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BILL WILLIAMS RIVER CORRIDOR RIPARIAN SUBCOMMIITEE
Flow Recammendatiaons for Ripariaa Resources

I.  GOAL AND OBJECTIVES
A. CURRENT STATUS OF MANAGEMENT AREA

The riparian resources along the Bill Williams River have been subjected
to several unnatural stresdes in the past few decades, severely impacting the
native vegetation growing in .the riparian corridor (Fenner et al. 1985, Hunter
et al. 1987). Although the corridor contains a few remnant cottonwood stands,
these native riparian forests have been greatly reduced and are being replaced
extensively by non-native salt cedar. Construction of Alamo Dam in 1969
altered the water regime in the river that sustained the riparian vegetatiem.
Restricted flows of sediment-poor water during much of the year, combined with
occasional moderately high flows (2,000-3,000 cfs) for extended periods (>60
days) for flood control, have been the primary contributors to the degradation
of this riparian gystem. These altered flows have prevented most natural

recruitment of cottonwoods, leaving stands of decadent riparian forests baing .

replaced by more drought-tolerant salt cedar or not replaced at all. Any
recruitment of native trees that does occur during high flow years is
generally lost when flood flows are quickly scaled back to base flows of 10
cfs or less, and the wacer table drops too deeply too quickly. Extensive
pumping at Planet Ranch has compounded thease problems by draining the
subsurface hydrologic basin, restricting even more the water available to
riparian resources downstream from the ranch. Wildfires in the riparian
corridor may also contribute to replacement of cottonwoods and willows by
shrubby species such as salt cedar and arrowweed (Buach and Swmith 1993).

These fires destroy mature native riparian forests, and the lack of subsequent
flood flows and sufficient base flows prevents natural recruitment of native
trees to replace those lost to fire. The Wildlife Subcommittee report (July
1993) and the letter from Julie Stromberg, Presidant, Arizona Ripariam Council
(4/21/93) detail the stresses and subseguent degradation of riparian resources
along the Bill Williams River corridor. A properly functioning riparian
ecosystem could be restored by implementing a flow regime that mimics the
pattern of historic (pre-dam) flows.

Properly functioning riparian ecosystems are dynamic, with suitable
sites for recruitment and sustained growth varying naturally with each
season‘s water regimes. Through time, the location of specific forest sites
may change within a corridor, but the overall health and function of the
ecosystem remains. Managing Alamo Dam for riparian resources provides the
opportunity to create hydroperiods, including both sufficient base flows and
flushing flows, to stabilize and restore a healthy riparian system in the Bill
Williams River corridor. While the Riparian Subcommittee emphasized natural
variation in recruitment sites for key riparian species, some reaches of the
river should receive special consideration for hydrologic concerms. Flows in
the Bill Williams National Wildlife Refuge depend largely upon the amount of
pumping at Planet Ranch and subsequent depletion of the subsurface hydrologic
basin. With pumping at the Ranch, higher releases from Alamo Dam are
nece@sary to provide sufficient base flows to the Refuge. Conversely,
sustained high base flows could detrimentally impact resources at sites
upstream from the ranch. 1In addition, the sediment deficiency experienced by,
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particularly, Banded Canyon (just downstream from the dam) is also of coacern.
The recommendations provided by the Riparian Subcommittee are designed to
balance these concerns, providing longterm recovery goal for riparian
resources in the Bill Williams River corridor.

B, RIPARIAN RESOURCES GOAL

The Riparian Subcommittee’s goal is to enhance the riparian vegetation
at Alamo Lake and the Bill Williams River, using pre-dam flow patterms (timing
and shape of Spring and monsoon flows) to prowote a healthy, self -sustaining
riparian-wetland ecosystem in the Bill Williams River-Alamo Lake corridor.

The Subcommittee decided to focus on restoring riparian rescurces
downstream from Alamo Dam and maintaining the cottonwood gallery forest at the
upper end of Alamo lake (Santa Maria River arm). We decided riparian
resources at the reservoir itself were not substantial enough to warrant
indepth discussion. Priorities for using water for riparian resources are:

1. Maintenance (base) flows, to stabilize and maintain existing
riparian stands: :

2. Spring flushing flows, to prouwote seed bed establishment,
recruitment, and germination of key riparian species.

3. Fall flushing flows, to recharge the aquifer and promote
additional riparian species.

c. RIPARIAN RESOURCES OBJECTIVES

1. Maintain both area (acreage) and gtructural divergity of existing
vegetation stands dominated by native riparian species, particularly

cottonwood/willow stands.

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

3. To the extent possible, reduce the dominance of non-native tree
species through flow releases and lake levels.

II. FO! B (o]
A. HYDROLOGY

1. Dam operation includes the flexibility to store water in times of
*gurplus® for future (within 12 months) releases that would benefit riparian
resources. Water years would be based on those established by the Corps of
Engineers, October 1 - September 30.

2, Maximum flows down the river are not constrained by Bsocio-economic
factors, The joint resolution by the United States Government and the Stace
of Arizona, dated 15 March 1963, declared that the floodplain bslow Alamo Dam
would ba maintained free of encroachment for discharges up to 7,000 cfs.
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3. Pumping at Planet Ranch will continue as long aa the ranch is
privately owned. If Planet Ranch is transferred to Federal ownership, pumping
will be significantly reduced. Figure 1 illustrates the effects of pumping at
Planet Ranch with releases of 35 cfs from Alamo Daw.

4. A minimum of 18 cfs (measured at the Bill Williams Refuge gauge just
below Planet Ranch) is needed to sustain riparian resources within the Refuge.
This flow would provide surface flows of at least 1 cfs to Lake Havasu. The
Rivers West, Inc. study for the USFWS estimated that a 35 cfg release from
Alamo Dam provides flows of 18-20 cfs at the refuge gauge without pumping at
Planet Ranch, and 5-10 cfs at the refuge with maximum pumping at Planet Ranch.
These estimates are being supported by the USFWS model being developed for
this system (Harshman and Maddock, unpubl. report; Harshman, unpubl. report)
{(see Figure 1).

S. A sustained surface flow in the channel indicates a saturated
alluvium (water table is near the floodplain surface).

6. All recommendations by the Riparian Subcommittee assume Alamo Lake
is at normal operating range within the water conservation pool (lake
elevation 21,100 ft. & <1,172 £fr.), and, therefore, most of the water volume
from incoming flows during storm events would ba available for release
downstream.

B. VEGETATION

1. Cottonwood and willow are key indicator species for riparian systems
{e.g. healthy cottonwood-willow stands = healthy riparian system).

2. Cottonwood and willow trees are dormant between approximately
December 1 and January 31.

3. Of the key riparian species, cottonwood trees (Populus fremontii)
are the least tolerant of inundation (sustained flows 21,000 cfs). During the
growing season (March-October), cottonwood trees may be able to sustain <30
days of inundation. From November-February, cottonwood trees may be able to
sustain up to 60 days of inundation (Waltexrs et al. 1980, Kozlowski 1984,
Kozlowski et al.-1991).

Because of the extreme environment along the Bill Williams River
compared to the locales where cottonwoods (Populus spp.) have been studied,
these inundation tolerances may need refinement through further study. Thus,
these tolerance levels should be noted with some degree of uncertainty.

4. Cottonwoods and willows are phreatophytes (Busch et al. 1992), thus,
maintaining high water tables is essential for cottonwood and willow vigor
during the growing season. Minimum requirements include:

-- any drop in water table should be <2 am/day
(McBride et al. 19688, Mahoney and Rood 1991, Scott and
Segelquist 1992);

-- total drop in water table should be <0.5-1 m/growing seasoan
(J. Stromberg, AZ Riparian Council, letter to AGFD dated
4/21/93);




-- maximum water table depth should be <2 m
(Strowberg 1993b; D. Busch, BOR, 1993, pers. coam. ) .

5. Peak seed dispersal for key riparian species (Ohmart and Anderson
1984):

Cottonwood - March/RApril ({1x/yr)
Hillow - RApril/May (ix/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 dispersal). Cottonwoods need flushing flows
to prepare seed beds for natural regeneration. Cottonwood regeneration occurs
naturally every 5-10 years (Stromberg et al. 1991, 1993; Stromberg 1993a) .

7. Flows approximating the pattern of pre-dam conditions are good for
maintaining sustainable riparian ecosystems in the desert southwest.

IIX. OPERATION REC END ON R _RIPARIAN RESO!
A. ALAMO LAKE
1, Purpose:

Thia recomnendation serves to maintain the cottonwood stands at
the upper end of Alamo Lake in the Santa Maria River arm. The primary purpose
is to prevent salt cedar from further invading cottonwood stands at this site,
and from incerfering with the natural recruitment of these cottonwoods. This
recommendation also proposes minimum lake levels for retaining sufficient
water volume to maintain minimum base flows for riparian resources downstream.

2. Recommendation

Maintain Alamo Lake levels between 1,100-1,200 foot mal.

—Optimum Acceptable  ___Adverge
Lake level: 1,115-1,171 1,110-1,171 <1,100, >1,200
Monchs: “ Oct. - Sept. March - Oct.

3. Limitations

A "bathtub ring® in the Santa Maria Axm daepicts the highest
historic lake levela at approximately 1,200 feet. Below thig line, thick
sdoghair* stands of salt cedar have invaded and established, creating a eolid
understory in the cottonwood gallery. Above this line, natural cottonwood
recruitment is occurring in the stands, and salt cedar is a minor componenc.
Lake levels above 1,200 feet would detrimentally impact these cottonwood
galleries by allowing further displacement of native cottonwood trees with
non-native salt cedar.

For downsgtream riparian resources, winimum lake levels are
provided to ensure a sufficient volume of water required to meet at least the
minimum maintenance flows throughout the year (minimwn annual volume = 32,500
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ac-ft for Optimum lake level; 14,870 ac-fr. for Acceptable lake level -- gee
recommendations following). Lake levels <1,100 msl mandate maximum releages
of 10 cfs. These low flows are not sufficient to sustain riparian resources
during the hot Summer months. Howevaer, trees may survive these low flows
during the cooler Winter months.

B. BILL WILLIAMS RIVER

1. Adverge (accept -some impacts to riparian resources)

a. Purpose

This flow regime provides minimum base flows to minimally
support riparian resources on the river. Base flows below thia rate,
including current dam operations, are considered adverse in supporting
riparian resources in the Bill Williams River corridor, and would continue to
degrade the riparian resources. The recommended flows under this scenario
would not restore this corridor to a properly functioning riparian ecosystem, -
as they do not provide for establishing natural recruitment of native
vegetation.

b. Recoummendation
Table 1.
Month No, Davg Blow (cfs/day) ° Volume (total Ac Ft)
Januarxy 31 10 620
February - September 242 25 12,100
October 31 15 930
Novembsr - December €1 10 1.220

TOTAL 14,870 AF/year
c. Limitations

The 10 cfs for winter may not provide sufficient water to
the refuge, unless the Planet Ranch aquifer is full. However, during winter
the trees are doimant, and may not require as much water. Thia recommendation
provides higher flowse in the Summer to account for the high Summer
temperatures and increased evapotranspiration, but April-August are alsgo the
heaviest times of ysar for pumping at Planer Ranch (Harshman, unpubl. report).
Thersfore, these 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 legs than those recommended uader this alternative
would continue to degrade the existing riparian vegetation in the Bill
wWilliams River corridor. Continued flows over time (> 5 years) under this

 recommendation would still prevent natural recruitment of cottonwood and

willow trees; would continue to subject mature cottonwood and willow trees to
water stress; and would allow salt cedar to continue to increase in dominance
along the corridor.




2.  Acceptable

a. Puzpose

This flow regime would provide sufficient base flows to
stabilize the current riparian system as is in the Bill Williams River.

Rseentially, it would allow what is existing to survive, and would permit
stable and predictable conditions for any (mechanical) ravegetation projects.
These flows would not restore this corridor to a properly functioning riparian

ecosystem, as they do not provide for establishing natural recruitment of
native vegetation.

b. Recommendation

Table 2.

Monch No. Days fg/da Vol ot

January 31 25 - SO 1,580 - 3,100
February - April 89 40 - so0°* 7,120 - 35,600
May - September 183 S0 - 100 18,300 - 36,600
October 31 40 - 60 2,480 - 3,720
November - December 61 25 - 80 3,080 - 6,100

TOTAL . 32,500 - 85,120 AF/yr

" Flows between 40-200 cfs can be sustained throughout the 2-month period.
Flows between 200-500 cfs should be provided in short pulses of 3-5 days.

Sustaining at least the minimum releases provided in this sgcenario is most
critical for stabilizing riparian resources in the Bill Williams River
corridor. Therefore, reserving water in Alawmo Lake to sustain these minimum
flows during the critical release times (hot Summer months) should take
priority. The upper limits provided can be flexible up to approximately 200
cfs, or 500 cfs during the early Spring (as noted in the footnore), after
which conditions for innundation need to be avoided.

c. Limitations

" Recommended flows in this regime may provide greater base
flows than occurted historically (pre-dam) during certain times of the year.
However, an artificial hydroperiod may be requirad to sustain the remaining
riparian resources in this corridor, even in its current state of degradation
Construction of Alamo and Parker Dams inundated large stands of native
riparian vegetation, and siguificantly alterad flows supporting the remaining
stands in the Bill Williams River corridor. These riparian resources have
continued to degrade from altered flows from Alamo Dam, pumping at Planet
Ranch, and other factors. The recoumended flows would partially compensate
for riparian habitat losses that have occurred froam the various impactsa.

The ranges presented in the table are designed to provide
flexibility in the dam operations for sustaining riparian resources. Using
these recommendations as guidelines (most particularly the mjpimum flows), the
Corps of Engineers would determine appropriate releases based on current (at
the time of the decision) and predicted lake elevations, s@dasca, and other
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The Corps would have the flexibility to revise the flows
within and among months, seasons, and years based on these recommended ranges.
In fact, this may be desirable for the resources to ensure sufficient water in
the lake for sustained releases, to vary the water table depth (prevent a
*bathtub ring"), and to winimize potential impacts to resources above Planet
Ranch (e.g. soil erosion, sustained inundation of plancs in the lowest

floodplain or river banks) during extended flows at the high end of the range
{180-500 cfs) .

operational factors,

The minimum 25 cfs in winter allows sufficient water through
Planet Ranch to the Bill Williams Refuge, when pumping at the ranch is
minimal. In March, higher minimum flows are needed as temperatures start
increasing, but also the system can experience higher flows and small pulse
flows, as this is the usual time for Spring rains aud flowering of
cottonwoods. The 50-100 cfs during Summner accounts for high Summer
temperatures and increased evapotranspiration in the riparian system, and
extensive pumping at Planet Ranch: These figures are based on studies
conducted by the Bureau of Land Management (1988), Rivers West, Inc. (1990),
and the hydrology model being developed by the USFWS and University of Arizana
{Harshman and Maddock, unpubl. report). The Rivers West, Inc. study for the
USFWNS estimated that a 35 cfs release from Alamo Dam provides flowa of 18-20
cfs at the refuge gauge without pumping at Planet Ranch, and $-10 cfs at the
refuge with pumping at Planet Ranch. Thesae figures have been supported by the
USFWS model (Harshman and Maddock, unpubl. report; Harslhman, unpubl. report)
{see Figure 1).

Flows less than che minismumg recommended under chis
alternative may not provide sufficient wacer to stabilize and maintain current
riparian resources, especially with maximum pumping at Planet Ranch. Also,
implementing only this recommendation over time (> S years) without adding
sufficiently high pulse flowas to atimulate cottonwood recruitment would
prevent increases in diversity or acreage of cottonwood stands. As the mature

trees grow older and bacowe decadent, they would eventually be replaced by
salt cedar.

3. Ooptimal

a. ' Rationale

Periodic "flood® events mimic the pattern of natural flows
in the Bill Williams River before the dam. Spring floods would prepare the
seed bed (through aggradation and degradation of the banks and terraces). and
stimulate natural cottonwood and willow regeneration. Suaser monsoon fluouda
would scour the channel, recharge the Planet Ranch aquifer, and possibly flush
salts associated with salt cedar. This semiannual pattern also provides for
other natural processes adapted to these flushing flow systems that ve may not
know about.

This recommendation would use natural storm events in the
Spring and monsoon to provide the water necessary for these large downsastream
flushes, with high pulse releases being timed to baat benefit the key riparian
species (according to their phenclogy). The higher base flows would take
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advantage of the ability of the dam to retain water for future (within the

year) releases at unnatural rates or at times of the year when water would not
have been available prior to the dam.

b. Purpose

This flow regime would 1) stimulace natural recruitment of
cottonwood and willow trees on a periodic basis; and 2) provide sufficient
bage flows to maintain riparian resources on the river. Again, our
subcommittee stresses that imitating the pacterm of pre-dam flows is more
important than absolute numbers (cfs) for dam releases, as long as at least
the mininum (maintenance) flows are being sustained.

c. Recomnmendation

1. Bage flows.-- Optimum flows for riparian resburces along
che Bill Williams River would combine base flows provided in the Acceptable

recommendation with large "pulse" flows resulting from Spring (January-May)
and Summer (August-September) storm events.

2. Spring flows.--During the Spring flood season, the Corpse
of Engineers would determine when water is considered *"surplus" in Alamo Lake
and in need of releasing. This detexrmination would be based on inflow from
atorm events and subsequent increases in lake elevation above a target
elevation. The dacision to release or store water from storm events should be
made in the broad context of flow patterns over previous years’ storm events.
For example, if large releases have not been made in several years
(particularly 53,000 cfa), and sufficient watex is available in the current
vyear, large releases for downstream resourcea would ba iwplemented. Pulse
releases should be timed to best accomodate the phenology (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
Corps could revise release schedules, as needed, within a flood season as
natural storm events dictate.
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. The following guidelines would be used to deterwmine peak flows during natural
u Spring storm events:
L Table 3.
ut Approx. Volume H0
: Interval to Flush
{years)* (00Q's AF)* k Flow (cf Peak Duration® Receggion®
‘ -
LF *3 $-30 1,000-2,000 1-7 days 500->45 cfs
A over 6 days
i ; 15 30-S0 3,000-4,000 S-8 days 500->45 cfs
L; ) over 20 days
+7 50-75 4,000-5,000 8-10 days .
+10 75-100 6,000-7,000 10-14 days »
LE"‘ (or max cfs)
J { >10 100+ 7,000 - 14-30 days .
' {(or max cfs)
Ut’- * "Approximate Interval®" reflects the approximate yearly interval
{ we may be able to expect these levels of flows based on U.S.
Geological Survey data from the Alamo Dam gauge during 1940-1969
(pre-dam). See Figures 1 and 2.
* svolume HO to Flush* denotes the amount of surplus water
available in Alamo Lake that the U.S. Army Corps of Engineers
needs to remove frowm the reservoir.
® speak Duration” includes time necessary to increase flows from
base flows to peak flow and return to 500 cfs at approximately
1,000-2,000 cfs per day.
¢ "Recession® refers to the back side of the peak -- that is,
drawing out the decrease in flows back to base flows rather than
quickly reducing flows back down to base flows (see graph below).
U§ The general idea of this recommendation is to get flows up to the peak flow as
( quickly as possible (without undo hardship on downstream users), and then draw

[ (hydrograph) of these Spring events in a naturally functioning desert riparian
| system. The hydPograph refers to the way a volume of water is released,
including the increaie to peak flows, duration at peak flow, and return to
U f base flow. The desired hydrograph is to increase to peak flow as quickly as

u out the decrease in flows. This simulates, based on pre-dam data, the shape

possible, hold at peak flow as long as recommended, and return slowly to base
flow with drawn-out decreases in flow (recession of curve). The hypothetical
U hydrograph would be as follows:

U 9 flow
E (cfs)

‘( o time (days) ---->
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Drawing out the decrease in flows prevents the water tabla frowm dropping too
rapidly, which would zesult in higher mortality of cottonwood geedlings.
Sample flow regimes for different water volumes are attached in Appendix A.

Pulse flows would be timed to the natural processes of
riparian plants in the corridor, using natural storm events to supply the
necessary water, racher than holding to a rigid schedule.

Tha Coxps of
Engineers would determine at what volume water was considered surplus and in
need of discharge.

1 4

3. Monsooa flows.--Generally, the Spring eventa comprise
storms with greater volumes of water and longer duration than the Sunmer

monsoon events, although there are years when the Summer monsoon events are
larger. Typically, monsoon storms are much flashiexr, of shorter duration, and

lower volumes. To accamuodate Fall (August-September) sStOrm events, the
following guidelines are recommended:

(a) Busure sufficient water is stored in the system
to maintain base flows until the following Spring storms, and possibly through

the following Summer (in case Spring flows are extremely low). Minimum volume
needed = 14,870 ac-ft. per year (see Adverse recommendation). Minimum lake
level should be 21,110 foot msl, if the lake is to remain >1,100 foot msl

during the year. This would be determined at the time cthe decision is baing
made on whether or not to release a Fall pulse.

{b) Provide a monsoaun pulse approximately every 3-6
years, based on natural storm events, but a at least every 6-7 years.

{c) Monsoon pulses should occur in <7 days, with peak
flows >1,000 cfs8. Exact peak flows and duration of flows would be determined
by the Corps of Engineers, depending on the volume of water to be released.
Only a short recession, if any, would be necessary for these flows.

(d) Timing of a monsoon pulse would generally occur

in late August - early September, depending on the timing of natural storm
events.

c. Limitations

' The yearly intervals listed in the recommendations table
represent approximate intervals of (natural) large Spring storm events based
on analyses of pre-dam data (average monthly volumeu) at the Alamo gauge from
1940-1969 (see Pigures 2 and 3). These intervals also correapond to the
timing of natural cottonwood regeneration (Stromberg et al. 1991, 19393,
Stromberg 1993a). We recammend the Corps of Eungingers use these natural storm
events to provide various high-volume releases downidtream to promote
cottonwood recruitment, tiwing the pulses to the phenology of the planta (late
February - early April). We would expect these large volume releases in
approximately the same yearly intervals as suggested by the pre-dam data, but
again, it would depend on the timing of natural stoim events. We do not
expect these volumes to be released every year, or necessarily ac gxacCly
these yearly intervals. In fact, high volume releases (>3,000) may not be

desirable every year, as recruitment in the lower terracea from each previous
year may not have a chance to establish. We do, howevar, request large-volume
releases at least once in every 5-10 yecars to rehabilitate thae downstream
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riparian ressources. If the Corps does not take advantage of these large-
volume Spring releages, cottonwoods cannot naturally regenerate, and the
riparian resources downstream will continue to degrade.

The various peak releases relative to volume of water to be
discharged should lead to germinatiou gites at varying levels above the base
water table, with optimum recruitment zones approximately 0.5-1.0 m above the
base water table (J. Strombarg, AZ Riparian Council, letter to AGFD dated
4/21/93) . Although at this time, the base water table is unknown for the Bill
Williams River, the recomwended flow patterns, including the recession, should
promote natural regeneration of cottonwoods at acceptable floodplain levels.

If releases are cut off too quickly from peak flows to base
flows, the water table supporting the riparian corridor would drop too quickly
for cottonwood roots to keep up. This would lead to high mortality of the
seedlings, which cannot tolerate a water table dropping at 32-3 cm per day
(McBride et al. 1988, Mahoney and Rood 1991; Scott and Segelquist 1992). Not
only are the flood flows necessary to lay seed beds for germinatioa, but a
slowly declining water table is necessary to sustain the seedlings (as well as
saplings and mature trees). The recommended 20-day recession 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 fremontii) along the Bill Williams River
may be *"intermediately tolarant® to inundation (Walters et al. 1980, Kozlowski
1984, Koslowski et al. 1991). For these recoumendations, we defined
inundaction as sustained flows 21,000 cfs. To prevent stress or death of
cottonwoods from extremely high flows, the following guidelines are
recommended when releasing >1,000 cfs:

Cottonwood Inundation Duration (maximum days)

Dates Optimum Acceptable Adverge

November 1 - February 28 30 60 >80

March 1 - October 31 14 30 >S50

Extended inundation (>50 or >80 days, depending on season) should not occur >2
years in a row.

If water must be released for >30 days during the growing season or >60 days
during the non-growing season to remove surplus water, a “dry-out® period of
<300 cfs for 30 days should be maintained. The high release/dry-out pattern
could be repeated as much as necessary until all suirplus water is released.

The monsoon releases do not need to occur every Year,
although they should be maintained at least every 6-7 years, according to
analysis of pre-dam data (see table below). They should not occur in the same
years as high Spring releases, unless natural storm events dictate so. If
mongoon pulses are campletely eliminated, or occur at intervals >6-7 years,

many riparian plants that are adapted to these monsoon rains, such as
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meaquite, may suffer (B. Anderaon.'1993, pers. comm.; J. Stromberg, AZ
Riparian Council, letter to AGFD dated 4/21/93).
maintain the historic (pre-dam) pattern of flows, theraby providing for the

many unknown riparian values that these southwestern riparian ecosystems are
adapted to.

Fall Plow Prequencies from 1940-1969 (pre-dam)
Months = August-Septeuber

Data Source = U.S.G.S. flow data from Alamo Dam gauge (monthly averages)

Volume of Approx.
Water Frequency Yearly
{Ac-frt) (n/30 yrs) Interval
<1,000 92 <3 yrs.
1,000-2,000 9 23 yrsa.
2,000-3,000 3 $10 yrs.
3,000-5,000 2 +1S yrs.
s$,000-10,000 2 +1S yra.
>10,000 S 26 yrs.

*+All volumes >10,000 ac-ftr measured >20,000 ac-ft.

C. DAM MAINTENANCE

The Riparian Subcommittee acknowledges the need to conduct periodic
inspections of the dam approximately every S years. We recommend drawdown for
the bulkhead occur in April-Septeamber, with sustained flows not exceediony 300
cfs during this time frame. This would maintain sufficient water for the
riparian vegetation during the hottest time of the year. Drawdown should be
particularly targeted for June 1-September 30, maintaining flows from 45-300
cfs, depending on the volume of water that needed to be removed from the lake,
The guidelines provided under the Acceptable recommeandation could be used to
maintain “average® releases between 26-180 cfs. However, since no releases
can be made while the bulkhead is in place, we recouwnend that the actual
maintenance begin in early November, when temperatures have dropped
sufficiently to lower evapotranspiration stress on the trees. Thus, the trees

should survive better in the cooler temperatures (and approaching dormancy)
with no flows from the dam supporting them.

Maintaining flows at 300 cfs for June-September would flush
approximately 73,200 acre-feet from the reservoir. Maintaining flows at 300
cfs for April-September would flush approximately 109,800 acre-feet of water
from the reservoir. If >100,000 acre-feet of water needed to be flushed from
the reservoir for this maintenance, a pulse in March or April accacmmodating
the excess volume should be provided, then flows should be dropped to 300 cfs
for the remainder of the Summer. The peak flow and duration of the pulse
should follow the guidelines provided in the *"Optimum® recommendation for

Spring pulses, extending the recesaion as long as necessary to remove the
water.

These pulses are included to
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D. MONITORING

A long-term, repeatable monitoring system should be developed to
provide information on cthe success of the final flow regimes in meeting the
resource objectives. Future feedback through monitoring should be used to
refine water management prescriptions and flow regimes. The approved final
flow regimes should be flexible enough to revise as needed based on rescurce
results, Monitoring methoda should include:

1. BEstablishing gauges (including the current Rafuge gauge, and others
as needed) to monitor downstream flow and groundwater;

2. Monitoring acreage and structural diversity of riparian vegetation
with low-elevation (approx. 3,000 ft AGL or <1*® = 800') aerial photographs,
photo points, and permancat transects at least every 3 years;

3. Establishing pennanent cross sections to monitor channel morphology
and sediment depletion, aggradation, and degradation;

4. Monitoring depth to ground water and percent soil moisture during
different releases; )

S. Determining groundwater discharge rates for the Bill Williams River;

6. Monitoring plant condition and stress in low and high water
situations, using fluorescence, growth measurements, and othar established
techniques;

7. Verify the timing of flowering and seed dispersal in cottonwoods in
this system, including the degree of variation in these processes associated
with annual variations in precipitation; and

8. Determining inundatiaon periods for cottonwood {Populus fremontii)
and willow (Salix gooddingii) trees in the arid scuthwest. Data are available
for the genera Populus and Salix from more mesicC environmentg, but little hard
data ia available on these species in highly arid locales.

Several methods and sources could be used to monitor the riparian
system. Local agency (BLM, AGFD, BOR, and USFWS) personnel could use
established inventory techniques (e.g. AZ Riparian Inventory, Ecological Site
Inventory, etc.) to datermine "baseline® data, and monitoring would occur
during regular, pre-determined intervals thereafter (wmin. 3-5 years). 1In
addicion, graduate students, senior wildlife students, SCA volunteers, or the
Water Research Institute way be available to conduct studies along the Bill
Williams River, through grants or contracts frowm the managing agencies. The
primary researcher would depend on the technical expertise needed for each
research or monitoring project. The agaency (or agencies) letting each
contract or grant would be responsible for ensuring adequate reaults from the
research project. Monitoring would occur at key areas aloang the entire river
length (e.g. Banded Canyon, Lincoln Ranch, Pitrat Ranch, Planet Ranch, and the
Refuge), with inherent flexibility to modify key areas as natural recruitment
sites dictace.
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E. RESOURCE QUTCOMES

The following outcomes are expected for riparian resocurcea if the Optimum
recommendations are implemented:

1. Maintain current acreage of riparian vegetation, particularly
cottonwood-willow stands (although stands may not necessarily always be
located in the same place, due to the dynamic nature of riparian ecosystems);

2. Promote natural regeneration of cottonwood and willow, thereby
increasing acreage and structural diversity (natural age class and gize
distributions) of cottonwood-willow stands;

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

4. Provide for vegetation species keyed to monsocon flows.

F. BENEFITS

1. Natural cottonwood and willow regeneration will maintain existing
stands and expand acreage and structural diversity of riparian vegetation
Channel restoration and maintenance
Recharge of Planet Ranch aquifer
Reduced fire hazard by increasing fuel moisture and humidity
Potentially reduced salt cedar encroachment
Structurally diverse cottonwood-willow gallexry forests
Improved habitat for wildlife (especially neotropical migrants)
Regular flushing of salcs associated with salt cedar
Aesthetically better recreation experience
. Restoration of a self-sustaining, dynamic system

11. Provide a physical setting for artificial restoration/revegetation
efforts

. o
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G. ADVERSE IMPACTS

Possible undesirable lake level fluctuations
. Damage to access and utility facilities
Flooding of some farwme may occur with high flows
. Some wetland/marshes may be altered
. During extended drought periods, riparian resources downstream may
need to temporarily pre-empt reservoir resources

6. Construction of Alawo Dam has left the Bill Williams River corridor
without a system for replacing sediments. Erosion of sediments without
replacement has occurred since operation of the dam began, and will continue
no matter what operational tactice are used. Recoamending flushing flows
higher than those previously released from the dam may accelerate erosion in
some locations, particularly the Banded Canyon (immediately below the dam) .
Conversely, sites downstream from the canyon may not be in such a predicament
Prior to the dam, flowa through the Bill Williams River reached »25,000 cfs
during some storm events. These flowa, depending on duration, likely scoured
large amounts of sediment in the Bill Williams River corridor. Because the
releases from the dam cannot exceed 7,000 cfs, some down-canyon sites may
actually be experiencing a redyction in sediment loss from these reduced
flows. The hydrologic basin under Planat Ranch may alsc buffer scouring and
sediment loss in the Refuge as it buffers downstream flows. Monitoring

N e W
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channel morphology., particularly the Banded Canyan, will be important as these
recommendations are implemented to assess the impacts these flows have on
sediment loss.

H. OPERATIONAL CONSTRAINTS

The following operational conatraints for Alamo Dam were identified
within the riparian resources recommendations: '

1. No instantaneous raleases between approximataely 70-150 cfs due to
structure of dam gates

2. Minimum lake level at 1,100 foot msl for bald eagles

3. Need to try to maintain lake level within water conservation pool
{1,172 foot msl)

4. No discharges >7,000 cfs, unless the dam ig modified

S. No storage of water within the reservoir for >1 year

6. Required inspection and maintenance approximitely every S years

7. For large releases (>1,000 cfs), increases in releasas to peak flowa
should be <1,000 cfs per day to reduce downstream property damage and maintain
public safety (J. Evelyn, U.S. Army Corps of Engineers, pers. comm.)
All operational constraints were incorporated into the riparian resource
recommendations.

Iv. T ED D
A. For informed recommendations:

1. Wich no inflows into the Planet Ranch aquifer, how long can an
outflow (into the Refuge) be maintained (assuming the aquifer is full to begin
with)? Without pumping at Planet Ranch? With pumping at Planet Ranch?

2. Lag time between dam release and downstream effects/flow (e.g.
If you release water from the dam on Day 1, how long does it take for the
water to reach the Pitrat Ranch? Planet Ranch? The Refuge?).

3. Vvhat does a releage at the dam mean at select downstream
points (e.g. If you relaase 25 cfs from the dam, what is the flow at Pitrat
Ranch? Above Planet Ranch? At the Refuge gauging station?)?

4. How far in advance does the Corps of Engineers know about
their exact maintenance schedules? How much flexibility is there in when they
are scheduled?

w»»Questions #1-3 may be answered at least in part by the hydrology model being
developed by the USFWS and University of Arizona.
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B. Monitoring and future researxch needa

As identified in the Monitoring section of the recommendations, the following L'
research and monitoring efforts are needed to better understand riparian
resources along the Bill Williams River corridor:

»

1. Are we meeting the minimum needs of the resources?

2. 1Is there excess water in the system (downstream? in the lake?)} from
our flow regimea?

3. Monitor channel morphology, s0il moisture, and riparian vegetation
{area, structural diversity, and plant condition) changes based an our flows.

4. Research the relationship between adequate soil moisture, ground
water, and surface flow in this system. Determine groundwater discharge
relationship using aerial photographs taken during various dam releases (known
available = 1987, 300 cfs; 1993, 1500 cfs, 1993, 7000 cfs), and other
appropriate techniques (**This is an important onews),

5. Determine the inundation tolerance of cottonwood, willow, and
possibly salt cedar trees in the Bill Williams River corridor (**This is aleo
an important one*®) .

6. Is there a way to pass sediments fram above the dam to the system
beslow the dam to.reduce sediment deficiency in the long teim?

Use this resource information to gvaluyate the success of the flow regimes and,
if necessary, to modify the dam operations/releasea. This is to ensure that
we (as management agencies) are meeting the resource objectives agreed upon by
the Technical Committee, subcommittees, and agencies.

v. ER AND O R I

The Riparian Subcommittee believes the Technical Coumittee has an
opportunity to restore valuable riparian resources within the Bill Williams
River corridor. Although during some extreme years, the reservoir resources
may have to suffer at the expense of the downstream resources, we believe this
is an acceptable trade-off, considaring the amcunt of degradation chat has
occurred in the riparian corridor during the last 20 years. We view it as a
type of mitigacion for the riparian resources that have been lost or severely
impacted since the dam was constructed and efforts began focusing on reservoir
opportunities. °

Because of the extent of the degradation, it may take a few “"cycles” of
these recommendatione to bring the system back into souwe resemblance of a
properly functioning riparian ecosystem. Any perceived losses or detrimental
impacts will be offget by the benefits of natural recruitment of cocr.onwoodn.
higher water tables and recharge of the aquifer, channel sacouring and
maintenance, and a healthier, dynamic riparian ecosystem. Using varying peak
flows ranging from 1,000-7,000 cfs should promote regeneration at various
levels within the floodplain. Under sustained low flows, recruitment occurs
in the river channel and gets wiped out with the subsequent year's floods.
Wicth only the highest flowa, recruitment occurs in the highest floodplains
that quickly dry up with a (rapidly) receding water table. Observations from
the high flows of Winter 1993 indicate the river channel can sustain the 7,000
cfp flows without undue degradation of the resources, and that, in fact, these

t
t
{




17

high flows actually benefitted the downstream resources. Combining the high
flows with retaining a hiyher water table should provide positive results in a
relactively short time frawe.

Our subcommittee was concerned that the final flow regimes agreed upon
by the Technical Commnittee would be *set in stone', reyardless of the
resulting impacts to the resources at Alamo Lake and the Bill Williams River.
We did not want to the ses the recomswsndations to the Corps of EBngineers for
operating the dam to be absolute, especially as thuase flows are, for the most
parc, predicted ranges of what will be good for the resources. The pattern of
the flows is more important than the actual nwnbers, as long as at least the
minimum (maintenance) flows are being sustained. The recoawended mipimim
flows {(cfs) are most critical for stabilizing the riparian corridor, and
maintaining the riparian resources in the longterm. We realize flow schedules
such as those we recoumended will require grsater coordination and flexibilicy
in how the dam is operated. However, we believe thesa flows are necessary to
stabilize and improve the valuable riparian resources that have been so
heavily impacted in past years.

Flushing flows should be timed to the natural processes of the riparian
plants, using natural storm events to provide the water, rather than holding
to a rigid schedule. For example, the excessive rain we had in January-
February 1993 caused the trees to leaf out in early February, rather than
March. RNot only did they break dormancy early, they also flowered early.
Flushing flows should be timed to account for thede natural variaciona. We
hope the Corps of Engineers understands the flexibility inherent in our
recommendations, provided the uminimum flows are maintained.

Along wicth this, our gsubcommittee emphasized monitoring the resources,
after the system has been implemented, to evaluate the success of our
recommendations. We felt a strong need for some flexibility in the dam
operations to modify flowa, if necessary, as indicaced by the changes in the
resources.
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Spring Plow Recommendations:
Sample Calculations
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APPENDIX A

Spring Flow Recommendations:
Sample Calculations

Table 3 (see page 8). Recommendations for release of surplus water during
Spring (January-May) storm events.

{includes stepping

up & down)
AF to flugh Peak Flow (cfg) Peak Duration Recession
S-30k 1,000-2,000 1-7 days ‘' S00->45 cfs
over 6 days
30-50k 3,000-4,000 S-8 days 500->4S cfs
. over 20 days
50-75k 4,000-5,000 8-10 days .
75-100k 6,000-7,000 10-14 days . .
{or max cfs)
I3 100k+ 7,000 14-30 days .

(or max cfs)

?
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Table A-1. Volume of water needed for recession (back sida of hydrogrxaph),
using the conversion factor of 1 c¢fs/day = 2 ac-frt.

1 cfs/day = 2 ac-ft

Long recession: Short recessioa:

Flow (cfg) No, dave AG-FC Elovw (cfs) No. davg AC-FC
500 1l - 1,000 500 b 1,000
480 1l 960 400 1l 800
460 1 920 300 1 600
440 1l 880 200 b 8 400
420 1 840 150 1 300
400 1 800 50 1 200_
380 b 7680 TOTAL: 6 3,200 AP
360 1l 720
340 1 680
320 b 640
300 1 600
280 1 560
260 1 520
240 1 480
220 1l 440
200 1 400
180 1 360
160 1l 320
150 1 300

—30 —32 ——100

TOTAL: 20 12,280 AP

The following tables (A-2 through A-6) illustrate sample flow regimes
for flushing various volumes of water according to the guidelines provided
above. They are not meant to be ®written in stone® release patterms, only
examples on how to implement the guidelines. These estimated volumes of water
do not account for the effects of evaporation.
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lg A-2. 5-30k to release, peak flow 1.000-2,000 cfa, short recession.

Sample Calculation #1a:

Flow {(cfs) No, davsg Ac-Ft
3.000 —1 2,000
(then begin recession) 1 day 2,000 AF
+ 3,200 AF (recession)
$,200 AF
Sample Calculation #1ib:
Flow (cfs) = No, dayg Ac-Ft
1000 1 2,000
2000 2 8,000
1000 1 2,000
(then begin recession) 4 days 12,000 AF .
’ + _3,200 AP (recesasion)
15,200 AP
Sample Calculation #lc:
Flow (cfs)” No. davs Ac-Ft
1000 1 2,000
2000 S 20,000
1000 —31 2.9000
(then begin recession) 7 days 24,000 AF
) + _3,200 AF {(recession)
27,200 AP
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Table A-3. 30-30k to release, peak flow 3,000-4,000 cfs, long recessicna.

Sample Calculation #2a:

Flow (cfg) No. dave
1,000

2,000
3,000
2,000
1.000

{(then begin recession) 5 Qays

L‘H =

Sample Calculation #2b:
Flow (cfe) No. daveg
1,000
2,000
3,000
2,000
1.000

{then begin recession) 8 days

L (TR Y

Sample Calculation #2c:
Flow (cfs)
1,000
2,000
3,000
4,000
3,000
2,000
1,000
{then begin recession) 7 days

L 2
(T " Y

Ac-Ft
2,000
4,000
6,000
4,000
2.000
18,000 AF

+ 12,280 AF (recession)
30,280 Ay

Ac-FL
2,000
4,000
24,000
4,000
2.000
36,000 AF

+ 12,280 AF (recession)
46,280 AF

AC-Ft
2,000
4,000
6,000
8,000
6,000
4,000
2.000
32,000 AF

+ 12,280 AF (recession)
44,280 AF
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Table A-4. 50-75k to release. peak flow 5,000 cfs, long recession.

Sample Calculation #3a:

LL Flow (cfg) No, davg Ac-Fc
1,000 1l 2,000
r 2,000 1 4,000
3 3,000 1 6,000
- 4,000 2 16,000
3,000 1 6,000
ﬂ‘" 2,000 1 4,000
‘ 1.000 —_1 2,000
§ (then begin recession) 8 days 40,000 AF
U + 12,280 AF (recession)
52,280 aAF
' Sample Calculation #3b:
U» Elow (cfg) No. davs Ac-Ft
' 1,000 1 2,000
. 2,000 1 4,000
3,000 1 6,000
U 4,000 1 8,000
5,000 1 10,000
4,000 1 8,000
3,000 1 6,000
! k 2,000 1 4,000
¥ 1.000 —_3 £.000
: {then begin recession) 8 days 50,000 AF
. + 12,280 AF (recession)
[k 62,280 A¥
4 Sample Calculation #3c:
U Flow (cfg) No, dayg Ac-FL
1,000 1 2,000
2,000 1 4,000
U 3,000 1l 6,000
‘ 4,000 1 8,000
5,000 2 20,000
b 4,000 ' 1 8,000
U 3,000 ) 1 6,000
2,000 1 4,000
U (then begin recession) 10 days 60,000 AF
+ 12,280 AF (recession)
[E 72,280 ay
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Table A-5. 75-100k to releass, peak tlow‘6,000-7,000 cfs, long recession,

Sample Calculation #4a:
Blow (cfg)
1,000
2,000
3,000
S,000
6,000
5,000
4,000
3,000
2,000
1.000

{then begin recession)

Sample Calculation #4b:
EIQH ‘ggg!
1,000
2,000
3,000
4,000
5,000
6,000
5,000
4,000
3,000
2,000
1.000

{then begin recession)

Sample Calculation #4c:
Flow (cfa) *
1,000 )
2,000
3,000
$,000
7,000
6,000
$,000
4,000
3,000
2,000
1.000

{then bagin recession)

No. davg

L I I S R SR N

10 days

No. davag

LIH I S P V™

11 days

No._ davs

LDH T S N S I VR VR PR

11 days

AC-Ft
2,000
4,000
6,000
10,000
12,000
10,000
8,000
6,000
4,000
2.900
€4,000 AF

+ 12,280 AF (recession)
76,280 AF

Ac-Ft
2,000
4,000
6,000
8,000
10,000
12,000
10,000
8,000
6,000
4,000
2.000
72,000 AF

+ 12,280 AF (recession)
84,280 AF

Ac-FtL
2,000
4,000
6,000
10,000
14,000
12,000
10,000
8,000
6,000
4,000
2.000
78,000 AF

+ 12,280 AP (recession)
90,280 AF
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! Table A-6. 100k+ to release, peak flow 7,000 cfs, long recession.
UL " Sample Calculation #5a:
Elow (cfs) No. days Ac-Ft
‘ 1,000 1 2,000
Uf 2,000 1 4,000
3,000 1 6,000
P 4,000 1 8,000
{F 5,000 1 10,000
6,000 1 12,000
) 7,000 1 14,000
U ' 6,000 1 12,000
' 5,000 1 10,000
' 4,000 1 8,000
3,000 1 6,000
[j 2,000 1 4,000
1.000 R 2.000
(then begin recession) 11 days 98,000 AF
+ 12,280 AF (recession)
{j 110,280 AP
) Sample Calculation #5b: ‘
LE ' Blow (cfg) - No, daya Ac-Fg
1,000 1 2,900
2,000 1 4,000
3,000 1 6,000
5,000 1 10,000
1,000 [ 84,000
5,000 1 10,000
3,000 1 6,000
2,000 1 4,000
3. 000 1 2,000
(then begin recession) 14 days 128,000 AF
+ _12,280 AF (recession)
140,280 AF
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