies and for which general cost information is available. Therefore, 
desalting was considered the source of additional water for the Region 
and the basis for the general magnitude of costs presented herein. 
Major factors in considering importation on a regional basis are: the 
water needs of the entire Pacific Southwest Area should be coordinated 
into a comprehensive plan of which the Lower Colorado Region's augmentation 
needs would be an integral part; and exploration should be made of the 
possibilities of exchanging the desalted water for Colorado River water 
presently being conveyed to the coastal area of southern California , 
thereby, releasing Colorado River water for use within the basin. 
Future studies also should be directed toward the siting of major 
desalting facilities. 

For the purpose of the Type I studies, the following assumptions 
were made: (1) the desalting facilities would be located along the 
southern California coast; (2) the water would be conveyed to Lake Mead; 
(3) the 1906 to 1965 period of record defines the availability of 
Colorado River water; (4) the initial importation to relieve the basin 
states of the Mexican Water Treaty burden would be a national obligation 
and would be implemented near the end of the 1980 to 2000 time frame; 
and (5) ground-water overdraft would be greatly reduced by 2020. 

The framework program provides for the importation, prior to the 
year 2000, of 2.25 million acre-feet of desalted sea water to the 
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Lower Colorado River including 1. 80 million acre-feet of water provided 
as a national obligation t o relieve the basin of the Mexican Water Treaty 
burden and 0.45 million acre-feet of water as a regional program. It 
was assumed t hat the water would be conveyed from the southern California 
coast to Lake Mead. Lake Mead would provide seasonal regulatory storage 
allowing maximum use of the facilities whereas, alternative reservoirs 
downstream do not contain adequate storage. The water quality benefits 
achieved through mixing high quality desalted water with Colorado River 
water would be extensive, and a portion of t he increa sed costs for 
upstream delivery could be recovered through power generation at Hoover 
and Davis Dams. Though other alternatives should be considered in 
later studies, augmentation at Lake Mead would facilitate the evaluation 
of benefits to water quality and ot her aspects of the Colorado River. 

If the initial water importation were in operation at year 2000, 
there would remain a regional annual water deficiency of about 410,000 
acre-feet which, without further augmentation, would i ncrease to about 
2.3 million acre-feet annually by 2020. It is recommended that between 
2000 and 2020, additional augmentation facilities provide 1.9 million 
acre-feet annually, thereby reducing the Region's annual deficiency to 
about 370,000 acre-feet. It is expected that some ground-water over
draft will continue throughout the study period particularly in outlying 
basins remote from augmentation service areas. 

Additional facilities will be i ncluded to convey the successive 
stages of imported water from the Colorado River to the areas of need, 
largely i n the Gila Subregion. The location of the conveyance facil
ities should consider the possibility of encouraging population dis
persement. Terminal regulatory reservoir storage having a capacity of 
about 600,000 acre-feet would be required in the vicinity of the major 
demand centers. Such reservoirs also would provide a n additional 14,000 
surface acres during the period for recreation opportunities and for 
fish and wildlife uses. See Map lL~ for potential water resource facilities. 

Tertiary treatment facilities would provide further treatment of 
680,000 acre-feet of conventionally treated municipal and industrial 
water for reuse. The treatment of 1.2 million acres of forest lands 
would increase annual water yield by 155,000 acre-feet. Augmentation 
of water supplies in the central Arizona area could provide, through 
water exchanges, additional water for use in upstream areas for munic
ipal, industrial, and mineral production needs as well as for alleviating 
irrigation water deficiencies. Reservoir storage totaling 0.4 million 
acre-feet is provided to regulate flows for use in the upstream areas, 
largely in the Gila Subregion. 
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Water Quality 

Without augmentation and/or salinity control measures, the penalty 
costs of the Colorado River water salinity to Lower Colorado and 
California Region economies may exceed $25 million annually in 2010 
and even greater amounts by t he year 2020, according to a recent study. !/ 
These costs result from yield reductions for irrigated agriculture, 
treatment costs for industrial users, the acceptance of undesirable 
effects or water softening expenditures for municipal users, and the 
i ndirect costs imposed upon secondary or supporting industries. 

Importation of water to Lake Mead would have a ma j or impact on the 
q_uali ty of Colorado River water. Such q_uali ty improvement would be 
accounted for as a primary benefit resulting from the importation program. 

The imported water proposed for this program would primarily be 
utilized to meet withdrawal req_uireTents within the Region. Special 
legislation would be req_uired to authorize the use of imported water 
primarily for q_uality control purposes. 

The water q_uality program includes several waste water treatment 
plants and reuse facilities at or near the places of use. Most notable 
among these is a 150 mgd desalting plant to treat drainage effluent for 
reuse i n the Gila Subregion. 

In addition, the land treatment and management program described 
in the following section will materially reduce the suspended sediment 
in the Region's surface water supply . 

Continued studies are proposed to assess the increasingly complex 
water q_uality problems anticipated. Maximum utilization of the water 
resources of the Region requires t he ultimate in 1-mter q_uali t y control 
measures and treat ment facilities. 

Land Treatment and Management 

Increased pressure on t he land res ources inherent in the expanding 
needs a nd demands of t he Re gion 's population will necessitate continuation 
of the early action land treat me nt and management program on 44.L~ million 
acres. In most cases, the sa me acre may r equire treatment more than 
once during t he 40-year peri od because of development of i mproved methods, 
or the limited life of t he measure or practice installed. 

! / Under preparation by ~NQA. 
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Cropland--The continuation of the land treatment and manage ment 
progr am on 1.6 million acres is provided to maintain the product ive 
capacity of t he land. 

Rangeland--The land treatment and management program will be a 
cont inuat ion of the early act i on program. I t will consist of watershed 
improvement, wildlife habitat i mpr ovement, increasing livestock forage, 
and improve me nt of recreation opportunities. ltJ'ildfire prevention a nd 
suppression will a lso cont i nue throughout the projection periods. Land 
treatment pr actices are recommended on about 35 million acres of range
land during the period 1980 to 2020 . 

Forest Land--Programs for meeting the demands for fo rest resources 
and uses by 2020 to meet the projected demands wi ll require that about 
40 percent of the forest resource potent ial be developed. This is 
equivalent to the development of about 7.6 million acres of forest lands 
during projection period from 1981 to 2020. The programs and measures 
for meeting the projected demands will include: watershed management, 
i ncluding water yield augmentation; protection of t he forest e nvi
ronment and esthetics, in conjunction with the development and 
manage ment of all other resources and uses; development of outdoor 
recreat i on facilities; maintaining and development of improved fish and 
wildlife habitat; improved management and increased carrying capacity 
of forest livestock grazing lands; manage ment of comme rcial timberlands 
to increase the production of timber products; and protection and 
management of the wild rivers, wildernesses and primitive area. 

Urban and Other--About 510,000 acres of urban and other lands are 
included to receive land treatment and management between years 1980 
and 2020. 

Flood Control 

The continued flood control progr am includes 97 upstream i mpoundment s 
totaling 750,000 acre-feet storage, 685 miles of flood channel improve
ment, and 89 miles of levees. The plan includes 34 potential flood 
plain information reports to be made on a priority of request basis. 
In addition, land treatment practices for increased control of floodwater, 
sediment, and erosion damage would be installed on 660,000 acres of crop
land. The program is estimated to prevent more than $ 32 million annual 
damages. Estimated remaining upstream damages after completion of the 
program would total over $ 55 million. Downstream facilities would pro
vide 683,000 acre-feet of flood control storage, 150 miles of flood 
channel improvement, and 76 miles of levees for the prevention of nearly 
$20 million of annual damages. Estimated remaining downstream damages 
would total about $13 million annually. The Region's upstream and 
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downstream t otal remaini ng damages a t the e nd of the study period would 
t otal $68 million . 

Municipal and Industrial Water 

The program t o meet l ong-range future needs of the Regi on includes 
augme nt ation of existing supplies, ground-water developme nt , desalination 
of brackish supplies, a nd water reuse facilities. 

Munici pal and industrial water withdrawa l reQuire ment s are expected 
t o i ncrease by about 2 million acre- f eet between 1980 and 2020. 

The most critically water-de f icient area vrill continue to be in 
central Arizona where t he depletion of ground water and a resulting 
i ncrease i n concentration of salts already have greatly degraded the 
ground-wat er resources. Transfer of f armland to urban and i ndustrial 
uses probably will result in some water being transferred fro m agri
cultural to municipal uses. The ma jor municipal water development would 
be participation in a regional water i mportation program. Completion 
of authorized f acilities will meet the water needs of Las Vegas until 
about year 2000, after which a new supply will be needed. Desalting 
f acilities having capacities totaling 123 million gallons per day are 
i ncluded in t he program to treat brackish ground water for municipal use 
in 9 communities. An import of 7,500 acre-feet from the San Juan River 
is included for municipal use in Gallup, New Mexico. Multipurpose 
regulatory storage facilities in upstream areas would meet the needs of 
many of t he Region's smaller communities. Continued development of 
ground-water supplies, with desalting where necessary, will meet the 
needs of most of the other small communities . 

Irrigation and Drainage 

It is assumed t hat rehabilitation of existing irrigation water 
conveyance systems, where reQuired, will have been completed by 1980 . 
It is estimated that during the period 1980 to 2020 about 176,000 acres 
of irrigated lands will be lost to urbanization. During this period a 
net gain of about 124,000 acres in irrigated area is predicted. To 
effectively utilize the imported wat er and to provide water to new lands, 
additional conveyance systems to serve about 730,000 acres would be 
reQuired. Portions of these lands are now irrigated exclusively fr0m 
ground water. 

Water management measures for better control and more efficient use 
of irrigation water is recommended for installation on 1.6 million acres 
during the 1980 to 2020 period. These measures will be reQuired for new 
land brought into production and there will be maintenance and replace
ment of existing measures because of limited life and/or increased 
technology. 
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Hith the addition of i mported water supplies and increases i n 
irrigated lands after 1980, it is expected that drai nage facilities 
will be required to serve an additional 120, 000 acres by year 2020. 

Recreation 

The continuing (1981 to 
acquisition of 229,000 acres 
527 million recreation days. 
required for acquisiti on and 

2020 ) recreation program will require t he 
of land to satisfy projected needs for 

An expenditure of $2 million will be 
development. 

The water-associated recreation program would consist of addi
tional facilities to utilize t he f ull recreational opportunity of 
existing water projects along the Colorado River, which would sa tisfy 
the needs i n t hat area. Multipurpose reservoirs in the Gila Subregion 
would make available about 15, 000 surface acres of water for recreational 
use, of which about 9 , 000 acres would be within 75 miles of t he major 
urban centers. However, there would remain an unmet boating need of 
about 47,000 acres. The program i ncludes small, 2 to 5 acre, car~al-
side ponds, for development in conjunction wi th the conveyance systems 
required in connection with the multipurpose water i mportation program . 

Fish and Wildlife 

The multipurpose developments presently being considered for 
construction and i mprove ment for the period 1980 to 2020 have the 
potential to provide approximately 1.0 million man-days of fishi ng of 
which about 6o percent would be expended within 75 miles of the maj or 
urban centers. Small pri ~ary-purpose i mpoundments having a t otal area 
of 32,440 acres are included i n the program to meet the fishing demand 
during the 1980 to 2020 period. 

Program-associated fishermen access facilities to assure optimum 
fishing use are provided i n t he program. Also, to stock the available 
habitat and that projected to meet fishing demands, the program provides 
for one cold water hatchery every 8 to 10 years and one warm water 
hatchery every 6 to 8 years. 

A continuing 1981 to 2020 program for t he development of wildlife 
resources is dependent upon the satisfactory effectuation of the early 
action program. The continuing program provides for approximately 
11.5 million acres to be recognized as primary-purpose wildlife habitat 
areas. These lands consist of some of the key habitat areas for many 
species of wildlife, as well as areas for development of habitat within 
reasonable use distance of the major metropolitan areas. Other uses 
that would not be detrimental to wildlife would also be recognized on 
these areas. 
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This continuing program provides for the construction of an addi
tional 215 miles of primitive access roads and approximately 47 ,561 
wildlife water devices to be developed on mult ipurpose as well as 
pri :m.ry-purpose public lands. 

Electric Power 

Electric power requirement s are projected to increase by 13-fold, 
from 8.3 gigawatts in 1980 to 108 gigawatts by 2020. The development 
program to meet these demands consists of transmission facilities for 
i rnports, fossil-fuel thermal plants, nuclear- fuel ther 'Tlal plants, and 
pumped storage hydroplants. 

Studies will be needed to determine whe re the povrer facilit ies 
should be located. Factors to be studied will include the costs of 
conveying cooling water to 1.vater-deficient areas versus the cost of 
trans mitt ing energy longer distancesj t he hazards of thermal and 
nuclear pollution; conflicts with preservation of natural or sce~ic 
areas; and other environmental factors. Consideration will need to be 
given to t he use of dry-type cooling in lieu of water cooling. The 
magnitude of increased electric power production needed will require 
close attention to design requirements for air poll ution control 
measures. 

Conventional hydroe lectric power plants are not i nc l uded in the 
program. 

Section 605 of Public Law 90- 537 (Colorado River Basin Project Act) 
states that "Part I of the Federal Power Act (41 Stat . 1063 ; 16 USC 79la-
823) shall not be applicable to the reaches of the ma in stream of t he 
Colorado River between Hoover Dam and Glen Canyon Darn until and unless 
otherwise provided by Congress." Public Law 90-537 also prohibits con
struction as part of the Colorado River Project. Smaller hydroelectric 
projects have not been sufficient l y investigated for recommendations at 
this time. 

The following pages, through , are summaries of the Lower 
Colorado Region framework program in terms of facilities required, 
program accomplishments, installation costs, and OM&R costs for the 
period 1965 to 2020. 

XVIII-211 



Table F-2 
LOWER COLORADO REGION 

PROGRAM FACILITIES 
AND RESOURCE IMPROVEMENr 

1966-1980 
PROGRAN FUNCTION UNITS PROGR.A..VJ 

MULTIPURPOSE HATER SUPPLY 
Reservoir Stor age - Total 1,000 A.F. 3, 710 

Conservation Stor age 1,000 A.F. 903 
Recreation (Joint Use) 1,000 Ac. 36 . 4 
Fish & vli l dlife (Joint Use) 1,000 Ac. 36. 4 
Conveyance Sys . & over 

100 cfs miles 304 
Sea Hater Desalting mgd --

HATER QUALITY & POLLUTION 
CONTROL 
Water Quality Control 

Drainage Hater Treatment mgd --
Natural Flow Treatment 

I 
mgd 7. 7 

Tertiary Treatment mgd 26o 
Haste \-later Treatment mgd 270 

LAND TREATMENT & MANAGEMENT 19,683 
Cropland (acres treated) 1,000 Ac. ( 573 ) 
Rangeland (acres treated) 1, 000 Ac. (15,328 ) 
Forest Land (acres treated) 1,000 Ac . (3,600) 
Urban and Other (acres 

treated) 1,000 Ac . (182 ) 

FLOOD CONTROL 
Levees & Channels miles 860 
Reservoir & Detention St. 1,000 A.F. 3,145 

MUNICIPAL & INDUSTRIAL WATER 
Municipal Desalting Plants No. 8 
Municipal Desalting Plants mgd I 18 

RECREATION 
Land Acquisition 1,000 Ac. 68 

FISH AND WILDLIFE 
Wildlife Facilities No. I 979 
Fish Habitat 1,000 Ac. 

I 
19 .1 

Hatcheries No. 5 I 

I 
ELECTRIC POWER GW 2.7 

Pumped Storage GW (0. 8 ) 
Fossil-fuel Thermal ~ (1. 9) 
Nuclear Thermal (0) 
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1981-2000 2001-2020 
PROGRAM PROGRAN 

1, 315 280 
840 200 

9 .1 5.0 
9.1 5.0 

6l r( I 617 
2, 8oo 2,200 

-- 150 
-- --
320 360 
440 530 

27,296 17,130 
Bol 779 

(21, 567) 13,219 
(4, 700 ) 2,850 

(228) 282 

I 

I 455 245 
596 

I 

648 
I 
I 

2 I 7 I 
108 I 15 

86 143 ! 
j 

i 

15,865 I 31,692 
14. 6 I 22.6 

5 I 5 I 
I 

26.5 1 86 .8 
(3. 7) ! (9.1) 

I (8 .1) ! ( 22. 7) 
( 14. 7) ! (55~0 ) I I I 

I 



Table F- 3 - LOHZR COLORADO REGION 
PROGR/I.H A CCOf:IPLISHMENTS ( Addition to 1965 Base ) 

PROGRAN FUNCTION UNITS 
1966-1980 

PROGRAM 
1981-2000 

PRCGRAH 
2001-2020 

PROGRAH 
nULTIPUHPOSE WATER SUPPLY 

Sur f ace \·,'a t er Develop!:lent 
Impor t a tions 

:Na t ional 
Regional 

Ha t er Salvage 
I ntraregi onal ha t er Trans. 
lda t ershed Yield Impro vement 

T;lf'\'rER QUA LITY, POLLUTION 
CONTROL & HEALTH Fl\CTOHS 
~ater Qual i ty Control 

Na tural Fl ow Trea tment 
Ter tiary Trea tmen t 
Desalt ins 

Was t e Wa t er Treatmen t 

I.J-\r-ill TRE.ATf,1ENT & HANA GF.J'ITENT 
Value Crop Production 
Erosion Damage Pre vention 
vJ.i l dfi re Damage Preven t ion 
I ncreased Grazing Cap . 
Increased Timber Harvest 
Decreased Sediment Yield 
Land Prep., On- Ji'arm Fac . 

FLOOD CONTROL 
Damage Prevention by: 

Le vees, Channels , & Hes. 
Nons t ructural Measures 
Land Trea tment 

IRRIG/\ TION 
New Distribu t i on Sys t em 
Rehab. of Dist. System 

DRAINAGE 

MUNICIPAL & INDUSTHI.L\L \·IATER 
Des~lting Brackish Wa t er 

1,000 A.F. 
1,000 /1 .F. 
1,000 A. F. 
1,000 A . F . 
1,000 A . ? . 
1,000 A. F . 
1,000 A. F. 

mgd 
mgd 
mgd 
mgd 

~~ million 
:!;1,000 
$1,000 
1,000 AUM 
Mil. C . F. 
.A. . F . /Yr. 
1,000 Ac . 

$1, 000 

:;il , OOO 
:~ 1,000 
;~ 1,000 

1,000 Ac . 
1,000 .C.c . 
1,000 Ac . 

mgd 

122 

300 
1, 670 

50 

7.7 
260 

270 

500 
2, 400 
1,035 

295 
23 

2, 723 
573 

32, 500 

(28 , 650) 
(965) 

(2, 885 ) 

347 
429 
68 

18 

RECREATION 1,000 re c . days 143, 518 

FISH & HILDLif E 
Fishing 
Hunt ing 

ELEC'l'RIC POHER 
Capacity 
Energy 

1,000 man-days 
1,000 man- days 

gw 
gwh 
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3,939 
83 

2.7 
17, 300 

98 
2,250 

( 1,800) 
(450) 

3, 000 
90 

320 

4L~o 

704 
9, 600 
3, 169 
1,157 

43 
7,165 

801 

30,080 

(23 , 220 ) 
(1 , 535) 
(5,325) 

596 

32 

108 

220, 576 

6,107 
907 

26.5 
193,000 

0 
1, 900 

(1, 900 ) 

1,080 
60 

360 
150 
530 

932 
17 , 800 
7, 969 
1, 906 

53 
11,093 

779 

21,250 

(15 , 355) 
(2,195 ) 
(3 , 700) 

132 

88 

15 

306 ,644 

10,235 
1, 559 

86.9 
661, 600 



PROGRAM FUNCTION 

WATER SUPPLY--MULTIPURPOSE l} 

Importation (Regional) 
Intraregional Water Trans. 
Surface Water Development 
Water Salvage 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 

Waste Water Treatment 
Water Quality & Pollution Control 
Drainage Hater Treatment 

LAND TREATMENT & MANAGEMENT 

Cropland 
Erosion, Sediment and Runoff 

Control 
Soil Survey 

Rangeland 
Erosion, Sediment and Runoff 

Control 
Vegetative Management 
Wildfire, Prevention and 

Suppression 
Forest Land 

Erosion, Sediment and Runoff 
Control 

Vlater Yield Improvement 
Timber Management 
For age Management 
Wildfire, Prevention and 

Suppression 
Urban 

Erosion, Sedimen t and Runoff 
Cont rol 

Land Preparat ion, On-Farm 
F'acili ties 

FLOOD COH~FOL 

Levees & Channels 
Reservoirs 
Flood Plain Regulation 
Land Treatment 

IRRIGATION 

Irrigation Development 
Rehab. of Dist. System 

DP.AINA:;;E 

MUNICIPAL & INDUSTRIAL WA TER 

Desalting Brackish Water 
Other Water Developments ~/ 

Land Acquisition 
Reservoirs (Joint Use ) 

FISH AND I'JILDLIFE 

f ish 
\'iildlife 
Mul tipurpose Heservoirs 

ELECTRI C POWER 

Power Plants 
Transmission 

Table F-4 
LOWER COLORADO REGION 

INSTALLATION COSTS 
(Million Dollars) 

1966-1980 
PROGRAM 

l98i-2000 
PROGRAM 

Fed. 

802.6 

(729) 
( 31.6) 
(42.0) 

37 

(23) 
( 14) 
(0) 

184.0 

0.9 
0.4 

48.7 
ll.l 

72.7 
13.7 
21.5 
2.6 

0.4 

l.l 

317 

(97.0) 
(218.3) 

( o. 5) 
(0.9) 

139 

(76) 
(63) 

13 

115.0 

( 103.0) 
( 12.0 ) 

40.9 

( 15. 4) 
(8.6) 

(16.9) 

Nonfed. 

89 

(68) 
(21) 
(0) 

95.7 

2.2 

16.3 
4.8 

16.1 
4.0 
2.2 
0.3 

4.4 

39 

(13.2) 
(9.4) 

(14.5) 
(2 .3) 

39 

(32) 
(7) 

1 

62 

(15) 
(47) 

456.0 

(456.0) 

9.6 

(8.2) 
( l. 3) 
(0.1) 

815 

(305) 
~5 10 ) 

Fed. 

1,368.6 

(700) 
(592) 
(76.6) 

30 

(29) 
( 1) 
( 0) 

389.0 

1.2 
o. 5 

61.6 
16.5 

198.4 
26.9 
51.0 
16.3 

0.6 

1.4 

14.6 

268 

(177.4) 
(89.0) 
(0.4) 
( 1.3) 

172 

( 172) 

14 

90 

232.0 

(216.0) 
( 16.0) 

87.3 

(29.4) 
(50.1) 
(7.8) 

Non fed. 

78 

(73) 
(5) 
(0) 

136.3 

3.1 

23.3 
5.9 

20.6 
6.0 
6.6 
1.6 

5.5 

63.7 

63 

(27.7) 
(9.0) 

(23.0) 
(3.0) 

12 

(12) 

1 

189 

( 107) 
(82) 

610.0 

(610.0) 

26.5 

(9.8) 
(16.7) 
(0) 

6,100 

(3,700) 
(2,400) 

2001-2020 
PROORAM 

Fed. 

3,338 

(3,000) 
(338) 

47 

(47) 
(0) 

( 160.0) 

198.0 

1.2 
0.5 

26.5 
6.4 

86.4 
30.2 
13.3 
16.8 

0.8 

1.7 

14.2 

184 

(52.3) 
(130.2) 

(0.2) 
(1.3) 

33 

(33) 

44 

0 

178.0 

(178.0) 

156.6 

(54.8) 
(100.6) 

( l. 2) 

Nonfed. 

120 

(118) 
(2) 
(0) 

131.4 

3.0 

17.1 
7.1 

27.4 
5.0 
2.1 
0.7 

6.8 

62.2 

56 

(3.6) 
(16.7) 
(32.9) 
(3. 2) 

8 

(8) 

l 

140 

(8) 
( 142) 

982.0 

(982.0) 

51.4 

(18.2) 
(33.2) 
(0) 

18,000 

(12,000) 
(6,000) 

]:_/ 

~/ 

Does not include national obligation to relieve Colorado Basin States of Mexican Treaty burden at an 
e s timated cost of $2, 900,000 during the 1981 to 2000 time frame. 
I ncludes development of ground- and surface-water supplies and treatment plants. 
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Table F-5 
LOWER COLORADO REGION 

ANNUAL OPERATION, MAINTENANCE AND REPLACEMENT COSTS 
(Thousand Do 11ars ) 

1966-1980 1981-2000 2001-2020 
PROGRAM FUNCTION PROGRAM PROGRAM PROGRAM 

Fed. Nonfed. Fed. Nonfed. Fed. Nonfed. 

WATER 3UPPLY--MULTIPURPOSE 7, 514 17~,060 107,800 171,000 260,900 

Importation: 
Nat ional Obligation (170,000) (170,000) 
Regional Program (40,000) (189,000) 

Wat er Salvage ( 1,000) (1,000) 
Intraregional vlater Trans. (7 , 500) (13,200) (17,900) 
Water Yield Improvement (See Land Treatment and Management) 
Surface Water Development ( 14) (54) (54) 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 1,730 12,130 1,380 27,420 2,080 50,320 

Waste Water Trea tment (750} (10,600) (1,300) (19,9JO) (2,000) (39,000 ) 
Water Quality & Pollution Control (~80) (1,530) (80) (7,520 ) (80) (11,320 ) 

LAND TREATMENT & MANAGEMENT 16,828 12,209 43,278 23,781 64 ,218 19,810 

Cropland 
Erosion, Sediment and Runoff 

Control 95 233 100 238 98 237 
Soi l Survey 

Rangeland 
Erosion, Sediment and Runoff 

::::ontrol 2,617 345 4,201 427 5,810 462 
Vegetative Management 1,096 220 1,725 260 2,912 244 
Wildfire, Prevention and 

Suppression 319 lO 453 20 502 32 
Forest Land 

Erosion, Sediment and Runoff 
Control 7,610 2,361 13,628 6 ,736 18,975 2,974 

Water Yield Improvement 1,400 180 16,200 6,150 26,380 5,100 
Timber Management 560 75 1,470 50 1,390 10 
For~ge Management 215 105 760 265 1,775 330 
Wildfire,Prevention and 

Suppression 2,4oo 205 4,150 325 5,700 4oo 
Urban 

Erosion, Sediment and Runoff 
Control 92 829 161 1,444 245 2,206 

Land Preparation, On-Farm 
Facilities 424 7,646 430 7,866 431 7,815 

FLOOD ::::ONTROL 500 1,196 215 1,142 518 785 

Levees & Channels ( 12) (385) (0) (457 ) (0) (236) 
Reservoirs (198) (502) (o) (331) (420) ( 148 ) 
Flood Plain Regulation ( 195) (77) ( 115) (117) (0) ( 165) 
Land Treatment (95) (232) (100) (237) (98) (236) 

IRRIGATION AND DRAINAGE 9,627 10,428 11,227 

Irrigation Development (9,330) (9 ,9o8 ) ( lO, 118) 
Drainage Development (297) (520) ( 1,109) 

MUNICIPAL & INDUSTHIAL WATER 4,770 22,380 28,230 

RECREATION 44,000 9,000 64,000 21,000 98,000 21,000 

FISH ~~ WILDLIFE 2,950 910 10,350 3,180 23,680 7,570 

Fish (1,210) (600) (3,150) (1,240) (6,340) (2,310) 
Wildlife (1,000) (200) (6,070) (1,830) (16,150) (5 ,150 ) 
Multi purpose Reservoirs (740) ( 110) (1,130) (110 ) ( 1, 190) ( 110) 

ELECTRI C POWER 50,300 330,800 1,099,000 

Power Plants (36,800 ) (267,500 ) (933,000) 
Transmisstion (13,500) (63,300) (166,000 ) 
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LOVJER MAIN STEM SUBREGION 

PROG HAM SUMMARY 

The f ramework program developed t o su s ca1 n a growing e conomy in 
the Lower Ma i n Stem Subregion is summarized i n Table f ollo"Vring 
t hi s narrat ive. 

Early f-1ct ion Program, 1965 - 1980 

Multipurpose \-,'a t er Supply 

The authorized Dixie Project in south1-1es t ern Utah will provide 
5,000 acre- f ee t of "Vrater f or municipal and irrigat ion uses, supple
mental irriga tion water t o 9,650 a cres of presently developed land, 
and a f ull water s upply f or 6 ,900 a cres of ne"Vr land, plus 2, 800 
s ur face a cres of wa t er and 1, 800 acres of land t o sat is fy fishery and 
r e creation needs i n t hat area. 

The au t horized Colorado River Basin Pr oj e ct contains measures f or 
continuance of wa t er salvage ac t ivities along the main s t em of t he 
Colorado Ri ver. Authorized measures inc lude removal of some of the 
phrea t ophyt es within t he ri ver flood plain and a ground-wa t er recovery 
program i n the Yuma, Ari zona area. Maintenance of t he Color ado Ri ver 
channel i n reaches downs t ream from Da vis Dam will also be conti nued . 
The multipurpose role of the Colorado Ri ver in providing a vi t al source 
of wa t er f or cities and agri cul ture as well as its r ole in the propa
ga t ion of "Vrildli f e, and its uti l ization t o provide fishing and other 
recrea t ion oppor tunities, will con t i nue t o be t he obj ec t of construct ion 
and management programs. Wa t e r salvage measures along the Colorado 
River are expec t ed t o provide an addi tional 300,000 acre- f eet of water 
f or u se in the Lower Colorado Basin. 

Wa t er Q.uali ty 

To help foresta ll the imminent consequences of further deteri
oration of Colorado River wa t er, t he early action program i nc ludes the 
elimination of t he saline flow from LaVerkin Springs on the Vir gin 
River in Utah and the construction and operation of a t ertiary t reatmen t 
plant in t he Las Vegas area. Effluent from t he lat t er could be utilized 
t o mee t some of the wat er requirements in t he Las Vegas area f or indus
try, recreation, and power generation. LaVerkin Springs now contribut es 
about 100,000 t ons of salt or about l percent of t he t ot al salt load 
reaching Lake Mead annually. Figure F-1 schematically diagrams the pro
gram f or water use, treatment and reuse in Cl ark County, Nevada. 
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Land Treatment and Management 

The program includes treatment of 7.8 million acres by 1980 at a 
t otal cost of $53.2 million. Of t he t otal program, l percent of t he 
cost will be on cropland, 49 percent on rangeland, 46 percent of f orest 
land and 4 percent on urban and other lands. Measures f or floodwat er 
and erosion con t rol will be provided on 128 ,000 acres of cropland during 
the period. About 7.0 mi llion acres of rangeland; 670,000 acres of 
fores t land ; and 56,000 acres of urban and other lands will be ade
qua t ely treated during this period. The recommended land treatment and 
management program by land resource group is explained in the regional 
write-up on page 197. 

Flood Control 

Flood control storage facilities of 1.06 million acre- f ee t 
capaci t~ t oge t her with local prot ection consis ting of 285 miles of 
channel improvement and levee construction, are provided for in the 
early action program. Damages prevented would t o tal about $9.1 million. 
Annual flood damages of $11.4 million will no t be prevented in 1980 
e ven with t hese facili t ies in operation. 

Irrigation and Drainage 

Construction of irrigation water conveyance facilities to serve 
128,000 acres is provided for in t he early action program, including 
irrigation facilities provided in t he authorized Dixie Project and 
t hose required to serve lands on t he Mohave and Colorado River Indian 
Reservations. Additional irrigation development on the Indian 
Reservations will greatly improve t he economy of these economically 
depressed areas. Estimated cost is $56 million for the early action 
program. 

Drainage facilities would be provided to serve 67,000 acres of 
land, mostly on t he Colorado River Indian Reservation and in the Yuma 
area. Cos t of the early action drainage program is $13 million. 

Municipal and I ndustrial Water Supply 

The much needed first phase of the Southern Nevada Water Supply 
Project now under construction is expected t o be (.. ,mpleted in 1971. 
The first phase will provide 132,000 acre- f ee t of municipal and 
indus t rial wat er f or use i n t he Las Vegas area, alleviating t o a large 
extent a ground-wat er overdraft in southern Ne vada and providing for a 
continued rapid growth during the 1965 t o 1980 per i od comparable to 
that experienced by the area in recent years. 
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A desalting plant is pr ovided t o i mprove the quali ty of water 
a vailable f or municipal uses in the Yuma area. Es t i mated cos t of t he 
municipal and indus t rial wa t er supply program t o 1980 is $76 million. 

It is assumed that municipal and indus t rial water r equirements of 
mos t of the smaller corrununities in the Subregion would be me t by con
t inued development o:f ground-wat er supplies. 

Recreation 

The Lake Ivlead National Recreation Area, as well as the remalnlng 
reaches of the Colorado River, provide the major fresh water-orien t ed 
r ecrea t ion area in the southive s t . Continued de velopment of user 
facili t ies is needed t o meet a rapidly increasing demand. Continued 
implementat ion of the Lower Colorado River Land Use Plan could provide 
abou t 20 mi lli on recreation days in t he area downs t ream f rom Davis Dam . 
Continuance of re creation orient ed development on I ndian-owned lands 
also is planned i n the early action program, providing employment 
opportuniti es and economic benefits that help t o alleviate poverty 
problems exis t i ng on the reservations. 

The r ecreation program f or t he Lower Main Stem Subregion t o year 
1980 will require t he a cquisition of 24,000 acres of land t o sat is fy 
t he need f or 43 mi llion recreation days. Acquisition and develop
ment will require an expendi ture of $172 mi llion. 

Fish and Wi ldlife 

The cons t ruction of the au thorized Central Arizona Proje ct , 
Alamo Reservoir, Dixie Proj ect , and the de velopment of backwaters of 
the Colorado River are expected t o add 410,000 man-days of fishing 
annually t o t he subregion. Additional hab~itat is provided f or in the 
early act ion program that will pro vide 710,000 man-days of fishing 
annually . A cold water fish ha tchery is expected t o be cons t r ucted by 
1980. 

Also included i n the pr ogram ar e access and public -use facili ties 
t o assure opt imum use of t he habi t at expected to be available by 1980. 
Managemen t programs recent l y initiated at Lake Mead and o t her programs 
planned for t he Colorado River , Lake Mohave, and Lake Havasu will help 
sustain a quali ty fishery. 

Preservation of areas of riparian and vretland vegetation along 
reaches of the Colorado, Virgin, Bill vl illiams, Bi g Sandy, Santa Maria, 
a nd Gila Rivers is important f or sustaining wildlife in these areas 
of the Region. 
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~pproximately 145 , 800 a cres of habi t a t in t hese areas should be 
managed primari l y f or wildli f e pur poses . The de velopmen t of 27 miles 
of primi t i ve a ccess roads and the cons t r uc t i.on of appr oxima t ely 500 
\vi l dli f e wa t ering f acili t ies wi t hi n the Lm·rer Main Stem Subregion 
should be accomplished in t hi s ear l y a ct i on program. 

The cos t of ins t alla t ion f or t he f ish and wj_ ldli f e progr am t o 
1980 is es t i ma t ed a t $18 . 7 mi llion. 

El ec t ric Power 

A 1, 580 megawatt f ossil- fuel t her ma l power plant is now under 
constructi on a long t he Co l orado River i n Ne vada. This and o t her power 
p lan t s wi ll pr o vide about i, 900 megawatts of generat ing capaci t y and 
abou t 15,300 gi gawa tt hours of energy annually t o t he Lower Colorado 
Regi on by 1980. The es t ima t ed cos t is $139 million . 

Conti nui ng Program, 1981 - 2020 

Multipurpose Water Supply 

Annua l ne t wa t er requirement s i n t he Subregion are proj e cted t o 
exceed t he wate r supply by 0. 47 mi llion a cre-fee t by 2000. The 
def i ciency i s expected t o increase t o l.l million a cre- f ee t by 2020 . 
I t i s recommended t ha t an i mpor t a t i on program provide 0.25 million 
a cr e- f ee t annually f or use i n t he Subr egion begi nni ng i n t he latter 
part of t he 1980 t o 2000 t i me period and i ncreasing t o 1.0 mi llion 
acre- f ee t annually prior t o t he year 2020. 

Wa t er Quali ty 

\va s t e wat er t reatment f a cili tie s would be provided t o pre vent 
pollution f rom muni cipal sources . I nt ensi f icat ion of wat er r esources 
de velopment , popu lat ion growt h and i ndustrial expansion will result in 
i ncreased deple t ions of Colorado Ri ver f low in bot h t he Upper Colorado 
and Lower Colorado Regions "1-Thich also vlill lower t he quali ty of t he 
Lower Color ado Ri ver even i f the sa lini ty control programs and measures 
a r e i mplemented. The programs are suffi cient t o off se t t he pro j ected 
degrada t ion by about t wo- thirds a t Hoover Dam and by about 60 percent 
at Imperi al Dam . The regional wat er i mpor t a t ion program provi des 
i nf low at Lake Mead whi ch will also help offse t s uch degrada t ion . 

Land Treatment and Management 

I ncreased pressure on land resour ces i nherent i n t he Subregion's 
growing popu lation will r equire a cont inua tion of early action land 
t r eatment and managemen t practices on an addi t ional 14.3 million 
a cres by 2020. 
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Wa t er management measures t o provide f or be tter control and mor e 
efficient use of irrigat ion water are recommended for installation on 
45 ,000 acres during the 1981-2020 period. 

Tot al es t imat ed cos t of the cont inuing land treatment and manage
ment program f or t he Lower Main Stem Subregion is $196 .0 million. 

Flood Con t rol 

Pro j e cted urban growth will require the addition, between 1980 and 
2020, of 193 ,000 a cre- f ee t of flood deten t ion s t orage and nearly 112 
miles of levees and channel improvement s t o pre vent abou t *14 million 
of f lood damage annually . The r emaini ng f lood damages i n 2020 are 
expected t o t o t al about ;lag . 6 mi llion annually. 

I rrigation and Drainage 

Faci li t ies t o convey wa t er f or irrigating about 51 ,000 a cres of 
land are included in the 1980 t o 2020 program. A small amount of 
addi t ional irriga t ed agri culture is expected t o be developed by priva t e 
i nteres t s i n outlying ground-wa t er basins , and the r emainder vrould be 
largely on Indian reservations. Irrigation on the Indian reservat ions 
is expected t o decline duri ng the lat er s tage of t he s tudy peri od a s 
urban and recreat ional developmen t displaces agri cul ture. Drai nage 
f a cili tie s are inc l uded to serve 56 ,000 a cres of i rrigated lands. 
Es t imated cost of the irriga t ion and drainage program f or t he 1981 t o 
2020 period is $27 million. 

Municipal and Industrial Water Supply 

Completion of the second s t age of the Southern Nevada v.'ater Supply 
Pro j ec t by t he middle of t he 1980 t o 2000 time period is recommended t o 
pro vide a tot al of 312,000 acre-fee t of water for muni cipal and indus
t rial uses. Trea tment of a portion of the muni cipal wastes t o provide 
wa t er of sui t able quali ty for some industrial and recreat ional uses is 
also included in this time frame. A diversion of about 22,000 a cre
f ee t of wat er from t he Colorado Ri ·..rer is included t o provide for 
increased municipal requirement s in Kingman, Arizona. It is assumed 
tha t local ground-wat er de velopment would con t inue to serve the needs 
of the smaller communi t ies. The remaining muni cipal and i ndustrial 
wat er needs would be supplied by t he importation of water from out s i de 
the Region and would be needed by year 2000. The municipal and indus
t rial wat er supply program for t he Lower Main Stem Subregion during the 
1981 to 2020 period is $246 million. 

Recreation 

Recreation development is expected to continue to concentrate along 
the Colorado River. Additional facilities would be constructed within 
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t he Lake Mead National Recreation Area, implementation of the Lower 
Color ado Ri ver Land Use Plan l/ would be comple t ed, and considerable 
development would occur on the Mohave and Colorado River Indian 
Reservations. 

The recreation program for the Lower Mai n Stem Subregion, 1981 to 
2020, provides f or the acqui sition of 83,000 acres of land t o sat isfy 
175 million recreation days. Estimat ed cos t for a cquisition and 
development f or t he period is *664 mi llion. 

Fi sh and Hildlife 

The 1981 t o 2020 program i ncludes the development of small fishi ng 
lakes t ot aling 12,400 a cres mainly within and adjacent t o the popula
tion centers of Las Vegas and Yuma and ad j acent t o t he Colorado Ri ver. 
No mul t iple-purpose r eservoirs are planned. 

Ot her developments included in t he pr ogram are t11ro f ish hatcheries 
and fishermen a ccess and other publi c- use f acilities. These develop
ment s and impr oved managemen t of the available waters will he lp sus t ain 
a quality fishery . 

A continui ng wildlife program f or the Lower Main Stem Subregion 
depends upon approxima t ely 9 , 354,000 a cres of publi c lands being 
adminis t ered primarily f or wildli f e purposes . The development of 
43 miles of a ccess r oads and 12, 840 wildlife watering faci l ities are 
also i ncluded in the program be t ween 1981 and 2020. 

Estimated cos t of the 1981 t o 2020 f ish and wildlife program is 
$95.5 million . 

Electri c Power 

A pot ential exis t s f or developing more t han 2 million kilowatts of 
hydroelectri c capacity on t he Colorado River. However, this potential 
capaci ty has not been recommended for development because of prohibitions 
contained in Public Law 90- 537 (Colorado River Basin Proj ect). The 
value of the power f or egone by t he eliminat ion of these Colorado Ri ver 
hydroel ectric projects i s estimated a t $52.6 million annually ($15.30 
per kilowatt per year and 3.0 mills per ki lowatt hour ) . But more 
important is the electric power generation f oregone that must be 
suppli ed from ot her sources i f the tremendous increase in elec t ric 
power demands are to be met . It may be desirable for t he relative 
envi ronmental effec t s of various combina tions of electri c power 

lJ The Lower Colorado River Land Use Plan , J anuary 1964, 
Uni t ed States Depar tment of the In t erior. 

XVIII-222 



genera t ion t o be considered. bef ore final decisions ar e reached.. The 
1981 t o 2020 elec t ric power program f or the Lower Main St em Subregion 
provides f or installation of pow·er plant s having 25.2 gigawatt s 
generat ing capacity and costing $5.1 billion. 

The following pages , 226 through 229, are sununaries of the Lower 
Main Stem Subregion :framevrork program i n t erms of faciliti es required, 
prograrr, ac complisr~ents, installation cos t s, and operation, mainten~~ce, 
and replacement cost s f or the period 1965 t o 2020. 
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Headworks of t he Sout hern Nevada Hater Pro j ect , a part of the early ac t ion :program will supply,by t he 
year 2000, more t han 300,000 a cre- f ee t of wat er annually t o t he Las Vegas metropoli t an area - USBR 



Mohave power plant under construction, fossil-fueled, located on the Colorado River at the southern 
tip of Nevada, has a rated capacity of 1,580 megawatts of power - USBR 



Table i'- 6 
LOVIK-l. l'!AifJ STE' ·i SU:BHEC IOE 

P.ROGP.AM l·'A~I LITES 

A !:TD RESOUHC~ H1PROVr·:J .1J:~TIT 

1966-1980 
PROGRAM FUNCI'ION UNITS PROGRAN 

t :IULTIPU ;li'OSE HATEH SUPPLY 

Conser 1:a tion 2torae;e 1,000 A. F. 333 . 6 
Recreat i or, (.Joint Use ) 1,000 Ac . 14.3 
Fish & Hi ldli f e (Joint Use ) 1, 000 lie . lL~ . 3 

H1-\ TER QUA LI TY & POLLUTION 
CONTROL 

via t er Q.uali Ly :::ontrol 
Drainage Water Trea t ment mgd 0 
Na t ural f low Trea tment mgd 7.7 
T~rtiary Treatment mgd 50 
Was t e Wa t er Treatment mgd no 

L.li l'lD TREA T.1'tlENT AND IV11\Ni\GEMENT 1,000 f1C . 7 ,823 

Cropland (acres t rea t ed ) 1,000 _A,c . 128 
Hangeland (acres t reat ed ) 1,000 Ac . 6,969 
Forest Land (acres t reat ed ) 1, 000 Ac. 670 
Ur ban & Other(acres treat ed ) 1,000 Ac . 56 

FLOOD CONTL\OL 

Levees & Channels miles 285 
Reservoir & Deten t ion St . 1,000 A. F. 1,057 

MUNICIPA L & INDUSTRIA L 'VlATER 

Muni cipal Desalt ing Plants mgd 10. 5 

RE CRJ:-:A T ION I 

Land Acquisi t ion 1,000 Ac . 24 

FISH & WILD LIFE 

Wildlife Facilities No. 

I 
499 

Fishi ng Habitat 1,000 Ac. 6 .1 
Ha tcheries No. I l 

I 

ELECTRIC POI;lER 

I 
Pumped Storage GW 0 
· ossil-fuel Thermal GH 0.3 
Nuclear Thermal Gltl 0 
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-, 
I 
I 

1981-2000 2001-2020 
PROGRAH PROORC~J,! 

0 0 
0 0 
0 0 

I 

0 0 
0 0 

70 0 
200 120 

10,449 3,810 

207 208 
9,263 2,912 

900 600 
79 89 

101 ll 
147 46 

100.0 l.O 
I 

I 
I 

39 44 
' ; 
' 

! 
6, 683 6,155 : 

I 6.8 5.6 i 

I ' l l ' 
I I I 
' 
i I 

I I 
I 0 I 5.0 I 

I 

2.0 i 5.9 I 

3.4 I 8 .9 i 
! 



T::~.bl e F' - 7 - Lower MR:j_n ~t. eTI1 Sub reP"iOT' 
PROGRAJ1 ACCOHPLI S:8J,1E1'TTS ~ Add.i tion to ~· 1965 Base) 

PROGRAM FUNCTION 
~ 1J~T I PUHPOSE: vi101 TER i).JPP~,y 

Impor t ations 
Sur f ace \·,'ater De ·.re lopmen'~ 

\·Ja ter Salvage 
\'Jater Yield I mpro ,remen:.: 

\::J; T i::E QUP, LITY, PO LLL.TTIOI~ 
~OI·?_r~~OL & i iT~:.4 LT1: l',fiCTO.RS 
\'.'a t er O,uali t y Con::rol 

~~a L.Llral Jo'' lm.; ~'rea t:.me r: t 
Ter t iary Treat1r:e r: t 
D esalti nc~ 

Was te Water Trea tment 

Value ~;rop Produc tion 
Er osion Damage I're veni:.ion 
ltlildfire Dama~e Pre vention 
Increas ed Grazing Capaci ty 
Jr. creased Timber Har.:es t 
De creased Sedimen t Yield 
Land Prep. , On - J.•'<:. r m i.· 'a.c . 
urban a :1d Other 

UNI TS 

1, 000 ;\ . F . 

l ' 000 J\ • F' • 
1,000 /\ . F, . 
l , 000 I'\. F. 

tngd 
mgd 
rngd 
mgd 

t. milli on 
:j; l,OOO 
:~ 1, 000 
l' 000 1\.LJi'.~ 
l'lil. C • . F . 
11 . F/Yr. 
1,000 Ac . 

Flood Pre v. & Eros . Control 1,000 

?LOOD CONT ~~OL 

Damage Pre ven t ion by : 
Le vees, Channels, 8.: Hes . 
~ons truc tura1 Measures 
Land Trea Lrn. ent 

IRRIGATION 
New Di stribution Sys t em 
Hehab . of Dis t . System 

D?JUNAGE 

f'illlHCIPA L & H!DUSTRIA L HATER 
Desal t ing Bracki sh Water 

~a,ooo 

$1,000 
:1;1,000 
:;a ,ooo 

1,000 Ac . 
1,000 Ac . 
1,000 Ac . 

mgd 

RECREATION 1,000 rec.days 

FISH & WIWLIFE 
Fishing 
Hun t i ng 

ELE CTRIC POVJER 
Capacity 
Energy 

1,000 man-days 
1,000 man-days 

gtll 

gwh 
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1966-1980 
PROGRAl:.-1 

0 
50 

270 
0 

0 
50 
0 

110 

140 
600 

79 
2 

824 
128 

56 

9,130 

(7 , 700 ) 
(210 ) 

(1,220 ) 

127 
103 

67 

10. 5 

43 ,135 

1,120 
68 

1. 9 
15,300 

1981- 2000 
PROGRI\H 

320 
0 

10 

0 
70 

0 
200 

195 
2 , 700 

185 
Lf 

l, 769 
207 

79 

10, 500 

(8 ,125) 
( 32+0 ) 

(2 , 035) 

17 
0 

18 

100.0 

80,948 

3,520 
505 

5.4 
43,400 

2001-2020 
PROGRAB 

580 
0 

0 

0 
0 

150 
120 

269 
4, 900 

282 
7 

2 , 987 
208 

2, Lf80 

r 1 llO ) 
' ' 

(435) 
(935 ) 

34 
0 

38 

l. O 

93 ,788 

4,277 
378 

19 . 8 
131, 900 



PROG RAM FUNCTION 

vlATER SUPPLY--MULTIPURPOSE 

Surface Water Development 
Water Salvage 

WATER QUALITY, POLLUTION CONTROL, 
& HEALTH FACTORS 

Waste Wa t er Trea tment 
vlater Quality & Pollution Control 

LAND TREATMENT & MANAGEMENT 

Cropl and 
Er osion, Sediment and Runoff 

Control 
Soi l Survey 

Range land 
Er osion, Sediment and Runoff 

Cont rol 
Vegetative Management 
Hildfire, Prevent ion and 

Suppressi on 
Forest Land 

Er osion, Sediment and Runoff 
Control 

Ha t er Yield Improvement 
~imber Management 
l"or age Managemen t 
vli l df i re, Prevent ion and 

Suppression 
Urban 

Er osion, Sediment and Runoff 
Control 

Land Preparation, On- Farm 
Facili t ies 

FLOOD CONTHOL 

Levees & Channels 
Reservoirs 
Flood Plain rtegulat ion 
Land Treatment 

IRRIGATION 

lrrigation Development 
Rehab . of Dis t . System 

DRAINAGE 

IVIUNICIPAL & HIDUSTHIAL WA TER 

Desalting Brackish Wa t er 
Other Hater Development 

Land Acquisi t ion 
·~ese :-·.ro:i rs (Joint Use ) 

VISrJ !\i'TD ~HLDLIFE 

Fish 

~~ltipurpose Reservoi rs 

ELECT!CC POVJE.S 

Power Plan t, s 
Transn:i. ssj or, 

Table F-8 
LOWER MAIN STEM SUBREGION 

INSTALLATION COSTS 
(Million Dollars) 

1966-1980 
PROGRAM 

1981-2000 
PROGRAM 

Fed. 

73.6 

(31.6 ) 
(42.0) 

19 

(6) 
( 13) 

36.0 

( 0.1) 
(0.1) 

(13.2) 
(3.7) 

(12.0) 
( l. 4) 
( l. 6) 
(0.7) 

( 0.1) 

(0.3 ) 

(2 .8 ) 

68.9 

(29. 2) 
(39. 5) 
( 0.1) 
( 0.1) 

43 

(28) 
( 15 ) 

12 

47 

(0 ) 
(47 ) 

33.2 

(27.0) 
(6.2 ) 

16.1 

9.2 
6.0 
0.9 

Nonfed. 

0 

(0) 
(0) 

34 

( 14) 
(20) 

17.2 

(0.2) 

(2.9) 
(0.5) 

(3. 0) 

( l. 3) 

(9.3) 

6.5 

( l. 2 ) 
( l. 9) 
(3.2 ) 
(0.2 ) 

13 

( ll) 
(2) 

l 

29 

(8) 
(21 ) 

145.0 

(145.0) 

2.6 

2.3 
0.2 
0.1 

139 

(23) 
( 116) 
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Fed. 

0 

(0) 
(0) 

8 

(7) 
( l) 

94.7 

(0.1) 
(0.1) 

(17.2) 
(5 .7) 

(55.9) 
(5 .4) 
(3.2) 
(2.8) 

( o. 1) 

(0.5) 

(3.7) 

48.3 

(25. 4) 
(22.6) 
(0.2) 
(0.1 ) 

4 

(4) 
(0) 

3 

51 

(0) 
(51) 

46 .0 

(46.0) 

38.2 

16.9 
21.3 

0 

Nonfed. 

0 

(0) 
(0) 

22 

(19) 
(3) 

28.3 

(0.2) 

(4.2) 
(0.7) 

(3.8) 
( 1.0) 
(0. 4) 
( o. l) 

( l. 9) 

( 16~0) 

13.8 

(4.2) 
(4.3) 
( 5. l) 
(0.2) 

l 

( l) 
(0 ) 

l 

128 

(100) 
(28 ) 

262.0 

(262.0 ) 

12.8 

5.7 
7.1 
0 

1,270 

( 770 ) 
(500 ) 

2001-2020 
PROGRAM 

Fed. 

0 

(0) 
(0) 

15 

(15) 
(0) 

42.9 

( 0.1) 
( 0.1) 

(5.4) 
(0.9) 

(21. 4) 
(5.2) 
(0.9) 
(4.5) 

(0.2) 

(0.5) 

(3.7) 

ll. 7 

(4.5) 
(7.0) 
( 0.1) 
(0.1) 

9 

(9) 
(0) 

7 

0 

(0) 
(0 ) 

79.0 

(79.0) 

33.4 

13.9 
19. 5 

0 

Nonfed. 

0 

(0) 
(0) 

30 

(30) 
(0) 

29.8 

(0.3) 

(3.0) 
(0.9) 

(6.6) 
(0.5) 

{ 0.1) 

( 2.1) 

(16.3) 

7.9 

(0.6) 
(0.5) 
( 6. 5) 
(0.3) 

2 

(2) 
(0) 

0 

67 

( l) 
(66) 

277.0 

(277. 0) 

ll.l 

4.6 
6.5 
0 

3,800 

(2 ,600) 
(1,200) 



Table F-9 
LOWER MAIN STEM SUBREGION 

ANNUAL.OPERATION, MAINTENANCE AND REPLACEMENT COSTS 
(Thousand Dollars) 

1966-1980 1981-2000 2001-2020 
PROGRAM FUNCTION PROGRAM PROGRAM PROGRAM 

Fed. Nonfed. Fed. Nonfed. Fed. Non fed. 

WA.TER SUPPLY--MULTIPURPOSE 1,014 1,014 1,014 

Surface Water Development ( 14) ( 14 ) ( 14 ) 
Water Salvage (1,000) (1,000) (1,000 ) 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 280 3,510 415 9,595 650 15,800 

Waste Water Treatment (200) (2,280) (335) (4,165) (570) {8,170 ) 
Water Quality, Pollution Control (80) (1,230) (8o) (5,430 ) (80) (7,630) 

IJ\ND TREATMENT AND MANAGEMENT 3,875 2,084 8,767 3,112 13,050 3,430 

Cropland 
Erosion, Sediment and Runoff 

Control 7 17 8 18 8 19 
Soi l Survey 

Range l and 
Erosion, Sediment and Runoff 

Control 786 !n 1,273 43 1,64o 42 
Vege tative Management 334 30 671 26 920 30 
Wildfire, Prevention and 

Suppression 84 l 121 2 142 4 
Fores t Land 

Erosion, Sediment and Runoff 
Control 1,481 95 2,861 235 4,563 185 

Water Yield Improvement 150 2,200 500 3,380 550 
Timber Management 105 260 305 
Forage Management 55 15 135 4o 375 !~o 
Wildfire, Prevention and 

Suppression 725 1,050 1,500 
Urban 

Erosion, Sediment and Runoff 
Control 28 248 51 462 78 702 

Land Preparation, On-Farm 
Facilities 120 1,607 137 1,786 139 l , 858 

FLOOD CONTROL 139 217 23 219 e 97 

Levees & Channels ( 12) (76) (0 ) (72 ) (0 ( 14) 
Reser voirs (75) ( 109) (0) ( 103 ) (0 ( 30 ) 
Flood Plain Regulation (45) ( 18) ( 15 ) (26 ) (0 ( 311) 
Land Treatment (7) ( 17 ) (8) ( 18) (8 ( 19 ) 

IRRIGATI ON DEVELOPMENT 2,110 2,200 2,380 

DRAINAGE 277 293 337 

MUNICIPAL & INDUSTRIAL WATER 2,690 18,100 20,900 

RECREATION 3,320 lf-,658 6,250 24,322 10,786 23,528 

FISH AND WILDLIFE l, 710 335 3,040 1,013 2,730 910 

Fish (825) (275) ( 91+0 ) ( 313 ) (780 (260 ) 
Wildll fe ( 550) (50) (2,100 ) (700 ) (1,950 (650) 
Multipurpose Reservoirs (335) ( 10 ) (0) (0 ) (0 (0 ) 

ELECTRI C POWER 

Power Plants (27,200 ) (59,900 ) ( 168,100) 
Transmission 
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LITTLE COLORADO SUBREGION 

PROGHAH SUll'lMARY 

The f ramework program de veloped t o mee t the present and fu ture 
needs of t he Litt le Colorado Subregion is surmnar i zed i n Tables F-lO 
through F-13 f ollowing thi s .:1arrative. 

Sarly .Action Program, 1965 - 1980 

Mult ipurpose \·Ja t er Supply 

It is recorrunended t hat further s tudies eval uate t he ground-wat er 
po t ential as an alternative t o s urface-~rater de velopment t o mee t futu.re 
water needs of this Subregion. 

~later Quali t y 

Addi t ional was t e wat er t r ea tment f aci li t ies t o serve the expanding 
urban popula t ion are incl uded in the early action program. 

Land Trea t men t and Management 

The program includes t rea tment of 4 .1 mi llion acres by 1980 a t a 
t ot al cos t of $67.7 million. Of the t o t al program, l percent of the cos t 
\'Til l be on cropland, 14 percent on rangeland , 77 percent on f orest 
land, and 8 percent on urban and other lands. Measures f or f loodwat er 
and erosion control will be provided on 10,000 acres of cropland during 
t he period. About 3.1 mi llion acres of rangeland; 930,000 a cres of 
f or es t land; and 19, 000 a cres of urban and o t her lands will be adequat ely 
treat ed during thi s period. The re commended land treatment and manage
ment program by land resource group is explained in the regional 
write-up on page 197. 

Flood Cont rol 

The f lood control program includes 20 ups t ream impoundments with 
capaci ty t ot aling 109,000 a cre- f ee t . In addi t ion, local f lood prot ection 
facilities t otaling 51 miles of channel improvements and levees would 
be provided. Damages prevented would t o t al abou t $1.3 million and 
damages remaining would amoun t to about $3.1 million annually. 

I rriga tion and Drainabe 

The rehabilitation of i rrigation facilities serving 6 ,000 a cres of 
land t o utilize more eff i cient ly the present water supply and new 
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irrigation water conveyance sys t ems t o serve 6,000 acres of land is 
included in the early a ction progr am . Additional storage facilit ies on 
Black Creek and the Zuni Ri ver in New Mexico are included t o replace 
reservoir capaci ty lost through sedimenta t i on and t o provi de vrater f or 
a small i ncrease in irrigation on I ndian reservat ions. No drainage is 
programed for t he early ac ti on period. The irriga tion program will 
cos t $3 . 0 mi llion . 

Muni cipal and Industrial \r!a t er Supply 

The Little Colorado Subregion is r ural i n character and contains 
onl y t hree medium- s ized urban areas. 

Mun i cipal wate r requi reme nts through 1980 could be supplied through 
cont inued de,re lopmen t of local ground water, desalting of brackish vrater, 
and rehabili t a t ion of some existing facilities . Estimat ed cos t of the 
early action program is :~ 11.0 million . 

Recreation 

Re creational development f or this program would consist primarily 
of land-based faci l ities. Indian lands offer some of the best po t en t ials 
f or providing recreational development which, in turn , would improve t he 
economic si t ua t i on on the re ser vations. 

The r ecreat ion pr ogr am f or the Little Colorado Subregion t o year 
1980 will require the expenditure of .'p9LJ. million t 'o r acquisi t ion and 
development of 14,000 a cres t o sati st'y the demand f or 23,000 rec
r eation days. 

Fish and Wildli f e 

The s t a t e fish and game departments and Federal land managing 
agencies ha ve plans t o de velop habitat providing 250,000 man-days of 
fishing annually. In addition, the early action program includes 
habitat providing 29 ,000 man-days of fishi ng annually . The habitat and 
associated a ccess and public-use facilities vrill be located i n t he 
vicinity of Flags taff and Springervi lle, Arizona, and Gallu~ New Mexi co . 

This 1965 t o 1980 wi ldi fe program inc l udes es t ablishing 31 , 500 acres 
of' primary-purpose vrildife lands, the development of 14 miles of a ccess 
roads, and 480 wildlife watering facilities. The es t imated cos t of the 
early action fi sh and wildli fe program is $5. 4 milli on . 

Electric Power 

Cons t ruction of power plants have not been i nc l uded in the early 
a ction program f or thi s subregion. 
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Continuing Program, 1981 - 2020 

Mult ipurpose Ha t er Supply 

Approxima t ely 17,000 acre-feet of wa t er could be made available 
annually for municipal and industrial use in the Flagstaff, Hinslow, 
and Holbrook areas by providing reservoir storage capacity of 40,000 
acre-feet on Clear Creek . Fish and wildli f e enhru1cement and recreation 
oppor tunit ies also wou ld be provided. 

Addi t ional s t orage capaci ty of 40,000 acre-fee t on Silver Creek, 
could provide an average of 5,200 acre- feet of vrat er for supplement al 
i rrigation and municipal and industrial use. Fish and wildlife enhance
ment , recreation oppor tuni t ies, and minor flood protec t ion would also 
be provided. 

Reservoi r s t orage of 40,000 acre-feet on the Black River, a trib
utary of the Salt River, cou ld provide water f or a transbasin diversion 
of 7,Soo acre-feet from t he Gila Subregion f or muni cipal and industrial 
uses and t o alleviate irrigation water defi ciencies in the vicinity of 
Springervi lle and St. Johns, Arizona. These facilities also could 
provide additional water :for use on the Fort fl. pache Indian Reservation 
and f or stabilizing major recreational lakes i n the Little Colorado 
Subregion. fl.n exchange of water \<TOuld be required. 

Further ground-water development is a po t ential alternative to 
surface vrater storage, but fur ther studi es are needed before a quanti
tative evaluation can be made. 

Wa t er Quality 

Has t e water treat men t :facilities for the urban centers to reduce 
pollution of water supplies are inc luded in the program. 

Land Treatment and Management 

Increased pressure on land resources inherent in the Subregion's 
gro;.ring population vrill require a continua t ion o:f early ac tion land 
t rea tment and management practices on an additional 10.7 million a cres 
by 2020. 

Wa t er management measures :for better control and more efficient 
use of irrigation wat er is r e commended f or i nstallation on 26,000 acres 
during the 1980 to 2020 period. 

In addition t o present land t reatment and wat ershed management, 
375,000 a cres would be t rea t ed t o increase wat er yield by about 50,000 
a cre-fee t . This program wou ld assist in mee ting some of the upstream 
water needs . The major por t ion of the program would be on range and 
forest lands. Es t imat ed cost of the 1981-2020 land trea tment and 
management program f or the Little Colorado Subregion is $226.1 million. 
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Flood Control 

The f lood control program i nc l udes upstream i mpoundmen t s having 
capaci t y of abou t 71,000 a cre-fee t . In addition, local f lood prot e c
tion faci l i t ie s t o t aling 56 miles of channel improvement s and le vees 
vrould be provided. Damages prevented would t o t al about ~; 2, 5 mi lli on 
and remaini ng damages vrou ld amount t o about ~i 5 .7 million a nnu.ally. 

Irr igat ion and Drainage 

I rrigat ion a creage is expe cted t o remain nearly constan t. New 
con veyance sys t ems would serve 4, 000 acre s and addi t i ona l dr ainage 
faci l ities would serve 2,000 acres at a t o ta l cos t of $2.0 million . 

ll.luni cipal and I ndu s trial Ha t er Supply 

VJater supply developmen t s cont ained in the programs are primari l y 
t o s upply t he muni cipal wat er supply requirement s of Fl agstaff , i;iinslow, 
and Holbrook, Arizona a nd Gallup, Nevr Mexi co . Multipurpose reservoir 
storage on Clear Creek cou ld p rovide about 17,000 acre- f ee t of -vra t er 
f or use in Flags taff , I:I inslovr, and Holbrook , i n the 2000 t o 2020 t ime 
frame. Fur ther studies are needed t o evaluat e t he potential of ground 
wat er as an alternative. To mee t t he muni cipal water needs of Gallup , 
New Mexi co, an impor tation of 7,500 a cre-fee t from the Upper Colorado 
Region is inc l uded in the 1980 to 2000 time frame, and, i n the l ater 
s t ages of the period, a desalting plant t o treat brackish ground water 
is pro vided. Small desalting plant s f or some of the scattered com
munities could assist in sa t is fyi ng some of t he r ural wat er require
men t s where wat er is now t ransported from o t her areas due to the quali ty 
of the local ground water. Est i mated t o t al cos t of the municipal and 
i ndustrial water supply program f or the 1981 to 2020 period in t he 
Lit t le Colorado Subregion is $57.0 million. 

Recreat ion 

Land acquisi t ion totaling 16,000 acres would be required t o provide 
f or 27 million recreat ion days of use. Development on Federal lands 
would satisfy 22 million recreation days. Deficits in water area f or 
recreation use would leave an unmet demand in the amount of 12 million 
recreation days. Es t imat ed cos t for a cqui sition and development during 
t his period is $196 million. 

Fish and Wi ldlife 

Two mul t iple-purpose development s including Wilken's Project on 
Clear Creek and Shumway Project on Silver Creek have been programed 
and these projects have the potential to provide 90,000 man-days of 
fishing annually. Also, the 1981 to 2020 program includes the de velop
ment of small fishing lakes mainly in t he vicinity of Flags t aff and 
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Springerville, Arizona, and Gallup, New Mexico. The lakes total 
2,000 a cres and will pro ,ride 477,000 man-days of fishing annually. 
Two fish ha tcheries ha ,re been programed i n addition to fishermen access 
and o t her public use facilities. 

A cont inuing wildlife program f or the Lit t le Colorado Subregion 
should i nc l ude the classi fyi ng of 429,000 additional a cres of key 
wildli f e habita t t o primary-purpose wildlife lands. This program 
would also i nc l ude t he development of t hese lands and multipurpose 
land t hrough t he construction of an addi t ional 21 miles of access roads 
and 2,771 wildli f e watering faci li t ies. Estimated cost of the con
t inuing ( 198 1 t o 2020 ) fis h and wildlife program is $20.1 million. 

Electric Power 

Fossil- fuel power plants having a t ot al generating capacity of 
100 megawat t s and an annual energy produc t ion of 800,000 megawatt hours 
are included i n the 1981 through 2020 program. Es t imat ed cost is 
$51.0 million. 

The f ollovring pages, 235 through 238 , are summaries of the Little 
Colorado Subregion f r runework progr am in terms of f acilities required, 
progr am accomplishments, i ns tallation costs, and operat ion, maintenance 
and replacement costs f or the period 1965 to 2020. 
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Tsble F-lO 
LIT'l'LE COLOPJ\DO SUBH8CION 

P::\OGRA!l! :F.LI CILITIES 
AI'ID l\ESOURCE H1PHOVEMENT 

1966-1980 
PROGRAM FUNCTION UNITS PROGRAN 

MULTIPURPOSE WA TER SUPPLY 

Conservatian Storage 1,000 ;\.F. 0 
Re creation ::LToin t Use ) 1, 000 t, c . 0 
j_,'ish & Hildlife (Joint Use) 1,000 Ac . 0 

\·lA TER Q.U1; LITY & POLLUTIOi'J 
CONTHOL 

Hater Quali ty Cont r ol 
V.J as t e Hater Treatnent mgd 6 

LAim TREA TI·'!.ENT & rP.ANAGEl.IENT 1,000 1\c . 4,051 

Cropland ( a cres treat ed ) 1,000 r'\c . 10 
Hangeland( a cres treat ed ) 1,000 Ac. 3,092 
Forest La.nd (a cres treated) 1,000 Ac . 930 
Urban & Other I t reat ed 1,000 Ac . 19 \. acres 

FLOOD CmTTHOL 

Le vees & Channels miles 51 
Reservoir & Detention St . 1,000 A. F. 109 

MUN ICIPAL & INDUSTF.IAL HATER 

IvJW1icipal Desalhng Plants tatjd 3.0 

F.E CRE!~ TION 

1,000 Ac . 14 Land Acquisition 
I 

FISH _~-'\l'ID vliLDLIFE 

Wildli f e Facili t ies No. 480 
Fishing Habitat 1,000 Ac . 0.9 
Hatcheries No. 0 

ELECTRIC POWER 
I 

Pumped Storage GW ! 0 
Fossil- fue l Thermal GW 0 
Nuc lear Thermal GW 0 
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1981-2000 2001-2020 
PROGRAN PRCXJRAN 

71.6 0 
1.2 0 
1.2 0 

12 18 

6 , 043 4 , 618 

13 13 
4, 506 3 ,977 
1, 500 600 

24 28 

31 25 
45 26 

8 .0 
I 

4.0 

I 
I 

14 I 2 
I I ! 

I 
1,158 1, 613 

0.8 1.6 
l l 

I 
i I 

0 I 0 i 
i I 

0 0. 1 
0 0 

i 
! 
l 

I I 

I I 



Table F- 11 - Li tt le Colorado Subregi on 
PROGRAM ACCOI1PLISHMEHTS ( Addition to 1965 Base ) 

PROGRAH FUNCTION 
r:::JLTHlUHPOsF; 11\'J.1T.r~~ suPPLY 

j:mpor !~ a Li o:1s 
Sur f a c: c I·Iate r De·Eelopme n'::. 
\•.'a:;er Sa1 1rage 
\'.'a ~.er Yield Improver:lent 

\'l.STER QUI\LITY , POLLUTIOI: 
COT! T: ~OL 8; ~-il~l\ LTH l'!\ ('TOHS 
Wa s l e ~ater Trea t n ent 

U\YD TF:E:i\ Tf-'tEN'l' G; I·.Ifi ~li\GEI1IENT 

Val11e Crop Production 
Erosion Damage Pre ··.re n Li on 
Widlf ire Damage 2re ven t i o o 
I ncreas ed Grazing Capacity 
Increased Timber [;ar vest 
Decreased ~ ediiYte r. t Vie 1d 
Land Prep ., On - Farm / a-:: . 
Urban and Other 

UNITS 

1 , 000 A , , .. :· . 
1 , 000 i ': • ~i_:· . 

1 , 000 h T1' 
r\ • .... • 

1 , 000 I\ • [.' . 

rngd 

:~ mi llion 
;(: 1 , 000 
$ 1, 000 
l ' 000 J\ :..rr-:i 
rh l. C. F . 
j . ~, /yr 

\ • .._ • I . - • 

1 , 000 t.c . 

f.i' 1ood Prev . &; Eros. Sontrol 1,000 f,c . 

J" LOOD CON'l'J:\OL 
Damage Pre venti on by : 

Le vees , Shanne1s , & l~es. 

Nons t n <c cura1 Meas ure s 
La nd 'I'rea tmen t 

In:KIGJ\TIOi'J 
:New Dis t r ibution System 
Hehab . of Dis t . Sy s t em 

DRf,INAGE 

f.lUNIC I PA L & Ir-IDUST;UAL Hl\TER 

~n ,ooo 

~i 1,000 
:~ 1, 000 
:~ 1,000 

1, 000 .D; c . 
1,000 f\r~ . 

1,000 Ac . 

Desalting Br a ckish ~<ater mGd 

t~ECHEATION 1,000 rec . days 

?ISH G; \HLDLIF'B 
Fi s hing 
Hunting 

E LE C'TRI C PO HER 
Capacity 
Energy 

1,000 man-day s 
1 , 000 man-days 

gw 
gwh 
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1966-1980 198 1-2000 
PROGRAt·1 PROGRAN 

0 0 
0 22 
0 0 

20 20 

6 12 

3 4 
300 1,100 

:> 5 228 
12 35 

751 2 , 220 
10 13 

1C! 
/ 

24 

1,280 1, 710 

855 1, 025 
80 8 0 

345 60 5 

( 6) (3) 
(6) ( 0 ) 
0 l 

3.0 8 . 0 

22 , 662 20 , 685 

279 199 
1 5 47 

0 0 
0 0 

200 1- 2020 
PROGRAB 

0 
0 
0 

20 

1~3 

6 
1 , 900 

3 ~'"' .JJ 
42 

3 , 511 
13 

28 

800 

325 
145 
330 

( l ) 
(0 ) 

1 

!+.O 

28 , 82 5 

368 
92 

0.1 
800 



PROGRAM FUNCTION 

WATER SUPPLY--MULTIPURPOSE 

Surface Water Development 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 

Waste Water Treatment 

LAND TREA TMENT AND MANAGEMENT 

Cropl and 
Er osion, Sediment, and Runoff 

Control 
Soi l Survey 

Range land 
Erosion, Sediment and Runoff 

Control 
Vegetative Management 
Wi l dfire, Prevention and 

Suppression 
Fores t Land 

Erosion, Sediment and Runoff 
Control 

Wa t er Yield Improvement 
Ti mber Management 
For age Management 
Wi l dfire, Prevention and 

Suppression 
Urban 

Er osion, Sediment and Runoff 
Control 

Land Preparation, On-Farm 
Facilities 

FLOOD CONTROL 

Levees & Channels 
Reservoirs 
Flood Plain Regulation 
Land Treat ment 

IRRIGATION 

I rrigation Development 
Rehab . of Dist. System 

DRA INAGE 

MUNI CIPAL & I NDUSTRIAL VJATER 

Desal t ing Brackish Hat er 
Ot her Wa t er Development 

RECREATION 

Land Acquisition 
Reservoirs (Joint Use) 

FISH AND WILDLIFE 

Fish 
Wildli fe 
Multipurpose Reservoirs 

ELECTRI C POVJER 

Power Plants 
Transmission 

Table F-12 
LITTLE COLORADO SUBREGION 

INSTALLATION COSTS 
(Million Dollars) 

1966-1980 
PROGRAM 

1981-2000 
PROGRAM 

Fed. 

0 

(0) 

1 

( 1) 

55.7 

( 0.1) 
(0) 

(4.5) 
( l. 5) 

(27.9) 
( 4. 6) 

( ll.O) 
( l.l) 

( 0.2) 

( 4. 6) 

( o. '2) 

2l.l 

(3.9) 
( 17. l) 
( O.l) 
(0) 

2 

( l) 
( l) 

0 

0 

(0) 
(0) 

6.0 

(6.0) 

3.7 

1.7 
2.0 
0 

0 
0 

Nonfed. 

0 

(0) 

3 

(3) 

12.0 

(0.1) 
(0) 

(2.5) 
(0.9) 

(4.7) 
( 1.0) 
(0.9) 
( O.l) 

( 1.0) 

(0.8) 

1.8 

(0.3) 
(0.2) 
( l. 2) 
(0.1) 

l 

( l) 
(0) 

0 

ll 

(2) 
(9) 

88.0 

(88.0) 

1.7 

0.7 
1.0 
0 

0 
0 
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Fed. 

16.6 

(16.6) 

l 

( l) 

121.1 

(0.1) 
(0) 

(5.9) 
(2.3) 

(58.8) 
(8.5) 

(31. 4) 
(5.2) 

(0.2) 

(8.5) 

(0.2) 

11.2 

(4.9) 
( 6.1) 
( O.l) 
(O.l) 

l 

( l) 
(0) 

l 

36 

(0) 
(36) 

64.1 

(62.0) 
( 2.1) 

5.7 

1.7 
3.1 
0.9 

0 
0 

Nonfed. 

(0) 

(0) 

3 

(3) 

( O.l) 
(0) 

(3.5) 
( 1.2) 

(6.3) 
(2.0) 
(3.1) 
(0.5) 

(2.0) 

( l.l) 

2.2 

(0.8) 
(0.1) 
( l. 2) 
(0.1) 

0 

(0) 
(0) 

0 

15 

(7) 
(8) 

16.0 

( 16.0) 

1.6 

0.6 
1.0 
0 

0 
0 

2001-2020 
PROGRAM 

Fed. 

0 

(0) 

1 

( l) 

66.5 

( 0.1) 
(0) 

(3.4) 
( l.l) 

(25.5) 
(9.0) 

( 11. 5) 
(6.4) 

(0.3) 

(9.0) 

(0.2) 

7.9 

(3.1) 
(4.7) 
(0) 
(0.1) 

0 

(0) 
( o) 

0 

0 

(0) 
(0) 

25.0 

:( 25 .o) 

9.6 

4.5 
5.1 
0 

0 
0 

Nonfed. 

0 

(0) 

3 

(3) 

(0.1) 
(0) 

(2.8) 
( l. 3) 

(9.7) 
( 1.0) 
(2.0) 
(0.2) 

( 1.0) 

( 1.1) 

2.7 

( o. 3) 
( 0.1) 
(2.2) 
( O.l) 

0 

(0) 
(0) 

0 

6 

( 1) 
(5) 

91.0 

(91.0) 

3.2 

1.5 
1.7 
0 

51 

( 1) 
(50) 



Table F-13 
LITTLE COLORADO SUB REG ION 

ANNUAL OPERATION, MAINTENANCE AND REPLACEMENT COSTS 
(Thousand Dollars) 

1966-1980 1981-2000 2001-2020 
EROGRAM FUNCTION PROGRAM PROGRAM PROGRAM 

Fed. Nonfed. Fed. Nonfed. Fed. Nonfed. 

WATER SUPPLY--MULTIPURPOSE 

Surface Water Development 15 15 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 

Waste Water Treatment (44) (422) (56) (549) (56) (615) 

lAND TREATMENT AND MANAGEMENT 4,819 1,504 13,085 5,590 19,063 3,894 

Cropl and 
Erosion, Sediment and Runoff 

Control ( 3) (9) (4) ( 10) ( 4) ( 10) 
Soi l Survey 

Range land 
Erosion, Sediment and Runoff 

Control (310) ( 110) (435) ( 130) (468) ( 137) 
Vegetative Management ( 181) (52) (259) (62) (259) (54) 
Wi ldfire, Prevention and 

Suppression (33) (2) (48) (5) (55) (7) 
Fores t Land 

Erosion, Sediment and Runoff 
Control (2,617) (932) (4,511) (2,770) (6, 781) ( 1, 407) 

Wat er Yield Improvement (525) (25) (5,400) (2,050) (8,400) (~,550) 
Timber Management (300) (5) (880) (30) (765) (5) 
For age Management (35) (20) (225) (75) (550) (65) 
Wi l dfire, Prevention and 

Suppression (800) ( 105) (1,300) (200) ( 1, 750) (275) 
Urban 

Erosion, Sediment and Runoff 
Control (8) (76) ( 16) ( 140) (24) (216) 

Land Preparation, On-Farm 
Facilities (7) ( 168) (7) ( 168) (7) ( 168) 

FLOOD CONTROL 52 99 35 65 0 61 

Levees & Channels (0) (20) (0) (32) (0) (29) 
Reser voirs (0) (7) (0) (25) (0) (20 ) 
Flood Plain Regulation (30) (7) (20) (7) (0) ( 10) 
Land Treatment (22) ( l) (15) ( l) (0) (2) 

IRRIGATION DEVELOPMENT 220 228 228 

DRAINAGE 7 7 

MUNICIPAL & INDUSTRIAL WATER 380 980 1,130 

RECREATION 453 7,333 5,030 2,090 1,992 7,967 

FISH AND WILDLIFE 300 100 645 185 838 280 

Fish (75) (25) (225) (75) ( 313) ( 105) 
Wildl ife (225) (75) (375) ( 125) (525 ) ( 175) 
Multi purpose Reservoirs (0) (0) (45) (0) (0) (0) 

ELECTRIC POWER 

Power Plants (200) ( 1, 100) 
Transmission 
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GI LA SUBREGION 

f1 f ramework program developed t o sustain a gr owing economy in t he 
Gila Subregion is surrunari zed i n Table 

Early Act ion Pr ogram, 1965 - 1980 

Multipurpose \va t er Supply 

The early action program proposes t he au t horized Central Ari zona 
Pro j ect f or cons t ruc t i on du i ng t he 1965 t o 1980 t ime f rame. J\ s planned, 
t he pro j ect illi ll convey annually l. 67 million a cre- f ee t of t he Sta t e of 
1~ rizona's Colorado River water en t i t lement t o the wa t er deficient areas. 
The proj ect is des:Lgned t o provide a supplemental wat er supply t o 
1.2 million acres of irriga t ed lands and 312 , 000 a cre- fee t of wa t er f or 
muni cipal a nd i ndu s t rial use in t he Phoenix and Tucson areas. Cen t ral 
Ari zona Pr o j e c t s t or age f a ci li t ies of abou t 2.1 million acre - f ee t 
capaci ty also wil l pro vide: r egula t i on of wa t er impor t ed from t he 
Colorado River; regulat i on of ( ~ila and San Pedro Ri ver f l ovrs; f lood 
and sediment control ; fish and wildli f e enhancemen t and outdoor re c
rea ti on oppor tuni t ies. Additi onal regu la t i on of f l ows f or irrigation , 
mi ning, a nd muni cipal uses i n t he upper reaches of t he Gila River i n 
New Mexi co will be provided by cons t r uct ion of Hooker .Reservoir or sui t 
able a lternat e. Exchange wa Ler will be pro vided t hrough t he Central 
Arizona Pr o j ect t o replace t he addi t i onal wa t er used t o sat isfy down
s t ream wat er ri ght s. Regulat i on of f lows in t he middle reaches of t he 
Gila 3·1. ver immediat ely below t he i nflow of t he San Pedro River will be 
pro vided t hrough cons t r uct i on of a reser voir having capaci ty of about 
366,000 a cre- f ee t . The ma j or fun c t i on of this res ervoir will be t o 
regulat e and i mpound f loodf lows from t he San Pedro Ri ver t o provide 
f lood prot ec t ion and max i mize utiliza t ion of such f l oodf lows for 
beneficial uses. Reser voi r s t orage of abou t 238 , 000 acre- f ee t will be 
provided i n t he upper reaches of t he San Pedro River t o supply about 
12,000 acre-fee t of 'ivat er f or mun i cipal use i n Tucson , Arizona, and t o 
pro 1ride f lood prevention, recrea t ion oppor tuni ties, and fi shery enhance
ment . Reservoir s t orage of abou t l. 36 -:nillion a cr e- fee t will be con
s t r ucted immediat ely downstream from t he conf l uence of t he Salt and 
Verde Ri vers north of Phoeni x . This reservoir will provide terminal 
s t orage for the aqueduc t f r om t he Colorado Ri 1rer, will regul ate f or 
benefi cial use t he floodf low now occasionally escaping t he present Salt 
a nd Verde Ri ver reservoir sys t ems, provide f lood protecti on f or the 
urban area of Phoenix, and make a vailable considerable wate r-based rec
reat i on and fis hing oppor t uni t i es. 
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Fur ther e val ua t ion of the po t ential of ground-water basi ns out s i de 
cri tical areas of us e i s re commended f or the cont i nui ng inves tiga tion. 
Eva l ua t ion should i nc l ude locati ng any pr esent l y untapped ground-wa t er 
ba sin s wi thi n reasonab le di s t ances of t he demand centers; determi nation 
of dep th t o ground vra t er , po t ential \-Tell yield , and volwne of wat er 
i n s t orage ; and es t i mates of the cos t s of extract i ng ground wa t er and 
con veyi ng i t t o areas of need. i1 promising pos sibili ty appears to be 
gro und-wa t er bas i ns underlyi ng the high mountain regions, abo ve 6 , 000 
f ee t , of the Pl at eau lJp l and s and Cent r a l Hi ghlands Provi nces i n noyth
central Ari zona . Al t hough no r eliable est i ma t es can be made a t thi s 
t i me, sus t ained yields from these basins coul d be in the order of 
100 ,000 t o 500,000 acre- f ee t per year . Should s tudies of these or 
o the r pot ential ground-wat er basins i ndi ca t e f easibility , i t is 
re co~~ended tha t the earlies t possib le utilization be a ccompli shed . 

\'later Quality 

The water quali ty cont rol program i n the Gila Subregion is based 
on de veloping ma j or r euse f acili t ies f or Mari copa and Pima Count ies , 
and the program f or t hese counti es is sho\om on the f ollowing s chemat i c 
diagrams. Under t he plan all was t es are t reat ed t o an equi valent 
secondar y level and t he t rea t ed eff l uent applied t o the land t o effect 
additional removal of i mpur ities by in.fi ltra t ion through the soil. A 
pilot pro j ect novr operat:i.ng on thi s principle is experienci ng encour
agi ng r esu l t s. Hater made available by ground-water re charge from t hi s 
operation wou l d be available for unres t r icted i r r i gati on use i n quan 
t i t ies shown on the s chemat i c diagrams. I r r i gati on drainage wou ld 
fu r t her lessen t he quali ty of the ground wa t er i n the area. Ef f luent 
from the irriga t ion r eu s e will approach a quali ty of approxi ma t ely 
4,000 mg/ l of t o tal di ssolved solids \'Thi ch would cause conti nued det eri
oration o f the ground vla t er i n t he area . 

Fur ther s t udies are re commended of the t reatment and recycling of 
\·las t e f lmvs, t he po t ential uses of the wa t er, and t he wat er dis t ribution 
sys t ems t ha t would be required. The hi gh degree of water u t i li za t ion 
in the Subregion i s no t wi thout penalty because, unless t reatment i s 
pro vided, each re cycling i ncreases t he salt conten t un t i l the wat er 
becomes unaccep t able f or irriga t ion use. Since surface out f low from 
the Subregion is rare, the ma j or deposi t ory f or the salts is t he ground
vmt er basins. Studies are proposed t o de t ermi ne the rat e of ground
vmt er degradat ion t ha t may be expected, the e f f ect s thereof , and the 
alt erna tive solut ions f or alle viation of the problem. Possible al t er
na tives could i nclude desa l t ing of ground wat er prior to i t s use, and 
the desalting and direct reuse of return f lows where significan t quan
tities oc cur. Ob t aining salt balance i n t he bas in by provi di ng wa t er 
f or outflovr from t he Subregi<;m probably cou ld be considered onl y when 
adequa t e quan t i t ies of i mpor t ed water become available. Figure F- 2 
and Fi gur e F-3 are schema t i c diagrams of hm-1 wat er mi ght be used, 
reclai med, and reused i n Mari copa and Pi ma Count i es, respecti vely . 
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Figure F-2-Schematic Diagram of Program for Water Use and Reuse in Maricopa County, Arizona 
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La nd Tr ea t men L and l'.'tanageme n t 

The p r ogram i nc l udes t rea t men t o f 7 . 8 mi llion acres by 1980 a t a 
t o t a l cos t o f :i, l 6 I•. O mi lli on . Of the t o tal pro,~;ram , 3 per ce n t of t he 
cos t vri l l be o r~ crop land , 42 perc ent on r angeland, 52 p er cen t on fores t 
land , a nd 3 per cer:t or, u r ba r.. a nd o t her lands. Neas u.r e s f or f loodwat er 
ar.d eros i on contro l vri ll be pro vided on 435, 000 a cres o f c ropland dur i ng 
t he p eriod . About 5 . 3 mi llion a cres o f rangela nd ; 2 . 0 milli on a cres o f 
f ores t l and; and 107 , 000 a cre s of urba n and o ther l ands wi ll b e adeq~1ately 

trea t ed dur ir:g t!1i s period . The r e commended land t r ea tmen t and ma nage
men t program by l a nd r e s ou r ce gro up is exp l a i ned i n tr1e r e e;i onal wri t e-
up on pa ge 

Trea t men t of 200 , 000 a cres o f f ores t land i s provi ded in t he early 
a cti on progr am t o i ncrease vra t er yi eld by about 0 .05 mi llion a cre- f ee t . 

Ha ter management control meas ures are in c l uded on LJ-35,000 a cres o f 
i rri ga t ed l and f or th e mor e e ffic ien t u s e o f irriga t ion iva t er and t o 
r educe costs o f irr iga t ion . I t is r ecommended tha t s t udi es i nc l ude 
p ossible me an s of redu cing nonb enefi cial consump tive u s es associat ed 
wi t h i r r iga tion . 

Flood Con t r ol 

Increased ur ban g ro-v1 t h i n t he Gila Subregion will require additional 
f lood control facili ties. I nc l uded i n the early a ction prog ram is f lood 
con t rol s t ora ge as f ollows: 1.27 million acre- f ee t wo uld be provided 
by mult ipurpose reservoi rs a uthorized a s a par t of t he Central Ari zona 
Proj e ct ; a n addi t ional 0 . 29 million a cre- f eet wou ld b e i n dovm s t ream 
f lood de t e ntion f a cili t ies; and . 42 mi lli on a cre- f ee t vTOu ld b e in 
ups t ream f a cili t ies. In addi t ion , local f lood prot e ction f a cili t ies 
'iTO uld i nc l ude 431 mi l e s o f f lood channel i mpro vemen t and 92 miles of 
le vees. Damages pre ven ted \'Tou ld t o t al about $22.1 million and remaining 
damages wou ld amoun t t o about $25 . 9 million annually . 

I rrigation and Draina ge 

The on-going prog ram t o rehabi li t a t e exis t i ng irriga t ion water con
veyance s ys tems ser vj_nc; 320,000 a cres o f i rriga t ed land is expec t ed t o 
b e comple t ed by 1980. New con ve yance f a cili t ies t o ser ve 213,000 acres 
o f land also are included in the early a ction progr am . Neiv f a cili t ies 
would provide f or coordina t ed grou nd-su r f a ce wat er utili za t ion a nd some 
addi t ional irriga t ion on I ndian lands. 

It is expected tha t about 26,000 a cres o f irriga t ed land will be 
conver t ed t o u rban u ses during the 1965 t o 1980 period. Harvested 
a creage, ho'ire ver, is expec t ed t o i ncrease by abou t 151,000 acres. 
Additional irrigat ion de velopment is expec t ed to to t al about 127,000 
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a cres. The rema1n1ng 2lf,000 a cre i ncrease in har ves t ed area is expected 
t o result f rom decreased crop f ailures and decreases i n the acreage of 
developed land remaining idle be cause of i nsuffi cient vra t er supplies. 
Some of t he additional irriga t ion would be on Indian reser vation lands. 
Draina ge facili t ies would be pro vided t o serve an additional 1,000 acre s . 
The irriga t ion and drainage program f or the Gila Subregion t o 1980 will 
cos t $120 mi llion. 

Municipal and I ndustrial Ha t er Supply 

More t han 80 percen t of t he muni cipal and i ndu s t rial wat er demands 
of the Gila Subregion are f ound in t he Mari copa and Pima Count ies of 
Arizona where Phoenix and Tuc son are locat ed. Wi thdrawal of wat er f or 
municipal a nd indus t rial uses is expec t ed t o i ncrease by abou t 200,000 
a cre- f ee t from 1965 t o 1980. Comple t ion of the Central Arizona Projec t 
by t he end of t he t i me period wou ld provide about 312,000 acre-fee t for 
mun i cipal and i ndus t rial use. Some addi tional wat er will also be made 
available by the conti nuing conversi on of irriga t ed lands t o urban use. 
Exis t i ng sur f a ce and ground-wat er supplies vrill conti nue t o be ut i l ized. 

Numerous small demand centers s cattered throughout the remainder 
of t he Subregion are expected t o continue t o supply their water needs 
by fur t her de velopment of presen t sour ces. The Central Arizona Pro j ec t 
vrill make possible water exchanges, allowing local development of t rib
ut aries f or muni cipal use. The needs of fi ve small communi t ies wou ld be 
satisfied by desalting brackish ground wa t er. 

To t al es t i ma t ed cost of t he early action muni cipal and indus t~ial 

wa t er supply program f or t he Gila Subregion is $22.0 million. 

Re creation 

Recrea t ion needs i n t he Gila Subregion are expected t o con t inue t o 
be concent rat ed i n the Phoenix-Tucson areas. The Central P.rizona Proj ect 
will make available about 16,000 surface acres of wat er for recreat ional 
use. Single-purpose reservoirs for boat ing have not been included i n 
the program. Increasing the concentration of boat ing on mult ipurpose 
reser voirs will ~ulfill par t of t he demand, and the remainder will need 
t o be sat isfied by ot her forms of recreat ion . 

The urban recreational development program i nc l udes canal-side 
parks, perimeter riding and hiking t rails, and o t her park development . 

A number of areas in t he Subregion are recommended for consideration 
f or preservat ion as historic, s ceni c , or natural areas. 

The recrea t ion program f or the Gila Subregion to year 1980 wi l l 
require the expendi ture of $299 million for the acquisition and develop
ment of 30,000 acres of land to sat is f y the need for 78 million recreati on 
days. 
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1" ish and Vlildli f e 

Fa ci l i t i es of the Cen t ral Arizona Pro j ect have the pot ent i a l t o 
p r o vide 972 , 000 man- days of fi shing annual l y . Also, t he s tat e f i sh and 
game depar tment s and Federa l l and management agenci es have plans t o 
de ve l op and i mpro ve habi t a t t o provi de 1, 550, 000 man-days of fi shing 
annua l l y . A small addi t i ona l amount of primary- purpose fis hi ng habita t 
in New Mexi co and i n the vi ci ni ty of Pres cott , Ari zona, ha ving a t o tal 
area of 60 a cres , is in c l uded i n the earl y act i on progr am . Also 
i nc l uded are one cold wa t er and two warm 1-rater f isn hatcheri es , fishermen 
a ccess and o t her user faci l i t i e s . 

An early ac t i on wi l dl ife progr am f or the Gila Subregion woul d 
i nc l ude t he preser vation of 153,750 a cr es of hi gh val ue ripari an habita t , 
and the r eclassi f i ca t ion of t his habi t a t as primary-purpos e wi ldli f e 
lands. These wi l dli f e areas are mos t l y loca t ed near popu lation cent er s 
and ar e poss i bly t he most i mport ant i n t he Region i n relat i on t o pr o
ducti on o f up land and nongame wildli f e species. 

The pr ogram ivou l d inc l ude the cons t r uc t ion of 94 miles of primi t i ve 
acces s r oads t o impro ve access f or the user. 

Total e s tima t ed cos t of the ear l y action fi s h and wi l dli f e progr am 
f or the Gila Subr egion i s $26. 4 milli on . 

Electri c Power 

Electric power demands in the Subregion wil3... be supplied par tially 
f r om ot her areas . The a va i lability of wa t er near cheap fue l sources, 
makes i t mor e economi cal t o transmitt electric energy long dis t ances 
t o l oad cent ers t han t o use high cos t fuels near t he load cent er f or 
base l oad power plant operat i on . However , t he rapid l y incr easing 
demands f or electr icity a lso vril l r eqllire peaki ng power p l an t s within 
t he Subregi on. Becaus e of the wa t er def iciency, p~mped s t or age power 
f a cilities onl y , havi ng i ns talled capacity of 800 ki lowatts , are 
inc l uded i n the early action program. Es t ima t ed cos t of i nstallation 
is $471 mi l lion . 

A smal l amount of convent i onal hydroelec t r i c po t ential has been 
r epor t ed, by the Federa l Power Commi ssion, t o exi s t i n thi s Subregion. 
Thi s po t ent ial has no t been incl uded i n t he progr am because no de t ailed 
inves t i ga t i on of t he s i t es ha ve been made . 

Continui ng Progr am, 1981 - 2020 

Multipurpose Water Supply 

Wi t h the annual t r ans f er of l. 67 mi l lion a cr e- f ee t of Colorado 
Ri ver wat er t o the Gila Subregion i n 1980, as provided by the Central 
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Arizona Proj ect , t he wat er deficiency remalnlng is projected t o be 1.4 
million acre-feet annually . Even aft er all cont emplat ed means of con
ser va t ion and a ugmentat ion \vi t hin the Region are i n operation, the net 
water de f iciency wou ld increase t o abou t 2.3 mi llion acre- f ee t by year 
2000 and t o 3 . 6 mi llion acre-feet by year 2020. It is expected that 
importation of water from outs i de the Region cou ld not begin unti l 1990 
or 1995 . The i nterim resu l t will be continued ground-water overdraft 
accompanied by degr ada t ion of ground-vrater quality, greater pumping 
l ift ::, and additional land subsidence. Water uses will need t o be 
weighed care fully and some needs necessarily may remain un sati sfi ed 
unt il an adequa t e supp l y of impor t of water be comes available. 

Addi t ional wa t er, t otaling about 100 ,000 acre- fe e t annually, wou ld 
be made available t hrough i ncreased watershed yields obtained by vege
t a t i ve manipulat ion on 740,000 acres. 

The most criti cal continuing program is vmt er importations into 
the Gila Subregion t o alleviate t he ground-wat er overdraft and t o sat
isfy increasing wat er r equirements. Total augmentation required i n 
year 2000 would be about 3.1 mi llion acre- f ee t , of which about l.l mi llion 
a cre- f ee t would be supplied from the Colorado Ri ver and 2.0 million acre
f ee t would be i mpor ted f rom outs ide the Region. By year 2020, t he 
t ot al augmentation program vrould i ncrease t o 4. 0 mi llion acre- f ee t , of 
which 0. 8 million acre- f ee t would be from the Colorado River and 3.2 
mi llion a cre- f ee t would be imported from outside the Region . Additional 
conveyance f acilities vrould be constructed i n each of the time frames 
of 1980 t o 2000 and 2000 t o 2020 to convey the water to the areas of 
need. The locat ion of such f acili t ies would be governed by future 
growt h pat t erns i n the Subregion. The possibility of locati ng future 
f acilities to encourage population dispersement shou ld be considered. 

Impor t a t ion of wat er t o downstream areas would make possible 
upstream development t hrough the wat er exchanges. A maj or de velopment 
of this type would be construction of about 700,000 acre-feet of storage 
facilities on the Gila Ri ver above Coolidge Dam whi ch could provi de a 
regulated water supply for 54,000 acres of presently irrigat ed lands; 
f or t he development of mineral resources; f or municipal and i ndustrial 
purposes; f or water-based recreation opportuni t ies; and for fishing 
enhancement . 

Importation facilities would include terminal storage reservoirs 
t o t aling about 6oO,OOO acre-fee t of capacity. The s t orage would need 
to be located in the vicinity of maj or urban centers and could be 
utilized to satisfy a large part of the water-based recreation and 
fishery needs. 
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Hater Quality 

Degradation of ground-water quality will continue to increase as 
water use increases if outflow from the Subregion is not provided. The 
program includes a desalting plant in the Buckeye area, where important 
quantities of saline drainage water are expected to accumulate. The 
desalted water would be returned for use. 

Other considerations could include providing a salt balance either 
by adding water to provide outflow from the Subregion or by allowing 
the ground water to degrade in quality, necessitating treatment of with
drawals prior t o use. Studies were recommended in the early action 
program to define further the water qua~ity prob~ems and to determine 
alternative means f or their solution. 

Land Treatment and Management 

Increased pressure on land resources inherent in the Subregion's 
growing population will require a continuation of early action land 
treatment and management practices on an additional 19.5 million acres 
by 2020 at a total cost in excess of $451 million. 

The program includes treatment of 1.4 million acres of cropland; 
14.1 million acres of rangeland; about 4.0 million acres of forest 
land; and 290,000 acres of urban and other land. 

Flood Control 

The continuing program f or flood control provides 980,000 acre
f eet of reservoir capacity. of which about 4o percent would be upstream 
f acilities. Local protection would include about 531 miles of flood 
channel improvements and levees. Such facilities would reduce annual 
flood damages by $36 million and remaining damages would amount to 
about $42.7 million. 

Irrigation and Drainage 

During the period of 1980 t o 2020, it is es t imated that nearly 
167,000 acres of irrigated lands will be lost to urbanization while · 
a net gain of about 80,000 harvested acreage is expected. This 
would require additional irrigation development t o serve 247,000 acres. 
This increase in harves t ed acres is expected to be largely the result 
of privat e development in outlying ground-water basins and development 
on Indian lands. The continuing program includes coordinating of the 
use of the ground-surface water supply by providing additional con
veyance facilities for irrigation of 426,000 acres. Water management 
measures to provide better control and more efficient use of irrigation 
water are recommended for i nstallation on l.l million acres during the 
1980 to 2020 period. 
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r~. ddi tional drainage faci li ti es wou ld be provided t o serve 62,000 
acres . An annual accttrnu la tior. of about 300,000 acre - f ee t of drainage 
wa t e r j s expec t ed. t o occLJ.r i n the Buckeye area . Faci li t i es f or t reat 
ment and re use of this 1-ra t er are contained in the wa t er q1J.ali ty program. 

Tot al cos t of t he continuing irriga tion and dra i nage progr am ( 1981 
t o 2020 ; is es timated at :;1257 million. 

Mun i cipal and I nd·,ls trial \·!a t er Supply 

I-1unicipal and i ndus trial vm t er r eq•-li remen t s woul d be supplied 
l argely f rom present s urface and gr ound-water sour ces, by Colorado ?..i ver 
'\va t er impor t ed through the Central Arizona Pro:j ect f aci lities, and by 
s ubsequent i mporta ti on of wa t er f rom outs ide the 1~egion . Conversion of 
irrigated lands t o ur ban uses probably will res ul t i n some water bei ng 
t rans f erred f rom agri cul tural t o municipal uses . The program also 
i nc l udes enlargement of five small desalting plants f or ci t ies tha t 
appear t o be t oo far f rom the area served by t he Central Arizona Proj ect. 

The impor t a tion of wa t er t o t he dovms t r eam areas also will permit 
small communiti es a long the t ributaries t o develop local sur fac e-wat er 
supp l ies under t he exchange principal. 

It is re commended tha t de tai led s tudies be i ni t iat ed t o determine 
needs of t he many small commun i tj_es and t o evalua t e t he local surface
and ground-vra t er resources a vailab le t o mee t these needs. Studi es f or 
de :L~i n ing t he need f or exchange wat er t hrous;h i mpor t a t ion f acilities are 
also re cormnended . 

Es t i ma t ed cos t of the cont i nuing (1981 t o 2020 ) municipal and 
indus t r i al wa t er supply p r ogram f or the Gi la Subregion is $116 .0 million . 

Recreation 

The 1981 t o 2020 recreat ion program f or t he Gila Subregion i ncludes 
continued developmen t of urban-orient ed facili t ies such as parks, r iding 
and hiking t rails, e tc ., and rural-oriented recreat ion needs would be 
supplied by preservation of land through acquisition, construc t ion of 
recreational facili t ies, and provision of a ccess f acilities. 

The program i nc l udes acquisition and de velopment of 130,000 acres 
of land t o supply 303 million recreation days at a t otal es t imat ed cos t 
of $Ll billion. 

Fish and Hildli f e 

Multiple-purpose proj ects planned for t he period 1981 to 2020 are 
t he Upper Gila River Pro j ect , Reserve and J\lma Reservoirs on the San 
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Francisco River, and the i mp ortation programs collectively , a r e expe cted 
t o add habi t a t capable o f pro viding 930 , 000 man-days of fi shing annually . 
Re gula tine; res ervoirs for impor t water 1-TO LJ.ld be provided withi n 75 mile s 
of the large urban areas and the exchange \vate r princ i pal vrou ld pro vide 
opportunity f or ups t ream de ve l opment . 

The 1981 t o 2020 program also inc l ud e s the development o f 18 , 000 
a cr es of small prima ry- pu rpo s e f ishing lake s . 'l'he maj ority o f thi s , 
10,900 a c r e s, is plann ed f o r the Phoenix - Tucson metropolitan area s and 
\vou ld provide 5. 5 million man-days of f ishing annuall y. The r emai r:, i ng 
7 ,100 a cres are programed t o b e d e <Je lop ed as smal l co ld wat er fishing 
lal...:es distributed i n the rdgh- demand areas of the Mogoll on Him and 
o ti1er areas o f need. These lakes woulc1 pro vide an addi tiona l l. 5 mi l lion 
man - days o f fi s hing a r,n ually . 

In addi t ion, the 1981 t o 2020 program i nchtdes t he deve l opment. o f 
6 :Ci sh ha tcheries, fi s hermen acce ss, ani o tne :c u ser f acilities . 

The con tin~irlg \•rj_]_d li f e prog ram for t he Gila Subregion wou ld inc l ude 
the re c l assifi cation o f 1 , 723 , 000 acres of land into primary-purpose 
wi l dH f e lands . The s e vrou l d i nc lude a r eas o f key habitat f o r several 
spe cies o f vri l dli f e, a r:d areas vrhi ch cou l d be deve l oped i nto highly 
produc tive areas wi thin r easona b le u s e dis ta~ce o f Phoenix a nd Tucson . 
These prirnary- purpose areas and selected multipl e-us e areas vrould be 
developed t hrough the cons tr,;_cti on o f 151 mi l es o f ac cess roads and 
approximately 31 , 952 i·rildli f e vm t ering stations . 

The es t i ma t ed cos t o f the 1981 t o 2020 fish and vrild li fe p rogram 
f or the Gila Subregion is :!' 206 . 3 million . 

Elec t r ic Poi'rer 

Elec t ri c pmver req:J_i r eme nt s are pro j ec t ed t o continue increasing 
a t a s urprising l y rapid rat e . l' ·-'cili tie s t o supply 87 . 9 gw o f t he 
Reg i on's r equ.i r emen t s for [ enerating capacity are included i n t he 
program for the Subregion . Estimated co st o f in s t allation is $ 19 .3 
bi l lion . 

Studies are propo sed t o consider the extent tha t water shou ld b e 
de ·.ro t ed t o the producti on o f thermal electr i c pmver i n the Subregion , 
a s vlell as possib le a lterna t ive s t o power p l an t locations or cooling 
methods t o mee t the p ro j e cted high e l e c t r ic power r e qui r ements. Water 
f or cooling wo ul d be r e cycled until dep le t ed . 

The f ollowing pa~;es, 250 through 253 , are s m:unaries of the Gila 
Subregion frsxr~evlOrJ ~ proc;ram i n t e rn:s o f faci li 'v ies require d , progr am 
a ccomplishments, :i.ns t alla tion co s t s , anCi operat i on , main t e nance, and 
replacement cos t s f o r the period 1965 t o 2020 . 
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Tab l e F-14 
GI LA SUBnEGION 

PROGRA!'-1 FACI LITIES 
.IWID RESOURCE IHPROifE!',lENT 

PROGRAM FU:fiiCTION 

MULTIPUHPOSE HA TER SUPPLY 

Conservation Storage 
Recreation (Join t Use ) 
Fi sh & Wi l dlife (Joint Use ) 
Conveyance Sys . & over 

100 cfs 

HATER QUA LITY & POLLUTION 
CONTROL 

Water Qual ity Control 
Drainage Ha t er Trea tment 
Ter t i ar y Trea tment 

Was t e Water Trea tment 

LA.l\TD TREATMENT & MJ\NAGEf.mNT 

Cropland (acres t reated ) 
Rangeland(acre s t reated) 
Fores t Land (acres t r ea t ed) 
Urban & Other (a cres t rea t ed ) 

FLOOD CONTROL 

Le vees & Channels 
Reser voi r & De t ention St. 

MUNICIPAL & INDUSTRIAL WATER 

Municipal Desalti ng Plants 

RECREATION 

Land Acquisition 

FISH & HILDLIFE 

Wildli f e Facili ti es 
Fishing Habi t a t 
Ha tcheri es 

ELECTRIC POWER 

PlJJilped Storage 
J;;;os$i l- :f.'uel Thermal 
Nuclear Thermal 

UNITS 

1, 000 A. F. 
1, 000 Ac . 
1, 000 Ac . 

miles 

mgd 
mgd 
mgd 

1,000 Ac . 

1, 000 Ac . 
1, 000 Ac . 
1, 000 Ac . 
1,000 Ac . 

mi l es 
1,000 A . F . 

mgd 

1,000 Ac. 

No. 
1,000 Ac . 

No. 

GW 
GW 
.GW 
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I 
I 

I 

I 

I 
I 

1966-1980 
PROGRAN 

570 
22. 1 
22 . 1 

304 

0 
210 
150 

7, 809 

435 
5, 267 
2, 000 

107 

523 
1, 979 

4. 5 

30 

0 
12.1 

4 

0. 8 
0 
0 

1981-2000 2001-2020 
PROGRAM PROGR.fu\1 

769 200 
7 . 9 5.0 
7.9 5. 0 

304 304 

I 

0 150 
250 360 
230 390 

10 ,804 8 , 706 

581 561 
7, 798 6, 330 
2, 300 1, 650 

125 165 

323 

I 

209 
404 576 

I I 
0 10 .0 I 

I I 
45 85 I 

8 ,024 23, 928 I 
i 7.0 I 15. 4 

3 
I 

3 i I 

I 
I 
I 

4.1 3. 7 ' i 

I 6 .0 I 16.7 
11.3 46. 1 



Table F-15 - Gila Subregion 
PROGF1\l1 ACCOl•IPLISHMENTS ( Addition to 1965 Base) 

1966-1980 1981-2000 2001-2020 
PROGRAM FUNCTION 

1-:ULTlrlJHPOSE i;i,UEJ. E:UPl'L.L" 
Impor ca ti ons 
Su r face 1i:ater Deve1opner t. 
\·later Sa lva6e 
Int raregiona1 Water Trans . 
\·iater Yield I mprO\'emen ;:, 

\:I:.. TER QUALITY , POLLUTION 
COIJTROL & EI::J\LT!I I<'fiCTORS 
Wa t er Quali ty ~ontrol 

rJ a t ura 1 ? lovr Trea tme r; t 
Ter t i ary Trea tment 
Desalt. inc; 

Was t e ~ater Trea t ment 

Li\ ND TiZJ·;t. TE:E:l'TT i\I'f!J i,IA:;L.;GLHEHT 
Value Crop Producti on 
Erosion Damage Fre •ven l. ion 
Hildfire Dcunage Preve tion 
Increased Grazing Capaci ty 
Increased Ti mber Har •ves t 
D~ creas ed Sedimen t Yield 
Land Prep . , On-Farm 3:-'e. c . 
Urban and Other 

U1'UTS 

l , 000 /i . F. 
1, 000 :· -:-,, 

I·. • J • 

1 , 000 A. F. 
1,000 i\ . F . 
1,000 A . ? . 

m,;d 
mgd 
DlGd 
mgd 

: :~ rni llion 
:!;1, 000 
~ : 1,000 
1, 000 A 1J1.1 
1·.·1i l. C. F. 
A. F • ./Yr. 
1,000 .t..c . 

PROGRAM 

0 
72 
35 

1, 670 
30 

0 
210 

0 
150 

357 
1, 500 
1,035 

161 
9 

1,148 
1+35 

Flood Prev. & Eros. Control 1, 000 Ac . 107 

FLOOD CONTROL 
Damage Prevent ion by : 

Le vees, Channe ls & Res. 
Nons t ructural Measures 
Land Treatment 

IRHI GATION 
New Dis t ribution · Sys t em 
Rehab. of Dis t . Sys t em 

DRAINAGE 

;j;1, 000 

."?1,000 
~? 1,000 
;) 1 , 000 

1,000 li e. 
1,000 Ac . 
1,000 Ac . 

MUNICIPAL & INDUST1UAL \·lATER 
Desalting Bracki sh Wa t er mgd 

RECREA TI ON 1,000 rec.days 

FISH & vliLD LH~ 
Fishing 
Hunting 

ELECTRIC POWER 
Capacity 
Energy 

1,000 man-days 
1,000 man-days 

gw 
gwh 

22,090 

(20,095) 
(675) 

(1,320) 

213 
320 

l 

4. 5 

77,721 

2,540 
0 

0.8 
2,000 

PROGRAN 

1, 930 
76 

0 
Go 

0 
250 

0 
230 

50Lf 
5, 800 
3,169 

744 
4 

3,176 
581 

125 

17,870 

(14,070) 
(1,115) 
(2, 685) 

576 
0 

13 

0 

118 ,943 

2,388 
355 

21.0 
149,600 

PROGRAN 

1,320 
0 

0 
Lf0 

0 
360 
150 
390 

657 
11,000 
7,969 
1,291 

4 
4 , 595 

561 

165 

17,970 

(13,920 ) 
(1, 615) 
(2,435) 

97 
0 

49 

10.0 

184,031 

5,590 
1,089 

66.9 
528,900 



Table F-16 
GILA SUBrun ION 

INSTALLATION COSTS 
(Million Dollars) 

1966-1980 1981-2000 2001-2020 
PROGRAM FUNCTION PROGRAM PROGRAM PROGRAM 

Fed. Nonfed. Fed. Nonfed. Fed. Nonfed. 

WATER SUPPLY--MULTIPURPOSE 729,000 0 652,000 0 338,000 0 

Intraregional Water Trans. (729,000) 0 (592,000) 0 (338,000) 0 
Surface Water Development (0) 0 (60,000) 0 (0) 0 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 17 52 21 53 31 87 

Waste Water Treatment ( 16) (51) (21) (51) (31) (85) 
Water Quality & Pollution Control ( l) ( l) (0) (2) (0) (2) 
Drainage Water Trea+.ment ( 0) (0) (0) (0) ( 160.0) (0) 

lAND TREATMENT AND MANAGEMENT 97.0 67.0 181.~ 88.9 97.4 82.8 

Cropl and 
Erosion, Sediment and Runoff 

Control (0.8) (2.0) ( l.i) (2.1) ( l.l) (2.6) 
Soi l Survey (0.3) (0.4) (0.4) 

Rang~ land 
Erosion, Sediment and Runoff 

Control (31.0) ( 10. 9) (38.5) ( 15.6) (17.6) ( ll. 3) 
Vegetative Management ( 5. 9) (3.4) (8.5) (4.0) ( 4.4) (4.9) 
Wil dfire, Prevention and 

Suppression 
Fores t Land 

Erosion, Sediment and Runoff 
Control (32.8) (8.3) (-83.7) ( 10. 5) (39.5) ( ll. 2) 

Wat er Yield Improvement (7.7) (3.0) (13.0) (3.0) (16.0) (3.5) 
Timber Management (8.9) (l. 3) (16.4) (3.1) (0.9) (0.1) 
For age Management (0.8) (0.2) (8.3) ( 1.0) (5.9) (0.4) 
Wi l dfire, Prevention and 

Suppression (0.2) (0.2) (0.4) 
Urban 

Erosion, Sediment and Runoff 
Control ( 0.6) (2.6) (0.8) (3.0) (l.O) (4.0) 

Land Preparation, On-Farm 
Facilities (8.0) (35.3) ( 10.6) (46.6) ( 10.2) (44.8) 

FLOOD CONTROL 226.7 31.1 208.8 46.7 164.6 45.7 

Levees & Channels (63.9) (ll. 7) (147 .1) (22.7) (44.7) (2.7) 
Reser voirs ( 161. 7) (7.3) (60.3) (4.6) ( 118. 5) ( 16.1) 
Flood Plain Regulation (0.3) (10.1) (0.3) (16.7) (9.3) (24.2) 
Land Treatment (0.8) (2.0) (l.l) (2.7) ( l.l) (2.7) 

IRRIGATION 94 25 167 ll 24 6 

Irrigation Development (46) (20) (167) ( ll) (24) (6) 
Rehab. of Dist. System ( 4B) (5) (0) (0) (0) (0) 

DRAlliAGE l 0 10 l 37 l 

MUNICIPAL & INDUSTRIAL WATER 0 22 3 46 0 67 

Desal ting Brackish Water (0) (5) (0) (0) (0) (6) 
Other Water Development (0) ( 17) (3) (46) (0) (61) 

RECREATION 76.4 223.0 112.9 332.0 74.0 614.0 

Land Acquisition (70.0) (223.0) (108.0) (332.0) (74.0) (614.0) 
Reser voirs (Joint Use) (6.4) ( 4. 9) 

FISH AND WILDLIFE 21.1 5.3 43.4 12.2 113.6 37.1 

Fish ( 4~ 5) (5.2) (10.8) (3.6) (36.4) ( 12.1) 
Wildlife (0.6) ( 0.1) (25.7) (8.6) (76.0) (25.0) 
Multi purpose Reservoirs ( 16. 0) 0 (6.9) 0 ( 1.2) 0 

ELECTRI C POWER 471 4,800 14,500 

Power Plants (77) (2,900) (9,800 ) 
Transmission (394) (1,900 ) (4,700 ) 
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Table F-17 
GILA SUB REG ION 

ANNUAL OPERATION, MAINTENANCE AND REPLACEMENT COSTS 
(Thousand Dollars) 

1966-1980 1981-2000 2001-2020 
PROGRAM FUNCTION PROGRAM PROGRAM PROGRAM 

Fed. Nonfed. Fed. Nonfed. Fed. Nonfed. 

WATER SUPPLY--MULTIPURPOSE 7,500 13,825 17,925 

Intrar egional Water Trans. (7,500) (13,8oo) (17,900) 
Surface Water Development (25) (25) 

WATER QUALITY, POLLUTION CONTROL, 
AND HEALTH FACTORS 630 10,860 950 17,230 1,420 29,520 

Waste Water Treatment (630) (9,660) (950) (15,030) (1,420) (25,820) 
Water Quality, Pollution Control (0) (1,200) (0) (?,200) (0) (3,700) 

LAND TREA TMENT AND MANAGEMENT 8,134 8,651 21,426 15,029 32,105 12,486 

Cropland 
Erosion, Sediment and Runoff 

Control 85 207 88 210 86 2o8 
Soi l Survey 

Range l and 
Erosion, Sediment and Runoff 

Control 1,521 194 2,493 254 3,702 283 
Vegetative Management 581 138 795 172 1,733 16o 
Wildfire, Prevertion and 

Suppression 202 7 284 13 305 21 
Fores t Land 

Erosion, Sedimen t and Runoff 
Control 3,512 1,334 6,256 3,731 7,631 1,382 

Water Yield Improvement 725 155 8,6oo 3,600 14,600 3,000 
Timber Management 155 70 330 20 320 5 
Forage Management 125 70 4oo 150 850 225 
Wildfire, Prevention and 

S ppression 875 100 1,800 125 2,450 125 
Urban 

Erosion, Sediment and Runoff 
Control 56 505 94 842 143 1,288 

Land Preparation, On-Farm 
Facilities 297 5,871 286 5,912 285 5,789 

FLOOD CONTROL 328 870 168 850 506 620 

Levees & Channels ( 0) (289) (0) (353) (0) ( 193) 
Reserv·oirs ( 123) (322) (0) (203) (420) (98 ) 
Flood Plain Regulation ( 120) (52) (80) (84) (0) (121) 
Land Treatment (85) (207) (88) (210) (86) (208) 

IRRIGATION DEVELOPMENT 7,000 7,480 7,510 

DRAINAGE 20 220 765 

MUNICIPAL & INDUSTRIAL WATER 1, 700 3,300 6,200 

RECREATI ON 5,688 24,842 10,149 37,184 7,955 66,250 

FISH AND WILDLIFE 1,600 500 3,950 1,200 9,810 3,250 

Fish (975) (325) (1,050) (350) (2,175) (725) 
Wildlife (225) (7')) (2,550) (850) (7,575) (2,525) 
Multipurpose Reservoirs (400) (100) (350) (0) (60) (0) 

ELECTRI C POWER 

Power Plants (9,800) (207,600) (763,300) 
Transmission 
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CHA PTER G - PROGRAM EVALUATION 

The comprehensive framework program responds as nearly as practi
cable t o t he proj ected needs of the social and economi c activities of 
the Region. However, f or some program activities it is not practicable 
t o satisfy all needs. Some wat er-relat ed activities will require fur t her 
s t udies t o more clearly define t he requirements, potential programs t o 
sat isfy requirement s, and the limi ting effects of available resources. 

Wa t er Supply 

Al l present ly visualized, reasonable means of water conserva tion, 
salvage , and reclamation, as well as maximum utilization of the Region's 
surface- and ground-water supplies f or whi ch there are tangib le means 
of evaluat ion and which are reconcilable from an environmenta l aspect , 
have been considered in t he developmen t of the framework program t o 
mee t future needs. Where o ther recognized possibili ti es exist, further 
s tudy has been recommended t o develop adequate information t o evaluate 
the potential. With the incorporation of all known, practi cable water 
conserva t ion means and development of water sources within the Region, 
there still remains a signi f i cant regional water deficiency t hat can 
be met only t hrough importation from outside the Region. 

At t his t ime, a fi ni t e value is difficult to place on the water 
deficiency because of the large number of variables involved and the 
lack of suffi cient data. To develop a framework program , using avail
able data whi ch reflects the order of magnitude of faci lities and 
costs, numerous basic assumptions had to be made. One of the major 
assumpt ions was t hat the a verage annual virgin flow of the Colorado 
was represented by t he 1906 t o 1965 period of record. Al though the 
1906 t o 1965 period was selected as representative of the average anr:mal 
virgin flow of the Colorado River, other short erperiods show lower 
average flows. A comparison of t hese differences is shown in the 
f ollowing table: 

Period 

1906-65 (60 
1914-65 (52 
1922-65 (44 
1931-65 (35 

years) 
years) 
years ) 
years) 

Average Annual Virgin Flow 
Colorado River at Compact Point 

ma f 

15.09 
14. 64 
13. 87 
13.09 
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It is apparent t ha t us e of t he short er, more r e cent periods of 
record would have i ndica t ed great er water deficiencies. 

Be cause of the uncer t ain nature of long- t errn projections of water 
r equiremen t s, t hey should not be regarded as exac t or fi nal. Such 
proj ec t ions do, howe ver, es t ab lish t he order of magn i t ude of future 
vm ter supply defi ciencies and t he scope of required water supply pro
grams . I n t he f uture, periodi c assessments of t he water s i t uation wi ll 
be necessary t o appropriately gauge t he program respons e . 

The Region 's present ,.,at er deficiency will i ncreas e consider ably 
b~r 1990, l:.he earliest probable dat e that an i mpor t a t i on program could 
be in ef fect . In t he meanti me, some wat er requirements will remain 
unmet. Under such a compe titive situation, water utiliza tion will tend 
t o evolve t oward uses of f eri ng the highes t e conomic re tur n , unl es s con
s t rained by legal and i ns t i t utional factors . 

Some ground-water overdraft i s expected t o continue beyond year 
2020, mostly in t he Gila Subregion . This overdraft would occur l ar ge l y 
as a result of agricul tura l development in the more remote ground-water 
basins; mineral development s, where sur f ace supplies are unavai lable ; 
and water s upply developments , in minor amounts f or the smaller 
communi t ies remot e from sur f a ce water sources. It is not likely t hat 
ground-water overdraft wou ld be entirely eliminated, even in import 
water servi ce areas where a combina tion surface-ground-import water 
supply i s ut ilized. The annual rate of ground-water overdraft aft er 
2020 is largely conj ectural. F'i gure G-l illustrat es the regional water 
requirement and supply pi cture for 1965 through 2020. 

Hater Quality 

The maintenance of an a cceptable level of wat er quali ty is partic
ularly critical and complex in the Lower Colorado Region where maximum 
wa t er utilization must be ob t ained by recycling available supplies . 
Quantities of water released from the Region at t he I nternational 
Boundary· must continue to be regulat ed to closely approximat e that nec
essary t o meet the Mexican Treaty Commitment. Furthermore, the water 
must be of acceptable quali ty i n accordance wi th the international 
agreemen t s. The high cost of future impor t ed vTater will probably 
dictate the continuation of an exceptionally high water-use effici ency 
wi t h little or no allowance f or transportation of salts or waste l oads 
from the Region. The wat er quali ty program, coupled with an importation 
of high quality wat er t o t he Region, is expected to stabilize the water 
quality of the Colorado River water near the present level. 

Negligible outflow from t he Gila Subregion is expected to continue. 
The area having the most critical unmet need for water quality control 
will probably continue to be in the Gila Subregion where recycling of 
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FIGURE G-1 
PROJECTED WATER REQUIREMENTS AND SUPPLY 
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wat er resu l t s in t he progressi ve concentration of salts that u l timately 
a ccumulat e in the e;round-wat er reservoir. 

Fur t her s tudies are needed to de t ermine t he ex t ent and rat e of 
water qu.ali ty degradat ion t o be ex-pec t ed under various operating con
ditions , t o examine the alternat ive solu tions t o the problems, and t o 
e valua t e t he consequences of various alt erna t i ve le vels of wat er quali ty 
cont rol measures. 

Wi thout augmenta tion and/ or salinity con t rol measures, the penalty 
cos t s of the Colorado Ri ver wat er salini ty t o Lower Colorado and 
Cali f ornia Region economies may exceed *25 million annually in 2010 and 
e ven great er amounts by the year 2020, according t o a recent s tudy. ]} 
These cos t s vrould resu l t from yield reductions f or irrigated agricu l ture, 
treatment cos t s f or industrial users, the acceptance of undesirable 
effec t s or water soft eni ng expendi tures f or municipal users, and t he 
i ndirect cos t s i mposed upon s econdary or support i ng industries. 

Table G-1, f ollowing , illu s t ra t es t he effects o f wat er quali ty 
control measures inc luded i n the framework program. 

Land Use and Wa t ershed Management 

The f ramework program includes a variety of structural and manage
ment measures designed t o maint ain and/ or increase the productive capa
bility of t he land resource base; increase the efficiency of water use; 
reduce production cos t s; decrease damagi ng peak runoff ; improve the 
timi ng , quality and quantity of water yield; stabilize s t reamf' lmv- ; and 
decrease sedimen t yield. 

Proj ections of land requirements were based upon the capability 
of the land resources t o sat isfy future demands placed upon t hem. 
Proper land use, including appropriat e land treatment and management 
measures, was the basic considerat ion i n determining fu ture land require
ments. With the except ion of those uses not dependen t upon produc t ive 
capability, failure t o install an adequate land treatment and management 
program wou ld subs t an t ially increase the land requirement s, increase 
production cos t s, and adversely affect environmental quality. 

The land treatment and management program f or cropland will make 
it possible to meet t he pro j ec ted increases in demands for food and 
fiber production a t a reasonable cos t , while maintaining or improving 
the product ive capability of the land resource base. The wat er management 
measures will provide for control and more efficient use of irrigat ion 
water; the flood and erosion control measures will protect the cropland 
from damage from these sources; and the associated programs are necessary 

~/ Under preparation by FWQA. 
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Table G-l 
Pro j ected Concentr ations of To t al Dissolved Solids 

in t he Lower Colorado Ri ver 
(mg/ l ) 

Percent I ncreas e 
1980 2000 2020 1965- 2020 

Without With \·! ithout With v!i t hout '1,-] i th vl ithout Hith Locat ion 1965 Controls Cont rols Cont rols Con t rols Controls Con t r ols Cont rols Con t r ols 

Colorado Ri ver 

a t Lee Ferry, Ari zona 586 700 590 840 600 920 660 57 13 

~ 
below Hoo ver Dam 734 890 760 1,090 820 1,190 900 62 21 

H 
H below Par ker Dam 726 910 760 1,140 810 1, 270 910 75 25 H 
I 

1\) 
\Jl a t Imperial Dam 839 1,180 960 1, 540 1, 050 1, 700 1,190 103 '-~2 CP 

Based on 1941-1966 per iod of r e cord adjus t ed t o 1966 condi t ions. 



for the implementation of the to·tal cropland program. The program will 
beneficially affect water quality by reducing sediment yield and by 
keeping farm chemicals out of the water courses and on the cropland 
where they are needed. Lining of irrigation ditches will reduce water 
losses and will help prevent pollutants,dissolved in irrigation water, 
from reaching the ground wat er. 

There will be increased use of the rangeland for recreational and 
other purposes. This intensified use will create protection and manage
ment needs that do not presently exist. At the same time there will be 
a need for increased forage production from the rangeland because of the 
significantly increased livestock production projected for the Region. 
The program for rangeland is designed to protect the land base while 
satisfying as much of these demands as possible. 

The proper use and management of forest land will have the effect 
of reducing the cost of producing forest resources, and will result in 
effective multiple use of forest areas. Much of the current damages 
to the forest resource will be corrected to reestablish the quality of 
this resource and to prevent further degradation of the forest envi
ronment. 

The program for water yield increase involves only forest land and 
will, if properly carried out, improve the habitat for most wildlife, 
increase domestic livestock forage, and give added protection to t he 
soil thereby decreasing sediment production. 

Total average annual sediment yield for the Region, considering 
the projected yield with no program, would be reduced by about 8,500 acre
feet by 2020 with the going program. The reconunended program would 
further reduce this yield to about 11,000 acre-feet per year. 

The program will significantly decrease deposition of sediment on 
agriclutural lands, in reservoirs, and in urban areas. Additionally, 
the program will beneficially affect water quality by reducing sediment 
conten_t, and would t hus enhance fish and wildli f e habitat, increase 
recreation values, and reduce cos t s ot · water treatment for irrigation, 
municipal, and industrial uses. 

The program will be effective in reduction of land loss from gully 
and streambank erosion; give protection to a major portion of lands 
presently being damaged, and provide protection to improvements, equip
men t , and public facilities. Eroded lands often mar the beauty of the 
landscape and degrade t he quality of the environment. The program will 
substantially reduce this type of damage. 

Since total reduction of erosion damages is neither physically nor 
economically feasible, erosion con t rol structures were considered for 
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onl y t he mos t cr i ti cal areas, where either on-site or downstream damages 
are significant . 

There are po t en t i al conflicts between some ~ompetitive uses of the 
Region's land resources. Addi t ional studies are needed to determine a 
balance be t ween forage f or lives t ock and that for wildlife. Recreational 
use of t hese lands i n conjunct ion with ot her activities also needs 
further considerat ion. Further s tudies and the developmen t of land use 
plans are needed f or speci f i c areas. 

Flood Cont r ol 

Flood control is desirable for the pro t ection of every individual 
and e very parcel of land or propert y that is po t entially endangered by 
f loods in the Region . However, t he localized bu t oft en high intensity 
s t orms, the br oad and undefined flood plains, and the flash-flood type 
of runof f i nheren t t o the desert areas, presen t unique flood damage 
problems. Flood producing s t erms may be of considerable number at 
cert ain times of the year but are unpredi ctably scattered and variable 
i n in t ensi ty . 

There will be remaining daraages because the effectiveness of 
r eservoirs decrease the farthe r the area is downstream of the structure, 
because f lood damages are scat t ered over all of the region; and generally 
i t is not e conomically feasible or practical to design structures or 
i ns t all ilonstruct ural measures t o prevent all (100 percent) of the 
flood damages at any par t icular l ocation. 

The regional framework flood control program is directed mainly 
t oward the collective needs in areas where damageable values are of 
suff icient scope to j ustify the costs of projects. Figures G-2 and 
G-3 show t he effects of the proposed flood control program. 

Irrigation and Drainage 

The framework program, including a modest net increase of 298,000 
acres of irrigation development, will satisfy essentially 100 percent 
of the proj ected irrigation and drainage needs. The satisfaction of 
these needs will assure the regional capability of meeting the projected 
requirements for agricultural production. 

The framework program for irrigation development will utilize only 
a small fraction of t he Region's 36,000,000 acres of potentially 
irrigable land. This is primarily because of the paucity of local 
water supplies available for irrigation and the high cost of importing 
water for new irrigation development. In addition, economic constraints 
are indirectly imposed on large-scaled irrigation development because 
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FIGURE G-2 
DAMAGES WITH/WITHOUT 

FRAMEWORK FLOOD CONTROL PROGRAM 
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FIGURE G-3 
EFFECTS OF FLOOD CONTROL PROGRAM 
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the Region's allotted share of OBE - ERS pro j ected national agri cultural 
production requir ement s justifies onl y modest addi t ions to the present 
le vel of irriga t ion development. 

Hunicipal and I ndus trial Vla t er 

The f raJllework program pro1rides f or the munic ipal and i ndustrial 
needs of t he urban cen t ers. Fur ther s tudy is needed, hovrever, to 
i dent i fy t he needs of the small rural communi t ies, many of which do not 
have adequa t e water supplies. 

Re creat ion 

If the pro j ected 2020 demand for recreat ion i n the Lower Colorado 
Region is t o be sat isfied, the present r ecreation resource capacity 
would need t o be quadrupled. But , it is no t feasib l e to develop a 
program t ha t would mee t t he par ticular recreation desires of e very 
individual in the Region within a day- us e distance f rom his place of 
abode. The people of t he Hegion must be willing t o adapt t o t he 
recreat ion >vhi ch can reasonably be provided in t heir area. For 
ins t ance, in the Gila Subregion , where adequate >vater surface is not 
expec t ed to be available f or boating , ot her recreation oppor tuni ties 
mus t be subs tituted. 

The di f f icul ty in meeting vmter-based recreation needs arises f rom 
t he heavy concen t rations of people in areas where there are relative l y 
f ew wat er resources sui table for de velopment. The 85 ,865 acres of 
unme t wat er surface area needs result primarily from this poor juxta
position of >vater resour ces and popu lation. 

Fish and Wildlife 

The fish and wildlife program is f ormulat ed on the basi c assumptions 
t hat the per capita demand rat e will not change significantly; and t ha t 
t he 1965 resource base provides a sound foundation on vrhich to construct 
a plan t o satisfy all pro j ec t ed fish and wildli f e-oriented recreational 
needs. The plans and proj ections involving other phases of the f r aJllework 
program ha ve a significant effect upon the f ish and wildli f e resou r ce 
base. Features are included that both benefit and detract from the basi c 
fish and Vlildlife resource. They may result in a species composition 
change or a use- t ype change, such as a reservoir providing a fishery at 
the expense of vTildlife production. The ultimate need is for an 
expanded, well balanced, plan f or the enhancement of fish and wildlife 
resources, especially vlildlife, to meet future demands. 

To de t ermine the viability of the fish and Vlild life program wi t hin 
t he comprehensive framework program would require extremely detailed 
i nformation concerning the environmental conditions of t he areas to 
be developed. A more detailed analysis of the r egional comprehensive 
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program may i ndicate the need f or a l arger, more positive role f or the 
fish and wildlife program. 

Electric Power 

Proj ections of electric power r equirements, as provided by the 
Federal Power Commission and those de ve loped in the course of economi c 
input-output model studies, are at variance. The economic studies indicate 
electric power requirements in the order of onl y l / 3 of those proj ected 
in the Electri c PovTer Appendix. Such a difference in power requirements 
could result in about 0. 5 million acre-feet less vrat er deple tion in the 
Region, assurning a propor t ionat e balance be tween power generat ion with-
in the Region and import-expor t s. This represents nearly 20 percent of 
the t ota l regional increase i n water depletion requirements for all 
uses during the 1965 to 2020 period. It must be remembered, however, 
that projections of electri c power requirements beyond 1980 are 
ex t remely difficult t o es t imat e, especially since a maj or i nfluence is 
the increased per capita use, and the trend toward sub s t i tution of 
e l ectricity f or o ther f orms of energy. Though there is considerable 
variance, and the diff erences have no t been resolved, those proj ections 
contained i n the Electric Power Appendix have been uti lized i n the 
framework program. 

Summary 

Table G-2 is a summary of projected requirements, program response, 
and percent response, f or the major sectors of social and economic 
activities in the Region . 
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Proj ected 
Major Program Elenen t s Units ::> • ... ,,equlremerl v S 

~~egional IV a ter Supply ,!/ 1,000 A . Y . l Lt ,850 

Mu.nicipal and Industrial Water 
Supply Developmen t 1,000 A. F. 837 

Flood Damage Preven t ion .:. Million 73 '·' 

Land Treatment and Management 
For Damage .Reduction ~/ ,h Hillion 63.4 

:X: ~·· 
<! 
~ Irrigation Development 1,000 Ac . 200 
H 
I 

~Recreation Deve1opmer.t Million Hec-
Vl Days 144 

Fish and viildlife Development 
Sport Fishing Million l'l\an-

Days 9-7 

Hunting Million Man-
Days 2.1 

Electric Power Development Billion KWH 43 

Table ·,-2 
::·:::/·J~:~ \-.!C 1\K i=' !·'ClGPJd) r<l<:SPONS I:: TO P%,J.t:CTED REQ,TJI ::\El'-'IENTS 

·Jower Colorado Rec;i or, 

1266-1980 1981-2000 
Prograr;, Percent :\emaining Proj ec t ed Program Percer:t 
Response 2espor.se r;eeds Eequi rernents _qesponse ~iesponse 

13,430 )0 l, L>20 14,900 1!.+,480 97 

837 100 1, 670 1,670 100 

32 4!+ ~~1 1. 52 102 67 

45. 8 72 17. 6 126.9 53.2 42 

200 100 168 168 100 

144 100 0 221 221 100 

9-7 100 0 15.1 15.1 100 

2.1 100 0 3.5 3.5 100 

43 100 0 186 186 100 

,!/ Amount required to meet all obligations of the "Law of the River," Mexican Treaty, losses and regional consumptive uses. 

~/ Damages by erosion, sedimentation, runoff and wildfire. 

2001-2020 
-:< • • :.emalnlng Projected Program Percent Remaining 

Needs Requirements Response Response Needs 

l.f20 16,390 16,010 98 380 

2,738 2,738 100 

50 310 242 78 68 

73.7 251.8 73.5 29 178.3 

132 132 100 

0 307 307 100 0 

0 26.0 26.0 100 0 

0 5.1 5.1 100 0 

0 565 565 100 0 
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CHAPI'ER H - ENVIRONMENTAL CONSIDERATIONS 

The Environment 

A philosopher once said that a pebble thrown in the ocean would be 
f elt on the opposite shores. Although far-fetched in the practical 
sense, the theory is sound and is somewhat analogous to activities and 
even t s that occur in the environment. 

For ins tance, any development, change of conditions, or activity 
imposed by man onto the environment may be t ransmitted, ripple-like, 
t hroughout a given area--and beyond. Reaction or response among the 
element s of the environment may range from undetectable to strong, but 
t hey are certain t o exis t . 

The so-called environment defies brief description since it includes 
all conditions, circumstances, and influences surrounding and affecting 
the developmen t and maintenance of mankind as \'Tell as all other living 
organi sms. In relation t o man, i t includes the availability of work 
for pay, l iving conditions, safety, recreation opportunities , material 
goods, services, 'tTat er, f ood and a host of other factors conducive to 
exis t ence at a given le vel of quality of life. In relation to all 
o ther associa t ed f onns of nature, the environment includes the char
acteris t i cs, condition and amount of land and water, habitat, vegetal 
cover, appearance, and the degree of exploitation of these resources 
by man. 

Some aspec t s of the natural environment are highly sensitive t o 
the slightes t pemanent change. These have evolved t hrough eons of 
special conditions which,when upset , quickl y succumb or are transmuted. 
The natural en vironment of the ear t h itself is t ransitional--continually 
evolving, in long-range trends, from one form t o another. Man is but 
one among many fac t ors i n this evolution and he has the capability to 
a ccelerat e, inhibit or reverse some environmental t rends. 

The greatest i mpact of man on the natural environment has been, and 
will be, simply his expanding population attended by increasing demands 
on the natural resources and living space. For each increment of 
increased populat ion, t here attends an increment of depreciation in the 
na tural envi ronment . 

Trade-offs among factors of the environment must be made for t he 
benefit and welfare of man . Not all of these trade-offs result in 
undesirable net eff ects. Hany are net improvements. However, the 
opportunities f or t rade-offs become more scarce with higher population 
concentrations and intensified developments. Resources t end to approach 
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the limit of capabili t y; space becomes limited t o f e•.ver uses; and 
environmental qu.ali ty declines. 

Therefore, in the i nteres t of preserving the highest possible 
quali t y of environment for f uture generations, it be comes t he obliga t ion 
of all long-range planning to caref ully weigh the impacts of proposed 
de velopment on the mlllti f a ceted environment. Pl anning should stri ve t o 
a void t he unnecessary, irreversible destruction of any element of t he 
environment. vmere possible, t he remaining resources shou ld be care
fully enhanced, preserved and managed t o enhanced and prolong a vail
ab i lity in t he hi ghes t possible quality . 

With these concepts i n mind, and t o t he extent of current under
s t anding and kno"Vrledge of t he sub j e ct, the comprehensive framework 
program ob j ective is t o strive to maint ain, f or t he Lower Colorado 
Region, a continuation of the presen t quality of environment for the 
social and economic welf are of the people, v1hile pro t ecting and pre
serving the remaining resources. 

Socio-economi c Aspects 

Proper planning in implementation of social and economic programs 
t o prevent de velopment of urban and rural slum areas, and to facili t ate 
renovation of such exis t ing areas is essent ial to maintenance and 
enhancement of t he environment . Slums and urban congestion contribute 
to the ill health of people; the loss of self -respect and ambition ; 
inefficiency and loss of business; filth and degradation; and to 
riots and related losses of lives and property. Positive action in 
planning and implementation of programs through effective use of zoning , 
taxation, finance, and t he like, are important elements contained i n 
t he framework plan . 

Water Supply and Quali t y 

An adequate water supply of acceptable quality is a basic requisite 
to implemen t a t ion of many of the Region's environmental programs. For 
example, the fish and "Vnldlife program requires water for development 
of fisheries and associated uses, water facilities for wildlife, main
tenance and enhancement of wildlife habitat , food and cover for wild
life; the recreat ion program includes utilization of multipurpose 
reservoirs and requires water for park development , and other ·uses. 
The maintenance of good water quality in the Colorado River and its 
tributaries is. essential to the recreation, fish and wildlife, and the 
overall ecology of this maj or river system. Until adequate water 
supplies are provided by imports, the Region's water deficiency will 
increase. Therefore, many water needs will remain unsatisfied and some 
deterioration of the environment related to wat er is inevitable. Choices 
must continue to be made as to the uses of the limited water supply that 
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would best serve regional ob j ectives. These choices will become more 
di f ficult as -.;.mter deficiencies increase. Economic eff iciency alone is 
no t an adequate measure by which to make t hese choices and o ther factors 
such as t he long-range environment al consequences must be evaluated. 

The early action program, consisting largely of the on- going pro
gram, re f lects the choices already made i n the Eegion to minimize the 
adverse effec t s of a def icient water supply. Some elements of the water 
conserva t ion program have encountered considerable opposition. This has 
been particularly apparen t in the on-going program for the selective 
removal, or manipulation, of vegetation in river channels and flood 
plains, for the purposes of increasing water yields and providing 
f lood pro t ection. Some opposition has also been expressed to the 
vegetative management programs on watersheds for t he purpose of 
increasing water yields. Though there has been considerable effort to 
manage these programs to minimize the adverse effects on wildlife , and 
where possib le t o enhance the wildlife resource, it is contended that, 
in many cases, the wildli f e resoure base has been reduced. Ho>'Tever, the 
i nadequa cy of exis t ing water supplies makes it mandatory that some 
sacrifices vrill continue t o be made. Though oft en undesirable, from 
the quality of living standpoint, the Region must continue to make these 
choices. 

The continued excessive overdraft of ground water, >vhich is 
i nevi t able until an import wat er supply is available, also has long
range environmental consequences. The resultant land subsidence 
disrupts natural drainage, oft en causes damage to structures, and may 
result i n irreparable damage t o t he physical properties of the evacuated 
aquifers. 

The degradation of the quality of ground and surface waters has 
adverse environmental and ecological effects. The major water quality 
problem in the Region is the ever-increasing salinity of the water 
caused primarily by t he concentration of salts due to intensive use and 
recyc ling of available supplies. The framework program i ncludes the 
t reatment of water from some naturally saline sources and other salinity 
control measures. 

Land Treat ment and Management 

The protection of the Region's unrenewable land resources provides 
primary support for many of the Region's environment al ob j ectives. The 
program provides for prevention of damage to the land by erosion and 
sedimentation, the maintenance or enhancement of grazing capacity, which 
in turn provides food and cover for vTildlife; and the prevent ion of 
wildfire which protects vrildli f e and esthetic values. Implementation of 
the framework program would minimize irreversible losses of the land 
and preserve the freedom of choice f or the future resource users. 
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Flood Control 

The prot ec tion of t he .Region 's land resources and propert y from 
flood damage , as pro vided by the flood control program, is a primary 
envi ronmental ob j ective . Fl ood damage t o the l and resources is an 
irre versible l oss t hat is detrimental t o fish , tYildlife, esthetic values 
and the.g:meral land resour ce base o f t he Region . Fl ood damage t o urban 
cen t ers is a lso detrimental t o the environment and \'Tel l-being of the 
people. The portion of t he program requiring flood water detention 
s t orage, levees, and channel improvements wi ll need t o be e valua t ed 
on a pro j ect basis t o minimize any adverse eff ec t s on t he natural 
environment . Alterna t ive means of achie ving t he necessary flood pr o
t ection while avoiding unnecessary adverse eff ects wil l need t o be 
de veloped. Measures provided in the f lood control program which vmu ld 
enhance t he envi r onment i nc l ude flood plain building codes , health 
r egulations and purchase of lan~ sub j ect t o floodin& f or open spaces 
and zoning. The latter are leas t des tructive t o wi l dli f e and should be 
carefu lly considered where practi cab le. 

A well-balanced f lood pro j ec t shoul d consider: the effectiveness 
of alternat i ve means of f l ood protection; the effect on wat er supply; 
the mos t appropriat e uses of f lood plain land; the effect on wildli fe 
hab i tat ; t he effect on pot ential recrea tiona l use; and es the tics. 

Though f lood 
habi t a t , benefi t s 
t a t i on wi thin the 
f or wildli f e use. 

de t en tion reservoirs cause f looding of some vrildli fe 
t o tYi l dli f e occur by reason of the growth of vege 
flood pool areas and the usual presence of some water 

I nc l usion of permanent storage pools cou l d provide 
enhancemer:t of sport fisheries. 

Irrigat i on and Drainage 

The main t enance of irrigated agri culture in the Region has i mpor
tant environmental implications. New Irrigation de1relopment proposed 
in t he program woul d occur mos t l y on deser t lands . Irrigated l ands 
provide f ood and cover f or some species of wildli f e and provide a coo ler 
green be l t , in the otherwise hot and dry desert environment . Adverse 
environmental impacts of agricul t ural practices, such as the u se of 
pes t icides and fertilizers, wi ll require continued sur veillance. 
Drainage of marsh lands has some de t rimental e ffects on certain wat er_ 
oriented ecological systems, but these marshy areas are oft en creat ed 
by poor irrigation prac t i ces, which mus t be corrected. 

Municipal and Industrial Water 

The users of muni cipal and industrial water nearly always have the 
abili ty to pay what e ver cos t is necessary t o divert water from o t her 
uses, thus, in the competitive si tua tion where wat er supplies are 
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deficient, environmental object ives requlrlng a wat er resource base are 
difficult t o implement. Maj or setbacks would be likely to occur i n 
such programs as fish and wildlife, recreation, s cenic and wild rivers. 
Water is also necessary to evalua t e t he quali ty of environment in our 
cities where the welfare of the people ranks highes t i n priority of 
cons i deration. Green lawns, t rees, parks, and s,..;imming pools are of 
even greater importance in the desert environment of the southwes t , 
than in more humid areas. Vlhi le the future municipal and industrial 
water supply program depends, t o a large ex t ent , on importation of 
,..rater, until an imported wat er supply is a vailable, the trans f er of 
water from other uses is probable and adverse eff ects on less essential 
ac t ivities must be anticipat ed. The facilities provided by the framework 
program to supply municipal and industrial water present negligible 
conflict with desirable environmental qualities and, in many instances, 
such f a cili ties will enhance the environment. 

Mineral Resources 

Uti lization of the mineral resources of the Region is necessary 
f or the well-being of the people of the Na t ion. The Region supplies 
about 60 percent of the Nation's copper and significant quantities of 
other minerals. Continued explorat ion and development is ne cessary if 
t he Region is to continue to supply i t s share of the national demand. 
Continued vigilance will be necessary to minimize air and water pollution, 
scarring of the landscape, and other environment al degradation. 

Recreation 

The preserva t ion of a high quali ty recreational environment for 
people t o en j oy is one of the primary concerns in the recreation pro
gram. Much of the recreation program is dependent on implementation of 
other elements of the framework program, especially water supply and 
water quality. The recreation program provides for a wide range of 
recreational opportunities whi ch wi ll upgrade t he quality of living 
in the Region. 

The acquisition, preservation, and management of lands for rec
reational use range from urban parks to primitive and wilderness areas. 
Preservation features of the program include archeologi cal and historical 
values, natural areas, ecology, wild and scenic rivers, and wilderness 
areas. 

Fish and Wildli f e 

The na tural wildlife community is a function of t he amount of 
suitable habi t at as well as the quality of natural environment. The 
f ish and wildli f e program outlined herein is designed to preserve 
portions of t he most productive and unique natural f ish and wildlife 
habitats in the Region. 
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With the proj ected rise in populat ion attended by increased 
development and human pressure on the natural resources, it i s 
unrealistic t o assume t ha t the existing quality of the natural environ
ment or the wildlife populations can be maintained a t the pr esent level 
regardless of how well planned the management programs may be. Human 
i nroads on the exi s ting natural environment are usually permanent and 
miti gation or enhancement can onl y be, at best, in some ot her f orm. 

Elect ri c Power 

Electric povrer is a basi c necessi ty t o t he well-being of t he 
people and t o the envi ronment of t he Region . Environmental aspects 
requiring electric energy i nc lude air conditioning t o t emper otherwise 
uncomf or t able summer t emperatures, pumps to deliver a maj or portion of 
t he Region 's present and future wat er supply , indus trial smog control 
devices as well as other air and water pollution control devices, urban 
s t ree t lighting, and light i ng t o allow increased u t ilizat ion of urban 
park faci l ities. The regional program provides for the project ed 
future electric power requirements through imports, f ossil- fuel thermal 
plants, nuclear- fuel thermal plants, and pumped storage hydroplants. 
Cooling t ower s are uti l ized and no wa t er would be discharged back t o 
t he s treams. Surveillance and control of thermal and nuclear pollution 
will be necessary. Some of the hydroelectric plant si t es with the 
greatest potent ial have not been included i n the program because certain 
sites along t he Colorado River are precluded from consideration by 
Section 605 of Public Law 90- 537 ( Colorado River Basin Project Act ) . 
Further consideration shou ld be gi ven t o the various alternatives avail
able t o mee t future power demands and the relat ive impact of these 
alternatives on the environmental system. 

The siting of thermal electri c power plants will take into con
sideration the effects on air and water pollution . The location of 
t ransmission f acilities will require careful selection to minimize 
effects on es theti cal, ecological and recreational aspects of the 
local environment. 
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CHAPI'ER J - NATURE AND EXTENT OF FUTURE STUDIES 

Water Supply Studies 

Previous wat er related developments in the Region have concentrat ed 
on satisfying immediate problems. The s truggle t o live wi th defi cient 
water supplies has often overshadowed other considerat ions. There has 
been constant and fierce competition for the available wat er among 
the expanding cities; agriculture; the mineral industry; and the fish, 
wildlife, and recreational interes t s. Recently the public interest has 
broadened t o i nclude a great er consideration of the social and envi
ronmental aspects. 

To best serve t he well-being of the greates t number of people, the 
future planning and development of wat er and related land resources must 
study all alternati ves and evaluate all water related a ctivities. Elements 
t o be considered include: water quality; enhancement of fi sh and wildlife; 
protection and enhancement of areas of historical, scenic, or unique 
ecological values; and other environmental factors. To achieve this aim, 
impro ved methods will be required f or e valuation of the environmental 
aspects and to es t ablish the relative merits of alternative development 
opportunities. Planning emphasis should be oriented t o comprehensive 
resource development and to the preservation and enhancement of natural 
resources. 

The developmen t of stat e wat er plans has been undert aken by t he 
States of the Hegion . These s tudies and the framework studi es have 
supplemented each ot her. As the de velopment of the s t ate water plans 
ad vance, a close working relationship wi th future Federal planning 
programs shou ld continue so that they are interrelated t o best serve 
the interes t s of the Region . 

The West ern United Sta t es Water Plan Study as provided for i n 
Title II of Publi c Law 90-537, Colorado River Basin Proj ect Act , is a 
vehicle f or the cont i nued broad comprehens ive wat er r esour ce planning 
t o f orestall the i mpending water crisis i n t he Wes t . The Act provides 
f or a final reconnaissance repor t t o be submi tted on or bef ore June 30, 
1977. 

Of primary importance t o the Lower Colorado Region, during the 
1965 t o 1980 period, are det ailed s tudi es of the means by which the 
Region 's water supplies may be augmented. The s tudi es should be i n 
sufficient detail t o provide a basi s for proj ect authorizati on . The 
early ac t ion program should include studies of t he effec t s of gr ound
wa t er overdraft i n the critical areas and the ex t ent of irreversible 
damages t o be expected if overdraft continues. Ground-'irat er basins 
out side the present cri tical areas shou ld be inves tiga t ed as potential 
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i :1 t erim sources of vrater that mi ght be conveyed t o areas of need. The 
possi bili ty of relocating some irriga t ed agri culture displaced by urban 
de \relopment and by deple t ion of ground-vrat er supplies t o out l ying 
ground-vmt er basins should also be i nvestiga t ed. Since developmen t cos ts 
vTould undoubtedly be hi gh, assurance would be needed as to the long- t erm 
yield of these basins and the prospects f or capi tal recovery . Studies 
should be continued in the fi elds of reuse of vra t er, precipitation 
management , and e vaporat ion suppression . Although these augmenta tion 
means are no t expected t o offer a large potential f or solving the Region 's 
vrater problems, they could help reduce import a t ion requirement s and pro
vide an interim water supply unti l an imported 1-rater supply can be made 
available. 

Studies of the t echnical problems associated vri th the importation 
of wat er to the Region should be i nit iated immediately . Existing legis
lation will, for all practical purposes, limit these s tudies to desal
ination until the year 1978. More reliable data are needed for estimating 
cost of desal t i ng vrater i n the large quantities that vrould be necessary 
t o sa ti s fy proj ected regional vrater requirements. A proto ty-pe desalting 
plant of much larger capaci ty than those presently i n operat ion could 
provide t he needed dat a. Potential plant si t es, conveyance rou t es, and 
wat er exchange s chemes should be investigated in considerable detail. 

An i nven t ory is needed of the sources, quality, and sufficiency of 
water supplies available f or use by t he small rural communi ties of t he 
Region . 

Hater Quality Studies 

Studies of the quality of the ground wat er f rom aquifers i n the 
Gila Subregion are of particular importance. The exceptionally efficient 
use of wa t er i n t he Subregion allows only i nsignificant outflows from 
t he area, and due to the nondegradability of the salts present in t he 
natural water supplies, this conditionperpetuates the progressive 
concentration of salts and the degradation of ground-water quality. 
Studies should determine the rate of degradation to be anticipated with 
the projected rat es of ground-water overdraft and with augmentation 
programs of variable scope. Alternative solutions to the degradation 
problem should be evaluated. Additional studies are also needed of 
alternative means of waste water treatment and disposal to provide for 
the most efficient reuse of this reclaimed water. Evaluation of the 
anticipated degradation of water quality in the Colorado River and how 
an imported water supply could best be managed to alleviate this 
degradation is also needed. 

Land Treatment and Management 

Future watershed management planning will require additional basic 
data on the current condition of watersheds, their soil types, erosion 
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sus cep t i bi li ty, sediment pr oduction rat es, and contribution to the 
salinity of wat er i n s t reams. De t ai led river basin s tudies will be 
needed t o i denti f y and e valua t e i ndi vidual pro j ects. Among the most 
u r gen t l y needed are basin s t udies in the Santa Cruz, Salt, a nd Verde 
Ri ver basins. 

Addi t ional research i nforma t ion i s needed bef ore a complet e ~vater
shed management pr ogram cou ld be implemented. Some of t hese more 
immediate r esearch needs are as f ollows: 

l. Effects of vege t a t i ve manipulation on water yield and quality . 

2 . The e ffecti veness of ground-wat er recharge from f loodwater 
retar ding s t r uctures. 

3. Effects of land t reatment measures on erosion and sediment 
yi e l d . 

4. Effec t s of s now reservoir s on available wat er supply . 

5. Resear ch i n hydrology, sedimen tat ion, and effect of land 
management on runof f and erosion should be continued and 
expanded t oward a more comple t e unders t anding of the physical, 
chemi cal, and bi ologi cal phenomena i nvolved i n the entire 
hydrologi c cycle. 

6. Research on e conomi cs of alt ernati ve land t reatment measures. 

Flood Control St udies 

The magni tude of the f lood problem indicat es the need f or a research 
program f or f lood damage redu ction . Specifi c suggestions for more 
de t ai l ed s tudies include: 

l. The problem of urban hydrology should be studied. Because of 
rapid urbanizat ion, great er runoff occurs i n downs t ream areas. 

2. Si nce a large part of t he Region is i n an ari d area, a study 
should be made of desert hydrology. 

3. Research t o determine t he po t ential f or s t oring floodwater i n 
underground reservoi rs created by nuclear devices and the 
frac t uring of rocks t o creat e greater i nfiltra t ion rates of 
percolat ion . 

4. Research to develop better hydrologic models f or f lood fore
cas t i ng . 

5. Improve f lood warning system by research in precipitation 
for ecast through radar sounding and other means. 
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6. Further s tudies t o evalua t e alternative means of ob t aining 
flood prot ection in speci f i c areas shou ld include, bllt not be 
limited to, environmental considerat ions, f lood plain 
regulations, open space, and pris t ine condi t ions. 

Electric Power Studies 

The pro j ected large increases i n the demand f or electr ic power will 
require inves t igat ions t o de t ermine the most suitable locations f or the 
thermal electric power plants. Environmental considerations and avail
abili ty of water f or cooling will be of primary cons ideration . Thermal 
polluti on is presently a voided t hrough use of cooling t owers. The use 
of dry cooling t owers should be evaluat ed in terms of the value of the 
water conserved. 

Specific reaches of rivers and flood plains, having unusual s cenic 
or ecological quali ti es and other areas of hi s t oric or esthetic signif
icance need t o be identified so that they can be avoided i n planning f or 
electric power plant s and transmission f aci li t ies. 

Re creation Studies 

Further studies should be undertaken to determine and implement 
Federal and stat e land use goals and policies. Identification of land 
and water available and suitable for recreat ion purposes should be a 
par t of such studies. In addition, the recreation land classification 
system should be reevaluated and improved to provide a more eff icient 
t echnique for identifying recreation resources. Land use planning 
should take int o consideration the need to preserve unique natural 
and cultural f eatures before such resources are lost t o other uses . 

New t echniques for measuring recreat ion use and recrea t ion user 
pref erence should be researched. These new techniques should be readily 
available to all recreation planners and management agencies and should 
encourage uniformity among all agencies in amassing statistical data. 

Studies are needed t o determine the most feasible method for 
banking and disseminating recreation dat a. 

Environmental Research 

Research should be implemented to provide a systema t ic approach 
to assessing problems of the social environment. 

A more comprehensive evaluation of the effects of regional wat er 
planning and management programs in terms of productive utilization 
of labor and capital is needed. Though economic efficiency is an 
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important guide to the implementation of a water resources development 
program, other objectives must also be considered in light of today's 
social and economic problems. The Region, for example, contains under
de veloped areas, areas of economic depression, and in many cases, 
immobile work f orces. Providing j obs and income to residents of these 
areas should be considered an important ob j ective of the Region. 
Projections point to the concentrat ion of population in a f ew large 
me tropolitan centers i n t he Region , consequences of which should be 
explored. Studies vrhi ch f orm the basis f or evaluat ing alternative 
courses of action t o mee t such ob j ectives, t herefore, become an integral 
part o:t' the comprehensive plan for development of t he Region's resources. 

Ecological Research 

Some threat ened envirorunental damages are ob vious and dramatic, 
and have already caused some important water-oriented pro j ects to be 
abandoned, relocated or redesigned. The more subtle, and perh?,ps 
equally significant, changes in the ecological spectrum have not been 
addressed, or even recognized in many i nstances, f or lack of manpower 
and expert knowledge. A more detailed and precise picture of the 
ecological e ffects of water de velopment is needed. Greater sophis
t ication must be achieved t o insure t hat the less obvious damages are 
avoided and the less obvious enhancements are achieved. Impacts far 
removed f rom the pro j ec t area must also be considered i n evaluating 
their effects on the t ot al environment. 

XVIII-276 



ou~iHPCL~~~~Lr ~ tro©~ 

~~[Q) [?ll!J~[Q)O~@ 



CHAPTER K - HlPLEl1ENTATION AND FUNDING 

Ini t i a t ing the Program 

The i mplemen t a t ion of the development pr ogrrun t o fu l fi ll t he 
fu ture needs of the Region requires immediate action t o accelerat e pro
grams f or wa t er resources and rela t ed land developmen t by over three
f old . Mos t of the early action programs are conti nuations of those 
currently underway. Though t he Region has had one of the fa s t es t gro~rth 

rates in the Nation, and is one of the mos t critical water deficient 
areas, water r esource developmen t has progressed more slovrly than t hat 
of mos t other areas. This slom1ess of response t o the needs can largely 
be attributed t o t he sheer complexity of the problems , the magnitude of 
developmen t s necessary t o solve t hem, and the legal problems which have 
ret arded the Region 's ability t o fully utilize its share of Colorado 
River water. While the latter has been par t ially resolved, by author
ized proj ects, the other s, such as funding , conti nue t o harass the 
Region' s ef f or t s t o meet i t s present needs or t o implement progrruns t o 
satisfy future needs. Consequently, t he action programs ha ve f allen 
f ar behind, resulting in the a ccumulat ion of a t remendous backlog of 
developmen t needs. To avoid an unrealis tic le vel of funding during the 
early portion of t he program and t o allow adequate time for the necessary 
comprehensive planning, a 35-year period f rom 1965 to 2000 is suggested 
as the development period to essentially elimi nate the backlog of needs. 
The timing of a pr ogram of wa t er impor t ation t o t he Region is most 
cr iti cal because i mplement a tion of many o ther element s of the f ramework 
program are dependent on an adequate and timely wat er supply. 

It is anticipated tha t a pub l ic information program will be a 
necessary and integral part of t he early action program. It will be 
imperative that the public be made aware of the problems and of the 
foreseeable consequences creat ed thereby; t hat all po t en t ially 
feasible solutions be fully considered by t he public; and, that t ime 
be allowed f or formation of pub lic opinion , the de t ermination of the 
publi e desire,and publi c willingness t o pay the cos t of new developments 
before implementation of the proposed action program can be achieved. 

Funding 

The funding of exi s t i ng programs wou ld need t o be accelerated by 
over three-fold if all elements are t o be completed by 1980. The 
$720 million Central Arizona Pro j ect, representing nearly 50 percent 
of the Federal portion of the regional early action program, is the 
principal authorized pro j ect needing a cceleration . 

The funding schedu le needed t o catch up with the Region' s develop
ment needs has been spread over a 35-year period to year 2000. At that 
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time, the Region 's backlog of needs would essentiall y be satisfied and 
the 2000 to 2020 funding program would need only t o satisfy the needs 
arising during that 20-year period. 

Table K-l, graphi cally illustrat ed in Fi gure K-1, pro vides a com
pari son of' the present annual average le vel of funding \-Ti th that needed 
in each of the subsequent t i me frames t o a chieve the tV"ater and relat ed 
land resources developmen t pr ogram. 

Table K-1 
Average Annual Federal and Nonfederal Program Cos t s 

Uni t : Million Dollars 

Item 

Federal Ins t alla t ion Cos ts 

Regional Programs 

National Obligation , 
Mex i can Treaty 

Nonfederal Ins tallation Cost 

Federal Operation, !-!lain t enance, 
and Replacement Annua l Cos t s 

Nonf ederal Operat ion, 
Main t enance and Replacement 
Annual Cos t s 

Present 1 
Funding 

Level 1965-1980 

30 100 

66 

108 

y Average f or the years 1965 through 1969. 

1981-2000 2001-2020 

97 205 

56 86 

290 359 

548 1, 499 

The divis ion of cos t s be tween Federal and nonf ederal i nterests was 
based on present legal and institutional arrangements. It has been 
indicated that the nonfederal portion of the recreation program coul d 
probably not be achi e ved unless t he Federal part i cipation is increased. 
It is estimated that about 70 percent of the Federal cos t s for t he 
Region f ramework plan would be repaid. 

Legal and Institutional Problems 

Constraints which could delay the implementation of the comprehensive 
program i nc l ude some of the existing policies of Federal agencies, lack 
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FIGURE K-1 
ANNUAL FUNDING REQUIRMENTS TO IMPLEMENT 

INSTALLATION OF FRAMEWORK PROGRAM 
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of au t hority on the par t of s tate and local agencies, and the cons trai nt 
of financial capabilities of local agencies. 

Federal-Stat e Water Problems 

Though conf lict s do exist, Federal and stat e laws app l ying t o 
wat er resource planni ng and deve lopment have been largely compli
mentary. However, t ensions have developed in the area of wa ter law. 
Though histori cally the admi nis t rat ion of wat er rights has been 
left largely t,o the s t a t es, there are a number of provisions under 
Federal cons titutional povrers t hat have placed the state administrat ion 
of vra t er rights i n j eopardy. A recent concern i s the Federal grouping 
of vra t er uses on Indian reservations, national f ores t , e tc ., under the 
ca t egory of "reser ved vrater rights." The theory is that when the 
Federal Governmen t creat ed a land reservation i n t he arid Vles t , i t 
reserved su ch amounts of water as might be necessary t o uti lize t he 
land for the purposes i ntended. However, t his theory creat es an 
uncer t ain ty as these rights are not quantified, maki ng it impossible 
f or the stat es t o int egrate them with privat e rights. This uncertainty 
as t o t he amounts of remaining wat er available f or development is 
detriment al to water resource planning . 

State Insti t utions 

A major problem of the stat es is the mult iplicity of organizations 
involved with wat er resources. These organizations are oft en over
lapping and unrelated. A centralization of responsibility within 
the states for ma t t ers dealing with v1ater resources is needed. 

State vJater Law 

St ate laws prescribing t he steps to perfecting a water right 
appropriation usually include: ( l ) a noti ce of intent or an 
application t o appropriat e water; (2) the building of works necessary 
t o diver t or impound water; and (3) the applicat ion of t he water to a 
benefi cial use. The priori ty of the s t a t e wat er right is t hen based on 
t he rule of "First i n t ime is first in right." However, laws of the 
various s t ates di f fer as t o (l ) what may be defined as a beneficial use; 
(2 ) what priority or preference may be applied to different uses; 
(3) t he amount of wat er per a cre that may be allowed under an irrigation 
appropriation ; and (4) procedures for a cquisition of rights. Consi deration 
shou ld be given as t o whe t her greater uniformity between_ water laws of 
t he various states would be desirable, and how this could be achieved. 

Environmental Considerations 

The field of water resources has previously been orientated toward 
resource development , as evaluated in rather narrow terms of economic 
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effic iency . Re cent l y , environmental concepts have been widely rec
ognized by t he pub lic. The :provisions of Publi c Law 91-190, National 
Environmen t al Poli cy flcl; of 1969, will have an ef fec t on :Federal water 
r eso-urces de velopment programs since thi s law requires that the environ
mental impact of :po t en t ial developmen t s be analyzed. New methods of 
e valuation are needed t o _properly account f or the new environmental 
concep t s. Vithout doubt , further s t a t e and Federal legislation 
go v·ernins emri ronmental considerat ions \-rill be enacted. 

Legal and Ins titutional i~ecow.mendations of F'ramevmrk Study Hork Groups 

Duri ng the course of the s tudy, re commendations relating to legal 
and ins ti t'J.tiona l changes needed t o satisfy :parti cular interests were 
de veloped in the variou s appendixes. Though these recommendations have 
no t been endorsed by the Legal and In s t itut ional Hark Group, they are 
presented in the Legal and I ns t itut i onal Appendix. Following are some 
of the maj or recommenda t ions. 

Land Use and \1atershed Management- -Imp lementat ion of the land treat
ment and watershed managemen t program will requ ire increased state par
t icipation in management of watershed areas where stat e lands are 
in volved. 

Federal legislation is needed t o allow additional Federal :partic 
ipa t ion i n sharing t he cos ts of installation of all land treatment and 
watershed management measures , and for t he storage of additional water 
in floodwat er retarding structures f or t he improvement of quantity, 
quali ty , and timing of water yields, and t o reduce vrater :pollution. 

Land use planning needs t o be a ccelerated for areas which are 
expected to be developed for urban use and effective and equitable 
taxing and zoning ordinances need t o be i mplemented t o direct potential 
developments in an orderly and es thetically pleasing fashion. 

The system by whi ch grazing :privileges on :publi c domain and 
national f ores t lands are relat ed t o certain private land holdings 
should be reviewed t o ascertain its effect on good management practices. 

Flood Contro l--Enab ling legi slation by states is needed to control 
the use and :proper development of t he flood plains. Such legislation 
should i nc l ude, but not be limited t o the following: recognition by 
states of t he overall responsibility of f lood :plain regulations as a 
:part of f lood damage reduc t ion for the health, safety, and welfare of 
its citizens; adoption of s tatewide minimum standards for flood :plain 
regulations; state assistance in :providing t echnical information; state 
aid for acquisition of land for futur e projec t s or for :preservation of 
open space; and state adoption of flood :plain regulations based on its 
minimum standards for t hose areas where local units of government have 
not adopted state approved regulations within a reasonable time. 
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Irrigation and Drainage--The "160-acre limitation" reclamat ion law 
has long been recognized as uneconomic in many areas and is becoming 
increasingly questionable under price cost pressures facing agriculture 
in recent years. Consideration should be given t o substituting for this 
"160-acre limitation" provision in re clamation law an "acre-limitation," 
based on a productivity classification of project lands. 

Other problems facing agriculture are changes i n water law es t ab
lishing "priori t ies of use." The conversion of irrigation water to 
other uses could create many problems for t he irrigation interests, f or 
urban areas, and for state and local governments. 

Recreation--Implementation of the framework program for recreation 
will require legislation to amend existing statut es governing Feder al 
participation in recreational activities; to establish new statutes 
providing for Federal funding; to es t ablish new Federal and state land 
use policies and goals; and to establish funding and administrative 
authority relative to beautification, conveyance of Federal surplus 
lands for recreation purposes, water and sewage t reatmen t facilities 
and other water quality control measures. 

State legislation needed would include laws es t ablishing state land 
use policies recognizing the multiple-use management principle; making 
state lands available to local entities for 1:·ecreationuses; enabling and 
strengthening zoning statutes; and requiring grazing lessees to permit 
public access for recreational purposes. 

Fish and Wildlife--Fish and wildlife implementat ion would benefi t 
by stat e legislation providing means for funding fish and wildlife 
enhancement , in addition to licensing fees; and establishing procedures, 
administrat ive aut hori ty and funding, for coordination of water resources 
planning with management for fi sh and wildlife resources, including the 
promotion of commercial fisheries. 

Water Quality--There is an increasing awareness, in the Colorado 
River Basin, that the problems associated with water quantity cannot be 
divorced from the water quality problems. Certainly, any future water 
management program for the basin must incorporate consideration of t he 
impact of water quality upon basin development. 

Water quali ty problems of the basin are currently being defined by 
the cooperative efforts of local,state, and Federal participants i n the 
abatement conference proceedings on t he Colorado River Basin under the 
authority of the Wat er Quality Act of 1965. The search for solutions 
to the water quality problems, so defined, must necessarily extend to 
an examination of existing legal systems and institutional arrangements 
to de t ermine their efficacy in implementing any proposed plan for the 
management of wat er quantity and quality. 
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CHAPI'ER L - ALTERNATIVE LEVELS OF DEVELOPMENT 

The previous chapters of this appendix have dealt exclusively with 
modified OBE -ERS projected levels of development . These projections 
were based upon regional review and modifications of the March 1968 
projections (OBE-ERS) which were furnished to the Region by the 
Water Re sources Council and are considered to be in the median range. 
Additional revisions t o the population projections were issued by OBE 
in June 1969. 

OBE-ERS Proj ections, March 1968 

The differences between the OBE-ERS projections for the Region and 
those used in developing the regional framework program are minor, 
especially in view of t he unpredictable changes in trends that are 
inherent in any pro j ection dwelling 30 t o 50 years in the future. 

However, the differences between some elements of the projections 
for t he Lower Main Stem and Li tt le Colorado Subregions are of greater 
significance. 

In the Lower Main Stem Subregion there is a major difference in 
t he population projections of the Las Vegas, Nevada area,with the 
economic growth being largely recreation and t ourist oriented. The 
water-oriented recreational opportunities afforded by Lakes Mead, 
Mohave, and Havasu on the Colorado River and the increasing popularity 
of the lavish entertainment facilities of Las Vegas, Nevada, have 
accounted for a rapidly increasing population growth. The population 
of Clark Coun ty , Nevada, has more than doubled between 196o and 1970 
and Mohave County, Arizona, popu lation has more than tripled. The 
land availability coupled with the water conveyance and treatment 
facilities now under construction to serve Las Vegas will probably 
support a continuation of a high growth rate through year 2000. The 
resulting difference be t ween the modified OBE -ERS projections and the 
1968 OBE-ERS proj ections for t he Lower M~in Stem Subregion is largely a 
matter of timing. The modified projections would require a more rapid 
rate of water related development until year 2000, and tren a reduced 
development rate until 2020 as the t wo pro j ec t ions converge t o within 
15 percent of each other . 

There are also significant percentage differences between the 1968 
OBE-ERS and the modified OBE-ERS proj ections for population and irrigated 
agri culture in t he Little Colorado Subregion after year 2000. However, 
the numerical differences are not large. The increases are largely 
in McKi nley County, New Mexico, and are at t ributed t o economic advances 
by the Zuni and Navaj o Indians, extended development in uranium, 
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anticipated coa l development, and increased employment opport unity 
caused by ant i cipated i ncreases in t ravel along the Int ers t a t e Hi ghvray 
Sys t em. The pro j ec t ed increase i n development of irr igated l and in the 
Li tt le Colorado Subregion is a ttributable t o small new irrigation 
development on the Zuni and Navaj o Indian lands. 

The effect of t he difference be t ween the tvro proj ections on the 
framework plan is minor. The diff erence in the water dep le tion require
ment s f or all use s in the Subregion is only 40,000 acre - feet . 

Table L-l summarizes the regional demand f or water and related 
functi ons and servi ces t o sat is fy the 1968 OBE- ERS proj ections . 
Comparisons of signifi can t elements from the 1968 OBE -ERS projections 

· and modi fied OBE-ERS proj ections are s hown by percentages on Table L-2 . 

The modified OBE -ERS le vel o f development would result i n i ncreases , 
above that f or t he OBE- ERS le vel, i n t he deple tion requirements f or the 
years 1980 and 2020 amounting t o 5 percent and 7 percent , respecti vely . 
The corresponding increase i n the economi c final demand for goods and 
services vrould be ll percen t and the labor requirement would be l arger 
by 12 percent in year 1980 . By year 2020 , the modified projections 
wou ld be 9 percen t gr eater f or e conomic f i nal demand f or goods and 
services and labor r equirement s would be 7 percent greater than with 
the s t raight OBE -ERS pro j ections. 

The 5 percent difference between the two projections f or regional 
water requiremen t s in 1980 would have no effect on the early action 
program but wou ld result in a reduction of ground- water overdraft from 
the 1.4 mi llion a cre- f ee t associated with the modified OBE- ERS pro
jections t o l.l million acre- f ee t . The need for an i mported water supply 
by year 2000 would remain unchanged. The regional portion of the impor
t ation could possibly be delayed a few years under the OBE - ERS projections, 
but a 5-year delay would be about t he maximum exten t . With the uncer
t ainties of projectins 30 years in the future and the many difficulties 
inherent in the planning and construction of a pro j ec t of t his magnitude, 
concern for such minor variance is unjustified at thi s time. As future 
studies are made, the pro j ections will probably be upda ted periodically 
a ccording t o the most recent trends. 

OBE Projections, June 1969 

The Office of Business Economics issued revised popu lat ion projec
tions in June 1969. The Lower Colorado Region framework study had 
progressed beyond the point where further changes in pro j ections could 
be accommodat ed. However, t hese proj ections were examined and found t o 
reflect major di f ferences in projected population growth. 

A comparison of the modified OBE population proj ec tions, the OBE 
March 1968 proj ections, and those issued June 1969 is shown in Table L-3 
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Table L-l - DEMAI\TD FOR vJATER AND RELP. TED FUNCTIONS AND SERVICES 
OBE - ERS Proj ections 

I~wer Col orado Region 

1965 Tot al Annual Demand 
Base 1980 2000 2020 

WATER SUPPLY 

11/ i thdrawa ls ( l, 000 A. F. ) 

Mun i cipal and Indus trial 
Irrigation 
Recreation 
Fish and Wildlife 
Electr ic Pmrer Cooling 
Mineral Production 
Tota l of Listed Requ irement s 

Depletions (1,000 A. F. ) 

Municipal and Industrial 
Irrigation 
Recreation 
Fish and Wildli f e 
Electri c Power Cooling 
Mineral Production 
Tota l of Listed Requirement s 

Flood Damage Prevention($ Million) 

Erosion Damage Reduct ion( $ Mi l l i on) 

Outdoor Recrea tion(Milli on Rec-days ) 

Spor t Fishing (Million Han-days) 

Hunting (1,000 Man-days ) 

Irrigation Development 

I rrigat ion Sys t em Rehabilitation 

Drainage (1,000 Acres ) 

Electric Power (Bi llion K:HH) 

Electri c Power (Million KW) 

450 
8 , 903 

ll 
196 

10 
105 

9,675 

198 
5,129 

4 
no 
10 

____2g 
5,503 

41 

7 

138 

4 

73 

1,285 

262 

212 

13.3 

2.7 

XVIII -285 

750 
8,730 

20 
201 

58 
__.!£2 
9,927 

319 
5, 600 

7 
114 

58 
84 

b,l82 

71 

ll 

256 

9 

lll 

117 

429 

68 

43 .4 

8.3 

1,447 
7, 678 

39 
296 
203 
~ 
9,913 

591 
4-, 811 

13 
195 
203 
124 

5,937 

143 

17 

503 

13 

189 

118 

0 

32 

186 .1 

35.8 

2, 588 
7, 6o3 

68 
532 
750 
327 

1"1,868 

1,084 
4,873 

23 
391 
750 
160 

7,280 

298 

24 

888 

23 

266 

134 

0 

88 

564 .5 

108.5 



Tab le L-2 
Comparison of Proj e ctions 

Populat ion 

Regi on 
Lower Main Stem Subregion 
Lit t le Colorado Subregion 
Gila Subregion 

Irriga t ed Harves t ed Acreage 

Region 
Lower Main St em Subregion 
Lit t le Colorado Subregion 
Gila Subregion 

Ha t er Deple t ion Requirements 

Flood Damage Pr e vention 

Erosion Damage Preven t ion 

Ou t door Re creation (re c-days ) 

Spor t Fishing (man-days ) 

Hunt ing (man-days ) 

Electri c Power 

Modifi ed 1968 OBE-ERS Projections 
a s Percent of 1968 OBE-ERS Pro j e ct i ons 
1980 2000 2020 

110.1 
146. 6 
101.9 
100.2 

106 
113 
112 
103 

105 

103 

100 

105 

110 

113 

100 

112. 5 
148 . 5 
109 . 5 
100. 5 

109 
106 
122 
110 

108 

106 

100 

107 

115 

113 

100 

105.2 
115.1 
124.7 
100.3 

109 
107 
132 
109 

107 

104 

100 

104 

112 

113 

100 
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Table L-3 - Comparison of Modified OBE, March 1968 , and June 1969 OBE Population Proj ections 

Projected 
Percent Percent 

1960 1970 Growth 1980 Growth 2000 2020 
Census Census 1960-1970 Projection 1970-1980 Proj ection Projection 

Lower Colorado Region 1, 505, 522 2,088,354 39 

Modifi ed OBE 2,910,600 39 4,796 ,700 6 ,983 ,100 
1968 OBE 2,644,137 27 4,263 ,150 6,639 ,165 
1969 OBE 2,495,596 19 3,749,874 5,084,297 

Lower Main Stem 235, 546 418 , 877 78 
~ • < Modified OBE 815,600 95 1, 519,700 2,020, 500 H 
H 1968 OBE 526,146 26 1,023 ,192 1,756, 024 H 
I 

1969 OBE 479,300 751,800 1,018 ,900 I\) ll 
(X) 
-.:] 

Li tt le Colorado~/ 105, 641 100,002 - 5 

Modified OBE 183,500 83 246,400 326 ,'-J.OO 
1968 OBE 119,700 19 132,222 144,510 
1969 OBE 120,200 20 127,900 131,800 

Gila l, 164,335 1, 569 , 475 34 

Modified OBE 1,911, 500 23 3 ,036, 600 4, 636 ,200 
1968 OBE 1, 968 ,287 25 3,107,736 4,738,631 
1969 OBE 1, 896 ,000 21 2, 870,200 3,933,600 

!:.I The decline in population i n the Li t tle Colorado Subregion is due entirely t o a reported 41 percent 
decline in the popula t ion of McKinley County, New Mexico. Since such a de cline is no t evident , this 
figure is subject t o a probable considerable revision. 



FIGURE L -I 
COMPARISON OF PROJECTIONS OF POPULATION GROWTH 
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are shown graphically in Figure L- 1. As shown in Figure L-1, both 
the 1968 and 1969 OBE projections of the 1980 popu lation indi cate a 
substantial decline in rate of growth between 1970 and 1980 then 
increasing ae;ain after 1980. The pro j ections issued in June 1969 would 
indicate a slower rate of growth in the next 10-year period than has 
occurred in any 10-year period since 1940 and that the 1970 to 1980 
ra te would be only 50 percent of the 1960 t o 1970 ra t e. This seems 
unreasonable in view of the 1970 census data whi ch ranks Nevada and 
Arizona first and second, respectively, among the states in rat e of 
gro'lirth o ver the past 10 years . In Clark County, containing most of 
Nevada's share of the Lower Colorado Region popu lation , the census 
count was 112 percent above 1960 with population increasing from 
127,000 t o 270,000. Arizona showed an increase of 35 percent over the 
1960 census with the population increasing from 1,302 ,161 t o 1,752 ,122 
in 1970. The Region's t otal population increased 40 percent. The 
growth rate of the Region would need t o slow t o 19 percent f or the next 
10-year period t o stay within the June 1969 projections. The discrepancy 
is greatest in the Lower Main Stem Subregion vrhich has been experi enci ng 
a recent growth boom centered largely in the recreation, retirement, 
and entertainment sectors. Her e the 1960 to 1970 population growth 
rate of 78 percent would need to slow t o ll percent f or the next 10-
year period to s tay within the June 1969 projections. 

As pro j ections delve farther into the future, the uncertainties 
increase many f old and projections wi ll need t o be kept up t o date 
vri th the latest trends as they develop. The Lower Colorado Region is 
endowed with an adequate land r esource and a favorable c l imate and if 
pro vided an adequate water supply, it is not f oreseen that population 
growth would be constrained more in the future than in the past. 

Economic Analysis of Alternative Levels of Hater Supply 

An analys is was made t o evaluate the e conomic significance of 
increasing or decreasing the level of wat er availability as compared 
with the annual requirements computed by use of the OBE- ERS pro
j ec t ions f or yea:r 2020. A value of plus or minus 500,000 acre-fee t 
was used in the analysis f or the Lower Mai n Stem Subregion , and plu s or 
minus 1,000,000 acre-fee t f or the Gila Subregion. A s imilar analysis 
f or the Little Colorado Subregion 1irou l d yield insignificant effects. 

Two alternative proj ections were made f or each of the two subregions 
using the increased level of water availability, and two also at the 
decreased level using two sets of assumptions. The fir s t se t of 
a l t ernatives postulated that the assumed increase or decrease in water 
ava i lability would be shared proportionately by all water users. The 
second set of alternatives was based on the hypo thesis tha t the increase 
or decrease in water availability woul d affect only those water uses 
contributing the leas t e conomic return per uni t of water used. The 
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low-re turn wat er uses include: 
livestock; (3) cotton; and (4) 

(l) forage, feed, and food; 
all other agriculture. 

Lower Main Stem Subregion 

(2 ) f eeder 

The reduction ot increase of vra t er use by 500,000 acre-feet, t o be 
distributed in the same propor t ion as uses pro jected in the OBE-ERS 
projections for year 2020, would result in a corresponding reduction or 
increase i n the economic final demand by $6.8 billion (33 percent), and 
in labor requiremen t s, by 220,000 man-years (3L~ percent). 

If the water reduction or increase was confined to those sectors 
making the smallest contribution to the economy, t he corresponding 
reduction or increase in economic final demand vrould be $86 million 
(4 percent ) and the labor requirement s vrould be 2,100 man-years 
( 3 percent) . 

Gila Subregion 

In the analysis of a water reduction or increase of 1,000,000 acre
f ee t t o be distribut ed in proportion to the uses projected in the 
OBE-ERS pro j ections for year 2020, the corresponding increase or decrease 
in economi c final demand would be over $9.9 billion (24 percent ) , and 
f or labor requirement s would be 394,000 man-years (24 percent ) . 

If the wat er reduc t ion or increase was confined . to those sectors 
wi th the smallest contributions to the economy per acre-foot of water, 
the corresponding decrease or increas~ i n economic final demand would 
be ~ll75 million (about 4 percent), and i n labor requirements would be 
5,700 man-years ( 3 percent ) . 

Regional Impact 

A total reduction of 1.5 million acre-fee t in water use in the 
Lower Colorado Region in year 2020 applied proportionately to all 
sectors would result in a reduction in final demand of $27.8 billion, 
and a reduction of 614,000 man-years of employment opportunities. The 
total wat er deficiency in the Region in year 2020, if there were no 
water imported to the Region, would total about 4.5 million acre-feet 
or 3 times 'the reductions analyzed. If total water use becomes limited 
to the available natural supply, the effects on the economy and employ
ment opportunities in the Region would be devastating . The rural 
economy would be severely depressed and the social penalties would spiral. 

The apparent minimum impact Oll the Region's economy would occur if 
the reduction in water u sage were applied t o the agricultural sec t ors. 
This analysis, considering factors of regional economic efficiency , 
provides only one of several studies needed to assist the Region in making 
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future choices in the utilizationof its wa t er resources. Anot her 
importan t considerati on, in this time of social unres t , is that a 
maj or portion of the l abor f orce i n the agricultural sectors are 
unskilled and i nunobi l e, and have but li tt le pot ential f or r e t raining . 
Whethe r t he Region 's interes ts are best served by accepting the trend 
t oward r eduction of unski lled j ob opportunit ies, and the resu l t ant 
social impacts, would need t o be considered. Some additi onal factors 
whi ch would occur because of a reduced water supply and which need t o 
b e analyzed are: the effect on local and s t ate tax base of retiring 
productive l ands ; the e ffec t on r ural communities of r educing their 
e conomic base and emp loyment opportunities; the i ne vitable population 
shift from rural t o u.r ban centers and the result ant increase i n ur ban 
social problems; the effect on farm and irriga tion distric operat ions 
and revenue; l oss of both private and publi c capi t al improvemen t s; the 
increased demands for social services i n primarily r ural counties; and 
the e ffect on the national f ood and f iber requirements. 

It is very unlikely that maj or r eductions i n vmt er usage i n 
selective agricultural sec t ors could be achie ved by regional choice 
because legal and institutional const rain t s, especially in the f ield 
of wat er rights, would preclude s uch a direct transfer of water usage. 
Wi t hout a water import ation program, s uch a reduction could occur 
natur ally, due t o economi c pressures, or due t o exhaustion of t he 
ground-water resources. In t his event, ground-wat er pumping would 
con tinue unti l the dropping wat er le vel made further operati ons 
uneconomical f or some agricultural uses, or until t he source was 
exhaus t ed. 
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