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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 -1. 

<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* standm 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 voluw = 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 nridenm (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  Alamo 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 Corpe 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. cam.; 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 penaaneot 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 darP 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 . ' 

E e c a u ~  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 a a t  to be .writtea ia atonem releaau pattarna, only 
-lea an how to h p l w m t  the gui&liaea. 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 




