
PROPQSED WATER MANAGEMENT PLAN 

FOR ALAMQ LAZ(E AND 

THE BILL WILLIAMS RIVER 
- 

Final Report and Recommendations 
of the Bill Willinms River Corridor 

Technical Committee 

ARIZONA GAME AND FISH DEPARTMENT 
ARIZONA STATE PARKS DEPARTMENT 
U.S. BUREAU OF LAND MANAGEMENT 

U.S. BUREAU OF RECLAMATION 
U.S. ARMY COWS OF ENGINEERS 
US. FISH AND WHSLWE SERVICE 

S a b w  to the Bill WilIiams River Corridor 
Steering- 

FINAL REPORT - VOLUME 11 

November 1994 



TABLE OF CONTENTS 

VOLUME 11. APPENDICES - SUBCOMMllTEE REPORTS 
RIPARlAN REPORT 

FISHERlES REPORT 

WILDLIFE REPORT 

RECREATION REPORT 

RESERVOIR OPERATIONS REPORT 



APPENDIX D. 
- 

RIPARIAN SUBCOMMITTEE - REPORT 



BILL WILLIAMS RIVER CORRIDOR 

BWRC 

Bill 

Flow Recotttttietidations for 

Riparian Subcoiumittaa 

January 1994 

RIPARIAN SUBCOMMITTEE 

Riparia11 Resoirrces 

Werner, AZ Game &nd Fieh Department (Regicm IV) 
Bob Poaey, AZ Game and Fieh Department (Region 111) 
Dave Busch, U.S. Bureau of Reclamation 
Ron Xooper , U. S . Bureau of Land Management 
Carve1 Baee, U . S .  Army Corpe of  Engineers 
Nancy Gilberteoa, U.S. Fish and Wildlife Service 
Paul Tashjian, U S .  Fieh and Wildlife Service 

Chairparaon: &ah Hooper, U.S. Bureau of Land Management 



I. GOAL AND O B J E C T I m  

The riparian reeourcee along the Bill Williama River have beea subject& 
to several unnatural etreevee in the paet few decadee, eeverely impacting the 
native vegetation growing in .the riparian corridor (Fenner et al. 1985, Hunter 
et al. 1987). Although the corridor contains a few remnant cottonwoad standee . 
theee native riparian forests have been greatly reduced and are baing replacad 
exteneively by non-native salt cedar. Conetruction of ~lamo Dam in 1969 
altered the water regim in the river that euetained the riparian vegetation. 
Restricted flowe of eediarent-poor water during much of the year, combined with 
occaeional moderately high flowe (2,000-3,000 cfe) for extended period. ( ~ 6 0  
&ye) for flood control, have h e n  the primary contributore to the degradation 
of thie riparian eyetem. Theme altered flowe have prevented most natural 
recruit~uent of cottonwood., leaving e t u  of decadent riparian foreete being . 
replaced by more drought-tolerant ealt cedar or not replaced at all. Any 
recruitment of native trees that doee occur during high flow yeare ie 
generally loet when f l d  flowe are quickly ecaled back to baee flowe of 10 
cfs or less, and the wacar table drope too deeply too quickly. Exteneive 
pumping at Planet Ranch has col~pouaded theme problems by draining the 
eubsurface hydrologic baain, reetricting even more the water available to 
riparian reeourcee downetream from the ranch. Wildfiree in the riparian 
corridor may aleo contribute to replacemant of coctonwoode and willowe by 
shrubby epeciee much ae ealt cedar and arroweed (Buech and Smith 1993). 
Theee firee destroy mature native riparian foreate, and the lack of eubeequent 
flood flowe and eufficient beta flowe prevente natural recruitment of native 
trees to replace those lost to fire. The Wildlife Subcomaittee report (July 
1993) and the letter from Julie Stranberg, President, Arizona Riparian Council 
(4/21/93) detail the etreeees and eubeequent degradatiou of riparian reeourcee - 
along the Bill William8 River corridor. A properly functioning riparian 
ecoeyetea could be restored by implementing a flow regime that mimica the 
pattern of historic (pre--1 flowe. 

Properly fyhctioning riparian ecoayeteas are dynamic, with suitable 
sites for recruitment and euetained growth varying naturally with each 
eeaeon's water rogimee. Through time, the location of epecific foreet eitee 
may change within a corridor, but the overall health and function of the 
ecoeystern rerrmiae. Managing Alsau, Dam for riparian reeourcee provibn the 
opportunity to create hydroperiode, including both eufficient baee flwe and 
fluehing flows, to stabilize and restore a healthy riparian eyetem in the Bill 
Williaaw River corridor. While the Riparian Subcoauittee emphaeired natural 
variation in recruitment eitee for key riparian epsciee, eume reachee of the 
river ehould receive special consideration for hydrologic concerns. Blowe in 
the Bill Willianre National Wildlife Refuge depend largely upon the amount of 
pumping at Planet Ranch and subsequent depletion of the subsurface hydrologic 
basin. With puraping at the Ranch, higher releaeee from Alamo Dam are 
necessary to provide sufficient base flowe to the Refuge. Conversely, 
euetained high base flowe could detrimentally impact resources at sitem 
upetream frola the ranch. In addition, the sediment deficiency experienced by, 
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particularly, Banded Canyon (juat downatream from the dam) ia also of CaCeM. 
~he'recammndatione provided by the Riparian Subcomraittee are deeigned to 
balance thaee concerna, providing longterm recovery goal for riparian 
reeourcae in the Bill William8 River corridor. 

The Riparian SubcaomitteeOs goal ie to enhance the riparian vegetation 
at Alaom Lake and the Bill Williams River, using pre-darn flow pattame (timing 
and ehapa of Spring and ppMeoon flows) to prollrote a healthy, self-sumtaining 
ripariaa-wetland ecoeystem in the Bill William8 River-Alamo Lake corridor. 

The Subcoaraittee decided to focue on restoring riparian reeourcee 
dometream from Alaam Dam and maintaining the cottonwood gallery forest at the 
upper a d  of Alamo Lake (Santa Maria River and. We decided riparian 
reeources at the reeervoir itself were ~Iot eubmtantiai enough to warrant 
indepth diecuoeion. Prioritien for using water for riparian resources are: 

1. mintmaance (base) flows, to etabilize and maintain exieting 
riparian stande : 

2. SPrlpg flushing flm, to prollrote eeed bed establishment, 
recruitment, and germination of key riparian species. 

3. Pall flushing flawn, to recharge the aquifer .nd prolpote 
additional riparian speciee. 

r :  E. RIRmW USOURCES OWECT-S 

1. Maintain both area (acreage) and w c c u r a l  diver- of exieting 
vegetation stand. daninated by native riparian opeciae, particularly 
cottonwood/willov etande. 

2. Expand coverage and diversity of native riparian etande through 
natural recruitment. 

3. To the extent poeaible, reduce the dominance of non-native tree 
epeciea through flow releaaee and lake levele. 

1. Dam operation includee the flexibility to store water in tiaumm of 
*eurpluea for future (within 12 months) releaeem that would benefit riparian 
resourcee. Water yeara would be baaed on ttioee aetabliahed by the Corpe of 
Engineare, October 1 - September 30. 

2 .  Uaximum flows &m the river are not constrained by eocio-economic 
factors. The joint reeolution by the United State8 Goveramaat and the State 
of Arizona, dated 15 March 1963, declared that the floodplain below Alamo Dam 

p. would be maintained free of encroachment for discharges up to 7,000 cfe. 



3. pumping at Planet Ranch will continue as long as the ranch ie 
privately owned. If Planet Ranch ie transferred to Federal ownership, pumping 
will be eignificantly reduced. Figure 1 illustrates the effecte of pumping at 
planet Ranch with releaves of 35 cfs frcnn Alamo Dau. 

4 .  A minimum of 18 cf e (measured at the Bill Williams Refuge gauge juet 
below Planet Ranch1 ie needed to euetain riparian reeourcee within the Refuge. 
This flow vould provide surface flowe of at leaet 1 cfe to Lake Havaeu. The 
Rivera Wemt, Inc. study for the USFWS estimated that a 35 cfs releaee from 
Alamo Dam provide6 flowe of 18-20 cfe at the refuge gauge without pumping at 
planet Ranch, and 5-10 cfe at the refuge with maximum pumping at Planet Ranch. 
Theme eotimatee are being supported by the USFWS modal being developed for 
this eyotem (Harohman and Haddock, unpubl. report; liarskun, unpubl. report) 
(eee Figure 1) . 

5. A ouotained eurface flow in the channel indicate8 a maturated 
alluvium (water table ie near the floodplain eurface). 

6. All recommendatione by the Riparian Subcoamittee aeeume Alamo Lake 
ie at normal operating range within the water conservation pool (lake 
elevation 21,100 f t. S 11,172 f t .) , and, therefore, most of ttie water volume 
fram incoming flovs during storm evente would ba available for releaoe 
downstream. 

B. MQET'ATIOH 

1. Cottonwood and willow are key indicator speciee 
(e.g. healthy cottonwood-willow stande = healthy riparian 

2. Cottonwood and willow treee are dorlaant between 
December 1 and January 31. 

for riparian oyetenm 
syetem) . 
approximately 

3. Of the key riparian species, cottonwood trees (Populus frtmontii) 
are the leaot tolerant of inundation (suetained flows ~1,000 cfe) . During the 
growing oeaeon (March-October), cottonwood tress be able to euotain 130 
daye of inundation. Frun November-February, cottonwood treee may be able to 
sustain up to 60 days of inundation (Walter6 et al. 1980, Kosloweki 1984, 
Kosloweki et al. 19911 . 

Becauoe of the extreme environment along the Bill William River 
compared to tha localee where cottonwoode (Populus epp.) have been studiad, 
these inundation toleranceo may need refinement through further otudy. Thuo, 
theme tolerance levels nhould be noted with soom degree of uncertainty. 

4. Cottonwoods and willowe are phreatophytee (Buech et al. 19921, thus, 
maintaining high water tables is eeeential for cottonwood and willow vigor 
during the growing season. Minimum requireprents include: - -  any drop in water table should be 12 -/day 

(?&Bride et al. 1988, Mahoney and Rood 1991, Scott and 
Segelquiet 19921 ; - -  total drop in water table ohould be 40.5-1 m/grcuing BC~SOCI 

(J. Stracnberg, AZ Riparian Council, letter to AGFD dated 
4/21/93) ; 
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- -  mawinrum vater table depth should be 52 m 

(Strcubrg 1993b; D. Buech, BOR, 1993, pers. coam.) . 
5 .  Peak seed disperoal for key riparian epeciee (Ohmart and Andereon 

1984) : 
Cottonvood - March/April (lx/yr) 
Willow - April/May (lx/yr) 
Salt Cedar - April - late October (June peak) (prolonged/yr) 

6 .  Peak flows in February to early April are good for cottonwood-willow 
regeneration (based on their seed disperoal) . Cottonvwds need fluehing flows 
to prepare seed beda for natural regeneration. Cottonwood regeneration occurs 
naturally every 5-10 yearo (Strofabarg et al. 1991, 1993; stranberg 1993a). 

7. Plows approximating the pattern of pre-dam conditions are good for 
maintaining sustainable riparian ecosyetams in the deezrt southwest. 

111. WATER OPEEUTION R E C a E N D & T I O N S  FOR RIPARIAN RDSOURCEQ 

This recomasndation serves to maintain the cottonwood ataads at -. 
, . the upper end of Alamo Lake in the Santa Haria River arm. The primary purpose 
! . ie to prevent ealt cedar from further invading cottonwood etande at this site, 

and Prom interfering with the natural recruitment of these cottonwoods. Thin 
recamnendation also propoees minitnun lake levele for retaining oufficient 
water volume to maintain minimum base flows for riparian reeourcae dounstream. 

Maintain Alanro Lake levele between 1,100-1,200 foot m l .  

<ZDt lmun Pccentahla Adveree 
Lake level: 1,115-1,171 1,110-1,171 c1, 100 , >1 , 200 
Months : Oct. - Yept. March - Oct. 

A .bathtub ringD in the Santa Maria Arm depict8 the highest 
hietoric lake level8 at approximately 1,200 feet. Below thie line, thick 
.doghair* mtandm of salt cedar have invaded and establiehd, creating a solid 
understory in the cottonwood gallery. Above thio line, natural cottoawood 
recruitmant ie occurring in the stands, and salt cedar is a minor CQlllPODent. 
Lake levole above 1,200 feet vould datriruerbtally iolqact these cottonwood 
galleries by allowing further dieplaceurent of native cottorrwood trees with 
non-native salt cedar. 

Por dmstrearu riparian reeourcee, minimum lake levels are 
provided to ensure a sufficient volume of water required to meet at least the 
minimum maintenance flows throughout the year (minimrun annual v o l u ~ ~  = 32,500 



ac-ft for Optimum lake level; 14,870 ac-ft. for Acceptable lake level - -  see 
recammandatione following). Lake levels 11,100 nrsl mandate maximum releases 
of 10 cfe. Theme low flow8 are not sufficient to suotain riparian resources 
during the hot Summer months. However, treee may survive these low flows 
during the cooler Winter months. 

B. BILL WILLIAMS RIVER 

1. fidverm~ (accept -sane iapacte to riparian resources) 

8 .  Purpose 

Thie flow regime provides miniu~um baee flowe to minimally 
support riparian reeourcee on the river. Base flows below this rate, 
including current dam operations, are considered adverse in supporting 
riparian reeourcee in the Bill William River corridor, and would continue to 
degrade the riparian resources. The recormrendad flows under this scenario 
would not restore this corridor to a properly functioning riparian ecoayatem,. 
ae they do not provide for establishing natural. recruitment of native 
vegetation. 

b. Recownenda t ion 

Table 1. 

Month yo. Dava plow ( cwdav)  - Volume (total Ac Ft) 
January 3 1 10 620 
February - September 242 2 5 12,100 
October 3 1 15 930 
November - December 61 10 . 1.220 

TOTAL 14,870 AF/year 

The 10 cfe for winter may not provide sufficient water to 
the refuge, unless the Planet Ranch aquifer is full. However, during winter 
the treee are doksnt, and may not require ao much water. Thie recocafendation 
providoe highor flowe in the Suruner to accout for the high Swnter 
temperatures and increalred evapotranspiration, but Apr-il-August are a160 the 
heaviest times of p a r  for pumping at Planet U c h  (Harshman, unpubl. report). 
Therefore, those minimum flows may not provide sufficient water to the Bill 
Williams National Wildlife Refuge, although resources above the ranch could 
still be supported. 

Any flows than those ~ ~ C Q O Y R C I ~ C I C ~  under th i s  alternative 
would continue to degrade the ex i s t ing  riparian vegetation in the B i l l  
W i l l i a m  River corridor. Continued f lows over time (>  5 yeare) under this 
recamendatian would still prevent natural recruitment of cottonwood and 
willow trees; would continue to euhject mature cottonwood a d  willow treee to 
water etrees; and would allow salt cedar to continue to increaee in dcnuinance 
along the corridor. 



Thio flow regime would provide sufficient h o e  fl0wS to 
stabilize the current riparian system as. is in the Bill Willianrs River. 
Beeentially, it would allow what iS existing to survive, and vould permit 
stable and predictable condition6 for any (omchanicall revegetation projects. 
~hese f lowe would not restore this corridor to a properly functioning riparian 
ecosyetem, am they do not provide for establishing natural recruitment of 
native vegetation. 

b. Recmmdation 
Table 2. 

Monch NO. Dave Blow (cf is/davl Volr~ure (total Ac It1 
January 3 1 25 - 50 1,550 - 3,100 
February - April 89 40 - 500. 7,120 - 35,600 
May - September 183 50 - 100 18,300 - 36,600 
October 3 1 40 - 60 2,480 - 3,720 
November - December 61 25 - 50 3.050 - 6.100 

TOTAL 32,500 - 05,120 AF/yr  

Flovs between 40-200 cfs can be sustained throughout the 2-month period. 
C- _ 

I' Plowe between 200-500 cfe should be provided in short pulses of 3-5 days. 

Sustaining at least the minimum releases provided in thie ecenario is moat 
critical for stabilizing riparian resourcev in the Bill Williams River 
corridor. Therefore, reserving water in Al- Lake to sustain these minimum 
flows during the critical release times (hot Suuuner months) should take 
priority. The upper limits provided can be flexible up to approximately 200 
cfa, or 500 cfs during the early Spring (as noted in the footnote), after 
which conditione for innundation need to be avoided. 

Recommnded flows in this regime may provide greater baee 
flows than occurfed historically (pre-dam) during certain times of the year. 
However, an artificial hydroparid may be required to sustain the remaining 
riparian remureem in thie corridor, even in its current state of degradation 
Conetruccion of Alamo and Parker Dsme inundated large standm of native 
riparian vegetation, and oigtrificarrtly altered flowcr uuyportiarg the reamining 
etande in the Bill Williams River corridor. Theve riparian resources have 
continued to degrade frorn altered flows from Alawo Dam, pumping at Planet 
Ranch, and other factore. The recommnded flows would partially canpensate 
for riparian habitat loeses that have occurred from the varioua impacte. 

The ranges presented in the table are deeigned to provide 
flexibility in the dam operatione for sustaining riparian resources. Using 
these recorrmendatione as guidelines (most particularly the &imm flows), the r . Corps of BDginear~ would determine appropriate releaus baaed on current (at 
the time of the decidon) and predicted lake elevaciono, season, and other 
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operational factore. The Corps would have the flexibility to reviee the flow 
within and among monthe, seasone, and yeare based or1 thes~ recommanded ranges. 
In fact, this may be daeirablv for the reeourcee to ensure sufficient water in 
the lake for euetained releaeee, to vary the vater table depth (prevent a 
#bathtub ringn), and to minimize potential impact6 to reeourcee above Planet 
Ranch (e.g. soil erosion. suotained inundation of plance in the loweat 
floodplain or river banks) during extended flowe at the high end of the range 
(180-500 cfs) . 

The miniluum 25 cfe in winter allowe eufficient water through 
Planet Ranch to the Bill Williame Refuge, when pumping at the ranch is 
minimal. In March, higher minimum flows are needed as temperature6 start 
increaeing, but rlno the eystem can experience higlrcar flowe and sum11 pulee 
flowm, ae this is the usual time for Spring raine aud flovering of 
cottonwoods. The 50-100 cfe during Summer accounts for high Sunvusr 
tqeraturee and increaeed evapotranepiration in the riparian eyetau, and 
extensive pumping at Planet Ranch; These figures are based on etudiea 
conducted by the Bureau of Land Management (19881, Rivers Weet, Inc. (1990). 
and the hydrology model being developed by the USFWS and Univereity of Arizona 
(Harehman and Maddock, unpubl. report). The Rivere West, Inc. etudy for the 
USFWS eeti_mated that a 35 cfe releaea from Alsmo Dam provides flowe of 18-20 
cfe at the refuge gauge widrout puruping at ~liu~at'~anch, and 5-10 cfe at the 
refuge with pumping at Planet Ranch. Theec figureu have bren eupported by the 
USFWS model (Harshman and Maddock, unpubl . report ; Harsluwn, unpubl . report) 
(eee Figure 1) , 

Flows than the mininnutq reconmended under chis 
alterncrtive may not provide sutficient wacer to stabilize and maintain current 
riparian resources, especially wi th mruimruu pumping ac Planet Ranch. Also, 
implemanting only thie recc~la~endation over ti- (> 5 years) without adding 
eufficiently high pulee flowe to etimulate cottonvood recruitment would 
prevent increaeee in divereity or acreage of cottonwood etande. As the mature 
trees grow older and becolne decadant, they would evriutually tx replaced by 
malt cedar. 

a. ' Rationale 

Periodic BfloodB evente mimic the pattern of natural floue 
in the Sill William River before the dam. Spring floode would prepara ctw 
seed bed (through aggradation and degradation of the hnke and terraceal. and 
stimulate natural cottorwood and willow regoneration. Suaraor moneoon Clckjde 
would ecour the channel, recharge the Planet Ranch aquifer, and poeeibly Llush 
ealte aeeociated with salt cedar. Thie semiannual pattern aleo providau for 
other natuzal processes adapted to theee flunhing flow eyeteme that we raay not 
know about. 

Thie recommendation would use natural etonn evente in the 
Spring and moneoon to provide the water neceeeary for theee large dovnetraam r .  flushee, with high pulse relearos being rimed to beet benefit the key rlparlur 
species (according to their phenoloyy). The higher baue Slowe would take 



advantage of the ability of the dam to retain water for future (within the 
year) releaaee at unnatural rates or at ties of the year when water would not 
have been available prior to the dam. 

Thie flow regime would I) stimulate natural recruitment of 
cottonwood and willow trees on a periodic basis; and 2) provide eufficient 
baee flowe to maintain riparian reoources on the river. Again, our 
eubcamnitter etreeees that imitating the pattern of pre-danr flowe ie more 
important than abeolute numbere (cfs) for dam releases, as long as a t  least 
the nridanm (maintenance) flows are being sustained. 

1. Base flows.-- Optimum flows for riparian reeourcee along 
the Bill Williams River would combine base flows providad in the Acceptable 
recoamwndation with large mpulsem flow6 reoulting fraol Spring (January-May) . 
and Swnner (August-September) storm evente. 

2. S p r i n g  flows.--During the Spring flood season, the Corpa 
of Engineere would determina when water is coneiderad .uurpluen in Al- Lake 
and in need of releaeing. This determination would ba based on inflow frola 
etorm eventm and eubeequent increaeee in lake elevation above a target 
elevation. The dacieion to release or store water from atom evente should be 
made in the broad context of flow patterns over previow, years' storm events. 
For example, if large ralaaeee have not been made in eaveral years 
(particularly 1 3 , 0 0 0  cfu), and oufficient water is available in the current 
year, large releaaee for downatream resourcer would ba iupleaeratcad. Pulse 
releasee should be timed to beat accomodate the yhenoloyy (leafing out, 
flowering, and growing season) of the trees, taking into consideration natural 
variation from year to year (generally late February to early April). The 
Corpe could revise release schedules, as ueeded, within a flood esason as 
natural etorm evente dictate. 



The following guidelines would be wed t o  determine yeirk tlowe during natural 
Spring a t o m  evente: 

Table 3.  

Approx . 
Interval 
w 

Volume )L,O 
t o  Flueh 

tOOO*e AF].' peak F l o w  (cf& 

1,000-2,000 

peak D u r a w  peceesioq4 

1 - 7  day6 500->45 c f s  
over 6 days 

5-8 days 500-~45 cf e 
over 20 days 

8-10 &ye 
10-14 days l 

14-30 days l 

- 

mApproximate Intervalm re f l ec t s  t h e  approximate yearly in te rva l  
w e  may be able to  expect theve levele of flowe h e e d  on U.S. 
Geological Survey data  from the Ala- Dam gauge during 1940-1969 
(pre-dam) . See Figuree 1 and 2. ' 

' Wolumc t o  Flushm denotes the amount of eurplue water 
avai lable  i n  Almo Lake t h a t  the U.S. Army Corpe of Engineere 
neado t o  rcmove f rou the reservoir. 

.Peak Durationm includecl t i m e  neceseary t o  incxeaee flowe from 
baoe flowe t o  peak flow and return t o  500 cfe  a t  approximately 
1,000-2,000 cfe per day. 

mRaceeeionm refere t o  the  back aide of the  peak - -  t ha t  i e ,  
drawing out the decrease i n  flowe back t o  base flowe ra ther  than 
quickly reducing flows back down to baee flowe (see graph below). 

The general idea of thie  reconmendation i e  t o  get  flowe up t o  the peak flow as 
quickly ae poseible (without undo hardahip on downetreau, ueere),  and then draw 
out the decrease i n  flows. Thie einrulatee, baaed on pre-daro data, the ehape 
(hydrograph) of thaee Spring evente i n  a natural ly  functioning deeer t  r iparian 
eyetem. The hwograph refere  t o  the way a v o l w  of water is released, 
including tha increaoe t o  peak flows, duration a t  peak flow, and return t o  
base flow. Thm damired hydrograph is t o  increase t o  peak flow ae quickly a s  
poeeible, hold a t  peak flow ae long ae recoramcnded, sad return elowly t o  baee 
flow with drawn-out decreases i n  flow (racession of curve). The hypothetical 
hydrograph would be as  followe: 
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Drawing out the decrease i n  flows prevents the water tabla from dropping too 
rapidly, which would reeult i n  higher mortality of cottonwood eeedlinge, 
Sample flow regimes for different  water voluraee are attached i n  Appendix A. J i  i I 

Pulse flows would be timed to the natural processes of 
riparian plants  in  the corridor, using natural scoa-a events t o  supply che 
necessary water, ria char chaa holding co a r ig id  schzdule. m a  Corps of 
~nginea te  would determine a t  what volume water was coneidered eurplue and i n  
need of diecharge. r 

3 .  nmsoon f1ovs.--Generally, t h e  Spring evente carapriee 
storme with greater  volumes of water and longer duration than the S w r  
monsoon evente, although there are  yeare when the Summer moneoon events a r e  f 
larger.  Typically, monooora storme are much flashier,  of shorter duration, and 
lower volumee. To accoumrodate Fall (August-September) etorm evente, the 
following guidelines are  recumendtad: d 

! 

(a) &leure euf f ic ien t  water is etored i n  the syetem 
t o  aaineain base flws unti l  the Eollowing Spring utorwe, and poesibly through 
the following Summer ( in  case Spring flows are extrenwly l o w ) .  Minimum volume 
needed - 14,870 a c - f t .  per year b e e  Adverse recom~lsndatioa). Minimum lake 
level should be 21,1113 foot -1, i f  the lake i a  to remain ~ i , i 0 0  foot oal  
during the year. This would be determined at  the t i a m  the decision is baing 
made an whether o r  not to  release a Fa l l  pulee. 

(b) Provide a OQPSOQU pulsc? approxiamtely wary 3-6 
years, based on natura l  etorm eveate, but a r e  l a a t  every  6-7 yearn. 

( c )  Monsoon pulsee strould occur i n  17  &ys, w i t &  peak 
flow6 #,000 cfa .  Exact peak flows and duration of flows would be determined 
by the Corps of Engineers, depending on the volume of water to be releaeed. 
Only a short recession, i f  any, would be necessary for theee flows. 

(dl Timing of a monsoon pulee would generally occur 
i n  l a t e  August - e a r l y  September, depending on the timing of natural etorm 
events. 

c .  Limitations 

The yearly intervale l i e t e d  i n  the rec~rrrmandatione table 
represent approximate intervale of (natural)  large Spring storm events based 
on analyeee of pro-dam data (average monthly voluau3u) a t  the Alamo gauge from 
1940-1969 (see Figures 2 aud 3 ) .  Tlreee intervals  also correspond t o  the 
timing of naturrl cottonwood regeneration (Strornberg e t  al. 1991, 1993; 
Strolaberg 1993al. We recomwnd the Corpe of Piai~laers us@ these natural etotm 
evente t o  provide varioue high-voltme releaeecl dounutreaa t o  promote 
cottonwood recruitment, timing the puleee to the phenology of the plants ( l a t e  
February - early A p r i l ) .  We would expect theee large v o l ~  releases in  
approximately the airme yearly intervals  as suggeeted by the pre-dm data, but 
again, it would depend on the timing of natural  B ~ O X Q  events. W e  & not 
urpect these volumes t o  be released every year, o r  necessarily a t  ucactlv 
these yearly intervals. I n  f ac t ,  high volume releases ( ~ 3 , 0 0 0 )  may not he 

\ 
deeirable every year,  a s  recruitment i n  the lower terraces from each previouti 

I 
r y e a r m a y n o t h a v e a s b ~ a c e  tceei tabl ish.  Uado, howevar, requeat large-rolme L 

releaees a t  lcant  once i n  every 5-10 years to rehabili tate tha dometream 1 * 



riparian resources. If the Corps doe8 not take advantage of theee large- 
volume Spring releasee, cottonwoode cannot naturally regenerate, and the 
riparian resources downatream will continue to degrade. 

The varioue peak releaeee relative to voluure of water to be 
discharged should lead to 9*r~inati011 sitee at varying levele above the baee 
water table, with optimum recmitmant zonee approximately 0.5-1.0 m above the 
base water table (J. Strourlwtrg, AZ Riparian Council, letter to AGm dated 
4/21/93). Although at this time, the baee water table ie unknown for the Bill 
Williame River, the recomruended flow pattarne, including the receeeion, should 
promote natural regeneration of cottonwoode at acceptable floodplain levelo. 

If releaeee are cut off too quickly fraa peak flowe to base 
flows, the water table eupporting the riparian corridor would drop too quickly 
for cottonwood roote to keep up. Thie would lead to high mortality of the 
seedlinge, which cannot tolerate a water table dropping at 1 2 - 3  a n  per day 
(Maride et a1 . 1988, Mahoney and Rood 1991; Scott and Segalquist 1992) . Not 
only are the flood flows neceewry to lay eeed kmdo for germination, but a 
slowly declining water table is necesoary to suetain the eeedlinge (as well as 
sapling8 and mature treeel . The recommended 20-day receeeion is an estimate, 
made with limited quantitative information on the rate of groundwater decline, 
and may need to be refined through further study. 

According to the literature, the Riparian Subcommittee 
determined that cottonwoods (Populus fremoncii) along the Bill Yilliaw River 
may be mintexmediately tolaralrtm to inundation (Waltars et al. 1980, Korloweki 
1984, Koeloweki et al. 1991) . For theee reccuwndatione. we defined 
inundation ae euetained flowe 11,000 cfe. To prevent etreoe or death of 
cottonwoode from extremely high flows, the following guidelines are 
recommended when releaeing 11,000 cfs: 

Cottonwood Inundation Duration (maximum days) 

Dates wtimruq ficceotabls Adveree 
November 1 - Pebryary 28 30 60 >80 
March 1 - Octobar 31 14 30 >SO 

Extended inundation (>SO or a80 &ye, depending on seaeonl should not occur >2 
yeare in a row. 

If water must be released for >3O daye during the growing seaeon or >60 daye 
during the non-growing oeasoci to remove surplue water, a .dry-outg period of 
~ 3 0 0  cfo for 130 &ye ehould be maintained. The high raleaee/dry-out pattern I[ - could be repeated ae much as neczsoary until all euqaluo water ie released. 

f T 

The monsoon releases do not need to occur every year, 
although they ohould be maintained at leaet every 6-7 years, according to 
analysis of pre-dam data (eee table blow). They should not occur in the same 

1 y 
years as high Spring relums, unless natural etorm events dictate so. If 
monooon pulses are completely eliminated, or occur at intervale >6-7 years, 
many riparian planto that are adapted to theee monsoon raine, such as 



mesquite, m y  auffer (B. ~nderson, 1993, pere. cum.; J. Stranberg, AZ 
Riparian Council, letter to AGFD dated 4/21/93). These pulee~ are iaclu&d to 
maintain the historic (pre-dam) pattern of flowo, theraby providing for the 
many unknown riparian value6 that these southwestsrn riparian ecoeyeteme are 
adapted to. 

Pall Plow Prequ.nci.e fram 1940 -1969 (pr0-d.P) 
Monthe r Auguet-September 
Data Source r U.S.G.S. flow data from Alamo Dam gauge (monthly averageel 

Volume of AOpr- 
Water Frequency Yaarly 
(Ac-f t) (n/30 yre) Interval 

c3 yre. 
23 yrs. 
210 yrs. 
&lS yre. 
+lS yrs. - 
2 6  yre. 

- -  - - -  

**All volumes >10,000 ac-fc meaeured >20,000 ac-ft. 

The Riparian Subcawnittee acknowledgee the need to conduct periodic 
inepectione of the dam approximately every 5 years. We recamend prawdowq for 
the bulkhead occur in April-Srpchr, with n u r e k w d  Elowrr pot ucee&i4  300 
cfs during this time frame. This would amintain sufficient water for the 
riparian vegetation during the hottest time of the year. Drawdown ehould be 
particularly targeted for June I-September 30, olsiataining flows fram 45-300 
cPs, depending on the voluure of water that needed to be removed froln the lake. 
The guidelines provided undar the Acceptable recommc3ndation could be used to 
maintain =averagem releaeee between 26-180 cfs. HOWeVet, since no releasee 
can be mad. while the bulkhead is in place, we recommend that the actual 
paintenancq begin in early novsrrrber, when temperatures lave dropped 
eufficiently to l'ouer evapotranepiration strese on the treee. Thus, the treee 
ehould surviw ktter in the cooler temperatures (and approaching dormancy) 
with no floua frapp the dam eupporting them. 

Maintaining flows at 300 cfs for June-Septeurber would flush 
approximately 73,200 acre-feet from the reservoir. lhintaining flow at 300 
cfe for April-September would flush approximately 109,800 acre-feet of water 
from the reservoir. If >100,000 acre-feet of water neaded to be fluehed from 
the reservoir for thie maintenance, a pulee in March or April accormnodating 
the exceee volume should be provided, then flows should be dropped to 300 cfe 
for the remainder of the Sumer. The peak flow and duration of the pulse 
should follow the guideline6 provided in the =Optimumm recatmendation for 
Spring pulses, extending the recession as long as necessary to remove the 
water. 



A long-term, repeacable inOnit0ring system ehould be developed to 
provide information on the succesa of the final flow ragimea in meeting the 
resource objectivee. Future feedback through mociitoriny should be ueed to 
refine water management praecriptione and flow reginmu. The approved final 
flow regimee ehould be flexible enough to reviee ae needed heed on reeource 
reeulte. Monitoring methode ehould include: 

1. Establishing gau& (including the current Refuge gauge, and 0th.r. 
as needed) to monitor dometream flow and groundwater; 

2. Monitoring acreage and etructural divereity of riparian vegetation 
with low-elevation (appro%. 3,000 ft ACiL or (1. = 800') aerial plmtogxapb, 
photo  point^, and pumuurac transects at leaet every 3 years; 

3 .  Establishing penaanurt cross sectionn to monitor channel morphology 
and eediment depletion, aggradation, and degradation; 

4 .  Monitoring deptlr to ground water and percent soil moisture during 
different releaeee; 

5 .  Determining grouchfacer disc&axye rates for the Bill Williams River; 
6.  Monitoring plant c ~ d i t i ~  and atrtss in low and high water 

eituatione, ueing fluoreecence, growth meaeurenwnte, and other eetabliehed 
techniques ; 

7. Verify the ciming of flowering and seed dispersal in cottonwoode in 
thie eyetem, including the &gree ot variation in these proceeeee aeeociated 
with annual variation8 in precipitation; and 

8. Determining inuadetioo perid for cottonwood (Populus fremmtii) 
and willow (Salix gooddingii) trees in the arid eouthweet. Data are available 
for the genera Populus and Salix fran more weic environmsnto, but little hard 
data is available on theee epeciee in highly arid localee. 

Several methods and sources could be uoed to monitor the riparian 
eyetem. Local agency (BLM, AGFD, BOW, and USFWS) pereonnel could uee 
eetabliehed inventory technique8 (e.g. AZ Riparian Invsntory, Ecological Site 
Inventory, etc.) to datermine .baeelinem data, and monitoring would occur 
during regular, pre-detedned intervale thereafter (min. 3 - 5  yeare). In 
addition, graduate etudente, eenior wildlife etudente, SCA voluteere, or the 
Water Reeearch f&etitute may be available to conduct etudiee along the Bill 
William River, &rough grant8 or contract8 frour the amnaging agenciee. The 
primary researcher would depend on the tedmical expertiee needed for each 
research or d t o r i n g  project. The agency (or agenciee) letting each 
contract or grant would be raeponeible for ensuring adequate reeulto from the 
reeearch project. Monitoring would occur at key areae along the entire river 
length (6.g. Banded Canyon, Lincoln Ranch, Pitrat Ranch, Planet Ranch, and the 
Refuge), with inherent flexibility to d i f y  key areas a8 natural recruiunent 
eitee dictate. 



The following outcomes are expected for riparian resources if the Optimum 
recoamndatione are implemented: 

1. Maintain current acreage of riparian vegetation, particularly 
cottonwood-willow etande (although stand8 nay not necessarily alwaye be 
located in the e m  place, due to the dynamic nature of riparian ecoeyeteme); 

2. Promote natural regeneration of cottonwood arid willow, thereby 
increaeing acreage and ntructural diversity (natural age class and eize 
dietributione) of cottolrwood-willow etande; 

3 .  Provide for aquifer recharge and channel maintenance to support 
riparian reeourcee at various floodplain levels; and 

4 .  Provide for vegetation epeciee keyed to monsoon flowe. 

P. BEXEPITS 

1. Natural cottonwood and willow regeneration will maintain existing 
etands and expand acreage and ntructural divereity of riparian vegetation 

2. Channel restoration and maintenance 
3. Recharge of Planet Ranch aquifer 
4. Reduced fire hazard by increaeing fuel moisture and humidity 
5. Potentially reduced ealt cedar encroachruenc 
6 .  Structurally diverse cottonwood-willow gallery forests 
7. ~mproved habitat for wildlife (eopecially neotropical migrante) 
8. Regular fluehing of salt61 aemociated with ealt cedar 
9. Aesthetically better recreation experience , 

10. Restoration of a self -suetaining, dy~laulic eystem 
11. Provide a physical setting for artificial raatoration/revegetatiw 

efforts 

G. ADVERSE IMPACTS 

1. Poeeible undesirable lake level fluctuations 
2. Damage to accees and utility facilities 
3. Flooding of eome f a ~ e  may occur with high flowe 
4 Some ve~land/marshee may be altered 
5. During extended drought periode, riparian resources downstream may 

need to temporully pre-empt reservoir reeourcee 
6. Construction of Alaw Dam ham left the Bill William6 River corridor 

without a m y m a  for replacing eedimente. Sronion of eedimente without 
replacement ha8 occurred oince operation of the dam began, and will continue 
no matter what operational tactice are wed. Recommending fluehing flowe 
higher than those previouely released frarn the danr may accelerate eroeion in 
same locatione, particularly the Banded Canyon (inmediately below the dam). 
Conversely, mites downstream from the canyon may not be in such a predicamenc 
Prior to the dam, flowe through the Bill Williaore River reached 225,000 cfe 
during ram etorm events. These flowe, depending on duration, likely scoured 
large amounte of eediment in the Bill Williame River corridor. Becauee the 
releases from the dam cannot exceed 7,000 cfs, saae down-canyon sites may 

, actually be experiencing a ioq in sediment loem from these reduced r flowe. The hydrologic baei?zzr Planet Ranch ray alro buffer scouring and 
eedimnt loee in the Refuge ae it buffere dowmtreara f lows. Monitoring 



channel morphology, particularly the Banded Canyon, will be i~rportant as these 
recornmendationm are inylan~r~ated to a8eee8 tho impact& theee flows have on 
sediment lose. 

X. OPEUTIONU CONSTRAINTS 

The following operational constraints for Alamo Dam were identified 
within the riparian reoourcee reco~u~lendatione: 

1. No inetantaneoue raleaeee between approxiuately 70-150 cfe due to 
etructure of dam gates 

2. Minimum lake level at 1,100 foot me1 for bald eagles 
3. Need to try to maintain lake level within water conservation pool 

(11,172 foot mel) 
4. No diecharges >7,000 cfe, unlees the dam ie olodified 
5. No storage of water within the reservoir for >1 year 
6. ~equired inepection and maintqnance approxiawitely every S yeare 
7. For large releaees (>1,000 cfs), increases in releaees to peak flows 

should be 11,000 cfe per day to reduce downatream property damage and maintain 
public safety (J. Evelyn, U.S. Army Corpe of Engineere, pere. caom.) 

All operational conetrainte were incorporated into the riparian resource 
recommendations . 
N. J#PORMATXON NEEDS AND D P P X C I B N C I ~  

1. With no inflowo into the Planet Randl aquifer, how long can an 
outflow (into the Refuge) be omintained (aeauming the aquifer io full to begin 
with)? Without pumping at Planet Ranch? With pumping at Planet Ranch? 

2. Lag time between dam release and Qwnetream effecte/flow (8.g. 
If you release water from the dam on Day 1, how long doee it take for the 
water to reach the Pitrat Ranch? Planet Rancia? The Refuge?). 

3. Mhat doeo a releaoe at the dam mean at select downstream 
points (8.9. If ))ou relaaee 25 cfe fran the dam, what ie the flow at Pitrat 
Ranch? Above P l m t  Ranch? At the Refuge gauging acation?)? 

4 .  Uow far in advance W o  the Corpe of Rngineere know about 
their exact maintenance edledules? How much flexibility ie there in when they 
are echeduled? 

**Question8 #1-3 may be answered at least in part by the hydrology model being 
developed by the USFWS and Univereity of Arizona. 



8, mnxaitoring and future research need. 

~e identified in the Manitoring section of the recammendatione, the following 
research and monitoring efforts are needed to better undrretand riparian 
resources along the Bill William8 River corridor: 

1. Are w e  meeting the minimum needs of the reeourcee? 
2. Ie there excese water in the system (dovnetream? in the lake?) from 

our flow regime? 
3. h i t o r  chanel morphology, moil moisture, and riparian vegetation 

(area, etructural diversity, and plant condition) changes baetd on our flowe. 
4 .  Reeearch tha relationship between adequata soil  isc cure, ground 

water, and surface flow in thie eyetem. Determine growduster diecharge 
relationship using aerial photographs taken during varioue dam releasee (known 
available = 1987, 300 cfe; 1993, 1500 cfs, 1993, 7000 cfe), and other 
appropriate techniques (**Thie is an important one**). 

s. Determine the inundation tolerance of cottonwood, willow, and 
poeoibly salt cedar trees in the Bill Williams River corridor (**Thie is also 
an important one**) . 

6 .  1s there a way to paee sadinrents fran above the dam to the mystem 
below the dam to-reduce sediment deficiency in the long texm? 

Uee this reaource information to 6 v a l u W  the ouccees of the flow regimes and, 
if necessary, to modifv the don, operatioma/releaeec. This is to ensure that 
we (ae management agenciee) are meeting the resource objectives agreed upon by 
the Technical Camnittee, eubcormritteee, and agsncier. 

V. S . CONCERNS. AND OPPORTUNJTIEQ 
Tho Riparian Subcoonnittee klievee the Technical Comaittee has an 

opportunity to restore valuable riparian resources within the Bill Williams 
River corridor. Although during eollre extreme yeare, tho reeenroir resources 
may,have to suffer at the expenoe of the dounetxeam reeourcee, we believe thie 
ie an acceptable trade-off, considering the aauxurt of degradation that ham 
occurred in the riparian corridor during the laet .2O yaare. We view it as a 
type of mitigation for the riparian resources that have been loot or severely 
impacted sin- the dam uae conetructed and efforts began focusing on reeervoir 
opportuni tiee . ' 

Eecauaa of  the extent of the degradation, it may take a few .cycleaW of 
theme reconmmadations to bring the syetw back into sou*, reedlance of a 1 
properly functioning riparian ecoeysteol. Any perceived looses or detriamntal 
ifnpacte will be offset by the benefits of nacural recruitmerat of cottonwoods, 
higher vater tables and recharge of the aquifer, charnel scouring and 
maintenance, and a healthier, dynamic riparian ecosystem. Ueing varying peak 
flows ranging fram 1,000-7,000 cfe should proraote regeneration at varioue 
level8 within the floodplain. Under sustained low flows, recruitment ocwra 
in the river channel and gets wiped out with the aubeequent year's floods. 
With only the highest Plowe, recruitment occur8 in the higheet floodplains 
that quickly dry up vith a (rapidly) receding water table. Obeervatione from 

: the high flows of Winter 1993 indicate the river channel can sustain the 7,000 \ r.' C ~ B  flow. without undue d.g~.clatirn of the reeourcae, and that, in fact. these 

, f, 



high flowe ac tua l ly  benePit trd the dowrrstrew rerrourcen. Combining the  high 
flowe with re ta ining a hiyhar water t ab le  61hould pzovidd pos i t ive  r e su l t s  i n  a 
r e l a t i v e l y  ehort  time f 

Our oubcomit tee  wan concerned t h a t  the f i n a l  flow regime6 agreed upon 
by t h e  Technical C a r m a i t t i r e  would be 'set i n  rrtoneY, rayordless of the 
r e e u l t i n g  impacto t o  t l r s  resourcee a t  Alaruo Lake ard the B i l l  W i l l i a m  River. 
W e  did not want t o  t he  e a ~  t he  racouurelldationv t o  tlre Corps of Engineers f o r  
opera t ing  t he  dam t o  be absolute,  e ~ p e c i a l l y  as thrva flowv a r e ,  f o r  the  m e t  
p a r t ,  predicted ranges of d r a t  w i l l  be good f o r  the rerrwrcen. The pattern of 
the flows is more iruportalrt than chs accual nurnbars, as l a g  as ac  least the  
minimum fmintenance) flows are being sustained.  Ttra recawendad winimirq 
flown (cfe) are most critical fo r  e t ab i l i r i ny  t he  riyaxiirn corridor,  and 
maintaining t he  r ipa r ian  rerourcee i n  t he  lorrgterra. Ws r e a l i z e  flow ochedulee 
euch ae thoee w e  recouu~uaded w i l l  require g rea te r  coordination and f l e x i b i l i t y  
i n  how the  dam i e  operated. However, w e  bel ieve these flows are neceeeary to 
s t a b i l i z e  and itriprove t he  valuable r ipa r ian  revources that  have been s o  
heav i l y  impacted i n  p a s t  yearn. 

Fluehing flows should be timed t o  tire na tu ra l  procusaas of the r ipa r ian  
p l a n t s ,  using ~ t u r a l  storm events t o  provide tllc water, r a t he r  than holding 
to a r i g i d  schedule. For a x a y l e ,  tha excreuive ra in  we had i n  January- 
February 1993 caused tho t r e s e  t o  leaf ou t  i n  e a r l y  February, ra ther  than 
March. Not only d id  they break donaaracy ear ly ,  chdy a lao flowarcad ea r ly .  
Fluehing flowe should ba tinred t o  accourrt Cox theue urtuxal  var ia t ions .  W e  
hope t h e  Corps of Engineers underetande the  f l i r x ib i l i t y  irlhsrent i n  our  
recommendations, provided the  minimum flow6 a r e  amintained. 

Along with t h i s ,  our eubcollvoittee e q h a e i r e d  pmnitorinq the  resourcee, 
a f t e r  the  syetem has been ilaplemented, to evaluate  the succeee of our 
recommendations. W e  f e l t  a etrong need f o r  eonre f l e x i b i l i t y  i n  the dam 
ope r i t i ons  t o  modify flows, i f  necesoary, a s  indicated by the changes i n  the  
reeources . 
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Spring Plow Reco~rendatioaa: 
Sample Calculationa 



Spring Plow Rscommendationu: 
Sample Calculatfoae 

Table 3 (eeo  page 8). Reco~nmendatione for release of surplue water during 
Spring (January-May) stoxm avente . 

(includes stepping 
up C dowll) 

J4P to f lue@ Peak Flow (cfe) mak Duration peceesioq 

1-7 days 

5-8 day8 

8-10 days 
10-14 days 

14 -30 days 

500->4S c f ~  
over 6 days 
500->4S cfs 
over 20 days 
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Table A-1. Volume of water needed for receeeion (back sida of hydrograph), 
using the conversion factor of 1 cfe/day - 2 ac-ft. 
Long recession : 

plow (cfe) 
500 
480 
460 
440 
420 
4 00 
3 80 
360 
340 
320 
300 
280 
260 
240 
220 
200 
180 
160 
150 

1 cfs/day - 2 ac-ft 
Short recession: 

The following tables (A-2 through A-6) illuetrate sample flow regime 
for flushing various volume8 of water according to the guidelines provided 
above. They are not u u r t  to be .writtea ia atonem releaau pattarna, only 
-lea an how to h p l w m t  the gui&liaoa. These eetimated voluame of wacer 
do not account for the ef facts of evaporation. 
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Table A - 2 .  5-30k to  tdea~e. peak flow 1.000-2.000 cfs, short rece88ian. 

Sample Calculation #la: 

Plow (cfel No. dava 
A&Q 

Ac-Fr 
1 a.ooo 

(then begin receeeion) 1 day 2,000 AF 

+ 3.200 AF (receeeion) 
5.200 AQ 

Sample Calculation #lb: 
Flow fcfe) 
1000 

- 
1 

Ac-P_t 
2,000 

2000 2 8,000 

m 1 
(then begin receeeion) 

?.Do0 
4 daye 12,000 AF . 

+ 3.209AP (receeeion) 
15,200 AF 

Sample Calculation Ilc: 
Flow Icfe)' yo. dave 
1000 

Ac-Ft 
1 2,000 

2000 S 20,000 
w 1 

(then begin receeeion) 
2.000 

7 day8 24,000 AS 
+ 3.200 AF (receeeion) 
27,200 AF 
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le A - 2 .  30-50k to releaar. peak Slow 3.000-4.000 cSa, long r.c.maioa. 

Sample Calculation I2a: 

EuY-mRL - 
1,000 1 
2,000 1 
3,000 1 
2,000 1 

u 2 Q Q  1 
(then begin receseion) 5 days 

Sample Calculation #2b: 
Flow (cfel - 
1,000 1 
2,000 1 
3,000 4 
2,000 1 

u2QQ 2 
(then begin receesion) 8 &ye 

Sample Calculation #2c: 
Plow fcfa No. rlava 
1 . 000 1 
2,000 1 
3,000 1 
4,000 1 
3,000 1 
2 * 000 1 

1.000 A 
(than begin recemsion) 7 day6 

&a% 
2.000 
4,000 
6,000 
4,000 

2.000 
18,000 AP 

+ w 2 8 0  AF (recession) 
30,280 19 

Ac-Ff 
2 * 000 
4,000 
24,000 
4,000 

2.OQP 
36, 000 AP 

+ 32.280 AF (recession) 
48.280 W 
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(then 

Plow lcfa 
1,000 
2,000 
3,000 
4,000 
3,000 
2,000 

L a Q  
begin receeeion) 

Simple Calculation #3b: 
Flow (cfa 
1,000 

- 
1 

2,000 1 
3,000 1 
4,000 1 

5,000 1 
4,000 1 
3,000 1 
2,000 1 

uxu 1 
(then begin receeeion) 8 day6 

Sample Calculation #3c: 
flow (cfs) 
1,000 
2,000 
3,000 
4,000 
5,000 
4,000 
3,000 

. 
2,000 

r.acro 
(then begin recession) 

&La 
2,000 
4,000 
6,000 
a, 000 
10,000 
8,000 
6,000 
4,000 

Z.D00 
50,000 AF 

+ A.2.280 A F  (recension) 
62,280 M 



Sample Calculation #4a: - 
1,000 

- 
1 

2,000 1 
3,000 1 
5,000 1 
6,000 1' 
5,000 1 
4,000 1 
3,000 1 
2,000 1 

1.000 1 
(then begin recemeion) 10 daye 

- 
2,000 
4,000 
6,000 
10,000 
12,000 
10,000 
8,000 
6,000 
4,000 

2.000 
64,000 AP 

+ U-AP (receeaion) 
76,280 U 

Sanwle Calculation #4b: 
Plow ccra 
1,000 

- 
1 

2,000 1 
3,000 1 
4,000 1 
5,000 1 
6,000 1 
5,000 1 
4,000 1 
3,000 1 
2,000 1 

1.000 1 
(then begin recession) 11 day8 

Sample Calculation #4c: 
P l o w  I C ~  . 
1,000 

- 
1 

2,000 1 
3,000 1 
5,000 1 
7,000 1 
6,000 1 
5,000 1 
4,000 1 
3,000 1 
2,000 1 

X.000 1 
(then begin receeaion) 11 daye 

- 
2,000 

. 4,000 
6,000 
8,000 
10,000 
12,000 
10,000 
8,000 
6,000 
4,000 

2.000 
72,000 AP 

+ U 2 E  (recemeion) 
B4,ZBO AF 
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Table A - 6 -  look+ to releaae, peak flow 7,000 cfa, 1-g receaaion, 

Sample Calculation #Sa: 
plow (cfs) )Ja. dava &kB 
1,000 1 2,000 
2,000 1 4,000 
3,000 1 6,000 
4,000 1 8,000 
5,000 1' 10,000 
6,000 1 12,000 
7,000 1 14,000 
6,000 1 12,000 
5,000 1 10,000 
4,000 1 8,000 
3,000 1 6,000 
2,000 1 . 4,000 
1.000 1 a.ono 

(then begin receeeion) 11 &yo 98,000 AF 
+ 12.280 AF (recession) 
110,280 1LB 

Sample Calculation #5b: 
plow (cfe)  No. dava 
1,000 1 
20000 1 
3,000 1 
5,000 1 
7,000 6 
5,000 1 
3,000 1 
3,000 1 
1.000 1 

(then begin recession) 14 &ye 
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BILL WILLIAMS RIVER CORRIDOR 
Fisheries Subcommittee 

Recommendations 

I. Goal and Objectives: 

A. God: 

Develop a water level management prescription for maximizing the fisheries at 
Alamo Lake and the Bill Williams River below the dam. 

B. Objectives: 

1. Identify a lake level management prescription for Alamo Lake and a flow 
regime for the Bill Williams River below the dam which would maximize the 
various fishaies during optimal water years (wet years). 

2. Identify a lake level management prescription for Alamo Lake and a flow 
regime for the Bill Wiiliams River below the dam which would maximize the 
vartous fisheries during acceptable water years (wet enough to maintain the 
lake elevation). 

3. Identify a lake level management prescription for Alamo Lake and a flow 
regime for the Bill Williams River below the dam which would maximize the 
various fisheries during adverse water years (not wet enough to maintain the 
lake elevation). 

II. Assumptions made, and limitations considered, in deveioping recommendations: 

A, Recommendation Number 1 [ Operate Alamo Dam for maximiring the fisheries for 
the We,  river below the dam, and maintain the river below Planet Ranch during 
optimal water years 1. 

1. Lake: 

a Water availability would be such as to allow for operating the lake 
elevation at a high and low operation zone, thus maintaining high 
productivity. Fluctuation between the two operation zones would 
occur on a 3 to 7 year cyde. 

b. If the lake elevation remains constant or fluctuates frequently the 
productivity would decline. 



c. The timing of the fluctuation would effect the he&!! of the fishery. 

d. Spawning will occur during the months of March - May (water 
temperatures between 60°F and 63'F). 

e. Optimum operation elevations selected assumes, that sedimentation 
hasn't changed the bottom profile to render currem information 
invalid. 

2. River below the dam (dam to 6 miles below the dam): 

a Management for the river below the dam wiIl emphasize maintenance 
of the existing warmwater fishery or establishing a native tish fishery. 
(The Arizona Game & Fish Department proposal of managing for a 
cold water trout fishery in the Rawhide Wildmess Area below Alamo 
Dam is contrary to existing regulations. Therefore, the concept for 
establishing a troutlnative fish fishery was dsopped out of this report.] 

1) If promoting the existing wadwater fishery, releases from the 
dam should be stabilized as mu& as possible. 

2) If promoting the native fish fishery, releases from the dam 
should be patterned after natural events as closely as possible. 

d: ?hat relases can be maintained and that the dam can bz regulated to 
ashieve the desired releases. 

e. That lake elevations are adequate h r  providing the release needs 
without changing the lake operation from optimal a acceptable. 

3. River below Planet Ranch: 

a Water will ruch  the lower md of the Bill Williams River corridor. 

b. Planet Ranch pumping will decrease in the future. 

B. Rccommcndation Number 2 [ Operate Alamo Darn for maximizing the fisheries for 
the lake, river below the dam, and maintain the river below Plann Ranch during 
acceptable water years 1. 

1. Lake: 

a. Water inflow would only allow for operating the lake at the lower 
operation zone. 

b. If the lake elevation remains constant or fluctuates frquentiy the 



productivity would decline. 

c. The timing of the fluctuation would effect the health of the fishery. 

d. Spawning will occur during the months of March - May (water 
temperatures between 60°F and 6YF). 

e. Low operation zone selected assumes, that sedimentation hasn't 
changed the bottom profile to render current information invalid. 

f. The population dynamics of the lake fishery would be maintain& as is 
indicated in the 1990-1992 lake surveys. 

2. River below the dam (dam to 6 miles below the dam): 

a. If promoting the existing warmwater fishery, releases from the dam 
should be stabilized as much as possible. 

b. If promoting the native fish fishery, releases from the dam should be 
patterned after natural events (higher releases January - March with 
declining flows after March; with a monsoon spike later on in the year 
if a monsoon occurs). 

c. That releases can be maintained below the dam and that the dam can 
be regulated to achieve the desired releases. 

d. That lake elevations are adequate for providing release needs without 
changing lake operation from acceptable to adverse. 

3. River below Planet Ranch: 

a Water will reach the lower end of the Bill Williams River corridor. 

b. Planet Ranch pumping will decrease in the funue. 

C. Recommendation Number 3 [ Operate Alamo Dam b r  maJrimiziag the fisheries for 
the lake, river Mow the dam, and maintain the river below Planec Ranch durins 
adverse water yean 1. 

1. Lake: 

a M o w  to the lake will not be adequate to maintain lake elevation with 
in the lower operation zone on an annual basis. 

b. Inflow to the lake will be adequate to restore lake elevation to the 
lower operation zone once every 3 years. 



2. River below the dam (dam to 6 miles below the dam) and River below Planet 
Ranch: 

a. If the lake elevation is above the 1.1 loft. minimum, releases should 
be maintained at a minimum of 25ds.. 

b. If the lake elevation is at or below the minimum acceptable level, only 
legally mandated water right releases will be made. 

D. Generalized assumption. 

The pnferred Operation Zones were selected from the elevations where 
chauges in the lake level would result in minimum change in surface acres of 
the lake that are less than 6 meters (19.68A) deep. This was determined from 
the Alamo Lake capacities table. 

III. Water operation recommendations that maximize fsheries opportunity during optimal, 
acceptable, and adverse water pears: 

Purpose: 

To provide the Bill W i U i i  River Corridor Technical Committee with water 
operation recommendations that would maximize the different fisheries during 
various water years ( optimal = wet years, acceptable = n o d  years, 
adverse = dry years ). 

Recommendations: 

1. Reoornrne~~dation Number 1 ( Operate Alamo Dam for maximizing the 
fiieries for the hke, river below the dam, and ~~ the river below 
plyla Ran& during optimal water years 1. 

Almo Lake 

The Bill Williams River Corridor consists of Alamo Lake which provides 
water for the riverine portions between Alarno Dam aud Lake Havasu. The 
Alamo Lake bass fishery has historically been one of the premier largemouth 
bass fisheries in the state of Arizona. For the purpose of maximiring the lake 
fishery it would require the use of two different operating zones to maintain 
the lake in a highly productive state. These operating zones should be rotated 



back and forch on a five to seven year cycle. The high water operation wouId 
only be possible during optirnal water years. n e  low water operation zone 
would be the primary operation zone (Fig. 1). 

a. Primary Operation Zone would consist of the following operational 
criteria: 

1. Low operation zone would range between the lake elevations 
of l , l  lOft. and 1,lZit. above mem sea level. At thess 
elevations a 15fr. fluctuation would not change the available 
acres of habitat less than 6 meters (19.68ft.) deep to any gre3t 
extent (Fig. 1). 

2. Prior to the start of the spawning seson  the lake elevation 
should be at or near the top of the operating zone (1,125ft. 
msl) on or before March 15th. This sets the stage for che swn  
of another years operation which provides a pool of water for 
the down stream releases through the remainder of the year. 

3. During the spawning season (March 15th - May 3 1st) the lake 
elevation should not fluctuate more than 2 inches per day (up 
or down). Zero fluctuation is preferred. The 2 inch per day 
fluctuation is the maximum rate of change in order to maintain 
a 0.5 suitability index or better for the above mentioned 
spawning season. Zero fluctuation during the spawn is the 
ideal, producing the highest possible suitability index of 1.0. 
If during the spawning season a storm went occurs where 
outflow can't match inflow, reestablish the zero to 2 inch pzr 
day flucatation for the remainder of the spawning season afrzr 
the storm has passed. Fry to minimize the number of days 
that large fluctuations occur.] 

4. During the growing season (June 1st - September 30th) lake 
elevation should not drop more than 4 meters (13.12ft.). For 
survival of the fry it is generally more imponant to have an 
increasing water level for the stirnularion of plankton blooms. 
This would equal a maximum weekly flucaration of 2icm 
(9 inches) per week. 

5. If the lake elevation reaches the 1.1 loft. elwation, re!rsa 
from the dam will only be made for legally mandaed water 
rights. 

6. If during any time of the year a storm went occurs which 
causes the flucatations to be outside of the prescribed 
fluctuation for that period the prescription will not be 
reinitiated until control has be reestablished. If releases have 



to be made they should be made as fast as possible to reduce 
the time that extreme fluctuations occur. 

b. The secondary operation zone (high elevation) will consist of the 
following operational criteria: 

1. Operation would consist of any twenty foot range above the 
upper elevation of the primary operation zone (1,125ft. msl) 
(Fig. 1). 

2. The ideal zone would be from 1,190fi. to 1,210ft. This is the 
only higher elevation where fluctuation do= not change the 
available acres of habitat less than 6 meters (19.68fc.) deep to 
any great extent. 

3. Prior to the start of the spawning season the lake elevation 
should be at or near the top of the operating tone being used 
on or before March 15th. This sets the stage for the start of 
another years operation which provides a pool of water for the 
down stream releases through the remainder of the yea.. 

4. During the spawning season (March 15th - May 31s) the lake 
elevation should not fluctuate more than 2 inches per day (up 
or down). Zero fluctuation is preferred. The 2 inch p a  day 
fluctuation is the maximum rate of change in order to m?rtrrtain 
a 0 5  suitability index or better for the above mentioned 
spawning season. Zero fluctuation during the spawn is the 
ideal, producing the highest possible suitability index of 1.0. 
If during the spawning season a storm event occurs where 
outflow can't match inflow, reestablish the zero to 2 inch per 
day fluctuation for tfie remainder of the spawning season after 
the mrm has passed. pry to minimize the number of days 
that large fluctuations occur.] 

5. During the growing seasdn (June 1st - September 30th) lake 
elevation should not drop more than 4 meten (13.12R). For 
survival of the fry it is generally more important to have an 
irrarasmg water level for the stimulation of a planidon bloom. 
This would equal a maximum weekly fluctuzion of 23cm 
(9 inches) per week. 

6. If the lake elevation reaches the lower marsin of the selected 
operating zone, releases from the dam will only be made for 
legally mandated water rights. 

7. If during any time of the year a storm event occurs which 



causes the fluctuations to be outside of the prescribed 
fluctuation for that period the prescription will not be 
re-initiated until control has been reestablished. If releases 
have to be made they should be made as fast as possible to 
reduce the time that extreme fluctuations occur. 

Bill Williams River 
Dam to 6 Miles Below the D m ]  

Historically the Bill Williams River was a typical iesert river which 
demonstrated the characteristic of loo of water for short periods of time and 
little or  no water for long periods of time. This was all changed with the 
establishment of Alarno Dam. ' h e  area from the dam down strean for 
approximately 6 miles now contains water on a year round basis. Fisheries 
emphasis for this area is to maintain water in this reach to suppon the existing 
fishery with the possibility at a later date of looking into developing a native 
fish fishery. The native fish involved in the fishery would be desert sucker, 
sonora sucker, roundtail chub, and longfin dace. 

c. Releve patterns requested for the existing warmwater fishery: 

1. Reieases averaging 50 cfs per week or greater for the period 
of June through September. With this release there would be 
sufficient water in the summer months to prevent any 
temperawe or oxygen problem from occurring. 

2. Releases of 25 cfs or greater for the period of October through 
May. During the cooler months there isn't any possible 
problem with temperature or oxygen which would allow for 
lower reieases. 

3. All r e l ae s  should be stabilized to hold the surges at a 
minimum when possible. 

4. If the lake elevation reaches the lower marooin of the selected 
opemting zone releases from the dam will only be made for 
legally mandated water rights. 

d. Release patterns requested for the development of a native fish 
f ishq: 

1. 'Ihe native fish fishery releases from the dam should be 
patterned after natural events (higher releases January - Marc5 
with declining flows after March). 

2. If the lake elevation reaches the lower margin of the selected 



operating tone, releasa from the dam will only be made for 
legally mandated water rights. 

The management of the lower rivet will simply be an effort to promote a 
native fish fishery if possible. Tbe native fish involved in the fishery would 
be desert sucker, sonora sucker, roundtail chub, and longfin dace. That 
potdoa of the Bill W i l l i i  River below Plana Raach is the primary area 
where permanent water exists on a year round basis. The amount of water 
present will d e p d  on the amount of rtleases h m  Alamo Dam and the 
amount of pumping at Planet Rand. 

e. Release patterns rrquesred for the lower river would be as follows: 

1. Release enough water from Alamo Dam to maintain a 
minimum of 25 cfk flows in the Bill Williams River below 
Planet Ranch on a year round basis. 

2. If the lake elevation reaches the lower margin of the selected 
operating zone, releases h m  the dam will only be made for 
legally mandated water rights. 

Resource Outcome for Recommendation B 1 

Under this recommepdation the Weries resource in the lake would fluctuate between 
increased production during the high waer elevation operating period and the 
&ar,$ng of the nutrient levels (re-vegetation or previously inundated) during low 
water operating periods. 

The riverine sections below the dam would be managed for maximking the fisheries 
and reaeatioaal opportunity by providiing both a stable flow regime for the existing 
mery below the dam and possibly provide an area h r  establishing a native fish 
fishery that doesn't exist at this time. 

 bout a working computer model, exactly what the outcome would be below Planet 
Ranch is not Icnown. There are too many variables that are unlcnown at the present 
time. The desired outcome would be the establishment of a native fish fishery on the 
lower end of the Bill Williams River also. 

Benefits Resulting from Recommendation # 1 



Fisheries: 

This operational pattern would improve the largemouth bass and 
catfish population dynamics of the lake fisheries. During the yevs 
that the lake elevation is held at the secondary'operation zone the 
populations would increase in sire and condition. 

This operational pattern would result in increases for all other species 
of fish as well, resulting in possibly making it easier for the foraging 
bald eqles. 

3. i n c r a e  in the spon fisheries would result in an increse in the 
economy of the area. 

4. This operational patfern would provide an improved sport fish fishery 
and a possible native fish fishery that currently doesn't exist. 

Others: 

1. This operational pattern would result in the recharge of the entire Bit1 
Wiiliams River Corridor aquifer. 

2. This operational .pattern would result in an increase of the overall 
biodiversity of the entire Bill Wiiliams River Corridor. 

Impacts Resulting itom Recommendation #l 

1. There would be possible eagle nesting problems during the high water 
level operation period. This would oniy be true if low elevation nests 
were reestablished. 

2. Depending on the elevation there may be operation problems for the 
state park. 

3. The improved fishery below the dam may cause an increase in human 
impacts to the area. 

4. It may affect the operation of the Dam by establishing operation zones 
that may be outside of cunent Dam operations. 



2. Recommendation Number 2 [ Operate A l m o  Dam for maximizing the 
fsheries for the lake, river below the dam, and river below P h e t  Ranch 
during acceptable water years 1. 

Operation for optimizing the largemouth bass fisheries in the lakc during 
normaI water years should work toward maintenance and stabilization of the 
bass population at acceptable levels. This would consist of operating the lake 
continually at the low water operation zone (Fig. 1). Long term operation 
under this operational plan (10 plus years) wiIl result in a slow decline in the 
productivity of the system. For the best results the criteria used below for 
spawning and growing seasons should occur each year, but once every other 
year would be acceptable. 

This recommen&tion diffes from remmmen&tion # 1 in h t  there is 
only one Operation Zone; the spawning season has been shortened; and 
the growing season hy been lengthened. 

a. Lake operating row. 

1. Low operation zone would range between the lake elevations 
of 1,l loft. and 1,125R above mean sea level. At these 
elevations a 15 R flucaration would not change the available 
acres of habitat less than 6 meters (19.68ft.) deep to any great 
extent (Fii. 1). 

2. Prior to the start of the spawning season the lake elevation 
should be at or near the top of the operating zone (1,125k 
msi) on or W r e  March 15th. This sets the stage for the start 
of another years operation which provides a pod of water for 
the down sueam releases through the remainder of the year. 

3. During the spawning season (April 1st - May 15th) the lake 
elevation should not flucruate mors than 2 inches per day (up 
or down). Zero fluctuation is preferred. The 2 inch per day 
fluctuation is the maximum rate of change in order to maintain 
a 0.5 suitability index or bener. Zero fluctuation during the 
s p a n  is the ideal, producing the highest possible suitability 
index of 1.0. If during the spawaing season a stonn event 
occurs where outflow can't match Inflow, reestablish the zero 
to 2 inch per day fluctuation for the remainder of the 



spawning seson after the storm has passed. Fry to minimize 
the number of days that large fluctuations occur.] 

4. During the growing seson (May 15th - September 30th) lake 
elevation should not drop more than 4.6 meters (15.lft.). For 
survival of the fry it is generally more important to have an 
increasing water level for the stimulation of a plankton bloom. 
This would equal a maximum weekly fluctuation of 23cm 
(9 inches) per week. 

5. If the lake elevation reaches the 1.1 loft. elevation, relwes 
from the dam will only be made for legdly mandated water 
rights. 

6. If during any time of the year a stonn event occurs which 
causes the fluctuations to be outside of the prescribed 
fluctuation for that period the prescription will not be 
re-initiated until control has be reestablished. If releases have 
to be made they should be made as fast as possible to reduce 
the time that extreme flumations occur. 

Bill Wilfivns River 
to 6 Mils  Below the Dm] 

Historically the Bill Williams River was a typ id  desen river which 
demonstrated the characteristic of lots of water for short periods of time and 
little or no water for long periods of time. This was all changed with the 
establishment of Alamo Dam. The area from the dam down stream for 
approximately 6 miles now contains water on a year round basis. Fisheries 
emphasis for this area is simply to maintain water in the 6 mile area to 
support the existing fishery with the possibility at a later date of looking into 
developing a native fish fishery. The native fish involved in the fishery would 
be desert sucker, s n o a  sucker, roundtail chub, and longfin dace. 

b. Release patterns requested for the existing warmwater fishery: 

1. Releases averaging 50 ds per week or greater for the period 
of June through September. With this releve there would be 
sufficient water in the summer months to prevent any 
temperature or oxygen problem from occurring. 

2. Releases of 25 cfk or ,@eater for the period of October through 
May. D u ~ g  the cooler months there isn't any possible 
problem with temperature or oxygen which would allow for 
lower releases. 



3. All releases should be stabilized to hold the surges at a 
minimum when possible. 

4. If the lake elevation reaches the 1,l loft. elevation, releases 
from the dam will only be made for legally mandated water 
rights. 

c. Release patterns requested for the development of a native fish 
fishery: 

1. . The native fish fishery releases from the dam should be 
patterned after natural events. 

2. If the lake elevation reaches the lower margin of the selected 
operating zone, releases from the dam will only be made fix 
legally mandated water rights. 

Bill Williams River 
[Planet Ranch to Lake Havasu] 

The management of the lower river will simply be an effort to promote a 
native fish fishery if possible. The native fish involved in the fishery would 
be desm sucker, sonon sucker, roundtail chub, and longfin dace. That 
portion of the Bill Williams River below Planet Ranch the primary area where 
permanent warn exists on a year round basis. The amount of water present 
will depend on the amaunt of releases from Alamo Darn and the amount of 
pumping at Planet Ranch. 

e. Release patterns requested for the lower river would be as follows: 

1. Release enough water b m  Alamo Dam to maintain a 
minimum of 25 cfs flows in the Bill Williams River below 
-Planet Ranch on a year round basis. 

2. If the lake elevation reaches the lower margin of the selected 
operating zone releases b m  the dam will only be made for 
legally mandated water rights. 

Resource Outcome for Recommendation # 2 

Under thk recommendation the fisheries resource in the lake would remain strong, 
largemouth bass recruitment would be good, and nuuient levels will be stable at first 
and then slowly decline if this operation continues for a .  extended period of time. 

The riverine seaions below the dam would be managed for maximiring the fisheries 
and recreational opportunity by providing both a stable flow regime for the existing 



fishery below the dam and possibly provide an area for establishing a native a h  
fishery that doesn't exist at this time. 

Without a working computer model, exactly what the outcome would be below Planet 
Ranch is not known. ?here are too many variables that are unknown at the present 
time. The desired outcome would be the establishment of a native fish fishery on the 
iower end of the Bill Williams River also. 

Benefits Resulting from Recommendation # 2 

Fisheries: 

1 This operational panern would promote a stable largemouth bass and 
catfish fisheries in the lake. 

2. This operational pattern would result in stabilization of all of the other 
species of f ih,  including the forage base for the nesting bald eagles. 

3. This stabititation of the sport fisheries would result in stabilization of 
the economy in the area. 

4. lhis operational pattan would provide an improved sport fish fishery 
and a possible native fish fishery that currently doesn't exist. 

Others: 

1. This operational pattern may result in the recha,rge of the entire Bill 
Williams River Corridor aquifer. 

2. This operational pattern would result in an increase of the overaIl 
biodiversity of the entire Bill Williams River ecology of the system. 

3. '2he consistent water devation of the lake would assist the start park 
in their operation and development of the area. 

4. ?he consistent water elevation of the lake would benefit the eagles in 
that they would not have u, have as many alternate nest sites. 
(Artificial nesting sites could also be established) 

Impacts Resulting from Recommendation #2 

1. As is common with all reservoin the quality of the fishery will decline 
with time because of a continual decl'me in lake productivity. 
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2. The eventual decline in the lake fishery will result in a decline in the 
economy for the area. 

Recommendation Number 3 [ Operate A h o  Dam for maximizing the 
fsheries for the lake, river below the dam, and river below Planet Ranch 
during adverse water yeam 1. 

Because of the nature of the area there will be periods of time when the 
watershed receives very little water. During those yem it is imperative to 
strive to protect the lake fisheries (don't continue to drain the lake for reasons 
other than fitheries). In drought years all operation for down stream 
activities, other than legally mandated releases, should be discouraged (Eg. 
1 .). 

This rcfommendation differs from recammendation # 2 in that operation 
zone should be met at least once wery 3 yam; growing suson constmints 
have been dropped; and riverine constnints have also b e n  dropped. 

Drought Operation 

a. Strive to operate the lake u n d ~  the criteria set up under the 
low water operation zone at least once every 3 years to insure 
spawning success at least once every 3 years. 

b. During the other years mrinra;n the lake eievation as high as 
possible. 

c. During the spawning season (April 1st - May 15th) the lake 
devation should not fluctuatt more than 2 inches per day (up 
or down). Zero fluctuation is preferred. The 2 inch per day 
fluauation is the maximum rate of change in order to mainrain 
a 0.5 suitability index or better. Zero fluctuation during the 
spawn is the ideal, producing the highest possible suitability 
Ma of 1.0. If during the spawning season a storm eveat 
occun what outflow can't match inftow, reestablish the zau 
to 2 inch per day f l u d o n  for the remainder of tbe 
spawning season a k  the storm has passed. CTry to minimize 
the number of days that large fluctuations occur.) 

d. If the lake elevation reaches the 1,llOft. elevation, releases 
from the dam will only be made for legaily mandated water 
rights. 

e. If the lake elevation is below the 1,l lOft. msl. mark and a 
storm event occurs, 25 % of that storm went should be 
reieased for dorm stream fisheries needs. The remaining 75% 



of the storm should be retained in the lake. 

Resource Outcome for Recommendation # 3 

Under this recommendation the lake fisheries would be sustained through the low 
water years wirh little concern for the river other than the legally mandated water 
rights. 

Benefits Resulting from Recommendation # 3 

1. Maintain the fisheries in the lake. 

2. Maintain the economy associated with the fishery. 

Impacts Resulting form Recommendation # 3 

1. If the lake elevation dropped below the 1,llOfs. level there would be an effect 
on the operation of the park. 

2. There could be a negative dfect on the nesting eagles in the area as it pertains 
to forage. 

3. There would be a decline in the existing fisheries in the lake. 

4. There would be 'a possible adverse effect on the fisheries in the riverine 
sections of the system. 

5. There would be a decline in the economy in the area. 

IV. lnfonnation Needs and Deficiencies: 

During the course of the discussions several needs and deficiencies were brought out. 
The list is as follows: 

A. Need for establishing some type of gaging station on the tower end of the Bill 
Williams River below Planet Ranch in order to fill the void in flow 
information at the bottom end of the system. 

B. S w e y s  are needed to establish a base line for the current fisheries and other 
aquatic organisms in the riverine sections. 



It was not known what relezses would be required to establish a surface flow 
on the Bill William River below planet ranch (25ds, lOcfs or ????I. 

What pool size would be required in the lake in order to maintain a surface 
flow in the river below Planet Ranch and still keep the lake at an elevation 
above 1,ll Oft. 

Temperature information on the lake to determine the effects of various storm 
events. 

The entire process would have been easier if a hydrological model had been 
available for use by the various subcommircees during their effort to come up 
wirh the various flow requirements. 

V. Issues, Concerns, and Opportunities Regardiig Water Management for the Fisheries 
Resources: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

1. 

I. 

The importance of the Alamo Lake fisheries. 

The importance of the fisheries resource as it relates to the nesting bald 
eagles. 

The issue of trout in the artificial cold water riverhe system below the dam a 
it pertains to the wilderness. 

The issue of park operation and mainmance. 

The issue of recharging the aquifers below the dam. 

Flood control issues and concerns. 

The issues associated witit the development and maintenance of riparian area 
along the river. 

The p o t d  of increased public use on the lake and in the area below the 
dam. 

Problems associated with the enforcement of the various regulations in the 
are& above and below the dam. 

ihe  etched in stone '1,100ft elevation" !!!!!!! 





survIMARY OF SPAWNING CRITERIA 

Lake Elevations: Low Zone : 
1,110 - 1,125ft. ins1 

High Zone: 
Above 1,125h. msl 

Preferred High Zone: 
1,190 - 1,2 10ft, msl 

SUMMARY OF GROWING SEASON CRITERIA 

Low Zone : 
1,110 - 1,125ft. ~1 

every year fix best 
results; once every 

Season Dates: 

Lake FIumatioas: 

WET NORMAL DRY 
WATER YEARS WATER YEARS WATER YEARS 

Low Zone : 
1,110 - 1,125ft. msl 
at least once every 3 

other year would be 
acceptable 

Lake Fluctuations: 

Y a  

March 15 - May 3 1 
Maximum of 2 inches 
Per day (2- 
fluctuation is the best) 

April 1 - May 15 
Maximum of 2 inches 
per day (Zero 
fluctuasion is the best) 

April 1 - May 15 

Maximum of 2 inches 
per day (Zero 
fluctuation is the but) 



All comments were appreciated and taken into consideration. The types of comments that were 
received were both general and specific. Several of the suggestions were made in the new repon that 
is enclosed with this memorandum. Comments that were more in the form of questions will be 
addressed in the remainder of this memorandum. 

Comment # 1: 

Currently a suggested maximum elevation change is 2 inches per day with a maximum 
shift of 4 meters. How does this compare to current operations? It seems like such a 
shift would greatly affect aquatic macrophytes, which provide both food and cover. 

Answer: Any elevation change indeed will have some affect on the aquatic 
macrophytes. It is recommended that there be zero fluctuation if 
possible or the maximum of 2 inches per day during the spawning 
season. Current operations change from year to year. In general, the 
relese patterm have had a tendency to exceed 2 inches per day and 
macrophyte production has not been a problem in the past. 

Comment # 2: 

Native fish fishery releases from the darn should be patterned after natural events. 
This I am sure will benefit native 'fishes, but will also benefit non-natives. 

Answer: You are correa in your assumption. 

Comment # 3: 

Is there enough water in Alamo to support the proposed flows to begin with? And 
with what probabilities can we expect normal, wet, and dry years? 

Answer: For the fisheries recommendations there is enough water. If water 
availability starts to become a concern the operation of the dam shifts 
to the next recommendation. Once the water elevation reaches 
1,l loft. msl the dam is dosed to maintain the lake. 

As for the probability of expecting the different water years your 
guess is as good as mine. 



Comment # 4: 

In the fisheries technical report there are many references to the possibility of native 
fish reintroduction below the dam, however there is nothing stated about water 
temperature being a limiting factor for this effort. 

Answer: Temperatures have been collected with various water releases from the 
dam and it was determined that it would not be a factor. Therefore, 
there was no mention of temperature in the report. 

Comment # 5: 

Define hydrologic conditions or parameters that constitute 'optimal water years' (wet 
years), 'acceptable water years' and adverse water years'. Are these designations 
based on peak discharge levels into alarm or on lake elevations? 

Answer: I am not quit sure how to respond to this question. I would like m 
see, at least for the fisheries, all reference to the different water years 
dropped. In fisherib, the state of the resource is dependent of the 
stability of the lake and the use of different lake elevations during 
various years. The elevations that were selected in the fisheries report 
are ones that appeared to be feasible. They are not the only ones or 
even the best ones, they are the most acceptable ones for ilsheries 
under existing constraints. 

Comment # 6: 

Identi* adverse conditions,and limitations within each of the recommendations (i.e., 
minimum and maximum allowable rates, beyond which adverse impacs to the 
resource are likely). 

Answer: These rates that you request are in each recommendation. M i i  
= '0' f l u d o n  Maximum = '2 in&es per day' for the spawning 
season. There are similar criteria was established for the growing 
season. 

The sections for reammendations t 1, 2, and 3 are highly repetitive thus adding 
urwcessarily to the length of the document and making it difficult to determine the 
g e n d l y  minor chauges between the recommendations. A better approach might be 
to keep recommendation #I as is, but for rec~mrnendations #2 and 3 summarize the 
changes from #1 and delete the redundant sections. 

Answer: This could be done easily as you mentioned. The reason it wasn't is 
that it was felt that each one sould be able to stand alone. I will go 



ahead and indude a statement in Bold for recommendation #2 and 3 
that will indicate the differences. . 

On Page 4, D. Provide justification for the use of the 6 meter figure. Don't most 
bass spawn at 1-2 rn depths? 

Answer: When looking at just the spawning season you are basidly correct 
with your 1-2 meters comment. However, the 6 meters figure is 
referring to the water area that the bass use the entire  ye^ not just 
during the spawning season. 

Comment # 9: 

On Page 5, a. 1. Provide justification for the 1,l lOft. minimum range. How is this 
better for the fishery than the existing 1,100ft. level? 

Answer: This question was basically answered under comment # 5. In general 
any elevation that provides more surface acres of water that is less 
than or equal to 6 meters deep is better. An elevation of 1,110ft. is 
berrer than 1,100fr. as 1,100ft. is better than 1,090ft. 

Comment # 10: 

On Page 5, a.6. This recommendation could be highly deb&. If a substanrive 
flood event occurs that raises the lake significantly, wouldn't it be beuer to use the 
new lake elevation to establish the high operation zone? 

Answer: Yes, if the lake has been down for several years and there is a 
commiunent from the Corps of Eng. a maintain that higher eievarion 
for three to seven years if water availability permits. This would 
establish a new low water elevation for those years which is higher 
than 1,125ft. 

If the lake elevation rase 10 or more ket in a few days, how would it benefit the 
Mhcries to release these waters as soon as possible to the original elevation? 

Answer: I am not sure where you came up with this question. What is said is 
that once the storm event is over reestablish the prescribed ductuation 
rates. The rates will depend on the time of year that the storm went 
occurred. If reieses have to be made (for other than fuheries 
reasons) they shouid be made as fast as possible to reduce the time 
that extreme fluctuations occur." There is no mention of returning 
to the original elevation following a storm went. 



Should the seasonality of flooding events be considered in determining how rapidly 
waters are released from the dam? 

Answer: This is basidly answered in the bold print above. In short 'YES" 
but that is the Corps of Eng. call not the BWRC Fisheries 
Subcommittee's. 

Comment # 11: 

Page 6, b.2. lhi recommendation faiis to account for the Corps Rood Control pod 
operation aiteria. . 

Answer: You are correct. This is a fisheries recommendation and it simply 
states that the zone between 1,190ft. and 1,210fr elevations would be 
'ideal'. Just above there in b. 1. it is stated that any 20 foot range 
above the upper elevation of the primary operation tone (1 ,l lOft. - 
1,125R) would be OK. 

Page 6, b.2. The logic b e h i  the selection of the 1,190ft to 1,lXfr. range is unclear 
and appears ill-advised particularly during the spawning season. For acres of habitat - 
to remain relatively stable during a 35 foot flucaration would mean that boaom slopes 
in water < 6 meters would be relatively steep. 

Answer: You have your elevation numbers bachvards and the area that we are 
looking at is a 65R area not a 35ft. area of which we are only 
targeting 20tt of it in there somewhere (depending on water 
availability when implementing the secondary operation zone). 

As for the logic, in order to stimulate the productivity in the lake one 
has to inundate anas that have been high and dry for a period of 
years. Therefore any 20ft. operation mne higher than the primary 
operation zone would accomplish that end. 

Comment 1 12: 

Page 14,e. Specify what is intended by 25% and 75% of storm events. Is this based 
on totai storm i d o w  volume? Over what period of time should downstream Aeases 
o c w  and water be retained in the lake? 

Answers: The intent is to use 75% of any particular storm event to build the 
lake back up to the operating zone and 25% of the storm event to 
keep water in tbe system below. 'This is based on total volume of 
each storm. The down stream releases and periods should be made in 
accordance with other down stream requests. 



Comment # 13: 

Page 14, Recommendation #3, Benefit #I "Sustain a fisheries in the lake.' and Impact 
#3 'There would be a decline in the existing fisheries in the lake.' appear 
contradictory. 

Answer: Maybe the word should be maintain -mte3d of sustain. The word 
change will be made in the text. As far as the contradiction, there is 
none. The implication is that the fisheries will be maintained but the 
population numbers will be smaller. 

Comment # 14: 

How does the Corps of Eng. know what scenario they are in? 

Answer: They will know by the amount of water they are able to maintain 
during the year. If during the year they are not able to maintain the 
lake elevations in the Primary Operation Zone they are in the Drought 
Operation Scenario. If they receive a large inflow and they have been 
operation under Drought or Primary Operation Scenario for a period . 
greater than 3 years they should start operation under the Secondary 
Operation Scenario of Recommendation # 1. If the Corps of Eng. 
have been operating under the Secondary Operation Scenario of 
Recommendation # 1 for a period of 3 to 7 years if is possible that it 
is time to rearm to the Primary Operation Zone of Recommendation % 
1. In short the availability of water wiIl indicate whac Scenario to 
operate under and when a change should be made. 
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ADDENDUIY THE JUNE 1993 WILDLIFE SUBCO!@!ITTEE REPORT 
M Y  3 ,  1994 

SECTION 7 CONSULTATION 

Section 7 consultation is appropriate for any aituation where dam 
operations aay affect listed species such as the bald eagle and 
Yuma clapper rail. Changes to the Corps of Engineers Operating 
Manual would require consultation where listed apecies may be 
affected. Deviation from the Operating Manual could also require 
consultation. 

High lake levels which inundate bald eagle nests (the current 
lowest elevation nest is approximately 1135 feet) would be 
addressed through Section 7 Consultation between the U.S. Fish and 
Wildlife Service and Axmy Corps of Engineers. 

The Bald Eagle Protection Act. and Migratory Bird Treaty Act also 
prohibit take of bald eagle nests. As with requirements of the 
Endangered Species Act, any parties involved in possible 
destruction of nests should coordinate with the Fish and Wildlife 
Service, outside of the Technical Committee forum, to ensure their 
responaibilities are met. 

The wildlife Subcommittee does not recommend construction of 
artificial nest structures at Alamo Lake. Suitable nest trees are 
available in the lower reaches of the Big Sandy and Santa Maria 
Rivers. These cottonwood trees are well within the distance bald 
eagles would fly to forage at the lake. Also, the live cottonwood 
trees may provide thermal protection and shelter that snags on the 
lake do not. Putther, nests located up either of the rivers would 
remove eagle nesting activities from potential disturbance by human 
activity at the lake. Finally, the recent construction of a cliff 
nest near the confluence area indicates these eagles are capable of 
adapting to the inevitable loss of cottonwood snags for nesting in 
the upper lake. It has been suggested that construction of 
artificial foraging perches around the lake (e.g. simple wooden 
polea) may be important replacements for the decaying cottonwood 
snags, which are used extensively for this purpose. 



Thc WiIdlife Sabammbee met on ApA 6 and May 18,1993, to disaus teoommendatioas for 5 rrgimer that 
would best benefic the spcaes p u p s  it wsr requested to consider. The group begau by rrviewCng iu e e d  
go& l h e  broad scope of the Wildlife Subaornminee's k p e d  coneem prompted the group to d k ~ ~  t 
priority system, should water flow needs of various speaes groups ever coaflia (e.8 waterfowi m u s  codaagerrd 
speck). However, tht group ultimately found little or no c o d i d  between hab i i  needs and opthal flow 
regime needs of threatened and endangered sped- neouopical *tory bids, orbet scxuicive zpeciy 
aaterfowi, and other wildlife. Further, the Wildlife Subcommittee detenniucd that the greatest net benefit for 
ail spedes and sped= groups would be gained through a jinste management urateg (see 'Executive Summary; 
below). Ultimately, what few manqemenc priorities exist arc imposed by law [cg. the Endangered Species Act 
of 1973, as amended (ESA)]. Therefore, the Wildlife Subcommittee defined no species maaugerneat prioriry 
system. 

Ihe Wildlife Subcornminee determined that overall, dl threatened and end&ered spe&s, neottopidrnigatory 
b i i  other scasitive spedcs, anterfoarl, and other wildlife would best bcaeiit from che cMtioo and maintenanc 
of a hd thy  riparian caxysem dong the Bill Wgirrnr River corridor k b w  Alrrno Dam. Th ff'Jdlife 
SPbcomnrinee determined t h t  ooiy under extreme, pro&n@ dmughr conditions d d  arrter maaqcrne3t 
nee& of speck at Ahmo hL;e co& with m+intcaaaee of a healthy Bill WiIIivnr River ipariaa ecosysrem, 
The Wildlife Subcommittee be& the reeommenditioru of rhc Riparian Subcommicrec will bend3 all spcdcs 
and spcaa groups oritbin its as@d scope of conarn The Wildlife Subcommitttc therefore endorses the 

- RiparianSubcommi~ee's 'prcliminuy flow recornrnendatiom ior riparian rrsouccs.- The Wildlife Sukbrrrmin:: 
determined t h ? ~  for tht opthum bed i ts  for dl wildlife spedes, managemeax should e m p w  the habi i  chat 
makes the area spcdal southwescrn lowhnd riparian k a b i i  

RL Discussioc Riparian Habitats snd Wildlife 



Bill Wm Rmr Grridor 

Tamarisk (Tomark sp.), m introduced specks kne r  able to survive rhe altered flow conditions, is rapidly 
rrp&cing the n a b  riparian vcgccahe It is well documented that many aacive wildlitc spcdes do not rut 

t a m d k  (ah giled saltcedar). It is believed chic t a m d k  may not provide the essential t h d  proceaion 
of nadve, broader-lead speck Ofrrnter a oL ZWb, Hunter a d. 1988). Also, camarkk may support a 

disEercnt iwd f iua  (Xcrpez a d  S d h  1987). which could rfiea occurrence of inscaioorous b i d  
Some avian s p e d  will apparently nut in tamarLk at higher.elevarios, but nor at lower elevations like the 
BWRC Further, tamarisk sopporu a geaerdy lower levcl of biological diversity ovcrjfl, compared olith Mtin 
: rip& vtgecarioa At upper Ahrno Lake, umarisk may k ~ u ~ ~ ~ e r r p e c i q  tononwoods, which are important 
as porential b'dd &e ntsl sites. 

. . ~ d a n d s t r e a o , ~ ~ f i u h ~ k r r q ~ f o r ~ r r r p r o d u c d o n a n d r c r r u i t P P e r r t i n  
.. .. F-ru cottonwood (Asplmrd ad GOO& 1988, S-berg a d l991). Hktorically, chc ripariau tsgsasbn in 

theB9~~enhdmsubjcamOub-aoodinq:morrorhichooinddedarirhreeddirpusrlinFebr~uy- 
Match. Rarh floods c~cjted large, unshadeb moist d l d  deposits. idcal for the e s t a b b e o l .  of coaoowwd 
a d  arillow seedlinp (&plund ad Goo& 1988, Rcichenbackr 1984, Strombcq er oL 1991). Both arc fatt- 
p w i q  trees which product large quanticics of seeds capable of wide &penal Hoarcocr, seeds bse viability 
wirhin me to fvt we& a[tu dirpenal (Fennet rr oL 1984). The see& aced a &able moiu suburace at or 
soon after dispersaJ, and moist roil Q)Oditions muse pcnist until seedkg roou pow to dep<bt arhm moisture 
is more constaady available than near th surface (apluud and Goo& l988, Fcaaer a d 19&, Mahoney and 
Rood 1991). If chcse conditioos aze not me: oppommiriu for the invasion of saltcedar inacl~e, and the 
opportunities for aoaod-wi l l ow  ncnrifmeot is eYentidly last 

&oqh coctorrarood a d  wiilo~ depen& upon fl- for rqroduaioa, ptolooged inundation 
dur@rbc&scasoncrokdtvinreord. Rootsof r ipPrirnue+sarronoble todrawin~i ln~uor  
ayeen when for a period of m d  (Hook and Craarford 1978). There is a shonage of information 
on osa k @ s  d time that ~#1onwood and orillow can k inundited before monsiiry aawiry occurs, bur many 
souras (pubiished md pvsod cotnmamotions) s q g c s  a period of one or w m o d s  as a limit rbat shouid 
k adhered to (see Rdcheabder 1984, Hunter a uL l9Wq B. W. Andusoq Rcvcgeracion and Managerneat 
Center, Blythe, CA; D. Panen and J. Suombeg, kizoaa State University Ceotu for Envitonmenral Studiu; 
C. Hunter, FWS, Atlanta; D. Busch, Bureau of Redamacioq BouIda City, NV, p e n  cornre). Effects of 
prolo-d inundation may not be bmcdiatc; vets may be weakened and die over a period of y e ~ s .  Due to 
the sues of prolonged inundation, uer  may be panicuhrly ursctptible to iwct i n f d o n  or drought. 
Uaaanually prolonged high flow m y  rLo urpose, unduminc, and/or sour roots, or otkrwiK weaken trees 
to the point that they fall down. In any ~ P S  the riparian b a b i  on the BWRC kas aLudy been compromised 
to saxch an extea that u this point and in the fllMt, we shauid ar OR Lht side that b e e  riparian habiracr 



Bill Wm m r  Camdor -3- Wildlife Subcomrmttee 

Ripaxian habitats ue also likely to be of d u e  to spcdu that arc not ri- obligates. R i p h a  arcas may 
serve u travel corridors, water lo- and areas where thue aon-rip& species occur in w e r  abundance. 

W. Threatened and Endanprcd S p a i u  

The follaaring art tpcdes axmtly listing under the authority of the ESA For each specks or species group, 
a bricf w o n  is provided rrgarding habiic/flow rrgime nee& 

B m  pelican (Pekcontu occidentafi) Ocatn as an upapmmon transi- chiefly dong lower Cobado River. 
poccntiaiiy a ioq  Bill WSiaM River and at Alamo kLc 



bit& found in l97& 21 in l993, generally 6'15 in recent years. The delta habitat is intluenccrj primariJy by 
levti of Ldce H a m y  which is not aZeaed by flows from Alamo Dam. 

L 

Bald eagle ( H b c f ~  [cucacpholru): at A h 1 0  I-aLe [Alamo Breedins Area (BA)], on Bill WiUjazts 
River below ~ l a m o  Dam Qves BA), and until 1988, on the Big Sandy River just above Aiamo U e  (Chino BA). 
S i  its ditcovey in the mid-- this 'Alamo Lakc eomplef has been co&endy suctcssful in produhg 
fkd&g bald e d e j .  Since l990, the Alamo complex has concn%uced a p p r ~ a t e l y  20% of k w a a ' s  annual 
eagle reproduction (Hunt * d IWZ BW l9% B a n  UIIPU~L a). Tbc sa- of the Aamo CompIex has '$ ken s ~ ~ t i y  fac ih ted  by iwndve maaagcmenr, indudkg dasure arras, mau operations and othcr direct 
inttffcotion (Hmt et al l99& B- 1995 Bearep uapubL data). 

The primary foraging habi i t  for alI BAS in the Alamo Complex is Alamo m e .  The primary need is availability 
of adequate fo- habitar The shallow wafer fshty of upper Aamo m e ,  wich numerous huacing perchcs 
and abundant Gsh is the most iptensivcly used foraging habuat in the Alamo CompIu h r  lake kvtk may 
rdua: the lake area suEaently to impact food availability, and/or icraease territorial interactions among eaglet 
A uveme high water, the lake a n  inundue the bald eagle nests and potenriat nu t  trees on upper iUarno U e .  

'd 
I 

Pu of 1993, Alamo BA and one I n r  BA acsu om the upper lake ranged from apprordmately W S  to 1145'. 
These nests may no longcr & Nut inundation ~ c a m e d  in 1993, rrsultiag in tdrc of the aaive eagle nest 
( e m  were rescued from the nm). Subsequcndy, the rUarno bald eagles built a new nest on a a above any 

a&vc rhe lake, for potential alternate n u u  These arcas may be superior nest d c s  They are e m m d  kom 
4 potenrial lakc Icuei. Further, axtoowood and willow a e u  are andable on che Big Sandy and S a m  Maria riven 

humaa aaivity on the lake, and the ao~onwood suags on the lake arc Eely to fall m e  k a result, high water 
at Akmo Lake is no l o w  a d r u  concern for -cot of bdd -4- dus a nest is in danger of 
inonQtion Ih primuy c o a m  remaim rhe avaihbJicp of focagks habitat 4 
The FWS has ncoauneadcd ajninimtnq lake level of IlW, to provide adequate f o e s  habitat (USFA6 1988). 
The Wddlite Subcommittee retomnends that the TWS's rrrnmmen&tion of a pinimam lake 1-1 remain $ 
effect In the pasf this minimum l ed  bas apparedy been misinterpreted as a target laicc Itvtl, or a m a x b m  
take level for bald eagle mlnaprnaz The ll00' der~tioo u a minimum rrcommended level; any lake lwei 
a k  l lOW is amptable Or bdd eagles, as long as sn M e  nest b not inundated. If a nut is to be 
inundated, the Corps of Engineers should exercise their optioru under sections 7 or 10 or the ESA However, 
as siltation conrinues in the upper lake, h i s  minimum recommended level may have to k rtvised. Fibally, the 
Wddlite Subcommictet rccommcrrds that the Corps of En+- resolve questions regsrding effects oi dam 
opcratious @olh routine and cmugency) on bald uglu through the ESA ststha 7 c o d a w n  pro- 
M a i n m a  of a ripPrian ecosysrcrn wwid a h  burefr the bald ca&, by providing alternate fora* h a b i  
and ntst trees (the latter bptast above Akmo Lake on the Big Sandy and Sanm Maria Rjvm. 

4 
P e e  Eabm (Folco -) Thir qtcacs is o b w c d  @ly ar Alamo Lake. and more rectndy, dong 
the Bill River below Alma Dam. Although sumys have found no n w  sites yet W b i t t s  and D. Ward 
M, L Ward 1993), the + o d  recovery of thir bird makes it likely that it does or will soon breed in t t c  u:t 

at Alamo Lake and the BWRC under alJ conditions, wich the possI'bIe ucepuon of proloaged, exreme drought. 
However, the only critical habitat nc-ds arc a d a b l e  nestiog diEfs and a prey base. These arc currently avaiiabie ! 

Tbe pert-e is k n o w  to natsr far [roar surface water in the Southwest, upedally in woodland and c i a p a d  
habitats where jays, pidFormes and ocher prey are abundanc ('Ebbicu and D. Ward l990, L Ward 93). 
Howcyv, in very arid regions Lilre wcscenud Arizona, it is likely to be more strongly tied to p r w n r  o i  'water, 
probably because the assodated p q  abundarux. Thueforr, maintenance of a riparian efwystern would l k ! y  
benefit the perqriae faicon 
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No listed plants are known to occur in che Bill W i s  River corridor. 

No listed repriles or u n p h i b i  are known to ocnv in the Bill Williams River mrribr. 

No h c d  mammals art known to occur in the Bill W W  Rivv eo&or. 

V. Neouopical Migratory Buds 

In recent ycan, concern has k e n  raised o w  d&es in buds which breed in northern latirodu and winter in 
the neouopia - ncatropical migratory buds General arw of con- include availability a d  cenditioa oE 
breeding, wintering and migratioa-mute habitats Alrhou& c o a d h  research is pendine riparian habitats are 
klid to be disproponionately important to neouopical migancs during migration @. Knrcpcr. BLM, pen. 
axxun.1. Riparian _habitats in @ are hown to support nfativety high densities and diveniry of breeding 
birds, iudodirrg many oeompid  m@anU. Southarcstcrn riparian habitats am to support some d the 
-tst densicy and diversicy of breeding bids in North America. G i i  that approxizaacely 5% of tht land a~ 
in the Sourhwtst is riparian W i b  t h e  areas am orrremdy kportinr to bird communities. hs of the 

-- axronwwd-wibw tiparha forests has had widupread 'mpra oo the diurbutiaa a d  abundaece of bird spedu 
. rcuriarrd with chat foresf type (Hunter a ul 1987b9 Hunter a ul 1988 R o s d q  a oL l99l). Thcrcforc, 

rehabilitation and maintenance of rhe BWRC riparian habitat is kponant. A list of natropiai *oy b i i  
b u m  and/or likely to use rht Bill Williams River arrridor and Aamo hlte is actackd (Set Appendix A). 
Breden and sensitive s p e h  an highii&ced For discusion of s@Gc sensitin neouopical migang see 
Secrioa VI, below. . . 

Adability of Ibave-pund flow ia the Bill WillisM River may pmvSc kportant reaway opporrunik 
Tbucfore, rehab3~1tion and maintenance of riparian hab i t  is important 

b g g u h d  shrike ( h i u s  lrrdovicioncrt) (TWS Category 2 - No AGED dtsignation) Not a riparian obligate. 
but may oaur in greater abundance in riparian arrar. Wtch declines in northern portiom of ifs w e ,  special 
management consideratioas are warranted 



Elf owl (Mkufhene wfitmyi) (No FWS or AGFD dcsignatioo; CX endangered) Rare breeder in BWRC at- 
Requires large u e u  (cottonwood, sycamore, or large mesquite) or large caai (saguaro) for nestins 

Bladc rai3 ( t a r e d &  jomaicMsit) CFWS Catesofy 2 - AGFD endangered, CDFG threatened) Pumancnt 
ruidtnt in BWRC in small numbers. 

Yellow-billed cudroo (Coccycut MldCMrrt occidurtolir) (LWS Category 3c - AGFD threatened, CDFG 
endangered) Recent investigarioa (F-eb and Laymon W) renews support for tecogniting the 'wesrem' 
subspeay WE& enhances coaurn for ardcoos in the BWRC L a r m  remrining papuiuion of breeders on 
lower CO are on BWR. C o h e d  to stands of coltonwood. Gcadas are 40% of thcu die; 

Brown a w e d  mchu (Myiorciwt ryronmrlru) A rpecies of 'specirl coneem* in Californir Cononwoods 
and/or &r lager ripmian trees ue at- for nest aci- thir flyeuehrr a h  feeds heady on aadas. 
Rehabilitation and maiatenana d riparian habitat is important 

Bell's vireo ( V m  be= h n a e )  Rip& speaes; more abandant and widespread formerly. Rehabilitation 
and mainreaaaa of riparian h a b i i  is important 

Common black-hawk (ButeogolfiLt mrhctrus) Riparian sped= rehabilitation and maintenance of rip& 
habitat is important 

Browu-headed cowbird (Molo3vur ater) A b r d  pafasite, which is impacting many soagbiub, some to the 
d e p  of becoming a threat to hcit conhued & m a  (Mayfield l97, B r i n i n w  and Temple m). In 
parti&, di p a s i c h  is identiiied as a threat to the sourhwtsttrn wJtow nyBccha (Harris S91. USFWS 
1992). mrnagemenc srrategics to redaa this h a t  indude: reducing and reamring fnpented riparisn habicac 
removing livcstodc and livescock conearation areas from ripPrisa habitat and s u m d i n g s  cowbird trapping 
pr- 

Belted m a  ( w e  dqm) AGFD candidate s p e h  Informarion indicates wincering only, but breeding 
is theoretically possible. RehabWon and maintenance of riparian habitat is imponant 

Cottonwood (P0pdu.s sp.) Fundamend component of southwestern riparian ecosystems, reduced throu@out 
M ~ C .  Rchabrlitariou and maint-~t of riparian habitat is important 

W o w  (Sulk SQ.) Fundamental component of southwestern riparian ecosystems, r e d u d  throughout rmg. 
Rehabilitation and maintenance of riparian habitat is imponrnt 
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Rentiles and ~mbhibiant . . 

Raua yavapaieask poolr, pcnnancnt water, floods OK, no bass. 

Bufo microscapus: 

GJa mower (Helodcrrno nrrpecaun): Ten& to occur in pacer  numbers in riparian areas. Rehabilitation and 
maintenance of riparian habitat is imp- 

Desert tortoise (Xerobuto a-7 '(FWS Category 2 - AGFD Candidate) Not a riparian obligate, but impaar 
may be ocnaring due to uses within BWRC and adjacent uplands Potential impaas include ncrearion, and 
livtstock and bum use. which may sipilicaatly cOmpete with tortoise For food 

Cbuclrwalta (S4~vomafus obcnu) (FWS Category 2) Not a riparian obligate, but impacts may be occurring due 
to uses within BWRC and adjacem uplands. Potential impacts indude reaeation, and livutock and burro we, 
wbich may si@icaatly compete for food 

G e r  snakes (7lomnopCtis spp.) Rehabilitation and mahename of rip* habitat is important 

B u s  Various bat s p e k  arc fikciy to occur in the BWRC indud& spotted bak red bat, hoary bak C a t i l k  
Id-nosed, and ochers In vknrafly ail cases, bat popdauoas could be upeaed to benefit h m  rhe rchabiitacion 
a d  mainteaaaa of riparian habitat 

Biiorn sheep (Ow3 conadcnrk): Not a riparian obligate, but impaa may be oaurring due to uses wichin 
BWRC snd adjacent uplands Pot& impas indude rcucahn, and rivtSfOck a d  burro use, which may 
-candy compete For food. BWRC rlmast cmainly w d  as a wacer source. Rchabilitawn and maintenanc 
of riparian habitat is importaar 

W. Waterfowl 

Although there may be some W e d  within the BWRC and Abmo lake, the WirdtiFr Subcommirtce 
cnnsidacd arwifowi to atap primarily as migram and wiaccr residents Currwrty, appnaxbmdy 90% of tht 
Canada geese (W urnndouk) arintcring on rhe lower Colorado Rivu use the CboL Narioaal Wildlife 
Refugc W s  wncamrion likdy in- the probability of a disease outbreak and in- the potential 
atat of such an &re& A widu diuribution of wbcerirrg geese along the Iowa Coiorado R i i r  and 
viburaria is thenfore desirable. The most feasible opporruuicy to lfhievG at ieut  a partial redSnbudon 
appears to be on rhe Planet Ran4 which may be a q k d  by tht Bid WiIlianu NariOnal Wildlife Refuge. The 
arltivated acreage there k amearly Mmd to be approldmately 'WO aues of lifalfa By snppiancnring alfalfa 
wich whea this auld be reduced to 400 a a g  thus r e d m  pouad water p u m p 4  by approdmately 83% and 
still providing su5aent foragc for 5000 to 6000 geese. Attracdng that number of getse would require 
-on of a dhrbn~t-fret  (no entry) roosting area wirhin the delta during tht winter (cg November l5- 
March 1). Such a restridon would aiso d t  in an hause in duck numbas It would cake send ycan 
followinq implemecrtarion ol manag~mcnt praaicts to rwliP: tht increase in w a d d  use. 



Conversion of 25% of the aop  at P h e t  ranch to wheat would sli&tiy reduce demands on ~ o u d w t e r ,  and 
benef t several avian spcdy  esp&aly followins dry winters when the seeds of duen  annuals are scatcc. White- 
winged doves otsring in the riparian zone would be a major benefiday. The d u e  of the area to geue would 
not be suftiaently reduced. Developing a moist soil maqernent unit at PIaaet Ranch would in-e the 
divcrsiry and abundaoa of birds using that portion of the ranch. However, as the habitat dive+ is i n ~ t 9 ~ ~ 4  
management may become more complex for the managing agency. 

The Wildlife Subcommittee rccommcah maxkxkhg the s&aIIop~anter area of upper Alamo L&e (3' to 6 deq) 
during rhe sp- and summer. Thiq will rrnrlt in maximum forage availabilily for winruing waterf* primariiy 
ducks. However, arirhout designation of a 'no zone, use of the lakc by geuc is Ueiy to be minimal 
Maintaining a base surfact flow through the BWRC, as recommended by the Riparian SubcommiLtct, will aka 
burefc various duck speciu. 

WII. Other Wildlife 

For this broad category, the Wildlife Subcommittee's determination was again that rehabisitation and 
maintenance of riparisn habitat is important Riparian habiio are particularly rare in western Arwoa 
Operation of Alamo Dam on the Bill WJliams River providu oppornrPiry for maintaining a healthy, b i o ~ d y  
diverse riparian ecosystem in this o c h c ~  very arid region 

The Wiidlife Subcommittee diswsed s m d  'other wiIdlife9 sped- and w e a l  masqcaxat oppo-ities, io 
particular: 

G h  the importana of the BWRC riparian habit* eflccts of livestadt & -t 
Aicnrczian Present and historic ovuure by iinscock has ken a amjor k o r  in the de@ation and modirxcation 
of riparian habitau in cbe western United States. These ettcas indude changes in plant ~~mmuniry struaUr3 
spcaes composition and quantity, ohco liukcd to more widespread changes in watershed hydrology (Rca 1983, 
GAO 1988). Water quality may aLo be impacttd. through increased &ou, siltation, and f e d  material. 
Livestock in ripa- habitau typically resdcs ia rcduaion of r i p h  vcgetacion (espedaily palacable 
broadleaf phnfs f i e  willows and cononwood saplin& and is the most eommon cause of riparian &gadation 
(Camthen W, Ridtatd and Clubins 1985 Cannon and Knopf 1984, Kleknow and Oakleaf l984, GAO 1988, 
Clary and Webster 1989, Schultz and Lcinioger 1990). Linear riparian habitau in arid regions are paniculariy 
vulnerable to fragnrentarioa & shady, aml, wet a r w  pmvidiag abundant forage, they arc disproponionateiy 
prefvrrd by cat&, o t u  the surrounding xeric uplands (Amcs l977, VJentine 1988). The WiI:dlife 
S- remumends that knd m-meat rrvitw livestock p i a g  marugemcat p h  in the 
BillWilIiamrRinraruenhed,withrheabovecon~inrnind 

Burns  F u r l  burros are abuadant in rhe Alamo Lake-BWRC e n  Espcdally in cambination 6th livesrock 
b- arc b h g  ~ g u i v e  on the riparian habitat, water quality, aad adjacent upiandr These impacs 
are likely to indude utcesk lgiting and browsing of oative p&w, ruJting in changes in the suucrur: 
quantiy, and speck composition of vqcrarion in riparian habits and adjacent uplands. Water quaticy may be 
'hpaaed, through increased erosion,  on, and fecal matviaL The Wildlife Subcommittee mommen& that 
land managema mdu review burro/allotmenr/herd management plans, or similar plans, with the above 
concerns k mind 

3 emeational Trnoas Various reaches of the BWRC receive rcucariod use which may be impacting imponant 
riparian habitat Spedtically, lour-wheei-drivt and off-road vckide use is v imuty uncwubUed in many are% 
The Wildlife Subcommittee ncommenh that land managancat wacies miew the areas where such use is 
allowed, with Lhese concerns in mind. 
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Beaver: &avers i u y  k m important component of the r i p h  caxystcrn, by seating mall pa& with 
ass4dated st9 water, W o w  manh and deep pook. Howwer, they may face competition for yo- willows, 
from livestock and burros. Beaver may then resort to girdling and killing the remaining M e r  cottonwoods. 

Quail: 

Doves: 

Feral hop at upper Alarno Lake. How do they compete with javatina? 



k Management Priorities for Speck Groups 

Endangered Speaa A a  of l973, as amended (scaiom 7.9 and 10). 

Bureau of b a d  Management's Allotment Management Plan 

BLM's Burro (Herd) Managemat Plan 

BLM's Wildernus Managmeat Plaa 

Migratory Bird Treary Act 

BLU Management Plan for Planet Ranch 

AGFD Alamo M e  Wildlife Area Management P h  

Alamo Lake State Park Wanapmcnt Plan 

Comprehensive Managemcat Plan for Lower Colorado River Refurn 

Alamo M e ,  Atizbn& Reeoanaissan~ Study. US. Army Corps of Enginem 

X Information Needs 

Z Mote @c data arc needed on mortalicy ratu of inundated cottonwood, willow and ocher ripark 
vw=i= 

4. Sunrrys and innntories skouid be completed for spcaa of special conarn (cg. eo.cbgcred s p e k ) .  
to determine presence, habitat use, and reawery o p p o d k  
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BILL WILLIAMS CORRIDOR 
Recreation Use and Access Subcommittee 

. . .  Recommendations 

Introduction: 

The Bid Williams River Conidor Rechation and Access Subcommittee w 
fonned fm the purpose of discussing the Tcenatioaal needs and activities at 
Aivno~mdintheBillWllliamsCorridorladtbcllCCCSSitytopla#iabe 
levels and river flows in Pcrspectivt. Activities on Atamo rnlrr? are quite 
diffamt, both in scope and in kinds of bctivitics, to those oa the Bill Williarru 
R i v a C o r s i d o r s o e a c h w i l l b e ~ ~ y .  

Ia tams of userdays, the ownwhelming bulk of m c r a h d  activity at Alamo 
Ukc is fishing fbr largemuth bass. Wbik some shore fishing occurs, the 
maj?nityofthisfishingactivityisdonefrom~powerrdwaoacraft, Must 
of the other activities, ie.  camping, picnicldng, etc. are done in coajunctioa 
with~g(Figure1).  ~ ~ t l y , ~ a t A l a m o L p f p C i s ~ y  
~uponViritorskingab~etolamchtbcitwltaffJtinarzfcand 
convrenient manner. Recnatiou is alto highly dqendent upon the quality of 
the fishery. bake levels need to be maintained in a manner to continue quatiry 
fishing, to aALow for use of boat launching facilities, and k low lewls that 
would inundate the campground and infastrucatre of Alamo Lake State Patk. 

Below the dam, there is light but steady d o n a l  activity that is phsently 
limited due to rau problem. The wide range of lCSICOtonal activities 



range f h m  visiton looking for a wildmess cxpdmcc and a - of 
while hiking, backpacking, or floating through the two -, m 
W g ,  fishing, q d  ud Watafowl h ~ h g ,  offhighway I&& M- 
d this use occurs during the more modem dimDtc priodr. S- floaring 
by canoe, kayak, m rubber boat is almost nonCXiSOCIIt due to M t y  in 
getting the waterClZLA to the stream and undependable s t n a m  flm. 

As more private land is acquired by public agencies, rrcnational use of the 
Bill Williams carridor will  steadiIy increase. In comparison to the scope of 
use at Alamo b, it is doubdul that this d o n a l  use will ever be 
contidehd as 'heavym. 

~t lcccsspiob~klowthedYn,btocrahatdunopent ions,  
continue to inhibit rrneational activitia, evea during modaarc climate periods 
and times of optimum stream flows. Public access is also limited throughout 
the remainder of the river corridor because crilaing access mum go mss 
private lands. Bowewr, m t  Federal acquisition effortr should improve 
opportunities for legal public access to the ']Bill Wlllivns River corridar in the 
future. 

A. Goal: 

Recommend dam apcratioa pnscriptions, under various weather 
patterm, to rmximizc recmtional opportunitia along the Bill W ' i  
River Carridor, including Alamo fafPe. 

. . 
1. Mmmze Eihing, boating, and camping #ties at Alamo Lake 

under various warn d t i o n s .  

. . 2. Maxuntze rcQcatid apportUnity along the riparian conidor below 
Alamo Dam by establishing water dease patrrnrs which mimic a more 
"naturalm strwn system. 



n. &sumflions made, and limitations considered, In developing recommendations: 

A. The following assumptions and adtations conccmhg &m 
considcnd: 

4, It is possible for the dam to k operated at the l a k  elevations W in 
the various rrcommendations below. 

B. The following assumptions and bnitatioos cormmbg I#XCation a! Alamo 
IakeWaecoaJidered: 

1. Recreation activib, pvticularly fishing, boating, and camping at the 
StatePark,decnaJeasthehh?~andfirhabLshorriine 
decreases. 

2. Recnation use of the lafoe increases as the Quality of the W g  
experience increases. 

3. Hismidzccnationusepatternswillrrmainthe~ame. Mostusewill 
ocau during the Spring and Fall (FQure 2), on wecl-ends, and most 
State Park visitors camp at least one night. 

4. Higher lake elevations than listed in the body of this repo!t could 
possibly provide more mxcabd opparmnity if the existing facititics 
qn the h k e  WQt modified. 'x'herda~~, the existing facititia could be 
a limiting -. 

C. Thc following assumptions and limitations concaning d o n  ogportunitict 
along the Bill Williams River wen COtlSidard: 



2. The nw wildunrsc areas below the dam wil l  continue to be -4 
to pmidc for prejcrvation of the areas wildarms chanctc~ and 
opportunities for solitude, and primitive and unconfined types of 
rccmtion. Motor vehicles, motorized equipment, bicycles, and hang- - 
gliders are not permitted. 

3. Presuming the Federal acquisition or exchange of State and private land 
in the rim corridor, will occur. The mutation opportunities in the 
area wi l l  change. Legal public access to the river and potential 
development of rrcrration facititierr will promote an inuease in the 
~ofoppo~t iuaudtbeamountof fccnat ionuse in ther i~~~  
conidor. 

4. Rccnation op~0rhmitieS in the Wltdlife M g e  are subject to Refuge 
murd2tes and xqdations. However, wildlif'e viewing, huuting, 
sightseeing, and other recmuion opportunities in the Refuge are 

. 

expected to increase with the improvemeat of ripsrianlwildlife habitat. 

6. WuareleasesfortheBil lWir] iunsRiver~,&vari~\~ 
weatha condition, will result from the product produced by the other 
fubcommittec reports; PrimPrity h m  the fijheries and riparian 



. . .  
A. Purpose: 

Identify desired recreation needs and access for Alamo Lake and the 
Bill Wrlliams Riva Corridor and detcrmine water-rrlated (lake lev& 
stream flow) coastraints and opportunities. 

All rrcommaxkions in this report will k based on maximizing ncnational 
opparnrnily and m availability under the misting locations of the faEilities. 
Recommendation Ir 1 win rek to optimal operations, ncommendation # 2 will 
refa to axeptable opentioar, and ~#x)mmeadation # 3 wi l l  ncfer rn what 
would be contiderrd adverse opentiom. 

1. Rccammcadation Numbv 1: 
Prescription for opcnrtinq Alnmo Dam that would maJdmirc 
rwradonnl oppoxtunity on the lake and in the Bill WllliPms 
IUtv Corridor (Ogtfmal SeclrPrio). 

a. Alamo h k e  in such a way that both existing boat 
ramps arc within the opbimal opuating range. Operation would 
bebetweal 1,115'aud 1.12S'msL ThiseleMtionllot Only 
n~axi&uthe functionalityofbothboatrampsitalso 
maximh access and appoitunity at other locatioru around the 
m. 

b. Following seasonal inflow, if l a k  elevations reach the 1,144' 
mjl to 1,154' msl releases should k made as fast as .possible 
until the Woe elevation is below 1,144'msi. At these eievations 
thegradconallof t h e r o a d s a n d ~ t a x a i n a n m  
flat for launching boats. Resulting in NO BOAT LAUNCHING 
ACCESS. 

c I f ~ u e s c h e d u l e i n a r # s s o f 3 0 0 c h d O n a l  
oppornmity . . for river floating below the dam would be 
maxunued if the releases incorponte a WCtkcnd. 



Resource Outcome for Recommendation # 1 

. . Bhxmmion of the rccnational appornrnity it Ahno Lake and along the BS 
WiUiains.River Corridor below Aluno Dam would result imm operating 
Alamo Dam under this recommendation. 

hefits Resulting from Recommendation # 1 

Alamo Lake and River Conidor Below Alamo Dam: 

Thirupcrabd~wouldprwide thcs tab~ty in the  
system that would allow for the development of facilities and 
access in areas off of thepark . . 

In maximiring the r#xcational opportunity and access thae 
would k an inaease in the economy far the area. 

Thi3 operatid pattern would prwide an additional form of 
-011 that bas not been utilized to any great extent at the 
pr#ent time (floating Jrafiiug). 

In promoting an additional mxeathd apportUnity there would 
be m increase in the economy for the aria. 

Impacts RcsuIting from ReCl~mmrnQtion # 1 

Ahmo Lalot and River Conidor Below AlYno Dam: 

2. The increase in recreation may caw problems for the park until 
budget, staff, and facilities are improved to handle the increase 
in rccnation. 



3. Increased recreation may a h  cause an increased i m p n  on the 
fishcries and riparian RSOU~CCS which wiU cause a change h h 
CUKCII~ regulations for the area. 

2. Rccommu~dation Number 2: 
PrescFiption for operating Alvno Dam that wouM be 

for prodding mcreatioual opporhrnity on tbe Iakt 
and on the BiIl WillInnrs River Corridor . 

r OprucAlrmoLLahnrharmnaathubaulaunchingh 
possible. Tben ah three operational elevation windows outside 
of the optimum range which wi l l  provide boat launching 
capabilities. TWO are above tbe optimum and one i s  below the 
optimum. If at dl possible operations at the higher elevations is 
better. 

3) EteMti0113 1,094' msi to 1,115' msl will provide 
b o a t ~ f r o m t b e C h o ~ b o a t r a m p a n d t h c  
main boat ramp wbcn ktween 1,108' msl and 
1'11s' IIUL 

b. Fol lowingseasonal inf l0~ , i f~e leMti01~~the1 ,144'  
msl to 1,154' msl rrlurses should be made as fbt as possible 
until tbe lakc elevaton u below 1,144' mst. At these elevations 
the grade on dl of the roads and surrounding tenain are too 
flat for lamding boats. Resulting in NO BOAT LAUNCHING 
ACCESS. 

c. Xfreleasuarcscheduleinat~of300cfsncnational 
opportunity for river floating below the darn would be 
maximized if the nleases incorporate a week-end. 



Resource Outcome for Recommendation # 2 

hmational opportuni~ would at the cmcnt levels for h o  hh 
md the Bii.Williams River Corridor below Alamo Dam. 

Eenefits Resulting from Reconamendation # 2 

Alamo Lake and River Carridor Below Alamo Dam. 

Tbisapaatiollllpatternwouldprovidethestabitityinthe 
system that would allow fos long term planning of park 
ticiritiu. 

This ~~ would provide the stability in the 
system thpt would aUow for the development of facilities and 
accessinareasoffofthepark.. 

Recreatiorul apporarnity and access thar would remain the 
same as it is at the present time which would stabidbe the 
economy 'for the area at the pnsart level. 

The public would be assured ofbeing able to launch their boats 
allyeatrwnd. 

This operational pattern would provide an additional form of 
rrcreation that has not been utili#d to any gnat exmt at the 
prrseat time (floating /ding). 

In promoting an additional rccnatiOnal opportunity there would 
be an increase in the economy for the area. 

Impads Resuiting from Recommendatton # 2 

Ahrrrn Ute  and River Conridar Below Alamo Dam: 

1. T h e r e n y y b t a p o ~ c n t i a l f o r a n ~ i n h u m a n i m p a ~ t s t o  
the different amas. 

in d o n .  



r I fpanible ,oprrPcALmokhinrusha~aWoncnmp 
is functional during the two high use periods of the year. 

spiing * =, A@, my 
Fall - September, Octokr, Novemks 

The clevatioa fix the montlu involved with tbe high use perictd~ 
would be any elevation > 1,094' msl. If it isn't at least at that 
elevation none of the pnscntly existing ramps arc functional. 

b. If release are schedule in excess of 300 ds d o n a l  
oppormity br river tloating below the dam would k . . maxlmtzed if the rdma incorponte a week-end. 

Rcsaurce Outcome for Recommendation # 3 

RHVntC R e d t h g  &om Recommendation 1 3 

~ L a k e a n d R i v e r C o r r i d o r B e l o w ~ D a m :  

1. NONE !! 



IV. Information Needs and Deficiencies: 

~*Ibc anvx of the discussions wal nadr and deficiencies wac brought out. 
'This list i s  as fo~owrs.: 

A. A t h e p r r r c n t ( i m c ~ h ' t ~ y ~ a n ~ o n a l u a g e o f U u t  
area below Alamo Dam or the other portions of the Bii W m  River 
Conidor. This infonnation is desirrd for fannulating d o m l  pluu 
fix the area in the &re. Data a d d  include idormation on 
d o n  types and levels of use; access points and maks of acccss; 
nncation time and hquency. Lacations of particular in- include 
the area below the dam, Rawbides Mountain and Swaasea W m  
Anu; Lincoln and Plane Ranches; the El Pua pipdiae; d the BiU 
WillinmsRefbge. 'Ibeffect~ftheroldcl~~~ltintbeWildlifeRefugc 
o a r d o n i s r l s o u n l c n o w n .  

B. Information needs to be compiled fix exploring ways to provide boat 
hunching ficiiitia between the 1,144' msl to 1,154' msl dentioa. 

V. Issues, Concern, and Opportunities Regadhg Water Management for 
Recreations: 

A. If an operation elevazion is chosen betwear 1,144' msl lrsd 1,154' msl 
an additional boat launching hdiv would be nquirsd. The location 
and temin around the existing launch ramps wiilpotlllow for 
modifications. 

8. Inundation of the sewage Eacilities will occv if the lake elcvatim 
rrrhes 1,214' msl. 

D. Continual lake level fluctuations are bad fbr the appearana of the 
I&. This will incnase dre size of the 'bath tub ring' which in ntrn 
degrades the visual esthetics of the rCCICational rawrcu. 



E. If releases arc required, large releases wer a short duration an better. 
 hi^ type of release will reduce the amount of shoreline erosion and 
maintenance of the existing boat ramps. 

F. ~ l d o n  of existing hcilitia should not dictate where the ideal 
opaating eievations is. If an elevation h selected that is in conflict 
with the existing facilities the existing hditks can be changed or evtzl 
rclocaoedifnec#sary. 

H. Explore the postib'ity of modifications to the bulkhead gate so it can 
be insfall4 or removed mechanically, without the use of divers and a 
craae. Tbiscould~thtdowntinrerrdcostfordaminspectio~ 
and mainttnance. 

L Scheduledamiaspectioaswben&elakeeleMtioasis&wn to 
climibltetheQecdtom4htrcleascstoatbisolcpurposeof~gan 
inspection. TI& should be done am i s  it bpmr't been 5 ywrs since the 
last inspccticm. 
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DAM OPERATION SUMMARY 
[ Recreation and Access Oriented ] 

OPTIMAL 
OPERATIONS 

-- 

1,115' to 1,125' msl 
Main & cholla 
Runpareatthe 

optimum. 

IfrrlezuesaIe> 
than 300 cfS , 
1-1- 
ad into the release 
paiod* 

ACCEPTABLE I ADVERSE 
OPERATIONS OPERATIONS 

1,154' to 1,178' msl If possible, > 
Dirt ramp is 1,094' msl during 

f u n c t i d  high use periods. 
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INTRODUCTION 

Alamo Dam was. authorized by the Flood Contr 

22 December 1944 (Public Law 534, 78th Congress, 

01 Act of 

2nd Session) and 

construction was completed by the Corps of Engineers in 1968. The 

project had been recommended for approval by the Chief of Engineers 

report dated 11 April 1944, published as a part of the in his 

project 

Session 

1) as a 

document (House Document No. 625, 78th Congress, 2nd 

) . The act approved construction of Alano Dam (see figure 

multiple purpose project as reconmended in House Document 

No. 625. 

The recommended project purposes were flood control for the 

lower Colorado River, as an initial objective, and ultimate project 

development to include water conservation, hydropower and 

recreation. In order to assess the water conservation and 

hydropower benefits, the Corps entered into an agreement with the 

U.S. Bureau of Reclamation (USBR) to evaluate the potential of 

these purposes. The 'JSBR concluded that, through coordinated 

operation of Alano Dam with USBR dams on the Colorado River, a net 

average annual increase in water supply for the Colorado river 

system of 4, SO0 acre-feet would be realized. However, the USBR 

concluded that hydropower benefits were negligible. 

SuSseque-?t to initial authorization, Alamo Dan became subject 

to the stipulations of the Fish and Wildlife. Coordination Act of 

1958 (Public Law 85-624) , the Federal Water Project Recreation Act 
-- Uniform Policies (P.L. 89-72), the National Environmental Policy 
Act of 1969 (P.L. 91-190), the Clean Water Act of 1977 



(P.L. 95-217), and the Endangered Species Act of 1973 (Public 

Law 93-205). Alamo Dam is therefore operated to conform with 

objectives and specific provisions of the authorizing legislation, 

as well as with all subsequent Congressional acts that are 

applicable. 

RESERVOIR STORAGE ALLOCATIONS AND OPERATING PLAN 

The reservoir storage allocations, critical elevations, and 

release schedules for Alamo Dam and Reservoir are presented in 

figure 2. Alamo Dam is currently operated for the authorized 

purposes of recreation, water conservation, and flood control. The 

current storage versus elevation relationship is detailed in fig- 

ure 3. 

The authorized top of recreation pool is 1070 feet. Releases 

below this elevation are made to satisfy existing water rights. 

Based on examination of low flow records from 1891-1962, the State 

of Arizona has decreed that matching outflow to inflow up to a 

10 cfs maximum would satisfy these water rights. In the absence of 

releases for other purposes, matching of inflow up to the 10 cfs 

release schedule for water rights requirements will be made from 

the recreation, water conservation, and flood control pools. 

Water conservation releases from the existing water conser- 

vation pool (between reservoir elevations 1070 and 1171.3 feet) are 

coordinated with operation of the U.S. Bureau of Reclamation's 

(USBR) Hoover, Davis, and Parker Dams on the lower Colorado River. 

Coordination of operation is essential to achieve maximum flood 



control, water supply, and hydropower benefits along the lower 

Colorado River. The current reservoir regulation plan limits the 

magnitude of water conservation releases to a maximum of 2,000 cfs. 

Since there are presently no contracts for water stored in the 

conservation pool, there is no established conservation release. 

Current reservoir operation when in the water conservation pool is 

to completely evacuate the conservation pool before the flood 

control season, provided Alamo Dam releases can be used to meet 

consumptive use demands on the Colorado River. The available 

capacity on the Colorado River is governed by the USBRq s ability to 

integrate Alamo Dam rcleases to fulfill water use requirements. If 

Alamo Dam releases from the water conservation pool cannot be fully 

utilized, then releases are curtailed, even though water is carried 

over into the flood season. The waters of the Bill Williams River 

are State of Arizona waters until they reach the Colorado River, at 

which time they become subject to the laws and agreements governing 

the distribution and use of Colorado River waters. 

The maximum authorized flood control release from Alamo Dam is 

7,000 cfs, as specified in the Alamo Dam General Design Memorandum, 

dated April 1964, and in the Reservoir Regulation Manual. In a 

joint resolution by the United States Government and the State of 

A~izona, dated 15 March 1963, the State of Arizona gave assurances 

to the United States that the floodplain below Alamo Dam would be 

maintained free of encroachment for discharges up to 7,000 cf s. An 

excerpt from that resolution 

"Limit man-made encroachment 

states that the State of Arizona will 

on the existing hydraulic capacity of 



the Bill Williams River channel downstream from Alamo Dam to permit 

maximum releases . of 7,000 cubic feet per second from the 

reservoir." Within the flood control pool, releases of 7,000 cfs 

will be made as a first priority. However, these releases may be 

reduced in magnitude to achieve system flood control objectives on 

the Colorado River. For example, if Colorado River dams are making 

large flood control releases, it may be appropriate to reduce or 

stop temporarily flood control releases from Alamo Dam in the 

interest of minimizing flood damages. As shown in figure 2, the 

reservoir flood control space is between elevations 1171.3 and 

1235 feet (spillway crest), If in a flood event the reservoir 

water surface were to rise above elevation 1235 feet, the outlet 

gates are gradually closed, until elevation 1244 -5 feet is reached. 

At that elevation, the outlet gates are completely closed and the 

spillway is discharging 7,000 cf s, If the reservoir water surf ace 

rises above elevation 1244.5 feet, the outlet gates are opened as 

rapidly as necessaryto prevent further increase in reservoir water 

surface elevation. During falling stages in the reservoir water 

surface elevation, the outlet gate operation is followed in reverse 

order. 

SUMMARY OF CURRENT OPERATING CONSTRAINTS 

The following sections describe the . current constraints 

surrounding the operation of Alamo Dam and Reservoir. 

Constraints Resulting from the Endangered Species Act. 

Since 1982, pairs of Southern Bald Eagles, an endangered 

4 



species, have been nesting in the vicinity of Alamo Lake. As a 

result of a U.S. Fish and Wildlife Service letter to the Corps, 

dated 25 March 1988, Alamo Lake is not drawn down below elevation 

1100 feet. This letter points out that elevation 1100 feet 

provides the minimum pool area necessary to provide sufficient 

foraging area for the nesting eagles. Although the eagle nesting 

season is from December through mid-June, it is necessary to keep 

the elevation above 1100 feet throughout the year. This is due to 

the relatively high probability of a low runoff season that would 

not return the elevation to 1100 feet. The ability to maintain the 

lake elevation at 1100 feet depends on sufficient inflow to offset 

reservoir evaporation, plus water rights release requirements of 

10 cfs or inflow, whichever is less. 

Outlet Works Capabilities and Limitations 

Description. The outlet works consist of three pairs of 

5.5-foot wide by 8.5-foot high slide gates. Each pair of gates 

consist of a service gate and an emergency gate set, which is 

upstream from the service gate. The service gate is used for 

discharge regulation; the emergency gate is used to shut off flow 

in case the service gate malfunctions or requires maintenance. In 

addition, the outlet works includes a butterfly valve for 

discharging low flows. The butterfly valve has a computed 

discharge rate at maximum opening of 88-105 cfs, depending on 

reservoir pool elevation. 

Maximum Gate Setting. Operational criteria for the outlet 

gates restrict the maximum gate setting to 80 per cent of the 8.5- 



foot vertical dimension of the gates, which is 6.8 feet. Limiting 

the maximum gate setting to 80 per cent of its full opening ensures 

that, hydraulically, the control of the rate of flow through the 

outlet is always at the gate itself. At larger settings, it is 

possible for the control point to actually shift downstream, or 

even oscillate between the gate and a downstream location (slug 

flow condition). As a result of this criteria, the minimum 

elevation within the water conservation pool at which 7,000 cfs can 

be released (due to hydraulic head requirements) is 1148.4 feet 

(refer to figure 4). 

Minimum Gate Settinq. Pursuant to an inspection and 

subsequent rehabilitation of the outlet gates in 1990, criteria 

have been established which limit the gates from being set to less 

than 0.5 foot opening. The inspection determined that at settings 

of less than 0.5 foot, high flow velocities would result in 

cavitation damage to the gate lip and the tunnel invert seal. In 

addition, the flows would, most likely, contain sediment particles 

that would further abrade the gate lip and invert seal. The 

minimum release using one service gate open to 0.5 feet is about 

147 cfs at elevation 1070, and 173 cfs at elevation 1100 feet 

(refer to figure 5) 

Rate of Release Change. The three 5.5-foot wide by 8.5-foot 

high service gates can be raised, one at a time, at the rate of 0.5 

feet per minute. Since only one gate can be operated at a time, 

the minimum time necessary to make a 1.0-foot gate change for all 

three gates is 6 minutes. Normally, when any significant release 



changes are to be made, a 24-hour advance notification is made to 

downstream individuals and agencies, and the schedule of making 

these release changes are coordinated with these entities. In the 

interest of public safety, changes in the reservoir release rate 

are made gradually over a number of hours, so as to minimize any 

sudden changes in flow rate, water velocity, and depth at 

downstream locations. 

Periodic Inspection and Maintenance of Outlet Works 

Inspection and maintenance of the emergency gates and the 

outlet tunnel upstream from the emergency gates necessitates de- 

watering the outlet tunnel. De-watering is accomplished by first 

closing all six gates and the butterfly valve, then putting a steel 

bulkhead gate in place over the outlet tunnel inlet. Installation 

of the bulkhead gate is accomplished by using an A-frame and cable 

winch to lower the bulkhead gate into place. Divers are necessary 

to remove pins securing the bulkhead gate when not in use, and also 

to clean the steel guides along which the bulkhead gate slides. 

Once the bulkhead gate is in place, the tunnel is de-watered by 

opening one pair of emergency and service gates the minimum 0.5- 

foot setting. 

The bulkhead gate was designed to withstand the hydrostatic 

force as exerted by a reservoir water surface up to elevation 1110 

feet. Exceeding this elevation could cause .the bulkhead gate to 

collapse and/or the intake structure concrete supporting the 

bulkhead gate to fail. 

Since no reservoir releases can be made with the bulkhead gate 



in place, sufficient storage space must be available in the 

reservoir prior to bulkhead gate installation to contain any 

inflows without the lake elevation exceeding 1110 feet. It has 

been determined that the reservoir needs to be drawn down to 

elevation 1100 feet to provide the required storage space during 

maintenance periods. The storage space between elevations 1100 and 

1110 feet (28,288 acre-feet) is the minimum space required to 

provide sufficient time to remove the bulkhead gate in an 

emergency. It takes 1-2 days to remove and secure the bulkhead 

gate. Records of historical flood events show that reservoir 

inflow can raise the reservoir water surface elevation from 1100 

feet to 1110 feet in less than 1 day. 

De-watering of the outlet tunnel for inspection normally 

occurs every five years. If the inspection reveals that 

maintenance needs to be performed on the emergency gates and/or 

outlet tunnel, the tunnel will have to be de-watered. 

Inasmuch as possible, the Corps will attempt to minimize im- 

pacts upon the various project purposes due to bulkhead gate 

installation through appropriate scheduling of inspection and/or 

maintenance. However, should an unforeseen emergency arise that 

necessitates an inspection and/or possible maintenance, the Corps 

has the authority, without prior scheduling, to evacuate the 

reservoir down to elevation 1100 feet and install the bulkhead 

gate. 



AREA-CAPAC I TY TABLE 

An updated area-capacity table for Alamo Lake was prepared in 

June 1993 (figure 3). The updated table supersedes all previous 

tables and should be used immediately and until further notice. 

The June 1993 table incorporates results from the October 1985 

bathymetric survey, plus estimates on sediment accumulation over 

the 1968-1933 period. It was necessary to incorporate estimates of 

sediment accumulation, since the bathymetric survey encompassed 

only those reservoir elevations from the invert (elevation 990 ft.) 

through elevation 1120 feet. However, sediment was assumed to have 

accumulated up to elevation 1207 feet, the highest historic 

reservoir elevation. 

Since the authorizing legislation stipulated 608,000 acre-feet 

of reservoir storage be allocated for flood control, the revised 

area-capacity table has changed the bottom of flood control pool 

elevation from 1174 to 1171.3 feet, in order to insure that the 

608,000 acre-feet of flood control space is available. 

HISTORIC ALAMO DAM OPERATION 

Figures 6-1 through 6-25 present annual water year summaries 

of reservoir inflow, outflow and reservoir water surface elevation 

for the historic operation of Alamo Dam from October 1968 through 

April 1993. Figures 7 through 9 s'now the sane information (inflow, 

outflow, reservoir stage) consolidated for the entire period (1968- 

1993) on three separate graphs. 
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A m 0  RESERVOIR (CORPS OF ENGINEERS) -- AREA-UPACITY TABLE 
SURVEYED: MAR. 1963 - llAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET) 
CQlWTED JUNE 1993 C ~ E R S E D E S  ALL PREVIWS TABLES) 

w CAP U P  CAP CAP UP CAP UP CAP U P  
ELEV ' AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET .O .I .2 .3 .4 -5 -6 .7 .8 .9 

lrrmbsrr at the top of euh c o l ~  C.0-.9) a n  tenths of r foot. 
Each d o l e  &r e l m t i o n  h u  rr ..rociated u p u i t y  tow rd ucr mu. 
The u p ~ i t y  rw i s  m the rra lim 8s the h o l e  maber elmtian; 
the area rou i s  di rat t ly  k m t h  
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ALNO RESERVOIR (CORPS OF ENGINEERS) -- AREA-UPACXTY t M L E  
SURVEYED: MAR. 1963 - HAY 1968: OCT. 1985 (ELEVATION 990-1120 FEET) 
COlWfED JUNE 1993 (SUPERSEWS ALL PREVIOUS TABLES) 

CAP CAP w CAP UP UP CAP UP U P  CAP 
ELEV AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET .O .1 .2 .3 .4 .5 .6 .7 .8 .9 

notes: - 
1. Yt.krs at the top of aKh col- c.0--9) a n  tenths of a foot. 
2. Each d o l e  W r  e lewt im has n misted a p d t y  rou md are8 row. 

 he up.d ty rw i s  m the s m e  Line es the do le  nrabar dmtim: 
the area row i s  directly beneath 
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AUWO RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: MAR. 1963 - MAY 1968; 0 0 .  1985 (ELEVATION 990-1120 FEET) 
COlPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES) 

CAP CAP CAP CAP CAP CAP CAP Up CAP CAP 
E L N  ' AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET .O .1 .2 .3 .4 .5 .6 .7 .8 .9 

m: 
1. Y m h r s  a t  the top o f  each colrnn (-0-.9) are trnths of r foot. 
2, Each d o l e  m&et elevation hm an u s o e i r t d  u p ~ i t y  rou nd area ma. 

The -city rw i s  on the sme l ine n the d o l e  nrbcr elmtion; 
the area rou i s  directly k n u t h  
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A M  RESERVOIR <CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: IUR .  1963 - I U Y  1968; OtT. 1985 CELWATION 990-1120 FEET) 
= W E D  JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES) 

C A P  U P  U P C A P  C A P C A P  U P  up up EAp 
- E L N  AREA AREA AREA AREA AREA AREA AREA AREA AREA 

FEET .a .I .2 .3 .4 .5 .6 .7 .a .9 

m: 
1. N u b e m  at  the top of och dun t.0-.9) a n  tenths of a foot. 
2. Each rhole m&er e l m t i o n  h a  on . u o c i o t d  capacity mu d ore. rou. 

The -city rou i s  on the smo Line n the uhole maber e l m t i m ;  
the area tow i s  d i r m l y  b a t h  
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A M 0  RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: M R .  1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET) 
CCUPUTED JUNE 1993 (SUPERSEDES ALL PREVIWS TABLES) 

CAP CAP UP U P  CAP CAP UP CAP CAP CAP 
ELW AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET .O .1 .2 .3 -4 .5 .6 .f .8 .9 

1om.o x m  2 ~ 7  24719 2 m 6  24953 Z S O ~  ziaa 25307 25426 
1151 1155 1159 1164 1168 1172 1176 1181 1185 1189 

1071.0 25545 25664 25784 25905 26026 26147 26269 26391 26514 26637 
1194 1198 1202 1207 1211 1215 IUO 1224 1 ~ 8  im 

10n.0 26761 ~6884 27009 nix z m 9  27385 27511 27637 27765 27892 
1237 1241 1246 1250 1254 1259 1263 1268 1272 1276 

1073.0 28020 28148 28277 28406 28536 28666 20796 28927 29059 29191 
1281 1285 1289 12% 1298 1303 1307 1312 1316 1321 

1074.0 29323 29456 29589 29723 29657 29991 30126 30261 30397 30533 
1325 1 3 s  im im 1341 1 x 6  1350 1354 1358 1362 

1075.0 30669 30806 30943 31081 31219 31358 31497 31636 31776 31916 
1366 1370 1375 1379 1 3 8  1387 1391 13% 1400 1404 

1076.0 32057 32198 32339 32482 32624 32767 32910 SO54 33198 33343 
1408 1413 1417 1421 1426 1430 1435 1439 1444 1448 

1077.0 33488 33633 33779 33926 34073 34220 31366 34516 34665 34814 
1453 1457 1662 1466 1470 1475 1479 1484 1489 1493 

1078.0 34963 35113 35264 35415 35566 35718 35871 36024 36177 36331 
1498 1502 1507 1512 1517 1522 1527 1532 1537 1542 

10m.0 36486 36641 367% 36952 37109 37265 374ZJ 3581 m 3 9  
1547 1551 1556 1561 1566 157l 1576 1581 1586 1591 

1 m . 0  38058 38217 X378 38539 38700 30862 39024 39187 39350 39514 
15% 1601 1606 1611 1615 1620 1625 1630 1635 1640 

1081.0 3%A 39843 40000 40174 UaCO 40507 10674 40842 41010 41179 
1645 1650 1654 1659 1 1669 1674 1679 168C 1689 

1082.0 41348 41518 41688 411159 42030 42201 42373 42516 42719 421593 
16% 1699 1703 1708 IT13 1718 1R3 1720 1?33 1737 

1083.0 43066 43241 43616 43592 43768 43944 44121 44298 44476 64655 
1742 1747 1752 1757 1 x 2  1767 im im im 1786 

1 w . o  a x  45013 45193 45374 45555 45737 45919 16102 ~ 6 t 8 6  
1791 1797 1803 1809 1814 1 8 0  1826 1832 1837 1843 

l m . 0  66654 -0 4TOtS 47212 47399 41506 4 m 4  47963 48153 W 2  
1849 I S 5  1061 1 W  1872 1 16Uk 1890 1896 1901 

1086.0 48724 48915 49108 49300 49494 4-7 49882 50077 50272 
1907 1913 1918 1924 1930 1935 1941 1916 1952 1958 

1087.0 50669 50665 50862 51060 51259 51457 51657 51857 52058 52259 
1963 1969 1974 1900 1906 1991 1997 2003 2008 2014 

1088.0 52460 52663 52866 53069 53273 53478 5- 53869 54096 54303 
2020 2026 2032 2037 2043 2049 2055 2061 2067 2073 

1089.0 54510 %718 54927 55137 55317 55557 55766 55980 56193 56106 
2079 2085 2091 2097 2103 2109 2115 2121 2127 2133 

Nmbers  at  the top of r t h  c a l ~  (-0--9) are tenths of a foot. 
Each uhole nnkr elevation has mn associated capacity row ud area raw. 
The capacity rw i s  on the s r r  Line as the uhole nrmkr elevation; 
the area rou i s  di r u t l y  k n u t h  
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AUllO RESERVOIR (CORPS Of ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET) 
COlPUfED JUNE 1993 (SUPERSEDES ALL PREVIQlS TABLES) 

w w C A P U P C A P w C A P w C A P w  
. Em ' AREA AREA AREA AREA AREA AREA AREA AREA AREA hREA 

FEET .O .I .2 .3 .4 .5 -6 . 7 .a .9 

a: 
1. W r s  at the top Of each ~OLM C.0-.9) am tenths d a toot. 
2. ED& -La W r  a l m t l m  has .n associated capacity row rd a m  mu. 

The u p ~ l t y  rou i s  m the - Line 8s the h o l e  nmkr 8Lcntim; 
the r c a  mu i s  d i r a t l y  beneath 



A W  RESERVOIR (CORPS OF ENGINEERS) - -  AREA-CAPACITY TABLE 
SURVEYED: CUR. 1963 - WAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET) 
COlWITED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES1 

CAP U P  U P  CAP CAP CAP U P  CAP CAP CAP 
E L N  ' AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET -0 .1 .2 .3 -4 .5 .6 .7 .8 .9 

Nwbers at  the top of each colum C.0-.9) are tenths of a foot. 
Each uhole mmber elevation has an associated apuity mu and area row. 
The u p c i t y  rw i s  on the rr* l ine  M the h o l e  &r e l m t i o n ;  
the area row i s  direct ly b a t h  
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AIM0 RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: MAR. ,1963 - MAY 1968; OCT. 1085 (ELEVATION 990-1 120 FEET) 
QDnPUTED JUNE 1993 (SUPERSQ)ES ALL PREWQIS TABLES) 

U P C A P U P U P W U P U P U P U P U P  
ELRT ' AREA ARE4 AREA ARE4 AREA AREA AREA AREA AREA AREA 
FEET .O .1 .2 .3 -4 .5 .6 .7 -8 .9 

1135.0 200038 
4304 

1136.0 204037 
4358 

1in.o 208422 
Ull 

1138.0 2121161 
4m 

n: 
1. habus at the top of ..ck eolran (-0--9) arm tcnths of a foot. 
2. Each h o l e  h r  e l m t i o n  h.r m r u o c i a t d  c8pufty mu md are8 rar. 

The -city row i s  on tha rr* line u tha h o l e  mmber a lmt ian;  
the area mu i s  directly k n u t h  
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A W  RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: M R .  1963 - HAY 1968; OCT. 1985 (ELEVATION 990-1 120 FEET) 
COlPUTED JUNE 1993 (SUPERSEDES ALL PREVIWS TABLES) 

C A P U P U P U P C A P U P C A P C A P U P C A P  
ELEV AREA E A  E A  AREA E A  AREA AREA AREA AREA AREA 
FEET .O .I .2 .3 .4 .5 .6 .7 .8 .9 

1150.0 267973 268286 268599 268912 269131 269950 270410 270990 271512 222033 
5163 5169 5176 5182 5189 5195 5202 5208 5215 5221 

1151.0 272556 273079 273602 274127 274652 275178 275704 276231 276759 277288 
5228 5234 5241 5247 5254 5260 5267 5273 5280 5287 

1152.0 277817 278346 278876 279408 279939 280672 281004 281538 282013 282608 
5293 5300 5306 5313 5319 S26 5333 5339 5%6 5352 

1153.0 283143 203679 284216 284154 285292 285831 286371 286911 287452 287W4 
5359 5366 5322 5379 5385 S92 5399 5405 5412 5419 

1154.0 288536 289078 289622 290167 290712 291257 291803 292350 292667 292% 
5425 5432 5439 SUS 5452 5459 5465 5472 5479 5485 

.mc..---- 

1155.0 293300 293617 293934 294251 2941103 295355 295908 296462 241017 297572 
5492 5499 5506 5513 5520 5527 5535 5542 5549 5556 

1156.0 298128 298686 299242 299800 390359 300918 301479 302039 302602 303164 
5563 5570 5577 5584 5591 5599 5606 5613 5620 5627 

1157.0 303727 304291 304855 305421 305987 306553 307121 307689 308258 308827 
5631 5642 5649 5656 5- 5610 5677 5685 5692 5699 

1158.0 309398 309969 310540 311113 311686 312260 312835 313110 313986 314563 
5106 5713 5721 5728 5735 5742 5750 5157 5764 5771 

1159.0 315140 315719 316297 316878 317458 318039 318621 319203 319524 3198&5 
5779 5 f M  57P3 51100 5808 5815 5822 5829 5837 5844 

1160.0 320165 320486 320807 321120 321716 322306 322893 323483 324074 324666 
5851 5859 5866 5874 5881 5889 5896 5904 5911 5919 

6 0  32S2S8 325851 W 327060 327635 3 s 1  328827 329425 330024 330623 
5926 5934 5941 5949 5956 5964 5971 5979 5987 5994 

1162.0 331222 331823 332424 333027 333629 54233 -7 a S U 2  -9 336655 
6002 6009 6017 6024 6032 -0 -7 6055 6062 6010 

1163.0 337262 337810 338479 3390119 339700 340311 340923 311535 342149 312764 
6078 6085 6093 6100 6108 6116 6123 6131 6139 6146 

1 . 0  363318 3U994 344611 345229 3458b6 346C65 347085 34T705 34041 3483% 
6154 6162 6169 6177 6185 6192 6200 6208 6215 6223 

1165.0 3~dm YW UQLOZ 349741 350367 ~ 1 6 2 1  352249 3521119 msoa 
6231 6239 6246 62% 6262 6210 6278 6286 6294 6302 

1166.0 354139 354770 355402 356036 356669 351506 357P39 358575 359212 359850 
6310 6318 6325 6333 6341 6349 6357 6365 6373 6381 

1167.0 3- 361128 361768 362409 363051 363693 364336 364980 365626 366271 
6389 6397 6405 6413 6421 6429 6437 6445 6453 6461 

1168.0 366918 367565 368213 368863 369512 310163 310814 371U6 372119 372773 
6469 6477 6685 6493 6501 6509 6517 6525 6533 6541 

1169.0 373427 3 7 4 m  374159 3153% 376054 376712 377372 378032 378399 378765 
6549 6557 6565 6573 6582 6590 6598 6606 6614 6622 

N u b e r r  at  the top o f  uth calm (.0-.9) are tenths o f  a foot. 
Each rlrole M k r  elevation has an associated capacity raw and area raw. 
The u p c i t y  raw i s  on the rar Lim as the r lrole M k r  e l m t i o n ;  
the area rw i s  d i r e c t l y  beneath 
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A U n O  RESERMIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: MAR. 1963 - M y  1968; OCT. 1985 (ELEVATION 990-1120 R E T )  
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES) 

W t A P w w w w C A P U P W w  
. E L E V '  AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 

FEET .O .I .2 .3 A .5 .6 .7 .8 .9 

1188.0 505652 506487 5mJ12 508144 508976 509809 510644 511479 51016 513153 
am amo aio a 2 0  8 2 9  a339 8 1 9  a 5 9  ow am 

m: 
1. W u a k n  a t  the tap of ..ch colum C.O-.9) rrr tenths of r foot. 
2. Each h o l e  nmbr elevat-im has an u r o c i a t d  crpcity mu ud a r a  mu. 

The up.city mu i s  m the rra l ine a the h o l e  nrrabcr elevation; 
the ares row i s  d i m t l y  k n u t h  
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A M  RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: MR. 1963 - M Y  1968; Of3. 1985 (ELEVATION 990-1120 FEET) 
tDnWIED JUNE 1993 CSUPERSEDES ALL PREVIWS TABLES) 

U P  U P  w U P  U P  UP U P  U P  UP U P  
ELEV AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET .O .1 .2 .3 .4 .5 .6 .7 .8 .9 

1190.0 521170 521597 '522025 522452 523306 524157 525010 525865 526Rl 527578 
~ W Y I  8447 as06 8515 6524 sra 8542 sssi as60 8569 

1191.0 528435 529293 530152 531013 S31874 532736 533598 534462 535328 536193 
8579 8588 8597 8606 8615 8624 0633 0642 8652 8661 

1192.0 537059 537927 538795 539665 540535 541406 542278 543151 5C1026 541900 
8670 8679 8688 8697 8707 8716 8725 8734 8743 8753 

1193.0 545776 5 M 5 2  547530 548409 549288 550168 551050 551932 552816 553699 
8762 m 1  8780 8789 8799 8808 8817 8826 Sa36 8&5 

1194.0 554584 555470 556356 557245 558134 559023 559913 560805 561308 561810 
8854 6863 8873 8882 8891 8901 8910 8919 8928 8438 ----- 

1195.0 562313 562815 563318 563820 566718 565617 566517 567418 56821 569223 
8947 8957 8966 8976 8986 8995 9005 9015 9024 9034 

1196.0 570127 571032 571437 572845 573753 5 7 M 1  575571 576481 5m96 578307 
9 0 4  9054 9063 9073 9083 9092 9102 9112 9122 9131 

1197.0 579220 580134 581050 581967 58211115 583803 584722 5856k3 586565 587687 
9141 9151 9161 9171 9180 9190 9200 9210 9219 9229 

1198.0 588411 589335 590260 591187 592114 543063 5939R 594902 595034 596766 
9239 9249 9259 9269 9278 9288 9298 9308 -18 9328 

1199.0 597699 598633 599568 600506 601443 602381 -20 604260 604765 605270 
Pm -7 4357 9367 9377 4387 9397 1 0 7  1 1 7  9426 

1200.0 -774 606rZP 606786 60m -5 609183 610131 611081 612032 61291PI 
9436 9445 9455 W 9415 9482 9491 9500 9509 9518 

1201.0 613935 614688 615W2 616198 61T154 6187ll 619668 620627 621587 622568 
9527 9537 %46 9555 9566 9573 9502 9591 9600 %lo 

1202.0 623509 624471 a 4 3 4  626399 627364 628330 429297 630265 631234 632204 
9619 9628 9637 9666 %% 9665 %74 %83 9692 9701 

1203.0 633174 634146 635118 636092 69066 6U1041 639017 639994 660973 661352 
4111 on0 9729 9138 9748 4757 9766 9175 m 9794 

1204.0 a2931 643912 -94 a5877 -1 667845 -0 669816 650381 6 5 W  
9003 9812 9821 9(131 9840 91149 9059 Pllda 9877 9886 

1205.0 651212 6520317 652642 653207 6f4NN) 655194 666189 65n85 658182 659180 
9896 9905 9915 OP;T 9935 9945 9P54 9964 9974 9984 

1206.0 660179 661178 662179 663182 661184 665188 666193 667196 668206 669213 
9994 loom 10013 i o o a  l o r n  10063 10052 10062 l a o n  10002 

1207.0 669440 6 W 2  671417 672454 615461 674169 675478 676489 671502 678515 
10030 10061 10053 10065 l o r n  10089 10101 10113 10125 10137 

1208.0 680366 681383 682403 683426 M 685471 686496 687521 688549 689576 
10191 10200 10210 10220 10230 10240 10250 10260 10270 10280 

1209.0 690604 691633 692664 693696 694728 695762 696796 691831 690869 699906 
10290 10300 l a l o  10320 10330 10340 10350 10360 10370 10380 

Wrrmkrs at  the top of each colum C.O-.9) are tenths of a foot. 
Each *ole nrakr e l m t i o n  has an associated capacity rou a d  area rou. 
The upsci ty  rar i s  m the ram lim as the thole nuher elevation; 
the area rar i s  direct ly -0th 



A M 0  RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: M R .  1963 - M Y  1968; OCT. 1985 (ELEVATION 990-1120 FEET) 
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES) 

U P U P u P U P U P u P U P W U P u P  
ELEV ' AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 
FEET .O .1 2 .3 .4 .5 .6 .7 .8 .9 

m: 
1. Wuakrs a t  the tm of each colmn t.0-.9) are tenths of a foot. 
2. Each uhole nrrmkr' e l u a t i m  has m associated camcity rou ad a r m  r a d .  

The capacity rou i s  m the rrr Line u the uhole nrrmbar e lmt ion ;  
the area row i s  directly hemath 
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A W  RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: M R .  1963 - M Y  1968; OCT. 1985 (ELEVATION 990-1120 FEET) 
M W T E D  JUNE 1993 (SUPERSEDES ALL PREVIWS TABLES) 

CAP CAP CAP UP UP CAP CAP CAP UP CAP 
. ELEV ' AREA AREA AREA AREA AREA AREA AREA AREA AREA AREA 

FEET -0 .1 .2 .3 .4 -5 .6 .7 .8 -9 

notes: - 
1. 
2. 

FIGURE 3 

N u h e n  a t  the top of each c o l m  (-0-.9) are tenths of a foot. 
Each thole nrmkr elevation has a associated capacity row and area rw. 
The capacity rw i s  on the p.a Line as the whole nrnkr elevation; 
the area row i s  directly h a t h  
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AUMO RESERVOIR (CORPS OF ENGINEERS) -- AREA-CAPACITY TABLE 
SURVEYED: M R .  1963 - MAY 1968; OCT. 1985 (ELEVAT10)( 990-1120 FEET) 
tQIPVTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES) 
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Alamo Dam 
One Gate Set at 0.5 Feet 
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