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/ I COMPREHENSIVE FRAMEWORK STUDY C

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
relatei land resources of the Lower Colorado Region. This report is
subject to review by the interested Federal agencies at the depart-
mental level , by the Governors of the affected States, and by the
Water Resources Council prior to its transmittal to the Congress for
its consideration.

While the comprehensive f’ramework plan presented herein is the
result of a coordinated effort by participants from various Federal
and :;tate agencies involved in the Ctudy , it does not necessarily
reflect tne singular viewpoint or policy of any particular agency or
state. The type and need for future developments may change appre-
ciably from the framework plan as a result of differing assumptions ,
methodolugy , and objectives used in water and land use plans pre-
pared ny the State and/or Federal agencies.
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LOWE R COLORADO REST ON COMPREHENSIVE FRAMFMORK STUDIES

SITh~~ARY OF FIND INGS

This  report  p re sen ts  the resul ts  of comprehensive inv est igat ions of
water ant related ~aod r~ so’fr- -~es of t c o  Sower Colorado Region . It pro-
v i le s  appraisals  of oat ur a i r esources and t h e i r  geographic , i i s t r i n ~ t ion ,
p r o j ect i on s  of fu tu re  r e r i i 5  res e n t s , asso -t a t ed  problems and needs , and
p r e s e n t  s a f r a r r ewi - - rk r roc r~~n for the development and management of the
water as-i related land resources of’ the  2e s i n r i  to the -iear 2020 , wi th
~nter-r e i a te  oo ,~ect i ;es to to -c ‘4- ears  1 ~~~~~~~~~~~~~ 2000 . A s helu l e of
implemest ’~t on is presente  I , Lo~~-? t s or  ~‘it : i  a Ceseral  estis;atr- of cost s ,
for t ~-~~~ran - . ~~~~

— “

‘T~’e ‘o~ er - o1ora-~o F e C i — r l , l~J , 137 sn~~a~~e miles in e xt en t , includes
most of Ariscna , and ~~a ’-hc of Dr - í a  ta , o’~ M e x i c o , asd - t at  , nod comp ’-~ sec
‘c ’-ar iy  , ne c’ - - sit 5 t so c~~n~- i i ~c : o ’is ~r~ite ‘t ates . ho population is con-
-cot  r n t ’~ ~~~~~~~~~~~ in  c o t i  ~‘ent -’i~ ‘ r i c - o n a  a o l  :co :tSern ‘if vada . be

r emaind er  nf t:i~~ Fe5 no ’ S population is - a - a t e  ~ ~n co - at  I w i d - ’ l -~’ o ca t—
ore I - con cni t i  es. I - h c ’ h  - i f  too  ar e - i s u n  ~n h a c c  it e~

‘:~-ept f o r  t sr- a”a~ l a s  lI l t- :  of wo~~”r supp i” , the  F’ r~i no i c c  o o w t i —
S f ly  s” - 1  t e l  w t ’ h  esoor ‘-n , 50 0 - 4 - , ani - ‘~nera 1 e - v  c- none -c ’. v-c l ‘cc
s cppo ’-t c t .  —~~- cr - i ’.rt ’ . r-’ro a t - i ’ ,- 4 oe a c c t i m u  ot i n c  sinCle Sac- ’- -c ccc
t he  cr’o~’t h of  th e  e toni  is t ’ - ’ ~. n-at e  ‘;}cich o’- r--- - s  ac ti ’- : t  los so - -- ’  a:

r:ca r- l a r ~ cu l t i i r ’- ’ , cn c i c c t c ’ o - t i rj r c , ‘~n t - r a i  : - r - ’ c t , t r : c- cc -cc , ar ’i i  c c c t i o c
r e ’  ~-r -at  -n- c -iur~ ~~ t :i~ °cc ’ I ~~

- c - c Pr ~occ t ions and A

I : . ‘ r n  r c ;  ani  a n r ~ a~ sals of c’ o i n ’ ’cc a- id ievr- l ) d Is c~ c_ or ’ c-
i wo~- ‘~~~e ‘-i  j c )  d e c  con -xe ’s ‘- nc’ ’ nac’~~i n r ’  -i c a n e  c ’E ’ar , 1 )~ - , n c - ~ ,i • ‘

nr o .~ i’~~- t i  no t. I me ‘ r’acc ” w ‘ t~ r ’e  - - -~o t ‘-ear s  , I D80 2000 , a d  2020 .
Sn t  c oal c r t r - r r -e - cona l  srr ~~e- ’ t ~ -~ n :  , w n i c ’ c eq cc ~ t r ’ c a t ~~nn a 1, I s s  I and

c n i l y  h o o c h - e r  w i t h  cos sio~ r n t  r e(— c — c n n ] n r -- i e : t i o n c  aae.1 Orion c t
ic’il t r e n - I S  in in ~ c t - c - c - I n !  pc -

~ l i -tion relation cc r’ocps , were ‘e~-eLoped ny
the f f : - - - e  ] 3uc - I n o ~~ Economi ’s , 0 •5,  - nr t rcc en h of ‘- sc, - e r - ’e , ao l  t i

-i - noorn ] ’c ‘-sear - - c  : r 4 r J i n e , ep a r t c c o t t .  of  1~r~ cuL + c c .  Th eca-  ‘c m —
~er1t : o n s , ‘- e : er r r ’- i  to as OB F— SRS p r r  “ ‘t i o ns  in th is  sto 1, ’ , c;1~r e based
-loon :p ’ ’- f i n  a: si~~ptions .  A p r c c c c a r y  nnccurp t. n was ‘oc a t  the p o p u la t ion
c~ f the ‘ r~ited t a t e :;  w i l l  cr ow at tt~ .5. - ‘enisus Series C rate which
is subs t an t i a l l y  below the l ’)62— ~~- rate , cit  a t - c - c ’  more “er’ent rates .
Other basic assumptions are included in th i s and the other t-inctional
appendixes relative to the particular resource aspect h o i n~t considered.
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Th ” °BF- EHS projections for the Fe~ io n were cod i f i ed  somewhat to more
closely refl ’~c-t recional trends . These “ Modi f ied OBF- FP S ” p r oj e ’ t i o ns
have been used in -:levelopment of the Lower Colorado Region cornprehensi ’-’e
framework pro~ r nrc . A comparison of t o e  Modif ied OBF~ FRS and OBF-~J~S
project ions  is included in the latter part of Appc-n lix c ’ - ~ :)- 000rn ic
Base and Projections .

Popula tion is expected to increase nearly b times , municipal ard
i n d u s t r i a l  water requirements o’~-er £ time s , elec tr ic  enem A: , - re qI~ i rccn Pn t S
n -nc r a, t imes , recreation demand over 6 times , an- I flood danrage wil l
i ncrease nearly 8 times by the year 2020 . Personal per capita in - acne
in the Fe~ ion was ~2 ,222 , about 90 perce- t of the national average in
10c5 , a-c-i by •-7-ear 2020 is projected to almost equal the nat ional  averag e
of’ more tccan 112 ,000 .

Wa ter Suppl y

Much of the Region ’s economy is sustained by utilizing ground-water
reserves. n 1965, the depletion rat e of these reserves reached 2 .5
mi l l i on  acre-feet annually due largely to the lack of facilities for
enabling the Region to utilize its share of Colorado Ri’zer water. The
Southern Nevada Water Project, presently under construction , the ~entral
Arizona Project, and the Dixie Project it -i Utah must be completed at an
early date in order for the Region to utilize the remainder of the avail-
able renewable water supplies, in the absence of an imported water
s-;pply , ground-water overdraft is expected to contin-ce and the regional
water deficiency is projected to reach h .5O million acre-feet annually
by year 2020.

Water reso-lr:e—oriented programs creed to he accelerated in the fu ture
wi th  respect to both planning and implementation if  f - c t - r i -c  requirement s
are to he satisfied on a timely schedule. The basic l-ncio-range oojective
is au~ nentation of the Region ’s water supplies in sufficient increments
to meet future water requirements and reduc e ground-water overdraft. It
is recognized that a program of this magnitude will probably require time,
in the or-Icr of’ 20 years, to implement. In the meantime , all possibil Ities
tor lessening the effects of the increasing water deficiencies must be
explored.

The framework program includes expansion of’ water conservation and
management practices , more Intensive water reuse , vegetative management
for increased water yields , and treatment of brackish water. Water sal-
vage programs and vegetative management programs for increased water yield
are expected to add about 500,000 acre-feet annually to the local water
supply by 2020. Further studies are needed to evaluate the potential of’
untapped ground—water reserves in remote basins which could provide an
interim water supply.

vii i



t r np l r ’rie ’ t at . ]  no of -e long—range pronraric r e q u i r e s  early i n i t i a t i o n
of p a r  n is i f  S-cr i cccp or t in C water to t-ce te~ ion . ct ‘lies should cc in J r 1 ~~I
5cr evat l a t I n A  t h e  r e l a t i ve crJ-r lt s of all o st e nt i a l  nean s  of importation.
: ap l e r n e - ct a t i o c  of a water import pr’o ’ranr n h o u i d  be ci - - - cr- - -l i st ed  by ~~~~
- 

) 
~O to provide a c o c t  2. 25 mi Llion a c r e — f e e t .  Thcs s:eci d be inc reasr ’ ±

to L~.l5 million acre-reel ov :,oar 2020. The initial stage of the icr eor—
tation pro~~rnun would i n - d o-Ic t O e  nat c -nnal corrsiijtment to re ieve tr .e
Com ma Ic RI c-er Uacc i n  States of the  Mex -an reaty b-cr- -Ic-c , estic cca±-n~t to
br .8 crililio n acre_ cect annually ~n- ’lud in~t associated losses .

Table A-l p r -n -~- i I e s  a sun-~nary of the pres ent and p r o t e c t - c  I water
requiremects and s rpp lies.

Wate r Quality

M a l nt e c a r r - e  of an ac cept -ac ic level of water quality is vita] to the
economy , environment - , an t  genera l  wel l -be ing  of the peop].e of the Region.
ireccerctly 3,e f ’ic ient  water  s u p p l i e s  an-I  the probable cost of future
ioporte l water -lictate max im a water u t- i l i :-a t ion , includi ng recycling ,
wi t- h l i t t l e  or ccc allowance for transporting salts or waste loads from
t i e  Regi s. ~- e water quality program includes waste treatment facil-~
it~ es for ccrban centers , treatment of water from saline sources , and
major water  reuse facilities . Augnentation of the Colorado River with
hThc~rc q-:ality imported water would also provide major improvement in the
a alit-- c f  t h is  princ ipal water source. -Sontinuing studies of the
i-:e~~ion s inc reasingly complex water quality prob l ems are recommended.

Land Resoccr cen and Jse

The land resource base of the Region appears to be sufficient in
variety and amount to satisfy the projected land use requirements
through the year 2020. There will be need to be Widespread adoption
of the multiple-use principle in order to satisfy the requirements of
all uses.

!/ 90t h ‘origrer;s, Publi c Law 90-537, An Act to Authorire . . . the
Colorado River Basin Project . . . , September 1968.
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The following tabulation shows the major lan ! use requirements for
the period of study :

beacriremerits- — I~,000 - - rcc.
_______— 

1980 2000 -

:roplanct i ,8i6 1,11) 1 1,iO l,h52
T r r i ~~ated (1, 1-4 (l ,ht 9 (i,-58o) ( 1 , 839
;—niiirrigated (31) (28) (2~.)

Livestock ;ma:’ing c’ - ,05~4 73, 7 c~ ~~
-
, ~~ t - ) , c-O7

irr;er Production 5,~ 58 ~~~~ 5, 153 5,O~ 4
Urban ctci i i nI - c st r i a l  Ul~ 8t- b l,2~0 1, - ’ - - .
ut--loom Recrea t ion  ( tezi~ nate-i) !/ 5, b42 s ,ildd b ,012 #c. , 1-c ,

Wi~ derciess &reas i(i l l ,~~)b 3, l- )~ 3, a5r
°ish an! Wildl i fe (-tes iA nat ol ) 1/ ,223 ~,5-~6 7, 175 15, -

M i litary ~4,126 -;,176 -~~~, 12~ - . , 1 2 -
Transportation and Ut i l i t i e s  h6-o 8)8 l,0~0 1,1- 45
- ;-n ter  Yie ld  Improvement 1l~ -c’; 8 2 i  l , ; - 1-- -~
i-iood nnt,rccl 77 22- )
Minera l  Production 76 115 1n6

,!/ -c-signated: :ands which are a±i~inistered primaril.y for the purpose
oci t not precluding other act i v i t i e s  w l u i - c h  are -- copat ircie .

L a n I  Ireatment  and Management

i rreversible losses of t he Reg ion ’s Ian:! reou: rces must or r c c i n i r r i s e !
to prese rve  a fr e e- lam of’ choice for t ’cr t cc r c resour- -’c room’ ; . ::cthet i  -- an I
environmental factors were of’ primary consideration in development of the
pr- n ~c’razs . I deally , the I an ] treatment and management Pr-cUram shocilt tar-

- - aori i ne with all water and related, land resource lo- ;- lopm ent  procr a~-:;
r e r l Iu rp i  to sati r; f:, present an - I  pro r e~ t e I  demands w i t l c c r . t c c e  h e c t on .  - cc
ac eq ’ri- ;alent acreage basis , as of 1 1~ 5 , a total of’ nearly 7 t r i l l i on  a res
n i  ‘mo p Lan-i , ~‘o re: ;~ lao I , rac ;~ c Land , a cid I r r o ar i an:! otr;er lan is had so el no I
a 1eqn,~te t ron t r out . Tc . e pm - cc r-ru : inc u to;; t-reat :secit of an n I I :  t ional -a
million a res by 2020. In most cases , the sam e a- - r e  will ren H re tr’ert-
rent more ttcan oro’e during t r i o  st u d y  p e r r a - !  - c - a - c u e  of ic-~- ’iop aecrt of
I c orn-ne I c-c-the ir;, or the l ir c i t e  I l i f e  of t r i e  meas ;re or nr -a- tice instal Ic 1.

rn l~~c r i  ( -n trn  I

- 

- : d I c r  - - ‘ .~ on IS rcciniec ’t. to severe an I su l l en  f loods • with some floe !
In ,rn ac-e - - c c ’ r ~. ng every year. Almost aL l  land su i t- ab l e  for f e r ie r a  I

ec ,rn erct .  i :~ Sub - ‘ - t n  0 )rce Io~ ree of’ flood lan ai-c - , e it her [ ‘rca a -Ii ’ fine~i
c:tme,u-r . or u -er land flow . The a-ier acy-  annua l. f l  I)  I iaoa y-;; were cut irate I
at - i  m i l l i o n  for 1 *-S economl -c and p r o j e - ’ t -on l i t - i ons . W i th no a- I - l i -
t, lanai  f - cd - o c i t m o  1 measures after lc)( , - c , annual  fi oo-I -iarcca~e;; s’S &~-l0
a l l  L i  ocr are c~st ~ i rnat r-- !  by t h e  wear 020. Implement -at 1) 11 of t i ce  fLood

x
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‘cr ;t r o l  pr- a:rar; of s t ruc tu ra l  and nons t rcrc tura l  measures w a c c i - !  preven t
a !ar - -~e ~-cr t i — ’r of t i n ’  tar a~ cs , so that remaining damages of only  68
m i l l i c s  an-c c a l I n  arc or :t !mat c” I  ny the year 2020 . ~‘or these remaining
-lama..:i-: , tn er - anpear to c c  no Seas j ole solut i ons .

lr ri~ ation a r c  r a inage

i r rc ~~a e  las-i is exor -t el to increase fr n r  t h e  l ) ~ , l c t ; e I  of
31 - - ‘ ‘ u  1/ to 1 ,~Si - ,000 a — - r em  - -a -r i  c- at  i or ’ , is cxp’-- - hi - I to memo-ic

20i~, )~~~ a - c - i c c c- -cc - n r - o - i - c -~ lc ion. Hr total new i mr icat ; on development
‘-a -ui b . - ;02  .000 a cmos • He pms ’~~rax-: inc tr i er ; - - c r -i ’ it icr of th ’~ reha—
b i ll  ~a’ i ‘ii - — V ex ut inc water cro n- !r- an- -e r ;y s ter r - n c - cm 1429, 000 acres ‘cf

- -- - ‘ ~‘:~~I - -  ic’r:,;a ’i . t, - ;Ic c t r !  OcW -ci j st r cic: ctlwi cc-c t-ems f - n serve
• . - ‘ 

- , -~ ‘Y ;  a- r es , a c- c- cc -- : ~on cc which is o c ’ - r - e - c t l y  i r r ig a t e d  e x o l u —
5j ; e l y ~‘roc-. cr ‘r n ]  wat em . 0 f~ scc water c - r i cacec i-cr c . cc eas crc : s ;rh as
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m i n i r n i n e l , espe c i a l L y  with respe - t- to air and water p o l l u c t i n i r , eco logy ,
-acc i e st n e t i c s .  --r r t e r  requirements of the mineral i~ u I i c c t r v  tray no met
civ cli ‘-e-’ ~ diversion of ’  imported water , ny upstream -le’/cIrom -ents on the
-a s i s  t h at .  1-c-c~~~ct  ream r icht s  w o u l d  Do riot by ex- icance f’r imported

—-cat cm , or b y -— ontin ce - I  gro i n - I — w a t e r  development  w t u c r e  a v a i l a ble .

~c - r e atj o n

~ec-reation necicu of the h e c i on , ac.o’j c ava i lable 0:npt)lv , are nrc . e t ~ I
Is’ increase fr -nm lVr million re- -reatinn days in I)’ - to f 7 2  m i l l i o n :  r~ - -

reat ion laws in 020 . n- icr  existing legal , i n : - t  i t u c t i o n a l , f u n a n c n i a l ,
a o l  ph:.’c i ca l  c o nct ,r a in t s , only anout  c~7 percent . of’ these nee ls can ne ccc ’ .
To ;ca ti sfy  t ru e  remaining 58 percent of’ the  needs wi l l  r e q u ir e  elirn ina-
t j c r c  or cro - -l i fica t ion  of t h e s e  cons t ra in t s  and a c rr e a t er  Ie. ’ree of Federal
p a r t i c i p a t i o n .

f.ater-case-:I recreation need:: wil l  c l imb to l-i~ million recreati n
ia -c- s ann ~aL l y  by 2020. Maximum water au~ nentat ion , development , an! ur;e
‘coder t oe  m a m t t w n m k  plan wi l l  supply a part of the water_ : -acc e -d r e - -r ea t io n
needs.

aol a- -cc c c l s i t i o n  i n  the  amount of 60 ,ooo acres will ne ‘- ‘enuirc i to
satisfy the nnc;_ c ’ederal recreation needs .

~n I -, i l- i l i  c

‘ ‘ cc arid - ca l ‘lena-r i for f i s h i n g  w o uld  i n - c r e a ~:e f r r r a I - level of
. .O mi l l io n m an--lays to 26 .3 m i l l i o n  man--la:,-:; in year 2020 . Multi-
pu r r— coo !‘- -~-e c’pments authorize ! to ne co n s t ru c ’ tc l  by 1080 , inc- l c r d i n ~
toe  Alaj no , J ixie , an- i  ~entra l  Arizo na l>r oj ect s , bar - c t Oe  potent ia l  t n
o He 1.2 million m a n — - l a y s  of f i sh ing  annua l ly .  1cr rne ro rs  smaller
f i s h i c i c  r e se rv o i r s  are planned for cons t ruct ion  by ::tate and  c r e -j e r a l
‘-tc°nnies an-I by Indian Tribes to provi-le 2.0 million ma-i-lay s of’ fish-
ing annually by 1980. After 1980, proposed water ‘lc-;elopments , pri—
nccarily multipurpose, are expecte-1 to provi Ic an adl ition al 1.02 million
m a n -  law : ;  annual ly  by 2020. To sa t i s fy  f i sh ing  demands not met by the
above deve l opments , the fish and wildlife program provi les for addi-
tional fishery developments in 1980, 2000, and 2020 that would prov-i Ic
a total of 16.0 million man-days of fishing annually by year 2020.

The demand for hunting is expected to increase from a Ic~65 level
of 1.3 million man-days to 5.1 million man-days annually in 2020. A
pr imary concern in satisfying the demands for wildlife resources is
the preservation and improvement of existing habitat . ln the Lower
‘— dom ai n Region , most of’ the valuable wildlife rab itat is --n lands
a linin ic ;tere-l by pub l i c agenc i e s , t hus providing s ign if ican t nppc cr tu n ~
it.ies for further wi l iuife development. Satisfying a part of the
jeman-]. for fish and wildlife resources and achieving optimum multip le-
use of’ publ ic  lands are dependent upon improving the e xi s t i n g  habitat
and accelerating development to increase f ish  arid w i l d l i f e  production.
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Sa t i s fy ing  future demands for f i sh  and w i l - i l i f e  resources wi l l
also require that 11.8 mi l l ion  acres of s” lectel  areas cons i s t ing
most ly  of’ public lands be ma- cage ! to y i e l - 1  maximum fish and wildlife
values. The areas woul d  be managed w i t n  emphasis directed to the
production of f ish and w i ld i i f e, wi th  app ropriate consideration of
compatible or complementary uses. The constriction of access facil-
ities an-I numerous w i l d l i f e  water ing fac i l i t ies  is include] .  in the
f i s h  and wildl ife program.

Elect r ic  Power

Electric power requirements are expected to increase by forty-
fold between 1965 and 2020. These requirements will need to be met
par t ial ly by cons truction of power f ac i l i t i e s  with in  the Region and
partially by imports from other areas. The regional water require-
ment for power production would increase from 9,600 acre-feet in
1965 to b3L~,700 acre-feet by year 2020. The increased water use
would be supplied largely by imported water supplies.

~)“ivi ronmenta1 Considerations

The comprehensive nature and interrelationship of environmental
problem s have recently become widely recognized. The Region ’ s rapid
population growt h rate , its conc entration in only a few locations ,
the fragile nature of the desert environment , and, the extremely
limited water supplies require that particular attention be given to
the environmental impacts which may occur as the result of develop-
ment necessary to insure the well-being of the people of the Region.
Such considerations have been of paramount concern to planners in
nearly every phase of the framework studies. Main items of concern
include : preservation of cultural , scenic , and natural values ;
protection and management of land resources ; safeguarding the quality
of water suppl ies;  maintenance of the agricul tural environment ;
enhanc ement of f i sher ies ;  and the preservation of wl,ld,life habitat.

Recommendations

It  is recommended that the comprehensive f’ramework program for
the 1~~wer Colorado Region , as outlined in the report , be adopted as
a guide in continuing the planning processes and in formulat ing
specific projects to satisfy water , related land , and environmental
development needs .

Summary of Projected Demands and Fr amework Pr ogram

Table A-2 sunTna r i7-es the Region ’ s gross demands for water—related
f - i n  - tions  art-i services. Table A-3 summarizes the regional fra mework
pr’--wrarr. for t h e  development of water and reiat e’l land resources needed
to sa t isfy  proleete- ! r’~quirernents, and Table A—14 shows the needs unmet
by th~ framework program.

x i i i



Table A- I
Sunmu~-ry of % ‘dater Requirements and Supply

1965-2020

Total Annual Demand
1965 1980 2000 2020

Wa ter Reguirements

Withdrawals (1,000 Acre-Feet)

Reservoir E vaporation ~/ 230 286 328 359
Municipal and Industrial 1450 863 1,703 2,778
Irrigati on 9,138 9,1429 8,1496 8,1405
Recreation 11 21 41 70
Fish and Wildl i f e 196 2114 325 556
Electric Power Cooling 10 37 106 1435
Mining 105 176 2614 357
To tal 10,1140 11,026 11,263 12,960

Depletions (1,000 Acre-Feet)

Reservoir E vaporat ion ~/ 230 286 328 359
Municipal and Industrial 198 358 677 1,149
Irrigation 14,626 5,326 5,312 5,381
Recreation 14 7 114 214
Fish and Wildlife 110 142 232 1405
Electric Power Cooling 10 37 107 1435
Mining 52 89 135 185
Losses A ssocia ted wi th

Recyc ling and Reuse 600 6140 1460 580
Total 5, 829 6,885 7,265 8,518

Water Supp ly Without Au~ nentation
(Unit: Million Acre -~eet~)

Colorado River W ater Availab le for
Use in Lower Colorado Region 2.63 2.25 1.33 0.90

J Local Water Supply 
~~~

Total Supply Available for Use
in the Lover Colorado Region ~J 5.75 5.37 14.45 14.02

Lover Colorado Region Depletion
Requirements ~~~~~~~~~~ t .PA 7.26 8.52

Regional Wa ter De ficiency ,~/ 0.08 1.51 2.81 14.50

x l v
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Table A-i (Continued)
Summary of Water Requirements and Supply

Total Ann ua l Deman d
1965 1960 2000 2020

Water Supp ly with Au~ nentat ion
(Unit: Million Acre- ree t)

Colorado Rive r A vailab le for Use
in Lover Colorado Region 2.63 2.25 1.33 0.90

National Obligation to
Mexican Water Treaty ,~/ -- -- 1.80 ~,/ 1.80 ,~/
Local Water SuppLy 3.12

Total Supply Available for Use
in Lower Colorado Region 

~~ 
5.75 5.37 6.25 5.82

Lower Colorado Region Depletion
Requirements 5~~3 6.88 7.26 8.52

Regional Water Deficiency ~,/ 0.08 1.51 1.01 2.70

Regi onal Augnentation .~./ 0.03 0.57 2.53

Remaining Deficiency ~,/ 0.08 1.148 0. 141~ 0. 17

,~/ Excludes mainstream Colorado River reservoir evaporation accounted
for in the determination of availabili ty of Colorado River water.

~,/ Ex c luding ground-water overdraft .

•3,/ Lack of facilities prevented utilization of’ the Region ’ s f’ull share
of Colorado River water resultitiC in a ground-water overdraft of about
2.5 million acre-feet. In the future to Uni t the water supply defr-
ciency to that. tabulated would require : distribution of ~he available
supply to areas of shortage, total utilizatior. of the resource
including recycling,arid that no allowance be made for transporting
salts from the Region.

~/ Consists of 1.5 million acre-feet per annum for delivery to Mexico
plus an estimated 0.3 million acre-feet associated losses. In
accordance with Public Law 90-537, Section 202, “The Congress declares
tha t the satisfaction of the requirements of the Mexican Water Treaty
from the Colorado River constitutes a national obligation which shall
be the first obligation of any wate’- au~ nentation project planned
pursuan t to Section 201 of thi s Act and authorized by Congress. ”

As recommended in the Lower Colorado Region framework program.

~/ To be supplied by ground-water overdraft.
xv
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Table A-2
Gross Needs for Water Related Functions and Services

1965 Total Annual Need
Base 1980 2000 2020

Flood Damage Prevention 
-

($ Mi llion) 141 73 152 310

Wildfire Damag e Prevention
($ Million) 6 8 13 20

Erosion Damage Preven tion
($ Million) 7 11 17 214

Outdoor Recreation
(Million Recreation-Days) 138 268 5140 918

Sport Fis~iing
(Million Man-Days) 14 10 15 26

Hunting -

(Million Man-Days) 1.3 2.1 3.5 5.1

Irrigation
(1,000 Acres) 1,315 1,1488 1,579 1,613

Drainage
(1,000 Acres) 212 280 312 1400
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Tab le A-I.e
Remaining Needs Unsatisfied by Framework Program !/

Annually at End of Time Frame

1980 2000 2020

Water Supply
(Million Acre-Feet) 1.148 0. 1414 0.17

Flood Damage Prevention
($ Million) 141 50 68

Recrea tion
(Million Recreation-Days) 93 101 192

Wildfire Damage Prevention
($ Million) 7. Ie 9.7 12.0

Erosion Dam age Prevention
($ Million) 8.2 7.0 6.3

~/ Not included for lack of practicable solutions and legal and
institutional constraints.
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CHAP1’~LH A —

AUTHORIZATI ON , V hPOCE A ND C f l P~

The lowe r ;oloralo Legion is one of tne  ma~ or r ive r  b as in s  in  t : c
- n i t e  I Ct a t ~~i inc  1 u le  I i~n a na t ionw i te pr gr am to provi  :e -~or - nrehenn ; i ye
r i v e r n - a n ; i t ~ plan s for the Ieve 1 pm~ nt , u r e , an-I man agenr ent  of water  an I
re la t  I lan I resources. This program stemmed. frorti re ’omrimi~ n iations of
t he : ‘ enate  Celect  C o m m i t t e e  on ‘ J at i - ~nn a 1 ‘h at er  R e so u r - :e s , an’i p l an n iog
concept s  are emn o - l i e l  in ‘ ena te  Documer~t- 5r • 97 , 57th Congress , c~ on I
:e . ;sion .  T n ’~ overa ll  p rngr ~~~ was rrc~~en t e  I by the Presi i en t  in the

s~ a1 Year l )t.~ 14n - ’t . The l~iwer Colora’lo Le~l ionn  s tudy  was approved
by 7onig r ’ess , an I h i n d s  were p r o s i - l e  I to s ta r t  t r~is a c t iv i ty  in~~~ s: a n
Year 1-,~’ n 7 .

The Ctates of Arizona , ~‘a1if’ornia , Ne iaIa , New Mex ico , an-I Utah
participated. with the various Fe-leral a~~’r-oies in this investi~ation .

T n e  basic o b j e c t i ve  in the  formulation rh f nu’~’work p l a n s  is tc-
; co ’n ie a s r oat  gui-ic to the best use , or ~onr n i rr~t~ -~n of ’ uses , of water
an-i r~ lat ed land resources in  each region to meet f ’r e s e~ able sho r -

ain C ion i j ~—t er -m oeels . ln stu I i n o ;  to act i e !e  t h i s  ba s in :  co:e :t~~ve , c o n —
si ler at ion wa n ; g iven  to: (a )  t h e  t ime i~ ’ icvelopment  art i rranagerme’nn of
t~~~se r e s Ou r r e s  as e s sen t i a l  al-I ; :  t i  th e  economic ie ’ j i n l e i n m c nt  an I r -wt h
of a r e g i o n ; (b )  the p r e s e r v a t io n  oh  r~oc ’i r ;e s , in appropr iate iri:ct -anoes ,
to insure that they WiLL ne available fD~r t h e i r  5e5 4 n o c  as nee lel ; r~ r i 1

(c) the we ll— seing of all of the people as ~n e  .e:’ m l  ling !eberminam:t in
such planning .

T’;e studies made for this report are p r e l i m i n a r y , or r econna i s sance .
in s -op e . All i;r:ographl— ’ areas with in the s e g io t i  a n t  all purposes  s~~r . .’l
by the conservation , development , and use of w a t e r  a n t  re la ted lad
res ources were considered. Avai lable  data per t inent  to the stu ty th a t
ha-i c heeti  collecte-i , levelope l , ao l  - a ta .loged over the years by local ,
.tate , and Federal a~ en” ie m: were utilize !. The st u d i e s  consider e I only
intraregional  water and relate ! lan-i resources use except  for those
inter regional  water uses establishe-I by prior compacts and agreements.

This  study deals wi th  the water a n l  related land resources of the
Lower Colorado Regio n in volvi ng all significant problems and beneficial
nines associated with these resources. Considerat ion is given to various
aspects of problems related to supplies of water for municipal and indu s-
trial purposes, water quality control , Mexican Treaty obligation , alloca-
tions under the “Law of the River , ” flood control , irrigation, electric
powe r production , mini ng and mineral processing , land resources and uses

,1



watershe-I management , out-thor recreation , fis h ani wil -I lif e hah i nt t , t o ’
envi r-~rusent an-i t h e  wel l~~n e i n f r ;  of toe peop l e of ’ the H’~~I nnmi . :1.V~ r-o nir.en n ’al
aspe t o  suc h a:; n a tur a l  beauty ,  cu l t u r a l  and h i s t o r i c  valu es , rare pc jes
sf f l or a  an! fauna , wi l ilife in general , and q u a l i ty  goals are ‘onsi I~~r e I
to be i n t e g r a l  parts  of the  fa : r ic of an optimum framework program .

Inves t iga t ions  in 1 he ~~wer Col -n r ar In Region cover most of t ‘~e .Ita~
of ~r i .~ona an-i parts of tah , Nevada , aol  New Me xico.

The stu ly  period was es tab l i shed  to rut; from 1)65 (n-asP year) to t o ’
ear DO~ 0. In order  to i l e n i t i f y  and stage early , itterm eliate , an! Late

action programs, the study periol was I ivi le’i in to  t r : r ee  t Ime f rames :
l4~U to 1980, 1981 to 2000 , a n I  2001 to 2020.

CT;JY ;uIsELIN~
;;

~enera1 guidelines for framework studies were prepare I Sy the water
Resources ~‘ou n n i 1  and Pacific -outhwest Inter—Agen y ‘ozmunittee . The fo l-
lowing guidelines were formulated in the early stages of th e st u dy and
were prevailing considerations during tu~ course of t h e  stut,y:

(a)  Projections of regional growt h and development are gene ra l l y
constrained in accordance with the national prsje-tions
developed by the :)epartmerits of A g r i c u l t u r e  ani  ‘ommner ”~( ;~~~;-.~ RS) an i  suppl ie l  to toe Reg ion b y t h e  ~~t t e r  Resources
~o u nci l .

(b) “or tbe l ur a t i o n  oh the  s tu t , - period , th ’~s” ~il1 -c no catas-
trophic  wars , no nat ional po l i t i c al upnca-;a , no nnn a Dsr e ’000mic
-lepr essions , nor any other onan g . es thot w~ ul-l upset he pro-
jected socio-economic trends .

(c) Water presently b e i ng  n en e f i c i a l ly  u ;,e-! w i l l  ‘i~~t ne -d.ivert”-I t n
supplement growing urb an or indu st r i a l  lerrani ; ; , e . :- :ept where
urban or industrial g r o w t h  occupies la n d on wh i c h  water is n en’~-
ficially used for another purpose.

(i) Considerations for transbasin liversions of fresh water supplies
from uour”es outside the Paci fic Gouthwest area are preclu de!.

(e) intrabasin transfers of water can be ~‘onsiiere I for redistri-
bution of av a ilable water S~ pp l1cS .

(r ) The h i s t r i bu t i on  of water between regions will be made in accor-I-
ance with existing compacts and legal 

agreements.2



(g) Maintenance of envrironmental quality will be given high
priority th planning for the future .

(h) Only general consi-leration will be given to cost-repayment
capacity relat ionships for selection of a plan of’ water and
land -levelopment. The plan will be based essentially upon
the reasoned jud~ nent of competent planners.

( i )  Importation of ‘tesalted sea water to the Region can he con-

sidere i a potent ial source of supply.

(j) To t he lower lolorado Regior~ Sec t ion ~~5 of ’ Public ~aw 90-537
(Colorado River Basin Project Act) states that “Part I of the
Sele ral Puwer Act (4 stat . 1063; 16 uSC 791a-823) shall not
no applicable to the reaches of the main stream of the Colorado
River between Hoover )am and Glen Canyon Dam unt il and unless
r t h e rwise provided by congress. ” Public Law 90— 537 also pro-
hini ts construction of hydroelectric plants as part of the
lolorado River Basin Project.

C0OPE~ATING AGi~NCI~~

To adequately cover all technical aspects of this comprehensive
study an-I to enlist  the viewpoints of ~‘ederal, state, and local inter-
ests , many agencies , institutions , and o rgan iza t ions  con t r ibu t ed  to the
s4 uIies . “eleral , state , an -I local agencies and organizat ions  exchanged
information an d -coordinated their  work -directly among themselves. Peri-
odi c join t meetings of the cooperating agencies were conducted at field
level to review findings an-I to exchange data and views.

METHOD OF APPROACH

For the purpose of this study, the Lower Colorado Region was divided
into t oree hydrologically delineated subregions and to accommodate the
socio-economic statisti cal analyses , the Region and subregions were
extended to the closest fitting political boundaries. The latter delinea-
tions were designated the “economic region” and the “economic subregions”
and all population and economic data are presented on that basis , unless
otherwise note’!. All projections of water related socio-economic factors
were adjusted to represent the designated hydrologic areas. Investigations
were first conducted by subregions. These subregional studies were then
coordinated., Interrelated , and combined to determine the overall program
for the lower Colorado Region.



The study program consiste-I of three basic elements:

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

(b) Evaluation of resources and facilities , including those in
authorized and potential projects, which will he available to
serve the d~ nands ; and

(cl Formulation of a general Lower Colorado Region framework develop-
ment program to serve Immediate and future needs .

COORDINATION AND A !1’~rNIS TRATI ON

To fully u t i l i z e  the capabili t ies of Federal and state agencies wi th
expertise in all fields of planning , separate work groups were established.
to prepare each of the functional appendixes required. to support th i s report .
Generally, the chairmanship of each work group was vested. in the agenc~’
having the most appropriate backgro un d related. to the function. The 16
appendixes developed are listed. on the inside front - ‘over of this report .

The l~ iw~~r Colorado Region Staff, under the chairmanship of toe
Department of the Interior, reviewed the progress of the work groups ,
resolved coordination problems , ascertained that established policies and
study guidelines were followed , and made recommendations on study proce-
dures an-I policies.

The Lower Colorado Region State-Federal Interagency Group (LCRSFIG),
with members representing the interests of the states and Federal agencies,
was responsible for the overall coordination of’ the study. The group also
performed an inline function between the Lower -loloracto Region Staff and
the Pacific Southwest Inter-Agency Committee--Coordinated Planning
luh ’-orunitte e .

This , the Main Report, summarizes and integrates the findings of the
work groups and presents the framework proposals for development of the
Lower Colorado Region. The data, facts, projections, and topic matter
discussed herein are substantiated in Appendix XVIII, General Program and
Alternatives , and in greater detail in the various functional appendixes.
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CHAPI’ER B - DESCRIPTION OF THE REZ ION

G ENERA L

The Lower Colorado Region , with a total area of 1141,137 square
miles , embraces 106,982 square miles of Arizona, 13,355 square miles of
‘Jew Mexico , 17 ,310 square miles of Nevada, and 3,1490 square miles of
‘3ta h E~cc1uding a portion in southern California, the Region is hydro-
lcnoirally defined by the drainage area of the Colorado River in the
Unite! itates below Lee Ferry, near Glen Canyon Dam . In addition, it
inc li-l es several closed basins in Arizona, New Mexico , and Nevada, and
:orr e areas in Arizona an-I New Mexico that drain into Mexico. Areawise,
t he  Pegion represents about 14.8 percent of the contiguous United States
a n i  about 7.1 percen t  of the area west of the Mississippi River.

Thr ee  major -drainage areas divide the Region into subregions :
S- -n ’~~~i-o n I , ower Main L~tem , 56 ,5514 square miles; Subregion 2, Little
1o7ora in , 7(- ,D77 square miles ; and Subregion 3, Gila, 57 ,606 square
miles.

The Region was among the earliest to be explored by ~1ropeans ,
;et., un t i l  ar~ und 1~ OO , settlement was slow and did not really gather
momentum until the modern technologies for pumping ground water an-I
re ’liatirlg streamflows were perfected and put to use.

Dominant influences on the soc io-economic growt h of the I~egion
nav ” seen the availability of land suitable for many uses , the rich
mineral resource, and the very attractive mixture of scenery and cli-
mate; the primary limiting influence has been the inadequate and poorly
II stributed water supply.

~~rly enterprise was principally centered around mining such metals
as copper , gold, and silver. Then, with improved water produ’tion and
management, irrigated agriculture came Into equal prominence. More
recently , light industries have grown into major economic importance
and presently contribute nearly twice the combined dollar value of the
mining and agriculture sectors.

Parts of the Region have become meccas for retirement , recreation ,
and entertainment which have boosted the regional noncommodity dollar
output to more than the combined amowit from all other regional economic
sectors .

5
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LAND FOfI4S AND G~X)LOGY

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 Hwnphreys Peak near Flagstaff , Arizona . The top ography
takes in virtually every form and degree from level plains to precipi-
tous mountains and canyons between these elevation extremes.

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 , the principal
physical characteristics of the Region are its great variety of land
forms, topography , and geology.

STREAM DE~~~OI~4E2~T

~~ny of the streams tributary to the Colorado River head in narrow
canyons and run through deeply cut gorges. The Colorado River became a
through-flowing stream in the late Cenozoic time . Downcuttin.g by the
river and its tributaries resulted in deep entrenchment of the entire
system creating spectacular canyons, most notable of which is the
Grand Canyon of’ the Colorado . All runoff from the high plateaus and
mountains In the Lower Colorado Region Is tributary to the Colorado,
Little Colorado , and Virgin Rivers. The Colorado and Cirgin Rivers are
perennial ; all other streams are intermittent at their confluence with
the Colorado River except for short reaches downstream from springs
such as Blue Spring and those in Havasu Canyon and near St. John s ,
Arizona.

As measured in terms of fish habitat , there are approximately
2,500 miles of perennial streams In the Region, but much of the tribu-
tary runoff never reaches the Colorado River.

GROUND-WATER BAS INS

The storage and movement of ground water in sedimentary rocks are
controlled by regional structure of the basins and upwarps. Storage
and movement in alluvial basins are frequently controlled by valley
plugs created by lava flows , tectonic movement , and nearly impervious
alluvial deposits. The main areas of recharge are on the highlands , on
the upwar ps , and along the structural divides. Movement of ground
water Is downdip from the highlands toward the perennial streams.

6
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— ‘ons i I ’-r a b l y  m or e  r a , n  an-i snow . Most of ~:e  “ c - ’h a r 7e  t~~~ 

L~rc-un! water
tni r- c -  s ur f a c e  runoff  in  h u e  - - e n  ‘i  resu lt- ~

‘‘ - ‘ r p r ’~’ -i p U ”t .on in t : e
hIgh rn-c ;r~ ainous areas. Co r ~0 in-- hes of pre ’ i : t a t  ~o’1 a y ’- - ’mr are
c’: ‘ o r -j e t , rnucn -c- f w u i c h  15  In t~~e f ’r i r  “V 5- ;- - W ~

Srx2 T c _
~~~~r1 )MJ 1 ~ J T  I

In i’)~ 5,  the Lower Colorado Region ha-I a population of nearly 1.)
million people and was increasing at the rate of so-out  t to 5 percent
per year . Nevada and Ar i zona were No . 1 a n i  No. 3 in nationa l stanli’ic
for rates of increase.
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~.c- ’* r ’ i~’,n uT5f’n~ n;lportunltil’u tLr the expan-icru .~ popu lation were
pni n ’ i p a l I i n the r:a’i-s fa -turing , tra-Ies , an I c e r v i c e s — t y p e i - i  i ; s t n i e n .
l~-~nicultural an—I min in~ empl oyment in l~)E wa: in a stable h-c s Jii ~h t ly
l e -  Liniru ~ ~~~~~ I . r’~’;c’m -~~~ in;’cce per capita I - - c r the  Pe~~ion; wa:: near

‘ “ sat 1-cual n , ’era : ’- . ,Lout  t w o — t h i  r i;; of t u e  regi anal p o p u l a t i o n  resi  to
in h : ’ ’  met r - -po l i  t an  areas of Phoer; ix and Luosor ; , An :‘ona , an I l~~s - co~as
‘:e-;a ;a . 11: -nan popu l a t i on  ac c oc n t” i for 8o p er cen t  of i s’- total  in lo’

I n  1 k , t~ e :0’’ion was exper ien- - i n .g a vigorous , sea l t :71 npAW i :;I Ifls’
‘ sen t ‘i ’ te .’elopment in the manufa’t;rin~~, who lo s a l ir m ~~, n o n : ;t r ;” l  ion , aol
t c c - tral’’:: an-I services industries. - r r I ’ ~ the I , i t t l o  lo t - cr a b ,7 ;:~~e ’~ ofl ,
wh i  -7 is  s t i l t  p r imari  1’,’ a rura l  area , lagg’!-I n e h i n i  this trer; I. I’r--
- - ‘irhina tiun of climate , employment opport unit ies , the great ‘rar et:,- of
str iki’ip scenery , and recreation opportun;ties have attra”tel residents
I’rom all parts of the nited Ctates. i mrT-i clration accounted for neNrl:,
twn-thlr-Is of the popula t ion  growth of the Region I i n i n ~ t he  I~~ ’0’s.
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CHAPTER C - REfl IONAL ECONOMY

PA’I’l’ERN OF ECONOMIC DEV EI O~ 4E~T

l’he popu l ation and economic data presented in th is  chapter are on
tho as ic  cf the  e :onomtc region as defined previously. Projections of
re ,l i . :ia l -lrn~’tu and -Iovelopment are based on “ OBE-~~~C Projections ,”
deve l upo t ity the Jepartment of 7oms,or’e (office of Business Economics)
aol ‘ri -c - -i’partrsr ’r;t of A, r i - o i i t u r e  (i~nnnorric Research Cervice), and modi-
fie I n’,’ the , t r i t e~ of ’ the Region to r e f le c t  local :on - I i t i ons  ant trer-In ,
“~-I - t t f i e l  -DBE— E~~S Projections.”

. :ti- ’- i ally , economi c activ ity in the Lower ‘oiona io Region has been
1’-: 

~~
€ ‘ ‘, oriented around production cf ai’ricultural corrsnodities with min ing

c-f m i r , 4n a Is  acid metals intermit tently in f luenc ing  peaks or depressions in
the activity curve . Historians and archeologists estimate that prior to
the ninth of h r l ct , toe Gila and Calt River 1’auleys in central Arizona na-I
a b h r i ~-; rig Indian population oriented around agriculture that may have irri-
gated in ox :ess of 100,000 acres. F)actly how many people were here is
c-mr;jectura i , nut certainly several tens of thousands must have lived arid

- ,j ‘,
~ 

‘
~~ ,

- 

~ . 
- 

- ~~~~ ~~~~~~~~~~~~~~~~~~~ ~
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worked in this economy . However , by the time 7pa;ish explorers e’-terei
the Region in the middle 16th ~entiry , th is prior civilization was gone
ant only small settlements of Indians remained , but the economic base
was s t i l l  agr icul ture .

l;tea*,’ progressive growth of the Region ’s economic activity l i i  not
start u n t i l  the  middle of the 19t h ‘ent - iry  when the p ioneers  ~ross e l t he
-cont inen t  by land to capi ta l ize  on the go l - I  rush  in I a l i f or r -, ia .  Even
w-ith this occurrence , settlement was along the  t ravel  ro ites and act i v e
growth was slow . Near the end of the 19t h ~erit :ry , the -iisco -er-~ of
fall , silver , ani other metals in  t he  hegion created a boon in the  m i n i n g
i r; Iurtr , and it he arse the dominant support for the regional e”ononiy .

)urin,; ~ ar 1 I War I I , a more I~~,’ e rs i f ie 1  and ex p a n - I i n c ~ ec-)norcy I

to e.-’c l  --n . :rs in - ,~~r ~an ’ s powe r plant pnovi- le-t a sosr’:e of p l e rti f .i d o
t r i c i ty  far  indus t ry . ‘he year long c l i m a t e  was favoranle to ri l iba r ,-
trai n in~ activities and tne advent of air condition rig tempered the tar:::;—
ness of the hot scrs”er rs-c- :ths. l~~s ;egrm n , Nr”ca Ia , w i t h  i t s  fiars o-iaot
“ :tertai nrse’,t i n I u st r - ,- ;  take Mea l , take Havasu , a- : I take I-~nha-:e on t oo
‘lolora-lo Rj-.-er ; ac-I the lakes fo rmed b e h in  I the Ian-r : on t h e  ‘a l t , . er  be ,
an-i Gila Ri-.’ers in central ArircIna i n v i t e!  r ecr cr~~t i o n c n t s , h- ;- ,ters , ari’l
fisher -me- . The a f f l u e n t  e-conom ,’ tna t  levelope I dur ing  the war st ’~rt e  I
a to inist infl ux to t h e  arid  ,‘o-~thwes t  to escape t s ’~ c o i l  w i s h e r  r :on~ h s
occ-;rring elsewlcere . Light i r I - : s b r ’ ,- f a l lowe l t o  capt ;r e  a la: or pool and
t -c ;t i l i ze  the  ;~~ar1 ong  work ing  °n v i  r ’nnin’ n t. .

By L~~ -5, th e total gross outp-,t from r-a- -Va  - b ; r ’:g wan neard:4’ twine

that, of mining and agriculture com i- inel , an-i the noncorruno u i t ’~ pr tuning
activities were almost four t imes as great as these two historic
acti-iities .

Population and Its Distribution

From a population standpoint , the liegion is a part of the fastest
gr ow i ng area in the Uni ted  States , In the 15-year period from l ?50 to
17(:5, the population more thAn double!. About two-thirds of the l~

)
~

popul ation resided in the three metropolitan areas of Las ‘Iegas , Nevada ;
Phoenix and Tucson , Arizona.

In 1960, population distribution was classified as about 714 percent
urban and 26 percent rural. In the Little lolorado Subregion , which con-
tains no large cities , the ratio of urban to rural is almost exactly
reverse that of the Region , being 72 percent rural and 28 percent urban.

F)’nployrnent and Income

Of the total 1965 population of 1,877 ,000 people , some 675,000 were
classif ied as employed. See Figure 2 . The total personal income for the
Lower Colora th Region in 1965 was approximately $13.3 billion , or an average

i8
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of about I,b,1300 per employed worker , related in 1960 dollars, while the
per capita income was about -~2,300. This is slightly lower than the
national average per capita income. Gross Regional Product--the payments
to loc al , rtate , and Feder al governments , wage payments, and profit and
other income , including depreciat ions——amounted to over $6 billion in 1 9(15.

In I ~s t r i es

In 1 H 
~~, t,here were about 7 ,900 farms in the Region excluiirig Indian

r p r r e r - ,’at io - :s .  The value a-lied to the regional e onomy L-y agric Itural
;mrc i :-~~ ion in l0~:5 was ~~3l- I million ; about  7 percent of ,-ctul -za l~~o ~~H e i .
i n li r en t i ,- , agr~~-u 1ture provides a much greater - on t r i b :j t i o n  to t Oe  econ-
omy since large quantities of industrial goods are used it; p r rr - t ; - : :~ n~ ,
pso-nessing , and marketing agricultural products. ~~ricil t ure also pro-
vi le - -i jobs for ahoit 6 percent of the people emp l o:,- eI . For all pra cti- -al
purposes , the crop prol ::tioi is on irrigated lan I lOCated I argeL in the
lower iccer t  areas . The Region produces a s i gn i f ic an t  rr moont of the
Nat 1 or ’s citr u s , an-I ti ring the winter and early sprin~ months, much o
the ‘at -o n -iefetalle s are produced here. lee :“i gure 3 t’or percentr~~es
of value a l lo t ny i n d u s t r i e s .

In 19(15, val-:o adde-i from the mining industry totale~i some ~317
mill ion and the industry employe i about i8,000 people. The Lower Ilolorado
Region produces almost 60 percent of the copper produced in the r : nited
States and nearly ~41 percent of the uranium ore. Likewise , it produces
—ea rly 10 percent of the gold , 114 percent of the molI,’bden rn, 16 percent
of the sil-ier , 10 percent of t he zinc , and 23 percent of the p sni— ’e.

screstry , is l)( 5, employe-l lens than 10,000 people aol the val ue
a b l e  I frc ’r- f o r e st ,  products was about ~-1II million . Tte fo~ests an-I
t i n t  er i a n ’l c support muc h of the wildlife , are enjoye’i by mau~, t t ;o-~oan4 s
of -seat i n si s t s , ans i suppo rt about 30 pe r-er:t of t l e  total livestock
graziuw . tt:e fores’. land occupies ‘:&ri5i~ a t h in  of t he  t o t a l  l a : !  area
j1 t he  ‘~~c on.

ne r  - -onmad  ty  prc -l-:ci’o-; in 1- ist r i es  cons i s t  of ‘-ian i f a  - t  s r ;~ a o l
• -:e pro : e s Sj  n~r cf  a r t  ca l  S c s i - i r e corn-re l i t  es p r - - i s - c - I  or impcrrte I ~n t a
t he  i~e’~ : - r  - i n  I ~ 

- 
, val e a-I-led from tr:ese ~“-or s-n c n- ’ t i v i L i e s  was

~‘ii1 m i l l i o n  a n t  emp lo ’irnr ” t was ascot ~0.O00 p e i le . .n- l- ; ;tnies r-~pr’e_
c’ ‘- in  t h i s  cat  ego n j  in - I d~’ foo l a-r ~ ~ in - l r ” 1  prod c’ ‘ur lu -n :  e’- a: I
wood -n- c iu ct s ;  - hen -. - a m ;  p ri - .tlr : -I ar:-i publ ishing ; to rica : I — R i s :
p r icar 1  -r ’ ‘als; s~ ane , cl a n , and g l ’t - : s  p ’ :1 - c ~~s;  t e y t i 1e s  ‘~ J - ‘s r -a - -d c ;
:r ’at : .~ -”  ox , i lea f , . - r  go-r I n ;  a: I other minor ran - id ;r i n g  p a- :ts.

‘t ;n; er ”- : s  r i : s e r r - : - ly  p laot~s for s r al  1 ectrc-:: I c- - a:;soc ;at e ;  ,rr s J - ,
a-;--t -~ - ch pi u-ju ts as r a d r e s , r e f r i ge ra to r  , ansi - e i ” V It’  tort ret s, ar~

-c ’- a t -c - i  i t :  - e n r r a l  An - ( r i t a .  F a bricat ion a:r I 1 ’ - - . ’  opment of - :a- ;’- i t c!: ;
- ic e - I  t o  t n ’  NAZ A program a ’-c ’ located in the Re- - ’ ;on. The - a’ - c ;err ’t cal

19
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FIGURE a
EMPLOYMENT BY I N D U S T R I E S — 1 9 6 5

p~ r-o c ’ r  r : i ’ A L  1-0 O ’ A L  EM I-  - •
- -

0 100/0 ? - °/-  Y 40~ /’)

C J L  ‘ k F  S~~’~ 
‘-

‘.‘ O  0 6

M ’- ’ . -  ‘ s . C ’  ~~~~~~~~ 
-
~~

1 f~ F

2 o - ’

1 -  ~~~~~‘
‘ 00 2

CD’ - ~~5 -  C ‘, O T ~~ UC -DO 8 4

-‘ -i

J ’ L ‘ I S  3 0

FIGURE 3
PERCENTAGE OF GROSS OUT PUT

BY I N D U S T R Y — 1 9 6 5
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manI :fa-t iring plants located at Henderso-:, flevada, aLso employ a large
n urrh er of workers.

The nonconunodity producing industries consist mainly of wholesale
and retail  trade , the electric ut i l i t ies, cnntra’t constru -tion , I’o-n I
an-I. 1 ~-iging , transportation , rental s, finan ce , and s imilar s e r - i i c e - t rp ~
a .‘ities . Value added by these industries in~ ~~~ axnounte l to about

billion ; employment was approximately 1435,000. tee F’ig ;re 3 for
perce:.tages of gross output by industries.

E’c - in omi- :  and Population Proj ections

The role 01’ irrigated agriculture in the Region ’s eso-lomI’ is expected
f-c continue and to grow in the future ; however, the contrib ition will
decrease in importance to the total economy . It is expected that the irri-
gated harvested acreage will increase from 1,226,000 acres in l’)h :c to
1,5814,000 acres in 2020; employment , 39, 000 to 143, 000 ; aol total value
added, -~,232 million to ~l6147 million .

Forestry and forest products are expected to follow a tre’r-I similar
to irrigated agriculture. E~nployment will decrease from about 9,000 i -n
1-~€ 5 to about 8,000 in 2020, while total value added is expected to
increase from ~-l2 million in 1065 to -~i8. -l m i l l i o n  ri 2020.

In the mining industry , employment is projected to remain at anior.t
lb ,000 to 18,000 people throughout the study period. Total value added
from mining , however, is expected to increase from ~2l7 million to ar-out

~895 million.

Manufacturing activities show rather spectacular growth between 1965
and 2020. Manufacturing employment is projected to inc rease from about
90,000 people it t  1965 to over 1478,000 in 2020. Total value added from
this activity is projected to increase from about $7141 million in 1965 to
more than 1113 billion during the projection period.

The noncominodlty producing industries are projected to become much
more dominant in the future. These activities employed about 1435,000
people in 1965 and value added was about $2.2 billion. By 2020, it is
projected that some 2 ,036,000 people will be employed in these industries
and total value added will be about $36 billion.

The per capita income and the earnings per ~np 1oyed worker reflect
similar characteristics of growth during the study period. Per capita
income , about $2,300 in 1965, is projected to increase to about ~12 ,000
in 2020 , &nd the per employed worker income of $6,1400 in 1965 is projected
to be $23,500 by 2020 .
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~ p -il ’i~ i -  ~ rowtr. luring the period I ~~~~~ > to 2020 is expected to
- - - :,t n;p a~ o steep up~~ nd t r en I. though at a somewhat lower rate than
‘:au oc - rr.’ t s i n - -c 19140 . By 2020, regional population is expected to
- “ a -h nearly ‘ , ~3 - ,OOO people ; an overall increase of .1 m i l l i on
-ct  -~e~’n - “ an-I 2020.

:n~ f i l  I -wing tabulation shows the population distribution for years
1 .~ 

- , 1 ~0, ‘000, and 2020 by economic subregions and region :

Estimated and Projected Population
l ower Ilolorado Region

Estimated Projections
~rea 1965 1980 2000 2020 

Thousands 

1,877 2,911 14 ,797 6,983

Lower Main Stem Subregion 3145 816 1,520 2,021

Little 2olorado Subregion 125 1814 2140 326

~i1a :‘-ihregion 1,1407 1,911 3,037 14,636

It 
-

I - - ,. -
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‘F~ F) — P R -~~F’~’F STATI 7 OF RESOURCE eE AN .)  DEV It

l-~ATER L) % L 1 IR l : -~

Tn”  ‘~~wer lOi~~’-- I- - --o~~i c n  r: - n h a : - I y  conen d onor  t. - u u i -  t o ’ -  I a - n t
iror 01 ’ a-,ai iab~ e w- 1 t er for ma:;’ - ~ce In  than r~ ;-; cti:er area in  the

at ’- : . ic-c e  -n-n ’ ~~~~ s :np lies  a r - r -  a l nu  icn~~ n~ the m-D~~t 
p-e r ;

and —et -~’r ” I in tb’~ ation . n’n p;te t- ~ - r -c: t. I r ~ t ; ” , :e:’, - -ling, a n t
the  ::i ’- ; l , - e f f i c i e n t  rng ’ ;I a t  ~on of wot ’ , c’- ~‘- :-t i O f l  10 rt riin &~ wa~ f?r
0 o :  - e o n  th a t  -ant ; :t be replenishe  I r y rwt ~r a L  rechar,te ~-) r  ran :-
l e c a d ’- n . ~irtua1lv ‘:-;‘- r-,- secto r of !- ‘- , ‘i c-u - s-nc iO-enDn-onic -7 r-ic —

t - ; r e  is : ‘- ing susta ine t in some d e f r ” e  by the  o v e r-lr a f ’t  of ~r - ,o I ~o~~e r .

Ti r”e :-a~ cc -es of  woter were a-za~ lable i i  I ~~ 5 f u r  ire in toe
owe r 20i  - r od-c b ’o~~~~nn :

(a)  :‘~ t i tlement to ,. m i l l i on  a c r e —f e e t  of olorado Liver water
o’f’ a hod,y of law refcrre-1 to as the “~~w of the River; ”

(b) local runoff amounting to 3.12 million acre-feet originating
wit:Iin the regional boundarien ; and

(c) Local ground-water reserves.

The 3.1 million acre-foot entitle :cent- from the ~oloralo River ha:;
not oe°n fu l l y  u t i l i r e- I  :0 - - aw e of thc’ lack of’ :c-nve - ,-an- e facilities to
transport water to the areas of :iea/j lemani. About 8. t million acre_
feet were -~

- ithdj-awr-j from sur f’a’e— an-i ground— wat er  sources in l i E s .
A p p r o x i r n a ! . ’ly 5 rni ]lion acre-feet, about nO per- cut , of’ this van f r - o r
ground—water r er ~~r z e r ;  of which an e s tir a t e d  2.5 million acre-feet were
in  ~~~-: -en s - -i i ’  t he  artn ;al replenishment .

The area c if  - -t r e a t , l n t  use of water f’ r’ rr, ’;nicipa l , in - iu ’t n i a )  o
irr;~- ion  purposes was t b ’- Phoenix—Tuc uon area ef &ri : ’ona w ho r e  m : u ~
of t -  ‘ -  i~’~ : - r ;  ‘s ground—water - in’ ; -tr :-ift occur-ret . la: .‘egas V ’ i , l e y ,
~e’ia:ia , l a - k i n g  f’a - i l i t i e u  t’ur  d iv e r  - i on  of’ a- I” :0’ - i nriri t it- i eS O~
V o l or a - l o  Ri -ier water , was also u~ mp ; :i~, f’rom ~ r - ~ , r ; - I - w a i  C:’ reser--’es in
1~~5.

FLgure - --omparer: the amounts and p - -~p - : - t . I n:;ate parts of wa:,er
withdrawn in I $ - from ground water an-I surt ’a - ” water.

About )14 percent of the total, regional water withiawal was for irri -
gat i -i , and 6 percent was for municipal, industrial , and all other uses.
Only minor quantities are used, for electric energy generation, mineral
production , fish and wildlife, and recreation.
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A t  ~~ QUAl ITY

-“g i : c : :aL ly ,  wa te r  quail  I - ,- a;: e xor e s : : e - l  ny  total lissol’.-e I soli Ic;
- u - ’-n tr- ; i~~t i ; :  is ~teneralLy of lower qua l i ty  th - ar i  ~n r an-r other

‘~i a r tS  of tr:” i r : .  to’ fo ~radc River enters toe 1-e~
- coi; at concctn-

- :‘~t t  r ; ’ 2 :~~” lan.: 500 m~:/l a n t  ~~ries -etwcen ~OO ani ~ Y ) m~ /l a~
m~l~~or ii--”r ; L O .  pI i : l ts  w it h t h  tn e  Be~~ion. ~alin i t v  inc rea ro : ;  in f -ne
~o l o r a 1 -~ B i ’ e r  ar” Lie p r i n - - ip a l ly  to input:: from saline nr~r~ngs an t
the -cenc~~-;tr-~timg effe - 6 : ;  of consumptive use anni surfa- -e evaporation
f r  cc r e se r v - ;  i s  and. r iver  water surfaces .

In the  ; ‘r t l w o t e r s  of tu e  ~ila , TF) f concentra t ions  are genera lLy
Lc;; s turin O() mg/ i ;  a n t , in the c Li :l l e  reaches , the d issoLved salt
content  u s u a l l y  ranges fr om about  500 to 1,000 mg/i.

~-iter quality is generally good in most of the headwaters of the
Pit t  Le ‘clorado Ri- ic r but at its confluence w i t h  the -~o1oraio River ,
i t  n:ita~~n5 nor high concen t ra t ions  of dissol-ie l solids from saline
springs - ~- - :atoi near ;tr m o u t h . The fo i cr a io Riv er has a hardness (as
ca lciu r  ~arnc-ate) varying from about 330 mg/ i at l e e  y e r ry , Aricona ,
t o  —in - it  ~7O mg/i at . Imner i a l  i~~r . ownstrerirr at Yum a , Arinona, the
:;ard’;ens increases to -‘0(1) mg/i. Although 11w-ride content ranges from
a trac e 6 - about ;~ or 5 mg/i, it is nomna l ly ac o - i t  1 mg/i or less  in most
water of t i e  L~ gion . :~e- -l iccent corirentrations in surface water -of trie
Pegion range from very high tn molerate. The areas of greatest seilment
yield are locat” Ii in northwestern ~r~ noria and southwestern Ut ah where
se-IL-sent concentrations as great as 700 ,000 parts per million nave been
mean irel an-i 500 ,000 ppm oorcrvati~onn ar e not unusual.

‘~u t r i ent s  from manmade sources  have caused excessive algal grnwths
in ~~r Vegas Bay of I~~ke Mead, an-i in isolated cases , bacterial concen-
trations have exceeded desirable levels in stream s i-d ow smaller com-
munities. Occasional overflows and breaks in mining waste dispc ;-al
systems ha ze r e s u l ted  in  fish kills.

Tn’’ mineral quaLi ty  of ’ ground water ranges I t -cm excell.’:it to unsuit-
abl e t ’or any purpcse , containing from less than 100 to more thr ’r 100 ,000
mg/i of dissolved s o i l - l u . ~‘ta lor sandstone aquifers in the P l a t e a u  Uplands

a of northern Arizona contain water having consistently more t,~ar 10,000
mg/I -linno lve l solids . The ground water ranges from soft to -.‘ery har d ,
from less than t~ ) mg/i to more than 180 mg/i of calcium carbonate. The
concentrations of the minor constituents such  as iron , mmgnesiuin, and
silica vary considerably throughout the Region; hut , except for fluoride
an I n i t r a t e, the  concentrat ions are not objectionable for most uses.
Boron concentrations of 0.14 mg/I have been observed in the Tolorado River
at Imperial ian’,.
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l~ n I ~ -‘;“r ship within toe Region in m-. was un i n i c  in tu a t  04 n”r—
c u t -

~ ‘i ; in  p u b l i - . - -~ i - i e r s h , p  a n t  o n l y  ~h percent  was p r i -~-a t” . Ano - ; t  r o i f
t h ’~ pLi zot e land i s  in I nslian trust.

t n ”  P e g i on  u —i s a w i le v a r i -o t i o r i  in vegetal cover tOOes ri-i l r e l at e l
:~te~~- - r i  es that  l”t  “rrs i n ” t he  resources , ;nes , an I t~~ve I opments t O o t

or may -c p r -~~ e ’-t eI .  Th e natural  vege ta t ion  r : mger  i ron lesert
t h r o u gh the chaparrol an I r n o ; i n t r u i n  - r u s h , p inyon j u n i p e r  and oak woo-i-
~n I , to tn e  ~,-“ l  I w p in e  an i  spruce—fi r forest , to alpine an-i t ir,Iro-

t-spe on t oo  of t h e  highest mountains. The vegetal cov e r  is depenierit
tOe cl imate , elev at ion , soil , geolog ic format ion , an-I topogr-sphy .

In 1 ~ ‘ ‘, a:oo it 2 percent -of the  1-egion w~in in cropla-o I~ ~~ perc”nt ,
past- jre ant range ; ~3 percent , forest aol woodland;  an-i L e s s  t u r i n  1 c~~r~
-en t  in ur b an , transportation , utilities , etc .
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Lan I areas by resource groups R re depict”  I by ~i~’u re 5.

Toe Pegi o-i ’ s croptan i area ‘c -n t o i n ” - i  about 1.8 m i l l i on  acres of
whi ’n ~8 u”rcent was classifiet as irr Igate- I in I l~-5. flf t he  total
crctplan i are; l.h- million acr”;; u--re actuaLly available f-or c r-o p p”o-
l i s t  ;on. The nonirrigato C reolan I, I’~i ,000 acres in l 6~/ , i s locat ed
on l a n i s  above 14000 feet elevation where annual pre-ipitation of 1t~
incies- or more is usual.

Tn ” total area used for gra7ing by -t orn es tic  l i v e s tock  i n  1 -t  — was
acio- ;t ‘

~ m i l l ion  a res , W I; i Ch  is about.  814 percent  of th e  t - --t al land
area of the Region.

Tnere are 30 million acres of forest and woodland in the Region ,
of whic h 5.5 mil l ion  acres are classed as cornmer—ial timber producing
lands. In  general , the forests occur above 14000 feet in elevation .

The forest lands of’ the Region contribute an average of a: out
2.8 million acre-feet of’ water annually to streamfiow an- -I important
hut unmeasured quantities of water to un-lergr-ounrl aquifers. About
31,000 acres of regional lands are inc luded in class i f ie l  wate rsheds
to provide nigh quality domestic water to local municipalities.

‘roan and industrial uses occupied about 513,000 acres in the
Region in 1965. Tn 1965, more than ~-8 mi l l ion  acres -were use-I for
out-door recreation , althoug h there were only 5.5 million acres of
designated r ecreation lands .

Most of the Region provides habitat for game an! nongazne species
of f i s h  and wildlife. It is estimated tnat 76 m i l l i o n  acres contrib ute
materially as important Oar)itat for w-jldiife, and most are open to
f i s h i ng  and hunting.

Of the total habitat , 3.2 mil l ion  a’-r”;: w e r e  manage I p r i m a r i l y
for wililife in h i - n .  T h i r ty - t w o  m i l l i on  acres , both publ ic ly  and
privately ow;ie-l , are adrn in i s t - ’r ed  und e r  toe p r i nc i p l e  of m u l t i p l e - u s e
wi t s f i sh  r i l i  wildlife Oe-i . ’Ig one of the impo rtant r e n o i r - - e u .  The
r ema in ing  acreage is  import ant a nt  pro I u - - t i v e  in  -zarying legrees to
many g er.e an-I norigame species .

Thir t ’-~~’i areas , comprising nearly 1. li m i l l i o n  ac r - ”s , we r e terign’itel

for wili er-ness management in l~~-n , wh i le (~),O0O cores were use-i for
transportetion and utility purposes. A l arge portion of the 14.1 m i l l i o n
a--c’-:. u sci f-o r m i L i t a r y  purpose ; is deser t  or semiari .l mountainous t”r—
r a .  :~~ a i t h o igl :  Sorr e of this land was one” pro lust lye as range i a - i  I or

~ropland . Ts” actual acreage u n e l  for minera l pro  l u - h  ion in l)’-n was
only 75,000 a~’ r”;:,.
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F I G U R E 5
LAND A R E A  BY RESOURCE GROU PS— 1965
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LAND TREATM E~ T AND MANAG~~4~~ T

Over the past several years , s ignif icant advances have been made in
land treatment and management practices and techniques by land owners and
public land managers . They strive for improvement of water yield ,
improvement of’ water quality , and the reduction of erosion , sedimenta-
tion , and flooding . Such programs also increase livestock and wildlife
forage, improve timber production, and enhance recreation and esthetic
values. Mana gement techniques and practices are expected to improve
and intensify.

Public Lands

About 614 percent of the Region ’s land is in public ownership. The
national forests , the public domain land , and the state land are all
managed under the principle of multiple-use. The remainder of the public
lands is managed for a primary objective , suc h as wildlife, parks ,
defense , etc .

The public land administering agencies , univer sities , and pub lic
and semipublic organizations are actively carrying out management
research and field trials throughout the Region. These research

30
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€5 or - - v i - i ’ - - i m l r - -;o ; m’~~ ii - 1 :- f r  ‘- - o r r . -n t  and maj in~
- -v. - - r ’ ~t a l l

water an - i  r - e i a t ’ - - i  and u~’r lr  - °c , : : e5 , n r I-  val-ie:  -

Pr ; a t o ! L ~~ w r . - Lands

Tb -- : r ircr lr ’  -t - -
~~ 1~ve D f man ager en ’ rn eas ire s  on ur -  - -ia’ely -vi e : I 15

( r e r ~ ’-~~ of he ~e H o n )  is  s b r -r o e inccm’: an- ; t o  r- ~e - t .  an d/ or
re . re t h e  land an - l vii’ er r- - - i r - -ec of the i mrnerli-a’ e are-i .

S I - i l  -c -ncer n t : -n u~ c t ri  ~~s , - rgani ’c i - i n - I c r  :-~~at-c law , u t i l~ t :  h —
n: ~ai in I f i r ~arcia l  ass i st or : - -e  fr~n various pu blic and qn -ini—p -;bli - -

a,-encies and or -an . sa ’- I Tb r-k -ii r2ctl y wi t h i ndJ -~- : -iual vi.-’ - -

aio i/nr  o p e r at or  ~t f l - i  c t c p e r a ’ vii th 3.-~O l u  -~~C5 adm i n i s tr a t i -;eiy renp no
- r r - l ;h h i : ’  l-€r ; In w . ‘bin ~l.e l i s t r i  ~~ . boon iaries.

- — ft

There i s  no ac ;
~~‘ 

r-  method for icterminin : what port - n cC ‘h e  ~~ t a
area had re -ei~-ec i adequahe l and reatment an management by 1 )b5. On an
en - i l  -.-aient acre basIs , OIS I n~ preces t ::tan lards , suff  I c  en ’ r n e a n i r e c  road
been in ’ai led - i d c q - n ’ e l y  t r -eat about 37 nc r  - °n t  the I r r i r ~a’° ~r —

lan-i in t h e  h i e ;i °n .  ~Pi Ic mos t  publ ic  f ~r rest  and rongelands u t ih i s e d  by
O )mestjc l i vestock  are on : c r  com e  for-ri of isoprnveJ livestock mana g ’-s ’- r - ’
only 15 pe r - -en t  —of these la n - i s  1 -enef i  t. from - 0  p l et ec i  management p r
Lens than 10 per - :ent .  of the conner- - i al timberlan d in the Region has beeri
develop€ ’-i and is be ing  managed for the max imum production of timber p r o - i uc t c .
An estimated 25 percent of the measures and treatment needed for the effici-
ent -ie-ielopment and man agement of urban and other lands haic been r o ; i l e d
f’-r based npon the l~~65 needs of the people. In nearly all cases , the
measures and p ra - - t i ces meeting the standards in 165 are expected to be
inadequate in the near f u t u r e  becanse of improved techno 1o~~’ and a I m i t e - I
usef’-iJ. l i f e .

Management programs , developments, and p r a c t i c e s  th—i t have been
instal led on public  and private lands as of 1965 include measures for redu---
ing e rosI on  and sedimentation , and controlling runoff. Also i nz t a l ] e - 1  are
reasures for improved l i - ~-’eot- -ck forage and timber production. In ~~~~ nc-s t
land received some degree cf wildfire protection. Ve y-tat lye and r e c ou r se
management have been provided on over 2,500 square miles of :- l rc ’nt. l and t°r
increased water yield and livestock forage.

Watershed  Man a~ ement Problems

M o r e  intensive use of the land resources has created a multi tu de of
watershed management problems includin g : increased soil erosion. accel-
c rated sediment production , reduced productivity , increased floo d damage,
and degraded water quality. There is a need t o  treat high yielding mountain
watershed lands hi, increase and regulate water y i e l d  in order to help f\ i lt’ihi
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MI NERAL PR ODUCTI ON

ulr: r r r n t  ly - copper ‘ queen ” of mIneral s in  the  1, W e r  ~P r u. c-
h u r a n iu m  ore b e in g  r h o  se- -on-i i n  dollar va.l e and san I au -i  cr ao-ej  h’: j rj, -

th - r i . The i .  II - w - r~ - graph lep - - -t . s t h e  nu a n t :t  er : and o-alues of the rca ,
m i n e r a l ;  n r o u l ; - -i ’d in  t,he 1~C l  o~ i n  I i~- t - a u i  the per ’-ents  of total Ur i i ~-‘d

I ro in t i o n :

TOP F IVE M I N E R A L S  PRODUCED
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LOWER COLORADO REGION

In 1~~~5 , abou t 105,000 acre-feet of water were withdrawn for mineral
production , of ~ w h i - - h  abou t 51,000 acre-feet we re consumed. About ~JP per-
cent of the water consumed by the mineral industry was used for product ion
of copper and its by-products : gold , silver , and molybdenum.
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FLOOD CONTROL

Flood - - -rttrol and flood dam age—preven t ion  ron s- ist of ::tra - -t ;ral
nea : r a n  ro nstc - ;-~turaJ programs- perfonned by Federal ru ilen -ies , s t a t e s ,
and local nrgan . z.at i -us . dtru ot i ;r al  measures include reserve; rz , channel

~mpr 
- - rot s , levees and dikes , channel stabilization , and sethment control.

N- us t i-u -tura t ri - Il--cc’; in- -lu le flood forecasting and flood plain r c - a  at i  a - .

I riS m l  ru- -tv  res

Th - -  l oca tions  of 25 f the more significan t existing flood -or;tr- -i
and f l - s oc das a~ r- _ p r e o - cn t i o n  n r o j e C t s -  are shown i n  the map followi ng p~~;-c ‘

Many o~ : :- - r  sc-al ler rsrc-le -cts provide ~-ary i ag degrees of local flood or - --
t e o r t i - -n , a lth o ir Th they are not, shown -s ri the map . Floodwater detention
ba; j n r ;  a r i  r r- ; :er - :coir s  with flood control storage existing in the Region
in “~~~ Ira -ce a tc tal storage capacity of 10.7 million acre-feet. Ais
e:-:istl in l’€ were l~ 3 c-lies of levees- and 120 miles of channel 

r cements .

In a- :- i : ’l o -n to the f l o e - i  control structures described above, land
t r e a t m e nt  and :n -au-r-u:.’-::t practices under existing pro ;ram r , whi le  smaller
in scope . ha’.-e 5 gfl l fiC8.fl t affalte effects- in red:;eind e r o s - I o n  and sedi-
me rtat. -rr , contreitlro; c-saw-C: , and p r o lon g in g  the life of retention and
st - i- cL-Ic C a r l 11 ties-.

Fl-sod Fu -r ec a s t ir ,~

~l;rrrr,tl :,, ‘he re are ~~ rIver ~a-;e locations- wI thIn the Re-~ i- .n fir
wh~ oh fo recas t s  of runoff are made . Flood war -n i  n -~ S’/stcm s have been
de-it- l c- i and affected urb an and rt r r-~ cultural areas are alerted of

I ;~~ flood s- i tuati-ms.

Fl- - - c i’ja n Re~ o lat - ons

Flood pi cd n reg-ola~ ions w o u ld  l imi t  the types of 1e-~- cl o rnens -an : ru e uI

lands in  flood plains , thu s lim i tIng potential damages in Clood-nr - r u-

areas. 1iuidelines for establishing- such reuI ;lat I ~-ns have been ma - ru - a - a l  I -
able , bu ’ ha-~-e been a i - -pted by  very few - - omrn -rni tie s .

t r - -~r - : ] I n . h r n r ’n t  of E~d s t i n g  Flood Control Program

The exI sting f l i o d  eon t r o l  program had pro :cnte-I an estimated $110.1;

In  t i  - e d  ‘ian :u l ’ - r ;  t li r :igh 1 ~(5 , based on hisL -- r i c fl ood ;Ia ’a.
- t i  en liar . her-n n-roy i d e d  to ab n t  P 3~I miles  of r I ;er :: :in I s t. c-earn s- c_nd

7314 , Y~ a - - re: : of’ lai r . Based on the 1 ~~~~- c- - u -nor -n , Ic  - on- l i  - - i n ;: and he
‘~ g flood contro l ~r gram , residual  damager ; are estimated to -ta].
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roarl’,’ ~~3i c- i  l i i  n annu)-U I - i , - f w }; - ch $PI n i l l i - -n are ru r i nu i t u ra l  and
- m i l l i -  are n~ r 4 A ri 1j1’-1r ’l - rors-~ ---

IRRiGATION ANL DRAINAG E

Ic - i- i -a ’ - -

In barn- year - - 1 - 5 ,  the re  v -r e  a r r u r - o x i m a t e l y  1,530 ,000 acres -of land
coo l  -

- a-or : -r  : r r gat i  fl i n  t h e  Lower Colorado Regi a. Abou ’ ‘0 ,000. - - f
t he re  u:e-:elc-ped ; - r - - s  w ’ r  cot l I f  : - r -  - - : - i - t ion be - i r i s - c  of ’ i; s-uff eat
water  s ;c p i i ° s - . 0 r Wn er ir r iL l i ty , h i g h  Dumping - -os tS , an-: o~ her fart- rs- .
( I f  -h e  r ’ c n a l n  rrg  1 , 1 ~J ,000 acres i r r I ~~a te J  - a r-cr’oi r; was- p1i-a;e-~ by simi-
lar ar- rb i -vs c . At - -  ‘ . 125 , f X)  acr e s-  wore cropped mv i-c- than - flee in  ~

ma:; t° l r ; w l n g  sar~- - u2.

Of the , 
~-l5,OOO a - c - -s r- . anted in  the Reg:on in ~‘ 

- 
, only abou t

280, Orl acres ve er ;- :  err t :  rely or s-ic- face waters. Abc-:t  o37,000 a-:res
r e - o - : ir r -  sinpiemental l r - ~ n :  water and 618,000 acres depend ent i re iy  on
a ~r- -r r. :- -~-aner- snvrc° of rup~ 1y. A-cer r -~ le annual jrrigat~ -on w ithdraw al

- of co-e r - a- s e - C-~et  :r acre are cormnon and , in some cases , with-
ic-ovals great or ‘han 10 acre- :leet per acre are required . Seven - ‘ro to s- ,
as ccunt inr  for nearly ‘l~ ~er-cent of the total harvested a -reage under
i r ri ga t i o n  in ‘he  Pr-glen in l3~-l , are shown in the ~‘dllow-ing tahulaticn:

Cr~~ Acreage

Alfalfa 208,000
Barley 170,000
Ci t rus  Oi ,000
0;tton O 4 t ,000
Pan t - - rr e  I ,000

t~~ , 0(l)0
Ve Il-tables 75,000

There is ci ocr’,- intense re-:yclin,- and reuse c-f’ i r ri gat i o n  ronc-ff’ any
r e r - c l a t i nj ’ v t t er  w h l - -h r e a f lt  in i n  - rear ed vol -e r r t r a t i e n s  of dissol-~- el
salts in these waters. Consequ ent ly , -r:w rrr ~l i n - l  concen t ra t ions  — - C s a lt s  -ic--
be at’ b u i lt  nra in s xrr -~ soils , especially in the l owe r eie- ;at ior :~; of some
ar ea:: of the }te ) I i - -n . dr o  m d—water qual i ty is n ;r c -g r es - s i -.- e ly  d e t e rl er a t l n y .
c-ak : nr~ is i n - c-ens ; - ngly c-- re difficult to rna i  nt-aln an a-;ceptabie salt
balance.

I r .  10 5 ,  :~i -  ;~ ~‘.7 m i l l i o n  a~-I-e _ t e( -t of wate r  wer -o w it : ;  ;r:~~ r f m ’ -  —

Fal len 1)51 - , - t ~ whi  ir 14 .7 ins 11; on acre— l’i - - t .  were pumped Cr -rn u n d e rI r  -m d
s - er r -e:: r tf l c ~~~. 0 m l 111 en acre— feet ‘,O )’P di oe rt e-l Cr in crc-face sou r -c:: -

e )



sr-a l nm -v - - h l t - ~~ in he L- w - ~ ~ -l i - n t - : -  :<1-~~~ - a - tm- •l r rr A; raJiy -~~- 5e-:
- hr  : a - r ~ m m - : p- - - c -  r-~ u; I4’.lr’ n; ’ rmg at i - O .  AIci - _ - r , ;;_ f n t v - -rab i ‘r : r a I n —

.ac-o - ; ( - r s ) i C S  -f ’  t he  subs-o i l , - r j m : o - - - ral  I c  t -nni- -~~r-a; ny of  ‘he ar- a
i d  rt~ - ; ‘ “ ;  ~fl’ r - ; . - i-_ - in  - C - m m - -c I c i  - . - -r .: , - ro ’t’,- o r In  - - -mb i n n  I on v I  Cli

‘ t i - c - s . Cairccs- voter t - - as s-n i l  Ite in - ; - j ; - l /  r on - - c d l .  A. a r e u v l ’
‘ he ::oil I s v ’ ’r r lo -o’cd , t h u .  alutnt I - r -; ~ -cm .5 c- - ;  - ed . I t .

- l re~
- s oar b e-c  r ar e  i n  th~ 

- I -n - -C  :ra. n v -  c - - i  I on::. - , h-: t mo :c .
the  1 - U I - I  tn a t  ha:; b e-- r i  l rr I ;ate-l h co ; had s-ore in- a. o~~e -c ob lc’~ 

II~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
- - - --z - 

~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

_ _  
_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~I~~L

-.——-~~~~~~~~~ - ~c — —__

Typical row irrigation operation.
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In 1965, the average domestic withdr awal rate was 129 gaLlons per
capita per day , of which 65 gallons per capita per day were depleted.
Withdrawal requirements for domestic  uses vary from a max imum during
the suramer months of about 170 percent of the average monthly require-
ment to- a minimum during the winter months of about 140 percent of the
average monthly requirement.

Manufacturing industries require water for cooling, steam -I en era t i -on ,
process , sanit ary , and other uses. Water for cooling and steam genera-
ti on accounts for about 70 percent of the total manufacturing water use
in the Reg ion. Manufacturing industrial water demands vary generally
from a manimum of  120 percent of the average monthly requirement during
the s- os-ame r month s-  to a minimum of 80 percent of the average monthly
requirements- during the winter months.

Livestock water requirements depend upon climatic factors; species,
age , and condition of the animal; nature of the diet; arid upon water
management practices. Maximum water requirements generally occur during
the month of I4ugust and amount to 125 percent of the average monthly
requirement.

Governmental water depletions were about 10 percent of governmental
withdrawal requirements. Some of the governmental uses of  water include
supplies for:  public buildings such as post offices, schools, hospitals,
and office buildin~,s; military installations; watering public lawns , parks ,
and golf ~r~o 1rrses; f ire control : street cleaning ; public zwiaming pools;
and various research activities .

The deplet i ns by Ilor mIre - -:i a.l and other water uses were about 32 per-
cccit of the withdrawal requirements. Cormie—--lal water uses vary from a
maxirrum during the summer months of 120 to 1:30 ercent of the average
monthly wi th Iraw al requirements to a minimum during the winter  months
of from 50 to 80 per-sent of the average monthly wI thclr awal requ irement .

Water requirements for the construction industry have been included
in ohe commercial and other uses category. Water uses in ~he construc-
tion industry include dust control , bat chIng of concrete , and var i ou s
washing prccezses.

OUTDOOR RECRE~TI0N

The Federal Government, through several agencie0, assists the states
ar-I other Interests in their effort to provide outdoor recreation in the
clegion . More than 924 bureaus , independent offi ces , agencies , boards ,
- - ‘ r~ iscc~-;ns, conmiittees, and councils are presently involved with outdoor

1414



recreation in the country . Most of these are also concerned with
recreation in some fonn in the Lower Colorado Region.

The lands used for outdoor recreation in i~ 65 within  the Region
total about 68 million acres and include private as well as public
lands . FLlure 7, na~e 147 , depicts recreation land and water acreages
h:r subregion and nercent of regional acreages. About 218,700 acres of
water were available for recreation use in 1965.

Typ : s-al Bureau of Land Management developed recreation areas are
the :esbat Mountains area and Crystal Hills in Arizona, and the Red
Rocks - Re~ reat ion Area near Las Vegas , Nevada. A number of concession
nrn -d r -eraittee one-rated facil i t ies have been developed by private m di-
•;iciuai s to c-ro-vide for water-oriented use along the Lowe:-- Colorado River
oni ‘seavy use is made of many undeveloped areas aion~ the River. Most
of the p ub l i c  domai n lands used for recreation purposes are the lower
elevation -ies-crt areas . E~ccept for intensive year-round. use along the
Ri--or , these lands- are used for camping , sightseeing , etc. during the
fa i l , winter , and spring when the high country climate is not as inviting
for these activities.

The Nhtional Forests- provided significant amounts of land for
recreation use in lct(~. . The ;na:or winter s-ports- areas are wi thin
nati- -aol forests. In the summer, when the desert temperatures rise ,
toros-.. campgrounds- which are located at~ higher elevations are used to
caInac 1 tv.

The Region encompasses 21 national parks, monuments , and recrea-
tion area:: which are a~~inis-tered by the Notional Park Service. Zion

~at i .-nal Pork in Utah , and Grand Canyon national Park, -lagu aro National
~-Om1n e:it , and Organ Pipe Cactus National Monument in Ar i sona , are exam-
ples of the scenic sa cs-do:- available. ~oron~~o National Monument in
hTiZG n O , ar-m d the Gila Cliff Dwellings Na”onal Monument in New Mexico,
are ore served as his torical  monuments.  Lake Mead National Z-:--:;roat ion
Area , which includes Lake Mead w i th 162,000 surface acres, an-i m’&-h-o:-c
Lake wi th 28,I tY) ;;ur fa-n e acres , was visited by over 3~- million people
in l eg1 .

T,rpical s-tote parks include the 18,000-acre Valley of Fire State
Park , no rtheast of Las Vegas- , rJevada; Buckskin Mountain State Park ,
along the C’.;l’,rad . Riier in Arizona; and Dixi e State Park in U~-ah .
Goats Mo-;ntain Park , art  of the Phoenix park system containi ng more
- pLan 114,000 acres-, ~s c-ac of the world ’s orgect ci ty  parks. The park
system of Mor icopa g(n Ln ty , Arizona , °nnt a inz  more than 60,000 acre:; in
20 separate areas, m any o~ which were undeveloped in i°~l5 .
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Six designated w i l - i e rn es - se s  and 7 o r i m i t i v e  areas r-rv-ornpas -sing
acar l ,— 1.5  million s~res are located wi th in  the Regi on .  The Ma:or:-rtl ,
d m p c r s t l t ; i on . and -J iu ro  wlldernesses- are all - -.t th~ n 100 mi l e s -  of more
-~han 50 percent of the I~eg i i n ’s population. Pr ivate  recrea~~~cn areas
in - -lude golf sours-os-, hide ranches , asrnrrer he-nez, racetracks , anr~s-emcnt

os-k:; , and huotirt~ and fis-hing preserves. The Indian  Trus-t- lands pro—
vi le i2 screen: 01 ~~~ land a-.-aJ labIc and s-ui tall e f ”~r rr’ -reatios- in
the he~ i a

The .t~ S recreatIon base sunpl .1 ed 13~3 mill: an uay s- of :ecrea . - on
sac , but was -ie :lcien t, by about ~~ m i l l i o n  r-s--reatlon dai s hecasse of
b eat 1 ci and/or s-b as s s-f recreat ion resources.

FIGURE 7
RECREATI ON LAND A~~O WATER ACRE A G E BY SUSR EGIO~
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FISJ -( AND WILDLIFE

Fl s-h

Ab - ot  85 sn e c i c s -  of fish are kn~- wom to ex i s t  in he L- -s-r C- - - i or adn
lb . - i o n . A r - n a  s-:ixrrately 25 s-se° er pr -c 1’ide s-p or t  f ishIn g and ~thers
have :a. -ue as- P :--s~o fIa?~. as pollution indicat ors- , or s o le n ti f i e

:m -.Cst ~ -a- .l ‘as- . and as a s-cur :a a possible eorrmer~ Ia1 fishery .

F i sh ;r ~ wate rs  in ne Lower Csbor auo  P~egi on c on s I s t  of apn r~e:I—
macely 2 5 ,  -- - a- -i-e s of str-c --ua- ansi manrs -au-s l mpoundn:~ ’ots . The f i  shory
is clarsi Pied nt-° ‘we malor eace,- r es: the cold water tr-°ut fi s-moo:-.-
of :. - wa crc ane no,i::~ -r:ents -oor; -r -a~ ly abe-r e 5500 feet el 1-vs-ti -s-n,
ass r;e ;o-o~o water 

‘ c’ -- -:p— r-oyoo” : sbo~~/ in ne str-s -a - sIO I -~~~ ‘oun
nests o - eles-ati a : below ~O00 :eo ’

In 1 -• u , caer e- -- ~ s-~- . P17, 000 t : niu - ar- i—: io~~n exn ende- .i :.n the lo wer
Colorado- I~egb 

- mo .  This- was cOt ins - .  u - .i to be mmsar .~y 75 percent ;f the
:Os S Js fl ’ S capacity ( P  5 ,~~

’
~ ’ 3 l ~~ C n a n — -i av s - . The- s - o a i i s b ’ e - r . ~— -ccer - ::abitsc

OC~ af P. shed t- - - 67 :worcent i - f  i ts  r :ccent l  al. Only an Ins i~~n l  P1 
ot - -f e’ -ld water h a b i t a s  is °; being used to its eapasi ty . c~~~~e~- —

cLaP Pishinj~ is of m~ ris -r ~mroortafl-cn .

P-rx-r t :l1s-hort- irmstallations and f a c i l i t i e s -  e xi st i ng  in  the Lc-:er
Oolera:i’: Regi is i n  I ~‘ 5 -ens-is-ted P -7 fIshing lakes and 8 fI :h
h a c c be r i e s- .  Tho-re were 

~ 
nat i onal fis-h hatcheries and 5 ~t a t o  fj s -h

h a t  ~1: i  -r en l :a t  r ’rodu eu a;~pruximately (o , (00 ,000 f ish , all Of vi:- I ch
Wer e rou t w i t h  he ex- e t son of 150 ,000 channel e-a~ fi sh. The Region ’ s
s r - v l s ’ t i ’ - r .  wa:: about 80 ):r- :°rmt , of thr’ total fish sto ke-: . The rr~rna 1n_
-~~~~~ 20 percent of thc’ fi i; :0 - -o~-d were ;mpnrted from c r a  Isie the ~egion .

The : n i m o c r y — n u r : mo ; : -o  publ 1- - P1 s - h i  rig 1 :Lk L’S e ;-:isting i r :  I- nro -: I dc’d
:doout t , ,- - (Ki acres- of w— ite r  for f i s L : i :  - , . Fosh - u i i ’ .i i ldliPc i n ; ga i b a t l ons
C x i S t in : - l  in  1. ~ ore s-I~ wa an the cap fo] l o w i n c  png - 2.

-~~ . as-mmPt~ ;e js-C of wat e r by P 1 ;:h hat .:heri “a and ma~.- mriJr:erits -
c ; ’neu for fI sh ger t e r ro  1’ , - is m i n o r .  Based on estabIs’ s-bee -ca -‘i-

r I gh t s  i n  I . anpro -:un-ately 10, — 11- acre—feet of woo °r r i  ecimsum: ’—
• i-zc- l .y iSO -: . Cons im j c i v e -  -ir e f water for flab p’-m:s - a:ec ofl  0Cc

~~~~ ~T O 4  - c u t e r  dc- - ”  - amen t s- is n o t . i ri 1: meL In ai ii t on to 6 , ~O~) scr face
a-s -r em: of water,  as-nrc-:-: ornately Ifl’ , ri - ’re:; of and were u t i l i  s-ed for hatcher - V-
fa~- l L f ies -an : f~ shcrm an access.

W ,  idl ffe

~-b re ‘ non eQ sn°-  - 
- ‘-s of WI idi t Pc pr -v ide hun ’-i a, - r~; ru - -m hi Ihiv

p r l  zed bigho .- -r - s-h’ep and elk to hunting of rabbit s and - p ° e:; . Thor-

-

~ 

.. - - . - -- _ _
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are also many species of small ma~~nals , birds , and reptiles which provide
en to-,-s:er:L for the nonhunting outdoorsman in nat ;mm-e study an I photography.

in relation to hunting , there are 3 wildlife ty-pes--big game, upland
a-ure (inclu ling fur an imals and nongame spe’-ies), and waterfowl.

B i g  gam e :;miecies are -listributed throughout approxi.rnateiy 72 million
-acres of widely diverse habitat types. eer are the most ar .m n - I a n t .  Othe r
important species are the elk , prortghorn antelope , desert bighorn sheep,
black bear , turkey, and javelina. The Aroerican bison has been preserve I
in ope’-ial areas set asi’ic- - for this purpos”.

!pland. -yune species include : mourning dove, white-winged dove,
cottontail rn:::it , bandtail pigeon, blue grouse, chukar, sage e, rouse ,
Gambel ’s mail, Mearn ’s quail , scaled quail, Afgan white-winged pheasant ,
and Albert s s q u i r re l .

Waterfowl habitat with in  the Region consists of appr ’>: i rr .r t t e ly -~t , OOO
acres of native habitat along the permanent streams, manmade lakes, ani
marshes.

In l~ 55, t n — r e  were 1,3143,500 man-days of’ hunting expe -m-t0 ’1 in the
Lower 2alorado Region. Upland game hunting accounte for so percent. or
all huntiroz. Big game hunting accounted for 0,0) percent , an-i waterf’ i

- -~ c-unted for the remaining 5 percent of the hunt ing in the °egion.

-esignated wi ldlife developments and facilities managed inten si -ie .I  -
~

for wildlife production in 1965 included ~~~‘ mu lt i p l e -  — rn- -i p r imary -use
manaiy.~rom rrit areas , 568 habitat impro-r eme-it facili t ies, and 20 access
roads onmprisi.ng a total of about 14.2 mill ion acres. Birmet ’-en of’ the
m-u-iagernent areas were primarily for big game ; 7 areas were for small
game ; 17 areas were for the protection of water fowl ; and 5 .-irear; were
for wIldlife in general and associated activities. Locations of desig-
n a te t  fish un-i wildlife facilities existing in 10)65 are shown on the map
f o l t o w i r ;~, page 52. An est imate-i 0,14 , 300 acres of developed water for
wildlife, mostly waterfowl, were in existence in the Region in 1’~ts5.
d st r i h l i s h e d  water rights exist  for the use of approximately 100,000
acre-feet of water on wildlife management areas mostly located along
t he - olorado River. Consumptive use of water for wildlife purposes in
the multiple—use water developments is not included.

ELFX~TRIC POWER

The total energy requirements  of the Region increased at an averag e
rate of .1.5 percent annually (luring the period from 10)50 to 1 )05. Princi-
pal consumer use classificat i on::, residential , commercial , and intum ;tria l ,
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show 1’~ to I ~ 5 annual growth rates of 13.14, 11.0), n . r md 10.5 percent ,
re:po -t I vely.

In l)e , t Ine elec t r ic  uti l i ty generat ing capacity installed an-I
minter -east rca-tion in the Begion amounted to more than e.3 million
:- :i lowatt s .  Total facilitm es in c lud e- I 114 hydroelectri— - isl . a-st :: w i t h
.~7 n i l  1 m u  k i lowat t s  i n s ta l  I c  I .-aa ’~ - t ’ , 17 steam-electric plants

wi th  r s t u l l e - l  capacity of 2.5 million kilowatts , and 16 internal corn-
nuation e.l.’~-t r i -  piant .s with 0.12 milli o n kilowatts installed capacity.
Iniuntrial an-I miscellaneous power installations consisting of’ 114 steas
pl -~nta anl 5 i nt e rn — t I  - -cnbu :;ti-o n plants have a total instal led capaci ty
~f 2-nO me- ,awa t t s .

Thoug h land requirements  for power plants in the  lower ~oulora do
R e g i on  are insignificant in amount , careful planning and site selec-
tion w ill ‘c require I to m in i m i z e  environmenta l  damages.

The annual amount of water consumed for electric power production
in the b ower ~o1o radc Region in 19-35 was only about 10,000 acre-feet.
b:act c5~antities of water storage required for power production are not
available on a regional basis because virtually all of the water used
by hydroelectric plants is stored for other primary purposes.

Thr -ugh inter-sonnection , power is exchanged with the California ,
reat Basin , ar-el pper Ilolorado Pegio os ; a part of western New !‘texieo ,

Nexico , a- i- I the Federal l~ydroelectric I stem of the Missouri River
basin . Pr incipal electric facilities existing in l0) ’o-, are shown on
the map following pag e 52.

b rie following graph depicts  t ie  c l a s s i f i c a t io ns  of consuroer s ;s .i ng
e l e e t r i c i t - ,- in i ) ’ 5 i i i  the rowe r ‘ol orado l e g i o n :  -

C L A S S I F I C A T I O N  OF ELECTRIC POWER CONSUMERS
_ _ _ _ _ _ _  

‘-0c-u 3O 0/~— _____

z 28 °/ s
—

2 6 °/,~ 
-‘ z

z — 
z 2o 25 
~ ,

I— 
C _c ~ —

‘5) -~~ Z -J —‘ -~

20
2 uP
4 —J —~ -~ C

‘I, :1: ~
_J ‘ 5  C D -

o x ; 0 0 C)
o o 3 / ~ W Z z

I.- u. C’J z 4 ~o o 1~2 -J
0 -‘ _i 4 —~ w —

-J 
~~~~~~ - 

Li

U. 2°! 

_ _ _ _ _L 
52

- __ -  — - - —- — __________



(
~~‘I 

- 
- - 

- 

- t~ _~~~~_ _

t , — -

-\ , 
-- - V r - ~ -

- ‘ 
- - --  Q * . ç. ,‘ V -. - - t--

- - 0 “ - - -  ~e-.- -~~-~~ ‘-~~--~-
0

-~ 
-
~ 0 - .

~ 

-ia - 

~~~~~~~~~~~~~

3

’ 1~OWE 
- ‘

-~ --U 
- - “  S

O — 
~~ s ,—— 

~~~ 
— —*~~ -‘---~~

-.---— - - - 
~~~

- - - — —— — - --  —

0. - ‘  
— 

- - :
- 

MAIN 
D” D~

_

;- 

~~ - ‘ç~~~~~~~LITTLE

STEM 
- - 

-

, OLORADO - - -
~~~

- 
. ~~~~~~~~~ ! -  -,

0- -
- 

-~~ ~~ - -  - SUBREGION
c_u1. - . - ‘ , ‘  

--U ’ u -- - , . _

\ 

-‘ -g

7— u.’ - - ‘ -V
-- ‘. - ~~

- 
~- - ?  

~
, . - - A ~o~

’

- -Ill -. ‘~~~~~~~~
‘ ~~~~ ~

* Q . - .
StJBREG IO 0.. 

- 

- / 

-

U

- 
- -

, 
GILA - . 

~~~~~~~~ - 
0-

- 
-

‘ 
-

- 
- ,

I ,~ — -. I—- 

- 
-SUBREGION ~

- _ _ _  _ _ _ _ _ _ _ _ _ _ _  --_________ --



N

I ~~~
\‘

I
(

I
~ 5~~ )~~~ ‘~‘S~

~Jl
~~~~

)

~ - \ r~~~ -
‘5
’

-
~

5-
’ 

‘-I ~~~~
‘5-
’

‘5 )

J
- ’ _ <~~ __

- 
J p / /

- 

t
/c* 

,~~
_ J  

-

- 

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

~ ~__: — — — 

~~~~ S

Pc , - p

‘5 — C - - ,  
-5

- .~~~~-.F~~~~~ *’- ’ I. 45 % A ~~~ tj  A n t i s

* 
?~~~- . 5  -- iS’S  I ‘ —ü .~~ A N t  - - P - —

_~ , _ _
, 

~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

, . , PRINCIPAL ELECTRIC  FACIL IT I ES
J U N E 30, 965

-





Fl — W -’Y0b AN i RFI3AT’i-l!) T0~N - R ItOIR- ’l-if; A _ T Arl ~~p I LI’T Y

~AT ER

- u r fa-c yater

1.olorado Ri ;er

Flows or i r in a t i n r  in the Spper lolorado R egion  and re lease-I  
Ilen 3an:Ja , some 17 roT lea upus t r ear: I r - n u  tu e  b owe r Ilolorado he, ion ’ s

Ira L or i s  c-ounjar at ee .-e r ry ,  c o n s t i t u m t n  a ma~ cr source ot  wai o’r
55P p 1 ,  t — -- t Ine Region.  P-a r - t i c o r m -- of toe f l o w  s l ea s e  I f r - sn :  H en ‘ani--c- n
bar:, toge tu er  n - i t s  t r ibu ta ry  inf low in t u e  l ower Ilolorado R e c i o n , are
ccnr cunmed by na t ive  vege ta t ion , lost by c-rapor a t icn  from ~a ter  su r fa c e s ,
a-u i are :ic-La -;ere - I to 1-tex ic o nurs-taro t to treat:.- . The remaining por-t ion
of tue  flow is tn erm avai laule  for use w i t h i n  the l o w e r  ilasin ate: of
t r i z on a , Ne-:-sia, an-I ‘ai i to r r: a.

2-ic m p m - - r ’  -2oui: -t iecree -i t ha t , of the :1s t 7.5 mill :au -a us e- -oct
of ‘alora-lo River  w a t e r  n o - u  ru ly avai lar  I ‘-o for use wothin toe Stat. --:,
Arl - or ~a , Ne ;a i- - , au - I  ‘ni l  i for ’o i~ are ‘p  crti-onel 2. B n i l  Li-o n a r - n — t o - c t ,
3. ~ mil~ iorm a c r e — f e e t , arol il .5 to: ilion — a c r -~— . - - ‘ -  , r e s p c - - u t i v - — l y .  -

- 

t- ’-- ; - :  “a’: T rea ty  of - - - u  n r o v ’ - l -  S t’c” le Ii ;e~~- , of I. a m i l l i o n  a-’r-:— -

of water  ass oa m y  to ‘-x - so. “ u -  ‘-ol ora to hi-ic r anna- -b provi do-:-, as-.-: a
ot u e r  t u in :n , uat ~ ‘- r i o - n : -  at I e r r - .’ o— i I t  : : c ’ no i- _ u p l - -~t e t  n e l o - ;  an
a - - r e t - -: of 75 s - m i l l  vu a-. c_ f e e t  f c  any p e r i ol  u t  10 u - o r - : - -uu t l - i e  w at e r
- rears , an .i fo r tu e ia - - in ’ -ct-u- to- : trio - Spper  aul l i’s -a- c ba :ins of aug.-
u - sr I- - wh i c - ri m i g :~t a r i s e  ‘ — - - a m m o- of t o -  -.at’-r treat’s ~l th ~- 1o- x i 2 - j .

The a ;°r a - t e  a n r o - m a l  mr . l e t - m o - t e l  f l o w  -f  tue  Iou-or -n is - - --5 am; i t
eu;t~-r: trio , we’ 2o1-r :vio ho-gion is est - is-at e I at -to r l5. O~’ ml Llt oui
a - r ’ u — -- ~ t. f -o r  b - c  o-0— -sr-ar- n e _ u - i -  I 1°-U’ - to 1 ~ ri a. mr -u 1 - - n o b e l  st-a ’ - - ,

to t -:~ o n r i t r i b -t i- -ri at ’ ‘ ne ;ila  - i S o - f  mo -ar f - r u e  ‘‘~~~~ -a .; let- , the
olora- Ic R I icr ’ s -aier,, -~- ann ua l f’low in  t o  ~-1c:-: i t o  ~nn l~ I 5e ar a — u t  I -

sd 1 1  luau a r’— — fr—o~.. “ho ri u ro nal vir in mu . l - ’ m u j p be flo— --- of’ t l ui- . o l o r r i d o
1< 1-/cr ot - - - r c a , Ariso-at , u-u i to ‘- nr-oo,res:u l sc 1O — ;- -as av~ ago- Ir e
shown a-’ Fig-i re —Il .

I re -a l !-I’uuooff

A pp r o x i a a ü ly 100 mill ion n c r c —  t e d , of prc ’- I p 1 tat ion I’al i
:u~ear U~~Ofl t ,’u u ’ - ‘ o e m . ,  of wh i- u n apprex n ab’- v 3 million :i,’re—feet r ca . - ’ :
the strcrujom ; or gr o ;n I— watt-c reservoirs f or  downs ’ to- , use. b I t ’  - I i  s t r i —
otion , u 7 5 i t region , of -

‘ 
,- u - ruLo,- a-un, a I r ’ l r o ) i t  ( u u ~ I o n l e t e -j  t i.ow)
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~~: : i u : J v e  ~f ~olora io F~ive r ~~ow , ~or the period 1W ~ to 1 )6I is er;timated
is follow: ::

Mill ions of Acre-~’e~’t

~ubr e~ lo n 1 ( Lower Main stern ) 0.90
~u or ’~~ior 2 ( L i t t l e  ~o1orado ) 0.~ 2

:~ubr eRi on 3 (J i l a )  1.80

Total Lower :~olorado Region 3.12

Present Modified Water supply

To illustrate the 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, syste7n spills, and out-of-region diversions were
suo tracted .

“iE~ure 1 illustrates that from a broad regional point of view, the
total l?t 5 water suppLy in the Region was nearly equal in amount to the
total water requirements. The apparent water supply deficiencies in the
Gila Subregion could have been almost satisfied, assuming the hypotheti-
cal possibility of complete control and adequate facilities for redistri-
sution of water from areas of surplus. It should be noted that for this
condition to occur would require 100 percent utilization of regional run-
off and 100 percent efficiency of water storage and transport facilities.

iimil.ar estimates, based on average annual depleted flows at the
compact point for the l9l14~l965 ani the 1922-1965 periods of record ,
show 1965 regional water deficiencies of 0.63 million acre-feet and
l.~0 million acre-feet, respectively.

Ground ~.ater

It is estimated that l,L~30 million acre-feet of ground water are
theoretically recoverable from depths of less than 1,200 feet in the
Lower “oloralo Region . Of this amount, about 1,1~0 million acre-feet
are foun i in Arizona, 93 million acre-feet are in New Mexico , and 190
million acre_feet are in Nevada. The alluvial aquifers in the first
700 feet nelow ground surface contain approximately 990 million acre-

~~~~~ ~ecause of Location , cost of pumping, low yield rates, land
subsidence problems , loclining water levels, and increasthg salinity
of’ water at greater depths , it would be neither feasible nor practical
t’ develop m uch ~ f t~e l,

l~30 million acre—feet.

Flfficient mining ~f tnese waters, as well as much of the ground
water locatel nearer to tno land surfac e, would require detailed well
‘i”:~ign , spacing , and installation of’ much deeper wells than currently

55

______________ ________ S— ~ 
.— - — — - - - —  - — — -—



FIGUR E 9
REGIONAL WATER BALANCE
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exist in most areas. These ground-water reserves can continue to serve
future generations if they are properly managed and integrated with
other sources of water made available to the Region . Long range water
resource planning concepts should be established that would conserve and
regulate this diminishing resource at a socially optimum level, particu-
larly in growing metropolitan areas where heavy water demands will be
sustained o~-er long periods of time. The following maps show depths to
~rroun~i water in 1965 mu-id the 1960 to 1965 changes in depth to water.

In~ reasei Water Yield

Increases in water yield can be obtained from forest land by reducing
the water used uy onsite vegetation. This increase can be realized by
specific tinber narvesting practices and by conversion of chaparral and
deep-rooted riparian trees and shrubs to shallow-rooted grasses and forhs.
The Water Yield Au~ nentation Map, following page 62, shows the extent of
the areas suitable for this type of management.

The maximum average annual potential increase in water yield within
the Region through vegetation management is estimated at 1.1 million
acre-feet from 5.1 million suitable acres. The amounts actually realized
would be much less than this potential because of such considerations as
estheti:s, outdoor recreation, and wildlife habitat requirements an-I
other land management objectives.

LANDS

:n 196o, there were approximately 36.2 million acres of land suitaLle
for irrigated cropland in the Region. Of this acreage, about 1.6 million
acres were also suitable for nonirrigated crop production. The avail-
ability of suitable lands will greatly exceed projected requirements for
irrigate-I croplands an-i would also be far in excess of that which could
be irrigated with projected water supply developments.

In 1965, there were approximately 85 million acres of land suitable
for livestock grazing in the Region , of which about 76 million acres
were availanle. This included 25 million acres of forest types (conife r,
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.

Of the 30 million acres of forest land in the Lower Colorado Region,

~ 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 and other areas where commercial timber
harvesting is modified or precluded.
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Most lands are suitable for outdoor recreation. Most public lands
and a substantial amount of 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. several
rivers of the Region are considered to have potential for designation as
wild, scenic , an-I recreation rivers. In addition to the nearly 1.5 nil-
ljor-i acres of existin1~, designated wilderness areas, there are some 1.7
million acres t:lnt have been suggested for potential wilderness areas.
t is anticipate—i there will be substantial blocks of suitable land

available for -1esi~ r1ation as wilderness areas. Through appropriate
action by state arl F’edera~ legislative bodies , adequate lands coul i be
made available for the recornrnen~led sites for preservation of archeolog-
ical , cultural , and historic valuer . Areas suitable for -designation as
wild , scenic , ani re-creatiou rivers are shown on the map “Wild , Scenic ,
an-i ~e7reatinr River Potential” which follows pa~~e 62.

Most of the ~-b’1~ion provides habitat and is of value to both game
and no:ii-~ane species of fish and wi ldlife, although much of the habitat
is not of high quality. I t is estimated that 76. )-i- million acres of the
Region cnntrib tte materially as important habitat for wildiife, ani most
are available for fishing and hunting . Generally , game and nongame
species are compatible and commonly inhabit similar areas.

Large amounts of land are not required for mineral production and
such lan--is will be available when demand for the resource makes new
developments economically feasible.

The lands presently in military and related uses in the Region are
largely on barren desert or semiarid mountainous terrain. This land was
selected for military uses because it avoided conflict with other land
development and provided the space and security for military operations.
Additional lands of this type exist and could be made available if
required.

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.
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 exist-
ing deposits of lead , zinc , and uranium cannot be fully ie~fined; there
is , however , a vast area in which geologic conditions appear favorai le
for future discoveries when economic incentives warrant the exploration
effort . Copper, backbone of the regional minerals i ndustry , has an
exceptionally strong resource base. Access for explorat ion and develop-
ment of both public and private mineral—bearing land has been assumed to
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be readily available when subsequent mining operation ’ are developed in

an orderly manner with due consideration to environmental factors.

EL~~TR IC P~Y.’JER

There are a significant number of potential conventional and pumped
storage hydroelectric power generat ion sites in the Region which have
been studied in varying degrees. These sites on the mainstream of the
Colorado River between Hoover and —ilen Canyon Dams, though opposed by

the conservationists, are still potential sites. The locations of these

and other potential hydroelectric resources sites are shown on the
following map, “ Potential Hydroelectric Resources. ”

G~ DTHERW’SL RESOURC~~

Although the Lower Colorado Region has several dozen spring s
classified as “thermal,’t none have exceptionally high temperatures.

Very deep alluvial basins with high contents of thermal water suffici-

ent to be of economic interest may possibly occur in the Region; however ,

if such do occur , they have not obvious surface expression and have

remained undiscoveret by drilling . In general , the geothermal potential

of the Region is presently unknown.
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C}{.APTgR F - F u TURE R F ~~~IPF }~ET’T1’G

INTROI)UC T ION

The Lower Colorado Region ’s growth in population and economy is
dependent on solving the present water deficiency and providing for
future needs. The Region is richly endowed with other natural resources
flee tel to meet the demands of an increasing population. This chapter
presents the projected water and relate-i land requireaents for the
Region from 1965 through 2020.

The modified OBE-ERS projections, which are being used for the
development of the Lower Colorado Region framework program , are based
on the national OBE-ERS projections adjusted to reflect local conditions.
Population growth is depicted by Figure 10.

FIGURE 10
POPULATION GROWTH

(ECONOMIC REGION)

6 -

G I LA SUBREGION

[1 LITTLE COLORADO SUBREGION

I 

U LOWER MAIN ~~~~~~~~~~~~~~~~~~~~ 
-

I LOWER COLORADO

965 1980 2000 2020
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WAT T~i

Ir-we r i~olo rado Regio n

i~v 1 ~5) , pro ,ie ct  ions in-li -ate a water Ie!’i—:~ enc ,’ of -a: o-~t 1 .5 1  r ’ ~ I l i o r
acr c_ ~~ et , I - I- -r e ar  I n~ t o  more than -

~ 5 m i l l i o n  acr’-’ -fee t nv Ohfl . 2r e-ij ~
ous stu d ie s  cave indicated that the ~olor ado R i ’~ r flows wou l  I nec to ~e
n -u ~m e n t e 1  to fultill present cormni tm ents or 3.1 m i l l i o r ~ acre— ree t  to the
Lower ‘oloraio Region , 4 I~ mi l l ion acre—feet  t-o ~alif’ornia , and 1.5 million
acre—feet to t n ’  h e p u b l i c  of Mexico.

i~rtimatei l-~55 and pro5e- -tc’ I regional water withdrawal aid depletion
requirements are prescnte-l in Fi~ures 11 and 12. it should he note  I t ha t
nuantit-les shown are estirnate t water requirements an-I not quantiti en
a--tually withdrawn in 1) ~-5. Wa ter withdrawals for all uses are expected
to ircrease to a level of 12.96 million acre-feet by 2020. Prc , i e -  tel
increaser are associated primarily with the needs resulting from popula-
tl )fl growth in the Region. Municipal and industrial water withdrawal
requirements are expected to increase by 2.3 million acre-feet ; for elec-
tr i c power generation , 0.425 million acre-feet ; for mineral development,
0.252 million acre-feet ; and for recreation , fish and wildlife , 0i4 mil-
lion acre-feet. Irrigation withdrawal requiremr.nts would remain about
the same level as for J~~ 5. Water saved by increasing management effi-
ciencies and lining of canals would satisfy increased requirements result-
ing from additional irrigation developments.

The most critical immediate need is to meet withdrawal requirements
projected to occur prior to 1980 without increasing the ground-water
overdraft. To gradually eliminate the ~round-water overdraft, the long-
range program, 1981 to 2020, would need to provide for increase-i annual
water withdrawals of about ~.5 million a-- re-feet from new sources .

The present and projected water withdrawal and iepletion requirements
for the Lower olorado Region are summarize-t in Table 5.

Lower Main Stem Subregion

Ihne of the most vital needs of the Lower Main Stem Subregion is the
municipal and industrial water for a rapidly growing population in the
I~ s Vegas, Neva I~a area.

Additional irrigation development is expected to occur within the
Fort Mohave and Colorado River Indian Reservations and other areas
which would utilize Colorado River water under existing water rights.
Jt is estimated that the water withdrawal requirement of 3.0 million
acre-feet in 1965 will increase to ~~ million acre-feet by 1980 an-I
then increase to 3.8 million acre—feet by 2020.
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FIGURE II

PROJ ECTED REGIONAL WAT ER R EQU I REM E NTS
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FIGUR E 12

PROJECTED REGiONAL WATE R REQUIREMENTS BY USES
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~,n appraisa~ of fu t u r e  tan t t reatment  and. management requirements
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I r i s r e a s e l  produc tion w i t o i n u t  deteriorat i on - f  the land a ni  water resources .

~~osios-i and sedimentet ion processes are znaior  problems in the Hogion.
Soil erosion causes vani- :.’un types of dn~nage as does seIi ’sent , the produc t
of “rn:;ion . ~‘lr-’siori -snosco; such -iamage as land loss and loss in land.
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FLOOD CONTROL

A major part of the Region ’s presently developed urban area and
productive eropland is on lamts 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 riot . It is expected.
that most future development, whether urban or agricultural , will need.
some degree of flood protection. In 1965, there were approximately
lb”~,00O acres of urban lan d and over one million acres of cropland sub-
ject to flooding within the Region. In addition, about 14.3 million acres
of forest and rangela.nd, are subject to flooding.

Flood damages are classified as either downstream or upstream. Tn
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 ar-id protection ,
average annual flood damage within the Region is estimated to be about
5-I1 million. Of this amount, approximately ~22 million is agricultural
damage and ~l9 million is nonagricultural damage. Of the total damage,
30 percent is in downstream areas and 70 percent is in upstream areas 1/.
Past trends have shown that flood damages generally increase when there
is a rise in economic development. Virtually all economic projections
indicate continued development of land in the Lower ‘olorado Region.
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 Figure 13. The annual
agricultural damages would increase from $21 million to -~b.1 million and
the nonagricultural damages would increase from ~20 million to -~ ~~
million. The nonagricultural damages include ~l.3 million urban damages
in 1965 and ~20l million in 2020.

~/ (a) This presentation of flood damage data by upstream-downstream
areas in no way determines the agency responsible for the solution
of the flood damage problems; and (b) data presented include major
urban damages in upstream areas.
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FIGURE 13
PROJ ECTED ANNUAL FLOOD DAMAGES

WITHOUT ADDITIONAL FLOOD CONTROL MEASURES
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for increase’I eff ’irir’n -v of i r r iga t i o n  water use.
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Table  7
l rr i ~-oat ion ansi ra !na ,~e ~‘r” , ected °~‘a i ir ernent s

(r ~~c i l f i e - i  R~ —~- p::)

1966- 1981- 2001-
_ _ _ _ _ —  - 

1980 2 000 2020 
1 ,000 acres 

New I r- r io -ation ~)evelopment 200 168

ncreased Irrigated Area (172) (~~i) (~~~~~~~ )

o : rcan Replacement (28) (77 ) ( - -~q)

Rehabilitation of ~~isting Irrigation‘i s t r inut ion  ‘,‘stem 1429 - -

)evelopment of New Irrigation
Distribution System ~,/ 347 596

Irrigation ~:ater Management 1/ 573 801 73t

)rainace Needs 14/ 68 32 68

!/ Requirement to deliver water to farm

2/ :nelr-I e:; replacement for irrim~ate I area -itilize ri in urban “xpanoo inri .

~~~,/ :~ c1- , ~oc r etr”atm ent on most o r ’ea°; because of’ limited l i f e  ct  thi-
:1r2 -t jce and/or meas ire and impr oved technology .

~/ 
;r cup -Ira u na ;e needs.
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MI~~~ AI. R~~ 1JIR1’1’~TflH

he value adde l by the mineral industry is proj ec ted  to increase
from over ~1 ’ million in 1965 to about -~~95 mi l l ion  by the year 2020.
C’opper is expected to remain the dominant mineral in the ~egion , corn-
prlsing t~~~ to e5 percent of the total copper produced nationwide. The
output of byproducts of copper , such as molybdenum, silve r, and gold ,
is expected to parallel copper output. The production of sand and
gravel and cement is expected to increase parallel to population growth
and its subsequent needs for building and construction materials.

MU NI CIPA L AND TN JYJSTRIAL WATEI~

A projected 370 percent increase in population, a sixteenfold
increase in the value of manufacturing output, a fifteenfol’I increase
in the economic activity in the trade and services sectors, and rising
water-use rates by the Region ’s rndian and other rural residents are
the major reasons for the tremendous growth of municipal and industrial
water requirements shown on Figure 12, page 70. ~hen compared to 1965
req rirernents, the 2020 annual depletions and withdrawals will increase
by 0.) rnilljo’l and 2.3 million acre-feet, respectively.

The inc rease in livestock water requirement will be greater than
0.02 million acre-feet by 2020. The projected increase in range live-
stock is slight. Feeder livestock , on the other tan-I, are projected
to increase si~nificantly over the study period.

R ~‘X’REA TI ON

ne total demand for outdoor recreation is projected to increase
from 138 rrij~~liori to ~i8 mil l ion  recreation lay:; between 1k5 and 2020.
The greatest rec”eation pressures ar” expected to ne exerted on
resources in the lila Subregion because of the pres”—i t and projected
population concentrat ions there.  About 70 percen t of’ the total recrea-
‘sion demand is urban oriented which means that this demand should be
supplied within an hour travel time of the urban centers. ~f the total
projected demand, about 27 percent is water-based (compriring activities
requirin’ water , such as swimming , boating, fishing, water skiing,
sailing, ar-id canoeing). Figure 114 illustrates graphically the projected
recreation demand.
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FIGURE 14
PROJ ECTED RECREATION DEMAND
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Ta: le 8 shs-w :; the total recreation needs i y t ime fraJne reparat e l  i n to
water-based ani lan-i-based. Recreation need is that part of proI”- -t ” i
ieman-i not satisfied by the 1 k 5  resource base.

Table 8
~ro ,jec te I An n ual Recreat ion  N ec— I s

tower °olorado Region

_________________________ L980 2000 2020

W-”ter-Based 143 106 193

l,and-Based 101 258

total  1144 364 671

~-‘fSH AND WILDLIF’E

The demand for sport fishing and hunting will ~row wi th  increasing
h uman popu’ation , leis-;re time , mobi l i ty ,  and affluence. Demand varies
-lirec tly w s t h  h uman population , and good quali ty f i sh ing and h u n t in g
oppo r tuni t ies  vary inversely with  the population. The bulk of the
present and projected demand oris~inates from the population ‘enters or ’
Phoenix , Tucson , I~~s Vegas, iallup , and Y uma . Areas of hi-~h use include
the olorado River , toe Mogollon Rim area from Flagstaff east in to
New Mexico, and tt” Oila aol ian F’rancisco River  are-a:: in ‘Jew t’exico. The
pro~ecteJ demand for sport fishing and for sport hunting is presented
in :-i;~ore 15.

There are 12 species of fish and wildl i fe in the be~Uon that  are
classified as cos-la ri~ er ed .” ~‘ida ngered species are those so few in
n-noo n ep~ or so threatened by present circumstances as to be in danger of
extinction . There are I species classified as “rare,” 23 peripheral
species , arid 13 spe-’iei; whose status is undetermined. The preservation
of’ habitat for these species is a critical need.

Bird and animal watching , photography , and related activities are
an important oe~ nent of wildlife-oriented recreation. [t is estimated
that the time aol money spent on equipment , transportation , lodging, arid
related items a:;:;ociated with observing fish and wildlife resources
event -ally ma-j approach that expended by hunters.
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FIGURE 15

PROJECTED SPORT FISHING AND HUNTING DEMANDS
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cY~-P~~~~ A t T’n’. t~~~~ : JJ ’ F 1 H
-
)fl ‘‘

~~~~~Th -
~~~ , ‘- ‘ i 0-A t i’ l l ~4- ’T P3

The ma~~r water quali t-i  problem exis t ing in toe  1 wer  ‘olora lo
Pe~ j on is t oe  ::crr, ~~- : -  n i r ~~en of - l is solved salt:; - ‘ar r i  “-1 o- ,’ rc ’~~; o r o~
5 ’ c ~~j~~5~ T}:’- s a t  i t ’ !  ~f sur fac e water s , a-id , jr-i man - - a:”: ,

~~ “r- , -nose :; rra;or :nn-ob]ems to irri,~atei acr t i r ~- -an I t. rooi’ ip al
ar-i l :nI ;;t:-~ al unen— :; of’ wa ter .  - i o : : tno tj a l  f - i t ‘-c 5 n - -r e a o r c: in at;

i t - ,’ are to : ‘-‘ c ;-:oe -t ~ I , - i n - i t  ~~~ s i - ~n i  fi -nnt nhan~y~;: in water q :allt.
nan:dn:en-s’~n t  are r- ~~t . . at e-j , -or unless n-atey- s ips I ie : :  a r 5  FI-;r~rn- erite I ,

n lli ti o n il water for -Iii -t Ot.

:r;ere is a ‘:ee-i to improve the present leve l of waste water treat-
s -st and to  all a i - i an : e --1 methods of treatment in the larger m’~tr-~p oti t ar;
areas to or:bo o - i :’e toe effe--ts of po ll’ ~tio’; from-. room isipal ao l industrial
-.-:‘i::te:; ar. i to provide a water qual ity suitaoi~ for other uses.

Soil erosion is a cause of water pollution . Not only n-ire ero b’I Soil
part~~- 1 es --arrie d into water , nut  along with them may ne pesticides ,
fertili:’ers , ant other materials picked up from the land surface.
--~.:teric~ ve treatment ma ~c nee ie-l  to make the water supply ou~ta: le ~

‘or
o~ seh o;d an - : I inl:s~ rial uses. t-~ui-Iy water also o f t e n - ;  upsets the e~-ology

of a r t r e~ ,,-- r ej J ~~
-
~~~ r;~~ its recreational potential ar -I fish— :;ustaininic

case I

~n o’— ler to p re :ent  t oe  spread of i n ~~°~~’ t io u s  ti :eaoes r e s u l t i n r
;n- reaOPi P~~’ “~~s on en~~ir v i ment a 5  r c s o ir ~~es , pro. rarss for the

- t c ’ jo-i ; pus Ii’ hr al th will need to -~ - - pan le I k een -~ pa -— e
.:~ t5 sop it ation - -~1W - . A lenuate :~~~ o~ jar 1:: will -~ r. n” -essary to pro-
te--t t t e  p-~tl I— ’ t eal  r h  from water ~ 

-
~~ it t o n , air  pol ion , dis~a. c—

“a r ’— -,-~ r -  r~ j ests ant i n - c o t s , an l  possible z’ a i i ot ~~ical ha -—a’-ts from
-c c se -ted i “ of r i’- t ear fue ls  for the pro L i r - t r o c . of e l e  - r~ c power.

-
‘

Modern water treatment facility , Phoenix , Arizona.
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FIGURE 16
PROJECTED ELECTRIC ENERGY REQUIREMENTS
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- iAPI’~~ - RET JONAL ;tOMPREH F~ SIV’E YRAM~ 4ORK PROGRAM

Pr,Ar~~TNG CONCIDfn -~ ATION3

The f’ -remost consideration in long-range pla nn ing for the tower
Colorado Region is the development of a framework wi th in  which  future
Ie velppme’ -its will provide the water that is so crucial not only to the
p r e s e r v a t ion  of’ the present  level of development , but  also to future

-~rowth .  -tcn nialty important  to the satisfaction of the socio-~nonomic
nce-I:; is the protection , preservation , and enhancement of the Region ’ s
resource:; such as lan d , water , minerals , wi ldli fe , wilde rnesses ,
m e cr e a t i - -- - : , archeological , h i s t o r i c , and es thet ic  values , l ivestock
forage , tirooser, and other resources.

The -I~ -.’clopment of such a comprehensive framework program requires
tniat a proper balance be e s tab l ish e l between all se~~ooents of the program
t~ minitsi:-e detrimental impacts. To ascertain the best combination of
pro1 ; ra f rs , -consideration of all practicable alternat ives  is necessary and
man’; op t ion a l  mixes of tn:ese shou ld be examined.

:oniprehens iv e  p l ann ing  on this scale should not be unduly influencel
0 -co t -onsi-Ierations enause even t n o u ’n  some environmental  aspects
ci -., m o o°t a my  e- ’alua t ion , toe:; ~~e equally important to components thatcan n ’  readily and accurately evaluated.

~
1; )re spe~’ific - oricepts , assumptions , constra ints , and piidelines

ra-.- e sees previous 1- .’ discussed in the i n t r o d u c t o ry  chapter  of t h ; s
report .

i tt ima t e i costs for the framework program developed here in  are
presented in the Cummary of’ Findings .

D HVFIOR€NT OF THE PROGRAM

Because of t ime l im i t a t i o n s , it was not possible in this study
report to examine , in detail , as many of the potential alternat ives as
lesirable. Many alternat ives were considered and some are recommended
for l’- ;t ire studies . be re~- oimnended program stems from the reasoned
iii l~~~-nts of experience I planners in many -lisciplines participating in
the stu l-j .

89
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Two projected levels of’ dev~ lopmen t wer e “ of l O i  ier ’ ’l in pr oThnt
formulat  ion ( ; i B ~’ _ F ~~S and m o-l i  f i  esj O R ’ —~~~tl ic-ic i s ) .  ito —’ sj ~ r I ficant
di f ferences  in the two levels are ou t l ined  in the - \ lt e r n a t i- i ”  L o u - I s
of oevelopmen--it chapter.

This  program is based on the m o d i f i e d  N - -R : ’ pro ,~e - t e I  level of
development and is designed to sa t i s fy  as mu - n - n o: ’ the  in~~ivi  lua l  f ’ - ;- i  - -

t iona l  1cm-an t :; as prac t icable .  n- on e  r em a i n i n g  te r an i:; , unr e t
multipurpose development , are treated as p r i m a ry -p u r po s e  i tem n: in  the
framework program.

In keeping with  the gui -ie li’ier ; set ou~ f o r  t h i s  o t -~15-,’ , t O e  p—es en t
and protected requirements for ser-.’i--es , p r - I  ,ets , c-sv ir- n-nm cntal I c i e l - o n -
ment , and resource -development were a l l  giv en - ; consi I”r a ~ ion .

The annual volume of import of wate r reqt~i - - e I  was calc~~lat~~i to
s a t i s fy  all stated needs . ~nual  p r i o r i t y  was ~ j- .’en t~ al l  -:at.-r isen .

~A.R LY A CTT (~ PP~~P~Ai’t , I 
~ 5 — -

Multipurpose Water 2 uppl~

The early action program Ob . 1 e -t i - .’e i s  ~~ f i t l y  -it i i i  c a l l  s r : a
water supplies  ava i l able  to the N ’~~~~~ n , seek p-icr ,- r ea s ;  of ‘ o ; r f l r , ’~ n
water  fo r  n r ’neficial  use , to explore the  e f f ’e -t s  f :r o u n d - w a t - - r  c - e r --
draft , and invest i~ ate p o s s i : - i l i ti r - s  of untapped lro~ n i ~ wat v~r reserves
that m ight be u t i l i zed  as an i n t e r im  n~ asure  u n t i l  ~u c : t - ~~ion f r - or :
sources outside the Region could he ac-n-hievel .

Presently authorized water supply projects included in t n - i c  l~~ t~
1980 framework program inc lude the following : the entral  A r i r o n a
Project, a multipurpose project which will provide facilities to -‘cnvey
up to 1.67 million acre-feet of’ Colorado River water to central Ari:-oria;
the southern Illevada Water Project which will initially provide facilities
to convey 0.13 million acre-feet of water from Lake Mead to the las ‘egas ,
Nevada, metropolitan area for municipal and industrial uses and provides
for additional stases, which may be altered or relocated as required; and
the Dixie Project which will provide supplemental and new irrigation water
in addition to water for municipal and industrial uses in southern Utah.
Tertiary treatment facilities would make available 260,000 acre-feet of
waste water for direct reuse.

Also to be pro ‘ied , by authorized projects during this time period,
is the recovery of approximately 270,000 acre-feet annually along the
Colorado River which are now being used by the total natural river-
associated ecosystem . In addItion , 35,000 acre-feet of water can he
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r e - o v er e :l a n - n o  a l l y  from the i In Ni -icr ~~ phreatoph ytc ;n - o n t r o l .  The
-lar lv A it ion Program l 1~~~ — 080 is shown on t h e  rn—i c f o l l ow i n g  ca~ ° 1 - - .

Tn - n—r e - are 9 r e se rv o ir s  pre::er:tly a-;thori cc I °r und er -‘on ::tr  c t  los
in h’ h eg io n  t oto 1 ing nearly  3.~ m I l l i o n  a c r e— f e e t  of c a ps  - i t - . -

- tie
s r ;m ar ;  p n i m n -;: e of k -  of to e n - e s c r . - o i m n  i s  on n s e r - ; n : t i o n  storage a s s o c i —
a te l  w i t h  toe  c - :t  ral A m i n o - i a  any! - i x i ~ tro~~r-- - t o . Ihe rein-na ning ~ would
r e  pr ims!- i ly n - o r  h i n o -c nt ro l  p u r p o s e s .

Toe I ~ 
- - - I ~80 lan - i  t :-°at n n - f n n : t .  s n - :  I m-soia,- - -nn sent ymn - n -IL-s p ro; ides

- -~ter ; e I -1 mn--sr lverent rsea:yimes or: sI c - n t  l:,,~ On) acres of chaparral an I
-on-u f e m o ;4 s  n - o n - c- st la:;:is t o  inn:  r ca-cl- a ;l-n-a :e annual later ‘: ~l 1  by ascot
-0 ,000 a r ~ -tri o . Mean t: :  to conserve a n !  more e ff i c i e n t l y  - n t i l i : e  exist-
in- t  wa ’ er sn : o o l  len are also In - - i  i let it: the - -at - I - i  a l - t i o n  pr - - g r a m . ~Cter
im p l e r n -n c n - : ’ at i  -r of t n - n e  e a r l y  S t  ion pro - n-an , a ;-uater s u p p l y  ~e C i c i e r n  - ;  of
un o~ t 1.5 rn -n il li ~r acre-feet will rema in .

-:ati- r nalit

A ‘olon-s:I :’ R i - i cr  b a s i n  C a l i n i t ;  - n t r o l  rnrog ra~nn is me -~ ssrnm -,’ t o
C rt: ’-r ciau n - -  I l - Ir a -t a t  :on of’ b locs. to Ri-icr water  e te r~. ’ ,-

tr:e niwer ~ol-nr a to N a o m i .  n the a n s e r i n e  of ~ n n b r -Il: , the notra—
ion  of t- -i t a I  l i ssol : e-i  sol ids  at Te e :- e n-’r it is pr o~ e -t e l  to increase

from 5h’ - m ;llICra-o per liter to ~;PO m i l l ig r a m s  per l i t e r  lu r ing  the
I ~ to 1 ~00 p e r I o d , a-n i at :r-nerial 1arn , fr -crc 81c ) to !,~~b) - 1 : r i n o  the
same t ;r : e n e r i o d .

I nc early a n t i i - -r. :-a t e r  quslity om o - I m a m -  pr o v i d e s  f a c i l i t i e s  for
all iti ona l t reatment of ’ rrurnl cica l - nfll industrial wastes in t h e  Ins  began ,
1b’va la , a n !  P t : o e n i i x - P - n c s o n , -‘trirona , areas .  Provisions for reuse of
re- laime d wat ’ r are also provided . The Io]orado River Nasin salinity
C - r n - b r - i t  program provi les fo r  t h e  impo un1m~ nt and evaporat ion of flows
Cr rr LaJcrk :  n r ings  in n -ta b , wh ic? ;  w i l l  p reven t  rn -n -o re than 100 ,000 tons
of salt annually from reaching  the bolora lo Ri-icr .

nm! I m e a t i s e n - i t  and ‘.‘anagement

Th’- 1-s-n-’! treatment and management program is needed to min imi : ’ e
I r r ’- - ,’ers i ble losses of t i n e  l a n - n  I r e sour °~~o and to preserve t lie f reedom
of choice for fiture reso :rre iners. TIe program n i t u l e s  treatment
of I 

~
. 3 milli o n acre :; by 1980 at a total -cost of’ about 10 .7 million .

Croc  I a n  I — — M e a n - i  -e n - n sou l :  as -Ii-;er~ ion -is , levees an - i - I  1: kes , charne l
lrpmo Iennen-:t , f lood wa ,-n , ar t  I s tream bank prote- -t i o n  wi -r e  - : l n : n i  I- -r e ! for
erosion , se I ir- ’ -n t . , an I rinio t ’f - - o m i t  r -1 on r rop h- inn I . ‘ e- - essa ry  soil  sur—
-/cy:: are a l s o  i rr c l  l ed .  These measures are primari l-; for protect ion of
t n - i ’  land ‘to I ;r n p r ’) !e m P r n t S , but  also : :r lp  to m a i n t a i n  an-I/ or  t n -rn -p ro-- i th~-’

I ~~



pro :iLn~-t i v 3 ty of t h e  i an !. The pro~~r-mus provi -J~’s for  treatment of 1513 ,000
acres oC n - r n p lan1 setween lO(b an-I 1980 at a total cost of j 

~~
.5 rnn-illior .

harcgc1an t-~Measures considered i n  -Ieveloping an r- fC e~-’t ive la s t treat-
n-sent ani management progrnln on rangeland --on s is t  of (1)  ~mall st ruc tura l
measures such as ~rade st abi l iza t ion  structures , d i vers ions , an d terraces ;
(2) vegetative measures such as grass , tree , an -I shrus  plants; an-I (

~~~~ )

intensi-.-e management. The orderly and e f f i c i e n t  use of water , land , and
other  resources is necessary for successful rrn1 tiple ~use production while
protecting and improving environmental values. The program was -lesigned
to reduce sediment yie ld , reduce w i ld f i r e  damage , improve water qual i ty
and/or quantity, and in- c rease the productive abilit’i of the land.
I r .cluded in the program is treatment of 15.3 million acres of rangeland
at a total cost of 80.) million between 196(

~ and 1980.

lorest l and--Program s for development and management of forest land
and resources are designe-I to utilire and maintain or improve the total
product ive  capacity of the land and water , including wood , forage , recrea-
t ion , wi ldl i fe , and water to meet the regional and national needs of the
people.

These prog -u’ns i n c l u d e  t h i n n i n g , re fo res ta t ion, insect and disease
control , for increasing wood production; conversion of woodland and
chaparral, for increasing forage; management of vegetat ion, resources,
and acti—isities , for the enhancement of the recreation resources in - ludirg
esthetic and environmental values; management of vegetntion for improved
water qua l i ty ;  and vegetative management for increasing water yiell.

About ~~~~~~~ m il l i on  acres of forest  land in the Region are inc luded
for treatment , at an estimated cost of -1115.8 milli on , between 1966 and
1980.

Urban and Other--Measures such as diversions , levees and dikes ,
channel improvement , floodways, and establishment of vegetation were
considered for eros~~n , sediment , and runoff control in urban ar -i mined
areas, and along roadsides, u t i l i t y  r ights-of—way,  etc . A total of
182,000 acres of’ urban and other lands would receive treatment between
l’)~6 and 1980 at a total cost of L5.5 mil l ion.

Flood Control

The flood damage reduction program inc ludes measures for the control
of water and the controlled use of the flood plain. iltructural measures
used to control the flow of water include reservoirs and retarding struc-
tures, levees , and channel improvements. Nönostructural measures include
flood forecasting, evacuation, and flood plain regulation involving zoning
ordinances, building codes, open space requirement, development policies ,
subdivision regulations, tax adjustments, and warn ing signs.
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— is - c - -
- - n - ,  • n:- lj-c~- -- s n - .- ;  r e  I i n  : c r  - r - ~~- .. n- c’

n - — ’ - ’ - ~~’ n - ; r - i 1 - I t h -  most . ; r a ~~~L . _ a l  : n - o l i i t j  ti~.i5 f ’ j . i t  t n - ’
b e  rot~. - -  t io n - . : . O . ~ ~:: • 

- -- - ‘as - -i -a + i i i  nroc in- - 1 - - l et  o
a n i  - n-h rn-n e-; o~ - n - i: nc- I : r . c r  c - - ;  . T};r- pr - --cr:Ls ft~~so i ’~n i -  ic-

~~~~~~~~~~~~~~~~~~~~~~~ C an - n - i n n - n -  ; ‘ . 0:- f - -  n- -~~~ -~ ’t t n - a ’. r ’ ’ H - ” i a — - - i - i s c  coak r’in -- :’_
-‘si . X~) a- ’r f-n - n - . ary I ‘ 5+0 ;5-e () n o n - S r  ‘ ~aJ ‘c’S ;ir ’-s 1 5  -0 --

-n;a - - ’r- - t as a - of or -
~t I r r i— s—a - -  n - i  - I - - a t e : - ; . . n - ”  ‘ -a -

f b oo I - - nt  r n - - n -- - . - .- r an-s is shown on t so sap Cot -n; rn - - -

h- ’ 1 -0-) , C . - - r ro ii. r nj r , v o i l d  cr- I - i - - f -  H - o 1  I - s ~to ”s n - - :  ~- n  r i l 1 ion
i 5 n - : :  -i ~:, - - .i ttn -~- -c ‘ a t - ’  I re-sn-a : f l i : W  L ‘ i’ r - . .  n o u l  I no - -, 

- m i l l  or ;

~tnn ~a .  si:. . Sie C C-n i -cost  of C ~~~~ - I n - - - : - rn - i I l i on .

irr .ont ion ‘rn- I n- - -I n-~’icC

- n - . - ~~~ -.~ - - - , i n i  i n - - n -  ~aC ion ; - r - - - ~ ram in-iuie5 inr- n--~-~t ; .  - - : c o n - i s - -:-0..j  -s
a: - ‘ - ~is ’ - o c r  si p p li e s , effi -ient ;~~:1~ sat i--n of on- n - ; - I 

or  r r j~ at ion an - : I :o- --. - 5r  -~~~~~ i o n - n -  i i  - nrrn -c ’::t of -~~ 1
, )si() -a - ‘-c’s , ci C n1 oh

110 , ~~)- ~i - : -es y o u ;  I ce on n l ~~— ir ; an-u s . 

e n- c-- -- --ran - . inc l;~ ~~~- -om p i e t i O : i  1-v 1 noD of ~ o io-oan .n -  re in - a l  l b  -a —
ion - u of I r - r i . ~a on -: n - int e r  co-n - .-evan- -e n -- -:cn - t  en-n-n- : to Ca - - it-ate rare -‘CC; --

0 - :i i on - . an I f t c ’  - - - cr -/o t ion  of wa t c ’r  su p p l i c ’s . a - :  l i t b o s  in - c - n - ic’
in the ‘ i o t s - .r sc’d - nt r a l  A r ;  ;~ O I ~ t an !  l i x i e  P r o r e - -t :: wi l l  pro - ,- :de :
~t I I ~~ u - -na l •-n t+-r !~~r lands o r e n e n - i t i .’ j r - -ic I sp - ’I  fo r  C r r c -~at i ,  a n - h i l l
wa ’e r  : - : -p ~ -

- for :rri.~at ;-c; of s-on-c sew I n ’ :  In - ; in ~tah: an— i r- -~s ila ~ -
. t - - r a o e  t o n - a  - i l i t at e  ‘- re c i i i -  - c r - n - -C ti i i n - -. at i c n  of na tr - r n - - u p p l  ies .

w a f e r  rsnr -i~- -S .n - oen - n -t n- i-a. ;ure s , cu-- h as land leyc I so , bt c l :  l i - s i n - ,
nat~or  - n t r - --1 c t r u ct - i r ’n - s  , as-I  p i p e l in e s , arc ’ in ’-  I i  I c ’  I for : c ’t t r -  ~~~-s- - ;t  n-cl
an-c-I r -c ’ r - C C i - - i e r : t  on farm s e of i r r i g a t i on  water a n - n - i / o r  ‘ o rc ’ l r i - - r -  -c- sts
of i r r ;~’a t lon .  A total  of ~7~3, 0Y) a rc’:: of c r - p c a r c  I wi L :-e t r e a t r - I  n - - v

- at a a ’ cost of ‘ .3 m i l 1 i n -~:i.

D r i- i  t ne  p - - r i o  I I ~~- to I ~h0 , t.t;c i r r i  ate I - n - r~r - - ; ’-s t c ’i n c r -~aoc’ i s
nr c . e- : ’.c- I t I r i -rea se f’ ron- I . ~0 m i l l i o n  to i . -o~ m i l l i o n - :  a-re- s . A p - r t i o n

C Cs-- i r v c r e a s e  v-ni l I n - - e s  - t from n - ic re In -t I on of c rop  f a i l u r es  ( n - v
55, Y~~~ a c o r n - ) .  A n - i n  r amount of all it i n n - ua l i r r i g a t i o n  is expe ct -e . I  in
n-i t l ,-~~r~u gr o a n I—water n-- ar ; br ; ; . Thoug h th c- i r r i i -~ate-i l~~n h :  h ar - .-- - s t+ ’  I w i ll
inc r-easr- by - - c ,0(Y) a-re :; , fbi- total acreage i r r ig a t e - I  wi l l  inc n-- ’ase
only l7°., 000 acres , and increased water u t i l i s a t i o n  e f f i c i e n n - - i e s  ~ i l l
r r - : :u l t  in  b n - n - r e a s e i  water withdrawa l requirements  ~ f only 34o,000 acre—
Cr-n t .  A d d i t i o n a l  drainage facilities are provided to serve 68,000 ac res
at a cost of j l~~.L4 m i l l ion.
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M r u i c i pal a-: 1 15 i n n - n - trial ,-i a tr ’r

Proj ec t-s  :n - r -~n - i - n -u~ n- urn - i c r  - - o f l : n - t r n - i c - t j o n  or a ‘n - h -n - r i  n - - c I f-or --°n . • r ;  - —

+ ion su m - n i - .- n - -; ’ - .-O I in ic ipa l n -t n ! i n  I ; n - s t r i n l  wat i-r  in t n - c ’  c ’a r l :
o -t i c i ’ ;  p r o cr a n :  an -u i w i l l  provide -r-o ~~,000 a c r e — n - c c ’ of water  s- ’ 1 iOQ •

‘n - e s ’-  pro’” - I s  w i l l  provide wa ter  f or  muni cipa l arc-I i n - i n - n - n - n - t r i a l  rn - n - c’:;

he n-sa lon popU l ~n - t  on - rn -  -- ‘n ct- s of it :: ;rn.n- .-tz  , Ne-fri-Ia , -sn- n- I ‘ t i-cr -ci ix an-I T— ~ -‘son-n-
-~ri . rc -a , a-n- I t n - n - less p o p ub a t c - t  ar c ’a of Wash in gton  ‘o u n ty ,  b i ta t . n - ’w-n - of
t r i p  p ro i e~’ts are m u lt i pu rpose  in s--ape an -I  one, the s n - - n - t  n - e r ’;  n--u Ia ~~ ‘--r
hr o :ect , me - -Cs only munici pal ani  n - n  i - i n - ; t n i a l  see-I s .

-“ sa l t . n - n .n - : a - - i l i t i e s , inc t u dr- l in tn- c earl  a c t i o n  program to treat
:. r a - n-n-~~sn water  C -n - - 8 m u n i c i p a l  i t i e s , wo- . l n - 1  ha-i-- a total .  o - a p a - i ’  -; of Cd
n - n -  u i-on - - a c  lon ~- n - : ‘c ’r Ia - .- t ’-c s i r ~~isi i-rn -oc t p resen t  s u p p l i e s . - - t n - i  - - n - - on-n-n-n-c , n - s I  —
t i c s  are n ; , c - : c ’ - t -  I to mr n - n- — t most of t he i r  -no t - - r  n - c e  I n - .  t h ro n -n -  n -n 1 +~‘(n - n - n - v
- - s n - C m u--  ~ Ir - -c’  - c- ’n-- ; --- n l  of n - r n -  n-n-d—water rn-- so u r- -e u .

‘ n- : ” si~n~i c—p-1 rp ose n--I- - - “ a t i o n  u r n i r -n - r :  is c ’ :n - n - ; en - i t n - a l ly on - ic’ of l an-n- I
.-t cq u i s it  n - - o r . ,  Ca - i lit -Ic -y e : -oprn -n --~r i t , a .n opera t ion , m air l t -- :an - 1 - -n - , an I

a..-e mc ’nt .  n -Ce  t i c -  v -n - ar  1 100 , r~n - -- o  -t I °~~- +  rn - u il ion for  Ic ’ :— ] no”- - ‘ a - n - I
a - -n-- ;ir. it ion will  cc r e n ’u s r r -  I to n -e r - f  tot-al rca-real n - o r  n - n - I-c Is of 5J mil-
l i o n - n -  r~ .atjon In s. ~,atcr — rnse-l rca- rr- an- - r n -n  n - i - o r -  b; will total - .  rn-n- n- l i o n
r ~nut ion lan -+-s by 1 ~ “) an - u - I  no- . I I cost n -ic:- ~~~~ n-si 1 l i o n  :‘or b’vr- I
an - n - i a - q u is i t i o n .

i - n - i n - n -t i n . ;  le n --n - -al , I n s t ; ’ i C c -  a l , p :n - v n ; - - a L , n - u n - n - I n -inas -n-~ al c o n - c —
s t r ain :  s , on - n - i ’ i  35 ocr- - i -n t  of tl; e needs can !.e n - - t c- - - n - i c C ,  - - n- . ’ e c ’. -~ I 

r — r u t i n n  n- ’e In -n - . J - c i — -~’d cr r c l - ‘ - .~~] t i s - s  w i l l  na-i-- ‘ - “ n - - n - p a n - . !  C r r ~i r  c - n -”C -
5 , - ‘ v or t n - . r c ” -  t imes , an i  - - - - i - - m I I n - ,’-n-- l - .-es ;i -n t , : n ’. n - .  l i r e - - C o s i  i n - n -  I n - -~ - ’c n- ,
vi 11 I n -I n-’ ”  Co I en-- : can-u 1-’ 1. r rn -ar ;  — o n - - i ente I z~- - - -

, 1 -n 1ev-- 1 a n-m r-n - i t s  w i l l
par ’n - . -n - ui .—m r lv n - i- -~~I - - -  I - ’r a l  a s s i ; . t-’i n ’ n - e  n - c : :  -e t I n - i - ;  a - c - n - n - n - c t n - o n - -  -~- - n - -  :5 n - - - n -- —
“ n - n - i  o f ’  t n - f- ~~~~ ~l_ l  n-i t i - n -fl c o n - n - i _ S .

.-. - t t - - r — c a : ; e  I ‘-ecr- ’ --u t. ion - u  n - ic r - I c; -c-a -~ -- ‘n- part in  I i ’( rn-.o~ In- Cn n - il i t v
level n-rn -c - c -’ n-ri I n-i - n - e n - ; .- a cqu isi t  i - n  n -u n -. ex i n - n -’. in ~ 1 n i ~c’c sn - n - I r~ :n -~~ v ‘ I rn - is
t h e  a rc ’rtS ~ f ni-c I .  N a  1 t i  purpon -:e ‘A’atc’r ‘Ie ’c I -c-- ’- it , p n o - n -  r u n - n - n - : m -rev~ On -~. n-
0 l i n e  I w a - n -  - l n - -  - v i  I- - rc - r c ’at  ion - rr o- ° n - - I - i - u -i . Ct  lie r means o n -  n- :i+ ’ r- in  

I r .’- - n - - -n - c i o n  n c ’c-I : :  its- l i-Ic -- -a n - ia Is i-Ic parks, pro j~- - I . ’ ;  n - i5 i nn -~r i-- n- lab n-n--.” I — - n- n- ‘- n- - 
, - - t n - i  I S n -  ri ~n -le—purpose re - r - - ~ t : - - - n- r-’ .-n - c - r ~i -n - i  r n - n - .

- i s :  an -I y, , 1. l ] i  Cr-

-- - - —- r s : u i n -  l : ’ r r ; n - - - n - n - e  Ic’:.-’ lop rre-n -tn- ; :-n -- crt c i C- - u -c  r o n - u n - n - I  n - — n - i - I - - I  by
i n n - n - l u  I n - r u n -  thi- -i I am-,, h i x i c , an-I e - i t ra l  i r - b’~ r u a Pr n -j c ’ - - t . : :, n - n - , i - - e  t h e  cr -~~—
~~~~~~ I p- t n - i l . i.al to p r n z i - I c  niH n - i t 1.. nil I l i o r u  man— Ia-’s of f i s hin o  ‘ - n n i n - i q l l y .
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n- n-:. - . I n - n - r o n - n -  Ic a n - a - n - n -  .0 n- n - , i I u -c; n - n - n - n - n -— u n - n - : : .  n - i n -  C i s n - i r : . n n-’~r r ; - a a i  . ‘:.
- — n-i t -- n ‘ i n n - n -  - n - a ’. - r ; c ’  t- ’n - O nn - -‘o n s n - . r ’n . an - n - n i L]  n - i -  i n - u  m r - rn - - - n -on 

-
~~ - I ’- n - ; ,rt n - :-u n n- n- n:”n-, h - .- n-n-rn - ; : - . ,  n - n  sc- r n - - ann - w on -n - i n-i b -n - _n -. n-0 on -

in -  a n - — :  s- so - C n - r : i n - n - - n -  ] a sr - s  o n -  M n - 0 .- n--” n -: - l ’ - -u’ n - ’  s-’-n n - i  ,. rn - - -n”. - ’ rr C- , t n - n -c-
p.~~u as o”- n- ’’- : I [sn- n- r.~n- an , P u l l - u p ,  - - -- ‘m i x , and T i c - n - o r . — - )

n - a ; rc c - Cu — n - n - ’ r- - n - n -  - - — “ t i  - c- 1 -- In -. n-On- -n - —t i .’ t n - ’ _: - n-I - - -  in- I n-n - t 1
p r o m - - n  an ’ Ui” - c ’n - n - .0 n - i i ; un - n -  t n - u r r - p — n - Q ’ n - r f y.;. w n - n - n i : u  7_ n- rn- u n - - n - ’  of i_ b c- n -n - n - i t j ’ ; -n - :.

n - ce n - n - -  - n - - sr n - n - n- - ‘ n -  l i - n - ,  for  1, ~t C . n- acres H-f p r ; r n - .r r ~-~ r . . : r : c-se I n - r n - h  n - -a: ,. t n - n - . ’
i n  t n e  - ~~~~

- - to 10”- - :  Or- n - i - u . .-\c -n - , o c ; a t ~ ’I  f ‘ i c r ’n-n-n-au a - - n -s n -s l” t - - i i lt i e - c  are
- n - n - -. - n - n - ’ u ton- an - n - : ;  re - n - n t  ju n - n - n - r n - C: s h m n u ~ un - n - c’ of the t .’n-t .a ha ;-  : n - a t  “ n - -n - pc- - - - to
se in  o-’. i ; m t . cn- .:P in I n-- O- n- , The p rc n -in - r arr a l - n - n-i sr- n - -;: fr -n - ; Ci - equi -~-a “n t  of
-o n - u --’ rol l n o t e - n - -  an -n - - I I w o  war -n --n- -4n -i tc- n- - n- -at - h c ’rj i - s  n - n - i  u ~d0 t5n-) S t o n - i c  t n - n - c  a . a t l —
— t n - - b - n -  san-i n- tn -u n-

i st ’v n - r ; -’ c - n - n -  S r i -  len-san I:: for fi sh  an - n - - I  wj, : 111:” se n - o u r -n - i - s  v i i  - - me
in:, n -n - el s-- I ‘--I n - t n - —a n - n - sc - r n - n - n -  m t  n - n - IS  rr cn-~~t C’,- of - a r o -  t .r’ i -t . s I p -un - - l ie  land u e

san- as’” : to s-n - en-i n-I max icm umn f i s h  an d w i  1CIJ iCe val-n-e. ., n-n-ne areas wou n- n-i oe
n-a-n-a,n-n-e 1 i - i n - t n  - ‘n - n - cm - na n is Ii r e st --I to t l n -  p r - ; -  I n - n - c t j c n -n of  f i s h  an -i win-c-U i f ” ,
v u  tn - n - - n- n- n-c-’- - u - n ate - n - - n - n - n - s i  - t i n - r --u t ion  n - n -’ - - on-spat i : b e  an -ud / - ; . r - ‘omp lement ar - .’ n - ses .
A r - p r o c - n - n - a t  e l y  3sO ,000 a-r i-n - u of cxistin~n- ri narian an-i n-,i-tla n I in -~~ - i t a t

- I d n - : ” c - l to be set a:; n - - I r -  between l sn- r - and 1-~d0 to - n - c  a tn- u rn - i s t c - r r -  I pr i  s—
c n - p a l i v  n- r w i n -  ~I1 I Ce management . Location.; of th e  prnp on e .I p r in .ar - :-
p - ;r p - : n - o  w n - I -n - tI  iCe  areas are S -n - own  Ofl t. n -~e r n - n - up  I’d l o w n - m u m n -  pa n-i- ‘-4 .

!n - ;e -‘ n - n -n - n- -,- — i - - I  : on p r o-- n - ram inclu .Ies I l ue  i nr n - :: t r n - u  n- .j o f l  on - access rca In-n-
i n - u t ;  “n - r o t e  areas , I PSO ~~~~~~ an-n--I the n -t - : - ; e ] op mne n t  of app r ox u n - rn - a t . n - - l y  1,000
w i l I i t n - c -  ~n -itr r:ng facilities .

s- - - W er

By i~ d-O , the Ri-i--ion w i l l  need 12 .7 mi l l ion  kilowatts r n -f  — n - n - - n e r a t i n g
-aprt I I .- n - ru ’ - In Ii n - un -’ e x p o rt : ; on- ’ 2.3 million kilowatts——more than twice I

I I- C) loran-I of 3.9 million kilowatts . I t .  is anticipate ! that during
t h i s  p — r n -  n- -I , the p r inc ipa l  sources of additiona l electric energy will Sc’

n- n-n-n- rn-a rt s from the Upper Colorado Region which  w i l l  supply about ~~~ m i l l i on
S r n - i l o w a t t s .  Generating capaci ty  to be developed w i t h i n  the Region luring

the l -~~~-l  IdO period is estimated to be 0.8 m i l l i on  kilowatts from the
Monten-rurna pumped storage plant to be located near Phoenix and l.-~ million
kilowatts from fossil-fueled thermal power plants to be constructed in

S
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- - ‘ n --- ‘
~~- - - .- - - i n .  ‘-I- - h-- - ’— - r - -n -n - ’ - ’r U n - a - n -’ , or- . ;r-nt li sn - I - - a n n - mn - r n - - t n - o n - i ,

w- ’- i i i  s ; u n - o p l v  a . ‘ n - i n - m i l l i o n  k i l n - n - n - a t  t ’  . Pnirn-cinal “on -n - ; :- i ron-ion linc’s
rn - n - n -  --‘ - t e l  f o r  v n - n - s r  1 ~n - ’ )  a re  sh --~ ’n- on t n - n -” n-rn -p n- ’c -I l n w i r ; g  pn -i n- -n-, r- ~~n- .

- - ‘ ‘:  ~‘~~n - r ;  ; i— i - -n- M ; n - - - ti- M l’)’fl — - 0 0

! n - J n -  n - n - - u r p o : n - r ’  -a t n - n -r Supply

I-n l~~ - n -’), an estimate - f 1.5 r r i l I i ~~n ac r e - f - - n -p t  v— u n - e r  I e f i c I c ’ n — - ,’ n - n - a n - -
be - ‘ c - n - n -o n -n- n - c ’ n - - n - n - -n- an t i nuecn-t ~z. ro- ; n - u - I - - w n t ” r  over Ira n - n - - I n - m- -- ---c n - - n -  n - i ’ - • n-i n--

n - S f  b i ;-n -rt ion on -’ water n-n- supplies . Wat-’-’r with-Irawal re s-ui r --r ,c ’n-m ts are pn--°-

j e - : t e I  to’ i n c r n - n - a s ”  f rom the I v”) leve l of’ 11.0 m i l l i o n  oc r r -—Ie c ’t to a
1-c-n -el of 11.0 m i l l i o n  a rr e - f ee t  i n  2020 . n - n -’-p let in -nn -n- will i r u - —rr -~ se Cnn - n - n - -

~‘n- .J to 0 .5  m i l l i o n  a - - re - f e e t  in - a t h e  sam— pen -of .

The :n-ontbnu ing water  supply  program w i l l  p rovi l - -  wa t e r  to satisf~v
t n - n - ’ - i n c r e a s ing  leman- -uds ani  to n -n - r n -n - a t  i n -  re iuc e t h e  g r - -  ,n f -w a t er  o- .-- n - r  i r a f t . .
Tb— n -n - sn -v n- ’or - ’-seeanie met .h o I to — ff ’e - - t i v - - lv  auu~~ent the regional. vat -n
s u p p ly  w i l l  be ny im rwn-nt-ation fr om a n - u t s j  le t i e  Rr -~n- io- : , H-or rn - ’ru n-’.ons of
eC~’i n - f r - ’ ’i and n -ro t ’-r ; tia l  savings in costs , i n -n -n - snr t at i on  ,;tn -i l i e s  shoti l I
in n -n - - i , -I ’- conrsi—n-ieratn -ion of the nec-is of t n - n - c  i-n i - i r e  P a c i f ic  Southwest  area.

rhn-’ first au-n -n-m c ’nt nt i n - on  cc- n -n -si Ic rat u o r  viii cc as n- ’ 5e n- in. T i t l e  I I
of Un-c o I r n - n - - a  I i- R i - ,’er Basin Pro , c’. — t  A c t :  ‘ Th e Cn -n~:ress Ic-c I a r” s  thn -i t
t n - c ’  sat i s f ’ n - u-- t n - n - n - n - n - ‘n-f t n - ui - r i - n -n - n - n - i r n -n -n - n - c ent  n - n - of t.hr- I-tc’xi --an Wate r : - r n --- a tv  Crap- .
tb ’  - 10 1-n- rn lo Ri - i - -n- n - n - o n n - n - t i t- u t n - P n - ;  a national on -n -l iga t.i -n- n w h i c h  r h a t  1 -c t n - - -
Ci rn -c t. obliga’t I -in - n - n -’ sn -u n- wa te r  s-n-- cr- a t in - n - ri r n - r n - c  n-n - . p 1 - a n n - ic I n-our:- ; ;ru , n- , ’

;c’ct i n - n - n - u 201 of t h i s  n - t I  a--I a- ; - tho r i : - e - l  n - n - - i the o,n n -rr-ss.

f l n - - e - v n -  n - n - n - i n - ;  r— ” onna  u . ; n - ; n - i n n - —n- s t - i - l i e n - n -  so -i—- u r u l ;  O n - i  -‘ I t n - n - - n -i- an . n - u , r n - n - - : ; t  -at, i ’ n
-
~
f’ .b r n - n -  l i on  0, - r e — n - f - p t -  n-4”;uld n - - i - r - - q n - u i r - - 1  tc- meet .  t n - c  nat, u - .rsn- i oh1i~-c a—

t i o n  to ~‘ro-n-jco 5’; tiuc -jr -ar - 000. ‘ t n - ui- n n - - a n - n - i n  -u n - 1 n-r i ’n - t t t  j r - n  c n n - u n - n -i I - -ra t ions
i n - u n - - I - u  I n - -  n-.hr -  r at e  ~of levi - n- - - sr-n- i t in the ppr -r  ‘o n - - n - n a b  h r - g i n , t n - n - ”  neels
of the  so,~t, n - n - e r r i  n - n - a r t  ion of the ‘a l l  C o r n - n - i a  R i - n - n - i o n, an !  t i n - i -  i n - -n - -e n - u Ian - i n - i t
of thin- suppi-; Cnn -a r-n- t he  -n - o l in - r n - t ic - R i — i n- ’r .

A-wrrn - c ’- u t , -ation proposals i nn -  t, t u e  past have m d - u  If ’ I n- -s u n i ’n - ; ’e n i t - - ’
I n - r . : ’ - - r t n - ;  from v a r r a u n - :  area:; n t  s u r p l u s  n - n - i t s  I In - n - t h e  h a n - - i n - i c  n- ‘ n - n - u t h w e s t
area desal ting of sea water , an- i  p r e n - - i p i t a t i o n  managemen t . Ha- -h of
t n - i - s e  a l t— i-n a t i v e s  should hp f u l l y  exp lore- I p rio r I.- - imp l emen t i nn -~ an
augmentat ion program .

Precipitat ion management is hi-ing stu Ii—’ I as a pn n - ;n - ; itle source of
water for aw~rentat1-in. T r u e  p o t e n t i a l  m a g n i t u d e  of ’ wa te r  - i n - i a n - n - I  it,v that
might be pro- /i Ic’ I rn - n -  this m c ’thn- n - I is unknown , h- u t w- -n - u n - I pro: - a n - n -  ly -c-



i n — n -  f e - n - - n - a ’  - - n - 0  n- - ct i - n -n H— rn-un-sI c n - ’  In - , n- I ar -c r- s- -a l - -  rn--c I i  f i c n - i t i - n - r n -  he -mn- - n -.
~n-~i - n -~ n- i o n - u a l  , j n -  .- c -n - ;1 I rr- 5; - r- , r n - ; u t r n - - -  n- . n-’;-ln n - -i - t i n - - ’ r r - n - c -i f - n - n  u n-n - , p-’n - n t , n-i t u n - a n .

ir — rn-o r~. —n- id -a’; - --f ’ n - n - ’ ; r n - ’— n - - -c ’  ‘~‘ n-u’ i -n  from rir ea:n- of s n - u r n - n - I n - i s  no ii I r n - c  r n -n c ’
a n - i -t n- i -“ for n- - n- - n- n- . rn - n - ’ t~~

h n - -  -n- n-n- ti- n supply  le Ci i t ’ tn- n - n - n - 0-n- g i - an , as
-n- - - 1 -is t n - c a t  i-f t n - n -” r i-n- -u n - n  I - - n  a C to n -c - n - a  n - i  n - n -  -- ,0n - u t ,n-n - w n - ’ ; ; t  n-n- n”- - - . lt n -n -t h n-n -ri —
i - i n - - -  a -u i n - n - - u n -  ~~~ - ‘ - i t , l n -  u e ~s n - n - n -u n-c n-n-- - I - n- v a r i o u s  ;r ’ p o :-a l s  n - - in s tu  l i e n - c  - a n -

,

1 - n - n -— I i -  t n - n - r n-- -- vat  “r ’ r a- cn- f ” r n - n -  n - n -  n- rn-’ -sn - -n -a n- n -an- ’ s . n - r p l - n - s , s n - u ‘h as ‘On-nada an I
i- ha ‘~ ft ‘ I - n -  ‘ n - n i -r n -  . ‘i n n - I n - -n-c r , l e g i s l a t i - i e  -- - n - r n - s t r a i n t s  an I t , t u - n -  n- u i  i -n--

i n -  r n - i -n - c n- -r  f n - - . ; ’-w r n - n -- tn - u l ie s  n - n - r e - - - I n - n -  I-- ’ o o n p n -  1-n -rat i — n - n  — n- f t h i s  a l  t n - i -m a l i - i—
n-u t  - b in -n - t i n - n - ’ . t- ’-~- r ”  n - n - p e n  i f i c al  In - , t b-n - n- ’ec n - ” ar , ’ of t n - n - —  n - n t c r i n -’-n  i s  pro-
_ n - in - _i l_ - n - i  - c - n - I - -n- n-- tjt.je n - I o n - ’ i _ n - n - c  ‘n lora’ l - h i - n - e r  Basin Prolen-it A :t of
Ccc i- ‘n -r-’-’ n- - -0 . , ~n- jn -n - far  n p r - r i o - I  of 10 - - n - - ’ a r n - n -  from tn -n - c late of tn-n-c A-’ t ,
- r mr -n - n - n - r ,~~en n ~~~in ~ stu ii~ s of any p lan  for  th — i mp o r t a t i o n  o n - ’ water  in - n -to
‘h e  Hol~~rn, In-- P 1 , -er tasin  Cr cr n -  an-u -n- n a tu ra l  r i ve r  -Ir a inag e basin l - i i n ~c

- sun - si I-- tin-- ‘t a t e - n -  of An i r - o n a , - ‘n - a l i f o r n i a , n - I o l o r a lo , Jcw ~-i - - - ’n - i co , rn -n i
r h n --roe r n - n - ’ r t i - -n S 01’ ~eva-Ia , t a r n - , an - u -I -‘n -v n rn-n n~ that  ‘n - r ou ts ide  the

n - n - n - it -n - r a l  i ra in - ia -”n- n - - a n n of the :101-n -na tin - R i v e r ,

ti n - c l- n -s a I tm n ,n-n- of rn-ca w a t e r  n i -ma cn : ;  as the  one a v a i l a n - - l e  s - n - ; r n -’e t n- or
t n - u r n - c - s - n - a l - ’  ‘i-’ - u t r - r  u -n-- r t a t i o n  w i n - i - h  may n - - c - n - o n - m i ‘l-’re-i in tn - u n - n - tn- ’ce J

s t - u n - I n - i - n  - a n - n - i for m n - n - n - C S  , .n -eneral cor n - .  i nfo rmat ion is av-’i i l n - n - n l e . n - T h e n - - i -f - n r c ’,
i c ’ s a l tj n - , i -- w n -i: n - — o n n i l e r c ’- i  t n— n -  s o u r - ”  on - ’ af -iiI . i n-’n -u a l water n - o n  tn - n ---’ ben -n - - i o n - i

an -n - i t n - n - i -  n - - a n - n - i s  f o r  e :;t imat ing the  in-- ’n c ’ral  rn - n - a g n i t . ;n -  I--  o f  costs pr e s e n t ed
hc-rein. n-’, rn - n - a l a n  fa n -n - t n - n - n -n in c-n -nd I n - - n i n n -~ i m p o r t a t i o n  on a regional  b a s i s
is t-n-at . t n - n - -n - n - wa te r  sect s  of t r u e  -n -nt  ir e  Pad f in  ‘.on-uth w cst ar — a shou.l i
noon I c r u a t e l  i n - n - t o  n-u — o m p r e h e n s i v e  Io n - c of w ich the  n - o w e n  -‘n-olora In -’-

n - t ’I Z i o f l ’ n - ,~~s;i,n-fln -e n t a t. m n n  n — c  In - ; w a - n - I l  be an integral part. -~~p l’ r-at in n
sn’aul’i also be made of t he  possibilities of exchanging I-n-salted water

n- n - n ‘olora in -n- P iv n - n -r w a t en  pr r- i -n t l y  h i - I n n - n -  -- orm v -n --je I to the coastal  areas
of so n - t n - n -c-rn lalifornia , t h c ’r e nv  r e I e a s i n~- - n- o l o u - a - l n - o  R ive r  water for  use
v I ’ , t i n - n -  t h e  b a s i n .  This  wou l - l  o f f e r  only  l i m i t e d  a u g m e n t a t i - n -n - ;  as tn - ce
‘n - n -n - - n -n- i t i n --n-:: to he t ive r t -’ i a f te r  CAP is opera t iona l  won -i I sn-i t exceel
550 ,000 ac re-feet. ~ m t u r e  s t ud ies  shou l - I  b~ l i r en t e - !  also toward the
s i t i n n - - n -  of n-ra n- or desa l t ing  f a c i l i t i e s .

‘icr t ie purpose of the Type I stuiies , the following assumptions
v c ’r ”  rn- a ’!—: (i) that - f e n a l t i n n - n -  f a c i l i t i e s  would he locate I a long  the
n-n- -outr :ernu ‘aliforn ia coast; (2) that desalted water W o - u l-i be conveyed

- lak- ’ i - tea l :  ( c )  that  the 1906 to l~~ n- p e r iod  of record defines the
q u a n ti t - ,’ - - n - ’ °o l o r a - I n --, River water avai lable ;  (14) that the initial
m n-rn-r-artat jon to rel i--vi ’ the basin states of the  M e x i c a n  Wru te r  I’ r eatv
bur n -len woul I he a national obligation and would he implemented near
t~n - u r - ~r n - I  of the  l ) b ~ to 2000 t ime frame ; and. (5 ’) that au~ nentation
water won-n- i I i ro n - lu  Ii- n - n - u t’fi”ient quantities so that ground—water over-
draft w o u l d  he greatly ri - lu--ed by 2020.

n-j7
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Tht’ n- ’ n rtn-ncc- ;n n - ’k p r - - n --n - n- ’a_”-’ p r - n - n - n-n-i I n - n - n - n -  f or - 5c 0—-~ n - - n - r r_ at inn , n - n - ’ or n- n- 5 - n - -

‘ - ‘an-’ ~~~~~~~~~~~ of 2.25 m i l l i o n  acre—feel , on - ’ desalt,c i n- -a Win - ’ e n -’ ‘ - n -  t n - n - i - i n - y e n
-t o l - n -n - - a i n -  i- ’-’;-n-iO;n- , m d - u  I n - r u g L80 m i l l i o n  a- - r e — r n - n - ”” o n - ’ ~-r r t n - —r t -  - S n - t i n - n -  n- -n-
t b - n -  mat cor n -al obli n- -n - a t i  on - u to i- n- e x u c o  ar c - I  0. S’ n- rn-c i l] ,j - o ’ u  a,-- rc-~~;’ n - ’ n - ’ n -  as a
r egiona l  r n - r ou- n- r’ar- . l ake Mead w o n - u I  1 pr -- n -n - i I-n - n - n - c a n cnn -i l n e n - n -n - u l a t o r y  n t n n -a ,-n - r’
fn-nr the i n-n-n-ported water , thus a l lowing  rn - a x - in - n - n -n - n - n - i  n - u n - n - c  of’ the  fa- - i l i t i c s ,
whereas alternative Icu wr n - n - n - t , r r ’run-’, reservoirs  - I n -~n- n n - n - t  provi Ic a - ln - ’ -’n -u a t c
storage. “ n - c e water q u a l i t y  bene f i t  n- ac-hi-- n-c-i I n- ro n - u n--n- h nmixis,n- h i g n - ,
q u a l i t y -Ien -c m’t lt ed  water with Colorado Rive r water would i n - n - ’ c~n-tr’ru: ’i -n-p ,
ani  S use of Take Mean-I for storage , a port ion of toe increased costs
c o u l l  be recovered throug h increased power genera t ion  at Hoover a n l
n-avis 1~ jns.

I f  the in i t ia l  water importation were in operation at y ear  2000 ,
t n -n - c r c  would remain a regional annual water de ficiency of an - - ou t  Q • n-45

m i l l i o n  an- -r e—fee t  which  would increase to about 2 .1 million acre-feet
ann-i-n - all - n - n-n- 2020. It is reconnuuended that between 2000 a-u I 2020, a-l l,i-
ti—” n-iaI i mportation-i facilities provide about 1.)  million a—re-feet
ann-n -n-ual lt-, thereby reducing the Region ’s annua l I i - f i c i - n --rcy by year 2020
to 0.17 million acre—feet. It is expected. tIuat s n - r c  g r o - n - n I — w a t e r  o ---r-
draf’t wil l  cont inue throughout the study period , partic-ular l y in -u on -n -tI-; in g
basins ~anote from augmentation servin--e areas.

A dd it i o n a l  faci l i t ies  would be in n - n - lu - Ic --i tn -n - ron - t en -,’ t h e  successi-,-e
Stan-es of imported water from the Colorado River to the  areas on-’ need.
‘ : - - nr-n- i rn - a l  regulatory reservoirs having a combine 1 stora n-e i - a n - - a n - - i t - n -  of
a r - o n - u t  ‘ -(Y ,OOO acre—feet would be required in the vin -- i n - u i t i n -’r n - n -  of thn --
ma,i-a r desrcar,- d centers. n - su ch  reservoirs  also w- -n - - u i - l p n o i i  1.’ n - i n - - n - n - u t  1- - - -

surface  an -n - r i- s for re-n-n--ration opportunities and for fish an—i wil l li n -’e
- u s e s .

- ther facilities providing suitable water for mul- -ip -n - r p - -se ‘uscS
include tertiary treatment of 680,000 ac-re-feet  annually of - - - ‘n-n - un - i - n -
t i o n a ll  treated municipal  and industrial  Wan--;t,e water for ren-use in
-idark ‘Ion-inty, tJev-ada ; and in Maricopa and Pi n - n -ma t’ounties , Arizona , n-- ne
t r e a t m e n t  of an additional 0.0 mil l ion acres of f-ar cn - ; t l ard s would
increase annual water yield by 150,000 an-n-- re-feet.  Au~~uentat ion of
water supplies in the central Arizona area will provide , I n - i n  n -n - u~~h water
exchanges , additional water for use in upstream areas for rn -n - in i c ipal ,
Industrial , and mineral production nee ls , as well as for alleviatinn-n-
irrigation water deficiencies. Reservoir storage totaling Q,u4 mill ion
acre-feet is provided to regulate flows for use in the ;uru rctream areas ,
largely in the ;ila fiubregion. n-3ee the following map, ‘ Potential Water
Resource Development Continuing Program, 1981—2020,” for water resource
deve l opment .
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“ “u t e r  n - ,’ n - u a ij t v

A~ water’ n - u n - n -- in the Upper ‘olorado b e gi n - n - n increases , less water ann-I

p e on - n -n -n - ’ q u u a l i t - ,- W r i t e r  -o u t e r  the  s’n -wer  oIon-’n - In -”- Region-u . p c-- i n -’ic n- ;ali ni-’n-

~-or ’tr - n - l pr ~nrurn- n-n- are propose I for  t i n - -  L~ s 7— ’~n-as an-i  Y urn a areas, t’- n - r Plue
.n- p r- i rn - n -~’ in - n - - he n-n- n - n - n - t n - u  of t he  I i t t l e  ‘ol on - ’a -Ic n - Ri -n - i -n , a n - n - I f— c r La ’,’cn -rkin  2n -n - r Hn -’n-
in c o , r ~r n - w e s t e r n - i  ‘ ‘ - ‘un- . These program s w n - n - n - I d  n-n- c  e le r rn - ’ -n tn -n -  I’m a n- n- om bi  rn -c I
.l o l - n -r ’a  mm Ri’,-er ian -n - in .‘ -‘ul init’n-n- Iorutr -n-n- l c —n -n -o n-- n-un-- recn-n-mrr r’-’, n - c l  f - n - n - n  mr n - t n - I er—i-nta—
t ion  n - n  ‘ - - t b  tin - a n - n - n - er and 0,-ic r  lo lora - lo  Ren-’uon s . —~r ui i- t n - c e  e l - - n - n - n -in-- rn- tn- S in - n -

t n - cc b an -n - i n - n - w i ,  Ic c- n- ’ - - n - n - n - an n - l ’n -- ’at c I wj t r u i n  t i n - c  l o w e r  ‘‘ r n - I o n -  in n - - e n - I n - o n  Wo n - u  i l  pro—
-n -i I- - - -n - . ly  a h r -mit e - i  degree  of s a lin i t o  impro - : crn -n - c r n - t , i rsc-l - ’r -n - t a t i on  “n-f’ t n - n - n - n-

-n -n -n - c n -n -p l ete  n - n - r n - n - - n - n - a n n -  n - sn - n-u  hi n -- c h ign -u ly si g n n -  f i n - n - a n t , n - n-n-lo ; ’z’i.ng n - - n - n - n - I  ?‘n- p en - -cot
of tn - n - c I u n - n -n - ;o l n - n - I  n a n - tn - - in the river at ~ucc n-ica I in t m’n- ‘i~’-’jr 2000 ,

n - a n n - c - s c a l e  i rrn - mn - -n -n - r ta t i - sn of h i g s  qua lm- -n- water a l so  w- ’n - n - u l d  be efl’-~- ’tive
in rn-’ luci nn - n-n-ali’u ty of ‘oloralo Rin -’i-r water; rc—n-we vn --r , t h e  proposed io n -n -p -n -n-
tation-u of water is  n - r n - t e n  n - n -r n- to satis:’n- de let n-on r ’ e - r u i r e n - i ’ e n - n - t -n- only on
sn -c n - ia l legislation w - n - n - u l  I se nr-cuire-I to a - u t h c n - r i n - ”  i n-n-n- n-n- n -n -r t , a t i n-n - n - of wa ter
pr i m - n - a n n -  I n - n -  ‘ - ‘-n  q ua l i t-~’ -: - n- n t r o l .

“ n- n - -n - n - n - r ’ n p n - n - c n - e  water  s u n - n - a l i t ’ s  pr -- ’, rarn-n- i n c - l u  len - n - se- ,’eral waste w a t e r
tr -” atn -n --o’n- n t, p l a n - n - t n - n -  a n t  reuse l’an- -ilit i n - n - n -n- at- n - n - n near tn -he p lan -’ r’-s of use.

I e ann- sng tn - en - n - i -  is a 150 mi llion ‘ a ll  ‘,n -nn - n - per Ia’,- no -lear le n-n -alt’rn - ’n - n -n-

plan t near Bun - i-’u -- , A r i z o n a , t -n - t reat i r r i , .n - a t l ’) rn - r e t -  - n r c  f low f-or r n -- n - u n - - n .
A Ien -n - a l tn - nn - ; p la n t  is also n - -n - n - r n - sn - n - l en d essentia l  t n -- t he  5—eatme nt  of
en -I l c e n - , t s  fr )r”, the  Tarn - -

‘ n- n- -a” area.

i-n a - I - I i t i o n , tn -ce land t rea tment  an I r n - an -n - an -n - i -m e n - c t  p ro I r a r n -n -  -lesrnirei in
the  f ol l o w i ng  n- ce- ’t ion w i l l  m a t e r i a l l y  n - - e r u e f  i t  t h n -  w at er  q u a l i t -n -  of n- t u e
n - -.ejinn ’s n -n - u rt’a- n-e water Supply .

n-ont~ y u - u e I studies are proposc’I for the identification a-i l solu t ion
t phys i - -a l , eng i neer ing ,  legal , and institutiona l consi-terati’n-ns neces-
sary to tnc impl eme-n - t r n - t i o n  of ’ -i sound water q u a l i t y progran-, i’n - n- r t he
0i-u’ion a n -n - I the - - - n - t i r e  Pouthwest.

han -i I n- rca tn -ren t  and Management

i n - o n - r i - n - t n - n -i- I pressure on the l an - i  resources , inherent in tin-c expanding
n e c - I n - n -  an-I 1— man - u - I n - n -  of tin - c R~n-gion ’n population , will nen-’essitate (n-ontinua—
tion of tn - n - ’ early n - i n - ’ t i o n  lan d t reatment  and management pro n -r n - ur .  on u n - 3 , 3
million a- ’ rn -n -s. ln u n -- n - st c a n -n -e n-n- , the same acre may r n - n - on - u ire treatment n -rn - or e
than onc e I u r i n n - n - n -  the -cO-year  p e r is n - -l ne-ause of Irn - ’n-elopment of inn -pr- n-ve t
methods , or n-n - i-- a n - u n - c e  01’ ‘he limited ii n-’e of the measure  or era ‘ t i n - n - e
i nr c t a l l e  1.
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r n - n -p lan-i t—— ’n - ’ n- n-,n-” - ‘ - - ‘n - n- in- n - i r ~,; la- u I tr n -n -n - ’n- to-n -en -n -t an I rn - n - n - mn - ; ao- . - ’r - n - , t  Pn-’~~ in- ’Oi’n - .

- - n --n - nm — m n - s n - n -n j r n - nni n - -,’ -n - f n - n - eq n - ’n - u n - ” e n - n - f- cr ’ eros i on-n- , n - c  l:r , -n- n - n - ’ , -- n - n - rn - i ( n - f f - - -‘ -n - -—
n 1 t o  ‘ c in -n - n - Y~-’ ih le  I n - n - n - c  ab on -u t  tuPO , n- )On- ) a - - r n - - n -s of -n - ro n - l and l ’ n - n c n - n - g  t n - , e

i n -  I~~~~ ’ I t o  10 0.

ccrt n - in -:c n - a i n - 1l——r -t enn -n -u res f an  c o n t r o l of erosion --u , w i l l - c  re , ‘-n-c 1 n - n -~n- n -n - n - n - n - t,
‘n -_n n-I in,’n-n- a~~ing r n - r u n- f l ’, ri n - , I for imp r - n - -~-ern -ent  of fnnaoe n - n -’~- - i n - u n --t, I ~‘n - t - ~ an —
n- r n - r i o  In -n - I fr - n-’ an - - o n - ut ~‘u rn-n- i I n - i o n  an -n - res  of ran n - c l a n - u i .

- n - n - n - c ot han i—— ~- ’ ron-n-n- rarn-n-n- for rnn- -n - c n - t i r n - - n -  the  l en -n -n -ar m is for  t n - n - n - res t  r e s o - u r n e s
aol uses  by 2020 w i L l  require t n - n - a t  a b a - c t  cO percent  of toe  f o n e n - c ’,
n e s n - n - n - n -: e r n - o t e r n - t i a l  be developed. ‘Ib i s  is equi ’.ra lent  to the l i - -n -cho p -
men-it of about 7.tn- mil l ion  acres on-’ forest lands turin ’ toe u - e n i o l  f rom
1 ~n-l to IOn - - i ) . Treatment of for e s t  lan l to i n - n - r e a m - c  water  y i e l d  n- - ,’
-a n - n - n - n - u t  1 - n-) , 000 a-n -re- feet ann ual l y  th r on -n -gh “ -n - gin -t n t  j ’n-e n-n -n -a ’i an -~~ment  an--n - i  to

n -m p r o ’n - e  t i n - r i m - e r  an -n- I forage pro-l-;ction is t n - l a n - n -r u-n -  1.

‘irban an-i -i ‘ther-- ’l’he pro: n-rnrn - p rov i—l r n - :n - for i n s t a l l a t ion  of l a n d
tn”atn-rcn-n- t a - n - i n--n- rn - n a n - n - i -n -n - c ent measur es n - n - ru ab o -ct  510,000 cores of -orban en-n- n-
n - t n - n - e n  i a n --i Is for  er- o n - n - ion --n- , n- n - c U n - n - e n - c t , an— I n ’n -n o f f  cont n - n - I I n - u r n - n un -n - n - n - n - i -  1 ~o~)
to 7020 p en n - n - I .

iloo l n - o n t r n - L

The - n - - c r n - t j n n - u i n g  f n - n - rn -n -”- I, ‘ n - n - n t r - ol pro -n -n - - an - n - n - i nc ludes  in-- p- n - - n - n - c  In --n - n -o n- n-n- t o t a l —
i n - o n -  n - -n - or ’- t n-ian l , 2  n- n - , i l l i o r i  a c r e — f e e t  of st - n -r ’ a ce , 535 r i l e s  of channel
i n - n - n - r - r n ’.-n - - n - ’ - n - n - -n - n -’,s , a_n i 165 rr, i les of len - s ee n - n -, Ian I tr e an - ,rn -r -r , t p r o t e n - ’ t i c - ru c-n
o5,000 a res , -a n - n - - i  n - n - o n - n - n - n - t m - n -  n - t n - n - r n - i  I r n - n - a n - - n - n -’ in - ,, . A - i-- ra n- - - - annual  b ene f ’u  t , n-
from the re -orr i ren m l  flood n-mi tr al n - n - rn - n - n -n -n -n-n-rn- by 2020 would a’-~’crage a’ - -- -it
i2”I- mill ion--a reduction in t’In -- o I In-un -age of approx in-rn -u ate iy n - b  ‘icr-- n -- n t .
I t  is not phys i -~a 1 l y  n-sr economically feasible to pre sent an - l flon-n--n - i

‘l~~nage due tn -n - true complexi ty  of weather  an - i  topo n-- r a p h i n - -  f e~~t m r e n - n - , aol
the  dtn -n-persed nature of the damageable values , Remaining i an , a , n -” n -  at
the en I of the n t n - u n - i y  perio-.I w o u l d  total ~~~ mi l l i on  a n n n -u a h l ’n - .  n - b e
l’ frn -~ -702O Flood ‘an t r n -n -l r-~~~ram i _ s shown on the map fo l lowing  n-n - a n-c )h.

t’- nicipal and Industrial Water

‘n- he program to meet long—range future n~’e Ic ; of the Hcglon t ’or
municipal and industrial water includes conservat ion of ex i s t ing  sup-
p l i e s  and augm entat ion of ex is t ing  supplies by tmportat ion , t ransfers
from other uses , ground-water development , -desalinat i-n-n of n-n - ra n --kin -n -h
supplies, and water reuse facilities,

Municipa l and industr ia l  water withdrawal requirements are expected
to inc rease by about 2 miflion acre-feet between 1981 and 2020.
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is  en-; n-n- u - - a t, ’ - I - hat .  -
- n- - a - u s  n- ”' r n - n - ’ n - rn-_ n’—, n- n - i n - n -  I t O  a , n-” n -  n - i n - n- an - n- I - - - r —

- “I n-

n - i l l  n~~sn- u n- i n  c - -n - n- n-n - i- n - n - n - t n - -n - n --i n c n - a n - n - n - . f n - - r n -’n -n - fr-n-rn - c - r n - ’ . .  - , n - ’ n - ’t l  to
“ n - n - ’n - n -  ‘ n - n - n - - i l u c i-rc. :n - - e n- n - a , or n-n- ,n - n - n - cIc j :n - -”-_ I ‘ -rn-c - n - ’  i n - - ’ji’ on - n -j - ‘ . n- - n - a n - n -  - - - n - - a n - t n --’- -—

n-~~~* 1n -~n in - n - n- n- r n - n -ni -n’ n -il wa n- r i n - r n - ’  - ‘ tn - tj c n - n - n - pro~~n- ’’ -- ’ . ‘on-n-n- n-n- i-t n - -or  o n -  tn - n - n - ’
, n - n - -; ’ n - n - -”n - n - - - -n In-n - - - -- ‘V , n - - r  n - n - r n - - p - n- n- ”~~- j 1_ n - c t - S  ‘n - n - i  i- n- , ‘ - n - n -  ‘n-’ a t°  ~ i -n -- n- n- r ) f

‘ n- an -’ -n - - c -an-n- n - u n - n -n - i l  n- n - n - - n - n - - n - n - . ‘ ‘ n - - n - an  ~~‘n - n -~ ‘u, 100 ‘ n - n - j I l l - n - n - n -  allo’ cs n - n -  j,~ , -n-n- ‘ i n - -sn - u n - —
-o n - t i  i p ‘ n - n - , ’. : - r t r n - ’ a t n - i n - n t  of n-n- u r , I  - 1 p-a l w a n - ; t e rn -  i s  scLc’I’ n-~ - - 1  for  l a r ~

‘n- n- uru ’. v  in  n - h p  I n -hi t n - n -  - CX) ) t n - n - n - n - i -  n- r n - n - n - c, a f t e r  ‘n-n-n-n- b-n- tn - n-n- n- rn-n-api’ ; ‘n-- n- n - i

~e n - n - i- - ’ 1 - - u . ‘- n - n - -n-b - n - n - n - n - n - n -  n - i c - j i l t ‘ S  n - n - n - u , n - r u - n -  ‘ap ”i- - i ti -n -n - ; ‘ u o t n - I n -’ ; n -n--l I~ ‘n - n - n - i n - u r n - c
n- a l ,lonn n - - n - - n  n -a l ;  -an -- n - ’ m d  .c Ic I in t n - n -n-n- un - r n - n - rn -n -n - rn - n-n- -’- t r ea t  in- m-a - ” rn - i s h  ar c  -n - n -

wn-n- t r- ,- - ’ : n- mun~ ‘ ipa l uc n -e r ,  in - n -  - ‘ - n-nJn - u r u n- ~ j i - n -  , mn - n - st of wrn- ;ch ~ r c n - n - n t i - - m t . —

I n - ”- I .  An - n - n-rn -p o ” on - ’ ;‘ , hOO a c r e _ n - i - c t  n - r n - n -n- t n - i c  n-ar n - an n - n - Ri -er i n -’; in- ’ I - I~n - i

n - - ’ s- - p n i y  w a te r -  for mu m - i n -’ ipa c n - n - n - - n - c -  in n- rc~ I - in - , I n-on- t-~exico. 
n - ’  - i n -  - rn -ur n -n --n - se

r en - rn - c  I ’ n -  r’; s n - - n- n-an --’-’- n - a - i  t n - t b - n -n- ’ in u n - n - n - a r a r - n - an - n -  w a - c l  u n-n-on-’i-i, tn- n - - n -  ni-c In -n - n - n - f
“ n - a n - c’,’ o n - n -n - n - i - n - n - rn - , ab - r-r r n -n -mn-rn -u rn- i t n - n - ’- S _  o n t i n - n - ,eI n-c -s i -i  n - n - - r n -n -n - n t n - f n-’roJ n - ll — ” ,’-tcr

n-~ n-~ n - n - 1 i -, n -  , wi t rn - i e c n - n - a l t i n n -  won-n- ni- rn - e- -essary, n - n - i l l  r n - - c t  tn- .e nee~s n--f n-n -n - n- ’n- -n - t
of toe  - n - t n - - n - e r  n - n - n - a l I c - o n - n - rn - n - n - n - nn - ti i -m - .

1 n ~’ c  n - - n -ation a n--n - - i  - rainap i-

It is ‘ n - - n - n - n - - u n - n - n - e ’ I  t n - a t . r n-n -n-h o n - n - i l :  ‘n - a t i s n  n - I ’  n - - n - i stUn-- ’ n- ,rrn - ,n-at ‘ -n - _ n- ron -n-en--ar ‘n-n-
t n - n - r n -S , ‘sn -n - c re n eon - n - r i -I , w c  I i  have n - - c e r n -  n- :omp e tc  I ‘n -v  1 ~n-’ n -l ) . :t in  est, —

n - r n - a e l  t n - , n - i ,  I n - n - r r r n -~’- t r ue  p e r iod  I n-~d i  to 0 ’ ) , an -  n - n - o t  1- ’ , 00-n- n -a n -’n-’cs n-- f pr - - n- n-’—
“ n - n - t n -’,’ n- r n i , ,-.-a te  I lands w i l l  c c  o-n- c n - u p i e d  n- ‘n-n- n - r n - n - a n  ‘mn - n- vc l n - , i’n-rn-en n- , .  )urn -r y
t h i n - ,  n - n - i - r n - - n - u, a n- -st - n - a n - n  or ’ n- . ,000 a- - r i - n -  in - ,  ir n i g a t  ci  area is  p m - c  i i c t ’n - ’i.
To -‘n - f : ’ - ’  t i  - , rn-

~~~ n-n- u t i l in e  tn - n - c  n - o n -n - p o r t e  I ‘n - a te ’-  an - n - I to prov i de  w a n -  ‘- n t n- r n - en - c
lan  Is , ‘n -i d u t  n - n - n - n - n - ti n - n - n - n - r u ’jr n - n-Jar r - - , n - ’ j c n - t n -’n-n- , s to n - n - n - n o ’  an -n - n - n - ct 7 n-I), ))(j a - ‘n-es un-n - i l

n- ,- e ;n -rc n - ’;i 0’ u. Portcn-.n-n n-n- of n- n- n - n - i - s n --n- l an - u I n - n - - a r e  non -  i r r  I n - s n - i t ” -  I ex -n -n - lu siv r ’ly
f m- n-rn - n - ” o  n-n - n -h n- n -n -tn - -n ,

n - P l c - n -  n-’ : ‘J in - u uin- ’ nrc- n-n -n - rn -un - , f-n- n i n - un - t - ullation of n-”, e rn - n - n - n - r n -’- n-n - n- -cr  n - r r l  - -n-at ion- n-n-
,~‘- n - ,c ,” n- , run -a - -n-’ -r n - e n - n - t  - n - n - n -  I .-c- n - m i l l  , - - n - n- n - t n - ’  r n - n -u; is n -n -r ovi  I-n - - I  to n - n - - - n - n - e v e  ‘n -he

n- n - --- ~ - of -
~~~ n-~n-t rn- j rrigati’n-n waf,r’r n - u n - - c n- n - r u  t , n- m ain -m t -a In  tn - c e

p m d n - n - ’ t i  o n - ’ - ‘apai- i t - ,’ of ‘ n - n - - - l a n -n - I , 14 1 t n - n -  t i n - -  at lit i n- ri of i n - n - n - p - c n n - n - n -  w q , e;-
s p ç n - L n -’n -n - n - -n-t n - u i  p r o - c - - t e l  i - n - r n -- n - n - n - e n - n -  in i r r n - , ’n - t t i - I n - - a n - n - I n - n -- n - i n -n-n - ” - ” l n-in-n -n - i , n - he
p lan  p r - n - -i i-len - n - n- ’- n - n -’ ’ uI n - ’n- t r a i n - n - n - i n - -- n - a  - j lit. ur n - s t n-on-- n-tn a I i n -  t . I -n -n - n - a l
120 ,000 an - - r - - s  ‘ n- -i ‘n-- ear 2020.

0’ - n— at , - 
- - n- c

T i n - ”  n-,n-ont u n - n - n -u n - r i - - n - ( 198 1 to 2020) rca’ nea t i  on program w i l l  n e - n - n - n - n -  r n - n -  ~858
mill ion for the acquisition of n-~-& ,000 a- -rem- of land to satisl~y projected
ru n - ct- - in - ; i’or - -n- million recreation n-jays.

~‘~u l t i p n - u r p n - ) n - n - e  reservoirs in the -l ila Oubregion w a - n - I d  make available
about n - )  000 surface acres of water for recreational use. n - rn - i - re woul I
remain  an urn-n-net need of almost t~5,000 acres of water by the year ‘- O I n - O

t - - . s a t i n - n - f ’y n - n -o a t i ng o p p o r t u n i t y .  ‘anaiside parks constructed in ron , n- n - inc~
t io n  w i t h  the  Arizona Aqueduct would pa r t i a l ly  meet ren - -rea t ion  needs.
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The n-n -n -a, l o r i t , ’ of ren --rea t i on nec I c~ wou l d  l a rge ly  r n - n - n - r a i n  n -n - rui n -n - - n -. ‘~~i t n -n o , ’n-

n - n - c --it f i - - a tj ’.n - ,n n - f ’  en - - n - i nt l rug le n- - n - a l , jnstj tn - n -t ,i on -n - al , an I f i n - u a n - n -  - in - i l -n - ”ra -’u n - - -n - n - ’ c i t.
I cese n - un - u n - n - c t  r u e - n- in w o : m l - .I amount to 2I) ,~ m i l l i o n  re- -n -n -an - ion la’n- ,n-n- 8.11 1 ~

j  n - b - n-
m i l l i o n  i”c-r the por io-l  I ~~ i — C ~ 0.

Pish and i- ’n - l d l i f e

The rn -mult ipurpose developments p r c c n - e ’ u t , I n -  b e n - n - n -  - ‘ n - n -n c n - c i l e r ’ c i  for  ---on-
n- t r u s t  i on - n -  and improvement for the period 198 1 to ~‘0 0  h a n --n-n -  t n - n - i -  n” - t i - n - , t i a l
to provi I— aporoximately 1.0 mi l l ion  man- -ian-i n - n - of ’ i ’i s hl n n - n - n - , of’ wr , u ln- a n - - c - u t
60 percent won - n - I d he expended witun-in 75 m i l e n - n -  of ’ t n - ic ma ,~ n - r un oar ,  -“‘ n -n - tens .

‘m n - n - a l l  r-niman-n-- -p n -n -np orn -n-’n- imn -n-p on-n -n-Ir n -ent s having a total area of 32 ,n - u - , C)  a -o re s
n-n-ri- i n - n - - lu tn-n - i in -n - t n--ic prop-n-ra n-n to meet the fishing —I- cr-and dn-uninc ‘t n -n - l~~i~1
to 2020 neniod .

Pr- n - n- n- nn -u n -u — mn - n - ; socj a tej  f is in -e rn-in-en access f aci l i t i e s  to am - s  n -re  opt -an-- n - rn - .
f i s h i n g  ‘ n - n - c at-c pr o- n--ide’I  in t m - c  program . Also , ti- n - n - t o - n - r n -  the availan- : I n -

na n - n - n- tn- a t, an -i that  proj - n - - n - t e l  tn  meet f i s h i n n - ;  l i - m n - a n - n - t n -, t h e  u n -n-n - n - n -ra m -. pn - ’-n-’; i I- ’-s
for on -n -c coin-I wat e r  ha tchery  e n --er -i 8 to 10 ‘n- n -n - a r m -  n -n - - u I one warn-n w a t i -r
ha t - t n - cnn -’  e , r , r i  h- to ~ years.

T n - n - c  c - n -n t i n u i n - n -g wi 1:Uife p r n - n - g r n - n -,rn-n- for th i -  l.n- n-wpr ‘olor-a lo hon --n -b r,
I li -n -n -ti n-’i en-n- 11.5 rr n -n - l l i o r i  a n -n - r n -n - n - n -  of p u n -  lic ban I n - c  as n-ce edi nn -cn - mn --re in - n - t c n - n - n - n - i V n - n -
n-n -an -nn -’icermn-er’ut t n - n -  - i t c id  n-n-uax ’i rn-n-wn-u wi I - I l  i f e  vr i ln - ;es .  ‘b -me areas ‘n-’o- - I -n-I n-n-c m an -n-ace n-
w i t h  en - rn - In -an -n - is ‘t i n - n -  - t n - c l  to the pro L u - n - t n - o n - n -  of fi sh and w i ’ n- -i l n-i fe , w i t n - n -
a;n - n - n - r n - n - r n -~~jatc’ - ‘ - ‘n - n - u r n - n- derat n- on of comp atn -  ole an l/ -n - r  - n - on - -n - n - n - I n - n - n - n -, entam- - ,’ n - u s e s ,  n- in - i-
I In --an - I fir- I areas i n n - I n - n - h e  some of the rn - n - n - n - n i -  vaI n - abLe  w c ld i i f n - n -  h a n - - i n - a t .
an--ca n- c in - , tn - n-n- i’m- n-n - n - n - b -n- , p i n -n - s  other areas whi -n -h mn - a.’- - a n - n - i n-n -n -h In-n- n- d o  n-n-n- r n -n - u t
n-n- n- - n - t n - -n -ut j al, -n-i e tn- n-n- t h e i r  locat n - o n  w it n in  reas n - onan -  I n -c- - u n - c e n -l i n - m t -n-tn-n - n - c  of f j n - n-n-

mn-n- a n- or n - n - n - n - ’ tn- u- -n -p a l it an  areas . The o n - o n - - n -nan -n-n- also n-n-ro n - I n - n - n - n - n - or -a~ ‘eLerate I
n - n -- ic Iopn-’-n-r-rn-t an - u-I irnpro’n-’c-I w i l d l i f e  r n - r o - i u n - o t i o n  on on-in-er public lan -n -Is

n - r a i n - n - u n -o u t  the ‘- n - n - n- - ion h a n - i n - u n - ;  n-n-- i I -Ill n - n - n -  n-n-n-b - n - n - e n - n-

_ i n - n -m is cnn-n -ut in - n - u i n g  pr ogran-’n - p rovides  for t 7n - e - ‘ n - n - n - n - u n-n- r u t  un - n - n - i  of n - cec  I-n - n-
an- -e n- 3m - roads , fencing , an n-i about - +d ,000 w i l  th I n - -  - - -‘a t e r i n n - n -  li-’n-- I - ’es.

-n -b -n - n - t r i m -  b u n - e r

~‘ I  r-a tnic p- n - w r n - n r n - - u n - i  r n - n - n - r e n t s  an - -c pro n-j-’-n- ’tn - ’- ’l to in  n - r n -n - r tn - ; e  to l n- ) n -’ n -j il l-n-n
ki lowat ts  i n - n - r n - n - n -n- 1 ~n - ln - i  to 2020 per iod.  ‘i ’ he - I n - ’- ’.- n-4opment p r- n - n-ran -n - , to
ri-ct t i n - e m - c  I n - n - ran -  In - ; i - r u m - r n - i n - n - tn - s of t r a n - n -n- ’,m i s s i o n  facilities t

n-
- n - n  in -n -n -p o r t s ,

fossil— f-m i-I t n - u n - rn - -n - al plants , n - n - c l e a r — n - n - n - e l  th n - n - r n - r , ai p lant  S , an -u I n - n - - n - r n - u n - cl
Storage n - n - ,‘drop Ian t n - n - n -.

Yu r t h er  n - n - t u d i e s  will n - - i -  ru e— le t t n - n -  jr-tern-n-mine wh n- - n - - n - n -  the n - n - - n --n - - e r  fac t I i —
t i n - n - n - ;  s hou ld  be located. n - - ’ - n - n - ’ t o r s  to he stu li n - - 1 will include the c on - n - t n
of “n - ’n ’ ic y ;n~n- cooling water to w a t e r - d e f i c i e n t  areas v e r n - n - u s  t .h n -’- cost of
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- n - n -  -
~ i n -  n -n - it - ‘ n - n - ’ - n-- n - n - ’.’ 1- n - - n - n - -- -‘n - n - n - ’ n -  - n - - n - n -  - -a -“ -I n -u t n - n -n - ’- ‘n- n- n- n - n -  — n - - 

-— - an-
n - ( n - 1 h n - n - n -, n - i - ’n - —n - n- - o n - n - f l i - ’’t_:; ‘—‘ n - t b  n-c r c’’ n - - n - n - n - n - i - n - n - n - n- ’ n - n - t n- , n - ’m I n -  - mm ’ n-m ,-- ’- - u~ - ur~n - , n - n - n - ,
‘ n - i n - e n- - i - - u -.’ , no - un - n -  n - n - n -  a l  ‘ ‘ n -n - ’ ’ t o r n - n - . ‘ n- n - , . n- n - n - - ” ’ n -t_ n - o r  n--: j  1 i n - n - - n - n - - i  t . “ n -’ ’ ’  c i  : “ n - ; n -  t , ’n- - n-n-i-
n - n c  n - f Lrn-- — ’ c n - n - n - n - t h n - n - n - t  in-n- ~n - c ’ n - on - ‘n-n -- n--n- tn- c ‘ n - n - n - )  un - n -n - . n - n - -  n -n - rt-n - ”n - i —, , n -  I n -- - n - n - ’

i n - - - n - c a n - -n- I c — I n - n - ’ n -,, ” , ’n- ’ n - n - n - n - - n - n - n - n  p n-- ’ I c - t n- n - n - ,  n- w i l t  n--i - n- n - i n - n - ’ ”  r , I n - n - m n n -’n- t t n - - n - ” - , --’n - ’ .
I ’ ’- I - n-- n - n - i  - n - c n - n - t n - - n - n - - n - n -  n - t n - n -  fo r  n - t n- n-- -a - u i ‘ - -‘n-t n-. n - n - n -’~~~ n - I 1 n - u t~~ n - c n - -  - n - - n- ’ n - n - n -  ‘ [

‘ n - - in - -n - n - n - al n- ,. ’-n -n - n - n - ’c mn- b n-’, n - n - i  n - n - n - b - n - u r n - n - n - n - - n -  I- c - - mn - n -’ n - n -  rn - - i i n - n - s- - ar ’ “ “0”) an - n - i ‘:- -a ’ mo n-a
‘ n - r n - ’  s n - n - - s n -  c - r n - n - a ’. i

n-
r n - i  1-,n - w i  n - un --n - pa n - -n -c 0-,.

n-n -n - ‘-‘--:in- IA ’n -’! ’’n --’ n - ’ n -~ n - ; ’ n - n - -  — -‘- ‘n - n - ; ,  

- - - a n - n - - n  n - n n - n -er;rit, n - n - n - ru -an - n - - n - n - -  - - n-,rn- —b- n - - n - r u

n- , ’n-n-n- n-~~ a t . n - - ’- n - : rn - t n - ’: n -’ :n - , i- n--n - - n - r n -  01’ ,n - n - n -  n -a n - i - -n - -n - n- n - n - n - n - - n - -- ’ - -u ,n - - ’ n - n- n - ’ n -  ‘n - n -  
‘n- n - n - n -” n - 0 ’  ‘ n-n- n - n - - t n - - n  s - n - u n - n - l i o n - n -  ‘ - n - n - r n - ’  e n - n - r n - n - - -’- - I’ n- ’ir n - n -’ t n - n - ‘u n - s e  ~~f the  st , , I n - n -’- ’

n - n - n - n - i n-
~~~

n- n --, t n - n -  ‘n - r n - n - n - n -  - -“n- r i - I  r n - - a n - - n - n a n - l i -  n - n - r i -  i ’n - -’’ - n - n - ’o ’- n -’atn-’’ t i n t o  ‘ - n - - ’
- -or n-n- i n -, n-- n- ’ - n - n - i  , ‘ ‘- ‘ - n -  “‘ — n - m n - c - i In - - “— I -‘n - n - -’ ” n--n - n -n - n -” 1 l- -n- ’ws

l~. tn -n - r i - a n n - n --u m r - - n - ‘ n- n-, ’ m r u  n - n - f 1n - i b -, n - n - r u -’- n- - — — n- r’ n-’n - ’ cj s ion - i  ‘-~n-m s sn -n - I n - n - n- n- -

n- - n - n - I n -rn- ’ i i i  - n - n - n - , Lo o n - n - n - f  ‘ t i m - n - n -  cn -m n sn ---n-’n-n-n- m n - c ’n - - s n - ’’ n- ’-” - 
n-n - -n-n- - e n - n - n -- n - n - —

acm- a n - . i n - n - t n - n - - n  ion -n - u n - e n - n -. r n - n - r n -’’:- ’ n - r n , ‘a n - i n-n -n -r n - r-n - - ’’n- t i  - 

i n - ’ - ’n- - ‘ - ‘ n - n - -  -n - n - n- a n” n--n - ’ ’ n- ‘: l i - r u - ’- i en -n - n- n- n - n - - . n-n-, ‘ n- n- n - n - n - - n - ,n - - n t  - -0 n - c - -n - ’- ’ “ n- n- n-n-
a ’ ”n- n --a . - n -- to  ‘1’, ;-- r  ‘ n - c n - ,~ n - n - n - ’ -

- ‘n- . In - o il  n- n - n - n - n - I - n -  b r - n - n - a r m - I  i n - n - a n - r n - n - n - . ,-
‘- n - n - i n n - n - n - n - n - n - t n - n -  w a - ui l i m i t .  c f f t n - n - i ” n - r n - ’ i c n - n -  n- cn- a n - - ’- n - n -t n - n - n -’n- ‘‘ ‘ ‘n - n -n - n- 

n- n - r n - n - c - ’ ’ - u .

- .‘. —n -~~n-’r 
‘- - -

-n - n -’ l n-n-,mat n-on n - n - n - u n -  r n - -n - n - n - n -—— in - c r n -’- - ’ ‘ n - - a l  c r — n - t n - n - n - ’  n - ; , n - c n - v -  ; n -, j [  -- n-
i n- n - ‘ ‘ n - i- ‘‘ ‘- ‘ ‘ n - ’ - - -- - u n - n - - ‘r i-i’, ‘in- - n--n- un - n - i - n - n - rn -n -r n - se o n - ’ a l l  - - - - i t - n - - n . ~~“ o v n - s ” n -is

n - t n - n n-’ n - , - -  - ‘c - . n-’un-n-n-n-m n- i n - n - n - c  n - n - f  wan - - ’’ - t n - n - ’ n - r n - n - n - r n -  t n -- e n- - n - - n- - - :n - I/n-i - ’ r-’n-- ’I,a r n - e
tn- cn- ‘ n - n -  r n - - a r  n - n - u n - n -I r - n - n - n - - n - - n -n-n - - i  r n -n- n - n - m n -’- , n - u~’ i n -,n- n - n - - I  i n - n -  n - - n - n -’

n - .  ‘ n - u r n - n - - a t - - n - n - n - c- n - i -  — n - ’ . - - n-’ n-n - L  rn - n - u - I - - r n - t n - i — — , ‘n- - ‘n -n - n - n - ‘n - n - t n - n - I ~~
:n-~ n- _ n - I

m - - n- c ’ u - i n n - n - t n - - i a n  ‘;‘‘ n- n-’- ’, n-’mt i o ’n - —a n— n - n - n - - c - u  i - n - I  in ti n - ’’ ;n-’r’n- ‘n - ’ - n-~n- , fa n  n-n- in- n--

u n - u n- n--a l rn--n-i i v a n - n - n -” of  ‘)n-) • n- n-fl - n - n - C ‘ n -  — n- ’ ‘ ‘n- 0 1’ - - n - n -, - n - n - ‘ - ‘ n-,m n- 1 ho r n - t n - a n - u n - n - c  -

n - : , a , ’ n - n - , - ’ , n - ’n - sc ’ - . n - .  n-~
’ i 1  l i i : ’ ’ ’  n- n - n - r u n - n- b --n- n- L a n - u s  n - n - , mt ’, n- ’ r n - n - i n - l ’ ;  i n - n - n - n - n - n - n -  n -- t n - n -

- ‘ ‘-- ‘t e n - n - ,  a t  t h i n - n -  n - n - rn - I - i an -n- ” p ’ - -  n--air .

-~~~. I n - i c r -- a n - n - n - - i ‘n - a t  n - n - n -  ‘n- n - n - ’ - l ’ I~~ n- ’n- ’ n - O,n-O j ’ ’ ’ n - , n - n - n - n - a n -’- - n - -r- n - ’u n - n - n - r n - ’ n -- ’tu - ’cn -n - ‘i n-- -’
in - -u - - ’ I n - i ” I - l i n  t i n - ’  n- n- r ’ - n - n - n - r a~’n- t n -n -  i ncrease  an n ua l  r oo t ’ : t n -n-’ ,dO ,000
a n - - r e — h - n - n - ct ‘n-of n - ’ OhO. W ,  I n - l i - n - -  n- n - n - tn - n - n - I - - i - at  u n -n - un - n - ‘ n - i n - c o  u n i t e  I n - n - n -- -

en-jn- t e n - u t ,  of ’  t m - i s  pr an -n -r arn-

5, - n - ’ - rn - n - n - rv o i r  n- - r a p - n - r a t i o n  n - n - u n - n - n - n - r n - - n - s  n - n - n - r n - — —  n- n - u n - -  n - - t ’ n- ’ - ’ - - t ’  n- v’eness of a m - I
tn - n - r n - n - i u t ;  to r n - c  l i - r n -  .n - n - ’  I t i n -  r n - ) n - n - n - u c  evaporat -an - u r n - j u n -  t, u - - r u  measures
is t n - t n - -  n- - n - n - - , n - - n - n - ,  of - n- )n -n -nj, i n - - r a’ .h~ ‘ o n - u n - n -  -n-n - n - n - r n - n - v .  1”u r t i n - e r  nm- n - men - n - a- - i
i n - n -  n - _ n - -n -’ i n - - I n - n - — n - f o r e  t n - n -  u s  p r o n - ’rn- u’n - n- - In -_ru n - n - ’  ‘ -‘i n-i l n- at , n - ’ - i .
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• - n -n - s n-i l t i n - n - n - n -  of n- -na - - kin - 1n - ‘wa t, n-n- r~~ ‘ no I -n -s a l  I n - n~n- of bra-rn--n- n- n - n - h n-- rn- t n - n - n

in  n - n - n - n - -i - n- in - r i  in n - . r n - c fra.mework n - n - n - n - - n -  “r un - , w n - u c  n- _ n -’  t . tn - c S a, n- n - - ” r n - c a n -’i r n - n-

s’n - i t n - n -  i - n - n - n - a l  ‘ n - m n - I n -  n- ions .

‘n - n- n-,~
’ ‘ n - n - n - n - n - n - ’ -  rn -co- l i f m - -a t  i n -n . n -~n -j I n -  t c - n -na I n - - en - n - e a rn - -h is n - n - cr-  i n - n -  I t n - n -  l en -n -- r -

n - m n - in - n - c  t n - m n -’- : n - t  — r u n - n - a l  on - ’ t h i s  pro -t m -n -rn - fn- n - n- t he  low e r  n - n - n- b- or a  to
n - - e n -” ;  ‘ n - - A i n - n -,iccess I n - n-,u 1 p r - n - n- - n --ar - n - - n - -. i n - I  n - - n -  I n - i r e , n- n - u t  n c r —  r cn -n -  I a- 
j n - ’ n - n - n - ” r n - .’n - t , i o r l  men n-irernentn of the Pn -n -n -rn - ion.

In- :~ n- i - n - i -ti— n -u in-i n - n - n - n - n - f l n - C ,n - - ’t i  un - n - n -n - n - n - —— t ’ n -n - o n - n - ,~i’n- no n- k, i - u  ‘ n - ’ - n - n - n -- n - --rn - t c’I n - r n - t o  t he

fran-- -n-w- -rk pro- n-ran-n-c, efforts n - n - i n - o n - i  I n- I be n-rid-c ‘n- n- re-In - ’-”‘ n--m u n i c i p al
n - r u t n - n - u -  - - - . - “ n - n -’,i  ‘n - rn - .  T h u s  n - n - r r n - c r a rn -  r an-n- -re I’, n- f i n n - u i  to  a - - n -n - n - n - n -n -—
p1 i n - - I n -  in - . t i n - n - n -  - In- ’- n-n- n-’ r ’- n - - -u v i r -’n -m n-,xn-. n - - n t. an--v_I the ;‘ n - n - t n - - n t i a l  n -n - a -n - ings mn-a’,
n- l i m i t - n - - i .

n- . , - ‘ n - , r ’ n -  n - n -n - n - n -i --mn - al n-rn -in-er t ran -n -s f e r s—— n-n- n-n - tn -- an - n - c’ n - c- u- of water f r - cm -ar— an -n-
in- n-i -u r n -n -: s n - n - u - p l u s  m- - n - n - n - n -l n - e n - n -  t n --n- water j~ n - n - ’n - r n -  i n-n- n-n- n- rn - r e -a n - n - wi t i n - i n  the

- ‘ n - w ’ n -r o , n - n - r rn- I n - n - ‘ n- n- - ‘ n - n - n - n - n - -n- n - n - an - n - u t i l lj : en - 1  to the n-n-can- -n- i n-n-n- un-n r n - on - n - sin - ’ i n - c

10. t” u ’. n-- nn -’ n - i - n - n - c a l  ~n - a t n - n --’ t n - - a n - n - n - f r - r n - n - — —  i n - u i  I n -n - l i ne s  f - a r  t n - n - m n -  rn-n-in--n-i-work
n - n -n - n- I c o n - n - prec I n - n - i n - n - - i  cons idera t i- ,cn of tna n -n - n - n - n - n - a : i n  l i - n- i - n m - i o n s  -n- n- n- I ’
water supplies r n-rn - - ,t n- ide the P a n - i n -n- i c  , P n - n - n - t n - ,wn -,n-~~t. - n- r n - -a .

11 . n - c ’sa l t in i n -  of on-n-i-an ‘w n - n - n - ’ n -r - - — , n - n - - s a l t ing on - ’ ocean ‘n - an - e n a m - n -  cn -n -n ’.’-’-’ —
‘n-n an -n - ‘o n - r n-n - I ‘n - n - e r  olorado n- - i - - i -n - n -n - -n -au n- - a n - u r n - i lere -l  m n - n - ; n-n- n - n - r n - rn-ar’ :
n o n - m r - i -  of m n - n - n - n - r n -- n - ’ ‘n-tin-n-n.
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- n - n - r n -  ‘p — n -P n- ’ P t l -l ‘ - “ ‘A l 
-

n - t n - n - m n - “n- rn -n - :n - rp n - n - e ns i ’n--en- : n n -n -,m— n-n- ’w - n - n n - ’, p r n - n - - : r ’n-ar, n m n -n - n - n - n - n - n - ru - In - as near I n-’ an - n -  p u -ac t  n- —

‘ —‘u n t e  n - , n -’- t n - n - n - n - n - ’’ ‘, n-~~ ’ • n - n- ‘ n - n - n - c  In - of tn - c e  n - ; o n - - j~ .l ann-I c’ n- n- n - r n -n - n - n - n - n -- r n - - t  1 : 1 — n - e n -  r n - f
n- f ln - ’  n- n - n - n- - I n - n -n  • - ‘ - n - w n - n - ’,’cr , n - o r  s n - - n - n -’ p r - n - n - n- - - -an. a - n -  iv i t  n - n - - n-n- . it is not ;n - r a r t  n- -ab le

-~ san - I n :’,- all n - n - n - - n - n -  In - n - . ‘ n- n -r n -c n--:at,n - -n - ’— r n -  l a t i -  I a - t n -  n - - i t i n - ”u w i l l  r equ i r e  f u r t her
n- n -d ies  n-, n- n-n-v— n- ’ ” n - n - l c n - i n - ’L’,’ I o n - n - n - c e  I - r n - i -  n c - rn - ui r m n - n - r n - e nt s, po ten t i a l  p r o n - : r a n --n-n - rn - to

c n -a t , , s n - ”; r n - n - n - n - - n - i  r u n - s  , an -u I I - rn - c -  l i n - n - n - n - t c r n - r  e l ’ r ’n-’- n - n -,s of —n- -u a i l a n - n - l e  r n -n - n - n - o’u r ce n -n -

-‘- a n - e r ‘ - n - n - - t n -  I ’ ,’

Ai ,I v i n - n - u a l i r e i, reasonable means of water -n-onn -n-ervati on, salv-’n-sn-n-c,
“ n - n - I r n - n - - c I n-an--n-a ’, n-, n-’n- n- n - . n-n- n-’- well  an-n- n-rn-ax i n - - u n -  u n - i l l  n a t ion -n -  o n - ’ t n - n - c  Pe~n-ion

’ s sur face—
an -n - i ‘n - r n - - n - n - c  :-n- .,’ar.n - n -r S n - p i n - n - t i e s  l’or w h i c h  there  are t n -n - n -n - tn- n - n - ic means of evalua-
tion -n - an -n - I w I n - i ’ m -  u n - n - n-c r n - n - n - m w. ‘~~l,an - -l n-n- fran -rn - an-n- en-n- n-’, n-- ’n- rn-,rn-n-e ru ta l  -n - sm - pr- -n - n- ha’;e seen -u

- - ‘n- -n- rn- i n - I c r— I n - r n -  t , n - n - c  i n -n - ’. n - c n - n - -’, -n - - ,t of t I n - c  n-n- r n - n -rn -n - c - w or n - c pron - -r arr . ‘- ‘•“r ,ere  n - n - t r u e r
r - - ’-- ’n- o ’rn- i ‘c p o ssi b il i t ,  en - c- n - - n - i n - n -, fn- ,r- tr n -n - n - n n - n - t n - n - In-n-n-n- n-n - n - i n - n - - e~~ru r c - - ’n -rn - n - n - n - n - i - - n - - t e - I  to
Ic- -n - - t o n - n - a I n - n - n - n - n - n - a n - n - n - n- n - f -n -- r n - n - n - n - n - t n - o n - n -  n-a c-n- a -n-ate t i n - c  potential. Wn -th the urn - -n-or—

n - I ’ a n-, , r n - r n -, n- ’n - w - n - , pna n-.n -t i-,n-aate n- n - n - t e n - -  n - n - ( n - r r e n n - pn-’jtion means and develop— 
,t a n - ’ ‘r a te- ’  r e c n - o ’ u r c — s  w n - t  - n - n - n  the n- n - n - i O f l , it , ‘n - r n - n - e a r s  t n - n - a t  t i n - c n n - n -  w i l l

n- n - n -  ,l l  n-- u ’  a s i n - -n i  n - n -  - n - tn - u t r n -  n - i o n - n - a l  w a n - n - - n  i n - n - t n -  - n - e n - n - n - n -: t n - n - r n - k ,  -an -n - be ret  a m - n - -,’
n- n - r n -  n- n-_t n- l n - n - u n -’n - r - t .  a’, n- n - n - n - n- ’n-— - n - . ‘ n - n - ut , n - n - n- n -_ In- r  n - - n - m n - ‘ ‘ n - n - n- n - i n - n - r n - -

n-n-n - , t n -n - is t n - n - c, it is liffi ’- It t , c n -  p1 — in -n -— a finite value n -rn - n - r n -c water
I n - n - f m n-n- i c - n - n - - n - v  n c - n - a - u n - u -  a t ’  °, n - c n - -  lan -- n -n - c n- n - - inc - -n -n -n n - f  ; a r n - ,—n- n - r i en -  involved and the
l a - n - n - k  of sn - n - f n - t ’l n - i n - -n - c r, ian-a. t ’wn - r e f o n e , n- u s in - 1 -n- the n-lata available , it was

n-n - e - ’ n -n - n - sar ’,n- I -c- ’ a l-n -— n - n - - u n -’n--,n -n- ro u s n - n - n - tn -n - ic  a n - n - n -  n - n - r n - t n - I -  n- - n - nm -  in - n -  a u - i c r  t n - c  r n - n - n - t i n - n - n - a t e  t n - n - c
n- ” ’ , n - -r ’a l  rn - n -n - n -n- n -n - i t  ~- i - n- on - ’ fri - i l  n -t i e s  an I “ o n - t n  for a u r n - n -  n-ran--n-n- t n -  s a t i sf ’n- ” , as

r,r ’n- r l ’ ,- an p ti , n - ’ n - r’ n - l n - n - , r n - r n -’n- ,~~’n - n- ’ n - n - n - n - l  r- -’n- n -’,iona l, n-n- n - n - n - - I n-n - .

- r n - n -  o f ’  n- n - n - n - ’ ma , , cr a— n - : ’  c r n - n - p t i o n n -  was tha t  t n - i n - n -  average a n n - n - a l  v i rg i n
n - l o u—’ n -n - i n - -i - olora ’Io P i ’ i n - n - r  was r e p r e m - n -’n - n - t c  I n - n - ,  n- hi- 1 IOn - to I un-r n- p e r iod
of r n - - i ’ -,n - n I .  n- n- I n -~~ n - n - u . n- n - ,  t In - c - 1 O’ to i n - n - - n -  period was s c - I n - n- -t e d  as represen—
n-n -at n - y e  on - ’ n- rue  a v n - n - r a n - n - - r  an-u n - a l  ‘n-’i r gin  f l ow  of the Iolorado River , un - n - c on -

n
-

n - , n - ; n - n - r t e r, more recn-n-:t n - - c - r i - n - n - I n - n -  of  u-c - ’ -r  I Wou i I have in i n - n --a t e -I  n -n - u - e a t e r
water  ‘Ic - f l”  i c - r u  ‘ I n - n - s. n-p r n - n - n - n -  on - ’ th ”n -  n - n - n - u -’ertain-i na tu re  of long—tern --c  p ro—
,~c-rt 1on- n- s of water r n - - n -. n - i n n -n-n- c en t s , ¶ n - n - c- ’,’ sho uld  n - n - - n - n -  n - n - i - regarded as n - n - x a  -t
or f n - n a l . fu c h  prn -n -n -,~n - n -”n -, u — n - r n - n - n -  t n - n - , tn - n - w i n -  n - e r ’ , n - - n - n - t a n - n - i n - n - n - n -h the order of ma- tn -n-n --
t n - u - I n - n -  of n - un - n - re c a t e r  su p p l y  in - - f i c  i n - n - n - n - n -- i n - n - n - -  in -n i t n - n - n - -  scope of required
‘n-~at n - -n -’ supply p r ) , ~rr (,n-n-~, n- n- . n - - m n - c o l i c  - n - : n - n - n - - n - n - n - c m n c n - n - t n - c  of the water situation
w i l l  r n - c -  r n - e n - n - c - n - n - n - n - a r -n- - to  n - n - p p r o p r  , n - n - n -  n - i , ’  n- ron -u n-n -” n - - n- n- - n - n - - n - n -  p r - n - n - n -m an-n-’. response.

‘n - r n - c  n - a n - - n -, n - - n - at ,  la r urm- ‘ n - c - t i n - n - n -  - I- n - n - n -  I , r r n - n - ,ey exi n - n - n - a n - n -  I are not n - n - n - n - i n n -rn-

- n - i  i i  ‘ ‘ n - - I  un - c  e n - i  In--n - n - of n - r n -  n - n - ma n - n- ’ ,’ pm n - n - n - I  n-n-ins and u nce r ta i n t  n - e n  c - n - u n - n - r n -- t o  I
‘n-n-- i t - , Ie ’/( ’- iop ! r i n- n - - u n - n - n -  n -- a n- c r n - n - c r n - - n - n -. n - t ’i c i a]  n - n - m n -c . ‘

~n-e p r a - t i eab i l i t y  of
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I m n - vel n - p r r n - r - n - n - n -. an -I  n -n - t , i l i z a t i o n  of’ the greater p-n - r n - i ou-n- of these  n- m r o r ind wat er
n—serves i n - n - v a l ves many fa ‘ tar s .  ‘n-rn - a -n - n -n- t he p r - n - n -  len s e n n - - n -’n - n -u r n -t, c -n c,n- ’j, are :
water of n -n -oa r - ; - n - a l i t v ;  det erioration of quail  I--i w in - n - n - i n - n - t n - t b, or wI n -h  r e -  j r —
cula n-r ion o n - n- used water :  low y i e lln  from w e l t s  in  n- n -an n - - of t h e  a r n - - n - i f e r s ;
nern -oten -ie ss n- -n - f ’  new aquif e r s  from areas where ex- ,- e n n - n - i v e  pumping n - can - -  “ an - u s e d
lan-i r — u i n -n - n - i d e n c e ;  t he  l imi ted  pe r io l  during w in - i ch  a l arge o’n-’ern-iraft - - an
i n - n - n- n - mainta in -n - en -I; and , the  legal right s of’ overlying land rn -w in - c -u - s. tn -n - ann -i  of
these problen-rus have not yet been adequate’y evaluated an—I should be g iv en
top priori--n-n- in future studies.

‘l ice i’ , n-’n- n- -’, ioni ’ s present ground—water overdra ft will increase ‘- n r n - n - n - i ’ i e r —
an - i n - - t n - n -n-’ I ~ )O , the  earliest pr-n - rn - an - i n- n- n - late tha t an importat i on pr - n- n - n -r an--’
coul l be In- n - e t~t • e n - n - t .  I n  the  m e a n t i m e , as the gn c n - ’irr ’ I-watcr  I c - n - c - i  ‘Ic- -l in er ,
the price of ~n- n -n-PP i water will in-n c-an -ce. Hr-n- n-Icr such a n -orn- n -p n -’n - t i t i’ z e  s i t u-
at ion , water utili n--ation will tend to shift toward n - i n n - n -n- o f f e r i n n - n -  t I - n -n -
- n - i ,n-n -hest en-’ n-non-ic nc-t urn , unless - -onn -ctra ined n-r n- n-- legal a-n - f irunt it-utional
n - a n - -t u r n .

n- n- once n -’ r n -’c ’und-water overn-iraft is expected to cont inue beyond ‘n--n -n - ar
- 

- ) n - ) , rn -n -or t ly  in n-he ‘lila ‘utn- ncn-gion’. This n-n - -ierdrat”t w o n - n - I  I oc ’ur largely
n,-n- -a result of agricuin-ural len-ic - I-n -na— nt in tin-c rn-ore remote n- ro-n-n’I—water
n - a niri s minera l  l P v e I n - ) p r l e n - i t S , wr,cmc n - n - ru r f a ’n - e supplies are unava i lan -  l e ;
an-n- n-i w at n - - r  S n-pp l n - n -’ Ievn -n -l opmerct s , in minor amou n t s , for the :-n--n-allcr ‘-- ‘n-m-
n - n - - n - n i  ties rn-n- ‘n - t, c- t ’r n - n - n - rr n - n - n - n - n - n - -face—water so n - n - rn - n - es .  It  is ru- - n -  li kely  tI - - a t

- n  - ‘ n - u I — w r n - t e r  - n - - n-n - n - n -n - ’ tm -in - n - u -t ou l - l  he e r n - t i r e ’l n -,’ d in - n -n - i - n - a n - el n - n - -n-n - n - n - S  in n - n p — n - rn-
n - n - a n - er  service areas w i n - i - r e  a ‘ -n-rn- n- cl nation-m surfacn-e— p rou rn --,I— irnnomt—writn-’n-
supply is n - u t i l i z e d .  The ann- n-al rate of grour n- I-wan-er a-icr I n - - an -n-n - an - n- n - P r ’

n-n-n- -9Pn-) is  lam - -n -n - n -n -t n- -’ ”  a n n- e n - - ”  ‘n - s a l .  i- ’ign -crr - ln -( i i  -n - rn - n- ran-cs tn- n- e ren-n-n -iorn -an-n- van-er
n-’n - cn - n - Irc-rn-,en n- n-n-zn- I supply pictur e for l ’ ~ fn - n- n -- In -r n -n - t n -- n - n - n - 20;-n- O.

.- ‘itc-r . n - ’ n - r L l ltj

T t n - e  rn-n-aintenance of’ an acceptan -- l ,e l eve l  of’ wa n -em q u a l i ty  is par ’ i~~~
u i a r - I y  c r i t i c a l  and complc :-n- in the Lower n - ’ olorar io h e n - n - i a n  w i n - c - r e  m n - a n - - i n - n - n -un-n-n-
w atn -n -r un -, i ij z a t i on rn -n- n- .unt  he obtained by rer-n-n-c-ling avai l a i n - l e suppiicn .
‘n- olorado Ri-icr water rn--leased to Mexico mn -n - St continue to rn- i n - regulate l
n- n- ‘ n - l o n - n - n - n - i ’, - approximate the quantities rn- n - n - n - n - c nn - n - ar ’,- t - n - n - n - c - m n -n - tn - n - n - n -  I~cx ir’am ,
I r’eat,y ‘-on-n-’n-’n-n-n-tment, W i n - i  Ic , at I - t n - n - n - n - Sam e time , (n- i n - n - r I- S must n - n - c -  ‘ n - n -n - n -I i n n - n - e l
to r’n - a inta in riual,ity . The high cost of imported n-ia ’- n - n - n - -  will pr-n - i n - an - in - ’
-lictate thi- continuation of an e x c e p t i ( n - n a l l n -r  high water-use efficiern-n-”v
win-,h little or no allowance for transportation of salt,s n - n - n  w a n - n - n - p  loa m
°rom the - - m n - n - n - n - i n - c r .  A ‘oloran-lo River han -n -in ,Ialinit.n-n-’ ‘ r,pm ovenci-rit n- i ’ T on-n - r-On-rn-,
r,oup len -i  wit ,ru an importation of high q u a l i t y  waten-- to n- I n - c - in -c c-r n - i o n - i, w o u l i
n-n-t,a i -i li ze t in - c - water n- n -a litv of the - olora-Io River wa n - n-n- n near the nresent
level,.

Negligib le o n - i n - n - n - l o w  from the Gn -la t iubregion i s  expen --t erl  t n -c  n - - a n t i n u e .
The area n -u a - i i ng tn -n-c most critical n- n-nn-uet need for water qn -n -a l ity control

io6



FIGURE 17
PROJECTED WATER REQUIREMENTS AND SUPPLY
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n - n - n - i l l  rn- n n n - n - a H l : .’ ’ n -  n - t  n- flue t - n - n - c  in - n - the l i l a  n - i n - n - - r e- - j o n  n - - r n - n - n - n -n - - n - n -  r n -  - ‘ n--- ’n - f l , n-’n-~~ o n - ’
n - r u ’ - - n - ’ n - a n - n -  n - I t . . I :1 n- n - n - c - pr n - n ’ r n - n -  s r i  ye - n - n - n - n -n- - n -n - r u t  r a t , ion -of ~a n- n- rn - a n -, ?,t t n - n - i n - n - n - l , ’,’
a - - n - n -~c u i  at. - - in n - n - n - ” n - n - n - -n - n - n -I—wa n -n-er r n - n - n - n - n - n -  r’~’ n - i n - . .

i - u n -n - n -  n - n - n - n - n -’ n -Y , ’ n - l n - e n - n -  an- - rn - n - n -  n - n - n -- ’ n - n - n - i n - - n -  1 - n - n - - r a n - n c -  n - n - rn - c -  - - n - - n - t n - n - n - u t  a’ , j  rat n- n - n - f
‘n-n-u n- n-n-, n n - i n - J ,i ,‘ i-” n- ’” ,q I ’ m — i n - n - n  n- - - n - cr- n - n - X p e - ’ ’ - -  j n - f l  I n - n - r ‘n-- a - ’ i - n -  n - n -- onr n -r n - n -t ~r cn - rn-o r’n- ’j j —

‘ n - n - . ’ . t n -  n - n - n - n - n -,’~ n - , n - ’ n - -  t n - n - c  a l t — r n - n - a t  n - - / n - n -  sol n -n - tia nn - n - r n -  n- n- Dr a n -  t mn - r , ann- I ~o
e’. ’al ’u a n-n- n - - n - n - ’  ‘ -n - - rn- n - c c - n -’n - ’- n - n - n - n - c  on - ’ - - -n-n- -n- i on -,n-, ” a n - t n - n - r n - ,  n - n - ’ i-r e n- n- n - - n - - i s  on - ’ n--n- mn- n- n - n - n  n- n - n - n - l i — i
rn - n- n- C r-” , mn - n -a n - n - u r ’ p n - n -.

Ia n - -I n - n - iU n - u~n - tr -n-n- ’t n-n-n C -n - c ~n - f f - n -~~
n-
~ n - ’  o n - ’ water  r n - n- r n - i i t v  - - n -n-n- n- n - c l  n - e a r - n - n - - c - s

i n c l ’ ,i j n -’n - f  in  n - b — -  fr ar n - n -n- w n - n - rn - -’. pr-c -rann-.

r o n - -  n - n -n-rn- I kat.n- r ’n- ’  n- n - n - ” I n-n- n-n- , r n - qn-n-,’r’ -’n- p m- n- ,

Tn - n - c -  n- ’ ra — , n - n - w- ’- r n -~ n-n- r a n - m a n n - -  i n - - i n - i  t en -  a ‘ra n - n -C - i  n - n -’ s n- n - n - - -  n -n -ura l  - a- n -  I n-n-n-an n-i n- - n-n- —
n - n - -n-It meas’ , r n -’n- n - n -  l e n i n - - n - n - n - n -  I to na r t , a i n  ar i / n - n - n  in ‘n n --n --’n - n - n - e the pr o - l rn - c n - n - ‘n-n - c - an a—
o i l  i of n - n - n - n - n -  lan d rn -n - - n - n - - u n - an-n-p , i n - -n- n - u - - n -a n - n - n - n -  he c-fI n- ‘ i n - n - n c ’ i  o:’ w a n - n - n - n -’ use ,
“ r n- I - n- cc-  p r - c -n - i n - un -n - n -ion costs , I - n- ‘ r n - n - r n -n - n - c  tan-an-- i n n - n - n- p — n - n - k  r u n o f f , n - u n - p r - n - i c  t n - n -”‘

i n-’-, i r n - n-’, ‘ c - n - a l  i t - ’, ‘n - n - I  quanti n- f n--n -f  n- an-er n - n - n - n - -. I , n - n - t n - in - n - i j j n - ’e n - n - n - n - n _- n - f l - n-n-’ , -‘ n - n - n - i
in-” - rn -n -ar c- n-n- m n - I l i , n- ‘r i -n - n-

I n - n - P  Ian I r n - n - n - n - u i r r n - n - n - ’r- n -ct , s -~ n-’n-r e  n - n - a n - n - n - n -  I upon t n - n - c  t r a n s l a t i o n  of water a-n-
n-- n - - l a t e I l n-an-’n- I rn -” r n - n - n - r r n - mm,n - n - n - to s a t i sn -’n-’ S n - n - a r t —  -n-rn- n-I I oin- n- - — n - n -”rm m n - c - m n -  is ‘n-- i t  n- ,i n-n-, n-ton-
-c -g m n - n - , .  ‘-‘ l i — r n -  n- tn - - n- c-x r ep t i om  of n - n - n - - n -  - n- uses not l e n - n - n - n - - I c - n t  ‘n -p c -m i pmo l-o n - n - , j ’ ;~~
n-apa :- i i t y,  f a ilu r e  to I n n - n - n - a l  1 an adequat n-’ l a n - n - I  trea’- , r - n - n -” r n - t ,  an-I rn - arn - an -’e n-’n- c ” n - n - t
:n - r - n - - n--ar’, w I I n-n- n - r n - r - t a n t  lal 1~~ i n n - - ’  r n - n - a n - n - n -  tn -n -c lan-n-I n i - r n -u  n - r - - ’ n - n - r- ’n -, t n - , ,  i - ‘ - ‘ n - - n - n -, - ,
n-n -m o in - u~-t - - n - n - ,  - n - n - o n -  t n - n - , and a l v er r e  1’,’ a : ’ :’en-r t envir - ” -n - m ’. n - n - r ct,al ‘i n- n - n - li ’ ’

n - i n - c -  n-n - n - ,  I n - n - -n - - a n -n - -n - e n - n - n -  ann -I man n-icc -mn -n-n - n - n - rut , n m r n - . m ann- for  ( n on - n - l a -n -n- 1 v i i i  ‘a , ’ n - n - in - ,
porn n - b - n - n -  to rn -n- n--n - n -’n - t  t he  rn- r n - u  c - n - n - t el increases  in  len - an - n -  i n - n -  In - n - n - u - I

n-
- n -  — I an I n- n- u n - n - -c- n - -

n - n - n o  iu -t i o n  at a reasonah n- e -‘n - a r t , win- n- l~~ mai m -n- n - n - i r u i n - u - n -  n - n - n  i n n s - n - n - - i  -u n - n -
p ro - I ; n - - ’n - iv e Cap aOi l in - I i  n - n - f the lan-i r ” n - n - ; —’n- u r n --’e n - n - a n - n - c -. ‘I n - ” n - r a n - i o n , n - c - i n -  n- - n - n - r n- . ,
-n - on - - I  rn -n -- I f cont ro l r,e an -n -u r es  w i l l  t n - n - u n - c - n -  t n - n - ’ c u - o n - n - l a - n -  I from in -n -rn - an -n - n -n- f r a n - -n -
t n - n - n - - n - ’— s o n - n - n - n - n -n - n - , an - u - I  t , h r n -  as n - ’n - n - n - - l n - i n- , n-” I n - n - n  n-oram s a n - -n - n - n - n - n - n -- c -n - m r - ar ’,’ n - c-n n - r n - c -  rn-n e—
rn- c - n - n - n - n - n -t n - on  of’ t n - n - n -  t -~ n- n- n - I  c ropland n - n - n - - n - n - n -  mn-u n - ’ . in -n - n -c n- n - ”  -n -n an - ‘ n-’i l  I n- n -n - r n - c  fin - ’ n - a I t n - i
- ‘ n- ‘ n- - n - - ’  t ‘n--r n-n- n- n - n - n- ’ n-’iua lit- ,’ n - n - v  r n -n - l u ’  n - r n - n -n- n - n - n - n -  I n -  n-en - ut y i n - n -  I n - n - n -  I n - c ’,- n--n- n - n - c - -n- n- n- n - tn-au-rn-n-
cn - n -cn - ri n -n - n -als -n - n -it of t n - n - r n -  wat- -r  ‘ n n - i r n - n - r n -n-~ a- n - i  On t n - n - c -  c n n - n - u n - I - a n - n -  I w r n - n -’n - r n - ’  t n - n - n -” ’ ,’ n - n - re
n - n - n - - n - -  I n - n -  1.

In c  rn - - a r c  I n - n - n - n - p  of n - n - — ra n -n - -n- i’ n- an I tn - c r r n -’ - n - rn -n -n - it ion -al an -I  — t n - n - r - r  n - n - - u  r n - - - ,~ n- - - - n -
w i l l  c n n - n - a n - n - -  pr  - , — ‘ -t ion  an - n -  I ma i n - - n--n- en-’ ,n -t n c- c- -In - ; tin-at I n - n -  not p r e n - - n - n - n - n -i l v  n-- n - n -  i n - n -n-
t t  “ , ‘O-  n-n-iL”',’’ t i n - n - n - . -, t n - n - - r e  w i l l  n - n - c -  a nec ‘I t a r  n - n - u - ’  rear- n- n- n - n a n --c pn n- in -u n- -ti n -n - m
n- n - n - r n -, t h in -  rrtn - , ’cla- n - 1 b-- n - - a n - un - n - n - - o n - ’ tn - n - n - n - S i n - n - n - i t  n - - - a r n - t , iy inc r i - a n - n - c  I I i ’ n--n - ’ n - ;t o ck

n - n - n ’ n - d  ‘ n - u  an n - n - - ’ - 
i - - Co I for I I - n - n - n - l egion . ‘n - t n - c- p r o -n - n - - n -t n --n - n - I i n - r  r a i n - n - n - e l a n - c  I, is

i ’n -~~~u n - - r n - n-” n- n-- n- n-c r o t n - n - ’ n - ’ t  t r n -  l a - n -  I b a n - n -n - n -  w h i l e  sn - n - n - inf ’ n-- irn - n -’ as n - n - n - u - - h  of  t n - n - n - n - r n - n-

len -n -n -an ‘in - ; an -n - r n - On - n - Si b i n - n - .
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T n - n - c -  p r- -u n -  r an-n- n - or n-n- rn-n-per n - u r n -” -n -rn - I n - ’ , m n - n - n - n - n - , n - n - r n - ’en - n - t , of I - n -  r n -n - s  n- n- l an - n -  I ‘n - n - i l l  n - n - a n --c-
t n - n - n -  e fn -’- n - ’  t of ne lun - ’ n- n - n - n - t i n - n - n - cost,  on - ’  nr - - i n - - n - i ,“n - g n -

’- n-u -en - It, nc -n - on - n - n-n - n-n -s , 0, ii
n m - s u i t in —-I C u - r e m n - n - u I t i p I n - n -  use of t a r n - n - n - n -C areas , n-n-n- n- I ]  n - n - - n - r n - - n - n -  n - ’n-u ’n -h of
C n -n -c - c n - ; r r - ’ n - n -’ I - u - n - n - n -- n - n - n - ,  to the n - c n n - n - n - n -  r e n - n - -  n - n - n -  m- ’c , an - n - I p r r n - - n - ’ - n- C fin-rt !n- r - ‘- -‘Ic - -n -u - a  i - n - —

n - n - n - of the n- ’ ‘n - n - ’ i - -. ;t c - n - n - ’’ in n - n - n - n - n - n -n - n - i

i n-n - c pron-’,ran-n-—n- n- ’n--n-r water n - i ”  n - n - i  I ; n-’n - n - ’ r n -n --ase in’;”n -l -n-’n-n-- s o n -  I n - ;  I n - n - n m - n’. lan - I ann-I
w~~1l , i f  n - n - n o p c - r l - j  - ‘n -ar r ic -j n- n - u t , i r’n -rn-r ’— n-’e n - Ic e i n - an -  n - t a t  f - n - n  m o n - n - n -  w ;  1 -lI fe ,

u n - n- - r n - n - r n - n - n - c  I - n - m n - c - r n - i c  l i- n-’n -n- s tock f a r a n - n - m n -, n - r n - I  g i ’n-’rn - a l - I — I p r -n-m n-n- n-n- ‘n - - i o n  to t h i n -
s o i l , t i n - c - r n - n - n - ’—,’ Ic - n - r — a n i n g  n - n - c - I n - r n - m n - n - n t  pmo I u ’ n - i o n .

total a r c - r a n-”‘ a n - n - n - i n - al n e -In - n -n -n - c -nt ,‘ iiel’i for  the n-~ un-n-ion , co n - n - n - n - i - I c - r i n g  n- n - h n - ”

p r o i c - - n - t — - I  ‘ i n - e l - I  w i t h  rio n - n - no - n-ran-n-,, woull I n- n - n - r e i n - n - n - - n - n - - I  n - n - -n-n- an - n - n - n - ut n-c , 500 an - n - nc - -
feet  h n-’ P020 w i t h  t n - n - n - ”  going pr-n--n-ram . In -he r en -n - ’or n -n -nn -erc’ln - -n - ’ I r n - ron- n-ra in - ’, v - n - - n - l i
n - - n - u - t n - n - er ren - I n-,n- - ,n -c- the total yield run -n- al-on-it 11,000 a c rc -- fc - — n -t n n - n - m  ‘n-n - e a r n -  T h n - s
wou l I, signil ’in--ant ly - In - ,n- -o r e a n - n - c -  downstream selmment . -n-iamages, inc lu-dinuT
-aeposition on an--n-rj’n-ujtural lands , in reservoi rs , a-n--I in -n - u -han arc-as.
Tin-c Program w o n - n - u i  ueneficially affect water quality h- n-’ r c - n - i u c - i n n - n -  sed in - ’rn - e - c t
content.

in-ince total rein-i-n -t ion of erosion d,a~nagc-n-n- is ‘ n - c - i n - I n - - e r  pn -n -y s i c a l l y  nor
e- - n -n -” n -’n- r cn -n - ca l l y  Ic an - n - i b l e, erosion n - n - a - n - n - r n - n -i sn -n  u n - ’tn - u r en - n - ’--r c rn - n -  - n - a n n - i  In -n -r e d  for
n-n- n-n- tv tn -n - n - n - most critj-’ai, areas where either onsite or Ir n- ’,cnstreau n-n- ‘iau’n-a .ces
ar — n - si - ’- n - rn - i f i ca ’n - t .  -lrn-n-sion n-ian-n-n-an-n-es are pr-c ,~ec te.I to Increase I ’m -n - rn -n- i- ’n - .7
million in-i 1)- to 1:1 -n - million - n - in 2 020 wi t i’n- o n - u n -  a i l i t io n a l  p r o t e c t i o n - n -.
‘n-~~i th  the ou tl ined prog ram , it is e n - n - t i n - n - a n - c - I  t n - _ c -  ‘020 -laiiiage v - n - n - i d  ce
rein- n- -n - n-- i to an - n -o n - it :7 million. ‘I ’he procrain- w o u l d  b e  e n - c e - n - t i -n- -c- in - n - n-- n - n - l i, - —

n - i on - n - of lam - I loss from n- -n - u i -  rn -n t strearnhank e r o s i on - n - ;  g ive pn - ’at c  n - t i - a n to
a rn -m an -or portion-; of the lam- I presently being I -n - rn - an -n- c l t h u - n - u g h  t orn - n -  in
n-n- r’n--I urn-n-ivity, by n - n - t n - c - e n -, scour , ann-I m i l l i n g ;  ani  pr ov i n - Ic -  prote n-t un - n -ru to
i n -n - n - p r - n-v er’n-n - n - ’n tn - ; , equinment , an-I public I’a ”ili t ie s .

~n-’ii’I t’imc - Iajnages are pro,lect e - I t o inc rease from 1 - .7 m i l l i o n  in
l~ n - - 5 to 1,20.0 n -n -m illion in 2020. The accelerated re--on -n - in -nc -n -n -ic--I program
would re- lu -n - c- the :020 damages to an -n -out .il? .0 milli on. Provision is
ma -I c- C- ”‘ give protect ion to the expanding lev-n - l t opm ent s  sca t te rel  thro ugh-
out the forest  and rangelands  of the Region.

:I o on - i  ‘~ontro1

~‘1ood damages have increased and will continn -ue to increase In-ce to
recent and projected future population inc reases and cn - ac t - inued  economic
development in the flood plains . A floo d c- n - n - n - t m - c l program or ’ st r n - u n -- t n - n - r a l
and nons t r -u ct n -u r a l  measures is desirable for the protection of every
individual and every parcel of land or property that is potentially
endangered by floods in the Region. i f l  addi t ion tn - n - general storm s ,
localized but often high intensity storms cause flan-n-In--flood tyDe of’ run-
off unpredictably scattered throughout the Region .
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‘n-r n- n- I - n - n -  r n - n -n - - n - n - i n - n - i  n - n - n - n -  I,’i,r’, n-- n - cn - n -n - a n - ’  - ‘ n-’ in-n n-~ - ‘n - - n - r n -  t, ,n- t, n- a n - n - n - I ’ 
- - - n - n - u - -  n- ’ ” ’n-_” .

c - - n - n - n - C n - n -  i n - n -  n- ; - n - : - ’n-a - n - , i n - - n - n - n - n -  n- ’ ‘ - n-’n - r - - 1 , 1 -  sn -n - n - - n - r n - n -, —‘ n-- n -a n - n - u n -- - r t ” n - I -  - n - n - l i
- In - ’ n - n - n -  n - n -, I  I lo ,n - rn- I I n - n - n - n - :  or - - n - n -  - n - n - ’; - - p1 n - i n- n- n - u - n - ’  n- n - n - ’  n - t i i, n-n- inn - n - -n - n - n - n - n - s.

:‘n - n -— - n - - n - n - n- n - - n - n - n- - i l ~~m ’ _n - ” n-’n- ’n-~~ - r k  n - l a o  I -“ On - n- ’- n - ’ n - t  n - n - r ” n - n - -’ r’’n -n -n n - n -n- i i ”c- ’ ’ ’ ’- n - i  n- ;n - -n-, ; n l y
- wn” I n - n - n - c -  ‘o,n- ,l n - n - - ,n- ‘ i c n - n -  - n - n - c- n - ’  i n - u  ‘ n- r”‘u.  ‘ n - -n - i , -” r n -n - n -n -L n -’ n -’ n - n - - a n - - i ”  ‘in-u r n - n - n - n -  n- n - - n - n -  01 ’

n-~~~ - - n - n - ’ n- n - -” ’n - n - n -e n - a  , l; : r n - i n -’- n- -’ ’ ’n - n - e  n -”c~s n - n - n -  of n - n - nn - ‘ n - ’ ’tn - ;  ‘ ; . n - -~r n - - 1k ~n-r n-- n-n- n - n - ,”‘
- n -  a t ’ C n - r -  f l - c o i ‘ - n u n - r n - I  - m’ - ‘ n - n - :

- r r in -n - a t  a; an -n - t ‘ r a i n - n - a n -n- n-n-

Ti’a” :’r-”u’ - - ,- r - ’ -- ‘ n - n - n -’ n- ‘ r ’ n -,.m’ , ;- m - ’l ~ I n - n - ; i n -  -o n-n - ’ -’- I n - n - , - n - n - n - n -’ in-c ‘ r- ” n - n- , n - e  o n - ’ - n-

n - i - - n - - e n - ; n- - n - ’ j r -- i ‘ n - u n -  i - n - n - n -  n - n - n - -~
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FIGURE 18
EFFECTS OF FLOOD CONTROL P R O G R A M
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n - ’ r n - ia l i t - , ’ o i n - n - n - -. Iu {n-’n- ’n -n -c- ’; n -’n- ’ , n - n - ; tIn- c- own-n-u- ‘o i o m ’n- n- I n -  ‘ n --c- n-, i n -’n -n -’n- , t ’ne rn - n - n - , e n - n -’~n - n - n - i_ c

“ in - ‘r n- - n - n -n - n -n - n - n - u r n - n - c -  i n-n- n- n - n - a -I c - - n - ua n -,-n - n-_ n-n- n - n - n - n - n - I  n-n- n-n-c- c- n--n- i ut , i n - n - - ’ a n - n - - I  e n - -n - n - n - c - n - ’  “n- n - ’  I n - ’  n - n -  n - r n - n-

n - - - n-’n- . ,’n - n - ’n- i n - ; . ‘ n- n - n - f l 1 , - n - s ‘n-_n - n - ,n -~n- ’n - n - n - u n - n - e n - u  of water a - n - i  rn - n - -lat e I l an-i n- n ’ - n - uo n - n - r - n - e n - ;  n - - ,-n-, jn - ; n- .

a n - n - I  am - -  c - - n - - n - ’  ‘ t n - n -  n- , - t n - , t , j n-”n -U p~ - n - n - n - p r --n-i n -n - i  n - n - n -n - n - are n - _ C ‘ c- . n - n - n -n- n- n- ’ in - n - for— ’- n - l a n - in - n - n - n -n -
rn -’- :, ’n - ’ n - r - ’e t n - n - r e i n - n - n - n - n - - n - n - n - ’  - p l a n - n - n - ..

‘n - n - an - n - n - n - -n- r n - n -’, n - n - ’ ‘n - ;no la n -tues , n - n - n - n -n - - n - Is of p e o p l e , an’i rn --n - . n - ’ ;r ‘ n - n -  s i t - n - ”n - t ons
‘n- ’ i i l , ‘n - _ rn - a 1 - a r - n - c -  extn -a n- t, , I c - n - n - n -u -p i n e  n - : n -n- n- n - n - n - a n - n - an - n - ’n - n - n -n-n- r,t ‘ I n - n -  - n - n - O n -n- an -u i n - n - n - n - n -
‘r o a n  I ir , n--n- - - n- n-n -c - in - n - n -  tn- n- n- f n - n - n - ,n-,n - n - r on - n - - n - n - u n -n- un-rn- re sour ‘e -I ’~n - c - I  , -n - n -n - ’n - c n - ’ n -~~. t ; c - n - ’n - n - i s
a t i n - n - n -I t, n -- n -  n - rn - n -n - n -  n-ur .oun’. of n - .’1)OIn-~ -an - n - - I servi -n - n - . n - h a t  t n - c -  an - n - I am . I -n - a t n -’n - r

r c ;n - :n- ’ n - rn - -e r :ase -‘an - n -  I~’1el -I , e ’ic-rn- w n -  n -h an t i c i n - n - a ’ n - n - n- ‘n- n - n - - - - r n - n o i o ; ’ ,i - ‘n-i a I r a n - n -  - ‘n - n - ;
n- n -n - c - I n-n-n-’n-a,n,tr i rn -area se fon rn - n - one  I n - n - , I  a n - n - i  f i n - n -n-n- n-m , n - n - : - ;  1;; , I s c - r n - i --es ,

rc - ” rea n - , in -n -” na i  opportunin -  lea , open -u ann-I n-’,reer’u n - n - n -a ‘ n - - n- l e ss  n a i l  n - n - , ‘ , n - r . an - n - i
u n - n - n -, t,cr ern- ’iirnnrn-,c-ntal ‘n - n -n-n - l i t ’ ,’ , roun d ‘n-il n- ’n - n - n -, n - :in- : e r n - n - ,  o n e  - I ; ’ ,e  s W n -  I I  j r - - n - r n - n - n - n - n - n -—
in n -’ly ne c - I  n - n - n - i n - c - n cn - ” -.- n-zn ;  n - n - n - n --i and n- ’n-n -r, pI a si ; -c  -I.  n - n - n - n - s  w i l l  rn - n- n - n - r e  t n - n - n - c

‘n- an -n -an- n - e n - n - en - n - n -  of ’ all t i n - c -  m e n - n - o u r  ‘c-s ‘or t}n-n-,n- ~rr n -n -a mi, n - n -n - n -t : e n - n - n -n - C u t ,  of a l l  n - m n - c
p- n - c - p  - n-n-

;on t ’i i ~ ts are u r n - n - n - r i  ta n - n - i c -  in - n -  the - o r ’ n - n n - n - n - i t~~a n - n - t a r  Car-n--n- an -n - - I n-,-a ’er
rc - so ’ ;u - -- c - n-1n-n -n - ’n-’elopm e-in - .  ‘he p r a w n - - n - n - n - ;  In -n-man -n - in- ; rn-ii’;c- r , :r ’ t n - n -  au i n -n -n - n -,n- n-’n-rt .an - n - t
“-olIc I! issue: rn--at , m a l  m e n - n - o n - n - m n - c  use an - n - I n- n - O n - n -  n - n - n r a ’  i n - n - n  - n-n- t n - n - c - n - n - n - r n -  h a n - n - I

n - mn - n -n - n - s n - n - n - n - n -  rapid -i ; n - , - -reas ;n-un- ‘len-n-an-i in-,; o” ‘in-n- “n-- l ’I ’l, n - n - n - n - , n -  son- -len - ’.’ on n- mn-c-
o n - n - n - c - ”. I n - i l  I a rn - d  an ’l  wan -c r  r n -n - -n -- n- . r ’  n-n- Ic-ic I n - n - n - n - n - n - n --n - m t  p r - n- -’n- rar.s si -r n - u i  n-i r n - n - in - n -i —

n-i n - - n -” n- n - n -~~ f~~ j n - n -~~~ aznorn-iI t n-n- c- n-ian-- - ‘ n - n - n - S  n - ’- n - ;n-n -’-m ’-:ati n - r n - , n - n - on -n - n - n - n - ’ r ’n- ’a t iOf l , ~ n - n - ’ n-n- I n - n - t n -—
n- n- en-i t , r n - r n - -I lan I—n - n - s e  po l i c i es .  The n - n - r n - n - n - r a n - n -  an -n -n- - n - i  -I n - n - m n - v  n- Ca I’or t n - n - n - n-

coo n i i r ’un- n- , t , i - ”’n -’u o n - ’ a l l  resr ’n- n - n - ’ n - r use ann-i a - t i - n-n - in - n - cr .

I n-ne p r i nc i p l e  o n - ’  “ rn-u l t n - i p l - -  use ” I n - a s  c orn- n- c- to  n - n - n - n -  r n -  ‘n -n - rn - t e l 1n-n-n- t n - D r ’ a ’ n - n -,
to ~oo 1 nc - n - o u n c e  n -n an -an -n - c - r e n t .  - tn -’ ;  i t ,  ~p Ie n - u s c ” us a sn-n - st n - mn - n- o n - ’ n - n - n - a n n - u~~flb
‘ n - n -  I app l ‘n-n - i  an --n - ran -n-a n-er , n - -n - ut .  on n-n-p i n -n -n-i f i n - n -  areas ‘n - tn - n- “ n - n -  a t t n - n - m n - n - t n - n -  t n - n -  a-n - n - , ‘ n - n - n-n-

n - n - bc- I n - r o t n - n - ” n - t i o n, n-Ien -r eloprn ent , an-u i usc- of i n - n - n -  - ,‘ a n i o n - n - s  nc -sou r -c - s  so t n - n - n - a n -
t h e n-- n-n -a-; n - n - c  n - t h i n - - c d  in  the  r n - e n - n - f, ‘, ru rn -n - t n - ina t ion , n- n - I n - a su s t a i ni n - - n - n - a n - n - i s, n - n - n -
n - n - n - n - c t ,  n - r n - n - ’  n - n - n -- u - In - ; of n - n - n -n-n- ’ people. “n j o-n -ti c a:1, l u : ; t n - n - n - e n - n - t n - n -  w n -  11 n - n - c - renui n--c - 1.

I-In-n -v n - r n - n - r n -r un-n-ta n - - a n n - u i  ‘ 1€ -m n - i t i n -  n - r n - n - :  or’- involve I in ma n -n - ’-,’ 01’ I n - n - c -  more
p ro m - n - ru n --rn -n-, - - c - r n - n - l i  -t ,s as n - n - x e n - r n - r n -u i n - n - e l  in the  f a n -  ! n - n - n - w ; r n -n - n -

I .  , -trea,jn u - c - a n - -n - en - : tn-hat would be in urn -dat e-I n - - y  p rn - n - p n - n - n - n -’ n - I ‘n-n - n - r n - c - n - ’
storan-u- or flood corn- t n-- n - n - I  r eservoirs  ai ’tn -~ n- - -c - n - n - n - a n - n - n -  n - - r n - r n - n - c -
wj, I n - J , [ j l ’c- habitat . ~‘ n - n - r ’  f i s h  and wi ldl ife p r a ; r a n - n - n - n - n -  are ala n -- n - I
at preserving this type n - ) I habitat . HoWe n-~’cr , most rn - n - n - n - n - -n - ’-
n-n-roir s with pe rmanent poo ls will provi -le a fisher-,’ which
would n - n - f I n - un-n - i, Some losses .

I I n - n -



2 . Phreatonnn-—t e nc-” - ‘ n - n -  -‘n- n- u - n - - n - i n - n -n- n -n - i a n - n - n - n - n -’ n- ;trea rn -m n-” , I n n - i  r a n - n - c -  of ’
wo n -- i n - n - n - n - - i n - :, n - n - - I n - n - tr e n - L’n - n -  c - n - t n - n - n - n - e l  impr on -in -n-r n- .r n - i t s  re-i n- - n - n - n - r n- par—an
‘n- n -n - - a n - f ‘n - t n - n - n - n -’; i n - n - I ,  i nn -  an-n-rae cas es , rn - a -n- ’ at ’” c-” ’ esl , in- n-’n - t n - i -n - s  an - n -  I t n - n - e
v i l  :11 iCc - rn -n - a n n - n - - c  ‘n- n - _ n-

n - .  n-”i l tc - r~~t iOn -n -  of p a r t i c u l a r  tn -T en -n - o n - ’ n a t  j ’,- n- n- n - - J n - - n-’ c-  n-n- f n - j n - n - ’ n -  n - n  Son-e-
n - n - r n -e n-, n - n - e n -’e n - n - n - n -n-n--i n - ’’ ; for r e at n -n - i en -’n -t a n-

n- n-rn- - n- I far  in -n - n-’ n-’ n-n - n - n -’n- , n-n- n-n-- ’i l i,’jen -n - n-, rn - n- - n-,

f u n - r a n -n- c- , -n - r an -n - ion  an- i  n c - - j un -n - e n - n - i n -  con t ro l , and in - n - - reasei water
,‘n- ’ n - e n - u. n - n - n -ic-s t n - on - I n -n- t a  ‘ n - n - c l e n -n r c - r n - a l  to s n -n - mn -n -’- wi n- - n - I n - f ’  specie :;
wl n - n- u ’ n - n - n -,’ m n - - n - f j  n - n -  nn-~ r n - n - i n - n -n - - s .

-* . }‘. n- ’ - s n - e n - - ’,- n - n - i r s  n-n-n-a’ -  o c c n - u p ’n- - r n - ca- n - n - n - n - n - s of potent ia l  n--u n - n - I, sac - n - n - i c -, an -r i
r n - - n - - n - n - n -  ion - n - u - n -  ‘,‘er s , a n -n - I n-rn -, n -’n - s at ’  ‘ic-s in-n-natn -;n-l or n n - n - t n - n - n - n - t i a l ,
‘,- ;n -i”i n-.n-nn -u n-n-ss ar c -rn -n-n- . It will n-c- n-’:c--n - c- ’n - sar - / to study ant ‘ln-n-terrr,ir;e
t : , c -  ‘ n - e n - n -  I Con r c a - - n - n - c - n - n -  of st reau s to be ic - n - n -i n - in -a te-I  -n-a Wi n- ,l a n - n - I
n - n - n -n - n - n - n - n - i c  n ive rs .

5 • n- n-n-n- n-n- er v oj r s , as i,’c-ll  a;; n -nan -n - ,’ on- n -n - er n- n - n - n - n - n a ’ : -’n- ’n - n - n - n - n - n - I  S , c o i l  I i n n - n - n - n -  lan-c-
on n - n - ;  1, i t em - n -n - t n - n - n - a m - n - n - c - n - n -  n - o n -~’ , t n -r , n- n - u l t - u r a i , or h i r n - n - o n i c  S i t e .’;. 7 1-n - c - r e
sin-c-s n - - n - - n - t n - n - n - n  the  n - n - c - n- n- n -a t he in - cn n - an -n - c  o n -’ t n -n - n -  pan-it and t h e i r
loss  n-s- on - n - i d  I - u n -  irr -n -n - ,n-- n - c - ’,’ar n - n - n -.

6. “ r e I n - n - p u n - n - u n - n - n - n - ;  sun -n - il n -n - n - ’- h i n - n - ’ , i u w a ’n-r s , transmi un-sion l i n e n - , and n - n - r n -  an -n-
-ic -y e n- “n -u rn - e n - n - n - alter tn - n - c - ruatural envi non-rn -c- n-c t n - n i  t e n - n -I to m c - I n - n - c
t n - n - n -c  r es an-n o c ’  n - n - a n - n - n - n -  of the Region.

7. n - n - n - s p in -n-n- a. t va r n -c en -n -  n - n  -‘ n - n - n - t n - run - I  n - n -  n - o n - n -  Ic-s n- n - n - n - ann-I n - ’ n - - n -n -n -n o l o~ “ ‘
the n--n-n-a l e n - c - n - n - n - n i - :  powe r p l a n - i t s  n - n - a n - n - n - n - c  - s an - n - un - p o l l - u r n - b r- of tn -e
n- n -n -n -ri r n - n - r n - n - ’ n - e n - n - t and the n - m n - n - w i  an -n-’, n - n - n - n - U ipathn-’ tan-n-an I n - n - :n - n -,-1 n - p l an - n - t n
n-n-n-an-n- n -- r n - n - -run-n-c- a d e n - n - n -  nn en t  to i n n - t n - - I l a t  ; n - n - .

‘) . n- n - n - n - p e t i t i o n  an-n- n-n- n - r u g  uses of ar-n-liable water v i  1.1 n - n - n - n -one of tn - n - c
st .m on n - ’n - ” n - u t con f i i c t : n -  in :,-c~n - n - r: n- ahead , p a . r t i - - n - n - l a r l n - ,  in n-b e
a n - n - n - e m - -c- of a- l e n -n - n -n - at - n -’ regional water s n -pp  I n -  a’ n - ’ r n - n - n -” n - .tn -n-ition .
lmp l c-m -enta t  Ion o n - ’ a l l  ar c - e n - ra n -n -s n - ’ n - n - - ’ n - u i r i r n - p  a -n- :at ,cr s - n - p p ly
woul i n - n - c -  d i f f i - ”u lt  - n - n - n - I, in some r- - n - ; n - ’n- n - n - , impossible .

) .  r n - an n- -n- n an - n - n - n - ion  is ;n - y -r --n -~n- ’t , n--- j t n - n -  c - n - n -  - rn -n - i- -h on n - n - r n- n - - n - n -” aun -n icu l—
t,-ural In - rn -- n - . I nn n- n- n-n -t e l an-’n -n i cn -n - lt.n - n - t - n - n - n-nay be In - n - r n - c --I  t n - n - develop
less s u m — n - o n- Ic -I a n - n - - I i n  or In -n- u- t n - n -  m a i n t , mn- in a n - n - tn - n -n- - - I n - n -  agn ic u it : n -r a l
n - - n - n - n - n - n c - i n - n -n-I .

10. i- n- n - n - n - h  ann-i wj l - I ij f e  ‘I i n - t n - n - - n - n - n - n - n - tn - n - n - n - a -n-- n - -  i n - n - n - l i  - ‘n-n-ted t n - n - n - a t  l a m - n - c  - a c r e —
n - t n - ’ cn -s on -’ lan -i need to n - n - n - -  rn - n -u . n - n - a n -n - e n - I  primarily for v i  in-ilil’e.
‘“tt’~r i n - n - n - c - n c - n - n - tn - s  have inn -u n-atm-n-i that some on -’ these n - n - n - u - n - n - -  areas
r n - - n - -  I t , n- ’ n- rn - un - n - n - n - n - r n - a n - -  I on a n - n - n - L t , i n - n - n c  -basis w n - ;  i - n - I n -  nay con n-’iin-n-n- t
with p u - n - n - n - n - n -n ,’ fi sh and wildli f e -n - ; ;cs
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These , of course , are only a few of the issues which must be resolved.
When se~ n-n-ents of the program and alternatives are sufficient ly detailed ,
choices can he made. Many alternatives may emerge from the recommended
future stn -n -dies. In-rn-proved technology may introduce new alternatives and
changing economic conditions may influence future resource development.

It is important that a conc erted effort be made in the early action
period to resolve as many of these confl ic ts  as possible.

Suimin-ary

Table 10 is a summary of projected requirements, program response,
and percent response for the major sectors of social and economic activ-
ities in the Region.

1i6



Table 10
FRA~~EM0RK PROGRAM RESPONSE TO PRW’EC’rED Fn-

Lower Colorado Region

1966-1980 
______

Projected Projee
Require- Program Percent Remaining Requir

Major Program Elements Unit merits Response Response Needs ments

Regional Water Supply 1/ 1,000 Acre-Feet 111~,895 13,~ 1O 9~ 
i,~85 114 ,9(

Municipa l and Industrial Water
Supply Development 1,000 Acre-Feet 837 837 100 -- 1,6’

Flood Damage Prevention $ Miflion 73 32 ~l in-n-

Erosion Damage Reduction $ Million 10.6 2.4 23 1

Wildfire Damage Reduction $ Million 8.5 1.1 13 7.1i~ 1

Irrigation Development 1,000 Acres 200 200 100 -- in-

Recreation Development Million Recreation
Days 144 51 35 93 22

Fish and Wildlife Development

~port Fishing Million Man-Days 9.7 9.7 100 0 1
Hunting Million Man-Days 2.1 2.1 100 0

~leatric Power De n-.elopment

~~ergj 1,000 gigawatt-hours 43 43 100 0 iF
Peak Demand 1,000 megawatts 8 8 100 0

1 ’ Amount required to meet all obligations of the Law of the River ,’ Mexican Treaty, losses, and regional



Table 10
I Fin-PON~~Fn- TO PR~~TE~~rED R~~UTRF~~~~TS
er Colorado Region

____________ 1981-2000 2001-2020

Projected 
— 

Projected
Remaining Require- Program Percent Remaining Require- Program Percent Remaining

n -e Needs ments Response Response Needs ments Response Response Needs

1,585 14,900 i4,4~o 16,154 15,984 99 170

-- 1,670 1,670 100 -- 2 , 738 2 , 738 100 --
41 152 102 (-7 50 310 242 78 68

F - 2  16. 6 9,6 58 7.0 24 .1 17.8 7I4~ 6. 3

12.9 3.2 25 9.7 20.0 8.0 So 12.0

-- i68 168 100 -- 132 132 100 - -

93 221 11~ 54 102 307 115 37 192

O 15.1 15.1 100 0 26.0 26.0 100 0

0 3.5 3.5 100 0 5.1 5.1 100 0

0 186 186 100 0 565 5 100 0

0 36 36 1)0 0 108 lOin- 100 0

y, lessen-n-, ann-’l r n - ’~’,1ona1 consumptive uses.
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CHAFr ER J - THE Jn-IIVIRONMENT

The term “environment” defies in-rjef description since it includes
all coa l i t ions , circumstances, and influences surrounding and affect ing
the development and maintenance of mankind as well as all other living
organisms . In relation to man, it includes the availability of work
for pay , livbnn-~ conditions , safety’, recreation opportunities , material
n-”,oods, services , water , food, and a host of other factors conducive to
existence at a a,iven level of qualit ln -r of l ife . In relation to all
other associated forms of ruatn -,ere , the  environment includes the charac-
teristics , conc,ln-itbon , and amount of land and water, habitat , vegetal
cover , appearance, and the degree of exploitation of these resources
by n-are. ‘The heritage of present—day and long-past peoples of the
n-n -n -col on is included within the concept of the environment.

Some aspects of the natural environment are highly sensitive to the
slin -’n-n-n-test permanent change. These have evolved through eons of special
con-n-dition s which , when upset , quickly succumb or are transmuted. The

‘n-at n - ra l environment of the earth itself is transitional--continually
e- ,n-olvin~n- , in 1o’i~ -range trends , from one form to another.~ Man is but
rn-rn - c anon-n-n- many factors in thi s evolution and he has the capabilit:r to
accelerate, inhib i t , or reverse some environmental trends.

‘I n - n - c - greatest impact of’ man on the natural environment has been , and
will n - n - c -, simply his expanding population , attended by increasing demands
on- the natural resources  and living space. n-n-or each increment of
inc reased population , there attends an increment of depreciation in the
n-n -at - ira l  environment . Increasing demands of population growth are fur-
the r compounded by the acceleratinn-~ technological advances and theIn-n-s ires of an af f luen t  society.

As a matter of choice or p r e f e c n - n - n n - e, some e l - o r-ru ts of’ the  na tu ra l
e nn - i i r~ n -r u r n -n -n t  must be trade-I f’or’ impro’.remn - n -”'nts b e n e f i t i n g  the we l fa re  ‘n- n -n -- i
-n - rn - fo rt of n-r ’ n - n - n -. ‘n -ow n -n -ier , the opport unities to make cho ices  bec n- rn -n- n- n-ro r’c

scam — w i th  h i gh e r  popu la t ion  c o n c - - n t r n - n -t i o n s  and int ’- r n - s i f i e i  develop-
r r n -n t s .  n - - n - n - rn -n-n - , ‘n - ” n - n - o u r r n -’n -n - n- t en I to bun - un - n - rn- n-,’n - n -’n - yn - c rn - I t h e  1 in - i t  n - i f  t he i r  capa—
bu m - n - 1, spec-’- nc-comes l im it n -n - l to fewe r n - i n - n - e s , aol  na tu ra l  environmental  

l ines.

h r - r n - - n -n- n - - r e , in the i nt n - n - r -”st of r e n -n - e r v i n g  tn- h n-n- h i n - ’ ,h n - n - st poss ib le
qual n - t~ o f ’  env i ronment  f a r  f n - u t u r n -  n- -~ener rn -t i n - n n - n -, i t  be - ’ rn- mc -s the  oblin -yn--
ti -n -n-i of all lon~’,- “ r n n - y -  p lr inr u i n-n-n- ’, to - n - ’i r -” ru l l ,y weigh t h e  Imp -c ‘t -s of ’ pro-
pose - I n-je’,n- ’n - n - ; n - n n - n - n - u t  on t he  m u l t , i f n - c c ’ n - - ’~ e’iyi n ’n -r n - n - in - c -nt .  ‘The r- ’rmiining
n - , ’n- urn -n -i r e n - ; o n - n - r n - : n - n - n - n - n -r n - h r n - n - n -  1 1 be ‘ a r - n - f u l l y  n - n -r e s e r v e  I aol rnan ’o~ en-i to arolnn-hn-n-
n- h r -j r  e’.r n -n - i l n - n - t n - i l i t y  i n - n -  the h i g h n - ” n - n - f  possible q u - n - l i t n -n-- .
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Recogni r ing the impact of man ’ s works on the natural  environment ,
n- —’n-n-gress passed a law in l~ 6’4 wh ich , in e f fec t , requires all ~en-Ieral
agencies to n-:’onsider the environmental impact of their activities and
recommendations , n -n - h a t  law , known as t h e  National F)wironnn-entai Policy
Act of 1969 (Public Law 91-1 )0), establishes a national policy to
encourage productive and enjoyable harmony between man and his environ-
ment , to promote effort:n- which will prevent or eliminate damage to the
environment and stimulate tie health and welfare of man ; to enrich the
understanding of the ecological systems and natural resources important
to the Nation ; and to preserve the archeological and historical resources.
Insofar as practicable , the philosophy of the Act has been used in develop-
ing the framework plan.

Socio-economic Aspects

Proper planning in implementat ion of social and economic programs to
prevent Ievelopment of urban and r-iral slum areas, and to facilitate reno-
vation of such existing areas, is essential to maintenance and enhance-
ment of the environment. Positive action in planning and implementation
of pron-z, rarn-’s tn roug h e f f ’ en - - t i -n-ie use of zoning, taxation , finance , and the
liKe are important elements contained in the framework plan.

~n- r~t n - r  Supply ann-I Qu a l i ty

An adeq n -n -a t c -  water supply of acceptable qual i ty  is a basic requisite
r~~ implementation of many of the Region ’s environmental programs. The
n-n-,ai-n-t-enance of’ goo l water quality in the f’olorado River and its tribu-

~aries is essential tn -n  the recreation , fish and wildlife , and the overall
n-- -’alogy of t h i s  major r iver  system . n-~nti1 adequate water supplies are
provile l iv imports , the Region ’s water deficiency will increase. There-
fore , many water nee-Is will remain unsatisfied and some deterioration of
the environment related to water is inevitable, Choices must continue to
be made as to the uses of the limited water supply that would best serve
regional objectives. These choices will become more difficult as water
leficiencies increase. I~conomic efficiency alone is not an adequate meas-
ure by which to make these choices and other factors such as the long-
range environmental consequences must be evaluated.

The early action program, consisting largely of the ongoing program ,
reflects the choices already made in the Region to minimize the adverse
effects of a deficient water supply. flowever, the inadequacy of exist-
ing water supplies makes it mandatory that some sacrifices must continue
to be made.

The continued excessive overdra ft of groL lnd water , which is inevit-
able until an import water supply is available , also has long-range
environmental consequences. The resultant land subsidence disrupts
natural drainage, causes damage to structures , and may result in irrep-
arable damage to the physical properties of the evacuated aquifers.
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The ieg r n -e  ca t ion  of the  qua l i ty  of g rou se-i an-i n-’-u r fr v ’c  -waters has
a ln - n -~ n-~ n - n - n - rn- c - n n - i  rnnn n - n - ’ n t a l  an I e n - n - n - n - l o g i c a l  e t ’f c - - ’ t s .  n - h e  r n - a n- or water  q u a l i ty
p r-n -n I n-n-n- in  n - h e  -e n - n - ion is the  ever—increasing s a l i n i ty  of the  water
n -rn - n - n - nc - i p m i n - n - n - a n  I - n-’ bn - n - the c o n c e n t ra t i o n  of sa l t s  In -ic to in - n - r , e r n - n - i ’ ie ‘n - c e and

r - n - - ’n -j  ‘ l i n n - ’ ,  n - n t ’  ‘ i n - n - ti lab n - c  - sup p l i e s .  The I ’r ar , n - n - w - rk  nno n- nann- in- n- L u- Icr - r e
t n - ’ e r t t n - n - ,r- n - n - t~ of wa te r  ‘r n - r n - n -  n - n - - n - n - c -  n - i a n - - u r aj l ’n- n - n - al Inc - s n - n - u rn -n- n-n- an- - I o ther  sails  t n -

cont  rn -n i rn - c - an - u r n - r n - .

Ln-an’,i Treatment ,  n - n - n - I In-larn-agemen-n-t

The orate -tn - o n -  ‘n- I’ n - - n - -n - c - i ’ec’ion ’ s lan d resources provi -t-n- n- primary n - n - u p —

port for many on -’ the Region ’ s envir- -nnn-rn-c-nt,at oh ,l c - n -’t i n -n-’ c- .  The pro m- n -ra m

~rovi j r - n - n -  for rn - n -  Iu n - n - t Lon of iama~n-e to the Lan-I on - eros-  ion an I sr-l i-rent n-u t ion-i ,
t n - c -  ra rn t -n-n-iance or enhancement , of n - n - r a c ’ i r i~ n- n - ap a- n- n -ty W~~ i — h , iri t urn , nr’n-~-

vi ler :‘oo-I and ‘ n- n - n -er for w i l i l if e ; an-I  wi ld f i r e  prevent o’n - w h i c h
protn-’ts rc-’reat-Ion, fish and wi l -ilit ’e, and en -n - t n - nc - tic values. m n i c - n - r c - ’ r t a -
n- ion of s- - n-- n- rn-n--n-wor k pron-n-rarn would min imin-n -c- irreversible losses n-n t’ t he
n - a n - n - I ar -I  n r c -n - n - c - r-n- c- the  t n - n c-r- -lore of choice for the future resourc-e users.

-t ool ‘ -“- - r t rol

Ton - r n - r n - n - n - n - n -n- - t i  - n - r n - of tne ‘- en -- n - i o n ’ s ian -I  r e s o - ir n e s  an - i l p r o n - n - e n - ’ t -,-’ fror
n- ion - I I-n-rn -n -an -n -n -n -, an-’ provi Ic- -I s-n- the flood c en t r a l  m r - n -n - n - ra m , i n -n- n-i primar’;
-n- ’n - ’.’i r- ’n - in - e rn - t a l oh , c-- n- n-~ive . Floo I l am an -n- e t n - n - t n - n - c -  lan - n -  I r e so c i r - - e rn - is ann-
i n - r c - V n - n - r ir )~~P loss that is de t r imen ta l  to f i sh , w i l d U : ’n-— , r-r- - n- reatiomn- , aol
est ‘n--tic -n - al  ues , a n - n -  I t o  t n - n - n -  n- ’n - n - n - r i e r a l  I n - rn - i  n c - s o o n - - c- i a n - n - c -  of n - t n -  i-leg ’ n-n - rn - .
n-” loo’l liin-n -n - n - n -js -e to ur n - an c r - n - n - t e r n - n -  is r n - I s o  i n -n - n - t n i rn - n - mn - nta l  t n -n - t he  esev iron nn -en~ -in I
w e l l - n c - n-n- r ig of ’ n - n -n - n -  peop le. The portion of the proc-rarn- requ inin n --n - f l c n - o i
water l c- t c-n -n -t  n - n --n-n- storage , I ever’s, and c i n - a n n ’- l . improvements v i i  I ‘n-ce-i to be
eva ln -n -ataI on a pro, ie n - n - t basis to re i n - i n - ir e adverse effects on the natural
envi ronment. Measures provi ic-i in the flood control pr o - ram which  w n n - u l d
enhance t h e  environment  m c i - i - I c -  flood pla in  bu i ld ing  co-len , zoning  and
health regulations , and the purchase of flood plain lands for open
space preservation.

Though flood detention reservoirs cause flooding of’ some wi l ,Ilif’e
hab i tat , senefits to wi l -l L i t -e occur by reason of the growth of vegeta-
tion with in the flood pool areas and the usual presence of some water
for wildlife use. ruc lusion of permanent storage pools moult provide
enhancement of sport fisheries. -

Ir r i g a t i o n  an -I  tr a inage

The maintenance of’ irrigated agriculture in the Region has important
environmental  implIr ’ n-”,t ions .  rp-w irrigation deve l opment proposed in the
pro -n-r am would occur mostly on desert lands, Irrigated lands provide food
and water for some species of wi ldlife , and provide a cooler n --n - r eP - i  belt
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in the o therwi  r n - c -  hot a n t  dry ‘ien -n - c -r t  environment . A - i n - i c - r n - c  -er n -’ii r onmer - tal
i n n - p a c t . ; o tn - a g r i c u l t n - n - n n - cl prac j - o n -~~ , such as t h e  use of pestic- n-~ Ic- n-n- an -n - I
fer t i l i : ’ c- rs , w i l l  require ‘on t i r ;  n - e l  survei l lance.  “n - r a,iflaF e of n-r, ann -n - h
lan--i Is rn-n-v er- n- lic e let nirn -n -n-nta l et’f’-n- ’ts on c e r t a i n  wat e r — o r i e n t e d  ecologi-
cal r vn- n - t e r n - -,s.

~t un i c  h-mt aol  l n i i , n - t r i a l  n-~~tn -~

‘ I n - re  u n - rem - ’ of ’  m u n i c i p a l  n - rn - - I  i n - - i n n - n -n- r i a l  water near ly  alway s ha’ie the
a b i l i t- ,- to pay wha le n - i c r  c o ;t  is n - ;c - - - e s n - r a r ’, - to -divert water from other uses ,
In - t n-is , in the -:- n-’ir’-r-n-etiti n-’e situation , it is d i f f i cu l t  to implement e n v i r o n —
rn-’c-ntai ob ,jn - n -n-ti’;c-s requiring a water resource base. Major setbacks would
likely occ ur in such pr n - n -n-~ram s as fis h and wi ld l i fe , recreation , scenic ,
and will rivers. ~ater is also necessary to maintain the quality of
environment in cities where tin -n- welfare of the people ranks highest in
pr iority of conside ration. ‘n-n-recn lawns , trees , parks, and swirmin-ing pools
are of even creater in-n-n-p n-’n-rtance in t n - c desert environment of the Southwest
tn -n-an in more humid a rc-as .  l ’ ntil an imported water supply is available ,
tin e tra in -n- n- ’er of water I n - rn - n - r n - n -  other uses is p r o h a n - - l e  and adverse ef ’fe - - t - n -  on
less essential activities n - n - i t he anticipated. The facilities provided
ny the framework program to suppl~’ municipal and industr ial water present
rn -en - .’,ligible confl ict  with desirable environmental qualities and , in many
ins-tan-n -s-es, such facilities will enhance the environment .

Mineral Pc-sources

lJtili;n-ation of t n - i c -  mineral resources of the  Reg ion  is necessary  for
the well-bc-inc-n- of th in - peop le of the ‘Rn-ti on. The Pepion supplies an - n - - n - n - it
n - 0  per -c -n -n - t of the Nat ion ’ s copper and s ign i f i can t  q n - an t it i e s  of o th e r
m i n e r a l s .  n - o n t n - n - n - n - e ’ l  exp loration and ie-ie lopn -n - ent are n e i ’ e s n - n - n - a r n -n-’ i n -’ t h e
Reg ion is to cont inue to supply its share on - ’ t in e national demand. Ton-

, n - n ’n - r ”l vigilance w i l l  n - , e necessary t o  m i n ir n i~~c- a i r  aol  water  p o l i n - i t i o n ,
‘ c a nn i n g  of n-in n - lan -n - in -n -rn -a pe, a-n - I other environment,-al degna lation.

hr-c -reat ~on

Ten-n- preservation of high quality recreational environment  is one of
the prim-ar-n- conr- ernn-; in the recreation program. Much of the  recreation
program is dependent on implementation of other  elements of t i n - c  -framework
pr- n-gram-n-, especialin-,’ water supply an-i l water quality . The recreation pro-
cr-n-n-, provides for a wide range of recreational opportunities which will
upgrade the quality of living in the Region.

The acquisition , preservation, and management of’ lands m n - n - m n - recrea-
tional use range from urban parks to primitive ann-i wilderness areas.
Preservation features of the  proi~ran include archeo logical and h i ; t n - n - r i n - r a l
values , natural areas , ecolo~~r , wi ld and scenic rivers , and wildernessareas.
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Ueritage

The archeoln-’un-icai and early historic resources of the Region ma’, be
affected both by the developments proposed in the plan and by the pres-
sures for land development brought on by increased population. In -’ tie
heritan-n-e of man ’s presence in the Region for over 11,000 n-rears is tn -n be
preserved, then a systematic , regionwide investigation of these resoo rces
and salvage of those that will be destroyed will be necessary.

kish an - i - I  Wi ldl i fe

The fish and wildlife program outlined herein satisfies the demands
for f i sn  and w ildlife resources through the year 2020. The program pro-
vides for the preservation and improvement of the most productive arid
unique fish and wildlife habitats, and the acceleration of developments
to improve wildli fe  production throughout the Region .

With the projected rise in human population attended by increased
development and h uman pressure on the natural resource, it is increas-
ingly important that well-planned management programs be strongly sup-
ported by all construction , land management , and fish and wildlife
agenc ies to maintain the quality of the natural environment and the
associated wildlife populations.

~l l en -t r i c  Power

Electric power is a basic necessity to the well—being of the people
and to the environment of the Region. RnvirQnmental aspects requiring
electric energy include air conditioning, to temper otherwise uncomfort-
able summer temperatures; pumps , to deliver a major portion of the
Region ’s present and future water supply ; industrial smog control devices,
as well as other air and water pollution control devices; urban street
l ight ing ; and light ing to allow increased utilization of urban park
facilities.

The regional program provides for the projected future electric
power requirements through imports, fossil-fuel thermal plants , nuclear-
fuel thermal plants , and pumped storage hyd,roplants. Cooling towers are
utilized and no water would be discharged bac k to the streams . flurveil-
lance and control of thermal and nuclear pollution will be necessary.

- ‘n -u r the r  consideration should be given to the various alternatives
available to meet future power demands and the relative impact of these
alternatives on the environmental system.

The sit ,ing of thermal e lect r i c  power plants w i l l  take into consi- ler -
n-ition the effects on air and water pollut ion.  The locat ion of transmis-
sion facilitic-s will require careful selection to minimise a lverse e f f n - - n --’t s
on en - n - t n - r n -t i -- a ] , eco1o~ ical , and recreat ional aspects of the I o n - n i  environment .
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“lA~Yr’1~ K — n - n -
~~~JRE -‘SO FXT ENT OF’ i1JTLRf-I t T l S f } - I ~’

W ’r t € - n n-ipp n -n - i  n - I  ;n - , l i en-n-

-“~c- ’s- inn - 1s water r e l a t ei  deve lopments in the n-’iegi nn have c-n - e n tr a te l
- - n - n s a t i sfy in g  imninc-liate pr on -’-lcms . The struggle to live with ‘i c - fun - t n - -n - h
water supplies n-n-as often -n- oversn-ia Iowed other considerations . ‘nere has
see -n- constan t and f i e m - n - e  n -n -o n -p et i t  ic -r i  for the available water  among the
c-n - -n - p and : s n - I  c i t i e s - , an-. n- r i n --’n l t n - n r~, the mineral in- in -is -tm’,- , ar-n - - I  the fin -n - h , w n - i d —
l i f e . a - n - i  r er ’r eat i ona l  i n t e r e st s .  TR ecn -n t l ’r , the  p ub l i c  i n t e re s t  has
broadened, to in ;’ n - - o l e  a ‘r eri ~ n-c - ‘n-nnsideratjon of the  social a--cl en’i i ron-
mental aspects.

To best serve t in - c -  w e l l -n - ; - ’in g  of the greatest number of people , the
fn -n -t n -mre planning an-i deve l opment of water and related land rescu r n - e s  m u - n - t
s t - n - - In-- ,- a l l  a l t enn - -, mtt ives and c - s a l - t a t e  al l  water re la te ’!  ac t ivi ti~- n - n - . ‘inc --

m e n - n - n - n -  to be consin-lere I inc lude : water q u al it ,-r ;  enhanc er -n -en- h of f i sh  an-I
w i l i ti : ’e ;  protection and enhancement of areas of t i i s t o ri s-a l , scen ic , or
n - s i a n - i c  ecological values; an-i other environmental factors. To a;n-hie’se
h i s  aIm , in - s -p r - n -we d  metho In- n-  w i l l  be required for evaluat ion of the cmvi-
no ’ ; r s - e r n - , a i  aspects n-rn- I to establish the relative merits of alternative
ie’.’elopmnent ~n- pprn - r t,un i ti e s . P l a n r n - i rn-n- ( emphasis should he oriented to

~--n - m p n e l e n - ; s i v e  r esource  deve lopment  ari d to t he  preservation and enhance-
men t  of r,atu ra l  resources.

n - tn - c  - I e v c - l o p n - en t  of state water plan s n-as i - c - c - m n -  under taken by the
- n - n t e s  of t he  -‘ rn- g ion.  ‘ n - n - n -c-se st n - id n - em ; and the f ramework stud ie~n- In-ave
s - n -~ p p 1ement, e-I each oth e r . As t he  development of ’ t h e  state water plans
a ivar ;ce , a c - I o n - n - c  work ing  r e l a t ion s h i p  with f n I~n - n - r e n- c -leral plann ’i n- n - c
pr ’n-grann -n- should continue so that they are interrelated to best serve
t n - n -n - -  i n t e r n - n - ’n - t s  of  the R n - g i n - n - n.

The western  Uni ted  States ‘-(ater Plan intu I,y , as p r o v in - i n - l  for in
T i t l e  I I  n - of Pub l ic  n-~tw n-K)—537 , n- rn-lorado River Ran - n - in - i I ’ rn - n - , n- c-n- ’t A- - I  , is a
‘.r c - r n -  i d e  for  tine co on - in n - ic - n - I n- n - r n - n s I comprehensive Water nen-;ource planning
t n - n - f - - r n - - s t a l l  tin - c - in-spendin g water crisis in the i’n- c - n - n - t  . n -bc - A n - n - t  pr’~v iln -n -n -
for a f i n a l  me ‘ n- n - n - n - n - i an- s n - n - an - m e cr -n - n - -  n - nt t o  n - n - -  s u b mi t t n -  I on or be t n - n - r n -  ,n- uer- ~0 ,
1-1(7.

I’ p r imary  lmpor t an n - -n -’- to the  I n - ow e r  -oloma lo Reg i on lur i ng the
t n -n - n - 1~~n-O pn -r i n - n -  are I - n - n - m i  i c  -I s tn - n -  U n - n - n -  of ’ the n-c- an -n -n -n- by which the Peg i o n ’ s
water supp l I es ma:, n - n - r n -  a i j n - ,’ m r -n - ; t rn- . n - n - n - n -  n - n - t o - I  n- c-s m n - n o - n - I  I hi- in s~’ t ’ l ’ i m - i e n - t
n- h -tail n- , - provi In -’- a basis for projr-n - - t n -t ut ,li n -’n -rira tio n. The en-n v a ‘n- ion
p n-n - n -n-ram n - - hon - i  Id i n-ic - i n- Ic: (1) s t i i  l i en - ;  of  the n -f  ‘c- ‘I s  of g m - n - n - n - n  I—wan-
o’ ,- r ’ ’ ’f r r t t n - n- . in - n n-n- n - ’  c r i t ic a L  am- c - as  n - n i  t i n - n - n -  n - n - n - st en - n - h  of n - r r ’ . n - s - n - - r si b l c  -- lan - -n - an -n - n - - s
ho ‘n-n-’: p n - - n - - ’,n- n - -i ~f ‘ ‘n-n - n - ’ r l r a f ’ t  n- -o n t i f l u ( - n - - ;  ( 2 )  I n n - i n - n - n - i ; “I ’ n -f l  n- ”n - t  n- n - n - n - ) I i n ; l — ’n-~ ’t n- n - S
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a n - n - i n s  o-~n- t s - j  I n - -  t h e  pn - ’e ;n -en t  c m i , n- c-a l  a m - c - n - n - n -t n - n -  p o rn - s i n  Ic n - - c  ‘- r im  so A r - n - C s -  of ’
w n-i t r- m - n - n - a’. mi phI - n - c  -con - m -,-n- vc -I t,- - n- n- rn -n -n -- o f ’  n - n - n - n - ;  -‘n - r i  (~~) n - n -n- - n - n -n- ’, ‘an- , i n - n r-n- o f ’
t i n - ’ posn -n-ih i ] !t, n- n - n - s - I , s - n - - n - n -  j - ’ r n -  on -t i -  I ag n i - ” - ; [ 5 - n - n -re  w i l l  be In - sp in - - ’ I n-n--i

‘ n - r n -  an - n -  ‘ten-,’e icn - pnn - em n - t  c-n -c  by ‘ter n - I en-, rn -n of -‘n , i— ’,-n -n ’ n-’ -r  a n -p o l l  en - tn- n it

n - r o n - n - n - n --i—water n - - a s - i r i s .  1 : 1 - i n - n - c -  -Ic n - I o n - n - m n - r n -f c - s - s n - n - n -  W o n -  in- h ‘ n - n  I ‘ n - n - n - n - c  t. ‘; ‘ n - n -  h in -’~n- n- ,
a n - n - s - -n - ran-c -~n-’a n - n - 1 ’ !  t n - e  n c - - n -  l et  as n - n - ’ tn-n c- l ong—f c-nm y in -n - n - i n-I of t n -n-c- n-n - p n- n - n - n - i n - n -s n - n -’: !
tn - n - n - n - pr-oSpc --n-ts n- ’ -’- capital rn-co sc - r n -n -’. “- n -  1: n - ’n - n - s- in- - n - i n - I d  n - n - c - corn -n- I n -’ -c I n - n  t I n - c -
f ields of re use -of  water , pm— n-ipitation n-s- s -n an -’ n - - n - -  n- n - -

~;
n-

’ • ‘ i n - n - I ‘n-va r a t  n - n - n - n - n-
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rand Treatment and Management :~tudies

t udies to ref’ine the information on the current watershed conditions,
soil types, erosion susceptibility, sediment yield rates, and contribution

~o calinitv in stream s are essential to effective planning and management.

River basin studies of Type IV intensity are needed to identif~r and
evaluate  i nd iv idu al  projects  in such areas as the santa ‘ruz— 3an Pedro
River  3asi ns , art i the .a ~t , Verd e , ila , and Agua Pi’ia drainag e areas .
~ ic~ilar studies are needed along those ma ,ior river flood plains having
riparian vegetat ion to determine the impact of and potential for a vege-
tat i ve nan n~ ement program for increased water yield.

Research is essential to provide direction for installation of a

~nc~plete watersuel and land resource management program which will assure
r~ax imL’ed benefits. Research is needed not only for investigations into
the specifi c factors a ffe~ t i r .~ mana~ en~eut  of each individual resource ,
hut also needs to be aimed at the various combinati~ nr of products and
values to deterrniue their interactions before and after management treat-
nests. ~~amples of ’ recear’h needs are:

1. The effects of water yield from vegetative management within
spec i fic vegetative types. Rvaluate the impact of this treat-
ment on other multiple-use values.

2. rhe effects on surface supply and ground-water recharge of
runoff  control and floodwater retarding structures.

3. improve snow data collection techniques and runoff prediction
fo rmulas .

L4~ Develop more selective and acceptable pesticides and herbic ides
and better define the limitat ions of’ those presently used.
Alternative management tools need additional investigation.

5. The effects  of man ’ s activities and land treatment and manage-
merit on associated fish and wildlife, both game and nongame.

6. Improve timber management systems, develop super ior genetic
strains of timber , and find more efficient methods to use
forest products .

7. Improve techniques for inventorying resources , measuring
• resource conditions, and organizing resource data for more

meaningful interpretation and utilization in management
decisions.
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lood Control i~tudies

The magnitude of the flood problem indicates the need for a research
program for flood damage reduction. Specific suggestions for more detailed
studies include :

1. The problem of urban hydrology should be studied. Because of
rapid urbanization, greater runoff occurs in these areas.

2. Since a large part of the Region is in an arid area, a study
should be made of desert hydrology.

3. Research to determine the potential for storing floodwater in
underground reservoirs created by nuclear devices and the
fracturing of rocks to create greater infiltration rates of
percolation.

L~. Research to develop better hydrologic models for flood fore-
casting.

5. To improve flood warning system by research in precipitation
forecast through radar sounding and other means.

6. F’urther studies to evaluate alternative means of obtaining
flood protection in specific areas should include, but not be
limited to, environmental considerations, noristructural flood
plain management measures, and open space.

Electric Power Studies

The projected large increases in the demand for electric power will
• require investigations to determine the most suitable locations for the

thermal electric power plants. &ivironmental considerations and avail-
ability of water for cooling will be of primary consideration. Thermal
pollution is presently avoided through use of cooling towers. The use
of dry-cooling towers should be evaluated in terms of the value of the
water conserved compared to the additional cost that would be entailed.

Specific reaches of rivers and flood plains having unusual scenic
or ecological qualities, and other areas of’ historic or esthetic sign-
ficance, need to be identified so that they can be avoided in planning
for electric power plants and transmission facilities.
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Recreation Studies

~‘urther studies :;hould be undertaken to determine and implement
i~~1eral and state land use goals and policies . T dentification of land
and water availaile and suitable for recreation purposes should ~e a
part of such stu dies. Tn addition , the recreation lan i classification

~:~-stem should be reevaluated ar~ improved to provide a more efficient
technique for identif~ring recreation resources. ~aui use p~annin~T
shoul I take into consideration the need to preserve unique natural aud
cultural featurer before such resour e•u are lost to other uses.

New teThniq es for measuring recreation use and recreation user
preference should be researched. These new techniques should be readily
ava i lable to all recreation planners and management agencies and snoi ld
encoura~e uniformi ty  among all agencies in amassinC statiutical data.

)etailei recreation studies for the ila ~iubregion should be under-
taken. These studies should lead to delineating agency roles in provid-
in~ recreation opportunity, specific i’acility I•~veinnr~’nt plans , and
providing alternative opportunity options where recreation opport~nity
is precluded by constraints.

Studies are needed to determine the most feasible method for bankinc
and disseminating recreation data.

~ich and ~ildlife •~tudies

studies are needed to determine habitat requirements of game and
nongaine species of fish and wildl ife, and to determine how man’s activi-
ties and land management practices affect the habitat requirements of
wildlife , including game and nongame species and rare and end.arigered
species. There is need for information on ways of establishing palat-
able browse and other vegetation to increase wildlife populations.
E~cological characteristics such as water temperature, toxin content,
turbidity , pool ripple relationships , stream bottom characteristics ,
streaznside vegetation, and biological characteristics need to be studied.
Existing habitat ixnprovernent methods and the development of new methods
such as aquatic weed control, water impoundments with artificial stream
construction , and phreatophyte management studies are needed to provide
for increasing fishing demands .

~~vironmental Researc h

A more comprehensive evaluat ion of the effects  of regional water
planning and management programs in terms of productive utilization of’
labor and capital is needed. Though economic efficiency is an important
guide to the implementation of a water resources development program,
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other objectives must also be considered. The Region, for example,
contains underdeveloped areas, areas of economic depression, and, in
many cases, immobile work forces. Providing jobs and income to resi-
dents of these areas should be considered an important object ive of
the Region. Projections point to the concentration of’ population in
a few large metropolitan centers in the Region, consequences of which
should be explored. Studies which form the basis for evaluating
alternative courses of’ action to meet such objectives, therefore,
become an integral part of’ the comprehensive plan for development of
the Region’s resources.

Archeological and. Historical Investigations

A systematic, Regionwide investigation and assessment of the
character and significance of the archeological and historic resources
is needed as the basis for decidi ng what should be preserved for future
generations, what should be investigated and salvaged prior to destruc-
tion by project activities, and which sites may be allowed to be
destroyed.

~~ologtcal Research

Some threatened natural environmental damages are obvious and
dramatic , and have already caused some important water-oriented projects
to be abandoned , relocated , or redesigned. The more subtle, and perhaps
equally significant , changes in the ecological spectrum have not been
addressed or even recognized , in many instances , for lack of manpower
and expert knowledge . A more detailed and precise picture of the ecolog-
ical effects of water development is needed. Greater sophistication
must be achieved to insure that the less obvious damages are avoided and
the less obvious enhancements are achieved. Impacts tar removed from the
project area must also be considered in evaluating their effects on the
total environment.

Hydroclimatic Data Networks Requirement

The nature and extent of basic data requirements are dependent upon
the logistics involved in a particular study being undertaken. In
general , most studies will require measurement of hydroclimatic data
suc h as precipitat ion , temperature , evaporation , solar radiation , soil
moisture, and snow water equivalent. Various water and air quality
parameters will also require observations or monitoring. Existing net-
works will require rapid expansion and funding for proper quality con-
trol of’ the data. The required basic data of various Federal, State,
local, and private programs should envision an integrated network for
observing or monitoring the environmental data.
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~oc j o-economic Analyses Needed

, ‘ev~ral additiona l socio-economic analyses needed to extend and
supplement those included in this study are as follows:

1. A lditional analyses on how water resource development programs

~‘hange employment participation rates, types of employment,
income distribution patterns, educational levels, or other
socio-°conomic factors shoild be initiated, particularly as
related to low income, minority , and rural population sectors.

fl. ~;tudies should be initiated to assess the economic consequences
of deteriorating water quality upon industrial and agricultural
output in terms of how it affects the level and rate of’ regional
economic growth and the well-being of the people.

3. Additional sensitivity analyses of alternatives and assumptions
should be conducted, particularly as they pertain to efficiencies
of water use , alternative cropping patterns, alternative crop
-yields , level of water availability predicated on 1965 condi-
t ions , and other agricultural production possibilities.

i~tudies exploring the relationships between economic activity
and environmental characteristics of the Region should be
initiated. Methods to measure environmental parameters in
socio-economic terms are needed.
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CHAFTER L - IMPL~ 4ENTATION AND FUNDING

I n i t i a t i n g  the Program

The implementation of the development program to f u l f i l l  the future
needs of the Region requires immediate action to accelerate programs for
water resources and related land development by over threefold. Most
of’ the early action programs are continuations of’ those currently under-
way. Though the Region has had one of the fastest growth rates in the
Nation, and is one of the most critical water deficient areas, water
resource development has progressed more slowly than that of most other
areas. ‘Triis slowness of response to the needs can be attributed largely
to the sheer complexity of the problems, the magnitude of developments
necessary to solve them, and the legal problems which have retarded the
Region ’s ability to fully utilize its share of Colorado River water.
While the latter has been partially resolved by authorized projects,
the others such as funding continue to obstruct the Region ’s efforts to
meet its present needs or to implement programs to satisfy future needs.
Consequently, the action programs have fallen far behind, resulting in
the accumulation of a tremendous backlog of development needs. The
t iming of a program of water importation to the Region is most critical
because implementation of many other elements of the framework program
is dependent on an adequate and t imely water supply.

It is anticipated that a public information program will be a
necessary and integral part of the early action program. It will be
imperative that the public be made aware of the problems and of the
foreseeable consequences created thereby; that all potentially feasible
solutions be fully considered by the public; and that time be allowed
for formation of’ public opinion . Determination of the public desire
and public willingness to pay the cost of new developments must be
effected before implementation of the proposed action program can be
achieved.

F\uiding

The funding of existing programs would need to be accelerated by
over threefold if all elements are to be completed by 1980. The $720
million Central Arizona Project, representing nearly 50 percent of the
Federal portion of the regional early action program, is the principal
authorized project needing acceleration.

The funding schedule needed to catch up with the Region ’s develop-
ment needs has been spread over a 35-year period to year 2000. At that
t ime, the Region’s backlog of needs would essentially be satisfied and
the 2000 to 2020 funding program would need only to satisfy the needs
arising during that 20-year period.
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Table 11, graphically illustrated in Figure 19, provides a comparison
of the present annual average level of’ funding with that needed in each of
the subsequent time frames to achieve the water and related land resources
development program. Estimated total cost, 1965—2020 by purposes, is
depicted by ?igure 20.

Table 11
Average Annual Federal and Non-Federal Program Costs

Unit: Million Dollars
Present
Funding 1965- 1981- 2001-

Item Level 1980 2000 2020

Federal Installation Costs

Regional Programs 30 100 97 205
National Obligation,

Mexican Treaty -- 163 --
Non-Federal Installation Cost 36 56 86

Federal Operation, Maintenance, and
Replacement Annual Costs 66 290 359

Non-Federal Operation, Maintenance,
and Replacement Annual Costs 108 5~8 1,I+99

~/ Average for the years 1965 through 1969.

The division of costs between Federal and non-Federal Interests was
based on present legal and institutional arrangements. It has been indi-
cated that the non-Federal portion of the recreation program could prob-
ably not be achieved unless the Federal participation is increased. It
is estimated that about 70 percent of’ the Federal costs for the regional
framework plan would be repaid.

Legal and Institutional Problems

Constraints , which could delay the implementation of the comprehensive
program, include some of the existing policies of’ Federal agencies , lack
of authority on the part of state and local agencies , and the constraint
of financial capabilities of local. agencies.
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FIGURE 19
ANNUAL FUN DING REQUIREMENTS
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Federal-State Water Problems

Though conflicts io exist, Federal and state laws applying to
water resource planning and development have been largely complementary.
Tensions have developed, however, in the area of water law. Though
historically the administration of water rights has been left largely
to the states, there are a number of provisions under Federal consti-
tutional powers that have placed the state administration of water
rights in jeopardy. A recent concern is the Federal grouping of water
uses on Indian reservations, national forests, etc., under the category
of “reserved water rights.” The theory is that when the Federal
C~overnznent creates a land reservation in the arid West, it reserves
such amounts of unappropriated water as might be necessary to utilize
the land for the purposes intended. As these rights are not quantified,
this theory creates an mcertainty, making it impossi~’le for the states
to integrate them with private rights. This uncertainLy as to the
amounts of remaining water available for development Is detrimental
to water resource planning.

State Institutions

A major problem of the states is the multiplicity of’ organizations
involved with water resources. These organizations are often overlap-
ping and unrelated. A centralization of responsibility within the
states for matters dealing with water resources is needed.

State Water Law

State laws prescribing the steps to perfecting a water right appro-
priation usually include: (1) a notice of intent or an application to
appropriate water; (2) the building of works necessary to divert or
impound water ; and (3) the application of the water to a beneficial
use. The priority of the state water right is then based on the rule
of’ “First in time is first in right.” However, laws of the various
states differ as to (1) what may be defined as a beneficial use;
(2) what priority or preference may be applied to different uses ;
(3) the amount of water per acre that may be allowed under an irriga-
tion appropriation ; and (1k) procedures for acquisition of rights.
Consideration should be given as to whether greater uniformity between
water laws of the various states would be desirable, and how this could
be achieved.

~~vironmental Cons ide rations

The field of water resources has previously been oriented toward
resource development as evaluated in rather narrow terms of economic
efficiency. Recently, environmental concepts have been widely recog-
nized by the public. The provisions of Public Law 91-190, National
thvironmental F~1icy Act of 1969, will have an effect on Federal water
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resour .’~ -; ie;elopnient program s since this taw requires that the envi—
ronrnental impa t of poteut- ial Ie velopment s be analyze 1. New methods of
evaluat ion ar~ nee 1e 1 to property accoun t for the new environmental co~i-
~~n t s . W i - ~.h ~ ut l~~1t~t , fur ther state and. Federal legislation governing
env cn.r.’~st al  ‘n~isidera tions will  be enacted.

~~~~~~~~~~~~~~~ of Framework ~tu-iy Wo rk Group s

~‘ir ing  t~’~ cours,’ of the study , r er ’ommnendations relat ing to legal
a~.i ~~~~~ t nsa~ ‘au~~r neede l to satisf~y particular interests were
1e-iel u~~1 is ‘~.e various appendixes. Though these recomendations have
r~ t ~e~’s en~orre-1 v th~ Legal and. Institutional Work Group, they are
pr e: ;ent~• i  j’~i the .v~a1 and. Instit~tional Appendix. Following are some
of t~~e ma, or rP ~ mi—es tat ions:

~~.n1 ~se and. Water she :l  Man ngement--impiementat ion of the land
treatment and rsanar ersent program wil l  re qu ire  innr ea sed  state par t ic i—
pa ti sm in anagement of watershed areas where state lands are involved.

Al -d i t io nal ~‘eii~ral ~nil s tate f inanc ing  and assis tance are needed
for . ( 1) i n s t a l l a t i o n  of all land treatment and management measures ,
inn l idinc tho~ e for improvement of the quantity, quality, and timing
o~ water ield.s ; and. ( 2 )  storage in floodwater retarding structures
t~ pro’;ide low flow augr~entat ion for improved water quality.

A~~ elera te land use planning fnr  areas which are expe~:te-i to be
developed for urban use and irTplement effective and equitasle taxing
and. soning ordinances in order to direct potential deve topments in an
orderLy and esthetically pleasing fashion.

The system by which grazing privileges on public owsed lands are
t ied to private holdings should be reviewed periodically to insure that
the system is both equitable and con lucive to good management .

Flood. Tontrol-- F~abling legislation by states is needed to control
the use and proper development of the flood plains. Such legislation
should include , but not be limited to, the foLlowing : recognition by
tates of the overall responsibility of flood plain regulations as a

part of flood damage reduction for the health, safety, and welfare of
its citizens; adoption of statewide minimum standards for flood plain
regulations ; state assistance in providing technical information ; state
aid for acquisition of land for future projects or for preservation of’
open space; and state adoption of flood plain regulations based on its
minimum standards for those areas where local units of government have
not adopted state approved regulations within a reasonable time.
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I r r i g a t i o n  a n i  ‘ rai nage--The “ 160-acre limitation ” reclamation law ,
long re ogr ~i ; ’ e1  as uneconomic in many areas, is becom i ng increasingly
q~ es t i i n a h l e  un ter price .~ os t pressures fac i ng i r r iga ted  a gr i c u i t i r e  in
re ’ent ‘,‘ears . ‘onsid.eration should be given to suostituting for this
“l~ i)-acre l i m i t a t i o n  p rov i s ion  in reclamat ion  law , an “ac re - l imi tat i on ”
ha . ed on a pro -l u~ t i v i ty  c l a s s i f ica t i on  of p roj e ct  lands.

t ser  prcs~ ems facing irrigated agr icu l ture  are changes in water
aw es t a b l i s h i ng  “ p r io r i t i e s  of use. ’ The conversion of i r r iga t i o n  water
to otser uses could create many problems for the i r r igat ion interests ,
fcr  u rban areas , and for state and local gove r nments.

Recreat i on-- Implementa t ion  of’ the  fram ework program for recreation
w i ll requi re  egis la t ion  to amend ex i s t ing  statutes governing Federal
part i~~ipation in recreational  act ivi t ies ; to es tabl ish  new statutes
providing for Pederal funding ; to establish new Federal and state land
use policies and goals; and to establish funding and administrative
astsoritv relative to beautifi~ ation , water and sewage treatment facil-
ities , and oth”r water quality control measures .

ftate le~~slation needed would in’lude laws estabLishing state Lan d
use poli’ies , recognizing the multiple -use manacement principle~ making
state lands avai lable to local entities for recreation ~ses; esabling
and. ctren~~fening zoning statut~ s; and reos~ rinc grazing lessees to per-
mit punl ic a cess for recreational purposes.

Fish an-i Wiidt it ’e-- . tate pro-~r that benefit the general public
an I in ‘lu le the prrc;er .’atil)n of vi Il l fe resources for all  people must
s a c  a n r o a I e r  base for t’inancin ~ than toe sportsman ’ s dollar . ther
oro -ram:; toat b en e f i t  the  ~er,eral  put L i n  and need general  ~nIz  are
tnose  not l ir e t l y  related.  to fich~ng and sI;nt~~ng, ~ch as conservat ion
e l u ca t i on , management  and research for non Gamne species , and participa-
t o n  is program s for the preser~ation of endangered sp ecies . n addi-
t ion , s ta te  a’; :edera leg is la t ive  and admin ist ra t ive  changes are ‘ cede-i
to provi de the  appropr ate l a n d s  ani associated agencies w i t h  adequate
f u s d s  to accelera te  programs and to deve lop fi sh and wildl i fe f a c i l i t i e s
t~’ meet publ ic  demands for the  use ~f the  f i sh  and w i l d l i f e  resources.

dater  qual it y - -Water  qual ity  prob l ems of the  basin are cur ren t ly
being de f ined  by the cooperative efforts of local, state, and “ederal
participants in the abatement conference proceedi ngs on the ~o1orado
River Basin , under the a u t h o r i t y  of the Water fuality Act. of 1965. The
search for s o l u t i o n s  to the water quality problems so defined must nec-
essar i ly  extend to an examination of existing legal systems arid insti-
tutional arrangements to determine their effectiveness in implementing
any proposed plan for the management of water quantity and quality.
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I IAPT ~R M - ALT F~~NAT IV ~ I, PVEI ,S OF DEV ELOPMENT

Th e previous chapters of this report have dealt exclus ive ly  wi th
m o d i f i e t  ( P- : 5f pro ,iected levels of development. These pro ,5ectiori s
were based upon regional rev iew and modi f ica t ions  of the March i~€h
project ions (OB~:-:~~i) which were furnished to the Region by the Water
Pesources ouncil , and are considered to be in the median range.
Additional revisions to the population projections were provided by
OBE in June 1%I.

)BP-ERII Projections, March 1968

The differ’~nces between the OBE-ERS projections for the Region
and those used in developing the regional framework program are minor ,
especially in view of the unpredictable changes in trends that are
inherent in any 30— to 50-year projection.

sowever , the differences between some elements of the projections
for the Lower Main tern and Little Colorado Subregions are of greater
significance.

In the Lower Main Stem Subregion , there is a major difference in
the population projections of the Nevada portion where the economic
growth is largely recreation and tourist 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 County,
Nevada, has more than doubled between 1960 and 1970, and the Mohave
County, Arizona, population has more than tripled. The land avail-
ability , coupled with the water conveyance and treatment facilities
now under construction to serve Las ‘iegas , will probably support a con-
tinuation of a high growth rate through year 2000. The difference
between the modi fied OBP-F~RS projections and the 1968 OBE-gRS projec-
tions for the Lower Main 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 then a reduced development
rate until 2020 as the two projections converge to within 15 percent
of each other.

There are also significant percentage differences between the 1968
OBE-ERS and the modified OBE-ERS projections for population and irrigated
agriculture in the Little Colorado Subregion after year 2000. However,
the numerical differences are riot l.arge. The increases are largely in
Mc-’inley County, New Mex ico, and are attributed to economic advances by
Indian s, extended development in uranium, anticipated coal development ,
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and increased employment opportunity caused by anticipated increases in
travel along the Interstate Highway System. The projected increases in
development of irrigated land in the Little Colorado Subregion is attrib-
utable to small new irrigation development on Indian lands in McKinley
County, New Mexico.

The most significant increase in land requirements, resulting from
the use of the modified OBE-ERS projected level of development for the
Region , is for irrigated cropland and urban land. Projected land require-
ment for livestock grazing is the only use which decreases using the
modified projections, and this decrease is minor. The remainder of the
land use requirements either remain unchanged or show only slight increases
with the modified projections. Using either set of’ projections (modified
or unmodified OBE-ERs), there are sufficient suitable lands for each land
use.

The effect of the differences between the two projections on the
framework plan is minor. The difference in the water depletion require-
ments for all uses in the Subregion is only 140,000 acre-feet.

Table 12 sununarizes the regional demand for water and related func-
t.~or.s and services to satisfy the 1968 OBE-ERS projections. Comparisons
of significant elements from the 1968 OBE-~~S projections and modified
OBE-ERS projections are shown by percentages on Table 13.

The modified OBE-ERS level of development would result in increases,
above that for the OBE-ERS level, in the depletion requirements for the
years 1980 and 2020 amounting to 5 percent and 7 percent, respectively.
The corresponding increase in the economic final demand for goods and
services would be 11 percent, and the labor requirement would be larger
by 12 percent in year 1980. By year 2020, the modified projections
would be 9 percent greater for economic final demand for goods and serv-
ices , and labor requirements would be 7 percent greater than with the
straight OBE-ERS projections.

The 5 percent difference between the two projections ‘or regional
water requirements in 1980 would have no effect on the e~ ’-Ly action pro-
gram, but would result in a reduction of ground-water overdraft from the
1.5 million acre-feet associated with the modified OBE-ERS projections
to 1.1 million acre-feet. The need for an imported water supply by year
2000 would remain unchanged. The regional portion of the importation
could possibly be delayed a few years under the OBE- ERS projections, but
a 5-year delay would be about the maximum extent. With the uncertainties
of projections 30 years in the future, and the many difficulties inherent
in the planning and construction of a project of this magnitude, concern
for such minor variance is unjustified at this time . As future studies
are made, the projections will be updated periodically according to the
most recent trends.

138

- —.- - - - .- — .-- 4



Table 12 - Demand for Water and Related Functions and Services
OBE-ERS Projections

Lower Colorado Region

1965 Tot a l Annual :e~~.rd
Base 1980 2000 L020

WATER SUPPLY

Withdrawals (1,000 A cre-Feet)

Municipal and Industrial 1450 750 l,14L~7 2,588
Irrigation 9,138 8,922 7,8143 7,7514
Recreation 11 20 39 68
Fish and Wildlife 196 209 301 531
Electric Power Cooling 10 37 106 1435
Mineral Production 105 169 250 327

Depletion s (1,000 Acre-Feet)

Municipal and Industrial 198 319 591 1,0814
Irrigation 14,626 5,698 14,903 14,965
Recreation 14 7 13 23
Fish and Wildlife 110 138 212 387
Electric Power Cooling 10 37 106 1435
Mineral Production 52 814 1214 160

Flood D amage Prevention ($ Million ) 141 71 1143 298

Erosion Damage Reduction ($ Million) 7 11 17 214

Outdoor Recreation (Million Rec-days) 138 256 503 888

Sport Fishing (Million Man-days ) 14 9 13 23

Hunting (Million Man-days) 1.3 1.9 3.1

Ir r igation Development 1,315 1214 118 1314

Irrigation System Rehabilitation 293 1429 0 0

Drainage (1,000 Acres) 212 68 32 88

Electric Power (Billion KWR ) 13.3 143.14 186.1 5614.5

Electric Power (Million KW ) 2.7 8,3 35.8 108.5
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Table 13
Cos~parison of Projections

Modi fied 1968 0BE-FR ~i Project ions  —
aa Percent of 1968 ODE-FHS Projections
1980 2000 2020

Population

Region 110.1 111.9 105.2
Lower Main Stem Subregion 1146.6 1148.5 1.15.1
Little Colorado Subregion 101.9 109.5 124.7
Gila Subregion 100.]. 100.5 100.3

Irrigated Harvested Acreage

Region 106 109 109
Lower Main Stem Subregion 113 106 107
Little Colorado Subregion 112 122 132
Gila Subregion 103 110 109

Water Depletion Requirements 105 108 107

Flood Damage Prevention 103 106 1014

Erosion Damage Prevention 100 100 100

Outdoor Recreation (rec-days ) 105 107 1014

Sport Fishing ( man-days) 110 11.5 112

Hunting ( man-days ) 113 113 113

Electric Power !/ 100 100 100

~J Power Work Group projections were higher than either OBE-ER S or
modified OBE-EBS and were regarded equally substitutive for each
of the economic projections.

t
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OBE Projections, June 1)&)

The Offic’e of B~ciness Economics 
-issued revised population projec-

tions in uie 1969. The [sower Colorado Region framework study ~ia1
progressed beyor~d the point where further changes in projections could
be accommodated. However, these projections were examined and fo’ind to
reflect major di fferences in projected population growth.

A comparison of the modi fied ORE population projections , the ORE
March 1968 projections , and those issued June 1969 is shown in Table 114,
and graphically in Figure 21. As shown in Figure 21, both the 1968 and
1969 ORE projections of the 1980 population indicate a substantial
decline in rate of growth between 1970 and 1980, then increasing again
after 1980. The projections issued in June 1969 wou1d indicate a slower
rate of growth in the next 10-year period than has occurred in any 10-year
period since 19110, and that the 1970 to 1980 rate wo dd be only 50 per-
cent of the 1960 to 1970 rate. This seems unreasonable in view of the
1970 census data which ranks Nevada and Arizona first and second, respec-
tively, among the states in rate of growth over the past 10 years. In
Clark County, containing most of Nevada’s share of the Lower Colorado
Region population, the 1970 census count was 112 percent above that of
1960, with population increasing from 127,000 to 270,000. Arizona
showed an increase of 35 percent, with the population increasing from
1,302,161 in 1960 to 1,752,122 in 1970. The Region ’s total population
increase from 1960 to 1970 was 142 percent. The growth rate of the
Region would need to slow to 17 percent for the next 10-year period to
stay within the June 1969 projections. The discrepancy is greatest in
the Lower Main Stem Subregion which has been experiencing a recent -

growth boom centered largely in the recreation , retirement , and enter-
tainment sectors. The 1960 to 1970 population growth rate of 80 per-
cent would need to slow to 13 percent for the next 10-year period to
stay within the June 1969 projections for the Lower Main Stem Subregion .

Economic Analysis of Alternative Levels of Water Supply

An analysis was made to evaluate the economic significance of
increasing or decreasing the leve l of water availability as compared
with the annual requirements computed by use of the OBE-ERS projections
for year 2020. A value of plus or minus 500,000 acre-feet was used in
the analysis for the Lower Main Stem Subregion, and plus or minus
1,000,000 acre—feet for the Gila Subregion . A similar analysis for
the Little Colorado Subregion would yield insignificant effects.

Two alternative projections were made for each of the two sub-
regions using the increased level of water availability , and two also
at the decreased level using two :;ets of assumptions. The first set
of alternatives postulated that the assumed increase or decrease in water
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FIGURE 21
COMPARISON OF PROJECTIONS OF POPULATION GROWTH
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~‘--a i1 a ~ i l i ty  ‘.~~u !d ho shard propor t ionate ly  by all  water use r s .  The
se r nn 1 set of alternat i ves was hasel on the hypothesis that the increase
or ~- . -r ea se  in water  availability would affect only those water uses
-c’ntributin~ t he least economic return per unit of water used , directly

and i n li r e r t l y.  The l o w - r e t u r n  water uses inc lude : ( i )  forage , feed ,
and food; (2) feeder livestock; (3) cotton; and (14) all other
agr icul ture .

lower Main Stem ~;ubregion

The reduction or increase of water use by 500,000 acre-feet, to be
distributed in the same proportion as uses projected in the OBE- ER:
pro,jections for year 2020, would result in a corresponding reduction or
increase in the economic final demand by $6.8 billion (313 percent), and
in labor requirements by 220,000 man-years (31~ percent).

if the water reduction or increase was confined to those sectors
making the smallest contribution to the economy, the corresponding
reduction or increase in economic final demand would be ~86 m i l l i o n
(. percent), and the labor requirements would be 2,100 man-years
(3 percent).

Q u a  Subregion

In the analysis of a water reduction or increase of 1,000,000 acre_

~
‘eet to be distributed in proportion to the uses pro,~ented in the OB~-:~P’
projections for ‘i~ar 2020, the corresponding increase or decrease in
e’-onom i~’ final demand would be over -~9.9 

billion (214 percent), a~ I ~~r
lanor requirements would be 3914,000 man-years (214 percent).

If the water reduction or increase was confined to those se -tor~
with the smallest contributions to the economy per acre-foot of water ,
the corresponding decrease or increase in economic final demani wou ld
be $175 million (about 14 percent), and in labor requirements would be
5,700 man-years (3 percent).

Regional Impact

A total reduction of 1.5 million acre-feet 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 $16.7 billion ,
and a reduction of 6114,000 man -year s of employment opportunities. The
total water def iciency in the Region in year 2020, if there were no
water imported to the Region, would total about 11.5 mI llion acre-feet ,
or 3 time s the reductions analyzed. If total water use becomes l imi ted
to the available natural supply, the effects on the economy and employ-
ment opp ortunities in the Region would be devastating . The rural econ-
omy would be severely depressed and social penalties would spiral .
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he apparent minimun impact on the Region ’s economy would occur if
the roduct.ion in water usage were applied to the ag r i cu l t u r a l  sectors.
This ana ’~’.’sis , consideri ng factors of regional economic e f f i c i e n c y ,
provides only one of several studies needed to assist the Region in
making t’uture choi~-es in the utilization of its water resources. Another
important consileration in this time of social unrest is that a portion
of the  labor force in the  agr icu l tu ra l  sectors is unskil led and has
but l i t t l e  potential for retraining. Whether the Region ’s interests are
l e st  serve l Dy accepting the trend toward reduction of unski l led  job
opp or tun i t i e s  and the resul tant  social impacts would need to be con-
siderecI . .~ome additiona l factors which would occur because of a reduced
water supply ani which need to be analyzed are: the effect on local and
state tax base of retiring productive lants, the effect on rural com-
munities of reducing their economic base and employment opportunities,
the inevitable further population shift from rural to urban centers and
tne resultant increase in urban social problems, the effect on farm and
irrigation district operations and revenue , loss of both private and
public capital improvements , the increased demands for social services
in primarily rural counties , and the effect on the national food and
fiber requirements.

‘t is very unlikely that major reductions in water usage in selec-
tl. -e agricultural sectors could be achieved directly by regional choice
Uccause legal and institutional constraints , especially in the field of
water rights , would preclude such a direct transfer of water usage.
Without a water importation program, such a reduction could occur
naturally due to economic pressures, or due to exhaustion of the ~round-
water resources. In this event , ground-water pumping would continue
until the dropping water level made further operations uneconomical for
some agricultural uses, or until the source was exhausted.
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-HAP : ,-R N — -~~~, ~-~i-; :JIA ’ : I flI’.

Inc .oW’~ r -~o ra ~ Or ~cn  tat . ’ —  P jf~ r’~~~ J i n t - racen - ‘,- o p

1. Foat . th e frarnework prn~ rnir pre:;~ nte I in t~ e flair~ I coort t ) f

~.ed as a ~~e rl e r a  1 ~s ide tor the futore deve opmeat  of water
an I r e la te - i  land r’~ -~ ur ces  of the  w or  o~ sraio c~ i on.

2. That p r i o r i ty  of a - t i on  he di r-oste i to the .- ur r en t  backb it
or ’ c r i t . i al  oo~- ic , p l u s  t n os e  e :- :p ected by 2 ~bO , to sa t in -i
r e qu i r emen ts  : r ~ water conservat ion  and s~ pp1:,’; wate r  qua~ i ty
improvements ; r ehab i l i t a t ion  of i r r iga t ion  n :i ste ms ;  l a .
t reatment  and management;  f l ood con t r o l ;  f i sn  and wi~ d1ife
enhancement ; outdoor recreat i on ; the enuiancernont , ~nnrerva-
tiun , and r e s er v a t ion  of environmental val ;or ; ant put-lin
w e l l — p rj n r .  ‘r i t ~~ra l  pr o’ram needs recommen ied f r  ear~ :i
sonn ic le rat ion  are :

n . : sat fundinc for tu e  :v - n t r a l  Ari :oria l~ro , ect so ac:~~l—
erated for completion of the oroject h~ 1980 to alle-
viate the pre sent  critL’al water leficiencies.

b. That studies of fl- .me I !  intensity be initiated in n u - h
areas as t i . y  f l on t a  ~ros- : ar1 Pedr o Rive r Basin ,
~ n it ew at e r  r aw , a o l  -- i l i c o x  Pla a to i c l e ot i f , - ao l

~‘;aluat~ individual rrcjectr for water an I relate I
l an d  re sonr ~ e development . Similar st~~~~~’u are’ nec jr
in the halt , ‘cr ir , 1 Ia , aol Ait ia  ‘n a  trai pa r s ar ~~as
as I a l e n i t  th o se  rna~ or strean s w i t s  r i p a r i a r t  v- ’re tat  ~on
to . Io te rm ir te  impact of and po tent ial  for a vei~etat ion
management program for increased water v i el l .

c.  ‘that pr e sent  1-i au thor ized  watershed pr n ,~e c t . ;  he
pleto l in t ime to , as nearly as p o s s io l e , meet t h e
1 )l~O :ieeds , w 3 t h  special emphasis on those p r o . t e - t s
tha t  are r~~i ate i 1 5)  ot h e r  Water  r on  or ‘c de ie opoents .

d. That  prompt and e f f e ct i v e  j o i n t  act ion ho taken to
ac elerate prn Y, rarn: ; for erosion , se ,l iment , and r on o f f
con t ro l ;  i r r i i t a t i o n , includ ing  water ‘ranaiterneot. systems.
and impervious l i n i n g  of ’ d i s t r i b u t i o n  systems ; and
drainage to more effectively ‘Iti lise and preserve the
product ive  capacity of the Region ’ s water and relate ,1
land resource base.
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e. that ‘conntr’ ’tion of p r e s en t  ly a ut h or i  :-e I floo - rh,rol
mP rov~ r en ts  be isp 1 em -u t ’’ I a:; rn_ p .  1 - ,‘ ri !‘ r Is n _ u I

sa t is t ’a - t o r - i  I r n a l  ‘( nor - r a t i on  can Sc ma I’’ ava~ l a ;  Le.
This accelerati ru in essential to  partially alleviate
the l 4O0 needs and the growing floo t -ia~na .~e potential
as the area becomes u.rbaniseI , to m i n i m i  ~‘c’ d i s r u p t i o n s

to normal pursuits , to prevent increasing possibi1it~~~n
of loss of life and property, and to generally improve
the well-being of the people of the Region .

f. That flo ol  plain information studies and effective flood
plain management programs be accelerated to avoi.i potential
flood damages.

g. That improved evaluat ion procedures be established for
measuring the impacts of water and related land resource
developments on esthetic , ecologic , public health , fish
and wildlife, and other environmental aspects. A better
measurement 01’ these intangible effects is needed to more
accurately weigh the relative merits of’ alternative
ievelopment oppc.:tunities .

h. T hat Federal, state, and local agencies should monitor ,
coordinate , par t ic ipate  in , and support ear ly  completion
of t h e  .~estern Uni ted  States Water Plan st udies , especi-
ally those studies pertaining to importation of water to
the flolorado River by 1990. Such importat ion sh o o l l
include tte water required to satisfy the ilni tel .‘tates ’
onligation for deliver” of water to Mexico under the ttexica- -u
Water Treaty , thereby relieving the itatcu  of the Colora ic
River Basin of the burden of meetirL~ this oi-ligation .

1. That imp l ementation of an effective salinity r c nt r o l pro-
itram i-u the olorado River Basin be given h i i th  priorit- ’.
bo ’ause salinity control in the tipper Colorado hegion has
a major effect on toe salinity in the lower tolorado River ,
support should be given for a hasinwide salinity control
pro r

j. That studies of the quality of gro und water in the ila
Subregion be intensified to determine the rate of leitra-
d.ation with continuat ion of current water-use practires ,
the effects of au~ nentation programs, and the effects of
alternative solutions to ground-water degradation .

k. That present studies be accelerated to locate potential
power sources , to letermine locations for electric power
p :ants and transmission facilities , and to devise new
technologies for minimizing adverse environmental effects .
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I. That the 12 ru ‘icr:; i n  t i ’  h r - ; i o n , i - I . - : u t i f i e l  for p oss ible
l c s i ’ f l at I f l t l  a: i - i 1  I aol ; ‘eric R i v e r s  or maps f’o 1 l n w u r c , ~

in ,’e:’-ti ‘n _ t o - i  at. tsr en _ r i ies~ psu’ :.ible i rus e
to b -term ite ~,oet ner t s r -  pr :: e r’;ru t i t :  or toe de’ie or r’”ut .
of t n r ’ , :e r i - ; ’rs is in  toe : c s~ inte~’r-st, 0: ’ toe Peguon and
tr ue tat-inn .

Tsat eu ’fest ive  La :i i — u s e  polio - -i ant planniro.~ re IrSPI “r’es’,ei
t( iru~ure p r ’ s e r ’ ;at i  ‘n of open space; u o u r u :P nat rn_ I , ~.il I-
li fe , archeological a: I historic areas ; wild n_ n i s e n  j r

rive rs; an-I to in s ur e the prote-tion of ’ fish and wI 1 -l~ I
its s l i n g  rare and endangered species.

ii.  ‘f- at erene’;t. legal anti i n s t i tu t i o n a l  ar raor :r - r r ,en t ,’ : :’r r
ai . usted to relieve fun d inc  ‘ o nst r a i n t s  arJ to eoa: le ne
pr e se r v a ti o n  of a l equ a t e  o u t d o o r  recreat ion and f i sh - a o l-
wI idl i f e — o r i e r i t e t  opport ini ies in and aro u n d ’ he i-e~~ioru ’
c i t i e s .

~~. 
‘ hat toe :‘ e ie ral  , s ta te , a nt  local - a -’encies cor s ’e r r :e l  W , hi , Water
and re ia tel  L a d  resource  cie’;’:-:pment ne adequately st,affc i n_ si
funded to vigorou:;ly pursue program s rea r i red, to at tain a levr -1
of Ie’ielopment that- will support the f u t u r e  e ’rnontic growt h and
qu a l i t y - o f — l i v i ng  goals .

‘~~. That the  we l l—being  of t r u e  people be a principa l cri ter ion in
formulating plans ant programs for development of the resources
of the Region.

5. That sufficient lan i area (as shown on map following page oh)
and water supply be managed in such a manner as to :,ield maxi-
mum fish and wi ldlife benefits , but not , to the ex- - l u u ; i o r i  of
other compatible or complementary uses.

6. That studies be initiated and current studies e accelerate l
for collection of more comprehensiore data to better facilitate
effective p1annin*-~ of water arid related land resource development.

7. That the framework program be continually reviewed , modified ,
and improved as dictated by changing needs, advances in technol-
ogy, availability of additional data, and by experience.

8. That the :oordinated Planning Subcommittee of PS I AC be continued
on an ad hoc basis, as recommended by the Pacific Southwest Inter-
Agency Committee , to provide the coordination needed for updating
the Type I Framework Studies and for other planning activities
under the guidance of the Water Resources Council.

‘). That future studies listed in Chapter K , I’Iature and Extent of
Future Studies, be implemented as rapidly as possible.
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