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I;\ITRODUCTION

The information presented in this appendix is limited to surface water hydrology of the Salt River
and Gila River (including tributary flow) within the study area. This information is provided to
support hydraulic analysis, and design of project features necessary to protect proposed projects
from damage resulting from mainstem flood flows.

The basis for development of the surface water hydrology presented within this appendix are three
recently completed studies of the Salt River (reference 1), the Gila River (reference 2), and the
Agua Fria (reference 3) - hence Tres Rios.

Included in this appendix are 1DO-year flood hydrographs for the Salt and Gila Rivers in the study
area as well as historical flood hydrographs. Each of these hydrographs represents what would
have happened or what would be expected to happen (in the case of the synthetic floods) under
e:l:isting conditions.

In addition, applicable discharge-frequency and volume-frequency (flow-duration-frequency)
relationships developed within References 1-3, are summarized and presented in tabular form
within this appendix.

Finally, basic data for historical flood hydrographs are included in this appendix in an abbreviated
format.



STUDY AREA

The Tres Rios study area is in Maricopa County and extends west from 75th Avenue in the City
of Phoenix to the ;)uckeye Diversion Ditch at the confluence of the Agua Fria River with the Gila
River, and from Southern Boulevard at the northern boundary to Baseline Road and the Gila
River Indian Community. The Salt River bisects the county in an east-west direction. The study
area is approximately 9.2 miles long and 1 mile wide, and encompasses 5,600 acres (City of
Phoenix 1997). The location is near the confluence of three rivers - the Salt River, the Gila River
and the Agua Fria River; the Salt River flows into the Gila River just upstream of the 115th
Avenue crossing; and the Agua Fria River flows into the Gila River near the downstream end of
the study area. Plate 1 presents the Gila River drainage area along with the Study Area location

The general area is characterized by a broad alluvial valley surrounded by steeply sloped mountain
ranges that rise several thousand feet above the valley floors. The subbasin is bounded on the
south by the Sierra Estrella, the South Mountains, and the Buckeye Hills; on the west by the
\Vhite Tanks Mountains; and on the north by the Wickenberg, Hieroglyphic, and New River
~lountains (City of Phoenix 1997)

The proposed Tres Rios project activities will occur mostly within the river floodplain. However,
the study area encompasses terrestrial lands north and south of the Gila and Salt Rivers. The
surrounding land is relatively flat and rural. The general land uses in the study area consist of
rural residential, agricultural and agribusiness, light industry, wastewater treatment facilities,
public and semipublic areas, and vacant land.
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GILA RIVER DRAINAGE AREA

GILA RIVER

The drainage area of the Gila River (Plate 1) covers approximately 58.000 sq. mi. and extends
from the Continental Divide in southwestern New Mexico to the Colorado River at Yuma.
Arizona. including practically all the southern half of the State of Arizona. The Gila River, which
is 654 miles long. rises in an area of high mountains and plateaus and flows westward in a
generally central course through the basin. The Gila River includes the following major
tributaries:

• the Salt and Verde Rivers. combined drainage area of 13,000 sq. mI.

• the Santa Cruz River, drainage area of 8,600 sq. mi.
• the San Pedro River, drainage area of 4,500 sq. mi.
• the San Francisco River. drainage area of2,800 sq. mi.
• the San Simon River, drainage area of2,200 sq. mi.
• the Agua Fria River, drainage area of 2,000 sq. mi.
• the Centennial Wash, drainage area of 1,800 sq. mi.
• the San Carlos River, drainage area of 1,027 sq. mi.
• others. including Queen Creek. the Hassayampa River, and Waterman Wash.

Elevations in the basin range from more than 12,000 feet in the San Francisco Peaks in the Verde
River basin. to 130 feet in the vicinity of Yuma. Much of the northern part of the basin is
extremely irregular and rugged with elevations ranging from 7.000 feet to 12.000 feet along the
basin boundaries. Most of the streamtlow in the study area emanates from the Salt River. which
joins the Gila River at mile 198, west of the City of Phoenix. The eastern half of the southern part
of the basin consists largely oflong desert valleys lying between north-south ranges of rugged
mountains; here the elevations are generally lower but in places are above 10,000 feel. The
southwest third of the basin consists essentially of broad. flat. low-lying desert valleys and isolated
mountains of relatively low relief; comparatively few localities are more than 4,000 feet in
elevation. and a large part is below 1,000 feet; the elevation of the river mouth near Yuma is
about 130 feel. The major streams are also delineated in Plate 1. The climate of the Gila River
Basin is semiarid as a whole, but, depending principally upon elevation, ranges from hot and arid
to cool and humid. The average annual precipitation ranges from less than 4 inches in the lower
desert to 30 inches or more in the highest mountains. Streamflow characteristics vary
considerably throughout the basin. The streams in the southern deserts have very little flow other
than immediately after the heavier rains. while the northern and headwater streams are perennial.
During major sJorms streamflow increases rapidly, and in combination with steep gradients and
often-barren stopes. results in major floods. Snowmelt is a contributing factor in most winter
floods.

Within the Gila River Basin are numerous dams. but only a few of these will exert an appreciable
influence on major floods:
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• Modified Theodore Roosevelt Dam on the Salt River, recently modified to in, ;ase the
total storage (including an added flood pool of 565,000 ac-ft) to 2,100,000 ac-ft.
• Horse Mesa on the Salt River, with a storage of approximately 245,000 ac-ft.
• Mormon Flat on the Salt River, with a storage of approximately 58,000 ac-ft.
• Stewart Mountain on the Salt River, with a storage of approximately 70,000 ac-ft.
• Horseshoe on the Verde River with a storage of approximately 131,000 ac-ft.
• Bartlett on the Verde River with a storage of approximately 178,000 ac-ft.
• Coolidge on the Gila River with a storage of approximately 1,100,000 ac.ft.

Other Structures Affecting Runoff (from the Agua Fria River):

• The Phoenix Projects.
Consist of (please refer to Plate 2) the Arizona Canal Diversion Channel (ACDC), which
intercepts runoff from Cave Creek (which is panially controlled by Cave Buttes Darn) and
releases from Dreamy Draw Darn;
Adobe Darn on Skunk Creek; and
New River Darn on the New River.

They were constructed in the 1980's, for the purpose of flood control for the Phoenix
area. The ACDC flows into Skunk Creek downstream of Adobe Darn. Skunk Creek
enters the New River downstream of New River Darn, and New River joins the Agua Fria
River downstream of New Waddell Dam In addition levees have been constructed along
the Agua Fria River below the confluence with the New River from Indian School Road
south to Buckeye Road on the east bank, and south of Lower Buckeye Road on the west
bank.

• McMicken Darn. Located on Trilby Wash, a tributary of the Agua Fria River, discharge
from this structure joins with local runoff downstream of New Waddell Darn to enter the
Agua Fria River at a point between New Waddell Darn and the confluence with New
River. McMicken Darn contains nearly all flows ofless than a lOa-year magnitude with
minimal releases.

• New Waddell Darn. Located immediately downstream of the Waddell Darn on the Agua
Fria River, it was built to replace the smaller Waddell Dam to provide water supply,
regulatory storage of Central Arizona Project (CAP) water, and recreation. The dam was
completed in 1992 by the United States Bureau of Reclamation (USBR).The combination
of greatly expanded water supply space (increased from about 150,000 ac-ft to more than
800,000 ac-ft) and surcharge space (approximately 90,000 ac-ft) will limit releases during
events ress than or equal to the lOa-year flood to 9,000 ft'/s. .
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SALT RIVER

The Salt River is the largest tributary of the Gila River and drains a total area of approximately
13,700 sq.mi. within the northern and eastern portions of the State of Arizona. The Salt River
originates on the eastern portion of the Mogollon Plateau, in the White Mountains, with peaks as
high as 11,590 feet (Baldy Peak). Formed by the confluence of two westward flowing streams,
the White and Black rivers, the Salt River drains directly into Modified Theodore Roosevelt Lake
where it is joined by Tonto Creek. The drainage area controlled by Modified Theodore Roosevelt
Dam, which forms the lake, is approximately 5,800 sq. mi. The Salt River Project (SRP) operates
four dams on the Salt River upstream of the Verde River confluence, including Modified
Theodore Roosevelt Dam. Water stored is allocated for hydropower, municipal and industrial
supply, as well as agriculture. In addition, the modifications to Theodore Roosevelt Dam include
an allocation for flood control. The total space for water supply storage behind these dams is
approximately 1.9 million ac-ft, with an additional 0.56 million ac-ft for flood control.

The Verde River flows south from the Chino Valley, and joins the Salt River upstream of the
cities of Mesa, Tempe, and Phoenix. The Verde drains approximately 6,700 sq.mi. and is
partially controlled by two water supply structures operated by SRP. Horseshoe Dam (the most
upstream structure) and Bartlett Dam (approximately 25 mi. upstream of the confluence with the
Salt River) provide an additional water supply space of approximately 310,000 ac-ft. The Verde
River is the principal tributary of the Salt River. Sycamore Creek (which drains 164 sq.mi) enters
the Verde River downstream of Bartlett Dam, and is thus the largest uncontrolled tributary of the
Verde River and Salt River.

Granite Reef Diversion Dam is located about 3 mi. downstream of the Salt-Verde confluence, and
is the most downstream SRP dam. The purpose of this facility is to divert upstream reservoir
releases into the Arizona Canal (for the area north of the Salt River), and the South Canal (for the
area south of the Salt River). Only during periods of high flows does water pass over the dam
and continue down the Salt River. Studies conducted during the reference I hydrologic
investigation to develop a water control plan for Modified Theodore Roosevelt indicated that
since 1889 there would have been 34 years (out of 105) during which water would have spilled
over Granite Reef Diversion Dam, if the current configuration, including Modified Theodore
Roosevelt Dam, would have been in place. The resulting frequency of spills is approximately
once every 3 years, on the average. During most years there is little runoff in the river below
Granite Reef Diversion Dam. When water is spilled over Granite Reef Diversion Dam, the flow is
typically sustained for several days or more, and of significant magnitude. For example, the
"median" simulated spill, had a peak discharge of28,OOO ftl/s, a 5-day average flow rate of 15,000
ftl/s, and a 10-9ay average flow rate of 10,000 ftl/s

AGUA FRIA RIVER

The Agua Fria River originates in the mountains of central Arizona near Prescott and flows south
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more than 100 miles before em.Jtying into the Gila River 15 miles west of Phoenix (Fig I)
Elevations in the watershed range from over 7,000 feet for the highest peaks to about 1,600 feet
at New Waddell Dam. The dam is located in the Hieroglyphic Mountains 35 miles northwest of
Phoenix and controls the uppermost 1,459 sq.mi. of the total 2,250 sq.mi Agua Fria River
drainage area. Construction of New Waddell Dam replaced the pre-existing Waddell Dam. From
New Waddell Dam the Agua Fria River flows south to the Gila River at a point just downstream
of the Salt River and Gila River confluence, with 2 main tributaries, McMicken Dam-Trilby Wash
entering from the west and the New River from the east. Discharge from McMickefl Dam, New
River Dam, Adobe Dam, and Dreamy Draw Dam, as well as Skunk Creek, ACDC, and Cave
Creek (downstream of Cave Buttes Dam), which are located in Phoenix, contribute flow to the
Agua Fria River downstream of New Waddell Dam. Although some of the contributing area is
developed, a majority of it, especially that portion upstream of the New River confluence, is not.
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RUNOFF

STREAMFLOW RECORDS

The only currently operating streamgages which measure runoff in the vicinity of the study area
are the Salt River at Priest Drive near Phoenix, Arizona, which measures inflow from the area
upstream of the study area (established in December 1993), and the Gila River at Estrella
Parkway, near Goodyear, Arizona, which measures outflow from the study area (established in
August 1992).

There are numerous other gaging stations upstream of the study reach which were utilized to
develop historical and synthetic flood flows for the study area. At some of these gaging stations
or their vicinity, streamflow record is available from August 1888. Discharge- frequency
relationships developed for flow in the Salt River are based on a record length of 105 years.
Similarly, historical information, as available, was used to develop discharge-frequency
relationships for the Gila River and the Agua Fria River. The development of discharge-frequency
relationships for each of these rivers is discussed in depth in reference I through 3.

FLOOD HISTORY

Since completion of the Salt River Project in the 1940's (several subsequent modifications have
been made afterward, including the recent raising of the existing Roosevelt Dam which was
completed in 1996) significant flows in the study area have occurred in December 1965-January
1966, March-May 1973, March 1978, December 1978-April 1979, February 1980, February-May
1983, October 1983, December 1984-March 1985 , and February-April 1992, January-April
1993. and February 1995. Information on these historical events and others are included in the
references.
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DISCHARGE-FREQUENCY ANALYSIS

GENERAL

Peak discharge-frequency relationships presented in this report for the Salt and Gila Rivers in the
vicinity of the Tres Rios Project were developed in studies documented in reference 1 and are
presented in Table 1. Gila River duration-frequency infonnation (volume-frequency) was
developed in reference 2, and, although that study did not fully utilize the most recent upstream
analysis, is reasonably consistent with those results. A comparison of peak discharge-frequency
relationships developed within each of those studies for the Gila River below the Salt River
confluence is shown in Table 2.

Discharge frequency relationships for the Agua Fria River above the Gila River are also presented
in Table 1. They represent present (1995) conditions with the New Waddell Dam in place and
being operated as described in Appendix C of the reference 3 report. No duration-frequency data
was developed for that location within that study. Based upon operating criteria provided by the
United States Bureau of Reclamation, the detennination was been made that New Waddell Dam
will store most of the runoff generated by the Agua Fria River upstream of the dam, reducing the
volume and peak of flood flows in the river below the dam. The extent of that reduction is
dependent upon the operation of the CAP system, the runoff from the basin upstream of the dam,
and the operation of the dam itself Remaining flood flows in the Agua Fria River below New
Waddell Dam would generally result from locally severe thunderstonn type of events centered
over downstream portions of the Agua Fria River basin or its tributaries. As a consequence,
runoff Irom the Agua Fria River is not expected to add significantly to flood flows from the Salt
and/or Gila Rivers, which typically are produced by general winter or summer events.

VOLlJME-FREQUENCY ANALYSIS

Due to the magnitude of inflows to the SRP reservoirs, spills over Granite Reef Diversion Dam
are expected to occur about once every three years on the average, based upon a period-of-record
simulation of inflow (ref 1). During some of the years when spills occur, sustained flow in the
Salt and Gila Rivers will result, which might damage or destroy the restored habitat.

Because of the duration of the 1993 floods in the Salt and Gila Rivers, it became apparent that
long duration flows are critical in detennining the releases to the Salt River as well as the resulting
streamflow in the Gila River. During the initial phase of the Section 7 Study for developing a
flood control regulation plan for Modified Roosevelt Dam (ref 1), duration relationships for 30-,
60-, and 90-days were developed. The resulting set of volume-frequency relationships was then
used in the evaluation of water control plans for the regulation of the flood pool at Modified
Roosevelt Dam (reference I), as well as for detennining with- and without-project discharge
frequency relationships within the Gila River Reconnaissance Study (ref 2).
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Because these studies were conducted out-of-phase', different procedures were used to develop
volume-frequency relationships and synthetic flood hydrographs. Those procedures were
documented within each report. Duration-frequency relationships for the Salt and Gila Rivers in
the Tres Rios vicinity are presented in Table 3.

SYNTHETIC FLOOD rNFLOWS

To assist in the analysis of alternative Water Control Plans for Modified Theodore Roosevelt Dam
(ref. I) and in the evaluation of Painted Rock Dam alternatives (ref. 2), synthetic flood
hydrographs for a range of frequencies were developed. These synthetic flood hydrographs (or
Balanced Flood Hydrographs) maintain the characteristics of the volume-frequency relationships
developed for the Salt (ref. I) and Gila Rivers (ref. 2), e.g. the IOO-year flood hydrographs
include the IOO-year average flow for each duration. Figures 1 and 2 display IOO-year synthetic
flood hydrographs for the Salt and Gila Rivers developed in these studies.

1 The Salt-River analysis was completed in 1996, while the downstream Gila River analysis was completed in
1994 (references I and 2, respectively). Both studies presented discharge-frequency values for the Gila River in the
\icuUt)' of the study area. However, hydrographs for the Gila River were only developed during the reference 2 stud}'.
As a consequence of the timing of these studies, the discharge·frequency values presented in the earlier stud}' (ref 2)
were modified somewhat during the laner study (ref I). Hydrographs for the Gila River presented within this report
were developed during the reference 2 study, and are considered as ·'adequate" for use in hydraulic analyses. The
hydrographs for the Salt River presented within this report were developed during the reference I study, and represent
the ·'best" information available.
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TABLE 1. PEAK DISCHARGE-FREQUENCY VALUES IN STUDY AREA
VICINITY

DRAfNAGE RETURN PERIOD

AREA. sq.mi. 500-YR I 200-YR I lOO-YR I 50·YR I 20-YR I lO-YR I 5-YR

SALT RIVER AT 67TH AVENUE

12,900 237,000 I 200,000 I 164,000 I 132,000 I 84,000 I 51,000 I 20,000

SALT RIVER ABOVE GILA RIVER CONFLUENCE

13,000 235,000 I 198,000 I 162,000 I 130,000 I 82,000 I 49,000 I 19,500

GILA RIVER BELOW SALT RIVER CONFLUENCE

39,700 285,000 I 243,000 I 227,000 I 185,000 I 92,000 I 57,000 I 23,500

AGUA FRIA ABOVE GILA RIVER CONFLUENCE

2,250 110,000 I 70.000 I 48.200 I 35,000 I 21,000 I 14,200 I 9000

GILA RIVER AT WATER1\-IAN WASH

44,200· 270,000 I 225.000 I 210,000 I 160,000 I 68,000 I 460,00 I 17,000

NOTES:

All discharges shown are in flJ/s. Source: Reference I.
Dramage Areas for Salt River exclude non·contribUling areas.
• Dram3lZe Area for Gila River at Watennan Wash approximate.

:::
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TABLE 2. COMPARISON OF DISCHARGE-FREQUENCY
RELATIONSHIPS, GILA RIVER BELOW SALT RIVER CONFLUENCE,
REFERENCE 1 VERSUS REFERENCE 2 RESULTS

PEAK DISCHARGES FOR GILA RIVER BELOW

FREQUENCY CONFLUENCE WITH SALT RIVER (ff/s)

(YRS) ..

MODIFIED ROOSEVELT
STUDY (Ref. I)

GILA RECON STUDY (Ref. 2)

5 23,500 39,200

10 57,000 64,300

20 92,000 92,600

50 185.000 138,000

100 227,000 175,000

200 243,000 221,000

500 285.000 280,000

NOTES

Reference I Results - Based upon simulation of Period-of-Record runoff through SRP system, plus
estunated runoff from Gila River for histone/observed flood events. See report for details.

Reference 2 Results - Starting Storage for simulations in SRP "'stem - Roosevelt Dam, 1,609,000 ac-ft.
Other Salt Riwr dams, 90% full
Verde River dams. full

Bartlen Dam release lagged 6 hrs
Local Inflow - 8 % of Roosevelt inflow on Salt, 8 % of Horseshoe inflow on Verde
% of Gila River at Kelvin for the Gila U/S of Salt as follows-

S-yr, 0%
10-yr, 14%
20-yr, 23%
50-yT, 44%
100-yT, 61%
200-yr, 100%
500-jT, 100%

All discharges represent maximwn 6-hour values In fills.
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TABLE 3. VOLUME FHEQUENCY FLOWS, SALT AND GILA HIVERS, .

I<'LOOD I DURATION I
FREQUENCY

'. I-DAY 2-DAY 3-DAY 5-DAY IO-DAY 30-DAY 60-0AY 90-DAY

17,000 15,000 13,000 10,200 8000 2550 1800 1300
5-yr

22,300 20,400 18,300 14,700 11,100 5270 3710 2550

46,000 40,000 35,000 28,000 17,500 8000 6000 4700
IO-yr

46,000 44,000 41,700 36,300 25,600 12,700 8840 6390

78,000 70,000 62,000 45,000 30,000 15,000 11,000 8400
20-yr

66,300 59,600 54,600 47,300 39,900 20,900 14,700 11,100

122,000 110,000 94,000 75,000 50,000 26,000 19,000 15,000
SO-yr

98,200 86,600 75,300 63,000 52,200 34,600 24,600 18,700

155,000 145,000 120,000 90,000 70,000 36,000 27,000 21,000
IOO-yr

109,000 93,700 46,000124,000 75,800 61,500 32,900 25,100

185,000 175,000 150,000 115,000 85,000 47,000 34,500 26,500
200-yr

161,000 61,100 44,300141,000 121,000 97,500 78,600 34,100

220,000 205,000 178,000 140,000 100,000 60,000 45,000 34,000
SOO-yr

245000 210000 177 000 139000 99200 73300 54500 41500

NOTES:
For each frequency, the Isl row (shaded) of maximwn uvcragc discharges IS lor Ihe Salt River above the Gila River wnJlucncc (source: ref I), while lhe 2nd row

of maximwn average discharges is for Ihe Gila River beluw the Salt l<ivcr conHucnl.:.C (source: ref 2). All discharges listed un.: In Il'/s
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HISTORICAL FLOOD HYDROGRAPHS. 1889 -1993,
modified to existing conditions
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SIMULATED APRIL 1924 FLOOD HYDROGRAPH - EXISTING CONDITIONS
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TABULATED 100-YEAR FLOOD HYDROGRAPHS. existing conditions



/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG//6HOUR/100YR-P60P2/
start: 01JAN1993 at 0600 hours; End: 3lMAR1993 at 2400 hours; NUmber: 360
units: CFS Type: PER-AVER
01JAN1993, 0600; -901.0 3519.9 3519.9 3463.1 3222.0 2728.2
02JAN1993, 1800; 2276.5 2144.0 2212.3 2251. 2 2259.6 2202.2
04JAN1993, 0600; 2146.3 2030.3 1914.5 1825.1 1671. 1 13 34.8
05JAN1993, 1800; 1014.9 1454.1 1603.0 2282.8 3416.9 6218.6
1J7JAN1993, 0600; 10590.5 13514.2 21705.3 48397.0 109709.7 163945.J
08JAN1993, 1800; 146709.6 98069.1 103506.3 116367.7 100300.4 88990.5
10JAN1993, 0600; 78025.3 71700.9 64501. 7 55364.3 54198.8 55957.6
l1JAN1993, 1800 ; 57477.5 55768.7 53270.3 50499.3 48550.6 48092.8
13JAN1993, 0600; 46981.1 45365.2 43398.0 39647.5 35483.5 32891.2
14JAN1993, 1800; 30656.6 28793.2 29226.2 30666.8 30973.0 30803.9
16JAN1993, 0600; 27915.2 25154.1 23527.8 28136.1 41872.5 58257.3
17JAN1993, 1800; 60510.8 58036.0 72518.7 91287.3 93924.7 89402.3
19JAN1993, 0600; 87937.3 83993.9 83541. 2 80475.5 69762.7 60531. 2
20JAN1993, 1800; 59612.4 60781.5 57359.8 51667.5 46706.7 41770.3
22JAN1993, 0600; 36167.5 30569.6 27211.1 25394.7 23360.7 21245.4
23JAN1993, 1800; 19961.1 19334.6 18857.1 18234.7 17913.6 17849.0
25JAN1993, 0600; 17513.6 16908.6 16507.4 16375.0 16290.0 16010.4
26JAN1993, 1800; 15728.6 15623.6 15583.4 15442.3 15297.5 15237.8
28JAN1993, 0600; 15209.2 15120.6 15031. 2 14992.6 14971.5 14909.6
29JAN1993, 1800; 14760.4 14320.5 13531.1 12719.1 12074.2 11558.1
3lJAN1993, 0600; 11083.9 10738.5 10455.1 10144.8 9974.0 10102.2
01FEB1993, 1800; 10368.8 10422.1 10307.1 10146.8 10010.2 9920.9
03FEB1993, 0600; 9820.0 9585.4 9356.4 9268.3 9231. 4 9107.5
04FEB1993, 1800; 8979.5 8928.1 8851. 9 8772.9 8621.0 8360.6
06FEB1993, 0600; 8006.8 7475.1 6725.2 6061.3 5734.8 5598.3
07FEB1993, 1800; 5453.6 6107.0 6137.3 6449.3 6912.8 8214.0
09FEB1993, 0600; 12772.6 20226.5 23703.2 22139.2 22271. 4 24118.5
10FEB1993, 1800; 25625.2 25947.8 24195.5 21167.0 19953.4 20010.3
12FEB1993, 0600; 19227.9 17609.5 16820.3 16762.5 16515.9 15583.7
13FEB1993, 1800; 14416.7 13842.8 13404.4 12871. 2 12360.8 12267.4
15FEB1993, 0600; 12734.7 13267.5 13650.8 13923.7 14094.7 14150.3
16FEB1993, 1800; 14217.2 14140.8 13893.6 13529.0 13230.2 12912.4
18FEB1993, 0600; 12619.0 12360.9 12357.3 12823.8 14284.4 16645.4
19FEB1993, 1800; 20343.1 23597.4 30778.9 47295.1 76700.8 104849.6
21FEB1993, 0600; 98144.3 67335.5 53051.8 51773.1 46600.5 40527.3
22FEB1993, 1800; 35958.9 30614.6 26108.6 23388.7 21834.9 20459.3
24FEB1993, 0600; 18709.0 17009.4 15972.4 15663.0 15588.5 15243.9
25FEB1993, 1800; 14897.9 14759.1 14690.9 14483.9 14274.1 14221. 1
27FEB1993, 0600; 14202.9 14121.8 14034.7 14050.7 14066.2 14080.3
28FEB1993, 1800; 14087.4 14099.3 14119.0 14166.5 14217.7 14248.2
02MAR1993, 0600; 14327.0 14493.7 14654.4 14717.4 14716.1 14752.3
03MAR1993, 1800; 14801. 6 14775.6 14578.6 14235.2 13878.2 13407.6
05MAR1993, 0600; 12934.8 12513.0 12137.8 11721.2 11182.4 10457.9
06MAR1993, 1800; 9806.8 9401. 7 9178.2 8801. 0 8461. 2 8281. 9
08MAR1993, 0600; 8256.1 8587.1 9324.0 10024.7 10266.1 10308.6
09MAR1993, 1800; 10406.1 10477.2 10515.9 10626.6 10736.7 10762.8
llMAR1993, 0600; 10748.5 10741.8 10741.5 10710.5 10711.2 10708.9
12MAR1993, 1800;.:- 10700.3 10640.4 10544.2 10345.3 10153.5 10058.7
14MAR1993, 0600; 9958.1 9714.2 9476.1 9355.0 9216.8 8939.4
15MAR1993, 1800; 8659.7 8488.5 8299.9 8072.6 7867.7 7802.0
17MAR1993, 0600; 7830.2 7955.6 8069.6 8168.1 8291. 4 8544.9
18MAR1993, 1800; 8786.1 8951.3 9154.3 9494.9 9811. 8 9945.4
20MAR1993, 0600; 10069.2 10227.3 10367.1 10396.5 10300.2 10020.6
21MAR1993, 1800; 9747.8 9641. 1 9576.0 9372.6 9167.0 9102.2
23MAR1993, 0600; 9097.3 9043.1 8981.8 8951. 6 8928.1 8866.7
24MAR1993, 1800; 8805.0 8779.3 8749.2 8673.5 8596.4 8621. 0
26MAR1993, 0600; 8633.3 8643.0 8653.2 8744.4 8877.8 9155.0

27MAR1993, 1800; 9428.3 9611. 7 9826.9 10324.6 10814.2 11086.6

29MAR1993, 0600; 11307.8 11917.0 12416.6 12489.7 12875.8 13603.4

30MAR1993, 1800; 13908.1 13350.0 13184.5 12931.3 12582.6 12084.6



/GILA RECON/SALT CONFLNCE/FLOW-REG//6HOUR/I00-YR/
Start: 01JAN1993 at 0600 hours; End: 31MAR1993 at 2400 hours; Number: 360
cnits: CFS Type: PER-AVER
01JAN1993, 0600; 492.7 492.7 492.7 454.2 323.5 298.7
02JAN1993, 1800; 287.7 282.7 218.3 217.3 216.9 216.7
04JAN1993, 0600; 441. 7 441. 7 441. 7 441. 6 333.1 333.1
05JAN1993, 1800; 333.1 333.1 391. 6 391. 6 391. 6 &72.i:l
07JAN1993, 0600; 4273.9 5288.6 6925.9 9580.6 22580.6 60256.9
08JAN1993, 1800; 128177.6 172979.6 174720.2 148980.1 134567.0 122862.3
10JAN1993, 0600; 97534.0 85788.7 74549.0 65703.6 60975.8 54281.4
1'.JAN1993, 1800; 51235.9 50880.1 57155.2 56214.7 54435.9 52074.1
LJAN1993, 0600; 42060.1 40615.9 39257.0 38007.2 48106.6 47994.4
14JAN1993, 1800; 48391. 4 49167.8 48543.7 49224.0 50l.99.6 51189.2
16JAN1993, 0600; 48976.6 48627.6 47716.6 46714.4 45499.2 50204.8
17JAN1993, 1800; 59691. 5 68520.9 72030.4 74455.8 80795.2 87051. 4
19JAN1993, 0600; 92632.4 92009.6 90848.1 88727.1 92607.9 88019.6
20JAN1993, 1800; 80579.4 73868.3 67235.8 65372.7 62612.3 59682.4
22JAN1993, 0600; 49806.4 48788.7 47464.4 45954.8 50090.8 49625.6
23JAN1993, 1800; 49153.1 48563.2 44762.0 44477.4 44129.7 43683.7
25JAN1993, 0600; 40937.7 40676.9 40357.1 39928.4 37821. 5 37560.9
2 6JAN1993, 1800; 37369.1 37135.8 35554.2 35392.9 35284.0 35159.5
26JAN1993, 0600; 33873.3 33786.6 33724.3 33648.2 33483.0 33427.6
29JAN1993, 1800; 33385.4 33333.6 33437.7 33398.4 33366.7 33318.9
31JAN1993, 0600; 33083.5 33084.5 33133.8 33222.9 32738.4 32875.5
01FEB1993, 1800; 33064.9 33344.7 33075.5 33212.6 33211. 2 33127.6
03FEB1993, 0600; 32630.4 32522.7 32399.2 31536.4 26921.0 19194.1
04FEB1993, 1800; 13543.8 11610.9 10525.0 10006.6 9803.7 9629.9
06FEB1993, 0600; 9307.3 9156.5 8993.2 8709.3 8079.4 7654.4
07FEB1993, 1800; 7398.3 7299.4 7302.7 7309.8 7319.2 9908.0
09FEB1993, 0600; 16195.7 21733.6 26134.2 32333.8 38362.6 41223.5
10FEB1993, 1800; 42141.5 41252.1 37994.8 35112.8 32948.8 29497.6
12FEB1993, 0600; 25465.5 22787.3 21334.0 19563.0 17601.6 16404.5
13FEB1993, 1800; 15745.1 14968.4 14013.4 13392.7 13062.6 14182.9
15FEB1993, 0600; 18163.6 20234.0 20872.5 20943.2 20638.0 20233.2
16FEB1993, 1800; 20123.3 19492.4 17868.7 16975.4 16675.3 16127.9
16FEB1993, 0600; 15193.6 14518.7 14258.8 14071.4 14369.8 15940.8
19FEB1993, 1800; 19663.8 25001.2 31768.2 38262.5 48133.6 64185.6
21FEB1993, 0600; 83295.5 92847.4 85744.0 70283.0 58981. 7 53609.1
22FEB1993, 1800; 49512.8 45835.3 44574.6 41984.7 39966.5 38761. 2
24FEB1993, 0600; 38744.0 38371.1 37967.9 37433.6 36658.6 36295.9
25FEB1993, 1800; 36044.6 34737.7 29714.1 23322.2 19329.5 17741.4
27FEB1993, 0600; 15921. 2 15260.5 14986.0 14930.0 14610.4 14790.5
28FEB1993, 1800; 14838.3 15110.9 15359.0 15839.2 16024.8 15965.8
02MAR1993, 0600; 15088.4 14829.1 14815.2 14835.3 14195.7 14174.0
03MAR1993, 1800; 14183.4 14139.2 14428.0 14366.0 14423.4 14549.8
05MAR1993, 0600; 14796.2 14864.4 14873.9 14651. 5 14554.7 14092.4
06MAR1993, 1800; 13805.9 13413.0 12472.3 12150.6 11991.3 11738.9
08MAR1993, 0600; 10917.5 10654.3 10690.2 10994.5 11261.9 11871.1
09MAR1993, 1800; 12253.0 12537.0 12428.3 12687.2 12820.7 12983.2
llMAR1993, 0600; - 12840.0 12980.1 13029.9 13019.0 12886.7 12833.8
12MAR1993, 1800; 12822.0 12738.1 12493.6 12291. 7 12153.6 11941. 3
14MAR1993, 0600; 11621.1 11362.0 11175.5 10964.2 10718.4 10573.8
15MAR1993, 1800; 10485.1 10361. 9 9289.6 9141.1 9051.0 9054.1
17MAR1993, 0600; 9649.0 9832.6 9951.6 10244.0 11138.0 11556.0
18MAR1993, 1800; 11762.3 12095.6 12582.5 12986.4 13203.1 13494.5
20MAR1993, 0600; 13978.3 14243.2 14355.1 14399.2 14476.0 14380.7
21MAR1993, 1800; 14230.5 13921. 0 13531.9 13219.3 13035.4 12805.9
23MAR1993, 0600; 12491. 3 12302.0 12212.7 12162.0 12113.6 12103.4
24MAR1993, 1800; 12075.8 12027.4 11901. 3 11846.5 11799.0 11761. 7
26MAR1993, 0600; 11696.9 11700.6 11691. 7 11850.0 12424.5 12786.2
27MAR1993, 1800; 13004.8 13238.6 13344.7 13557.1 13818.8 14170.0
29MAR1993, 0600; 14635.2 14926.7 15229.1 15815.0 16578.3 17250.9



30MAR1993, 1800; 17782.8 18187.6 18053.2 17859.5 17768.1 -901. 0
----------------------------------------------------------------------------



TABULATED HISTORICAL FLOOD HYDROGRAPHS, e.Y:isting conditions



----------------------------------------------------------------------------

24

12549.
58546.
38561.

Number:

10624.
54829.
42493.

9362.
46480.
47241.

8600.
35218.
52350.

8158.
26021.
57166.
30352.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OIAPR1905/6HOUR/POR-P60P2/
Start: 10APR1905 at 1200 hours; End: 16APR1905 at 0600 hours;
Units: CFS Type: PER-AVER
10APR1905, 1200; 7880. 7941.
l2.'.PR1905, 0600; 15441. 19779.
lJAPR1905, 2400; 60542. 60449.
15APR1905, 1800; 35314. 32610.
----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1906/6HOUR/POR-P60P2/
Start: 12MAR1906 at 1200 hours; End: 17MAR1906 at 0600 hours; Number: 20
Units: CFS Type: PER-AVER
12MAR1906, 1200; 5514. 5861. 6929. 8372. 9847. 11887. 15350.
14MAR1906, 0600; 19970. 24815. 30292. 37698. 45562. 48315. 43324.
lSMAR1906, 2400; 35550. 29895. 26074. 22940. 20611. 19022.
----------------------------------------------------------------------------

36

4368.
22116.
17451.
11070.

5709.

Number:

4167.
13001.
20305.
11429.

6117.

4003.
8670.

24262.
11864.

7156.

3880.
7037.

28551.
12457.

8624.

3808.
6374.

34223.
13 2 08.

9744.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1907/6HOUR/POR-P60P2/
Start: 03MAR1907 at 1200 hours; End: 12MAR1907 at 0600 hours;
Units: CFS Type: PER-AVER
C3MAR1907, 1200; 3779. 3783.
G5MAR1907, 0600; 4666. 5462.
06MAR1907, 2400; 33723. 38503.
08MAR1907, 1800; 15625. 14220.
10MAR1907, 1200; 10714. 10325.
12MAR1907, 0600; 5606.
----------------------------------------------------------------------------

124

.000

.000
672.955

5748.701
7126.500
7366.080
7272.284
3681.918
2561.599
2499.025
2865.399
3647.885
4184.534
4167.903
3394.495
3028.453
2429.680
2480.862
2332.188
2029.733

Number:

.000

.000
282.198

4086.347
7303.314
6948.047
7353.025
4638.914
2630.082
2495.591
2737.402
3544.423
4083.313
4204.279
3598.048
3113.788
2498.173
2467.121
2430.243
2068.741

.000

.000
54.861

2100.749
7378.549
6557.260
7411. 086
5933.326
2722.896
2497.046
2599.610
3426.957
3944.938
4208.171
3827.666
3149.372
2585.365
2464.140
2537.843
2097.854
1851. 539

.000

.000

.000
1404.463
7265.134
6485.756
7468.687
6796.393
2810.626
2500.291
2533.596
3241. 973
3878.572
4197.794
3946.913
3186.363
2642.171
2436.942
2579.439
2166.706
1861. 735

.000

.000

.000
1328.242
6846.273
6661.593
7513.784
7063.206
2947.963
2508.257
2516.395
3047.602
3842.845
4185.241
4002.656
3235.203
2707.393
2407.316
2573.042
2248.583
1886.879

Start: 01MAR1908 at 0600 hours;
Cnits: CFS Type: PER-AVER
01MAR1908, 0600; .000
02MAR1908, 1800; .000
04MAR1908, 0600; .000
05MAR1908, 1800; 1058.994
07MAR1908, 0600; 6340.217
OaMAR1908, 1800; 6907.970
lQMAR1908, 0600; 7524.379
llMAR1908, 1800; 7163.454
13MAR1908, 0600; 3213.830
14MAR1908, 1800; 2525.111
16MAR1908, 0600; 2506.265
17MAR1908, 1800; 2938.769
19MAR1908, 0600; 3761.015
20~1AR1908, 1800; 4193.304
22MAR1908, 0600; 4084.773
23MAR1908, 1800; 3296.020
25MAR1908, 0600; 2857.757
26MAR1908, 1800; - 2403.724
28MAR1908, 0600; 2530.955
29MAR1908, 1800; 2293.127
31~~R1908, 0600; 1952.339

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1908/6HOUR/POR-P60P2/
End: 31MAR1908 at 2400 hours;

----------------------------------------------------------------------------

112

823.844
3011. 808
4324.781
4188.619

Number:

867.037
1732.284
4310.646
4189.671

888.994
853.608

4287.733
4190.892

898.691
661. 072

4228.223
4249.501

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01FEB1909/6HOUR/POR-P60P2/
Start: 01FEB1909 at 0600 hours; End: 28FEB1909 at 2400 hours;
units: CFS Type: PER-AVER
01FEB1909, 0600; 902.000 901.316
02FEB1909, 1800; 760.356 701.847
04FEB1909, 0600; 3819.871 4099.708
OSFEB1909, 1800; 4337.000 4321.343



28

4812.
11042.

8625.
11500.

Number:

4362.
9737.
9606.

11433.

3983.
8681.

10743.
11153.

3688.
7797.

12643.
10006.

3508.
6923.

14497.
8175.

/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/01MAR1889/6HOUR/POR-P60P2/
Start: 01MAR1889 at 0600 hours; End: 07MAR1889 at 2400 hours;
Units: CFS Type: PER-AVER
01MAR1889, 0600; 3406. 3427.
02MAR1889, 2400; 5381. 6074.
04MAR1889, 1800; 12815. 14496.
06MAR1889, 1200; 7649. 7240.
----------------------------------------------------------------------------
/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/01FEB1890/6HOUR/POR-P60P2/
start: 20FEB1890 at 1200 hours; End: 25FEB1890 at 0600 hours; Number: 20
Cnits: CFS Type: PER-AVER
20FEB1890, 1200; 447. 466. 567. 954. 2337. 4921. 7828.
22FEB1890,0600; 11213. 16610. 30310. 56054. 77051. 78658. 71829.
23FEB1890, 2400; 64812. 54266. 42085. 31721. 24039. 19414.
----------------------------------------------------------------------------

55

29196.0
45548.6

100350.3
71678.1
48571.8

128830.1
130941. 8

55979.3
43283.5

Number:

25706.2
40850.3
87904.6
79411.1
48460.7
97453.4

152809.1
63265.4
44156.7

21289.5
37561. 0
73385.5
89004.0
49848.5
73012.4

167731.6
72745.6
45148.0

17678.8
35289.2
62121. 9
97805.7
53135.1
59133.6

171771.2
83486.6
46419.9

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01FEB1891/6HOUR/POR-P60P2/
start: 15FEB1891 at 1200 hours; End: 28FEB1891 at 2400 hours;
Cnits: CFS Type: PER-AVER
15FEB1891, 1200; 15658.7 16003.5
16FEB1891, 2400; 31550.4 33438.6
18FEB1891, 1200; 51017.4 55961.0
19FEB1891, 2400; 106567.1 104548.3
21FEB1891, 1200; 65055.3 58467.6
22FEB1891, 2400; 49824.7 52696.4
24FEB1891, 1200; 153961.0 166611.4
25FEB1891, 2400; 109493.5 94748.8
27FEB1891, 1200; 51268.7 48288.3
28FEB1891, 2400; 42611.3

/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/01MAR1891/6HOUR/POR-P60P2/
start: 01MAR1891 at 0600 hours; End: 01MAR1891 at 0600 hours; Number: 1
cr.its: CFS Type: PER-AVER
01MAR1891, 0600; 42247.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1895/6HOUR/POR-P60P2/
Start: 01MAR1895 at 0600 hours; End: 31MAR1895 at 2400 hours; Number: 124
units: CFS Type: PER-AVER
01MAR1895, 0600; 2304.000 2308.080 2324.686 2365.214 2442.267 2563.484
02MAR1895, 1800; 2731. 914 2962.833 3253.562 3582.446 3910.269 4315.330
04to'.AR1895, 0600; 5062.625 6328.164 7910.430 9137.586 9308.543 8412.434
05MAR1895, 1800; 7081. 938 5879.470 4982.305 4362.512 3937.485 3631.343
07MAR1895, 0600; 3447.451 3427.397 3535.612 3653.272 3688.420 3632.919
08MAR1895, 1800; 3528.017 3437.519 3394.979 3382.395 3379.551 3380.660
10MAR1895, 0600; 3403.246 3474.962 3584.548 3669.584 3681. 881 3618.485
llMAR1895, 1800; 3506.397 3392.760 3297.392 3181. 683 3026.092 2884.608
13MAR1895, 0600; - 2781.508 2664.584 2511. 807 2381. 020 2315.465 2293.250
14MAR1895, 1800; 2283.217 2277.767 2275.735 2274.802 2274.332 2274.160
16MAR1895, 0600; 2274.068 2274.030 2274.014 2274.006 2274.003 2274.001
17MAR1895, 1800; 2274.000 2274.000 2274.000 2274.000 2274.000 2269.567
19MAR1895, 0600; 2263.158 2259.601 2255.248 2238.992 2198.919 2117.628
20MAR1895, 1800; 1996.811 1883.203 1788.283 1658.205 1480.209 1332.914
22MAR1895, 0600; 1269.933 1266.657 1288.283 1322.687 1374.471 1467.077
23MAR1895, 1800; 1601.903 1731.949 1831. 696 1940.889 2083.586 2218.754
25MAR1895, 0600; 2323.790 2443.155 2600.477 2747.201 2857.055 2977.687
26MAR1895, 1800; 3134.890 3275.314 3371.341 3469.518 3593.841 3695.166
28MAR1895, 0600; 3741.624 3756.034 3759.804 3751. 270 3717.649 3639.780
29MAR1895, 1800; 3522.607 3413.019 3336.209 3260.461 3164.929 3080.678
31MAR1895, 0600; 3025.771 2974.303 2911. 057 2857.605



07FEB1909, 0600; 4157.852 4127.058 4113.875 4101.680 4071. 335 4039.994
08FEB1909, 1800; 4028.384 3979.424 3878.674 3888.125 4064.207 4248.213
10FEB1909, 0600; 4357.959 4422.396 4469.433 4533.399 4616.601 4622.968
11FEB1909, 1800; 4519.048 4427.359 4414.994 4398.627 4326.612 4223.867
13FEB1909, 0600; 4093.774 4009.396 4084.883 4364.718 4855.895 5547.800
14FEB1909, 1800; 6212.618 6472.581 6329.488 6110.269 5995.929 5924.298
~6FEB1909, 0600; 5812.311 5712.692 5667.726 5614.384 5500.947 5331.805
17FEB1909, 1800; 5134.682 4942.747 4772.825 4634.810 4526.940 4438.737
19FEB1909, 0600; 4377.236 4362.581 4389.790 4436.584 4495.492 4551. 360
20FEB1909, 1800; 4597.939 4628.347 4632.752 4647.609 4691. 527 4770.085
22FEB1909, 0600; 4927.875 5179.808 5500.370 5816.391 5990.371 5920.200
23FEB1909, 1800; 5641. 350 5230.451 4762.754 4390.330 4172.010 3941.437
25FEB1909, 0600; 3593.729 3299.966 3164.183 3097.871 3068.931 3075.458
26FEB1909, 1800 ; 3097.251 3116.350 3123.400 3126.214 3126.967 3147.640
28FEB1909, 0600; 3214.392 3253.617 3223.970 3182.469
----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1909/6HOUR/POR-P60P2/
Start: 01MAR1909 at 0600 hours; End: 02MAR1909 at 2400 hours; Number: 8
Units: CFS Type: PER-AVER
01MAR1909, 0600; 3303.397 3734.119 4269.444 4672 .631 4867.643 4879.846
02MAR1909, 1800; 4834.625 4793.333
----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1911/6HOUR/POR-P60P2/
Start: 01MAR1911 at 0600 hours; End: 31MAR1911 at 2400 hours; Number: 124
Units: CFS Type: PER-AVER
01MAR1911, 0600; .00 .00 .00 .00 .00 .00
02MAR1911, 1800; .00 .00 .00 .00 .00 .00
04MAR1911, 0600; .00 .00 .00 .00 191.41 1317.64
05MAR1911, 1800; 3660.08 6339.00 8844.21 11246.26 13304.29 14606.66
07MAR19 11 , 0600; 14639.02 13402.93 11773.00 10300.58 8845.11 7350.51
08MAR1911, 1800; 5969.50 4791.74 3854.21 3201.18 2886.07 2796.76
10MAR1911, 0600; 2795.90 2884.27 3056.94 3832.99 6235.88 10209.08
11MAR1911, 1800; 14173.15 16397.19 15983.13 13525.40 10552.58 7865.26
13MAR1911 , 0600; 5659.58 4179.70 3325.78 2740.10 2250.30 1844.67
14MAR1911, 1800 ; 1522.13 1273.53 1086.71 937.68 809.07 709.04
16MAR1911, 0600; 640.47 574.54 493.19 418.17 367.72 328.84
17"'.AR1911 , 1800; 285.52 236.54 184.18 129.78 73.66 32.85
19"'.AR1911, 0600; 14.65 6.53 2.91 1. 30 .58 .26
20MAR1911 , 1800 ; .12 .05 .02 .01 .00 .00
22MAR1911, 0600; .00 .00 .00 .00 .00 .00
23MAR1911, 1800; .00 .00 .00 .00 .00 .00
25MAR1911, 0600; .00 .00 .00 .00 .00 .00
2 6MAR19 11 , 1800; .00 .00 .00 .00 .00 .00
28MAR1911, 0600; .00 .00 .00 .00 .00 .00
29MAR1911, 1800; .00 .00 .00 .00 .00 .00
31MAR1911, 0600; .00 .00 .00 .00
----------------------------------------------------------------------------

-
/SECTION7-WSS/GI~ CONFLNCE/FLOW-REG/01APR1915/6HOUR/POR-P60P2/
Start: 01APR1915 at 0600 hours; End: 30APR1915 at 2400 hours; Number: 120
Units: CFS Type: PER-AVER
01APR1915, 0600; 3008.001 3007.332 3005.160 2994.803 2979.926 2965.022
02APR1915, 1800; 2946.629 2927.224 2910.611 2895.016 2875.552 2861.760
04APR1915, 0600; 2841. 539 2785.903 2701.396 2628.699 2601.981 2620.397
05APR1915, 1800; 2662.160 2957.308 4325.728 6616.493 8211.832 8784.607
07APR1915, 0600; 9071.617 9197.274 9215.078 9200.129 9152.553 9057.796
08APR1915, 1800; 8902.078 8744.006 8612.647 8476.590 8318.744 8182.362
10APR1915, 0600; 8095.261 8025.858 7958.177 7933.571 7964.232 8008.556
11APR1915, 1800; 8042.823 8069.881 8092.428 8106.837 8108.628 8109.037
lJAPR1915, 0600; 8110.052 8091. 635 8052.849 8024.431 8026.025 8055.817
14APR1915, 1800; 8101. 650 8150.303 8207.878 8279.846 8356.818 8419.056



----------------------------------------------------------------------------

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01APR1917/6HOUR/POR-P60P2/
Start: 18APR1917 at 1200 hours; End: 22APR1917 at 0600 hours; Number: 16
units: CFS Type: PER-AVER
18APR1917, 1200; 25315. 25598. 27813. 33224. 38570. 39314. 36256.
20APR1917, 0600; 32694. 29229. 25576. 22417. 20208. 18809. 17895.
21APR1917, 2400; 17190. 16592.

I
I
1

I
I
I
I

I
I
I
I
I
I
I

28

28

36

13743.9
65991. 2
91677.1
51433.6

8212.182
7168.903
6896.544
6840.646
6858.967
7106.005
9003.816
8427.074
6940.591
6855.242

24162.
8639.
3539.

29220.
5560.

56842.
73269.
30208.
16717.

Number:

Number:

Number:

10119.9
52042.2
98412.4
56783.5

14867.
11675.

2508.
29744.

6873.

47729.
80680.
35131.
17356.

8339.935
7334.839
6890.646
6848.820
6854.419
7081. 555
8550.283
9106.564
7008.953
6856.694

8890.
14956.

2217.
26001.

8654.

40583.
87737.
41523.
18180.

7231.1
38945.9

100763.9
65760.1
45642.7

8416.930
7521.871
6889.099
6865.367
6854.431
7052.325
8078.089
9671. 051
7100.857
6859.898

5966.
19149.

2449.
20393.
10838.

32895.
93925.
48969.
19369.

5256.0
30962.5
93732.3
75703.3
46173.1

8450.178
7715.393
6901. 954
6884.417
6850.450
7009.512
7610.490
9924.172
7230.615
6866.714

4730.
25649.

3201.
14700.
13512.

27175.
97978.
55895.
21128.

r 62.182
94.030

I 45.535
6c99.232
6843.991
6949.155
7278.202
9810.787
7450.115
6878.014

8454.400
8056.952
7034.113
6902.599
6840.353
6889.796
7142.252
9449.990
7839.138
6899.083

16APR1915, 0600;
17APR1915, 1800;
19APR1915, 0600;
20APR1915, 1800;
22APR1915, 0600;
23APR1915, 1800;
25APR1915, 0600;
26APR1915, 1800;
28APR1915, 0600;
29APR1915, 1800;

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01FEB1920/6HOUR/POR-P60P2/
Start: 21FEB1920 at 1200 hours; End: 28FEB1920 at 0600 hours;
Units: CFS Type: PER-AVER
21FEB1920, 1200; 24308. 24705.
23FEB1920, 0600; 73823. 91901.
24FEB1920, 2400; 66910. 61522.
26FEBl920, 1800; 26451. 23497.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1918/6HOUR/POR-P60P2/
Start: 08MAR1918 at 1200 hours; End: 17MAR1918 at 0600 hours;
Units: CFS Type: PER-AVER
08MAR1918, 1200; 3990. 4185.
10MAR1918, 0600; 32055. 32105.
11MAR1918, 2400; 6209. 4453.
13MAR1918, 1800; 5908. 9757.
15MAR1918, 1200; 24123. 17851.
17MAR1918, 0600; 4523.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01JAN1916/6HOUR/POR-P60P2/
Start: 16JAN1916 at 1200 hours; End: 23JAN1916 at 0600 hours;
Units: CFS Type: PER-AVER
16JAN1916, 1200; 4010.0 4290.7
17JAN1916, 2400; 18794.0 24979.0
19JAN1916, 1200; 75464.0 83590.5
20JAN1916, 2400; 87575.8 83347.8
22JAN1916, 1200; 48879.1 47226.7

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1922/6HOUR/POR-P60P2/
Start: 16MAR1922 at 1200 hours; End: 21MAR1922 at 0600 hours; Number: 20
Units: CFS Type: PER-AVER
16MAR1922, 1200; 270. 308. 395. 562. 1070. 1995. 3570.
18MAR1922, 0600; 6110. 9351. 13294. 17080. 18060. 15815. 13067.
19MAR1922, 2400; 11139. 9559. 8300. 7444. 6818. 6357.
----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01APR1924/6HOUR/POR-P60P2/
Start: 01APR1924 at 0600 hours; End: 30APR1924 at 2400 hours; Number: 120
units: CFS Type: PER-AVER
olAPR19 24, 0600; O. o. O. O. O. 0 . O.
02APRl924, 2400; O. O. O. O. O. O. 281.



04APR1924, 1800 ; 1026. 1743. 2031. 2029. 1914. 1791. 1751.
06APR1924, 1200 ; 1794. 1882. 1970. 2027. 2062. 2106. 2179.
08APRl924, 0600; 2297. 2473. 2685. 3452. 5576. 8291. 10268.
09APRl924, 2400; 11422. 11814. 11509. 10906. 10262. 9694. 9238.
11APR1924, 1800; 8879. 8627. 8510. 8360. 7947. 7394. 6898.
13APRl924, 1200; 6498. 6203. 6003. 5939. 6020. 6180. 6280.
15APR1924, 0600: 6228. 6119. 6036. 6009. 6049. 6002. 5802.
16APRl924. 2400; 5505. 5131. 4817. 4630. 4386. 3989. 3641.
18APRl924, 1800: 3458. 3258. 2944. 2688. 2574. 2473. 2322.
20APRl924, 1200 ; 2194. 2123. 2105. 2151. 2202. 2210. 2272.
22APR1924. 0600; 2448. 2596. 2631. 2642. 2681. 2709. 2706.
23APRl924, 2400; 2680. 2623. 2571. 2547. 2530. 2514. 2502.
25APR1924. 1800; 2494. 2481. 2458. 2436. 2420. 2378. 2290.
27APR1924, 1200; 2212. 2174. 2101. 1947. 1813 . 1759. 1703.
29APR1924. 0600; 1600. 1514. 1475. 1446. 1410. 1383. 1369.
3 OAPRl924, 2400; 1362.
----------------------------------------------------------------------------

32

1395.85
31466.00
56872.79
22766.94

7450.09

Number:

746.49
26800.85
58485.91
27770.16
8955.24

332.82
19154.41
51910.05
33316.27
10774.53

66.53
10991. 24
44001. 53
39211. 42
12992.39

3.23
5506.77

38839.67
44502.50
15679.39

5370.76

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OIFEB1927/6HOUR/POR-P60P2/
Start: 14FEB1927 at 1200 hours; End: 22FEB1927 at 0600 hours;
Units: CFS Type: PER-AVER
14FEB1927, 1200; .00
15FEB1927, 2400; 2748.16
17FEBl927, 1200; 34896.88
18FEB1927, 2400; 50129.99
20FEB1927. 1200: 18783.41
21FEB1927, 2400; 6261.86

116

302.155
192.796
280.181
490.074
386.703
217.971
239.173
600.029

4421.416
5297.803
4872.965
4454.210
4955.957
4626.056
4074.097
3490.688
3525.819
4265.953
4651. 899

Number:

314.536
199.785
249.845
469.264
425.963
248.402
206.054
497.304

3989.993
5401.396
4955.572
4454.059
4825.914
4674.819
4208.992
3558.833
3425.334
4178.648
4645.555

301.656
211.027
221.530
443.182
467.537
276.574
177.115
422.999

3023.499
5449.937
5006.053
4504.752
4667.002
4718.918
4362.947
3630.293
3319.562
4098.240
4631.685

280.064
227.110
199.077
407.941
499.555
302.449
161.699
367.807

1701.386
5302.072
5048.952
4592.097
4610.070
4826.133
4434.575
3774.886
3287.639
3899.698
4609.862

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OlMAR1932/6HOUR/POR-P60P2/
Start: 01MAR1932 at 0600 hours; End: 29MAR1932 at 2400 hours;
Units: CFS Type: PER-AVER
01MAR1932, 0600; 246.000 258.490
02MAR1932, 1800; 274.539 248.197
04MAR1932, 0600; 188.739 188.112
05MAR1932, 1800; 316.096 362.060
07MAR1932, 0600; 505.883 512.115
08MAR1932, 1800; 353.851 326.998
10MAR1932, 0600; 188.352 166.686
llMAR1932, 1800; 276.246 319.023
13MAR1932, 0600; 701.700 910.855
14MAR1932, 1800; 4730.395 5017.997
16MAR1932, 0600; 5190.196 5102.905
17MAR1932, 1800; 4779.792 4693.740
19MAR1932, 0600; 4527.483 4596.558
20MAR1932, 1800; 4983.651 4940.803
22MAR1932, 0600; 4540.716 4468.557
23MAR1932, 1800; 4017.128 3936.587
25MAR1932, 0600; 3392.411 3316.222
26MAR1932, 1800;::: 3570.529 3672.927
28MAR1932, 0600; 4425.931 4558.499
29MAR1932, 1800; 4657.792 4687.571
----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OlMAR1937/6HOUR/POR-P60P2/
Start: 06MAR1937 at 1200 hours; End: 21MAR1937 at 0600 hours; Number: 60
units: CFS Type: PER-AVER
06MAR1937, 1200; O. O. O. O. O. O. O.
08MAR1937, 0600; O. O. O. O. O. O. O.
09MAR1937, 2400; O. O. O. O. O. O. O.
11MAR1937, 1800; O. O. O. 3144. 3145. 3147. 3163.
13MAR1937, 1200; 3221. 3348. 3447. 3520. 3738. 4428. 5939.
15MAR1937, 0600; 7673. 8262. 7512. 6587. 5980. 5513 • 5256.



16MAR1937, 2400;
18MAR1937, 1800;
20MAR1937, 1200;

5027.
23927.

8709.

4802.
20713.

7488.

5366.
18397.

6445.

8614.
15938.

5599.

16290.
13636.

24706.
11736.

27043.
10111.

----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1941/6HOUR/POR-P60P2/
Start: 13MAR1941 at 1200 hours; End: 18MAR1941 at 0600 hours; Number: 20
Units: CFS Type: PER-AVER
13MAR1941, 1200; 7940. 8902. 11318. 14060. 16854. 20599. 28129.
15MAR1941, 0600; 44284. 64615. 75688. 75734. 72390. 67978. 63018.
16MAR1941, 2400; 59021. 55846. 53164. 51089. 49243. 46134.

Number: 20

O. O.
O. O.
O. O.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OIAPR1965/6HOUR/POR-P60P2/
Start: 02APR1965 at 1200 hours; End: 07APR1965 at 0600 hours;
Units: CFS Type: PER-AVER
02APR1965, 1200; O. O. o. O.
03APR1965, 2400; O. O. O. O.
05APR1965, 1200; O. O. o. O.
06APR1965, 2400; O. O.

I
I
I
I
I
I
I
I
I
I

120

7724.877
4792.144
4239.974
4005.018
3954.921
3027.837
1650.880
1199.699
1326.517

998.309
624.501
359.800
198.083
901.054

1790.828
1088.773

429.573
153.414
120.399

1212.745

Number:

8247.741
4997.347
4324.767
4008.594
3970.569
3285.737
1767.592
1250.136
1356.015
1058.808

658.415
416.237
225.919
619.665

1791.552
1279.208

490.652
190.468

74.494
1037.622

8420.738
5280.132
4392.195
4016.288
3987.453
3559.114
1940.772
1312.283
1343.522
1122.824

708.172
477.172
250.295
350.831

1714.326
1486.261

570.412
227.885

57.941
829.669

8387.425
5696.541
4449.333
4036.426
3998.665
3752.506
2236.832
1364.979
1290.095
1171.553

790.193
520.691
274.451
218.273

1525.860
1628.145

698.606
262.917

60.404
646.715

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OIAPR1952/6HOUR/POR-P60P2/·
Start: 01APR1952 at 0600 hours; End: 30APR1952 at 2400 hours;
units: CFS Type: PER-AVER
01APR1952, 0600; 8346.000 8350.100
02APR1952, 1800; 6989.692 6275.133
04APR1952, 0600; 4635.519 4523.194
05APR1952, 1800; 4152.316 4080.794
07APR1952, 0600; 4002.178 3999.878
08APR1952, 1800; 3926.124 3863.742
10APR1952, 0600; 2823.034 2572.331
llAPR1952, 1800; 1526.831 1425.116
13APR1952, 0600; 1188.555 1225.023
14APR1952, 1800; 1271.786 1216.074
16APR1952, 0600; 947.711 880.998
17APR1952, 1800; 587.824 552.566
19APR1952, 0600; 324.110 300.451
20APR1952, 1800; 178.827 181.673
22APR1952, 0600; 1099.697 1291.355
23APR1952, 1800; 1755.716 1704.612
25APR1952, 0600; 961.097 843.405
26APR1952, 1800; 363.063 304.996
28APR1952, 0600; 117.485 83.429
29APR1952, 1800; 247.913 451.492

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/OIDEC1965/6HOUR/POR-P60P2/
start: 01DEC1965 at 0600 hours; End: 31DEC1965 at 2400 hours; Number: 124
Units: CFS Type: PER-AVER
01DEC1965, 0600; - .00 .00 .00 .00 .00 .00
02DEC1965, 1800; .00 .00 .00 .00 .00 .00
04DEC1965, 0600; .00 .00 .00 .00 .00 .00
05DEC1965, 1800; .00 .00 .00 .00 .00 .00
07DEC1965, 0600; .00 .00 .00 .00 .00 .00
08DEC1965, 1800; .00 .00 .00 .00 .00 .00
10DEC1965, 0600; .00 .00 .00 .00 .00 .00
11DEC1965, 1800; .00 .00 .00 .00 .00 .00
13DEC1965, 0600; .00 .00 .00 .00 .00 .00
14DEC1965, 1800; .00 .00 .00 .00 .00 .00
16DEC1965, 0600; .00 .00 .00 .00 .00 .00
17DEC1965, 1800; .00 .00 .00 .00 .00 .00
19DEC1965, 0600; .00 .00 .00 .00 .00 .00



20:lEC1965, 1800; .00 .00 .00 .00 .00 71. 48
22JEC1965. 0600; 331.08 439.08 259.51 115.72 51. 60 23.01
23JEC1965, 1800; 10.26 4.58 2.04 .91 .41 .18
25DEC1965, 0600; .08 .04 .02 .01 .00 .00
26GEC1965, 1800; .00 .00 .00 .00 .00 .00
28CEC1965, 0600; .00 .00 .00 75.89 384.31 863.43
29DEC1965, 1800; 1308.31 1596.81 1799.69 2304.31 4045.89 9C43.83
3lCEC1965. 0600; 16701. 83 22445.47 24959.78 25658.88
----------------------------------------------------------------------------
/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/OIJAN1966/6HOUR/POR-P60P2/
Start: 01JAN1966 at 0600 hours; End: 31JAN1966 at 2400 hours; Number: 124
Units: CFS Type: PER-AVER
Cl,JAN1966, 0600; 23479.41 18930.19 14756.26 11557.13 9042.96 7353.50
OZ,JAN1966, 1800; 6152.08 5146.05 4368.86 3731. 34 3138.07 2629.11
04,JAN1966. 0600; 2275.10 2064.19 1887.62 1684.07 1504.92 1380.50
C:'JAN1966. 1800; 1254.90 1096.14 954.30 861. 79 780.39 682.10
07JAN1966, 0600; 594.98 537.07 482.64 414.28 351. 69 313.67
C8,JAN1966, 1800 ; 293.77 277.09 256.17 231. 99 208.44 186.17
10JAN1966. 0600; 163.86 142.28 123.34 106.62 90.55 75.27
llJAN1966. 1800 ; 61.85 49.71 37.42 25.38 14.81 7.15
13JAN1966, 0600; 3.19 1. 42 .63 .28 .13 .06
14JAN1966, 1800 ; .03 .01 .00 .00 .00 .00
1'5J,\N1966. 0600; .00 .00 .00 .00 .00 .00
17JAN1966. 1800 ; .00 .00 .00 .00 .00 .00
19JAN1966, 0600; .00 .00 .00 .00 .00 .00
20JAN1966. 1800; .00 .00 .00 .00 .00 .00
22JAN1966, 0600; .00 .00 .00 .00 .00 .00
23';AN1966. 1800 ; .00 .00 .00 .00 .00 .00
25JAN1966. 0600; .00 .00 .00 .00 .00 .00
26J.;N1966, 1800 ; .00 .00 .00 .00 .ob .00
28':.\N1966, 0600; .00 .00 .00 .00 .00 .00
29JAN1966, 1800; .00 .00 .00 .00 .00 .00
31.JAN1966, 0600; .00 .00 .00 .00
----------------------------------------------------------------------------
/S:CTION7-WSS/GILA CONFLNCE/FLOW-REG/01MAR1966/6HOUR/POR-P60P2/
st-~t: 01MAR1966 at 0600 hours; End: 31MAR1966 at 2400 hours; Number: 124
Dc -.S: CFS Type: PER-AVER
01.1AR1966, 0600; O. O. O. O. O. O. O.
G2~lAR1966 , 2400; O. O. O. O. O. O. O.
04AAR1966, 1800; O. O. O. O. O. o. o.
06:'lAR1966, 1200; O. O. o. O. O. o. O.
03MAR1966, 0600; O. O. O. O. O. O. O.
09MAR1966, 2400; O. O. O. O. O. O. O.
lWAR1966, 1800; O. O. O. O. O. O. O.
131".AR1966, 1200; O. O. O. 173. 1008. 2435. 3574.
151".AR1966 , 0600; 4633. 6626. 8875. 10234. 10821. 10947. 10856.
16MAR1966, 2400; 10744. 10595. 10450. 10354. 10289. 10226. 10141.
18:-'.AR1966, 1800; 10031. 9906. 9754. 9566. 9324. 9075. 8904.
20~·.AR1966• 1200; 8799. 8701. 8563. 8384. 8209. 8033. 7838.
22fo'.AR1966. 0600; 7654. 7495. 7332. 7159. 6999. 6861. 6711.
2 3~.AR1966, 2400; 6523. 6322. 6117. 5905. 5683. 5449. 5233.
25AAR1966, 1800; 5059. 4911. 4786. 4682. 4572 . 4458. 4369.
27MAR1966, 1200; 4295. 4227. 4165. 4112. 4064. 4002. 3950.
29MAR1966, 0600; 3938. 3962. 3986. 3995. 4000. 4016. 4051.
30MAR1966, 2400; 4081. 4088. 4082. 4067. 4047.
----------------------------------------------------------------------------
/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1973/6HOUR/POR-P60P2/
Start: 01MAR1973 at 0600 hours; End: 31MAR1973 at 2400 hours; Number: 124
t:nits: CFS Type: PER-AVER
01fo'.AR1973. 0600; 2754. 2753. 2751. 2742. 2720. 2677. 2614.



02MAR1973, 2400; 2554. 2504. 2437. 2346. 2266. 2230. 2233.
04MAR1973, 1800; 225l. 2260. 2250. 2226. 2188. 2146. 2087.
06MAR1973, 1200 ; 1968. 1794. 1652. 159l. 1578. 1583. 1612.
08MAR1973, 0600; 167l. 1772 . 1916. 2050. 2157. 2293. 2475. I09MAR1973, 2400; 2620. 2680. 2690. 2682. 2700. 2729. 2701.
11MAR1973, 1800; 2627. 2598. 2705. 3003. 3456. 3874. 4158.
13MAR1973, 1200 ; 4428. 4764. 503l. 5130. 5126. 5087. 5049.

I15MAR1973, 0600; 5007. 4928. 481l. 4729. 4750. 4855. 5029.
16MAR1973, 2400; 527l. 5585. 5959. 6326. 6686. 7105. 7597.
18MAR1973, 1800 ; 8100. 8417. 8283. 7656. 6816. 6070. 5532.
20MAR1973, 1200 ; 5194. 4997. 4877. 4820. 4845. 4936. 5005. I22MAR1973, 0600; 5013 . 4986. 4935. 4862. 4738. 4494. 4140.
23MAR1973, 2400; 3832. 3657. 3532. 3397. 3290. 3290. 3444.
25MAR1973, 1800; 3702. 3923. 4007. 3969. 3873. 3795. 3763.

I27MAR1973, 1200; 3749. 3742. 3799. 3914. 4056. 4258. 4490.
29MAR1973, 0600; 4793. 5332. 6030. 6520. 6688. 6692. 7500.
30MAR1973, 2400; 9745. 11740. 1257l. 13030. 13254.
---------------------------------------------------------------------------- I
/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/01APR1973/6HOUR/POR-P60P2/
Start: 01APR1973 at 0600 hours; End: 30APR1973 at 2400 hours; Number: 120
Units: CFS Type: PER-AVER I01APR1973, 0600; 13405. 1383l. 14573. 15303. 15571. 1539l. 15030.
02APR1973, 2400; 14573. 14003. 13385. 12802. 12287. 11842. 11482.
04APR1973, 1800; 11203. 10979. 10798. 10662. 10573. 1053l. 10535. I06APR1973, 1200; 10580. 10666. 10798. 10985. 11265. 11644. 12053.
08APR1973, 0600; 12434. 12772. 13067. 13275. 13299. 13083. 12715.
09APR1973, 2400; 12352. 12089. 11938. 11869. 11894. 12077. 12435.

I11APR1973, 1800; 12897. 13369. 13775. 14089. 14353. 1465l. 15072 .
13APR1973, 1200; 15660. 16342. 17052. 17805. 18559. 19272. 19848.
15APR1973, 0600; 19954. 19452. 18697. 17967. 1726l. 16633. 16116.
16APR1973, 2400; 15674. 15337. 15133. 14996. 14890. 14867. 14961. I18APR1973, 1800; 15124. 15246. 1519l. 14890. 14412. 13856. 13269.
20APR1973, 1200; 12672 . 12072 . 11468. 10889. 10364. 9900. 9520.
22APR1973, 0600; 9242. 9054. 8929. 8850. 8835. 8915. 9095.

I23APR1973, 2400; 934l. 9626. 9937. 10263. 10589. 10896. 1116l.
25APR1973, 1800; 11377. 11574. 11805. 12109. 12461. 12756. 12885.
27APR1973, 1200; 12833. 12695. 12578. 12559. 12718. 13060. 13498.
29APR1973, 0600; 1396l. 14424. 14872. 15279. 15630. 15922. 16168. I30APR1973, 2400; 16390.
----------------------------------------------------------------------------
/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/01MAR1978/6HOUR/POR-P60P2/
Start: 01MAR1978 at 0600 hours; End: 31MAR1978 at 2400 hours; Number: 124
Units: CFS Type: PER-AVER
01MAR1978, 0600; 2354. 221l. 1869. 1563. 1730. 9559. 32362.
02MAR1978, 2400; 51736. 53828. 56506. 62314. 59017. 48369. 36344.
04MAR1978, 1800; 2742l. 2195l. 17867. 14809. 12807. 12525. 14827.
06MAR1978, 1200; 18542. 20505. 19746. 17763. 15437. 13323. 11829.
08MAR1978, 0600; 10556. 9099. 757l. 6236. 5245. 4565. 4050.
09MAR1978, 2400; - 3632. 3342. 3155. 2966. 2733. 2555. 2469.
11MAR1978, 1800; 2404. 2336. 233l. 2475. 2852. 3427. 3963.
13MAR1978, 1200 ; 4412. 4992. 5624. 5959. 5937 • 572l. 5447.
15MAR1978, 0600; 523l. 5025. 4688. 4270. 3932. 369l. 3414.
16MAR1978, 2400; 3046. 2715. 2503. 2325. 2113. 1928. 1805.
18MAR1978, 1800 ; 1685. 1537. 141l. 1343. 131l. 1284. 1268.
20MAR1978, 1200; 1264. 1262. 1262. 1283. 1333. 1420. 1548.
22MAR1978, 0600; 1740. 1978. 2293. 2737. 3173. 3853. 5284.
23MAR1978, 2400; 7014. 7936. 774l. 6797. 5613. 4785. 4371-
25MAR1978, 1800; 3926. 3294. 2739. 2415. 2187. 1942. 1732 .
27MAR1978, 1200; 1599. 1483. 1343. 1222. 1151. 1100. 1044.
29MAR1978, 0600; 995. 963. 936. 902. 870. 844. 814.
30MAR1978, 2400; 775. 738. 704. 653. 582.



----------------------------------------------------------------------------

124

O.
O.
O.
O.
O.
O.
O.
O.
O.

10545.
20930.
27899.
14810.
13748.
12850.

9370.
6759.

Number:

O.
O.
O.
O.
O.
O.
O.
O.
O.

8930.
14804.
31031.
15284.
13849.
12955.
10295.

6805.

O.
O.
O.
O.
O.
O.
O.
O.
O.

6385.
11926.
33693.
16011.
13963.
13075.
11248.

6879.
4813.

O.
O.
O.
O.
O.
O.
O.
O.
O.

3582.
9812.

35313.
17195.
14082.
13174.
12103.

7005.
6197.

O.
O.
O.
O.
O.
O.
O.
O.
O.

1444.
8653.

35243.
19078.
14186.
13281.
12605.

7265.
6700.

/SECTION7-WSS/GILA CONFLNCE/FLOW-REG/01DEC1978/6HOUR/POR-P60P2/
Start: 01DEC1978 at 0600 hours; End: 31DEC1978 at 2400 hours;
Units: CFS Type: PER-AVER
01DEC1978, 0600; O. O.
02DEC1978, 2400; O. O.
04DEC1978, 1800; O. O.
06DEC1978, 1200; O. O.
08DEC1978, 0600; O. O.
09DEC1978, 2400; O. O.
11DEC1978, 1800; O. O.
13DEC1978, 1200; O. O.
15DEC1978, 0600; O. O.
16DEC1978, 2400; O. 347.
18DEC1978, 1800; 10609. 9406.
20DEC1978, 1200; 28744. 33542.
22DEC1978, 0600; 24643. 21642.
23DEC1978, 2400; 14499. 14305.
25DEC1978, 1800; 13617. 13440.
27DEC1978, 1200; 12790. 12753.
29DEC1978, 0600; 8502. 7767.
30DEC1978, 2400; 6728. 6709.
----------------------------------------------------------------------------

124

2538.
1414.
1188.
1276.
1296.
1165.
1084.
931.

3919.
38457.
36028.
16424.
13926.
13190.
11715.

7294.
6989.

Number:

2953.
1536.
1192 .
1264.
1326.
1196.
1095.

943.
1930.

39584.
39720.
17285.
14065.
13236.
12473.

7495.
7004.

3410.
1619.
1202.
1235.
1358.
1211.
1100.

969.
1269.

31252.
41444.
18510.
14224.
13329.
12945.

7864.
7026.
3223.

3584.
1717.
1221.
1203.
1369.
1220.
1108.
1000.
1026.

19440.
40232.
20480.
14484.
13441.
13104.
8435.
7057.
3550.

3593.
1937.
1247.
1191.
1360.
1241.
1119.
1018.

942.
12359.
36705.
23400.
14848.
13531.
13132.

9170.
7092.
4360.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01JAN1979/6HOUR/POR-P60P2/
Start: 01JAN1979 at 0600 hours; End: 31JAN1979 at 2400 hours;
Units: CFS Type: PER-AVER
01JAN1979, 0600; 3646. 3479.
02JAN1979, 2400; 2367. 2204.
04JAN1979, 1800; 1316. 1273.
06JAN1979, 1200; 1189. 1191.
08JAN1979, 0600; 1293. 1330.
09JAN1979, 2400; 1283. 1267.
11JAN1979, 1800; 1138. 1128.
13JAN1979, 1200; 1056. 1031.
15JAN1979, 0600; 924. 916.
16JAN1.979, 2400; 6882. 9387.
18JAN1979, 1800; 34102. 33577.
20JAN1979, 1200; 31557. 27174.
22JAN1979, 0600; 15769. 15269.
23JAN1979, 2400; 13763. 13623.
25JAN1979, 1800; 13168. 13150.
27JAN1979, 1200; 10862. 10002.
29JAN1979, 0600; 7187. 7129.
30JAN1979, 2400; 6678. 5660.

116

.0

.0

.0

.0

.0

.0

.0

.0
6806.5

111550.5
64914.8
57451. 6

Number:

.0

.0

.0

.0

.0

.0

.0

.0
4041. 5

93561.6
69969.4
56177.9

.0

.0

.0

.0

.0

.0

.0

.0
2121.2

69632.8
77782.9
56039.2

.0

.0

.0

.0

.0

.0

.0

.0
789.8

44867.4
88008.7
57050.8

.0

.0

.0

.0

• 0
.0
.0
• 0

115.3
23868.7

100910.9
58926.5

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01FEB1980/6HOUR/POR-P60P2/
Start: 01FEB1980 at 0600 hours; End: 29FEB1980 at 2400 hours;
Un i ts: CFS :: Type: PER-AVER
01FE81980, 0600; .0
02FE81980, 1800; .0
04FE81980, 0600; .0
05FEB1980, 1800; .0
07FE81980, 0600; .0
08FE81980, 1800; .0
10FE81980, 0600; .0
11FE81980, 1800; .0
13FE81980, 0600; .0
14FEB1980, 1800; 11885.4
16FE81980, 0600; 113093.6
17FEB1980, 1800; 61498.0



19FEB1980, 0600;
20FEB1980, 1800;
22FEB1980, 0600;
23FEB1980, 1800;
25FEB1980, 0600;
26FEB1980, 1800;
28FEB1980, 0600;
29FEB1980, 1800;

59702.3
91605.4
68758.1
56879.8
23378.7
18781.5
18073.5
17080.8

62073.8
95055.0
66118.6
53241. 7
21778.8
18480.6
17868.9
17013.8

63850.9
92500.2
64261. 7
46583.2
20749.1
18321. 7
17568.0

67300.7
85586.3
62564.8
38172.7
20057.6
18255.0
17303.5

74734.6
78470.3
60824.5
30929.8
19566.2
18211.6
17169.7

84009.2
72859.3
58981. 5
26141.6
19160.6
18165.3
17120.1

I
I
I
I
I
I

124

124

524.94
6992.50
7480.77
6289.90
5930.15

846.26
390.41
357.59
256.21
249.91
148.75
141. 91

40.75
38.02
38.00
57.85

1041.78
21344.28
15891. 78

9351. 30

6046.
15926.
19232.
13175.
10462.

9277.
7040.
6713 .
6495.
5130.
8284.
9326.

13137.
17989.
17044.
15991.
15474.

Number:

Number:

6484.
12852.
20144.
14085.
10678.

9374.
7196.
6809.
6527.
5154.
8195.
8877.

12655.
17343.
17333.
16104.
15518.

286.83
6296.48
7286.19
6587.15
5945.34
1071.83

429.65
359.55
259.03
251. 45
152.21
143.46

44.21
38.05
38.00
45.14

661.04
18490.46
17499.50
10196.58

7146.
10289.
21181.
15039.
10920.

9512.
7798.
6909.
6523.
5331.
8054.
8631.

12164 •
16469.
17662.
16241.
15694.
17484.

95.95
5054.00
7197.28
6959.79
5966.01
1573.65

484.35
361. 60
264.78
252.57
159.61
144.59

51.61
38.11
38.00
39.11

404.13
14341.18
18921. 20
11149.62

7588.85

7530.
8467.

22100.
16002.
11175.

9686.
8624.
6985.
6525.
5601.
7810.
8532.

1164 3.
15610.
18013.
16382.
15885.
16944.

8.01
3489.80
7267.26
7288.75
5996.76
2814.40
543.61
363.80
280.70
253.64
178.47
145.69
70.47
38.24
38.00
38.00

203.84
9821.13

20208.55
12180.65

7833.90

7635.
7501.

22455.
16939.
11458.

9880.
9068.
7017.
6554.
5924.
7227.
8473.

11092.
14862.
18297.
16512.
15952.
16365.

.00
2015.37
7339.23
7507.11
6045" 52
4522.91

614.28
367.97
313.43
254.44
211.55
146.55
103.55

38.55
38.00
38.00
96.70

5498.24
21593.10
13253.77
8170.66

jSECTION7-WSSjGlLA CONFLNCEjFLOW-REGj01MAR1983j6HOURjPOR-P60P2j
Start: 01MAR1983 at 0600 hours; End: 31MAR1983 at 2400 hours;
Units: CFS Type: PER-AVER
01MAR1983, 0600; 7646. 7644.
02MAR1983, 2400; 6314. 6925.
04MAR1983, 1800; 19178. 21594.
06MAR1983, 1200; 18491. 17773.
08MAR1983, 0600; 12404. 11841.
09MAR1983, 2400; 10270. 10079.
11MAR1983, 1800; 9209. 9162.
13MAR1983, 1200; 7016. 7012.
15MAR1983, 0600; 6641. 6593.
16MAR1983, 2400; 6403. 6215.
18MAR1983, 1800; 5449. 6265.
20MAR1983, 1200; 8353. 8416.
22MAR1983, 0600; 9904. 10509.
23MAR1983, 2400; 13636. 14203.
25MAR1983, 1800; 18310. 18404.
27MAR1983, 1200; 16810. 16641.
29MAR1983, 0600; 15921. 15922.
30MAR1983, 2400; 15597. 15900.

Start: 01DEC1983 at 0600 hours;
Units: CFS Type: PER-AVER
01DEC1983, 0600; .00
02DEC1983, 1800; 1001. 00
04DEC1983, 0600; 7274.31
05DEC1983, 1800; 7582.72
07DEC1983, 0600; 6126.14
08DEC1983, 1800; 5642.53
10DEC1983, 0600; 702.84
llDEC1983, 1800; 374.27
13DEC1983, 0600; 345.27
14DEC1983, 1800; 254.99
16DEC1983, 0600; 239.91
17DEC1983, 1800; 147.23
19DEC1983, 0600; 131.91
20DEC1983, 1800; _ 39.23
22DEC1983, 0600; 38.01
23DEC1983, 1800; 38.00
25DEC1983, 0600; 73.92
26DEC1983, 1800; 2340.04
28DEC1983, 0600; 22326.24
29DEC1983, 1800; 14438.99
31DEC1983, 0600; 8663.53

jSECTION7-WSSjGlLA CONFLNCEjFLOW-REGj01DEC1983j6HOURjPOR-P60P2j
End: 31DEC1983 at 2400 hours;

jSECTION7-WSSjGlLA CONFLNCEjFLOW-REGj01MAR1985j6HOURjPOR-P60P2j
Start: 01MAR1985 at 0600 hours; End: 31MAR1985 at 2400 hours; Number: 124
units: CFS Type: PER-AVER
01MAR1985, 0600; 2414. 2418. 2438. 2488. 2576. 2687. 2799.



02MAR1985, 2400;
04MAR1985, 1800;
06MAR1985, 1200;
08MAR1985, 0600;
09MAR1985, 2400;
11MAR1985, 1800;
13MAR1985, 1200;
15MAR1985, 0600;
16MAR1985, 2400;
18MAR1985, 1800;
20MAR1985, 1200;
22MAR1985, 0600;
23MAR1985, 2400;
25MAR1985, 1800;
27MAR1985, 1200;
29MAR1985, 0600;
30MAR1985, 2400;

2914.
2833.
2056.
1760.
1678.
3481.

15637.
11171.

9881.
12000.
10226.

9075.
8177.
4966.
4840.
4696.
4541.

3030.
2718.
2013 .
1746.
1693.
4470.

14754.
10398.
10267.
11819.

9974.
8907.
7613 .
4908.
4796.
4677.
4537.

3123.
2598.
1979.
1738.
1719.
5822.

14096.
9790.

10778.
11635.

9786.
8771.
6555.
4884.
4693.
4651.
4528.

3157.
2456.
1947.
1734.
1761.
7722.

13780.
9398.

11459.
11390.

9665.
8655.
5726.
4863.
4575.
4622.
4509.

3124.
2319.
1903.
1730.
1858.

10520.
13 4 56.
9248.

12115.
11115.

9565.
8545.
5402.
4853.
4541.
4589.
4481.

3049.
2209.
1840.
1716.
2129.

13872.
12857.

9326.
12396.
10819.
9434.
8438.
5206.
4856.
4606.
4561.

2950.
2121.
1786.
1688.
2678.

15800.
12041.

9563.
12254.
10515.

9263.
8333.
5056.
4852.
4679.
4547.

124

.000

.000

.000

.000

.000

.000

.000

.000

.000
3458.694
2478.405
1744.567
1025.609

723.222
2133.136
3095.955
2245.187
1645.303
3054.209
3244.083

Number:

.000

.000

.000

.000

.000

.000

.000

.000

.000
3141.994
2662.893
1854.195
1153.798

720.294
1773.990
3232.591
2381. 835
1676.437
2708.486
3512.196

.000

.000

.000

.000

.000

.000

.000

.000

.000
2064.827
2870.250
1965.616
1286.585

740.853
1441.006
3297.899
2504.192
1732.529
2353.646
3689.593
2288.135

.000

.000

.000

.000

.000

.000

.000

.000

.000
667.316

3095.192
2078.521
1411. 608

779.457
1147.291
3196.938
2631.283
1818.253
2033.795
3716.412
2476.071

.000

.000

.000

.000

.000

.000

.000

.000

.000
24.611

3312.321
2194.609
1525.685

837.273
915.819

2905.534
2778.557
1942.071
1793.289
3590.593
2693.989

Start: 01MAR1992 at 0600 hours;
Units: CFS Type: PER-AVER
01MAR1992, 0600; .000
02MAR1992, 1800; .000
04MAR1992, 0600; .000
05MAR1992, 1800; .000
07MAR1992, 0600; .000
08MAR1992, 1800; .000
10MAR1992, 0600; .000
llMAR1992, 1800; .000
13MAR1992, 0600; .000
14MAR1992, 1800; .000
16MAR1992, 0600; 3444.912
17MAR1992, 1800; 2323.906
19MAR1992, 0600; 1635.136
20MAR1992, 1800; 917.814
22MAR1992, 0600; 775.521
23MAR1992, 1800; 2518.621
25MAR1992, 0600; 2939.526
26MAR1992, 1800; 2092.632
28MAR1992, 0600; 1667.612
29MAR1992, 1800; 3356.770
31MAR1992, 0600; 2955.445

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1992/6HOUR/POR-P60P2/
End: 31MAR1992 at 2400 hours;

----------------------------------------------------------------------------

124

.0

.0

.0
1797.9

37238.5
79505.5
53551. 7
48805.8
24673.6
31316.9
47823.3
73209.1
60464.0
24989.0
17438.0

Number:

.0

.0

.0
754.6

14773.0
90471.3
54422.5
49882.9
26322.1
30030.0
33862.1
73314.5
64952.9
29183.1
17771.7

.0

.0

.0
246.2

10664.1
104937.1

57596.8
51580.6
30477.0
27830.8
26731.0
72782.2
67696.6
35777.3
18150.7

.0

.0

.0
37.3

9241. 5
122354.7

61585.1
53132.1
37102.0
25597.6
26275.4
70270.4
69144.5
43695.8
18949.3

.0

.0

.0

.0
6878.1

122442.6
66610.6
54061. 7
43730.3
24474.0
28458.0
66542.6
70670.2
50498.2
20407.4

Start: 01JAN1993 at 0600 hours;
units: CFS Type: PER-AVER
olJAN1993, 0600; .0
02JAN1993, 1800; _ .0
04JAN1993, 0600; - .0
05JAN1993, 1800; .0
07JAN1993, 0600; 3987.2
08JAN1993, 1800; 84487.3
10JAN1993, 0600; 72450.2
l1JAN1993, 1800; 54085.8
13JAN1993, 0600; 47534.8
14JAN1993, 1800; 24314.9
16JAN1993, 0600; 30764.0
17JAN1993, 1800; 60349.5
19JAN1993, 0600; 72367.8
20JAN1993, 1800; 55586.4
22JAN1993, 0600; 22379.2

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01JAN1993/6HOUR/POR-P60P2/
End: 31JAN1993 at 2400 hours;



23JAN1993, 1800;
25JAN1993, 0600;
26JAN1993, 1800;
28JAN1993, 0600;
29JAN1993, 1800;
31JAN1993, 0600;

17078.8
15678.1
14455.3
13948.6
11849.8
8287.7

16790.7
15459.3
14314.8
13905.8
11076.3

8136.5

16586.5
15173.1
14226.0
13854.9
10358.2
8117.0

16377.9
14916.5
14154.0
13727.8

9699.7
8144.8

16114.6
14752.1
14071.1
13344.7
9109.5

15869.0
14615.4
13997.5
12656.5
8619.9

----------------------------------------------------------------------------

112

8684.7
6121.0
4563.9
4181. 9
5050.9

25836.7
27885.6
19002.8
13105.8
12766.2
13043.0
11729.1
38610.8
62336.3
24157.4
17427.7
15660.3
14788.2

Number:

8708.6
7218.8
4651. 6
4232.4
4700.1

22738.2
30008.5
20083.5
13724.9
12434.5
13257.5
11671.3
26071.8
75031.2
28483.1
17995.2
15865.1
14872.7

8653.1
814 7.7
4762.0
4283.2
4272.7

16582.1
30501. 2
21630.1
14436.3
12088.2
13337.5
11867.7
19854.0
94206.3
34277.3
18852.8
16096.4
14985.1
14739.3

8502.1
8488.2
4896.7
4353.9
4025.7

10347.5
29793.0
23027.5
15484.4
11880.6
13302.0
12142.7
16230.1

102012.4
40339.8
19722.8
16449.1
15082.3
14738.8

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01FEB1993/6HOUR/POR-P60P2/
Start: 01FEB1993 at 0600 hours; End: 28FEB1993 at 2400 hours;
Units: CFS Type: PER-AVER
01FEB1993, 0600; 8199.2 8320.4
02FEB1993, 1800; 8621.3 8552.7
04FEB1993, 0600; 5427.6 5091.8
05FEB1993, 1800; 4499.2 4433.0
07FEB1993, 0600; 4119.3 4063.2
08FEB1993, 1800; 5488.3 6747.9
10FEB1993, 0600; 27015.5 28437.1
11FEB1993, 1800; 25392.1 23949.7
13FEB1993, 0600; 18071.5 16837.5
14FEB1993, 1800; 12487.8 12010.7
16FEB1993, 0600; 13027.6 13199.6
17FEB1993, 1800; 12752.1 12443.2
19FEB1993, 0600; 12331.5 13718.4
20FEB1993, 1800; 59921. 7 86134.7
22FEB1993, 0600; 54376.2 46812.8
23FEB1993, 1800; 21672.9 20494.3
25FEB1993, 0600; 17131.6 16841.2
26FEB1993, 1800; 15414.8 15205.8
28FEB1993, 0600; 14755.0 14744.4

124

15202.
14110.
11401.

8684.
8747.
9041.
8837.
6249.
5643.
7433.
8962.
8551.
8016 .
7823.
7854.
9038.

10594.

Number:

15065.
14548.
11840.

8815.
8684.
9034.
8994.
6395.
5710.
7046.
8898.
8705.
8051.
7851.
7803.
8791.

10326.

14969.
15018.
12234.

8994.
8641.
9010.
9012.
6590.
5817.
6577 .
8767.
8872 •
8086.
7873.
7778.
8539.

10123.
10929.

14910.
15336.
12639.

9210.
8617.
8959.
9019.
6860.
5932.
6308.
8576.
8981.
8142.
7903.
7769.
8357.
9950.

10942.

14850.
15434.
13055.

9574.
8607.
8898.
9025.
7191.
6013.
6157.
8266.
9022.
8240.
7936.
7764.
8225.
9710.

10950.

/SECTION7-WSS/GlLA CONFLNCE/FLOW-REG/01MAR1993/6HOUR/POR-P60P2/
Start: 01MAR1993 at 0600 hours; End: 31MAR1993 at 2400 hours;
Units: CFS Type: PER-AVER
01MAR1993, 0600; 14753. 14791.
02MAR1993, 2400; 15330. 15410.
04MAR1993, 1800; 13776. 13447.
06MAR1993, 1200; 10831. 10158.
08MAR1993, 0600; 8625. 8609.
09MAR1993, 2400; 8806. 8850.
11MAR1993, 1800; 9042. 9035.
13MAR1993, 1200; 8338. 7673.
15MAR1993, 0600; 6150. 6080.
16MAR1993, 2400; 5692. 5917.
18MAR1993, 1800; 7639. 7895.
20MAR1993, 1200; 8993. 9019.
22MAR1993, 0600; 8448. 8354.
23MAR1993, 2400; 7984. 7961.
25MAR1993, 1800; 7786. 7764.
27MAR1993, 1200; - 7947. 8085.
29MAR1993, 0600; 9231. 9439.
30MAR1993, 2400; 10822. 10929.
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I

INTRODUCTION

Purpose

1. The purpose of this appendix is to document the hydraulic analysis completed in support of
the Tres Rios Feasibility Study. The hydraulic analysis was conducted to (I) determine without
project conditions, (2) to analyze various channel restoration alternatives, and (3) to analyze the
recommended plan. Detailed hydraulic documentation and calculations are maintained in the
Hydrology and Hydraulics Section files.

Description of Study Area

2. The study area is located at the confluence of the Salt, Gila, and Agua Fria Rivers,
immediately west of the City of Phoenix, Arizona. Because of the confluence of the three ri"ers
within this close proximity, the study area has been identified as "Tres Rios."

3. Tres Rios is approximately nine miles west of downtown Phoenix. The upstream boundary of
the study area is located at 87th Avenue, just upstream of where the City of Phoenix operates a
wastewater treatment plant. The study area extends west from the treatment plant for
approximately seven miles through the confluence of both the Gila and Agua Fria Rivers. The
study area ends near Bullard Avenue. The Buckeye Irrigation Company diversion canal set\'es
as the location of the end of the study area. The Gila River Indian Community (GRlC) ison the
South bank of the Salt and Gila Rivers from 83'd Avenue to 1I51h Avenue.

STUDY METHODOLOGY

Guidance

4. The hydraulic design was prepared following the guidance contained in EM 1110-2-1601,
"Hydraulic Design of Flood Control Channels" (Reference a). Additional guidance was provided
by EM 1110-2-1619, "Risk-Based Analysis for Flood Damage Reduction Studies" (Reference b).

Analysis and Design Tools

5. The computer program HEC-RAS (Reference c) was used for the hydraulic analysis. An
existing conditions HEC-2 (Reference d) model was imported into HEC-RAS and modified for
the alternatives analysis (Reference e). The original HEC-2 model was from the Tres Rios Flood
Control Technical:Committee (Reference I).

Hydrology and Design Discharges



6. The following table summarizes the discharges that were analyzed for the model. The
methodologies and assumptions used to determine these discharges are documented in the
Hydrology Appendix.

Table I. Discharge-Frequency Values

Return Period (Years)
Location

5 10 20 50 100 200 500

Salt R.
19,500 49,000 82,000 130,000 162,000 198,000 235,000

above
GilaR.

cfs cfs cfs cfs cfs cfs cfs

Gila R.
23,500 57,000 92,000 185,000 227,000 243,000 285,000

below
Salt R.

cfs cfs cfs cfs cfs cfs cfs

Sediment Transport

7. Results of the existing conditions sedimentation analyses are documented in Reference e. The
overall trend of the study area is deposition with a change in average bed elevation on the order
of three tenths of a foot. Not counting the upstream most cross-section, maximum changes in
average bed elevations are less than three feet for deposition and less than two feet for erosion.

8. Due to time constraints, a detailed sediment transport analysis was not completed for the
with-project conditions phase of the study. This will be done during the Preconstruction
Engineering and Design (PED) phase of the study using the computer program HEC-6
(Reference g). The existing conditions sediment transport study results were used to determine
the Operation and Maintenance requirements as discussed in this report.

Interior Drainage

9. A detailed interior drainage study was not completed for this phase of the study. Instead,
results from a previous study done by Dibble and Associates for the Flood Control District of
Maricopa County (Reference h) as well as information generated to determine the quantity (both
peak and volume) of urban runofffor the Rio Salado Study were used to formulate a preliminary
interior drainage analysis.

10. In lieu of any information concerning the "best" locations for connecting interior runoff to
the Salt and Gila Rivers along the levee alignment, the tributary area and magnitude of flow at
each incremental mile, from 91st Avenue to the end-of-the-levee in the vicinity of Dysart Road,
was determined. The presumption was that the levee tie-in at the wastewater treatment plant
(9lst Avenue) would result in runoff upstream of the plant going directly to the river. The
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incremental interior drainage area estimates were based upon a drainage subarea map and flow
network contained in a report by Dibble & Associates for the Flood Control District of Maricopa
County, FLOODPLAIN DELINEATION OF THE TOLLESON AREA (Figure 2). That study
indicated runoff from most of the area to the north of the river is intercepted by the Buckeye
Feeder Canal and other drains, including roadways, etc. Hence, very little runoff is currently
able to cross Southern Avenue and drain to the Gila River in this vicinity. In some instances the
gradient to the river is actually adverse.

II. Estimates of interior area peak discharge and associated 24-hour runoff volume were based
upon drainage area versus discharge relationships (Figures 3-1 and 3-3) developed for the Rio
Salado restoration study and documented in the Technical Appendices (Appendix A) to support
the Feasibility Study (dated April 1998).

12. Interior runoff to the Salt and Gila Rivers is presumed to occur under several differing
scenariOs:

• During winter months (typically) when large general storms, or a series of such, which may
include accumulation and subsequent melt of snowpack, result in releases from the Salt River
Project reservoirs to the Salt River and/or Coolidge Dam to the Gila River, there may be
coincident runoff from the interior areas. While river stages may be high for an extended
period, the quantity and intensity of accompanying general storm precipitation is usually
reduced in low elevation areas tributary to the river without production of significant interior
runoff peaks and volumes. Allowance of sufficient area to detain the 24-hour local storm
volume should be more than sufficient to detain the resulting general storm runoff, ifhigh
river stages preclude inflow.

• During mid-to-Iate summer months monsoonal patterns may result in intense, short-duration
thunderstorms, or decaying tropical storms with significant precipitation. During such
events, river stages are usually low, since upstream reservoirs are drawn-down and have
space available to store runoff. In addition, interior runoff would normally reach the river
prior to any mainstem high stages (e.g. October 1983), due to much shorter travel time.

The results presented here are based upon the latter scenario, and provide information to design
outlet capacity and detention space to safely accommodate a 100-year local event.

13. Some runoff upstream of Southern Avenue at the first/easternmost location is included in
case it is able to bypass the wastewater treatment plant in order to be a little "conservative".
Also, the methodology used was developed for the Phoenix urban area, and would likely result in
an overestimation'ofrunofffrom the area just north of the river; this also provides a factor-of
safety in making the initial interior drainage estimate. Table II summarizes the results of the
IOO-yr peak and volume estimates at several street crossings.

14. Impoundment areas were sized based on the volumes given in Table II. The impoundment
areas necessary were reduced to account for the capacity of the drain. However, the minimum
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impoundment volume was not reduced below 10 ac-ft to allow for sufficient head to drive the
water. Assuming a 1 ft depth, the required impoundment area for 99'h Avenue and 107'h Avenue
is 54 acres and 25 acres, respectively. Similarly, the required impoundment area for 11S,h
Avenue, El Mirage Road, and Dysart Road is 10 acres each.

15. Pipe sizes, slopes, and lengths were determined based on the surrounding ground. Based on
the analysis, 2-24" reinforced concrete pipes (RCP's) with lengths of280 ft and 440 ft would be
required at 99'h Avenue and I07'h Avenue, respectively. Similarly, 1-24" RCP would "be required
at 11S'h Avenue, EI Mirage Road, and Dysart Road, with lengths of 200 ft, 100 ft, and 500 ft,
respectively.

HYDR<\ULIC ANALYSIS

Existing Conditions

16. The existing conditions hydraulic analysis is documented in Reference e. The existing
capacity of the river is less than the 100-yr flood event. There is an existing levee on the right
bank adjacent to the Holly Acres subdivision. This levee would not be subject to overtopping
since it would be flanked by flows less than the 100-yr flood event. It is, therefore, not a factor
'in the determination of benefits. Based on these factors, a reliability analysis of the existing
levee would not be required.

17. Proposed levee improvements as discussed in the various alternatives below would extend
and raise the existing levee to prevent design flows from breaking out and flanking the levee.

BoundalJ' Conditions

18. A stage-discharge rating curve was used at the downstream end of the study. The starting
\\"ater surface elevations were based on the existing conditions model.

Bridge Modeling

19. The 116'h Avenue bridge is the only bridge in the study reach. The energy method was used
to model the bridge in HEC-RAS. Since the bridge piers are 10-ft wide, a standard debris
loading was not used.

Determination of Manning's Roughness Coefficient

20. The existing conditions Manning's roughness coefficients ("n values") were used. Cowan's
method (Reference I) was used to estimate the "n value" for the different environnlental features.
By this procedure, the "n value" may be computed by

11 ; (110 + 11, + 11; +113 + l1,}mj

4



"'here 110 is a basic "n value" for a straight, uniform, smooth channel in the natural materials
involved, 11, is a value added to 110 to correct for the effect of surface irregularities, 11, is a value
for variations in shape and size of the channel cross section, 11; is a value for obstructions. 11, is a
\'alue for vegetation and flow conditions, and m, is a correction factor for meandering of the
channel. For this study, it was determined that 110=0.028 (coarse gravel), 11,=0.002-0.005 (smooth
to minor gravel bars), 11,= 0.000 (gradual variation in cross-section), I1J=0.005-0.015 (negligible
to minor effect of obstructions), 11,=0.000-0.050 (none to very high vegetation), and 1Il,= 1.0
(minor).

Environmental Features

21. Open Water Ponds. Open water ponds are proposed within the river. The original concept
design for the ponds is an open water area with a marsh terrace on both sides. The open water
area is 2 ft below the elevation of the marsh terrace, with a bottom width of 300 to 500 ft, and
sideslopes of 3 horizontal to 1 vertical. The marsh terrace is 2 ft below the existing ground
surface, with a width of lOft on each side of the open water area, and sideslopes of 3 horizontal
to 1 vertical. See the Design Appendix for a typical section.

22. To simplify the coding into HEC-RAS, several minor modifications were done. The
topwidth of the open water ponds was assumed to be the width measured from the GIS maps.
The sideslopes were assumed vertical. The marsh terraces were set at 100 ft on each side. The
bottom width of the pond varies. Profiles were drawn for the centerline, left perimeter, and right
perimeter elevations. The depth of cut was then determined by drawing a best fit line which is at
least 5 ft below the lower of the centerline, left perimeter, or right perimeter elevation. The
bottom elevation of each pond was assumed to be flat.

23. For the open water areas, the "n-value" is 0.035 (110=0.028,11,=0.002,11,= 0.000, I1J=0.005,
11,=0.000, and m,= 1.0). For the marsh areas, the "n-value" is 0.048 (110=0.028, 11,=0.005, 11,=
0.000,11;=0.005,11,=0.010, and m,= 1.0).

24. Cottonwood Willow Corridors. Cottonwood and willow corridors are proposed within the
river. The original concept design for the corridors is a trapezoidal low flow channel in the
center of the corridor with a cottonwood willow terrace on both sides. The low flow channel is 4
ft below the terrace, with a bottom width of 20 ft, and sideslopes of 2 horizontal to I vertical.
The terrace is 3 ft below the existing ground surface, with a width of 75 ft on each side of the low
flow channel, and sideslopes of 3 horizontal to I vertical. See the Design Appendix for a typical
section.

25. To simplify the coding into HEC-RAS, several minor modifications were done. The
topwidth of the corridors were set at 220 ft wide, regardless of the width of the corridors as
shown in the GIS maps. This was agreed upon by the study team since some of the corridors
shown on the GIS maps were incorrectly drawn. The sideslopes were not modeled, i.e. they were
assumed vertical. The terrace width were set at 100 ft on each side of the 20 ft low flow channel.
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Profiles were drawn for the centerline, left perimeter, and right perimeter elevations. The depth
of cut was then determined by drawing a best fit line which is at least 7 ft below the lower of the
centerline, left perimeter, or right perimeter elevation.

26. Due to variations in the natural topography and the way that the corridors were aligned, the
elevation of the low flow channel of a corridor mayor may not be higher than the elevation of
the low flow channel of the corridor immediately upstream of it. If this was done, this would
result in extremely deep cuts below the existing ground. This is a design detail that may be
examined in the next phase of the study.

27. The "n-value" of the open water areas is 0.035 (110=0.028,11,=0.002, 11}= 0.000, 11 3=0.005,
11,=0.000, and 1115= 1.0). The "n-value" of the collonwood willow area is 0.100 (110=0.028,
11,=0.005, 11}= 0.000, 11]=0.015, 11,=0.050, and 1115= 1.0).

28. Wetland Basins. Wetland basins are proposed outside the right bank of the river. The
original concept design for the basins has a 500 ft bollom width, a 4 to 5 ft depth from the ground
surface to the bottom of the basin, and sideslopes of2 horizontal to I vertical. See the Design
Appendix for a typical section.

29. To simplify the coding into HEC-RAS, several minor modifications were done. The
topwidth of the basins were based on the GIS mapping. The basin was assumed rectangular, i.e.,
the bottom width of the basin was assumed to be the same as the topwidth. Profiles were dra\\"n
for the centerline, left perimeter, and right perimeter elevations. The depth of cut was then
determined by drawing a best fit line which is at least 5 ft below the lower of the centerline. left
perimeter, or right perimeter elevation.

30. Marsh type vegetation is assumed to be in the basin. The "n-value" for the basin is 0.048.
(11 11=0.028,11,=0.005, 11}= 0.000, 11]=0.005, 11,=0.010, and 111;= 1.0).

31. Connecting Streams. The connecting streams between the environmental features were not
modeled since they are relatively narrow compared to the total width of the river. However, the
contraction and expansion ratios were increased from 0.1 to 0.2, and OJ to 0.4, respectively. to
simulate the boundary between the environmental features.

Alternatives

32. The study team identified 3 main alternatives to be analyzed for the study (Alternatives 3, 4,
and 3.5), with numerous variations of each. Alternatives 3, 4, and 3.5 include the environnlental
features described above. In addition, two different levee alignments, and removal of a landfill
within the river was explored. The naming conventions in parentheses is for HEC-RAS model
identification. See the Main Report for a plan view of Alternatives 3, 4, and 5. Plates 1 and 2
and Tables 2 and 3 summarize results for the 1OO-year discharge only. In general, results for the

6



other discharges follow a similar trend to the IOO-year discharge. Results for other discharges
are available in the Hydrology and Hydraulics Section files.

33. Alternative 3, Without Levee (Alternative 3B). The purpose of this alternative is to
determine the impact of the environmental features and channel clearing to the water surface.
This alternative includes the open water ponds, cottonwood willow corridors, and wetland basins
as shown in the GIS maps. The existing conditions model channel geometry was modified to add
the environmental features. New levees were not included in this alternative.

34. Comparisons were made between the 1OO-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.7 ft, 0.1 to 1.0 ft, 0.1 to 0.4
ft, and 0.1 to 0.4 ft, from Stations 196.42 to 197.35, 198.2 to 200.1, 200.58 to 201.33, and 202.09
to 204.42, respectively. The water surface decreased 0.1 to 0.5 ft, 0.2 to 0.5 ft, and 0.1 to 0.7 ft.
from Stations 197.45 to 198.11,200.2 to 200.49, and 201.43 to 201.99, respectively.

35. As expected, the water surface decreased at a few locations due to the addition of the.
environmental features, vegetation clearing, and excavation. However, the water surface also
increased at several locations. This was mainly due to the increase in the composite channel "n
value." This caused the water surface to increase as described above. Except at some locations,
the vegetation clearing and excavation was not enough to offset the increase in the composite
channel "n-values" to decrease the water surface. One reason for the increase in the composite
channel "n-value" is that some of the environmental features, particularly the cottonwood \I'illoll'
corridor, had a higher an-value" than some of the existing vegetation. Another reason. and more
importantly, is that the environmental features and additional planting actually encroached on
existing clear areas.

36. Alternative 3. Without Levee, Without Landfill (Alternative 3F). This alternative is similar
to "Alternative 3, Without Levee (Alternative 3B)," but in addition, an existing landfill between
Stations 198.02 to 198.59 was removed from the model geometry. The purpose of this
alternative is to determine the hydraulic impacts of removing the landfill. The limits and depth
of excavation of the landfill was based on existing HEC-2 models from the Tres Rios Flood
Control Technical Committee (Reference f). The expansion and contraction coefficients were
increased to simulate the transition between the landfill excavation and existing ground.

37. Comparisons were made between the IOO-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.7 ft, 0.1 to 0.5 ft, 0.1 to 0.4
ft, and 0.1 to 0.4 ft, from Stations 196.42 to 197.35, 198.94 to 200.1, 200.58 to 201.33, and
202.09 to 204.42, respectively. The water surface decreased 0.1 to 2.0 ft, 0.2 to 0.5 ft, and 0.1 to
0.7 ft, from Stations 197.45 to 198.85,200.2 to 200.49, and 201.43 to 201.99, respectively.
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38. As expected, the water surface decreased in the immediate vicinity of the excavated landfill
by as much as 2.0 ft. The effect of the landfill removal on decreasing the water surface extends
to Station 200.1, or about 1.5 miles upstream. Upstream of Station 200.1 and downstream of
Station 198.02, the water surface is similar to "Alternative 3, Without Levee (Alternative 3B).'·

39. Alternative 3, With Levee Alignment I (Alternative 3D). This alternative is similar to
"Alternative 3, Without Levee (Alternative 3B)," but in addition, a levee is proposed on the north
bank of the river. The purpose of this model is to determine the overall impacts of adding the
environmental features, channel clearing, channel excavation, and north bank levee to the water
surface.

40. The levee alignment is based on Levee Alignment I as described in the Tres Rios Flood
Control Technical Committee (Reference I). Alignment I follows the north river bank from 91"
Avenue to the existing Holly Acres Levee at 113'h Avenue. It then follows the existing levee
alignnlent (existing levee proposed to be raised) from 113'h Avenue to El Mirage Road. From EI
Mirage Road the levee continues along the north bank to Dysart Road. The levee then follo\\"5
Dysart Road north for 3500 ft.

41. The minimum top of levee elevations were determined by using Federal Emergency
Management Agency (FEMA) criteria (Reference j). At the upstream end of the levee, 3.5 ft of
freeboard was added to the IOO-yr water surface. The freeboard tapers down to 3.0 ft at the
downstream end of the levee. For simplicity in calculating quantities, 3.25 ft offreeboard· was
used in the volume calculations. For a distance of 100 ft upstream and downstream of the 116'h
Avenue bridge, 4 ft of freeboard was used.

42. It is expected that the levee would be armored, but the armoring type or quantity was not
analyzed for this phase of the study. This will be done during the next phase of the study when
the sediment analysis is completed to determine the required toe depth of the armoring.

43. Comparisons were made between the 100-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 3.5 ft and 0.1 to 0.3 ft, from
Stations 196.42 to 201.52 and 201.99 to 204.42, respectively. The water surface decreased
0.1 to 0.3 ft from Station 201.62 to 201.9.

44. As expected, the constriction caused by the levee increased the water surface throughout the
study reach, except for a few locations. The effect of the environmental features, vegetation
clearing, and exca"ation was not enough to offset the constriction caused by the levee.

45. Since the levee is designed to only contain flows up to the 1OO-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 3,
Without Levee (Alternative 3B)."
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46. Alternative 3. With Levee Alilmment I. Without Landfill (Alternative 3Gl. This alternati\'e
is similar to "Alternative 3, With Levee Alignment I (Alternative 3D)," but in addition, an
existing landfill between Stations 198.02 to 198.59 was removed from the model geometry. The
purpose of this alternative is to determine the hydraulic impacts of removing the landfill. The
limits and depth of excavation of the landfill was based on existing HEC-2 models from the Tres
Rios Flood Control Technical Committee (Reference f). The expansion and contraction
coefficients were increased to simulate the transition between the landfill excavation and existing
ground.

47. Comparisons were made between the 1OO-yr existing conditions and the 1OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 1.1 ft, 0.1 to 2.9 ft, and 0.1 to
0.3 ft, from Stations 196.42 to 198.2, 198.75 to 201.52, and 201.99 to 204.42, respectively. The
water surface decreased 0.1 to 1.3 ft and 0.1 to 0.3 ft, from Station 198.26 to 198.66 and 201.62
to 201.9, respectively.

48. As expected, the water surface decreased in the immediate vicinity of the excavated landfill
by as much as 1.7 ft. The effect of the landfill removal on decreasing the water surface extends
to Station 201.52, or about 2.9 miles upstream. Upstream of Station 201.52 and downstream of
Station 198.02, the water surface is similar to "Alternative 3, With Levee Alignment 1
(Alternative 3D)."

49. Since the levee is designed to only contain flows up to the 100-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 3.
Without Levee, Without Landfill (Alternative 3F)."

50. Alternative 3. With Levee Alignment 2 (Alternative 3Hl. This alternative is similar to
"Alternative 3, Without Levee (Alternative 3B)," but in addition, a levee is proposed on the north
bank of the river. The purpose of this model is to determine the overall impacts of adding the
environmental features, chatUlel clearing, chatUlel excavation, and north bank levee to the water
surface.

51. The levee alignment is based on Levee Alignment 2 as described in the Tres Rios Flood
Control Technical Committee (Reference f). Alignment 2 follows the north river bank from 91"
Avenue to the existing Holly Acres Levee at I 13 th Avenue. It then follows the existing levee
alignment (existing levee proposed to be raised) from I 13th Avenue to EI Mirage Road. The
levee then turns north along El Mirage Road to Southern Avenue and follows Southern Avenue
west to Dysart Road. It then follows Dysart Road north for 3000 ft.

52. The minimum top of levee elevations were determined by using Federal Emergency
Management Agency (FEMA) criteria. At the upstream end of the levee, 3.5 ft of freeboard was
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added to the 1OO-yr water surface. The freeboard tapers down to 3.0 ft at the downstream end of
the levee. For simplicity in calculating quantities, 3.25 ft of freeboard was used in the volume
calculations. For a distance of 100 ft upstream and downstream of the 116'h Avenue bridge, 4 ft
of freeboard was used.

53. It is expected that the levee would be armored, but the armoring type or quantity were not
analyzed for this phase of the study. This will be done during the next phase of the study when
the sediment analysis is completed to determine the required toe depths.

54. Comparisons were made between the 1OO-yr existing conditions and the IOO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.8 ft, 0.1 to 3.2 ft, and 0.1 to
0.3 ft, from Stations 196.42 to 197.45, 197.74 to 201.52, and 201.99 to 204.42, respectively. The
water surface decreased 0.0 to 0.1 ft and 0.0 to OJ ft, from Station 197.54 to 197.64 and 201.62
to 201.9, respectively.

55. As expected, the constriction caused by the levee increased the water surface throughout the
study reach, except for a few locations. The effect of the environmental features, vegetation
clearing, and excavation was not enough to offset the constriction caused by the levee. Howewr,
the increase in the water surface with this alternative is lower than with "Alternative 3, With
Levee Alignment I (Alternative 3D)."

56. Since the levee is designed to only contain flows up to the 1OO-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 3.
Without Levee (Alternative 3B)."

57. Alternative 3. With Levee Alignment 2. Without Landfill (Alternative 31). This alternati\'e
is similar to "Alternative 3, With Levee Alignment 2 (Alternative 3H)," but in addition, an
existing landfill between Stations 198.02 to 198.59 was removed from the model geometry. The
purpose of this alternative is to determine the hydraulic impacts of removing the landfill. The
limits and depth of excavation of the landfill was based on existing HEC-2 models from the Tres
Rios Flood Control Technical Committee (Reference I). The expansion and contraction
coefficients were increased to simulate the transition between the landfill excavation and existing
ground.

58. Comparisons were made between the I OO-yr existing conditions and the 1OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.8 ft, O. I to 0.4 ft, 0.1 to 2.9
ft, and 0.1 to 0.3 ft, from Stations 196.42 to 197.45, 197.74 to 198.1 1,198.75 to 201.52, and
201.99 to 204.42, respectively. The water surface decreased 0.0 to 0.1 ft, 0.3 to 1.7 ft, and 0.1 to
0.3 ft, from Station 197.54 to 197.64, 198.2 to 198.66, and 201.62 to 201.9, respectively.
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59. As expected, the water surface decreased in the immediate vicinity of the excavated landfill
by as much as 1.3 ft. The effect of the landfill removal on decreasing the water surface extends
to Station 201.62, or about 3.0 miles upstream. Upstream of Station 201.62 and downstream of
Station 198.02, the water surface is similar to "Alternative 3, With Levee Alignment 2
(Alternative 3H)."

60. Since the levee is designed to only contain flows up to the 1OO-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 3,
Without Levee, Without Landfill (Alternative 3F)."

61. Alternative 4. Without Levee (Alternative 4B). The purpose of this alternative is to
determine the impact of the environmental features and channel clearing to the water surface.
This alternative includes the open water ponds, cottonwood willow corridors, and wetland basins
as shown in the GIS maps in the Main Report. There are several differences between
Alternatives 3 and 4. In this alternative, the environmental features are at different locations.
The cottonwood willow corridors are used more extensh'ely in this alternative, particularly
downstream of 116'h Avenue. Also, there are more wetland basins in the right overbank. The
existing conditions HEC-RAS model channel geometry was modified to add the environmental
features. ew levees were not included in this alternative.

62. Comparisons were made between the IOO-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.6 ft and 0.1 to 0.5 ft, from
Stations 196.61 to 197.16 and 198.34 to 199.34, respectively. The water surface decreased 0.1 to
0.3 ft and 0.1 to 3.2 ft, from Stations 197.26 to 198.3 and 199.53 to 203.09, respectively.

63. As expected, the water surface decreased throughout most of the study reach due to the
addition of the environmental features, vegetation clearing, and excavation. However, the water
surface also increased at several locations. This was mainly due to the increase in the composite
channel "n-value." This caused the water surface to increase as described above. At these
locations, the vegetation clearing and excavation was not enough to offset the increase in the
composite channel "n-values" to decrease the water surface. One reason for the increase in the
composite channel "n-value" is that some of the environmental features, particularly the
cottonwood willow corridor, had a higher "n-value" than some of the existing vegetation.
Another reason, and more importantly, is that the environmental features and additional planting
actually encroached on existing clear areas.

64. Alternative 4. ·Without Levee. Without Landfill (Alternative 4F). This alternative is similar
to "Alternative 4, Without Levee (Alternative 4B)," but in addition, an existing landfill between
Stations 198.02 to 198.59 was removed from the model geometry. The purpose of this
alternative is to determine the hydraulic impacts of removing the landfilL The limits and depth
of excavation of the landfill was based on existing HEC-2 models from the Tres Rios Flood
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Control Technical Committee (Reference'f). The expansion and contraction coefficients were
increased to simulate the transition between the landfill excavation and existing ground.

65. Comparisons were made between the 1OO-yr existing conditions and the 1OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.6 ft from Station 196.61 to
197.16. The water surface decreased 0.1 to 3.2 ft from Station 197.26 to 203.09.

66. As expected, the water surface decreased in the immediate vicinity of the excavated landfill
by as much as 2.8 ft. The effect of the landfill removal on decreasing the water surface extends
to Station 200.1, or about 1.5 miles upstream. Upstream of Station 200.1 and downstream of
Station 198.02, the water surface is similar to "Alternative 4, Without Levee (Alternative 4B)."

67. Alternative 4. With Levee Alignment 1 (Alternative 401. This alternative is similar to
"Alternative 4, Without Levee (Alternative 4B)," but in addition, a levee is proposed on the north
bank of the river. The purpose of this model is to determine the overall impacts of adding the
environmental features, channel clearing, channel excavation, and north bank levee to the water
surface.

68. The levee alignment and minimum elevations is similar to "Alternative 3, With Levee
Alignment 1 (Alternative 3D)." It is expected that the levee would be armored, but the armoring
type or quantity were not analyzed for this phase of the study. This will be done during the next
phase of the study when the sediment analysis is completed to determine the required toe depths.

69. Comparisons were made between the 1OO-yr existing conditions and the 1OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 2.1 ft from Station 196.61 to
200.1, The water surface decreased 0.1 to 3.0 ft from Station 200.2 to 203.09.

70. As expected, the constriction caused by the levee increased the water surface upstream of
Station 200.1. Upstream of Station 200.1, the effect of the environmental features, vegetation
clearing, and excavation was enough to offset the constriction caused by the levee. This was not
the case downstream of Station 200.1.

71. Since the levee is designed to only contain flows up to the I OO-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 4,
Without Levee (Alternative 4B)."

72. Alternative 4, With Levee Alignment 1. Without Landfill (Alternative 4G). This alternative
is similar to "Alternative 4, With Levee Alignment 1 (Alternative 40)," but in addition, an
existing landfill between Stations 198.02 to 198.59 was removed from the model geometry. The
purpose of this alternative is to determine the hydraulic impacts of removing the landfill. The
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limits and depth of excavation of the landfill was based on existing HEC-2 models from the Tres
Rios Flood Control Technical Committee (Reference f). The expansion and contraction
coefficients were increased to simulate the transition between the landfill excavation and existing
ground.

73. Comparisons were made between the 100-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.8 ft and 0.1 to 0.9 ft, from
Stations 196.61 to 199.02 and 198.94 to 200, respectively. The water surface decreased 0.2 to
2.1 ft and 0.1 to 3.1 ft, from Station 198.11 to 198.85 and 200.1 to 203.09, respectively.

74. As expected, the water surface decreased in the immediate vicinity of the excavated landfill
by as much as 2.1 ft. The effect of the landfill removal on decreasing the water surface extends
to Station 201.81, or about 3.2 miles upstream. Upstream of Station 201.81 and downstream of
Station 198.02, the water surface is similar to "Alternative 4, With Levee Aligrunent I
(Alternative 40)."

75. Since the levee is designed to only contain flows up to the 100-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated ,,"ith the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternati"e 4,
Without Levee, Without Landfill (Alternative 4F)."

76. Alternative 4. With Levee Alignment 2 (Alternative 4H). This alternative is similar to
"Alternative 4, Without Levee (Alternative 4B)," but in addition, a levee is proposed on the nOl1h
bank of the river. The purpose of this model is to determine the overall impacts of adding the
em'irorunental features, channel clearing, channel excavation, and nOl1h bank levee to the water
surface.

77. The levee aligrunent and minimum elevations is similar to "Alternative 3, With Levee
Aligrunent 2 (Alternative 3H)." It is expected that the levee would be armored, but the armoring
type or quantity were not analyzed for this phase of the study. This will be done during the next
phase of the study when the sediment analysis is completed to determine the required toe depths.

78. Comparisons were made between the 100-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 1.9 ft from Station 196.61 to
200.1. The water surface decreased 0.1 to 3.1 ft from Station 200.2 to 203.09.

79. As expected, the constriction caused by the levee increased the water surface upstream of
Station 200.1. Upstream of Station 200.1, the effect of the envirorunental features, vegetation
clearing, and excavation was enough to offset the constriction caused by the levee. This was not
the case downstream of Station 200.1.
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80. Since the levee is designed to only contain flows up to the IOO-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 4,
Without Levee (Alternative 4B)."

81. Alternative 4. With Levee Alignment 2, Without Landfill (Alternative 41). This alternative
is similar to "Alternative 4, With Levee Alignment 2 (Alternative 4H)," but in addition, an
existing landfill between Stations 198.02 to 198.59 was removed from the model geo[l1etry. The
purpose of this alternative is to detennine the hydraulic impacts of removing the landfill. The
limits and depth of excavation of the landfill was based on existing HEC-2 models from the Tres
Rios Flood Control Technical Committee (Reference f). The expansion and contraction
coefficients were increased to simulate the transition between the landfill excavation and existing
ground.

82. Comparisons were made between the I OO-yr existing conditions and the I OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
6 for the following discussion. The water surface increased 0.1 to 0.6 ft and 0.1 to 0.9 ft. from
Stations 196.61 to 199.02 and 198.94 to 200, respectively. The water surface decreased 0.5 to
2.5 ft and 0.1 to 3.1 ft, from Station 198.11 to 198.85 and 200.1 to 203.09, respectively.

83. As expected, the water surface decreased in the immediate vicinity of the excavated landfill
by as much as 2.5 ft. The effect of the landfill removal on decreasing the water surface extends
to Station 200.86, or about 2.3 miles upstream. Upstream of Station 200.86 and downstream of
Station 198.02, the water surface is similar to "Alternative 4, With Levee Alignment 2
(Alternative 4H)."

84. Since the levee is designed to only contain flows up to the IOO-year event, it is expected that
the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the with project, but without levee conditions, i.e. "Alternative 4,
Without Levee, Without Landfill (Alternative 4F)."

85. Alternative 3.5, Without Levee (Alternative 3.5B). The purpose of this alternative is to
determine the impact of the environmental features and channel clearing to the water surface.
This alternative includes the open water ponds, cottonwood willow corridors, and wetland basins
as shown in the GIS maps in the Main Report. This alternative is a combination of Alternatives
3 and 4. That is, the location and size of the environmental features are similar to Alternatives 3
and 4. There are more open water ponds than cottonwood willow corridors in this alternative,
similar to Alternative 3. The wetland basins in the right overbank are similar in size and
configuration to Alternative 4. The existing conditions HEC-RAS model channel geometry was
modified to add the environmental features. New levees were not included in this alternative.

86. Comparisons were made between the I OO-yr existing conditions and the I OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Table? for
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the follo\\'ing discussion. The water surface increased 0.1 to 0.4 ft and 0.1 ft, from Stations
198.59 to 199.3 and 203.09 to 203.29, respectively. The water surface decreased 0.1 to 2.2 ft. 0.1
to 3.9 ft. and 0.1 ft, from Stations 196.42 to 198.49. 199.34 to 202.99, and 203.39 to 204.25.
respectively.

87. As expected, the water surface decreased throughout most of the study reach due to the
addition of the environmental features, \'egetation clearing, and excavation. However, the \\'ater
surface also increased at several locations. This was mainly due to the increase in the composite
channel "n-value." This caused the water surface to increase as described above. At these
locations, the vegetation clearing and excavation was not enough to offset the increase in the
composite channel "n-values" to decrease the water surface. One reason for the increase in the
composite channel "n-value" is that some of the environmental features, particularly the
cottonwood willow corridor, had a higher "n-value" than some of the existing vegetation.
Another reason, and more importantly, is that the environmental features and additional planting
actually encroached on existing clear areas.

88. Unlike Alternatives 3 and 4, the without-landfill alternatives were not analyzed under
alternative 3.5. Instead, levees with different levels of protection were investigated. These with
levee alternatives are discussed below.

89. Alternative 3.5. With Levee Alignment 1 (Alternative 3.50). This alternative is similar to
"Alternative 3.5, Without Levee (Alternative 3.58)," but in addition, a levee is proposed on the
north bank of the river. The purpose of this model is to deternline the overall impacts of adding
the environmental features, channel clearing, channel excavation, and north bank levee to the
water surface. This is the recommended alternative.

90. The levee alignment is similar to "Alternative 3, With Levee Alignment 1 (Alternative 3D)."
However, the minimum levee elevations are based on uncertainty analysis. The 50-year, 50%
confidence, 100-year, 95% confidence, and 500-year, 50% confidence levee elevations were
analyzed. It is expected that the levees would be armored, but the armoring type or quantity was
not evaluated for this phase of the study. This will be done during the next phase of the study
when the sediment analysis is completed to determine the required toe depths.

91. Comparisons were made between the I OO-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Table 7 for
the following discussion. The water surface increased 0.2 to 1.0 ft, 0.4 to 2.3 ft, and 0.1 ft from
Stations 197.83 to 198.11, 198.34 to 199.53, and 203.09 to 203.29, respectively. The water
surface decreased Q.1 to 2.5 ft, 0.1 to 0.2 ft, 0.1 to 2.9 ft, and 0.1 ft from Stations 196.42 to
197.42,198.2 to 198.3, 199.63 to 202.99, and 203.39 to 204.25, respectively.

92. As expected, the constriction caused by the levee increased the water surface upstream of
Station 197.74. Upstream of Station 199.63, the effect of the environmental features, vegetation
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clearing, and excavation was enough to offset the constriction caused by the levee. This was not
the case downstream of Station 199.63.

93. The 50-year, 50% confidence levee elevation corresponds with the 50-year computed water
surface elevation, i.e., no freeboard is added. See Table 10 for the minimum recommended leyee
elevations at the index locations. Since the levee is designed to only contain flows up to the 50
year event, it is expected that the 100-,200-, and 500-yr flows would break out. The water
surface elevations associated with the flood events that breakout should be similar to Jhe with
project, but without levee conditions, i.e. "Alternative 3.5, Without Levee (Alternative 3.5B):·

94. The IOO-year, 95% confidence levee elevation corresponds with the 100-year computed
water surface elevation plus two standard deviations of uncertainty. In this case, two standard
deviations of uncertainty equal approximately 2.0 to 2.2 ft. See Table 10 for the minimum
recommended levee elevations at the index locations. Since the levee is designed to only contain
flows up to the 1OO-year event, it is expected that the 200- and 500-yr flows would break out.
The water surface elevations associated with the flood events that breakout should be similar to
the with project, but without levee conditions, i.e. "Alternative 3.5, Without Levee (Alternatiye
3.5B)."

95. The 500-year, 50% confidence levee elevation corresponds with the 500-year computed
water surface elevation, i.e., no freeboard is added. See Table 10 for the minimum recommended
levee elevations at the index locations.

96. To aid in plan formulation and identify the NED plan, 50% confidence levee elevations for a
flood event greater than the 500-year event were computed. An iterative process was used to
determine a "target" discharge so that the 50% greater than 500-year levee elevations matched
the 1OO-1'r 95% levee elevations. The resulting discharges for the Salt River was 290,000 cfs and
340,000 cfs above and below the Gila River confluence, respectively. See Table 13 for the
resulting minimum recommended levee elevations.

97. Alternative 3.5. With Levee Alignment 2 (Alternative 3.5H). This alternative is similar to
"Alternative 3.5, Without Levee (Alternative 3.5B)," but in addition, a levee is proposed on the
north bank of the river. The purpose of this model is to determine the overall impacts of adding
the environmental features, channel clearing, channel excavation, and north bank levee to the
water surface.

98. The levee alignment is similar to "Alternative 3, With Levee Alignment 2 (Alternative 3H)."
However, the minimum levee elevations are based on uncertainty analysis. The 50-year, 50%
confidence, 100-year, 95% confidence, and 500-year, 50% confidence levee elevations were
analyzed. It is expected that the levees would be armored, but the armoring type or quantity was
not evaluated for this phase of the study. This will be done during the next phase of the study
when the sediment analysis is completed to determine the required toe depths.
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99. Comparisons were made between the IOO-yr existing conditions and the 1OO-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Table 7 for
the following discussion. The water surface increased OJ to 2.2 ft, and 0.1 ft from Stations
198.34 to 199.53, and 203.09 to 203.29, respectively. The water surface decreased 0.1 to 2.2 ft.
0.1 to 2.8 ft, and 0.1 ft from Stations 196.42 to 198.3, 199.63 to 202.99, and 203.39 to 204.25.
respecti vel y.

100. As expected, the constriction caused by the levee increased the water surface upstream of
Station 198.3. Upstream of Station 199.63, the effect of the environmental features, vegetation
clearing, and excavation was enough to offset the constriction caused by the levee. This was not
the case downstream of Station 199.63.

101. The 50-year, 50% confidence levee elevation corresponds with the 50-year computed \\'ater
surface elevation, i.e., no freeboard is added. See Table 10 for the minimum recommended le"ee
elevations at the index locations. Since the levee is designed to only contain flows up to the 50
year event, it is expected that the 100-,200-, and 500-yr flows "'ould break out. The water
surface elevations associated with the flood events that breakout should be similar to the \\'ith
project, but without levee conditions, i.e. "Alternative 3.5, Without Levee (Alternative 3.5B)."

I02. The 1OO-year, 95% confidence levee elevation corresponds with the IOO-year computed
water surface elevation plus two standard deviations of uncertainty. In this case, two standard
deviations of uncertainty equal approximately 2.0 to 2.2 ft. See Table 10 for the minimum
recommended levee elevations at the index locations. Since the levee is designed to only contain
flows up to the 1OO-year event, it is expected that the 200- and 500-yr flows would break out.
The water surface elevations associated with the flood events that breakout should be similar to

the with project, but without levee conditions, i.e. "Alternative 3.5, Without Levee (Alternati"e
3.5B)."

103. The 500-year, 50% confidence levee elevation corresponds with the 500-year computed
\\'ater surface elevation, i.e., no freeboard is added. See Table 10 for the minimum recommended
levee elevations at the index locations.

104. Existing Conditions. With Levee Alignment I. The purpose of this alternative is to
detennine the impact of adding a levee in the study reach without the environmental features,
vegetation clearing, and excavation.

105. The levee alignment and minimum elevations is similar to "Alternative 3, With Levee
Alignment I (Alte_mative 3D)." It is expected that the levee would be annored, but the annoring
type or quantity was not analyzed for this phase of the study. This will be done during the next
phase of the study when the sediment analysis is completed to detennine the required toe depths.

106. Comparisons were made between the IOO-yr existing conditions and the 100-yr with project
conditions water surfaces. Refer to Plate 4 (HEC-RAS cross-section locations) and Tables 5 and
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6 for the following discussion. The water surface increased 0.0 to 2.5 ft from Station 197.26 to
202.99. This is expected since the levee causes a constriction of the flow.

107. Since the levee is designed to only contain flows up to the IOO-year event, it is expected
that the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the without project conditions, previously documented in
Reference e.

108. Existing Conditions. With Levee Alignment 2. The purpose of this alternative is to
determine the impact of adding a levee in the study reach without the environmental features.
vegetation clearing, and excavation.

109. The levee alignment and minimum elevations is similar to "Alternative 3, With Levee
Alignment 2 (Alternative 3H)." It is expected that the levee would be armored, but the armoring
type or quantity was not analyzed for this phase of the study. This will be done during the next
phase of the study when the sediment analysis is completed to determine the required toe depths,
110. Comparisons were made between the I OO-yr existing conditions and the I OO-yr with project
conditions water surfaces. The water surface increased 0.0 to 2.5 ft from Station 197.26 to
202.99. However, water surfaces downstream ofEI Mirage Road are lower with this levee
alignment than with levee alignment I.

I II. Since the levee is designed to only contain flows up to the 1OO-year event, it is expe,cted
that the 200- and 500-yr flows would break out. The water surface elevations associated with the
breakout should be similar to the without project conditions, previously documented in
Reference e.

Flood Inundation Duration Analysis

112. As stated above, Alternative 3.50 is the recommended alternative. Since this alternati,'e
,,'ould induce flooding at a short reach on the left bank. detailed flood inundation maps were
developed at this particular location. The duration of flooding above the existing conditions was
also determined. Since hydrographs were only available for pre-determined flood frequency
events, the following simplified procedure was followed to estimate the duration of flooding.

113. The duration of inundation caused by Alternative 3.50 was calculated. Using the
Alternative 3.50 HEC-RAS geometric model with a modified flow data model, the water surface
elevation was reduced to the existing condition level by reducing the flowrate. The 100-year
flowrate at Gila River below Salt River was reduced from 227,000 cfs to 175,000 cfs in order to
bring the water surface elevation down to the existing condition level. Likewise, the 50- and 20
year flowrates at Gila River below Salt River were reduced from 185,000 cfs to 155,000 cfs and
92,000 cfs to 88,000 cfs, respectively.
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114. Since a hydrograph at this location was not available, the IOO-year hydrograph at Salt River
above Gila River was used to estimate duration of inundation. The peak flowrate at this location
is 164,000 cfs. The ratio of 164,000 cfs to 227,000 cfs (0.7225) was applied to 175,000 cfs,
resulting in a target discharge of 126,000 cfs. Plate 6 displays the graphical analysis to determine
an oveI1opping duration of 13 hours for the I OO-year event. Plates 7 and 8 show the duration of
flood for the 50-year and 20-year event, respectively. The duration calculated from the
graphical analysis was multiplied by 0.75 to account for the transient conditions of the rising and
falling limb of the hydrograph. Table 14 summarizes the results for all three cases. Plates 9 to
12 are detailed floodplain maps at this location.

RISK AND UNCERTAINTY ANALYSIS

115. Procedures outlined in EM 1110-2-1619, "Risk-Based Analysis for Flood Damage
Reduction Studies" (Reference b), were followed to determine the standard deviation for
computed water surface profiles at specific index locations. Specifically, Section 5-4,
"UnceI1ainty in Stage for Ungauged Stream Reaches," and Section 5-5, "UnceI1ainty in Stages
for Computed Water Surface Profiles," were followed. Only the 100-year event standard
deviation was calculated using these methods since the computer program HEC-FDA (Reference
k) would adjust the standard deviation for the other stage discharge values. For discharge values
greater than the I OO-year event discharge, the standard deviation is assumed equal to the standard
deviation of the I OO-year event discharge. For discharge values smaller than the I OO-year event
discharge, the standard deviation is the standard deviation of error associated with the 100-year
eV'ent discharge multiplied by the ratio of the given discharge to the 100-year event discharge..'\
summary of the unceI1ainty analysis for the different alternatives at the index locations is
presented in Table 8. The standard deviation for each alternative is tabulated under the column
heading "Statal."

OPERATION AND MAINTENANCE

116. Due to time constraints during this phase of the study, a with-project sediment analysis \I'as
not completed. Instead, results from the existing conditions sediment analysis (Reference e)
were used to determine the frequency in which the environmental features within the riv'er would
have to be excavated due to sediment deposition. Basically, the total volume of the
environmental features within the channel was divided by the average annual volume of sediment
accumulation in the study area to obtain the number of years before the environmental features
fill up with sediment. Note that the frequency of vegetation replacement was not analyzed in this
study.

=
117. The average annual sediment accumulation in the study area is based on results from an
existing conditions HEC-6 model (Reference e). In the study, a continuous 50-year hydrograph
was constructed from discharge hydrographs developed by the Corps to include the effects of
flow regulation upstream at Roosevelt Dam. The data consisted of historical flows between 1889
and 1993. Within this lOS-year time span, the "worst case" continuous 50-year period, in tenns
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of both peak flows and storm volumes, occurred between 1889 and 1939. Therefore, the 50-year
period from 1889 to 1939 was selected for the simulation. To determine the average annual
yolume, the total volume of sediment accumulated in the study area at the end of the simulation
(from the HEC-6 $VOL record) was divided by 50 years. The average annual volume of
sediment that accumulates in the study area is 50,041 cubic yards (cy) per year.

118. The volume of excavation for the environmental features within the river is from the
Design/Cost Appendix. The volume of the environmental features were added and divided by
the average annual sediment volume. See Table 12 for a summary of the results of the analysis.
As shown in Table 12, excavation for the environmental features within the channel for
Alternatives 3, 4, and 3.5, would have to be done every 21.3, 28.4, and 70.1 years, respectively.
The above procedure for removal of the sediment assumes that the environmental features would
be filled to capacity before being excavated. This, of course, would not be practical. Further
guidance is needed to determine how often and at what point the environmental features would
need to be excavated.

119. Note that the 50-year simulation did not include flows higher than 170,000 cfs. Including
higher flows would likely affect the results of the sediment analysis. This would have to be done
during the next phase of the study.

CONCLUSIONS

120. In general, the decrease in the water surface associated with Alternative 4 is greater than
with Alternative 3. Alternative 3 and all its variations actually raised the water surfaces higher
than the without project conditions. The water surface associated with Alternative 3.5 is
comparable to Alternative 4.

l21. As expected, the with-levee alternatives generally increased the water surface as compared
to the without-levee alternatives. The environnlental features in Alternative 3 were not enough
to offset the constriction caused by the levee. The same could be said for Alternative 4, except
that upstream of I07'h Avenue, the water surfaces were generally lower than without project
conditions.

122. The with-levee alternatives using levee alignment 2 had lower water surfaces than the with
levee alternatives using levee alignment 1. This was expected since levee alignnlent 2 used some
of the existing floodplain as conveyance area.

123. Since the with-levee alternatives increase the water surface above the existing 100-year
water surface at some locations, a levee on the south side may be needed for mitigation.

124. Removing the existing landfill between Station 198.02 and 198.59 not only decreased the
water surface in the immediate vicinity of the excavation, but up to 3.2 miles upstream.
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125. Due to irregularities in the natural river bottom, the bottom of the connected ponds,
corridors, or basins are not always in a positive slope going downstream. Doing so may require
unrealistically deep excavations. It is recommended that the designer of the environmental
features not only use the plan view but also the profiles of the existing river bottom when
designing the environmental features. It is recommended that the downstream environnlental
features be lower than the upstream environmental features. A continuous clear corridor may be
more feasible. These changes would likely increase the conveyance capacity of environmental
features.

126. The environmental features would essentially be holes in the ground. This translates into
sediment traps and may fill in even during small events. This was examined briefly in the
Operation and Maintenance part of this report. This will be explored in detail in the next phase
of the study when the sediment analysis is completed.
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Tahle 2
Alternative 3 Hydraulic Pertinent Data for tOO-Year Event Water Surface
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Tahle 2
Alternative 3 Hydraulic I'ertinent Data for IOO-Year Event Water Surface
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Tahle 2
Alternative 3 Hydraulic I)ertinent Data for IOO-Year Event Water Surface
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Table 3
Alternative 4 Hydraulic Pertinent O"ta for tOO-Year Event Water Surface
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Table 3
Alternative 4 Hydraulic Pertinent Data for tOO-Year Event Water Surface
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Table 3
Alternative 411ydraulie Pertinent Data for tOO-Year Event Water Surface
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Table 3
Alternative 4 Hydraulic I'ertinent Data for IOO-Year Event Water Surface
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Table 4
Alternative 3.5 Hydraulic Pertinent Data
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Alternative 3.5 Hydraulic Pertinent Data
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Table 4
Alternative 3.5 Hydraulic Pertinent Data
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Alternative 3.5 Hydraulic Pertinent Data
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Table 4
Allernative 3.5 Hydraulic Pertinent Data
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Table 4
Alternative 3.5 Hydraulic Pertinent Data
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Table 4
Alternative 3.5 Hydraulic Pertinent Data
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Tallie 4
Alternative 3.5 lIydr:lUlie Perlinent Data
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PrfilesJ.xls TlIIble 5

7129199 Aiternllltive J 100·Year Event Water Surflllce ComplIIrison

Levee 1 Levee 2 Alt 3F "11.3G All 3H All 3t
Eldsting W\tl Pro! (36) Levee 1 lev~ 2 Allemative Allemative Altemative "11emative Allemative Altemative wlo Proj wlo p,oj All 36 Alt. 30 wfo levee wi levee Same as 30 Same as 3G

Minimum Minimum Ell:isting wlo Proj wlo Proj ,. 'D JF JG 'H JI wI Levee wi Levee wlo Levee wi levee wfo Hltl. wfo UII, ditf. levee alignmnl. dilf, Levee atignmnl
Stalion Elevation Elevation \'\SEL \'\SEl \'\SEL \'\SEl \'\SEl \'\SEL \'\SEl \'\SEL \'\SEL \'\SEL \'\SEL \'\SEl \'\SEl \'\SEL \'\SEL \'\SEl \'\SEl
(miles) (ft) (n) (n) (n) (ft) (n) (ft) (n) (n) (n) (n) (n) (n) (n) (n) (n) (n) (ft) (n)

199.53 932.1 9,. 946.13 94853 948.•7 946,8 94917 946.73 948.73 94907 94871 , BO 1.7. 0,07 244 000 2.00 2." 19B
19963 930,9 927 947.8 950.11 950.07 9.7.78 950,53 947.75 950,2. 950.6 950.22 231 2,27 .{l.2 2,73 .{l05 2,4. 266 2,42
19972 930,6 92' 9.8,69 951.06 951.03 94894 95179 94893 951,57 95173 951,55 237 2" 025 ". 0,2. 2.88 '0' 286
19982 931,2 929 949:47 951.93 951,9 94967 95251 949.65 95233 952."7 952,32 ". 2"3 0,20 ,0< 0.18 286 '.00 285
199.91 932.1 9321 950,3 952.86 952.84 95039 95321 95038 95306 95317 95305 256 25< 009 2.91 008 2.76 2.67 275

200 933,. 933,. 950,18 953.23 95321 950 62 953,53 950.81 95338 953 ..9 953.37 2<5 2"3 00< 2,75 0.03 260 2.71 2.59
200.1 93•.5 934.5 951.29 95362 953.6 951,35 95389 951.35 953,15 953,85 953,15 2,33 231 0.06 2.60 008 246 2.56 2."6
200.2 9" 9" 952."8 9$4.•7 954.•5 952,17 954 43 952.17 95431 95-U 954,31 1.99 1.97 -0,31 1,95 .{l.31 t,83 1.92 1.83
200.' 937.1 937.4 953.37 955.18 955.17 953.19 955,18 953.19 95509 955,15 955,08 '81 1 BO .Q.18 1,81 .{l.18 172 1.78 ,7>

200.39 9" 9" 954.36 955.96 955.95 95391 955.68 953.91 9556 95566 9556 160 1.59 .Q."5 1.32 .{l<5 1.24 1.30 1,24
200,"9 936,9 936.9 95<87 956.35 956.34 954,56 956.13 954.55 956,06 956.12 95606 1."6 1,"7 .{l31 126 .Q.32 1.19 1.25 1.19

200 " 937,6 9" 955.49 956.84 956.83 95574 95702 955.7" 956,97 957.01 956,97 1.35 U. 025 1.53 0.25 148 1.52 1."8
20067 939.8 9" 956,32 951.•7 957,46 95666 957.85 95666 957,81 957,84 95781 115 1.14 0.36 1.53 0.36 1,"9 1.52 1."9
200.71 936.9 936,9 957.03 958.08 958,07 957,2 9"29 957.2 95825 956,28 958,25 1,05 1.0< 0,17 1.26 0.17 '-22 1.25 1.22
200.86 9385 937 957.68 958,63 958.63 957.86 958.9 95786 9~87 958,89 9~87 0,95 0.95 018 1.22 0.18 1.19 1.21 1.19
200.95 939,8 9" 9~19 959.11 959.11 9'" 959.38 958.• 95935 959,38 959,35 092 0.92 0.21 1,19 0,21 1.16 1.19 1.16
201,05 941.5 9" 958.65 959.51 959.51 9" 86 959.79 958.88 95976 959.78 959.76 086 086 0,23 1.1. 0,23 1.11 1.13 1.11
201.'" 940." 940.• 959.03 959.88 959,87 95925 96009 959.25 96007 96008 960,07 OBO 0,79 0.17 1,01 0.17 0.99 100 0.99
201.2" .., 939.6 959,73 960.... 960,". 959.9 960.' 9599 960. 96062 960.• 0.71 07> 0,17 0.90 0,11 087 oe9 087
201.33 .., 9396 960.' 960.92 960.92 960.37 961.01 960.37 961 961.01 96099 0.62 0.2 0,07 0,71 0,07 0,70 0.71 0,69
201."3 941.3 939.8 961.02 961,53 961.53 960,83 961.'" 96083 961.39 961.'" 961.39 0.51 0,51 .Q.19 0.39 .{l.19 0.37 0.39 0"
201.52 940,9 939.6 961.74 962.14 962.1. 961.38 96188 961.38 961.86 961,87 961,86 0<0 0.40 .{l36 0.1. .{l.36 0.12 0.13 0.12
20162 945.6 939.6 962.35 962.68 962.68 96186 962.29 961,86 96228 96229 96228 033 033 .{l'9 .{l00 .Q.•9 .{l.07 .{l06 .{l07
201.71 ... 9'. 96295 963.21 963.21 962.2" 962.63 9622. 96261 96262 96261 0,. 0.26 --0,11 .{lJ2 --0.71 .{l" .{l.33 .{l."
201.81 ... ... 963.57 963.78 963.78 963,12 963.• 963.12 96339 96339 963,39 021 0.21 .Q."5 .Q17 .{l<5 .{l18 .{l18 .{l18

201.9 ~72 ~7.2 963.87 ....06 "'06 96362 953.85 963.62 96385 963.85 96385 0,19 0.19 .Q,25 .{l02 .{l25 .Q02 .{l02 .{l02
201.99 948.7 9-48,7 9642.. ..." 964.•2 964.11 ... 31 964.11 ... , 964,31 ..., 0,18 0.18 .{l13 0,07 -0.13 006 0.07 006
202.09 950 950 965.02 965.15 965.15 96506 965.19 965.06 96518 965.19 965,18 013 013 00< 0,17 00< 0,16 0.17 01.
202.18 950 950 966.35 ... 5 ....5 ....36 966.•3 ... 36 966."3 966."3 966,.3 0,15 0.15 001 008 0.01 0.08 008 0.08
202.29 955.5 955.5 967.1. 967.25 967.25 967.15 967.2 967.15 967.19 967.2 967.19 011 0.11 0.01 008 0.01 0.05 006 0.05
202.37 954.6 9.95 967.•7 967.57 967.57 967.53 967.57 967,53 967,51 967.57 967.57 0.10 0.10 006 0,10 0.06 0,10 0.10 0.10
202 ..8 952.5 "9' 968.35 968"3 968,.3 968,49 968.52 ..... 968.51 968.51 968.51 0.08 0.08 0" 0.17 0.1" 016 0.16 0.16
202.59 953.7 9502 969,22 969.28 969,28 969.36 969,38 969.36 969.38 969.38 969.38 006 0.06 0,1. 0,16 0.1" 018 0.16 0.16
20269 9537 950.6 970.13 970.17 970.17 97025 97027 970,25 970i7 970.27 970,27 00< 00< 012 0.1. 0,12 0" 0.1. 0"

202.8 956.• 951 97096 970.98 970.98 971.04 971.05 971.04 97105 971.05 971.05 002 002 0.08 0.09 0.08 009 0.09 009
202.9 956 , 951,. 97161 971.63 971.63 911,72 971.73 971.72 971.73 971.73 971,73 002 0.02 011 0.12 0.11 012 012 0.12

202.99 9592 951.8 972,23 972.25 972.25 972.•3 972 ... 972 43 972.... 972.... 972..... 0.02 002 020 021 020 021 021 021
203.09 9587 9522 973,11 973.18 973.18 973."3 973 ... 973,43 973.•• 973 ..4 973.•4 0,01 0.01 0,. 0,27 0,. 0.27 0,27 0.27
203.19 956.7 956.7 97... 29 97•.29 97.29 974 "6 97....6 97.. 46 97.....6 91. "6 97....6 0.00 000 017 0.17 0.17 0,17 017 0,17
20329 960.7 9607 975.1" 975.15 975.15 97526 91526 97526 97526 975.26 975.26 001 0,01 012 012 0.12 012 0.12 012
20339 9599 954." 975,84 97584 975.801 976.05 976.05 976.05 97605 976,05 97605 000 000 021 021 021 021 021 021
203"8 9622 9579 976 ..9 976.9 976."9 976.79 976,79 976,79 97679 976.79 97679 000 000 030 0.30 OJO OJO 030 OJO
20358 962.1 962.1 97702 977.02 97702 97731 97731 97731 97731 97731 97731 000 000 029 020 029 029 029 0,29
20367 962,3 962.3 977 ..7 977..7 977,"7 97773 97773 977 73 97773 97773 977.73 000 000 02. 0,. 0,. 026 02. 02.
20377 96" 963.3 97795 97795 97795 978.17 978.17 97817 97817 97817 97817 000 000 022 022 022 022 0,22 0.22
203.86 962.3 962,3 97834 978.34 97834 97853 97853 97853 97853 97853 97853 000 000 0.19 0.19 0.19 0.19 0,19 019
20396 ....1 "" 97852 97852 978.52 978,7 9787 9787 978.7 978.7 9787 000 000 018 0.18 0.18 0,18 018 0.18
204.05 965 965 980.54 980.54 980.54 98059 98059 98059 98059 980,59 98059 000 000 005 005 005 0,05 005 005
204.15 ... ... 981.57 961.57 981.57 98161 98161 98161 98161 .98161 981.61 000 000 00< 00' 00< 00' 00< 00<
204 25 96B 96' 981.96 9!l1,96 981.96 98199 98199 98199 98199 98199 98199 000 000 OOJ OOJ 0,03 OOJ OOJ OOJ
20< " 969' 969' 98377 98377 98377 96378 98378 98378 98378 98378 98378 000 000 001 001 001 001 001 001
204 "2 971 .. 9714 96608 96608 966 08 98609 98609 96609 98609 96609 96609 000 000 001 001 001 001 001 001
204 53 972 7 972 7 98789 98789 96789 98789 98789 98789 98769 98769 98789 000 000 000 000 000 000 000 000

US Anny Corps of Engineers

los Angeles District
Tres Rios Feasibility StUdy Hydraulic Design Page 2 of 2
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Prfiles3.5.lds Table 7

7129199 Alternative 3.5 100·Year Event Water Surface Comparison

levee 1 levee 2
E~;sling IMth Proj (3,58) Levee 1 Le>ffle 2 Altemalive Allemali>ffl Altemative wlo Proj wJo Proj All, 3 58 All. 3.50 All. 3,5H
Minimum Minimum Exisling wlo Proj wlo Proj 3 58 35D 35H wi Levee wi levee wJo levee wI levee wi levee

Slalion Elevation Elevalion \MiEL \MiEL \MiEL WSEL WSEL WSEL WSEl WSEl \MiEL WSEl WSEL
(miles) (rt) In, In, In, In, In, Inl In, In, Inl In, In, InJ

19972 930. 9262 94669 951,06 95103 94666 94811 94607 237 2.34 ·201 -058 -062
199 82 931.2 926.2 949,47 95193 951.9 941,15 94848 94845 ". 2.43 -2,32 -0.99 -1,02
199.91 p32.1 925.2 950 3 95200 95264 94689 9474 947.31 '.50 ,,,

-3" -2,90 -2.93
200 933,'- 933,'- 950.78 95323 95321 94692 949,'-7 9ol945 "5 ,,, -3.00 _1,31 -133

200.1 934.5 9345 951.29 95362 9536 94939 95048 95046 2.33 '31 -1,90 -0,81 -083
200.2 937 937 952,48 954,47 954,45 950,79 951,6 951,59 '.99 197 .169 -0,88 -089
200.3 937.7 937,6 953.37 955.18 95517 951.87 95268 95267 1.81 180 -1,50 -009 -0,70

200,39 937 937 9$436 95596 95595 95258 95327 95321 '00 159 -178 -1.09 ., 09
200.49 936,9 9369 954,87 956,35 956,34 95311 95374 95373

1 " '" .1 76 -113 -1,1'-
200.58 937.6 937.6 955.49 956,8.f 95683 95407 95.50 9" 50 135 ,3< -1 42 -0.93 -0,93
200,67 939,8 938.1 956,32 957,.7 957.6 954 62 955.05 95505 1.15 1.14 _170 -1 27 -127
20077 936,9 936.9 951.03 95808 95807 95523 95559 95558 105 ,0< -1,80 -1, •• .1.5
200.06 938.5 938.1 957.68 95863 958,63 95567 95599 95596 0.95 0.95 -201 ·169 -1,70
200.95 939,8 938.1 958.19 95911 959.11 956,1. 956.2 956.•2 092 092 ·2,05 ·1.77 -1.71
20t.05 1M1.5 938.' 958.65 959.51 959.51 956 59 9508< 956.84 066 066 -2.06 .1.81 -1.81
201.14 9040.4 9040,. 959.08 95988 95987 956 98 9572 951.19 080 079 ·2.10 ·1,88 .189
201,2. 9<3 9040,9 959.73 960.•4 960<4 95619 95832 958.32 0,71 071 ., " -1.41 -1 .• '
201.33 9<3 940,9 9603 96092 96092 958 58 958.7 958 7 062 062 -1.72 ·1,60 ".60
201,.3 IM1.3 9.0.9 96t.02 961.53 961.53 95905 95916 959.15 051 051 -1.97 ·'06 ·187
201,52 940,9 9-40,9 961.74 962.1. 962.1. 959,33 959.2 959.2 0<0 0<0 ·2., ·232 -2.32
201.62 IM5,6 9-40.9 962,35 962.68 96268 95962 95971 95971 0.33 033 ·2.73 ·2.&4 .'"201.71 9<. 940.9 962.95 96321 963.21 96003 960 11 960 11 ". 025 -2.92 .,8< .,8<
201.81 '" 9<. 963.57 963,78 96378 961,05 9511 961.1 0.21 021 -2.52 -2.7 -2.7

201.9 947.2 947.2 963.67 ... 06 ... 06 961.59 96163 961.63 0,19 019 ·226 -2.2. -22.
201.99 948,7 948.6 9&4.24 ... " 964,.2 962,15 96219 962.19 01. 0,18 ·'09 ·2.05 ·205
202.09 950 950 965.02 965.15 965.15 963.11 963.13 963.13 0,13 013 ·191 ·1.89 ·1,89
202.18 950 950 966.35 9505 9505 965,83 96583 96583 0,15 015 -052 ..Q,52 -0.52
202.29 955,5 955,5 967."- 967.25 967.25 966,78 9007. 9007. all 0,11 -036 -0.36 -036
202.37 9501.8 954,6 967.47 967.57 961.57 967,16 967.16 967.16 0,\0 0,10 -0,31 -0.31 -031
20148 9525 952.5 96835 966,43 968.• 3 968 " 968.1. 968."- 0.06 0,08 -021 -021 -0.21
20259 953.7 9537 96922 96926 96928 95906 95906 95906 006 006 -0" -0."- -0.'"
202.69 953.7 953,7 970,13 970.17 970.11 91004 91004 970.04 00< 00< -009 -009 -009

202,8 950' 956.• 97096 97098 970,98 970,89 970,89 970.89 002 002 -007 -0.07 -007
2029 955.5 956.5 911.61 97163 971.63 971,56 971,56 911.56 002 002 -0 os -0.05 -005

202.99 959.2 9592 972.23 97225 972 25 972.19 97219 972.19 002 0,02 -00< -00< -00<
20309 958.7 955.8 973.11 973.18 973.18 973,22 97322 91322 001 001 oos oos 0.05
203.19 956.7 950 5 97•.29 97.29 97ol29 91.,36 97.36 97.36 000 000 007 0,07 0,07
203.29 900.7 957.3 975.'" 975.15 975.15 97515 97515 97515 001 0.01 0.01 0.01 0.01
2Q339 959.9 958' 975.64 91564 91584 97581 97581 97581 000 000 -003 -0,03 -003
203.8 9622 958,6 976.•9 976.49 97649 976.•5 976-45 916.5 000 000 -0.0< -00< -00<
20358 962.1 962.1 97702 977.Q2 977.02 97691 97691 91691 000 000 -0.11 -0,11 -0,11
20367 962.3 962.3 97741 97747 977..7 977.38 971.38 97138 000 000 -009 -009 -009
203.77 9533 963,3 971.95 97795 977,95 977.88 97788 977.88 000 000 -007 -007 -007
20300 962.3 962.3 978.34 9783. 97834 97828 97828 97828 000 000 -006 -006 -006
20396 ...., 964.1 97852 97852 97652 97645 97845 91845 000 000 -007 -007 -007
204.05 955 955 980.~ 98054 9B054 98052 98052 98052 000 000 -002 -002 -002
204.15 900 900 9Bl.57 981,57 981 57 981.56 98156 96156 000 000 -001 -001 -001
20425 968 968 98196 9B1.96 981.96 98195 9B195 98195 000 000 -001 -001 -001
,0< 3< 969.3 9593 983.71 98371 98377 98377 98317 98317 000 000 000 000 000
20442 97l" 971 .. 96606 96608 98608 986 08 98608 98608 000 000 000 000 000
2003 972,7 972.7 987.89 9B789 98169 98789 98189 98169 000 000 000 000 000

Tres Rlos Feasibility StUdy Hydr~ulic Design

US Anny Corps of Engineers
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UncertaLxls
7/29/99

Table 8
Stage-Uncertainty Values for 100-Year Discharge

HEC Reference Cross-SeeMn Allemalive Ibed Abasin Q100 Hrange Snatural Smode! Stolal

(SCI mil Ids) 1ft) 1ft) 1ft) 1ft)

203.48 38 3 13000 162000 18.89 053 090 10

3D 3 13000 162000 18.89 0.53 090 10
Transition ReaCh 3F 3 13000 162000 18.89 0.53 090 10

75th Avenue to 83rd Avenue 3G 3 13000 162000 1889 0.53 0,90 1.0
3H 3 13000 162000 lB.89 0.53 0.90 '0
31 3 13000 162000 18.89 0,53 0,90 10
48 3 13000 162000 14.28 045 0.90 10
40 3 13000 162000 1428 0.45 0.90 10
4F 3 13000 162000 1428 045 0.90 10
4G 3 13000 162000 1428 0.45 0.90 10
4H 3 13000 162000 1428 0.45 0.90 '0
4' 3 13000 162000 14.28 0.45 0,90 10
358 3 13000 162000 17.65 0.51 0.90 10
350 3 13000 162000 17,65 0.51 0.90 '0
3.SH 3 13000 162000 17.65 051 0.90 10

202.69 38 3 13000 162000 1965 0.54 090 11
3D 3 13000 162000 1967 054 0.90 11

Reach 1 3F 3 13000 162000 19.65 0.54 0.90 11
83rd Avenue to 9151 Avenue 3G 3 13000 lS2000 19.67 0.54 0.90 1.1

3H 3 13000 162000 19.67 0.54 0.90 11
31 3 13000 162000 19.67 0.54 0.90 11
48 3 13000 162000 16.36 0.49 0.90 10
40 3 13000 162000 16.36 0.49 090 10
4F 3 13000 162000 16.36 0.49 0.90 10
4G 3 13000 162000 16.36 0.49 0.90 10
4H 3 13000 162000 16.36 0.49 0.90 10
41 3 13000 162000 16.36 0.49 0,90 10
3.58 3 13000 162000 16.34 0.49 0.90 1.0
3.50 3 13000 162000 16.34 0.49 0.90 1.0
3.5H 3 13000 162000 16.34 0.49 090 10

201.81 38 3 13000 162000 17.12 0.50 0.90 10
3D 3 13000 162000 17.40 0.51 0.90 10

Reach 2 3F 3 13000 162000 17.12 0.50 0.90 10
91s1 Avenue to 99th Avenue 3G 3 13000 162000 17.39 0.51 0.90 1.0

3H 3 13000 162000 17.39 0.51 0.90 10
31 3 13000 162000 17.39 0.51 0.90 10
48 3 13000 162000 16.36 0.49 0.90 10
40 3 13000 162000 16.44 0.49 0.90 10
4F 3 13000 162000 16.36 0.49 0.90 10
4G 3 13000 162000 16.43 0,49 0.90 1.0
4H 3 13000 162000 16.44 0.49 0.90 10
41 3 13000 162000 16.43 0.49 0.90 1.0
3.58 3 13000 162000 15.12 0.47 0.90 1.0
3.50 3 13000 162000 15.10 0.47 0.90 10
3.5H 3 13000 162000 15.10 0.47 0.90 1.0

200.77 38 3 39700 227000 20.30 0.58 0.90 1.1

3D 3 39700 227000 21.39 0.60 0.90 1.1

Reach 3 3F 3 39700 227000 20.30 0.58 0.90 1.1

991h Avenue 10 107th Avenue 3G 3 39700 227000 21.35 0.60 0.90 1.1

- 3H 3 39700 227000 21.38 0.60 0.90 1.1
-

31 3 39700 227000 21.35 0.60 0.90 1.1
48 3 39700 227000 20.53 0.59 0.90 1.1
40 3 39700 227000 21.04 0.60 0.90 1.1
4F 3 39700 227000 20.53 0.59 0.90 1.1
4G 3 39700 227000 20.98 0.60 0.90 1.1
4H 3 39700 227000 21.03 0.60 0.90 1.1

41 3 39700 227000 20.98 0.60 0.90 1.1
3.58 3 39700 227000 18.33 0.55 0.90 1.1
3.50 3 39700 227000 18.69 0.56 0.90 1.1
3.5H 3 39700 227000 18.68 0.56 0.90 1.1

Tres Rlos Feasibility Study Hydraulic Design
US Army Corps of Engineers

Los Angeles District



Uncertai.xls
7/29/99

Table 8
Stage-Uncertainty Values for 100-Year Discharge

HEC Reference Cross-Section Alternative lbed Abasin Ql00 Hrange Snatural Smodel Statal
(sq mi) lel,) 1ft) 1ft) 1ft) Iftl

199.82 3B 3 39700 227000 20.67 0,59 0.90 11
3D 3 39700 227000 23.51 0.64 0.90 1.1

Reach 4 3F 3 39700 227000 20.65 0.59 090 1.1
107th Avenue to 115th Avenue 3G 3 39700 227000 23.33 0.64 0.90 1.1

3H 3 39700 227000 23.47 0.64 0.90 1.1
31 3 39700 227000 23.32 0.64 0.90 1.1
4B 3 39700 227000 18.21 0.55 0.90 1.1
4D 3 39700 227000 19.88 0.58 0.90 1.1
4F 3 39700 227000 18.17 0.55 0.90 1.1
4G 3 39700 227000 19.63 0.57 0.90 1.1
4H 3 39700 227000 19.83 0.58 0.90 11
41 3 39700 227000 19.62 0.57 0.90 1.1
35B 3 39700 227000 20.95 0.60 0.90 1.1
3,50 3 39700 227000 22.28 0.62 0.90 1.1
3,5H 3 39700 227000 22.25 0.62 0.90 11

198.75 3B 3 39700 227000 25.34 0.68 0.90 1.1
3D 3 39700 227000 27.70 0.73 0.90 1.2

Reach 5 3F 3 39700 227000 24.17 0.66 0.90 1.1
11 5th Avenue to El Mirage Rd. 3G 3 39700 227000 25.70 0.69 0.90 1.1

3H 3 39700 227000 27.30 0.72 0.90 12
31 3 39700 227000 25.54 0.68 0.90 11
4B 3 39700 227000 21.80 0.61 0.90 1.1
4D 3 39700 227000 23.60 0.65 0.90 1.1
4F 3 39700 227000 20.11 0.58 0.90 1.1
4G 3 39700 227000 20.91 0.60 0.90 1.1
4H 3 39700 227000 23.27 0.64 0.90 1.1
41 3 39700 227000 20.79 0.59 0.90 1.1
3.58 3 39700 227000 21.76 0.61 0.90 11
3.50 3 39700 227000 23.28 0.64 090 1.1
3.5H 3 39700 227000 23.14 0.64 0.90 11

197.74 3B 3 39700 227000 13.28 0.46 090 10
3D 3 39700 227000 14,31 0.48 090 1.0

Reach 6 3F 3 39700 227000 13.28 0,46 090 1.0
EI Mirage Rd. to Dysart Rd. 3G 3 39700 227000 14.31 0,48 090 10

3H 3 39700 227000 13.88 047 0.90 10
31 3 39700 227000 13.88 0.47 0.90 10
4B 3 39700 227000 19.70 0.57 0.90 1.1
4D 3 39700 227000 20,81 0,59 0.90 11
4F 3 39700 227000 19.70 0.57 0.90 1.1
4G 3 39700 227000 20.81 0.59 0.90 11
4H 3 39700 227000 20.36 059 0.90 1.1
41 3 39700 227000 20.36 0.59 0.90 1.1
3.58 3 39700 227000 15.91 0.51 0,90 1.0
3.5D 3 39700 227000 15.62 0.50 0.90 1.0
3.5H 3 39700 227000 16.14 0.51 0.90 '0

196.88 3B 3 39700 227000 16.68 0.52 0.90 1.0
3D 3 39700 227000 16.68 0.52 0.90 1.0

Reach 7 3F 3 39700 227000 16.68 0.52 090 1.0
Dysart Rd. to Bullard Avenue 3G 3 39700 227000 16.68 0.52 0.90 1.0

3H 3 39700 227000 16.68 0.52 0.90 1.0
31 3 39700 227000 16.68 0.52 0.90 10
4B 3 39700 227000 16.03 0.51 0.90 1.0
4D 3 39700 227000 16.03 0.51 0.90 10
4F 3 39700 227000 16.03 0.51 0.90 1.0
4G 3 39700 227000 16.03 0.51 0.90 1.0
4H 3 39700 227000 16.03 0.51 0.90 10
4H 3 39700 227000 1603 0.51 0.90 1.0

35B 3 39700 227000 16.19 0.51 0.90 1.0

3.5D 3 39700 227000 16.19 0.51 0.90 1.0
35H 3 39700 227000 16.19 0.51 0.90 1.0

Tres Rios Feasibility Study Hydraulic Design
US Army Corps of Engineers

Los Angeles District



levee.xls
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Table 9
Minimum Levee Elevations for Alternatives 3 and 4

W/O Project, WI Levee Alternative 3D Alternative 40
100-Year Minimum 100-Year Minimum 100-Year Minimum

" Computed Levee Computed Levee Computed Levee
HEC-RAS Reference Cross-Section WS Elevation Elevation WS Elevation Elevation WS Elevation Elevation

(It) (It) (It) (It) (It) (It)

203.48 976.49 no levee 976,79 no levee 976.48 no levee

202.69 970,17 no levee 970.27 no levee 970.06 no levee

201.81 963.78 967.28 963.40 966.90 961.24 964.74

200.77 958.08 961.47 958.29 961.68 955.74 959.13

199,82 951.92 955.20 952.51 955.79 950.28 953.56

198.75 942.23 945.39 943.50 946.66 942.60 945.76

197.74 93376 93681 933.11 936.16 933.31 936.36

196.88 926.23 no levee 926.88 no levee 926.83 no levee

Notes:

1. The proposed levee extends from Station 197.26 to 201.81. Per FEMA criteria, the freeboard at Station 201.81 is 3.5 It and tapers down
to 3.0 It at Station 197,26. The minimum levee elevation in the table is based on this criteria.
2. Per FEMA criteria, 4 It of freeboard is needed 100 It upstream and downstream of bridges. This is not shown in this table but is included in
the cost calculations.

Tres Rios Feasibility Study Hydraulic Design
US Army Corps of Engineers

Los Angeles District
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Table 10
Minimum levee Elevations for Alternative 3.5

A"-emative 3.SD Altemalive 3.SD Alternative 3.50 Altemative 3.SH Alternative 3 SH Alternative 3.SH

\ SO-Year Minlmurn lQO.Yeaf Minimum SOO-Year Minimum SO-Year Minimum lQO.YeM Minimum SOO-Year Minimum

Compuled levee Computed levee Compuled levee Computed levee Compuled levee Compuled levee

HEC-RAS Reference Cross-Section WS Elevation Elevation WS E~valioo Elevalion WS E~vation E~valioo WS E~vaUon E~valion WS E~valion Elevation WS Elevation E~vation

('1 ('1 (') (') ('1 (') (') (') ('1 (') (') (')
(2) (3) (.) (21 (3) l'

203.48 975.28 no IeYfle 976,45 no levee 978.62 no levee 975.28 no levee 976.45 no levee 978.62 no levee

202.69 968.98 no levee 970.00i no levee 97209 no levee 9689' no levee 970.00i no levee 972.09 no levee

201.81 959.86 959.86 961.10 963.10 963.16 963.16 959.86 959.86 961.10 963.10 963.15 963.15

20077 95oi.16 9504.16 955.59 957.79 957.46 957.•6 95-4.16 954.16 955.58 957.78 957.4" 957.44

199.82 946.83 946.83 948 .•8 950.68 950.55 950.55 946.82 946.82 948.45 950.65 950.47 950.417

198.75 940.90 940.90 942.28 94448 943.99 943.99 940.85 940.85 942.14 944.34 943.65 943.65

197.74 928.82 928.82 930.02 932.02 931.15 931.15 929.37 929.37 930.54 932.5-4 931.95 931.95

19688 924.03 no levee 925.39 no levee 927.13 no levee 924,03 no levee 925.39 no levee 927.13 no levee

Noles:

1. The proposed levee eKlends from Station 197.261020181.
2. The minimum levee elevation for the 5O-year levee is based on a 5Oo~ confidence levee height This elevation COITesponds 10 Ihe compuled waler surface elevation.
3. The minimum levee elevallon for the 1QO.yeM levee is based on a 95"A. confidence levee height. This elevation COfTesponds 10 lhe compuled waler surface elevation plus two standard devIations of en-or.

4. The minimum !evee elevatioo for lhe SOO-yeaf levee Is based on a 50"A. confidence levee height. This elevation con-esponds 10 the cornpulea waler surface elevation.
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Table 11EstimatedQ.xls
7/29/99

INTERIOR DRAINAGE: HYDROLOGIC ESVMATES FOR ruES BIOS LEVEES. NNAMJulv1999

" LOCATION

Drainage Area, sq mi
100-yr Peak Discharge, crs
100-yr Volume, ac-ft

99th Avenue
1.5

1000
100

107th Avenue
I

700
60

115th Avenue
0.25
200

15

EI Mirage Road
0.35
280

20

Dysart Road
0.25
200

15

~data (peak and volume eslimates) based upon Figures 3-1, 3-3 from Appendix A, Rio Salado Feasihility Reporl, April 1998.
SYCeestjoo: to size detention basin/impoundment area consider reducing the IOO-yr volume by the capacity of the selected drain in crs. E.G., the
impoundment area for the interior drainage to 99th Avenue could be 50 ac-ft if a SO crs pipe were selected. As the pipe capacily appro"ehes lhe
peak flow rate less impounded area would be necessary, of course. However, this total will be a non-zero number in order to provide
suflicient head 10 drive Ihe water. For the "bove data the tailwaler is considered to he 1I0n-exislent or negligihle.

Tres Rios Feasibility Study Hydraulic Design

US Army Corps of Engineers
Los Angeles District
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sediment o&m.xls
7/29/99

Table 12
Operation and Maintenance Requirements

Frequency of Excavation

(1 ) (2) (3) (4) (5) (6)

Average Annual Volume of Excavalion Volume of Excavation Sum of (3) and (4) Frequency of
Sediment Accumulation for Open Water/ for Cottonwood Excavation

~lternativE In Study Area Marsh Willow Corridor (5) / (2)
(cy) (cy) (cy) (cy) (years)

3 50,041 782.000 281,700 1,063,700 21.3

4 50,041 1,261,000 161,813 1,422,813 28.4

3.5 50,041 2,920,000 588,300 3,508,300 70.1

Notes:
1. Average annual sediment accumulation in study area estimate based on existing conditions HEC-6 model from
Without Project Hydraulic and Sedimentation Analysis, WEST Consultants, Inc., 1998, San Diego, California.
2. Volume of excavation for environmental features based on Design/Cost Appendix, Tres Rios Feasibility Study, 1999.

Tres Rios Feasibility Study Hydraulic Design
US Army Corps of Engineers

Los Angeles District



Table 13. Alternative 3.50 Levee Elevations for Greater than 500·Year Flood Event

HEC·RAS Plan: Ail3.50 River: RIVER·, Reach: Reach-1
(290.000 and 340.000 cfs)

River Sta Q Total W,S. Etev Difference Free Board Target Et. W.S. EI. Difference
(cfs) (ft) (ft) (ft) (ft) (ft)

204.53 162000 987.89 1.25 2.2 991.34 9918 0.46

204.42 130000 984.94
204.42 162000 986.08 1.14 2.2 989.42 989.53 0.11

204.34 130000 982.43
204.34 162000 983.77 1.34 2.2 987.31 987.3 ·0.01

204.25 130000 980.69
204.25 '62000 981.95 1.26 2.2 985.41 985.86 0.45

204.15 130000 980.38
204.15 162000 981.56 1.18 2.2 984,94 985.42 0.48

20405 130000 979.43
204.05 162000 980.52 1.09 2.2 983.8' 98406 0.25

203.96 130000 97721
203.96 162000 978.45 1.24 2.2 981.89 982.33 0.44

203.86 130000 97706
203.86 162000 978.28 1.22 2.2 981.7 982.05 0.35

203.77 130000 976.68
203.77 162000 97788 , .2 2.2 981.28 981.57 0.29

203.67 130000 976.2
203.67 162000 97738 1.18 2.2 980.76 981.01 0.25

203.58 130000 975.75
203.58 162000 97691 1.16 22 980.27 980.46 0.19

203.48 '30000 975.28
203.48 162000 976.45 '.17 2.2 979.82 980.0' 0.19

203.39 130000 974.65
203.39 162000 975.81 1.16 2.2 979.17 979.34 0.17

203.29 '30000 974.02
203.29 162000 975.'5 , .13 2.2 978.48 978.69 0.2'

203.19 130000 973.22
203.19 162000 974.36 ,. '4 2.2 9777 97799 0.29

203.09 130000 972.11
203.09 162000 973.22 '.11 2.2 976.53 976.77 0.24

202.99 130000 971.08
202.99 162000 972.'9 1.11 2.2 975.5 975.72 0.22

202.9 130060 970.46
202.9 '62000 971.56 ,., 2.2 974.86 975.0' 0.15

202.8 130000 969.81
202.8 162000 970.89 1.08 2.2 974.17 974.29 0.12

202.69 130000 968.98
202.69 162000 970.04 1.06 2.2 973.3 973.37 0.07

202.59 130000 968.05
202.59 162000 969.08 1.03 2.2 972.3' 972.37 0.06
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Table 13. Alternative 3.50 Levee Elevations for Greater than 500-Year Flood Event

HEC-RAS Plan: Alt3.5D River: RIVER-1 Reach: Reach-1
(290.000 and 340.000 cfs)

Rivet Sta Q Total W.S. Elev Difference Free Board Target EI. WS. EI. Difference

(cfs) (ftl (ftl (ftl (ftl (ft)

202.48 130000 967.15
202.48 '62000 968.14 0.99 2.2 971.33 971.37 0.04

202.37 '30000 966.'9
202.37 '62000 967.16 0.97 2.2 970.33 970.29 -0.04

202.29 130000 965.84
202.29 162000 966.78 0.94 2.2 969.92 969.86 -0.06

202.18 '30000 964.95
202.18 '62000 965.83 0.88 2.2 968.9' 968.77 -0.14

202.09 130000 961.79
202.09 162000 963.13 1.34 2.2 966.67 966.82 0.'5

201.99 130000 960.93
201.99 162000 962.'9 1.26 2.2 965.65 965.88 0.23

201.9 130000 960.38
201.9 162000 961.63 1.25 2.2 965.08 965.27 0.'9

201.81 130000 959.86
201.8' 162000 961.1 1.24 2.2 964.54 964.65 0.11

201.7' '30000 958.75
201.7' '62000 96011 , .36 2.2 963.67 963.75 008

201.62 '30000 958.35
201.62 '62000 959.7' 1.36 2.2 963.27 963.3 0.03

201.52 '30000 958.08
20'.52 162000 959.42 1.34 2.2 962.96 962.94 -002

201.43 130000 957.83
201.43 '62000 959.'6 '.33 2.2 962.69 96257 -0. '2

201.33 130000 957.39
201.33 162000 958.7 1.31 2.2 962.21 961.96 -0.25

201.24 130000 957.02
201.24 162000 958.32 '.3 2.2 961.82 961.45 -0.37

201.14 185000 955.84

20'.'4 227000 957.2 1.36 2.2 960.76 960.59 -0.17

20'.05 185000 955.45
20'.05 227000 956.84 1.39 2.2 960.43 960.3 -0. '3

200.95 185000 955.02
200.95 227000 956.42 1.4 2.2 960.02 959.92 -0.1

200.86 185000 954.57
200.86 227000 955.99 1.42 2.2 959.61 959.54 -0.07

200.77 185000 954.16
200.77 227000 955.59 1.43 2.2 959.22 959.18 -0.04

200.67 '85000 953.62
200.67 227000 955.05 1.43 2.2 958.68 958.7 0.02
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Table 13. Alternative 3.50 Levee Elevations for Greater than 500-Year Flood Event

HEC-RAS Plan: A1t3.5D River: RIVER-1 Reach: Reach- 1
(290.000 and 340.000 cfs)

River Sta a Total W.S. Elev Difference Free Board Target El. W.S. EI. Difference

(cfs) (ft) (ft) 1ft) 1ft) (ft)

200.58 185000 953.13
200.58 227000 954.56 1.43 2.2 958.19 95826 0.07

200.49 185000 952.24
200.49 227000 95374 1.5 2.2 957,44 957.57 0.13

200.39 185000 951.76
200.39 227000 953.27 1.51 2.2 956.98 957.17 0.19

2003 185000 951.f 5
200.3 227000 952.68 1.53 2.2 956.41 956.62 0.21

200.2 185000 950
200.2 227000 951.6 1.6 2.2 955.4 955.73 0.33

200.1 185000 948.78
200.1 227000 950.48 1.7 2.2 954.38 954.76 0.38

200 185000 947.47
200 227000 949.47 2 2.2 953.67 954.09 0.42

199.91 185000 946.06
199.91 227000 947.4 1.34 2.2 950.94 950.45 -0.49

199.82 185000 946.83
199.82 227000 948.48 1.65 2.2 952.33 952.33 0

199.72 185000 946.45
199.72 227000 948.11 1.66 2.2 951.97 951.97 0

199.63 185000 946.09
199.63 227000 947.74 1.65 22 951.59 951.59 0

199.53 185000 945.51
199.53 227000 947.17 1.66 2.2 951.03 951.03 0

199.44 185000 945.04
199.44 227000 946.68 1.64 2.2 950.52 950.53 0.01

199.34 185000 944.43
199.34 227000 946.04 1.61 2.2 949.85 949.83 -0.02

199.3 185000 943.98
199.3 227000 945.57 1.59 2.2 949.36 949.3 -0.06

199.24 185000 943.38
199.24 227000 944.96 1.58 2.2 948.74 948.65 -0.09

199.14 185000 943.22
199.14 227000 944.79 1.57 2.2 948.56 948.46 -0.1

199.13 185000 943.04
199.13 227000 944.58 1.52 2.2 948.28 948.1 -0.18

199.125 Bridge

199.12 185000 942.84
199.12 227000 944.33 1.49 2.2 948.02 947.78 -0.24

199.11 185000 942.87
199.11 227000 944.38 1.51 2.2 948.09 947.88 -D.21

30f6



Table 13. Alternative 3.50 Levee Elevations for Greater than SOD-Year Flood Event

HEC·RAS Plan: A1l3.5D River: RIVER·1 Reach: Reach-1

(290.000 and 340.000 cfs)
River Sta Q Total W.S. Etev Difference Free Board Target EI. W.S. EI. Difference

(cis) (ft) (ft) (ft) (ft) (ft)

199.07 185000 942.51
199.07 227000 943.98 1.47 2.2 947.65 947.35 ·0.3

198.94 185000 942.28
198.94 227000 943.75 1.47 2.2 947.42 947.16 -0.26

198.85 185000 941.7
198.85 227000 943.13 1.43 2.2 946.76 946.47 -0.29

198.75 185000 940.9
198.75 227000 942.28 1.38 2.2 945.86 945.48 -1).38

198.66 185000 94039
196.66 227000 941.7 1.31 2.2 945.21 944.77 ·0.44

19859 185000 940.02
198.59 227000 941.3 1.28 2.2 944.78 944.3 -0.48

198.49 185000 939.51
19849 227000 940.75 1.24 2.2 944.19 94367 -0.52

198.4 185000 938.93
198.4 227000 940.12 1.19 2.2 943.51 942.96 -055

198.34 185000 938.26
198.34 227000 939.43 1.17 2.2 942.8 942.23 -0.57

198.3 185000 936.19
198.3 227000 937.49 1.3 2.2 940.99 940.45 -0.54

19826 185000 936.07
198.26 227000 937.35 1.28 2.2 940.83 940.28 -0.55

198.2 185000 935.61
198.2 227000 936.87 1.26 2.2 940.33 939.76 -0.57

198.1 , 185000 934.67
198.11 227000 935.92 1.25 2.2 93937 938.81 ·0.56

198.02 185000 933.99
198.02 227000 935.25 1.26 2.2 938.71 938.17 -0.54

197.92 185000 933.32
197.92 227000 934.6 1.28 2.2 938.08 937.57 -0.51

197.83 185000 932.98
197.83 227000 934.27 1.29 2.2 937.76 937.22 -0.54

197.74 185000 928.82
197.74 227000 930.02 1.2 2.2 933.42 932.24 -1.18

197.64 185000 928.68
197.64 227000 929.93 1.25 2.2 933.38 932.94 -0.44

197.54 185000 927.71
197.54 227000 928.99 1.28 2.2 932.47 932.06 -0.41

197.45 185000 927.32
197.45 227000 928.58 1.26 2.2 932.04 931.65 -0.39
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Table 13. Alternative 3.50 Levee Elevations for Greater than SOO-Year Flood Event

HEC·RAS Plan: Alt3.SD River: RIVER-1 Reach: Reach-'
(290,000 and 340.000 cis)

River Sta Q Total W.$. Elev Difference Free Board Target EI. WS, EI. Difference

lefs) (ft) 1ft) 1ft) (ft) (ft)

197.35 '85000 926.85
197.35 227000 928,06 1.21 2.2 931.47 931.06 -0.41

197.26 185000 926.31
'97.26 227000 927.47 1.16 22 93083 9304' ·0.42

197.16 185000 925.82
197.'6 227000 926.94 1.12 2.2 930,26 929.86 ·0.4

'97,07 185000 925
'97.07 227000 926.28 '.28 2.2 929.76 929.47 ·0,29

196.98 '85000 924.55
196.98 227000 925.86 1.31 2.2 929.37 929.17 ·0.2

196.88 185000 924.03
'96,88 227000 925.39 1.36 2.2 928.95 928.87 ·0.08

'96.79 '85000 923.6
196.79 227000 925 1.4 2.2 928.6 928.59 ·0.0'

'96.7 '85000 923.28
196.7 227000 924.72 1.44 22 928.36 928.38 0.02

196.61 '85000 922.97
196.61 227000 924.44 1.47 2.2 928,11 928.'6 0.05

196.51 185000 922.6'
196.51 227000 924.11 1.5 2.2 927.81 927.88 0.07

196.42 '85000 922.24
196.42 227000 923.79 1.55 2.2 927.54 927.65 0,11

'96.32 185000 921.97
'96.32 227000 923.55 '.58 2.2 927.33 927.44 0.11

'96.23 185000 921.59
196.23 227000 923.2 , .61 2.2 927.01 927.'6 0.'5

'96.'3 185000 921.34
'96.13 227000 922.96 1.62 2.2 926.78 926.94 0.16

196.04 185000 920,98
196.04 227000 922.6 1.62 2.2 926.42 926.55 0.13

195.94 185000 919.76
195.94 227000 921.27 1.51 2.2 924.98 924.99 0.01

195.85 185000 918.65
195.85 227000 920.12 1.47 2.2 923.79 923.81 0.02

=
195.75 '85000 917.99
195.75 227000 919.52 1,53 2.2 923,25 923.35 0.1

195.66 185000 917.59
195,66 227000 919.13 1.54 2.2 922.87 923.03 0.16

195,56 185000 917
195.56 227000 918.52 1,52 2.2 922.24 922.4 0,16
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Table 13. Alternative 3.50 levee Elevations for Greater than 500-Year Flood Event

HEC-RAS Plan: Alt3.5D River: RIVER-1 Reach: Reach-1

(290,OOO and 340.000 cfs)
River Sla Q Total W.S. Elev Difference Free Board Target El. WS. EI. Difference

(efs) (ft) (ft) (ft) (ft) 1ft)

195.47 185000 916.47
195.47 227000 918.01 1.54 2.2 921.75 921.96 0.21

195.36 185000 916
195.38 227000 917.55 1.55 2.2 921.3 921.55 0.25

19528 185000 91544
195.28 227000 916.97 1.53 2.2 920.7 920.94 0.24

195.19 185000 914.45
195.19 227000 915.85 1.4 2.2 919.45 919.64 0.19

195.16 185000 914.2
195.16 227000 915.58 138 2.2 919.16 919.34 018
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Table 14. Alternative 3.50 Flood Inundation Durations

1 ,. 2 3 4 5 6 7 8
Q's used in All

Flood 3.50 Madella Peak Q of Ratio Peak Q of Sail Target Q for Duration from Estimated
Evenl Match Exisling Gila River River above Duration Plates 7-10 Duration

Conditions Below Salt (column 2 / Gila Rivcr Calculation (0.75 *
WSEL River column 3) column 7)

(efs) (cfs) (el") (efs) (hrs) (llI"s)

100-year 175,000 227,000 0.7709 164,000 126,000 13 9.75
50-year 155,000 185,000 0.8378 164,000 137,000 II 8.25
20-year 88,000 92,000 0.9565 164,000 157,000 5.5 4.13



Tres Rios Feasibility Study - Alternative 3
100-YR Water Surface Profiles
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Tres Rios Feasibility Study - Alternative 4

100-YR Water Surface Profiles
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Tres Rios Feasibility Study - Alternative 3.5
~,~ .

100-YR Water Surface Profiles
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IiEC-RAS Cross-Seclions ror Alternalive 3.5, With Levee Alignment 1
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Plale 5
~IEC-RAS Cross-Seelions lor Alternative 3.5, With Levee Alignmenll
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Plale 5
II EC-RAS Cross-Sections for Allernalive 3.5, Wilh Levee Alignment I
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Plale 5
IIEC-ltAS Cross-Seelions for Alternative 3.5, With Levee Alignment I

T,.s RIOt F..,ibtMy Study A1temellY. 3 SO, wo inetf Row, .. leV" a10gn 1, wiard", Tre, RlOs Feasibility Siudy A1tflfJl8liye 3 SO,""o"," flow, w levee align t, 'II landll'

WSPF8
--•. 11-

WSPF7

WSPF6
•WSPF5

WSPF2

WS PF 1

legend

WSPF-4

WSPF3

Ground
--8

levee
•Bank Sta

- ..03
;r-

950

940 I '" , ,,----:', , I' 'I
12000 14000 16000 18000 20000 22000 24000

Stalion (ft)

RS = 201.33
980 r --.~5.--*,..~.1... j. J'-.05.-

, 0 1-011
3 5434

858

970·

960

legend-
.. '--

WSPFe
• II ----

WSPF7

WSPF6
• -

WSPFS €_.. - .-
WSPF4 c
. - - - - .Q

WSPF3 10
>.- _.. -
~

WSPF2 UJ---
WSPF 1-Ground
-n·-

levee

•Bank Sta

·.03

940 I, " , ' , , , , ,~" - I
12000 14000 16000 18000 ooסס2 22000 24000

Stalion (ft)

970

950

I'

RS = 201.43

980 I ~--u'===>I<.08->1 ~-o-t~O]~~'i1

3434 534
858 8

960·

€
c
o
ii
l>
iii

T~. Rioe FeMbility Study AlIIn"IMiYe 3.50, wo ineft ftow, W __ 1llIgn 1, w landl'iI Tr.s RIOI F••,it>tlIty Study AIt.m.h.... 3 SO, wo nef'llIow, w IevM abgn 1, w 1Wldf.

W$Pfe

-- . _.
WSPF5

Legend'

WSPF4

WSPF3

WSPF2

WSPF 1Ground
_. 11-

levee
•Bank Sta

--- ..--
WSPF6

--'-11-

WS PF 7

RS=201.14

980, r--- .05 --- >l<08j O..Li.1.ol..~035~~

3 5 4 3
3 5

970

960

950

940 I , , , , •• , , I
12000 14000 16000 18000 20000 22000 24000 26000

Station 1ft)

€
c
.Q
10
>
~
UJ

legend

WSPF8
- -0- M--

WSPF7
--- ..- -
WSPF6
-- .
WSPF5

WSPF4

WSPF3

WSPF2

WSPF 1Ground
- -II _.

levee
•Bank Sia

RS = 201.24
980 =.u,=u"'!, j. j.j .1.1<.043)1·1~- .03--·~

I 0 f1tCOlJO 00 i

355<-44 3 34
f~3 5 8

940 I , , ,-" " , I
12000 14000 16000 18000 20000 22000 24000 26000

Station (ft)

970

€
c
.Q 96010
>
GO
iii

950·

9



Plate 5
HEC-RAS Cross-Sections for Allernative 3.5, Wilh Levee Alignmenl I

Tra. RIGS F••slblllly Stud)' AIIemallV8:) SO,"'o oneti 'Iow, w levee aloon 1,'" laodl~' TIe' RIGS Feasblhly Stud)' AIlemallv8 3 50. '""0 108" flow, w lev.. 811gn I, W 18001111

5

RS = 197.64

960 I·~·U'~ . I· J . l<" ..Q081!2J'\~'i==='-'--I 0 0 O'OlrO- .~
3 8434
5 858

.03· .~
i legend

WSPF8

960·,

RS= 197.54
·L05~.J. J. -1<08.*-- ' _ .
o 0000'0'--
5 3 8434

5 858

.03··--·
-'legend

WSPf8
···1 -

WSPF7

WSPF6
- _.. ~-

WSPF5

WSPF4

WSPF3

WSPF2

WSPF 1

Ground
-0

levee

•Bank Sia

930

920

910 I , , , , , , ' I

18000 ooסס2 22000 24000 26000 28000 ooסס3

Slation (n)

950

c
g..
>
.!!w

WSPF4

WSPF3

WSPF2

WSPF 1

Ground
--f}-

Levee

•Bank Sta

"--'11- -'-

WSPf 7
. -. -

WSPF6.... .
WS PF 5.1 g 940

J '

920

910 I , , , , , I
18000 ooסס2 22000 24000 26000 28000 ooסס3

Stalion (n)

930

950·

g 940·

~
~
W

WSPF6

WSPF8
.. -M--·
WSPF7

_ ...
WSPF5

WSPF.

WSPF3

WSPF2

WSPF 1Ground
,·1 1-"
levee

•Bank Sta

-~egend-

O~L·.l.....l· J . j . 1~··03->I< .05·>1<-·-.03·---
o 1 0 OO'lJO'O
5 5 3 84 3 4 8

5 858

Tr•• Rio. F••,okl.., Study AlterNllva:) SO, wo.-.en now,'" lev.. ehgn 1, w IeOOrIlI

910

960

950

930

900 I , , , , , I
18000 20000 22000 24000 26000 26000 30000

Slation (n)

920·

c
o
~
~
iii

Legend

WSPF4

WSPF3

WSPF2

YV.::J PF 1Ground
.. 11--·

levee

•Bank $Ia

WSPF8
. ,

WSPF7---, -
WSPf6... • "1 940
WSPF~ g

5

920

930 I l;i..... . .~

950

940

910

900 I , , , , , I
18000 20000 22000 24000 26000 28000 ooסס3

Slalion (n)

TIn Riot!F~ SIWy Ahn'wtM 3.50, wo ineI'I' now, w »vM align 1. w '-ndl'.

RS = 197.45

960 J. I"'u.~ . t··I.~ . j. ·tJf03 >t<- .05 '>!<-- .03 ._..
r-n 0 I(llflrlrln

3 1Yl4 3 4838
5 m858 5

g
c
.Q

~
w

21



Plate 5
II EC-RAS Cross-Sections ror Alternalive 3.5, Wilh Levee Alignment I
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Plate 5
HEC-RAS Cross~SccHons(or Alternative 3.5, With Levee Alignment I
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Flood Duration Calculation
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Flood Duration Calculation
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1.0 INTRODUCTION

The wetland water budget analysis begins with a review of the Tres Rios demonstration constructed
wetlands. Then, the transpiration rates (plant consumption rates) for some riparian habitat are
discussed. Finally, the project alternatives and the associated water budget analysis are presented.

2.0 TRES RIOS DEMONSTRATION CONSTRUCTED WETLANDS

In 1994 the local sponsor constructed the Tres Rios Wetlands Demonstration Project. The Tres Rios
Demonstration Constructed Wetland Project consists of approximately II acres of emergent marsh,
free-water surface wetlands, and is adjacent to and within the confines of the City of PhoenixiSROG
9lst Avenue Wastewater Treatment Plant (WWTP). There are three operational wetland sites:
Cobble (4 acres), Hayfield (6 acres), and the Research Cells (I acre).

The demonstration project objective was to: I) determine if wetland systems can polish pre-treated
wastewater to a level that will meet perceived future discharge requirements, 2) develop scale-up
parameters for an approximately 800-acre system, and 3) determine the net environmental benefit
such a system and associated riparian habitats would have in the Salt/Gila, and Agua Fria River area.

The 91st Avenue Wastewater Treatment Plant is a conventional activated sludge plant currently
treating approximately 154 mgd of municipal wastewater. Approximately 2 mgd (3.1 cfs) of highly
treated wastewater from the WWTP has been polished by the Tres Rios wetland.

The hydrologic balance at the Tres Rios sites was evaluated using the following equation.

Qin + Qrain = Qout + Qeto + Qinf

In the equation, Qin and Qout were measured from the V-Notch Weirs; Qrain was obtained from
an on-site rain-gage and from the AZMET weather station in Litchfield Park; Qeto
(evapotranspiration) was obtained from the Arizona Meteorological Network Weather Station
located I mile North of McDowell Road on Cotton Lane in Litchfield Park; Qinf (infiltration) was
calculated from the water balance equation. Since the Qeto was obtained from the weather station,
it actually only includes the evaporation not the plant consumption. Therefore, for the Tres Rios
data, the infiltration rate includes infiltration and plant consumption (transpiration).

Infiltration losses are solved for from the water balance. At the Hayfield Site Basins, infiltration
losses have been 'extremely stable since startup. This site is characterized by fine sediments
deposited during flood events of the Salt River. Long-Term average infiltration loss from Basin HI
equals 0.06 ftId, while Basin H2 equals 0.09 ftId. These rates are very similar to that experienced
by the lined Cobble Basin C2, 0.06 ftId. The other Cobble Basin (C I), located within the Salt River
Floodway and constructed on well-draining sand, gravel, and cobble has behaved differently. In the
long-term, CI has lost an average of 0.74 ftId to subsurface flow. At times, this represents almost

I



75% of the incoming wastewater. Interestingly, this basin (CI) has an unsaturated zone directly
beneath it. This was substantiated in April 1997 when subsurface sampling devices were installed
by USGS and Tres Rios staff. At that time, the subsurface was saturated to approximately 3 feet
below the sediment surface, and then unsaturated to the local groundwater table (approximately 13
feet below ground surface). Table I summarized the water budget for the demonstration wetlands.

In this design analysis, the long term average value of 22.0 ftlyr (0.06 ftld) is used to approximate
the infiltration value for the wetland with soil liner. The selected evaporation value is 4.4 ftlyr.

3.0 TRANSPIRATION - PLANT CONSUMPTION RATES

The State of Arizona Game and Fish Department provided plant consumption values for riparian
vegetation. The original data sources are listed below.

(a) Bill Wiesenborne, US Bureau of Reclamation, Lower Colorado (from draft DRl report)

(b) Johns, E.L. 1990, Vegetation Management Study Lower Colorado River. Bureau of Reclamation,
Denver, Colorado.

(c) Norman, R., L. Finger, D. Titus, and R. Gearhart, 1993, Review of wetland evapotranspiration
literature. Prepared for US Bureau of Reclamation, Lower Colorado Region. Contract No. 1-05-30
12790.

(d) US Bureau of Reclamation, 1992 Vegetation Management Study - Lower Colorado River - Phase
I Report, Boulder City, Neveda.

(e) Dr. Julie Stromberg (Center for Environmental Studies, Arizona State University). Dr.
Stromberg is working with the City of Tempe on their mesquite restorations (mitigation areas for
channelization of Salt River). Dr. StrombergOs report is listed in (t).

(t) Swenson, B., J. Stromberg, and D. Patten, 1993, Rio Salado Wildlife Habitat Restoration - 13
Acre Site - Revegetation Monitoring Report. Center for Environemntal Studies, Arizona State
University, Tempe, Arizona.

(g) Graf, W. L., D. T. Patten, and E. Turner, 1984, Issues Concerning Pheatophyte Clearing,
Revegetation, and Water Saving Along the Gila River, Arizona, US Army Corps of Engineers
Contract No. DAeW09-83-M-2623.

Table 2 summarizes the different riparian vegetations and the associated transpiration values based
on the above data sources.
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4.0 PROJECT DEVELOPMENT

4.1 Project Water Supply.

The water supply for the project will come from the 91 st Avenue Wastewater Treatment Plant. The
treatment plant is operated by the multi-city Subregional Operating Group (SROG) consisting of the
cities of Glendale, Mesa, Phoenix, Scottsdale, and Tempe who own capacity in the plant. SROG
discharges highly treated effluent from the WWTP to the Salt River at the east end of the Tres Rios
Area. The project will require commitments to provide an adequate water supply for at least 50
years.

4.2 Typical Project Features

a. Pumping Station

A pump station will be designed to pump treated effluent from the WWTP to the Diurnal flow
wetlands. The estimated pump capacity will be between 200 and 300 mgd. A 36-inch diameter steel
pipe will connect the pump station to the diurnal flow wetlands.

b. Diurnal Flow Regulating Basins.

Diurnal flow regulating basin wetlands will be constructed on the north bank west of the WWTP.
The purpose of the diurnal flow wetlands will be to buffer diurnal flowrate fluctuations from the
wastewater plant. These wetland basins will have a depth of five feet. The basins are designed in a
parallel arangement so that several basins can be removed from service for maintenaces while the
rest are left functioning. Each basin will have gate valves to control the flow in and out of the basin
through a steel pipe. The outflow gate valves will be designed so as to inhibit beavers from piling
debris around them and plugging them. The bottom of the basins will be designed to facilitate
draining and pumping of the basin for maintenance cleaning.

c. General Basins.

The general basins will be constructed along the north bank. Regulated flow from the diurnal flow
regulating basins will maintian the basins at a constant water depth of four to five feet. The basins
will be aranged in series with inlet and outlet gate valves to control the flow in and out of each basin.
Basins will be connected either by pipe or by a drainage channel. The basins will be planted with
various species of bulrush, cattails, water lilies and other aquatic and terrestrial plants to create a
riparian habitat attractive to wildlife of the area. Viewing obsevation areas will be constructed to
allow easy public without disturbing the wildlife. Maintenance roads will be constucted around each
basin for access the control gates. Stubout pipes will provide a river exit.

d. C/W Stringers (Riparian Corridors)
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The cottonwood/willow (CfW) stringers are riparian corridors that consist of a 20-foot wide, 4 feet
deep low flow channel with a 75-foot wide, 3-foot deep bench. They will be planted with
predomenantly Fremont Cottonwood and Goodding Willow trees to provide riparian habitat. Water
supply for C/W stringers are either from a pipeline from the general basins or from diverting the
natural stream channel in the river.

e. Open Water Marsh

Each open water/marsh (OW/M) consists of a 300 feet to 500 feet wide, 5-foot deep
pond. Ponds will be clay lined to prevent loss of water caused by infiltration. Ponds will be
connected in series by riprap lined connecting riffles. Control gates at the pond outlet will be used
to control the flow to each pond. A 100-foot wide, 2-foot deep bench will be constructed at the bank
of each pond. The bench will be planted with marsh habitat type plants while the deeper middle
section of the pond will be left as open water habitat. Nesting islands for waterfowl will be
constructed in the center of the ponds.

f. North Bank Levee

The levee will extend along the north bank from 91 st Avenue to Dysart Road. The levee height will
range from 4 feet to 10 feet high. The riverside will have an 8-inch thick riprap annor with I vertical
on 2 horizontal sideslopes.

4.3 Project Alternatives.

Three alternatives were investigated for design and cost estimating purposes. All the alternatives
contain similar project features listed above and vary only by the location and number of each
project feature. For the cost estimate the alternatives were subdivided into three independent groups
based on the three sources of project water supply. Water supply for the features along the north
bank will come from treated effluent pumped from the WWTP. Water supply to features along the
south side of the river channel will come from ground water pumped from a dewatering pump
located at the WWTP. Other features will have an "independent" water source by diverting the
natural base flow in the river through these features.

a. Alternative 3.

Alternative 3 is shown on Plate 2 of the Engineering Design Appendix. The feature unique to this
alternative is the construction of a ground water discharge pipe from a ground water pump station
at the WWTP to an existing gravel pit located at 83rd Avenue. The water from this gravel pit will
then flow from a conveyance channel through CIW stringers and OW/M ponds on the south side of
the river. Alternative 3 contains the largest area of OW1M ponds.
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b. Alternative 4.

Alternative 4 is shown of Plate 3 of the Engineering Design Appendix. The main feature unique to
this alternative is the addition of a pipeline downstream from the general basins to EI Mirage Road
where the water will be diverted into a series of CfW stringers. The general basins will be arranged
in a series along the north bank. The ground water discharge pipeline will be placed under the river
bed south to a C/W stringer.

c. Alternative 3.5.

Alternative 3.5 is shown of Plate 4 of the Engineering Design Appendix. This alternative is a
combination of Alternatives 3 and 4, and therefore its main feature is similar to Alternatives 3 and
4. As shown in Plate 4, the layout of the Riparian Corridor, Open Water Marsh, Regulating Basin,
and General Basin is slightly adjusted from the other alternatives.

5.0 WATER BUDGET ANALYSIS FOR THE PROJECT ALTERNATIVES

Water budget for the project alternatives 3, 4, and 3.5 was calculated based on the water losses
through the diurnal flow regulating basins, general basins, cottonwood willow riparian corridors, and
open water marsh.

For the regulating basins, general basins, and open water marsh, water losses include infiltration and
evapotranspiration. For the cottonwood willow riparian corridors, because of no standing water,
only evapotranspiration loss was calculated. In the analysis, the infiltration rate for a wetland with
soil liner was assumed to be 22 ftJyr and the evaporation rate was assumed to be 4.4 ftJyr. The
evapotranspiration rate for cottonwood willow was assumed to be 8.5 ftJyr and the
evapotranspiration rate for the open water marsh was assumed to be 10 ftJyr. Detailed water loss
calculations are presented in Tables 3. 4, and 5.

5. I Alternative 3

(a) Cottonwood Willow Riparian Corridor
Infiltration Loss = 4,464,749 ff x 22 ftJyr x 7.48 gal/tr /365 day/yr = 2.013 mgd
Evapotranspiration Loss = 4,464,749 ff x 8.5 ftJyr x 7.48 gal/tr /365 day/yr = 0.777 mgd

(b) Open Water Marsh
Infiltration Loss = 11,274,735 ff x 22 ftJyr x 7.48 gal/ft' /365 day/yr = 5.083 mgd
Evapotranspiration Loss = 11,274,735 ft2 x 10 ftJyr x 7.48 gal/ft' /365 day/yr= 2.31 mgd

(c) Regulating Basin
Infiltration Loss = 7,717,041 ft2 x 22 ftJyr x 7.48 gal/ft' /365 day/yr = 3.479 mgd
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Evapotranspiration Loss =7,717,041 ft2 x 4.4 ftlyr x 7.48 gal/ftJ 1365 day/yr =0.695 mgd

(d) General Basin
Infiltration Loss =4,699,850 ft' x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr =2.119 mgd
Evapotranspiration Loss =4,699,850 ft2 x 10 ftlyr x 7.48 gal/ftJ 1365 day/yr =0.963 mgd

Total Loss =17.44 mgd

5.2 Alternative 4

(a) Cottonwood Willow Riparian Corridor
Infiltration Loss = 11,810,234 ft2 x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr = 5.324 mgd
Evapotranspiration Loss = 11,810,234 ft2 x 8.5 ftlyr x 7.48 gal/ft' 1365 day/yr =2.057 mgd

(b) Open Water Marsh
Infiltration Loss = 8,509,016 ft2 x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr = 3.836 mgd
Evapotranspiration Loss = 8,509,016 ft2 x 10 ftlyr x 7.48 gal/ftJ 1365 day/yr = 1.743 mgd

(c) Regulating Basin
Infiltration Loss = 7,005,944 ft2 x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr = 3. I 58 mgd
Evapotranspiration Loss =7,005,944 ft2 x 4.4 ftlyr x 7.48 gal/ftJ 1365 day/yr =0.632 mgd

(d) General Basin
[nfiltration Loss = 5,799,466 ftl x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr = 2.614 mgd
Evapotranspiration Loss = 5,799,466 ft2 x 10 ftlyr x 7.48 gal/ftJ 1365 day/yr = 1.188 mgd

Total Loss = 20.55 mgd

5.3 Alternative 3.5

(a) Cottonwood Willow Riparian Corridor
Infiltration Loss =6,151,665 ftl x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr =2.773 mgd
Evapotranspiration Loss =6,151,665 ft2 x 8.5 ftlyr x 7.48 gal/ftJ 1365 day/yr = 1.072 mgd

(b) Open Water Marsh
Infiltration Loss ~ 15,786,521 ftl x 22 ftlyr x 7.48 gal/ft' 1365 day/yr =7. 117 mgd
Evapotranspiration Loss = 15,786,521 ft2 x 10 ftlyr x 7.48 gal/ftJ 1365 day/yr = 3.235 mgd

(c) Regulating Basin
Infiltration Loss = 7,005,944 ft2 x 22 ftlyr x 7.48 gal/ftJ 1365 day/yr = 3. I 58 mgd
Evapotranspiration Loss =7,005,944 fe x 4.4 ftlyr x 7.48 gal/ftJ 1365 day/yr =0.632 mgd
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(d) General Basin
Infiltration Loss =5,799,466 ft' x 22 ftlyr x 7.48 gallftJ

/ 365 day/yr =2.614 mgd
Evapotranspiration Loss =5,799,466 ft' x 10 ftlyr x 7.48 gal/ftJ

/ 365 day/yr = 1.188 mgd

Total Loss = 21.7 mgd

6.0 Recommendation

There are some concerns regarding the water budget analysis. First, the water budget analysis was
based on the long term steady-state condition. However, during the start-up stage, the project
requires more water. Another concern is the evapotranspiration calculation. Although the major
water losses are from the groundwater infiltration through the perennial stream and wetlands, water
losses through evapotranspiration take about 27 percent of the total water budget. Evaporation data
in the study area show that during warm weather, the evaporation rate can be double the average
annual rate. This implies that during the start-up stage during extremely warm weather, the water
loss will be much more than the steady-state value. Therefore, it is recommended that the water
supply system be designed with a capacity two times larger than that calculated under the steady
state condition.
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TABLE 1
WATER BUDGET

FOR TRES RIOS DEMONSTRATION WETLANDS

Cobble Site Hayfield Site

Cell Cl C2 HI H2

Lining unlined lined lined lined

Size(acre) 2.2 2.2 3.0 3.0

Surface Flow 19% 87% 80% 71%

Evapotranspiration 3% 4% 4% 4%

Infiltration 72% 8% 16% 19%

Evaporation(ft/yr) 4.4 4.4 4.4 4.4

Infiitration(ft/d) 0.74 0.06 0.06 0.09

Infiltration(ft/yr) 270 22 22 33

Note:

(I) Hydraulic losses (% of Influent) from the Cobble and Hayfield Site Basins are measured from
1011995 through 7II 997.

(2) Data are based on the following two reports.

a. Tres Rios Demonstration Constructed Wetland Operation & Research, May 1996, by Michael G

b. Tres Rios Demonstration Constructed Wetland Project, 199611997 Operation & Water Quality Re

(3) HI is the only basin where the water losses add to 100%. This could be the result of
measurement error (see Report b).
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TABLE 2
TRANSPIRAnON RATE FOR RIPARIAN HABITAT

Habitat ft/yr

Arrowweed 1.2

Screwbean Mesquite and Tamarisk Mix 1.2

Honey Mesquite 1.6

Salt Cedar and Honey Mesquite Mix 3.3

Cottonwood willow (low density) 3.6

Willow 2.5-4.4

Cottonwood and Mesquite 3.1

Cottonwood 7-8.5

Cattail 7.5-16.5

Scirpus 3.2-22.7

Carex 3.8-6.4

Salt Cedar 3-92

Quailbush 3-4

Saltgrass 0.8-4.0

Saltbush 3.2

Sacaton Grass 4

Bermuda Grass 2.3-6.0
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TABLE 5

WATER BUDGET ANALYSIS FOR ALTERNATIVE 3.5

Size Infiltration Evapotranspiration

, If mgd mgd

Cottonwood Willow Riparian Corridor NO.1 ! 1,367,919: 0.616721 023828
Cottonwood Willow Riparian Corridor NO.2

,
1,841,928: 0.83042: 032085

Cottonwood Willow Riparian Corridor NO.3 1,226,488' 0.55296' 0.21364
Cottonwood Willow Riparian Corridor No, 4 1 243,150: 0.10962: 0.04235
Cottonwood Willow Riparian Corridor NO.5 , 635,348, 0286441 0.11067
Cottonwood Willow Riparian Corridor NO.6 535,270; 0.24132: 009324
Cottonwood Willow Riparian Corridor No. 7 I 301,562; 0.13596' 005253
Sub-total Cottonwood Willow 6,151,665' 2.77345! 1.07156

Open Water Marsh Pond No. 1 690,460' 0.31129' 0.14150
Open Water Marsh Pond NO.2 1,811,694 0.81679 0.37127
Open Water Marsh Pond NO.3 2,076,685 0.93626 042557
Open Water Marsh Pond NO.4 1,529,897 0.68975 031352
Open Water Marsh Pond NO.5 3,635,444 163902

-----
, 0.74501

Open Water Marsh Pond NO.6 656,192 0.29584 0.13447
Open Water Marsh Pond NO.7 1,598,979 0.72089 0.32768

~------

Open Water Marsh Pond NO.8 1,549,089 0.69840 0.31745
Open Water Marsh Pond NO.9 2,238,081 ' 100903' 045865
Sub-total Open Water Marsh 15,786,521 7.11727 323512

- _..

Regulating Basin NO.1 1,030,905 046478 009296
RegUlating Basin NO.2 1,030,905 046478 0.09296

--- -
Regulating Basin NO.3 1,030,905 046478 0.09296
Regulating Basin NO.4 1,089,723 049130 009826
Regulating Basin NO.5 1,317,647 0.59405 o11881
Regulating Basin NO.6 475,286 0.21428 0.04286
Regulating Basin NO.7 519,585 0.23425 0.04685
Regulating Basin NO.8 510,988 0.23038 0.04608
Sub-total RegUlating Basin 7,005,944 3.15860, 063172

General Basin No, 1
,

738,452' 0332931 0.15133,
General Basin NO.2 , 572,982 025833~ 0.11742
General Basin NO.3 578,853' 026097i o11862
General Basin NO.4 , 566,535: 025542: 0.11610
General Basin NO.5 , 565,618: 0.255011 o11591
General Basin NO.6 1 661,636! 0.298301 o13559
General Basin NO.7 541,855i 0.24429: 0.11104
General Basin NO.8 - I 598.2081 0.26970, 0.12259
General Basin NO.9 548.8061 0.24743! 0.11247
General Basin No. 10 426,5211 0.192291 0.08741
Sub-total General Basin 5,799.4661 2.614661 1.18848

Grand Total 34,743.596: 15.6641 6.127

Total Water Loss I 21.79mgd

I
I
I

I
I



Appendix D: Design and Costs
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1.0 OBJECTIVE

The purpose of this appendix is to provide results of the civil and structural design
effort. Design data and calculations were developed sufficient to detennine the technical
and economic feasibility of each alternative and in the event the project is authorized, to
provide a base design leading to the development of the construction plans and
specifications. The objective of the Tres Rios project is to implement environmental
restoration by creating wetland and riparian habitat in the vicinity of the confluence of the
Salt River and Gila River.

2.0 STUDY AREA

The Tres Rios Project is located in central Maricopa County, Arizona. The study area
generally includes a one-mile wide corridor along the Salt River and Gila River
extending from 83'd Avenue on the east, downstream past the confluence with the Agua
Fria River to the diversion structure of the Buckeye Irrigation Company on the west. The
proximity of the study area to these three rivers led to the name "Tres Rios". The total
project reach is seven miles. A project location map is shown on Plate I.

3.0 SITE SELECTION AND PROJECT DEVELOPMENT

3.1 Demonstration Project.

In 1994 the local sponsor constructed the Tres Rios Wetlands Demonstration Project.
The Tres Rios Demonstration Constructed Wetland Project consists of approximately 11
acres ofemergent marsh, free-water surface wetlands, and is located adjacent to and
within the confines of the City ofPhoenixiSROG 91st Avenue Wastewater Treatment
Plant. There are three operational wetland sites: Cobble (4 acres), Hayfield (6 acres), and
the Research Cells (I acre).

The demonstration project objective was to: I) To detennine if wetland systems can
polish pre-treated wastewater to a level which will meet perceived future discharge
requirements, 2) Develop scale-up parameters for an approximately 800 acre system, and
3) Detennine the net environmental benefit such a system and associated riparian habitat
would have in the Salt/Gila, and Agua Fria River area. The plans and specifications for
this project will be based on the research results from the demonstration project.

3.2 Project Water Supply.

The water supply for the project will come from the 91 st Avenue Wastewater Treatment
Plant (WWTP). The treatment plant is operated by the multi-city Subregional Operating
Group (SROG) consisting of the cities of Glendale, Mesa, Phoenix, Scottsdale, and
Tempe who own capacity in the plant. SROG discharges highly treated effluent from the
91 st Avenue WWTP to the Salt River at the east end of the Tres Rios Area. The project
will require commitments to provide an adequate water supply for at least 50 years.
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3.3 Typical Project Features

a. Pumping Station

A pump station will be designed to pump treated effluent from the 91" Avenue
Wastewater Treatment Plant (WWTP) to the Diurnal flow wetlands. The estimated pump
capacity will be between 200 and 300 mgd. A 36-inch diameter steel pipe will connect
the pump station to the diurnal flow wetlands.

b. Diurnal Flow Regulating Basins.

Diurnal flow regulating basin wetlands will be constructed on the north bank west of
the WWTP. The purpose of the diurnal flow wetlands will be to buffer diurnal flowrate
fluctuations from the wastewater plant. These wetland basins will have a depth of five
feet. The basins are designed in a parallel arrangement so that several basins can be
removed from service for maintenance while the rest are left functioning. Each basin will
have gate valves to control the flow in and out of the basin through a steel pipe. The
outflow gate valves will be designed so as to inhibit beavers from piling debris around
them and plugging them. The bottom of the basins will be designed to facilitate draining
and pumping of the basin for maintenance cleaning.

c. General Basins.

The general basins will be constructed along the north bank. Regulated flow from the
diurnal flow regulating basins will maintain the basins at a constant water depth of four to
five feet. The basins will be arranged in series with inlet and outlet gate valves to control
the flow in and out of each basin. Basins will be connected either by pipe or by a
drainage channel. The basins will be planted with various species of bulrush, cattails,
water lilies and other aquatic and terrestrial plants to create a riparian habitat attractive to
wildlife of the area. Viewing observation areas will be constructed to allow easy public
without disturbing the wildlife. Maintenance roads will be constructed around each
basin for access to the control gates. Stubout pipes will provide a river exit.

d. C/W Stringers (Riparian Corridors)

The cottonwood/willow (CIW) stringers are riparian corridors that consist of a 20-foot
wide, 4-foot deep low flow channel with a 75-foot wide, 3-foot deep bench. They will be
planted with predominantly Fremont Cottonwood and Goodding Willow trees to provide
riparian habitat. Water supply for C/W stringers will be either from a pipeline from the
general basins or from diverting the natural stream channel in the river.

e. Open Water Marsh

Each open water/marsh (OWIM) consists of a 300 feet to 500 feet wide, 5-foot deep
pond. Ponds will be clay lined to prevent loss of water caused by infiltration. Ponds will
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be connected in series by riprap lined connecting riffles. Control gates at the pond outlet
will be used to cOntrol the flow to each pond. A IDO-foot wide, 2 foot deep bench will be
constructed at the bank of each pond. The bench will be planted with marsh habitat type
plants white the deeper middle section of the pond will be left as open water habitat.
Nesting islands for waterfowl will be constructed in the center of the ponds.

f. North Bank Levee

The levee will extend along the north bank from 91" Avenue to Dysart Road. Three
levee alternatives were considered. The recommended levee selected was the IDO-year
levee alternative. The levee height will range from 4 feet to I0 feet high. The riverside
will have IS-inch thick riprap annor with I vertical on 2 horizontal sideslopes. The
typical levee cross section is shown on Sheet 8.

3.4 Project Alternatives.

Two alternatives, Alternative 3 and Alternative 4, were initially investigated for design
and cost estimating purposes for the F4 feasibility report. A third alternative, Alternative
3.5, was added for the AFB report. All alternatives contain similar project features listed
above and vary only by the location and number of each project feature. For the cost
estimate the alternatives were subdivided into three independent groups based on the
three sources of project water supply. Water supply for the restoration features along the
north bank will come from treated effluent pumped from the 91 51 Avenue WWTP. Water
supply to the restoration features along the south side of the river channel will come from
ground water pumped from a dewatering pump located at the WWTP. Other restoration
features will have an "independent" water source by diverting the normal base stream
flow in the river to them.

a. Alternative 3.

Alternative 3 is shown on Plate 2. The feature unique to this alternative is the
construction of a ground water discharge pipe from a ground water pump station at the
91" Avenue WWTP to an existing gravel pit located at 83 rd Avenue. The water from this
gravel pit will then flow from a conveyance channel through C/W stringers and OWIM
ponds on the south side of the river. Alternative 3 contains the largest area of OW1M
ponds.

b. Alternative 4.

Alternative 4 is shown on Plate 3. The main feature unique to this alternative is the
addition of a pipeline downstream from the general basins to El Mirage Road where the
water will be diverted into a series of C/W stringers. The general basins will be arranged
in a series along the north bank. The ground water discharge pipeline will be placed
under the riverbed to a C/W stringer on the south side.
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c. Alternative 3.5

Alternative 3.5 is shown on Plate 4. Alternative 3.5 is the recommended plan. This
alternative is a combination of features in Alternative 3 and Alternative 4 that optimizes
the planning objectives. This alternative utilizes ground water discharge pipe feature
similar to Alternative 3. A ground water discharge pipe will be constructed from a
ground water pump station at the 91 st Avenue WWTP to an existing gravel pit located at
83 rd Avenue. The water from this gravel pit will then flow from a conveyance channel
through CIW stringers and OWIM ponds on the south side of the river. A series of
general basins will be constructed along the north bank similar to Alternative 4. Also
similar to alternative 4, a pipeline will be constructed downstream from the general
basins to El Mirage Road where the water will be diverted into a series of C/W stringers.
The C/W stringers will flow into four open water/marsh (OWIM) areas.

The design of the open water/marsh (OWIM) areas in this alternative has been refined
for greater habitat benefits. The side adjacent to the riverbank will be planted with a 100
foot to 200-foot wide area of cottonwood and willow trees. The open water section will
be maintained at a depth greater than 3 feet. The riverside will have a lOa-foot to 200
foot wide marsh area. This design will require more excavation and earthwork thus a
higher initial construction cost than the design used in the other alternatives, but will
provide a more natural riverine environment. Also, the deeper depths will result in less
frequent sediment removal and thus lower long term maintenance costs than the design
used in the other alternatives.

A reduced version of Alternative 3.5 is shown on Plate 4a. The open water/marsh
(OWIM) areas on the south side have been omitted. The full Alternative 3.5 will depend
on sponsorship by the Gila River Indian Community, the landowner on the south side.

3.5. Design Plates.

The attached sheets I through 10 show the plan view for the various alternatives and
details of the project features.

4.0 CONSTRUCTION CONSIDERATIONS

Most of the construction will consist of earthwork. Excavated material can be
disposed of at the sand and gravel mining companies in the area. Some of the selected
excavated material will be used for the construction of the north bank levee. The material
to be used for the levee will likely come from the excavation of the diurnal flow
regulating basins. Dewatering will be necessary for excavation of some of the OW1M
ponds in the vicinity of the Gila River confluence. The Geotechnical Appendix will
provide more detail of areas where dewatering will be needed.
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5.0 OPERATION AND MAINTENANCE

5.1 Operations.

Daily operations will include monitoring and adjustment of water levels in the diurnal
and general basins and a daily patrol of these overbank wetland areas to visually confirm
water levels and outflow. It is assumed a biweekly patrol of the OWfM ponds and
stringer channels will be sufficient to check their operation.

5.2 Maintenance.

The wetland areas are designed as close as possible to a natural riparian ecosystem and
should be self-sustaining as long as sufficient amounts of water are provided. However,
as in any manmade, controlled system, maintenance will be required. The assumed
maintenance schedule for the various features is shown in the table below.

Item Schedule
Regulating and general basins drained to kill overgrowth 3 years
of bulrush
Debris removal from outlet control gates 4 months
Saltcedar control Annual
Sediment removal from OWfM ponds· 20 years
Control gate valve major repair/replacement 50 years
Pump maintenance 2 years
Pump replacement 25 years
Minor regrading of access roads after a minor flood 5 years
Regrading, reconstruction, and replanting ofOWfM Once every 50 years
ponds and access roads after a maj or flood event

·The average annual sediment accumulation in the study area has been estimated to be
50,041 CY. A 20 year sediment removal frequency is an average for all the OWfM
ponds in the study area and assumes that sediment removal for the OWfM ponds for
Alternative 3.5 would be needed when the ponds are 1/3 full. It is likely that the actual
rate of infilling of individual ponds will vary so that some ponds will require more
frequent sediment removal.

5.3 Repairs After A Major Flooding Event.

Flooding is an important and natural part of a natural riparian ecosystem. Once
established, the cottonwood/willow areas should be able to withstand a major flooding
event. However, because much of the project is constructed in a fluvial bed river channel
some reconstruction will be needed after a major flood. The wetland OWfM ponds and

7



connecting rivelets will likely require dredging and reconstruction after a major flood
event and the marsh areas will require replanting. Also, regrading and reconstruction of

the access roads, trails, and viewing areas in the river bottom will be needed after a major
flooding event. It is assumed that such an event will occur once during the 50-year life of
the project.
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[1 I
FEASIBILITY STUDY OF TRES RIOS AT PHOENIX, ARIZONA

COST SUMMARY FOR ALTERNATIVE 3.5
Prepared by:

Revised:

Don 0 Nguyen

29,Feb,OO

• Item NO.5: DEPENDENT RIPARIAN CORRIDORS FROM 36" DIA. PIPELINE_. __ ••••.•__,·_ow _ _ • _ _

-Item No. 10: CONVEYANCE TRAPEZOIDAL CHANNEL

A. ENVIRONMENTAL RESTORATION

-Item NO.1: PUMP STATION AND PIPES TO DIURNAL WETLANDS:

-Item NO.2: REGULATING WETLANDS

- Item NO.3: OVERBANK WETLANDS--_. ..

- Item No.4: PIPELINE TO CONVEY WATER FROM WETLANDS TO RIPARIAN CORRIDORS

I
-Item NO.6: INDEPENDENT OPEN WATER MARSH (OWIM) NORTH SIDE OF RIVER

,':_--, :~_:.I~em:N~:,~--,~,DEPENDENT RIPARIAN CORRIDORS IN RIVER . I
-Item NO.8: DEWATERING WELL COLLECTION SYSTEM AND ITS PIPELINE

-Item NO.9: 36" DIA. PIPE FROM THE EXISTING LAKE TO RIPARIAN CORRIDOR AT 83rd AVE.

I
-Item No. 11: DEPENDANT OPEN WATE_R MARSH (OWIM) SOUTHSIDE OF RIVER

- Item No. 12: MONITORING

• Item No. 13: ADAPTIVE MANAGEMENT

• Item No. 14: CULTURAl RESOURCES MITIGATION

Totil for Envlronmentll Rntoratlon

B. FLOOD CONTROL

.:lIem 1281: LOW LEVEE (SO ye.r)

-Item 1282: MID-HIGH LEVEE (100 ye.r)

-Item 1283: HIGH LEVEE (500 ye8r)

Recommended Total for Flood Control (mid lev")

C. REC IMPROVEMENTS & ENVR EDUCATION FACILITIES

,Item NO.1: RECREATIONAL IMPROVEMENTS

- Item NO.2: ENVIRONMENTAL EDUCATION FACILITIES

Total for Rec Improvements & Envr Education Facilities

Estimated Cost

$16,843,460.00

$9,064,270.00

$9,630,528.00

$4,413,966.00

$4,813,791.00

$10,457,967.00

$5,924,662.00

$2,625,378.00

$518,445.00

$1,875,726.00

114,463,036.00

$806,312.00

$806,312.00

$500,000.00

$12.743.153.00

$4,890.835.00

$5,380,173.00

$6,109.64800

$5.380.173.00

12,360,000.00

$2,500,000.00

14.860.000,00



I I I
FEASIBILITY STUDY OF TRES RIOS AT PHOENIX, ARIZONA Prepared by: Don O. Nguyen

COST COMPONENTS FOR ALTERNATlVE 3.5
,

Revised: 29·Fob-00

Item
Description Estimated

UOM Unit Cost Estimated CostNo. auantity- . . .

A
"

ENVIRONMENTAL RESTORATION

-- --

1 PUMP STATION AND PIPES TO DIURNAL WETLANDS:-- ..__ . -_.. .... -

•• Pump Stationa:- .; "-Cop.city 300 MGD 1 LS $8,000,000 00 $8,000,000.00_. _. .2 :l:ioidIiCal Contiol Panels aild SCADA 1 LS $200.000.00 $200,00000. - .. _.__ ..•. . ._...
----1--6. Pipe (iii81iOnpump Station to Diurnal Wotlands:- bl :Prpe-(84"DII.'Stoel Pipe) 3.900 LF $.492.00 $1,918.800.00- .. -

b2 :PiPe T,encl,£xcavation 22.300 CY $5.00 $111.500.00-- b3-.Pipe TronCh eacllfill 20,700 CY $3.00 $62.100.00
b4 -Inlet Strudure W/Gate 1 EA $5,000.00 $5,000.00-

SubtOlal $10.297.400.00..

Conlinv.e~~ 15.00% $1,544,610.00

~~"!1i~,_~u~.~y. ~ngineering and Design 1000'4 $1,029,740.00

Enplneeri~g.During Construction 1.00'4 $102,974,00

__ SUp!~~Mln ~~ Admini,stration 6.30'.4 $648,736.00--

... Roal Estato $3.220,000.00-- .-

Subtotal Item NO.1 $1'.143,4'0.00
.. --

2 REGULAliNG WETLANDS-_.- ._ ... _-- --

- • RegUlating Basms
a1 :.clearand"Grubbing 1 LS $50,000,00 $50,000.00
12 -Excavatton and Stockpile 1,168,000 CY $5.00 $5,840,000.00
.:i -arOding' - . . 150 AC $2,000 00 $300,000.00
a4:Ii~tion Planling 75 AC $3,50000 $262,500.00

b Pipe iirie between Basins 10 Basins including SKie Drains-- bl ·.Pipe (24" Oia. Stoel Pipe) 1,600 LF $130.00 $208,00000.-- -- -
b2 -Pipe Trench Excavation 5,700 CY $5.00 $28,500,00
b3 ·Pipe Trench Backfill 5,500 CY $3,00 $16,500.00
bot ·level Sensor 8 EA $600 00 $.4,800.00
b5 ·Meter 8 EA $7.000 00 $56,000 00



Item
No.

.lTV STUDY OF TRES RIOS AT •••~_•••~.
COST COMPONENTS FOR ALTERNATIVE 3.5

Description

b6 ·Iniet Structure with Gate
bl -OuUitt Weir Structure w/Gate

! ISublotiiT .-

__~C~~nci!'~_ ..

P~n.ni~1 ~~~1.' Erl$Jin~~inQ a~ Design

.!,_,,¥i"!'8~Durin~ Con'lruclio~_

__ .S~~~~_~_~~ts~ation

R••IEIleI.

Subtotiliitem No.2

Estimated
Quantity

10
7

UOM

EA
EA

Prepared by: Don D. Nguyen
Revised: 29-feb-QO

Unit Cost Estimated Cosl

$5.000.00 $50.000.00
$5.000.00 $35.000.00

$6.851.300.00

15.00% $1.027.695.00

10.00% 5685.130.00

1.00% 568.513.00

6.30·,4 ~31.632.oo

(ind in Diurnal Wl)

$8,064,270.00

3 I IOVERBANK WETLANDS.. _ - _.

a lGeneral Basins
al -Claaring and Grubl>in9
a2 ·Excavattoil and Stodl.pi.
.3 -Grading .
a4 -V"1!"tali<l~Pi<lnling

b 1Pipe Connecting between Basins including Side Drains
bl -Pi"" (2."018. Steel) - .
b2 ~PiperrenCh·ExcavitKHi

b3--J>;p. TrilllCli Backflll-
b4 -Ou1Iai Wei"truclure wlGate

SubtOtaf' ----.- --- - -

. _ ~ .. ~::::~.-~n~ineering_and ~.i9n
~~~~~"i.l?u!i~~ Construction

~ .,S~!!~~~ _~~ ~minis!ration

R.al Estate

Subtotilliitem No.3

1 lS $50.000.00
966.600 cv $500

150 AC $2.000.00
75 AC $3.500.00

1.500 If $130.00
5.300 cv $5.00
5.100 CV $3.00

3 EA $5.000.00

t5.00·.4

10.00%

1.00%

6.30·,4

$50.000.00
$4.833.000.00

$300.000.00
$262.500.00

$195.000.00
$26.500.00

- $15.300.00
$15.000.00

$5.697.300.00

$854.595.00

$569.730.00

$56.973.00

$358.930 00

$2.093.000 00

$9,630,528.00



ry STUDY OF TRES RIOS AT •••_~•••~,
COST COMPONENTS FOR ALTERNATIVE 3.5

Prepared .by:
Revised:

Don O. Nguyen

29-Fob-00

Item
No.

Description Estimated
Quantity

UOM Unit Cost Estimated Cost

siiilOi.i--

$2,800,000.00
$264,500.00
$147,600.00

$5,000 00
$20,000.00

$16,000.00
$3,500.00
$1,500.00

$3.258,100.00

340.00
$5.00
$3.00

$200.00
$5.00
$3.00

$5,000.00
$5,000.00

14.000 IF
52,900 CY
49,200 CY

_.- 1 EA
4 EA

400 IF
700 CY
500 CY

4 11iPIP!!:!~E. TO CONVEY WATER FROM WETLANDS TO RIPARIAN CORRIDORS.

• 36' Dio. Sioel Pipe
- ii ·piPe (36' Dii: Stoel)

-1-- ai·~PiPeTrench Excavation
- .3 ·Pij>e 'T,.nch b.ckflll

...-lnliii Stiuciur. w/Gale
._-.--."5'~utioiiSlriiciuri wlGate

___t-!'J12.cii.:·~~jl~!I>".. .
J . jbl -Pipe

.. . b2 -pipli irendt ·exCavation

_ ,b(:Piii!T",~B!'ckrill'

Contin~encies 15.00% 3488,715.00

PlannNlg, ~~rvey, EOQ~~riOQ a~ Design 10.00% $325,810.00

~~ii."!!ri~. '?~~':lj ~onlt~c1!On

__ •Supe~!~~!, .a~ Adminislration

1.000~

6.30%

$32,581.00

$205,260.00

Real Ellale

Subtotilillom No.4

$l~~500oo

34,413,1111.00

I DEPENDENT RIPARIAN CORRIDORS FROM 31" DIA. PIPELINE. - .._. --_..- - . . - ..

..clearing and Grubbing
=eicacaVtlon and Stockpikt
-Grading

,-- - -:Topiotl lining

-Vegetation Removal (Salt Sedar)
~~e~.,ge~at~n ofN_atiVes -

1
342,600

66
53,200

66
35

lS
CY
AC
CY
AC
AC

$50,000.00
$5.00

$2,000.00
$10.00

$2,500.00
$15,00000

$50,000.00
'${713:00000

$132,000.00
$532,000.00
$165,00000
$525,000.00

Subtotal $3,117,000.00

Conti~~encies 15.00% 3467,550.00

Planning, Survey, Engineering and Design 1000% $311,700.00



Item
No.

•

I rv STUDY Of TRES RIOS AT •••~~•••~.
COST COMPONENTS fOR ALTERNATIVE 3.5

Description

_ •E"Il!""!'riIl!! Dun"!! Conslrudion
, ,

_ I~~~_._~ Administration

R••IEatot.

Subiolailiom NO.5

IND~PENDEN!..llPEN~ATERMARSH (OW/III NORTH SIIlE ~F RIVER

Eslimated
Quantity

UOM

Prepared by:

Revised:

Unit Cosl

100',,"

6.30%

Oon O. Nguyen

29·Fob·00

Estimated Cost

$31,170.00

$196,371.00

$690,000,00

$4~!13.1tl.00

-Cllaring .nd Grubbing
.- '-·Exacavtion.iMi Slod<pilo

:Grading _. . .

.-. :yop.oll uni"g
-VogotationRomoval (S.Useda,)
-Rev.t~tionof Natives

Subtotal

C~~inp~~.

_ IP~~!,ninq~ S~~y: E~~in~rin~ a~~ Design

.••E"!!.~~!l~n"ll.Construdion

S~~i!~..!~.~~~ni~!r.I_!~n

R••IEstlle

Sublolalltam No.•

7 INDEPENDENT RIPARIAN CORRIDORS IN RIVER
-_. :Clearing aOct Grubbing .- .- - ,. .. _..

. . • -ExocovtiOn 'end StocJ<i>;lI
- - - -Gr8ding-' .. .

. -- -Topaoif-unlng

.. - :Vegetalion Removal (Salt Sedar)- .. -:~~\I.~~I~n 'of Nalive~ . _. - .

Sublotlll

Contingencies

1 lS
1,120,000 CY

139 AC
57,000 CY

95 AC
20 AC

1 lS
341,000 CY

70 AC
56,800 CY

35 AC
30 AC

$50,00000
$5.00

$2,000.00
$10.00

$2,500.00
$15,000.00

15.00°,4

10.00%

1.00°,4

6.30%

$50,000.00
$5.00

$2,000.00
$10.00

$2,500.00
$15,000.00

15.00%

$50,000.00
55,600,000.00

$278,000.00
$570,000.00
$237,500.00
$300,000.00

$7,035,500.00

$1,055,325.00

$703,550.00

$70,355.00

5«3,237.00

$1,150,00000.

_ ~10.457."7.00

$50,000.00
$1,705.000.00

$140,000.00
$568.000.00

$87.500.00
$450.000.00

53.000,50000

$450.075.00



IlY STUDY UF TRES RIOS AT • Prepared by. Don 0 Nguyen
COST COMPONENTS FOR ALTERNATIVE 3.5 ROllised: 29-feb-00

Item
Descriphon

Estimated
UOM Unit CostNo. Quantity Estimated Cost

~~!!~i!'iI.!..~~e~:Enq.i~~rjng and Destgn 10.00% $300,050.00
\

._-- -- ~.!1..ii.~~~p~r.~npC~n.~'r:ue:tio_n 1.00% $30,005.00

.~~~i~!r:td.~~~n~tr!lt~n.... 6.30'" $189,032.00- - .- -

RealE""e $1,955,000.00.- - -._--_._-
Subtotal Item No. 7 S5,'24,..~.OO- ... - .-

1 --- DEWATERING WEU COlLECTION SYSTEM AND ITS PIPELINE
. --.. --" --- . ---- - _. -

0 Dewolering Well System
01 -i>Mp Wen' Subfneroible Pump. 2 EA $1,600.00 $3,200.00
a2 :waier fj,iatvol _. 2 EA $500.00 $1,000.00- - _ .
• 3 -Inlet Diffusers 2 EA $500.00 $1,000.00
... -Pump IoIelerin~ 2 EA $2,000,00 $4,000.00

b Pipeline trom well to the Existing Lake al 83rd. Avo.
bl ,36" Oia, siMI pipe" .- 5,200 If $200.00 $1,040,000.00
b2 ·PIp8 Trenm "ExCavation 19,600 CY $5.00 $98,000.00
bJ :Pipe 'rren_Cii)!ic:J<r.1I . 18.300 CY $3.00 $54,900.00

SubtOloI $1,202,100.00

~'!t~~e!,~~. 15.00% $18~,3!500--

Ple!,ni~._S_u~~~. E~i~~ing.~ Design 10.00'" $120,210.00'-- --
~"ii~ri..'l1 ~rinlJ Construdion 1.00·'" .•$12,021.00- .-~

Su~~lI~,:, ~~_~ Administration 6.30% $75.732.00.-. --
Real eltate $1,0.35,00000_. . .._-_._- .

Subtotiliitem No. I 12,825,371.00

• 31" OIA. PIPE fROM THE EXISTING LAKE TO RIPARIAN CORRIDOR AT B3rd AVE.- . _.... .
I·36- Oia, Concrete Pipe 1.200 If $8000 $96,00000- ...

·Pipe Trench Excavation $500 $22,500.004.500 CY...
·Pipe Trench Backfill 4,200 CY $300 $12,60000



II Y i> I UU J vt- I Kt::> KIV:> A I , Prepared by: Don 0 Nguyen
COST COMPONENTS FOR ALTERNATIVE 3.5 Royised: 29·Feb-OO

Ilem
Description

Estimated
UOM Unit Cost

No. Quantity
Estimated Cost

. SUblolal $131.100.00

,
~Clllti~n~~_ 15.00% $19.665.00...

--.- ~ ~~~~~~_~':I~!~:.-engineeri~ and Design 10.00% $13,110.00

-- E~~Duri~Con.lrudion. 1.00°.4 $1.311.00

-_. -- ~~~_~~ !rM! ~min~~ra~ion 6.30% $8.259.00

Re.1 Eat.'. $345,000.00-- -- _....•---- _... -
. - Subtotilillem No.9 $518,445.00

10 CONVEYANCE TRAPEZOIDAL CHANNEL- -
a Riprap Side-Slope Soft aoUam Trapezoidal Channel

al -Cleariilg and Grubbing 1 LS $50,000.00 $50.000.00_.
i2 -G;ading anci Shaping 0.65 AC $2.500.00 $1,625.00
Ii ·excavation·and Stockpile 2.300 CY $5.00 $11.500.00
a4 -Riprap Side Slope. 500 TONS $35.00 $17,500.00
15 N~lalio~-,,~nlino 0.35 AC $3,500.00 $1,225.00

b earth Side Slope Soft BoUam Trapezoidal Channel_.
bf:Cto.ring and GrUbbing - - 1 lS $50.000.00 $50,000.00
b2 -Grading I~ Shapinif 3 AC $2,50000 $7,500.00
b3 ·Excavation and Stockpile 11.600 CV $5.00 $58,000.00
b4 -,!,ijel~lio~!lanlinO 1 AC $3,500.00 $3,500.00- - . -

. -
Sublolll $200.850.00. 1-

~Cllllin~.!!~' 15.00% $30.128.00..._- - ..

~I!l"-nJ~:..~u~!~! ~~in~~!i!,,~ and ~sig~ 10.00% $20,085.00.- ... -

E~.~ Du~"l! Con.I'Ud.ion 1.00% $2,009.00_. -- - -

_ ~~~!!.~~~ ~~ ~!1..1in.i~tra.~o~ 6.30% $12,654.00

Real Eatlle $1.610,000.00-- --

Subtoulltllm No. 10 $1,875,728.00

11 DEPENDANT OPEN WATER MARSH fOW/MI SOUTHSIDE OF RIVER



-C.aring and Grubbing

~~IJ.':~.~~~a~~~·a~ ~t~pile
-Groding

"~TOiiIoiiLlnl"li

__ . ._ ·I~:~~et!tion-Removal (San 5edar)
_L __~~~~tlon,ol N.tivo~

Item
No.

.ITY STUDY OF TRI:S RIOS AT •••~_...~.
COST COMPONENTS FOR ALTERNAT1VE 3.5

Description
Estimated

UOM
Quantity

1 lS
1.600,000 cv

223 AC
60.100 CV

112 AC
37 AC

Prepared by:

Revised:

Unit Cosl

$50.000.00
$500

$2,000.00
$10.00

$2,500.00
~15,00000

Oon D. Nguyen

29-Fel>-OO

Estimated Cost

$50.000.00
$9,000,000.00

$446,000.00
$601.000.00
$260.000.00
$555.000.00

Subtotal

-. ~l~ti,~~~; __ :'
_ ..~I!!''!.~~.~'!~~l!...~n~i~rinQ and Ot:'~ign

E"I!inoorinV.I?,url"l! Conslruction

~u~rvJ!~ ~_~,:,"in~tration

Real Estllt.

Subtolalltom No. 11

15.00%

10.00%

1.00%

6.30%

$10,932.000.00- - -_ ..

~'.,~39.a.0000

$1,~~3.200oo

$109,320.00

$666.716.00

(ind in Trap Chan)

$14.413,031.00

12

13

14

1I0NIT~RlNG(1% 01 ....,.Iom _toraUon.

Subtolaillom No.1 2

._.•~Il~P!IV~_w.-~(i_~II.!'NT j1!lo ol."<>OJ.tom. roatoraUon.

Subtolaillom No. 13

CULTURAL RESOURCES IIITIGATION

Subtolalltom No. 14

11 lS

lS

lS

$606,312.00

_$6~.31.211C1

$1.000,000.00

,$806.312.00

$I~,312.oo

$606,312.00

5101,312.00

51.000.000.00

51·OlJC),OOCl·00

B I _IFLOOIl CONT.ROL

1 I INORTH LEVEE

al • For Low Levee:
-Clearing end Grubbing
-Compacted Fill Levee '1 lS63,000 cv

$50,000.00
$300

550.000.00
$2'9.000.00



Item
No

lTV STUDY OF TRES RIOS AT
COST COMPONENTS FOR ALTERNATIVE 3.6

Description

Prepared by:

Revised:
Don 0 Nguyen

29-Feb-00

Estimated COSI

-Toe Excavation and Backfill
-Riprap Slope Protection

~:~~_t~lnter!Or~r.in~ (24" Oia_ Rep)
-Inlet Strudures

~-<>iJtiO.!~r~~.!!iJl:ture.

Subtotal

·-t--f:~~."~~_··_____._ ~n!~ S~~l'. ~~~riOSJ.. ~~ ~~iQ~

_ ~ _ E_rT~!~i Qurinv C~lt.ru~~~

__ ...L_~~pef'!i~.i~ ,~_~ ~f!1in_~!I"~ti~~ ._~ ._

Real eatate-- -- -_ .._._-
Subtotiolltem 181

12 - For Mtd.hIQh levee:
:C••ring and Grubbing 1 lS $50,000 00
-CompaCted Finleyee 141,000 CV $3.00
~tOe·E·xcav.Uon100 Backfill 358,000 cv $5.00
-Riprap Slope Protection 87,600 TONS $12.00

. -- ,.... , -Interior Drain.' (24" Dia. RCP) 1,550 IF $40.00
~lnlel SINctures -- 5 EA $5,000.00
-OUtlet Weir' Structures 5 EA $5,000.00

Subtotal - -
--.~~~~~. 20.00%--

.-- _. --IPlanninj~Survey. ~njinee!in\!and De$i~~ . 10.00·~
.~-_._--.

... 1__' ~ngineerin~. Du~~ ~.onstru~~n 1.00%

~~~n!~_~minislraUon 6.30%

__.• ___ l-R.-~~ ~.t.t~. __

Sublo..lllam la2___ I.

.3 .. For High Levee:
._ ~~~.rinq .~d Grubbing 1 lS $50.000.00--.

-Compacted Fill Levee 175,000 CV $3.00
-TDe ExcavaUon and Backfill 358,000 CV $5.00
-Ripr~ Stope Protectton 98,700 TONS $15.00
-Interior Orlinlgo, (24" Oia. Rep) 1.550 IF $40.00
~Inlet Structures 5 EA $5.000.00

$1.790,000.00
$868,800.00

$62.000.00
$25.000 00
$25,000.00

$3,069.800.00

$613.960.00

$306.980.00

$30.698.00

$193,397.00

$676.000.00

$4,880,135.00

550.000 00
$423.000.00

$1.790.000.00
$1.051.200 00

$62.000.00
$25,000.00
$25,000.00

$3,426,200.00

$685.240.00

$~2.620.00

$34,262.00

$215.851.00

$67~.00000

55.310,173.00

$50,000.00
5525,000 00

$1.790,000 00
$1,480,500.00

$62,000.00
$25.000.00



ITY :>TUUY Vt- IKe:> KIV:> AI , Prepared by: Don D. Nguyen

COST COMPONENTS FOR ALTERNATIVE 3.6 Revised: 29·Feb.QO

Item
Description

Estimated
UOM Unit Cos, Estimated Cost

No. Quantity

-Outlet Weir Strudures 5 EA 55.000.00 525.000.00

, I. Sublolal 53.957.500.00- -
~o~~ngen~_I.__ 20.00% 5791,500.00_•.

. ~!!~n_i~_~~rvey..~~in~rin~ and Des~n 10.00'4 5395.750.00

~~~~!!nv.~~ Const.r~~j.O!1 1.00'.4 539,57500
. -

S~~,!i~~ ~_~ ~~~niSlr~ti~n 6.30% 5249,323.00-

Real Eltate 5676.()()() 00. - . .. _.-- .. --
Subtogillam 1.3 56,10"'41.00- . _..-

C RECREATIONAL IMPROVEMENTS & EDUCATION FACILITIES

1 RECREATIONAL IMPROVEMENTS 1 LS 52,360.000.00 52.360.000.00

Sublogillem No.1 $2,380,000.00

2 EDUCATION FACILITIES 1 LS 52,500.000.00 52,500.000.00

SUbtotalllem No.2 $2,1500,000.00



COST SUMMARY APPENDIX

(Derailed sheers by line item are included as a separate MCACES Appendix. not distributed as
part ofthis overall report.)
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01 U1. U2

OJ 01 OJ

01 U1 04

01 07. OS

01 01. 0'
01 01 0'

CleaTing <lnd Gl-ubblng

.XC.II"'tIOn and Stockpile

GI'lIIdi"9

TupsOJ I Lining

Veyel"t Ion Remov",j IS.. lt Ced", I I

Relleg",l .. llon of Ndllives

Rellli Elltiite

I 00 £A

141000 OU CV

10 UO AI'M

S69flll UU CV

J'> OU ACIl

IU 00 Ant

I 00 Ell.

.. 0 ... 21

1, 6t12. 2 I 6

14 J • J~ I

S'I.IIJ I

till. " III

4011.020

1. 1UU. OllU

I, ,,1t1

lSl. 112

2 I . 10'.!

II', ...... 1

J I. :i1l0

10 . .0/0)

2 ...... UOO

'>. u'>2

I bll. 22~

". I l'i
.. I, 10 I

8. II', I

t6.1102

o

'"'16,121

I. '14

'>."110...
4.b1l0

U

66.840

2.12".512
1111.116 J

/'>11.0111
11'1.126

ol~. 1::10

I ....... S.\lUO

bbll19 ~'O

6 'd

HoI2 JJ

I J 1S

lit 6 t t

:lObJ\l 68
1~5!>UOU

TOTAL. Indepen,lent Ripdlf'''''' COlrldOIS I 00 f:A 4,10J.6~'> 10....... 4 lUll. Jo~ JO.OP '>.9.0111.11811 SHlilll1l

0101 Oewaterln9 Well Collection Syst
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01.09 Pipe fr~ .Kt L.dlke to Rip CUll

01 0\1 01

01.09. U2

01. 09 OJ

01 Oil 04

Pipe 11Ii" IHdl COllcretel

Pipe Tle,lch Exc",volltioll

Pipe Tiellcil 8aC"ktJ.ll

6l.edll Elltdtt!

1200 00 L.f'

4S00 00 (;Y

4200 00 CV

1 00 t:A

"'6.140

22.S04

12.651
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t!l. UOO

9.614
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us Al'ny COllJli CJI EIl'J'lld,IS

I'J(OJEI'T TII.I::SU l 1', tll:i k I <'>11 ""'I Il'uI'cl COUIll y. A. I ZOlld

FI:..A!:lillu·ry t:STIHATI::

•• PI<UJl::l, INUII1I::('1" SIJlo1I1AHY • St'OI'"

"1'1111:: l I 2U j"/

SlJl1l1AHY J-A';E

SO,8'16.tll~ ),9'>6,662 2.' II . l'J1 4, till, Hll 2]'/. l.'l6 2.119,8S6 64,1>1'>,100 l.. to I ~'I\lll

~ •• .n.611 1bl.. ]61 '>0'>.81'> 1I\1! ,l.O·/ .'. UU 449. US 1".08\1. Ob I 12011\1111,'

J.6'>0.000 J6'>.000 liO,900 42'>.'>\10 21, '.128 2l4.UUS 4.'''1'/.42) 4'.1114" 1
.................. - ..... __ ...

l.),\l0;,4,4\l0 ".Ollll.On ). lSI. 112 ....912.66S lOS.l.61 2.98 l. 20" 1II . tl2 ... 1\10 IIl6221 \10

Il.b2~.4bS

01 £IlYlfon.nenl",,1 Reslor .. lloll

02 flood Cunlrol

OJ Rec INpr • Envf ~doc.tiOn F.c

TOTAL Tles RIo.

CONT I NGiNCY

SUBTOTAL
PLANNING. SUavEY. iNCa. OESIGH

SUBTOTAL
ENGIHEERING DURJNG CONSTRUCTION

SUBTOTAL
SUPERVISION AND ADMINISTRATION

TOTAL IHCL OWNER ~USTS

QUANTITY UOM
... _-

I 00 EA

1 00 EA

I 00 EA

I 00 EA

DlkEL"r OVI::MHEAD HOME orc J-kU~'IT 1l0ND At PRJV TOTAL ('"O~;1" UNIT ''('';1"

~ 1. 2'.. 1 . b~"

to. ;'>0 1.4011

~j.4"I.Ubl

I>20.IU

1.)O,U1I,2U4

l. \lU~.1I1l1

IUI.'/80.U'J1
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US. AI'Oy ('0'".. "t EIl<llllee'li

l'KI"".;,··r TKl::Sul Tleli Itl"l> M<lrlC·UI.II:l Cuunty. IHllOlldl

n:A~:a8ILITY ESTIMATE

I'Itl>JECT INOIKl:':t"T SUMMARY •·... t'lilly

1'11'41:: II 2U J'J

SUHMAlty j'''I.a:

01 illvlIUlllnentdll R.ltOrdltion

UU,\NTlTV UUM DlkECT OVEItH£AD HUM£ 0.'(" PRU.'IT BOND AZ PKIV TOT"L co:>T UNIT l'IJ~T

TOTAL £nvironmental Reltoratlon

01 01

01 02

01 .0)

01 O.

01 O'it

01 06

01 01

01 O'
01 O~

01.10

01 II
01 12

01 I}

01 U

, ,
PUIlIj) Sta ~ Pipe. to Diurndll Wtld

Regulating wetland.

Overbank wetland.

PlpeHlle to Convey Mtr "'tld·Colr

Dependent II:lparian Corridor.

Independent Open "'dlter "'dlreh

Independent Rlpdlrian Corridor.

Dewatering M.ll Collection Sylt

Pipe fro. Ext Ldlke to Rip Corr

Conveyance Trapeaoidal Channel

Dependent Open water MarMh

Monitoring

Addlpt i ve "~nagellent

Cultural Re.ourc•• Mltigdltloll

00 EA 10, !l21 . 2':>'1 112,126 'it0~. 60 I \100.2"'\1 H•. lat> ."~.110 I I, JU2. J8 J IJ2U2181
00 EA ,:>, U)2. IS':> !>UJ,2Hi U~. liS Sill>, 1'/ I lU. 2)2 2\15.0SS ",,'1'1\1.786 t"/'I'Plib

00 EA 6.00S.726 4111.'>71 27b.2'>11 UII,OS6 2'>.146 24'>.416 '. 4S"'. l"J4 74S\l174
UU £A 2 • .,71.17) 2411, 117 I b 1,1':>1 J1I9. jO<; 14,906 14'>.41!l 1.411.114 14)27 H

.00 I;A ~.618."42 2J1,8':>4 lSI,OH ~"II, J4 J I J. \12'" I J5, 'i40 I, 4 ~ I, toll 142 II> U

00 EA 6.181.796 518, HIli 14 ~. III b04.4Jl \I. 14 J JUI.\l14 ". ~1I1. 1114 1\111 1814

00 EA J.n\l.'it18 222. '!l2 14 '. 148 2S\I. \162 II. }\l4 110.120 4,7ULb9S • /0 1l>'iS

. 00 EA 1,81S,lS9 91. S 1b 611.4 I • 1116,111 S, 4 \19 S I. 66\1 2. I J 1,208 HI12u8

.00 EA 191, \179 9,7\18 6.467 II, .24 SO, 'it.14S 412.001 4120UI "00 .... 1.'it49,219 14.922 9.U8 17. )\I~ '" 8.149 1.601.014 IbOI014

00 EA 8, o'it 1 • 6\11 1I0S. 16\1 'i>Jl,412 \I HI. 821 48. 111 .72,084 10.1147. ':>S4 10U1'it'>4

00 EA 60U.000 60.000 I \I, bOO 6 \I. '1b0 J. bUS ''>.11'1 8011.14411011141 '01

00 EA 600.00U 60, DOll 1\1. bOO 6\1. \lbO 1.60S J'>. 17\1 8UII.144 11011141 '.>1

110 EA I, 001i. 1100 " " " " " I,OUU.UUO 10000UO
.. , ......

I OU EA '>0,816.619 1.\lS6.662 2. UI. J'" 1 4. td J. 4{.8 J n, 6\18 2. II ';1.11'>6 64,bIS.700 6U I 5,UO

02 flood Contlol

TOTAL Fluod Control

02.01

02.02

02.0)

LOw Levee C!tO yellil

Mid'hi<;Jh l..vee 1100 yeal)

High Levee ''itOO yeall

.00 £A <!. 'jU I, 481 J II . '.>4\1 ISJ. an 2"\1. 9116 II. \II U IJ'•. I(,I I, ·IWI. S 14 1'/0"'>1 t

UO EA I, 1'11, I, II 2'>8, II.> I 1'II, Sill JOI,H'I IS. '>J I I" 1.481 4.U..,8.·/4J 41lbtl14J

OU E" I. J'>J. 17) 176.47"/ 1112.4'1,> 1.,2. II 1 Ib." I U I I.> 2. 10 J 4.IIJ.811 4 II 2111 I

I Ull EA ';1,4 ::1. II/I 'l6b, 18" SU':>. 81 S 8~ I. I> WI 41,. U4 I 449.)1', 12,U8\1.U61 1 JUII\l067

Ol Rec Illpr ~ Envr Education rac

TOTAL Trel lI:ioll

TOTAL Rec I_pr " Envr £dueallOIl rAC

2."'III,2U1 11.622.1'10 1116221"'0

Ol 01

Ol . 02

Recleatlonal IllIprove"elltl

Env1ronlllental Education rac

00 EA 1."'o.OOU 11'1.000 116.1I1U 20b, 1112

UO EA 1,680.000 1118,000 124,080 2 I '1,21111
........ -.- ....... - ... -_.- .......

1 00 EA J.6S0.000 J6S.000 240,~00 42S,S90
.......... . .. ...... ...........

I 00 EA 6).9S4 .• 90 S,01lIl,1I4~ l. Hi8, 112 S,912.libS

J 0.6 II

11,1'H

21. '.12'

)0~.66'

IUI,118

110,2<!'1

214.00\

2.184.bll

2. 'it J 2. III n

4.~n.42J

21114 b I I

2~J2810

4~t"42)

CONTINGENCY

SUBTOTAL

PLANNING, SURVEY. ~NGR ~ DESIGN

SUBTOTAL

ENGINEERING DURING ~ONSTRUCTION

SU8TOTAL

SUP~RVIS10N ANO A~INISTRATION

TOTAL INCL OWNEK rUSTS

11.629. H'>

'1.2SI,6S'>

6.21)1.408

\I~.4S1.061

b20. 141

100,0'II,2u4

). 'IU(•• IllJ7

J U I '11111. ll'.ll
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•• l'IIU,J£l'1 INUlkI::CI' :.;l.JI"lHAkV ':>yl>I",g··

'I"lMl=: I I 2U ,7

~1It1"'AIIV l'A';t;

01 EnVII"Ol\lIll::llloill Rellorlilion

01.01 Pump St ... PI~e" to Diurn.1 Wtl<J

"lIAtH 1TV UoM Ulkt:n' uVERIlEAU HUl'IE OtT l'kO~"'1 IWNO Al I'IOV TOTAL I'U~T UNIT I'n~l"

01 01. 01

01.01. 02

01.01 0)

Pump St.tion.
pipeline h' Pump St. to D Wlld
Re.l ... l.te

OU I::A

00 EA

,ou EA

" 1!>0. !>UO

I.S10,H~

~.t400.000

'IS,O!>O

IS1,Ol'

o

to'>,9H

10 J, 670

o

717.IHI

181, I' I

"

Jl>,949

'J, til.

o

l'U, bl4

92,096

o

8.2tlb.l<J'>

2. I I b, 1lI9

2,8UU,UUU

tl:l8' I 9,

2116l1l'J

HuUOOO

TOTAL PUlllp Sta .. Pipe. to Dlurnll Wt ld

01.02 Regulating Wetl.nd.

,00 EA 10, '>21. 2,9 712,126 SU9,603 90U,2!1~ t6, J" 4,2,"/10 Il,lUl,llll Ill02Jtll

01 02. 01

01.02 02

Regulating 81,in,
Plpel tne btw lill.in. to allaln..

00 EA

110 I::A

4,7lt,2,<j

298,096

41l, 426

l'J, 810

lI2,46l

19,614

SS2, UI '>

14, lSI!

28. HI

I. '91

211, !>7"

I ',4 "8

10,1/8,11:10 1i)"l8180

401.bU' 4UlbU" 4~

TOTAL Regut.tlng Melldnd,

01.0) Ollerbllnk Wellllnd5

I UO EA ,,012, J'>!> SO).2)6 H2, tI'> Stlb,ll) )0,212 29"U<''> b, 1/\1.781:> t.·119786

01 0) 01

01 01. 02

01 .O} 0)

Gener.l a.,in.
Pipe ConneCtlllg between 8.'ln,
Me.l illtlte

I UU EA

UO EA

00 I::A

),~~',191

11I8,9 l I

1,820,000

)9~. 619

18,8'1 J

"

261.188

12.tlU

th.026

22,0)0

"

24, UII

1,IJ'>

"

21t, )U

1!.011

o

S, 1114, b 16

2S4,'.>18

I. lI2U, UOU

!>11l461'

254,>)"1 II:>

11:I2UOUO

TOTAL Ollerblilk Wellllnd,

OI.Ot Pipeline to COlllley Wlr Wt Id·Corr

I 00 EA 6,OOS,726 418, S7 J 276.258 4e:e:,O,6 ~s, I" 24,>,4110 7.4 '.9. 114 /4'91 14

OI.Ot 01

OI.Ot. 02

OI.Ot. 0)

U," ala. Steel Pipe
12" 0111. Concrete Pipe
Re.l l:.t.te

00 I::A

00 EA

I 00 EA

2,t64,"'~8

Hi, !>1."

90,000

246,460

1,6,8

o

162,<>63

1,0'14

o

21P, 112
1,9))

o

14,80'

00"

"

IH,SUI

'1"2

o

1.120,401

22, I) 1

~u.UOO

J I ~040 I

Hill 04

90UOO 00

TOTAL Pipeline to Convey WlI' Nlld,Coli

OI.OS Dependent Rlp.rJAn Corridor.

00 EA 2, "'71 , III 248,111 161,7S1 289, JOS 14,90' 14'>,47S 1,412,714 It n"l4

Ol.OS 01

01.OS.02

01 OS 01

01 O!>. Ot

01 O!>. OS

01 0, 0'

OJ O!> 01

Clellrlng and Clubbing
'-: ..call.tIOll lind Stockpile
CUdlng
TOpIlOI} Lilllllg

vegetAtion RIllIlIolI.1 IS.lt Ced.11

Rellegetallon 01 N.llves

Redl iSl.te

I 00 £A

H2600 OU CY

61:> 00 ioCR

S 1200 00 CV

b' 00 ACM
J, 00 ACM

I 00 EA

n, SOO
1,2,t,498

98.972

U8, It,'
12 I, ~I S

40'), 2~ I

100,UOU

),7!>0

12S.4,0

9,891

}'j,8n

12. I'll

40,S29

"

2,4n

8~. 19',

6. S 12

21:>,/on

8. 1111

26.149

o

4, )1)

146,21S

II. S4U

46,4 SO

14.4"'1

4',2s',

"

m
", S I'

'"2, I'll

"44

2,41'>

"

2, 199

7 I, ,0;,)

S,lIO)

2J, ),1

7.21:>S

H,7Ji1

o

'0, Sli
1,"90,IU9

1 II, 119

':db, to9b

Ib6, H I

S46,U2J

lUU,OUU

!>O')JI 41...
2020 28

10 09

2'>19 4t

I '>bOU b"

IUUOUU 00
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MOll 06 M,,,

~lt OilU

20UU

O)/06/UO

US A,,"y (""IHi ut J::llfJilll!CIS

"IH),Jl::('T TItJ::!>u. Tiel> R'08 Mol. I cop.. t.:OU"ly. AI.10""
fl::ASll:Ill.ITY l::STIHATl::

PIW,I[CT ttHJIItl::t.:l' SllHHAloIY Syl>tl!IIl"

TIl'll:": II tu I /

$UJotHAIl.Y PAGE: I J

QUANTITY lJ(JIol Olkl;';CT OVl::lttll:::A{J HUHl:: llf'(' l'ItOnT 80NII At PRI'" TOTAL I'O~T UNIT (:O:;T

TOTAL. LOw !..evee I SO ye",r I

02 02 Hid-high L.e"'ee' 1100 yeAr)

00 l::A ~. ':10),4111 til. 0,4 !I 152.822 26'1,9111> I I. !II 0 I I'>, 1t.l J. 'u'. "I' }107':>1'

02.02 001

02 02 002

02 02.0Ul

0::.02 004

02 02 ODS

02 02.U06

02 02 001

02.02.001

CleAring And Grubbing

COlIlpacted Fill Levee
Toe ~.c.vation .nd e .. ckfil1

RIprap Slope Protection
Intenor Orainage 124 4 01.

Inlet Structure.
Outlet ~elr Structure

Re.l IAtate

RCPI

I 00 Ell.

141000 00 CV

1580UO 00 CV

81600 00 TON

1550.00 Lf
5 00 Ell.

S 00 EA

1 00 EA

n.500

U2.284

1.156,0)2

1111.211

4',5'18

18.500

u. sao
SU,OOO

),1"'0

H.ne
Ils.60J

H.I22

4.!I'>1I

l.lISO

1.1150

o

2,4H

21.2"/1

89,4':11

!>1.560

I. J'/2
1.221

I.nl

o

4, 111

n.518

l'>Il.lll

91.0'0
,>.7111

2. 151

2. I S1

o

215

1.916

8. 14b

'.1>':11

'"
'"
'" o

2.199

lIl,896

19.5Ub

4'>.1104

2.901

I.Otl'>

1,085

o

'>0.'>21

'14. I 'j)

.1126.':11111

.0"1.'86
bb.19)

24.92'
2,,':l~4

5811.000

'>0'>2 I 41

j "', '"
1J 01

'I 1I'j

4 ':l8' III

'':lll' 18
588000 00

TOTAL Hid-high &..evee 1100 year)

02 0) High &..evee ISOO ye.rl

00 IA l. l'11,611 2S8.16I 110. ''>Ill 101.249 1".521 15 •. 411 4.0t.8.142 40611142

02.0).001

02 0).002

02, 0) 00)

0:: ,01 004

02 0) DOS

02 OJ.006

02 0) 001

02 OJ 001

Clearing and Grubbing
COmpacted Fill Levee

Toe IillC"voltion oInd Backfill

Rlplap Slope P,oteetion
Intelto. Or.inag", 1<14' 0101

Inlet StructureA

Outlet Netr Struetule

Re.l ':Itate

RePl

I 00 EA
I1S000 00 CV

)511000 00 CV

98"OU,00 TON

lS50 UO Lr

5.00 1>11.

5 00 III.

1 00 Ii:A

P. SOU
)99. ~ge

L 1'>6. UI~

1184. 6 lot.

4!1, '.111

l8. ~OU

111,500

5U.000

1.1"0

4U,UOU

Il'>.t>Uj

1111. Hoi

4.9"11

1.850

1.850

o

2. OS

~6,400

11':1.4':111

'>11. JIl8
1,2"2

1.22 I

1.22 I

"

'. )"1

'6,640

1'>1I.11J

I UI. 1"2
,>."1111

2. 15"/

2. 1'>1

"

225
2,4(1 I

8.146

OJ,. II OJ,

'"
'"'" o

2. 19'J
2 J. ,,!,)

H,51ll>

'> .. 86'1
2, 'j01

1.0115

1,0'5

o

'>0.521

'>111.892

1.826, !l00

I, 1 ':11.851>
fol>.1'f)

2'. ':124

2'. 'J2'
S811.000

'>0521 41

, "'
, >0

lJ UII

4 I 0':1

4 ':l1l4 '/11

4 ':1114 "'II

'>III1UUll 011

TOTAL High Levee lSOO yeAl1

TOTAL Flood Control

0) Rec Jmpr ~ Enve Education File

0) 01 ReereatlofHI! Improvemente

1.00 EA

00 £11.

l,J52.111

':l. 4 ~", 117l

216.411

166. )11

1112.4"''''

'>o!> .111 '>

122. )"J

1I9l.601

II>. UO

4t>,041

llil.111l 4.H~.1I11 4lUllii

44':l.145 L/. 08':1. 11""/ ItU8'1lll>1

OJ 01 001 Recre.tion",l Improve_ntl

TOTAL Reer•• tion.l Jmprovemente

01.02 ,:nvironlllental Education fae

UI.02.001 Environmental Education Fae

TOTAL Environment.l Iducation F.e

.00 IA

1 00 EA

00 EA

1 00 Ell.

1.110,000

1,110.000

l.ellO.OOO

1,880.000

111.000

111.000

11l1l.OqO

1148.000

116,820

11', II~O

IH. UIiO

124,080

206,182

206, 1112

2 I '1.208

:.119.208

10.6U

10.611

11.2'14

11,294

10), ."e

JUl.1111

110,221

110,221

2.J84.61J

2.184.61)

2. S12. 1110

2 . ., 11, e III

HlI4611

1 JII4 6 I)

2S1281U

2':>l2IUO

TOTAL lIec Impr ~ Invr Educolt ion Fac

TOTAL Treli RtOIi

1 00 EA

1 OU l:::A

1.650,000

6'1.95'.'IIU

16':>.ouO

5.01111.04':1

240,'100

), l58, It 2

4:.t ...... ~0

".9!t.6t>',

2 I , '28

JUS.1>61

214,00'> 4"':111.'21 4911421

2.~tll.tU1 111.1>22.1':10 81t.~21'i"
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Man 06 M<ll 2000

Ell Dall!: 01/06/00

U S Almy Corp' of [il<pnt:t!:'9

1'I<uJi::CT TWESOI T.t:1I MIO... MolllCUPd (:ounly, Arl;jOond
FEASI81LITY ESTIMATE

•• VIWJl::l'l' INUllIl::l'l' ~UHM"IIY Sylilt:tn"

TIME II 20 II

SUMMAI'lY PAGE 1 I

CONTINGENCY

SU8TOTAL
P~NlNO, SUMV5Y. I~. ~ DIS tON

SU8TOTAL
ENGIN~~RING DURING CONSTRUCTION

SUBTOTAL

SUPERVISION AND ADMINISTRATION

TOTAL INCL OMNiR COSTS

VU"NT I TY 110M IIll1El, OYt,;IlIlEAD HOME OI'C 1'lllJI'IT 80NI) "Z PIlIY TOTAL COST UNIT CUST

11,62'1, ~ b"
'I j, 2';. I, (,0;')

6. 201, ~Utl

99,~"J.ObJ

620,141
....
100,011,2U~

),906, 8tl I

101, 'Ilia, 0'J1

LA~OM 10: NAT~9A EQUIP 10: NAT9111 l'u I I ellcy III UOLLAIiS CHEW Il..l. NAT':t'JA UVil III UI''J'IEA



"'''' 06 Mdl 2000

Ell O"'te 0)/06/00

US ALlny ('rill'''; 01 EnYlllee.1l

l'kOJL.:CT TRl::SOI TL";o MIOS - Md'lC"'pd ('oullty, AIIIOII<l

.l::ASlIlIL.lTY l::STIMATl::

•• I'HW£CT lllkl>CT SUMMARY S('UVc"

VUANTITV UGH MANHRS

TIl'll:: II ~u I I

SUHMAkV PAt.;l:: Ii

LA80M EQUII'MNT "A'rERIAL QTH"R TOTAL !.:UST UNIT ('UST

UI Enlll ....1I1II1:111 .. 1 Rest"',ltl"'''

02 Flood 1\'llt rol

II 0] Rec 1"'1'1 ~ Enll' E<JUCdl,on Fdl;

TOTAL Tl'eil MloIO

OVERHEAO

SUBTOTAL

HOME OFC

SUBTOTAL

PROfIT

SUBTOTAL

BONO

SUBTOTAL

ARt ZONA PM I V

TOTAL INCL INDIRECTS

CONT I NG EN('Y

SUBTOTAl.

P~NING, SURVEY, ENGR • DESIGN

SUBTOTAL

ENGINEERING DUMING CONSTRUl'ION

SUBTOTAL.

SUPERVISION AHD ADMINISTMATION

TOTAL tNCl. U"HlER CUSTS

I IIU ~:A 4,l1,4JU 12')11'"'' 14'119114 1'J!>01ll11'J49S410 SO,lJ'I6,tol~ ,>OlJ"hb I', UU l::A 8Il,81'J 2b02'>UI, 2'1 l ,,(,"! lJ 1'121211 19lPSuO 9,41'1,1111 'H~'IH II

I ou liA " " " o 16S0nuo 1,"!>U,OUO H.SOUUU

I 00 l::A !>16,HH 1'>114261 1"IlJ J '>Hll '>1I'H'JH2"1 J2'JIU 6l.'J"4.4~U 6 \'J':>4 4 'Ill

,>, un, 049

6'1, U4:l, S I'J

J, \!>H, I I J

'12,4 UU. I,., 1

... 'J lJ, lob',

III, II J, J II>

J 0'>.66'

'Il, .. J Il. 'JH I

2,9HJ,:lU'

81,1022,190

1I,62~,46S

H, 2'>1, .... !>

6, :lOI, 4u8

't'J, 4!d, Ub I

620.141

"IU.01J,~04

J.\lOb.lJlIll

101.~J:IU,n'Jl
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n:ASIIlILITY ESTIMATl::

•• PIIOJECT OlkEl~1" SIlMMAkY .'dl;lllly··

TIME II 20 nMon 06 Mtlr 2000

i:1f Dtlle OliGo/DO

u s
I'kCI.Ik,I-r THI::SOI

Almy ('ViPS of l::n';llneer6

1',~s lila'; Moll I cop... Coul'ly, A. itt.md

SIRolMAIlY I'AGi:: ,,

, '

V"ANT lTV UI.>M HMUlIIS

ARIZONA ..IIIV

TUTAL IN('L IN011Il::('TS
CONT lHGENCY

SUBTOTAL
PLANNING, SURVEy. ENOR ~ DESICN

SUHTOTAI.

ENGINEEIlINO DUlliNG CONSTkUCrlON

SUBTOTAL
SUPERVISION AND ADMINISTRATION

TOTAL INCL OWNER COSTS

!..AltOM EQUI"MI"rr MATEIIIAI. UTHER TUTAL ('u~;1" IfNIT ('U'iT

2,!U'J,20'/

IlI,bJJ,I~U

I l , 6J'J. 'lo'>

'J j, :l':> 1,6'>'>

l>, ':U I, ,u8

9~,4'>J,061

6JU,I41

100.U11,2U4

I, ':I(ll>, 1181

IUI.\l8U,O\l1

LAHaR 1D NAT~~A I::OUII' 10 NA1"\l'/H t"U'I.,nl'y III DlU.LAkS l'ItI::W IU NAT',"A (It'll II) UP':I ':I l::A



"Ion 01> "'''I ~UllO

£tt Dille OJ!06/00

II S A,my CUlPS ul EII'Jln~~r6

I'teOJI::CT TMESlJl Tl-;S )(105 • Hili H:Opoi. COunty, Allttonil

FEA~lhILITY E~TlHATI::

l>teUJEt"T lJlWECT SI....HAWY SylOlt:'R

TIl'll:: II 20 I')

SUHH...WY 1'...(;1:; 11

........... -...................................... ...... . ... ....... - . ......... .. ...
OUAAT I TY lJOf1 MAAIIHS LABOR EQUIPMNT ",...TEkIAL OTHI::Jl TOTAL COST UNIT cus'r

... .... _..... _......... ....... . .. . ... ... .. . ............. -...

.. EnVll0nm.,ntoioi Re .. tOrall011

01.01 Pump Slol ~ pipeM to lhuillal .... tld

01 01. 01 Pump $liltlOllS I 00 EA " " " o I>I':>USOO 1>. 1'>0. '>00 1>1'>0'>00

01 01 02 PIjJelllHl II Pump Sta to 0 Wild 1 00 E... I, ~~.l 126,':>16 69, '>21 1 III 00 I I. -100 I, ",dU ..",,; 1':>10/':>9

01.01 01 Reoll EIHoite I 00 EA " " " a lllOUUOU 2,1l00.01lU l8uuuuo

TOTAL Pump Stol ~ Pipe, to Olurnoll WIld I 00 J::A L 'J'>~ 126, '> It. 69, '>21 lJ"/lUO) n'>42uO 1u, '>2 I, 2~'J 10':>212'>9

01.02 Regulo1tlog wellolods

01.02 . .. Reyulating 8asl08 l 00 EA '> I. 911':> Ill':> I 14 'I 211<;041 I u H2, SUO 4,1 Ii, 2!>'J 4 /141':>'1

01 02. 02 Plpeli.ne btw Ballios to 8dlilll~ 1 Oll EA 2.0S6 ·/0, 1111 14. I III 104.1180 lU8.100 2911,U'J6 2'J8u'J'> 91

TOTAL M~9uliltlny wellilnds 1 00 EA '>6, 04 I 1/11 116 1116'> 14'1 IU4,8IIU !to.600 '>, OJl. I':>S SUUI'>;

01 .0) Ollelbank wetlolnds

0l.0J. 01 Ceneeal 8011111\s 1 00 EA is,l2) I JIIU 12) 2184.110 o 2U,':>00 l.'H6,1\Il )'J';t6 I,;)

0101.02 Pipe Coonectin9 between 848ins I 00 EA 1, '2) 6S,824 lJ,6H 'I,1I6 11.100 llf8,'J11 188912 9t

01 OJ 01 Real Estate 1 00 EA 0 0 0 o 18200UO 1,820.0UO 18.10000
...... ........ ...... . . ... - .....

TOTAL Ollerboi!lllk wet1"lIds 1 00 EA 41,046 lU!o941 239·/662 98, Jl6 20611000 tJ,OOS,12b 60U,:>121>

01 04 Pipeline lO Conlley Wli Wtid COlr

01 04 01 )6" Oiol. Steel Pipe 1 00 EA U,220 622, no 11.." lOS 1&1I11lJ2 18.SUO 2,4&4,SIIII 24&""8

01 Of,. 02 12" Oiol Concrete Pipe I au EA '" 6,8!l2 2. 004 1.1>110 " 16, ..,1S 16'-'·/S 4 I

01 04 OJ fledl Estate 1 00 "" " " 0 0 '10,000 '10,000 9000U OU
.... ....... ..... .... . ...

TOTAL Pipeline to Conlley Wtl wlId·Corr I 00 EA 18,4"0 629, 111:2 1)1.j09 169':>'>S2101l.S00 2.':>11,1 1 1 l';0I1111

01 OS Dependenl I(lp"n"lI COlflUUIS

aiDS. 01 Cleu iug and Crubbin", 1.00 EA 0 " " 0 )1,'-'00 )1, SUO J1SUU OU

01 OS. 02 E"C/lIllittlOll itlld Stockpile )4260U UO CY 1"',014 Hl,l"19 1';1). I I 'J " 0 1, 1"'4.4911 ."oI. as 01 Gr/l.dill9 66.0U ACM l. 14 I l4, ':>04 t.4, hll " 0 911, 912 14 \1':1 ., 1

01.0S. 04 TOpSOil Linin9 51200.00 ("Y 11.11111> j '>2,4 bl> 4 S. 9U I " 0 }'18, 161
1 "

01 OS. as Ve'JelitllOn Re,.ollitl lSall Ced<lll 66 00 ACR 1,111 ',6,1411 61.661 " 0 12), ';Ii!> 1811 So

01 OS. 06 Rellegel4lion of N4tlll.,1l H 110 At'M 1(,,1UO 40'>. 1'J I " " " tOS,l\l1 Il':>"\1 11

01 OS. 01 Real Elltate I UO EA 0 " " o 100,001) lOU, UOU 10uUOu UO
...... .....

TOTAL Dt-pc'lue'll Rlpdl'ldn CO.lldullO I 00 EA 411. '>118 I JU':IIIIIII 9"ll.1'-''' " 1 11. '>OU 2,6111, ':>41 26 III '>4 ~

LABOR 10 NAT'I'IA a;:OUIP 10. NAT';1B CUllel'cy I" OOL......RS CMEW II) NAT\l';A UI'il lLJ Ul'9'JEA



Mon 06 Hilf 2000

Elf O"te OJ/06/00

U S A,my ('Orps of Engineers

Pfl(jJJ,;("T TAJ,;SOL Tlt."t1 MIOS H.. rll:u~" County. AII~on"

fEASllllLITY ESTIMATE

•• I'MOJECT LJIIlI::CT SUMMARY sySll!,n

TIME II 20 11

SI....MAItY "AGE III

VUAHTITY UOM MAHHHS

01 06 Indeptmdent Open Wiltel M"rlih

I.Al:lOII EOUIPMNT MATERIAL OTHER Tu'rAL C051" UN I T COST

, , 01. 06 01

01 06 02

01.06 OJ

UI.06 Ot

Ol 06 OS

01.0606

01 06, U1

Cle"nllg .. ,\<.1 G'ubbl1l9

E~Cd~.. tlun dnd Slock~,le

l;rad 111':1

Topsoil Lllliny

vt"getdtlun Ne'"ov,,' IS"lt Ced",rl

lI.eve~ll't"'tluu ot N,Hlves

Keal Est"'t ...

1.110 l!:A
IllOOIlU t·y

1)'1 Ull A('H

~1UOU UU l'y

~s 00 A('M

lO.OO ACH

I IlO EA

"
t'I,28U

2.4 U j

14,11811

l.SSI

~,~4 I

"

"l'iOIiJOt

'/1, 6~11

)11, "41

Ill. ~6 J

2Jl,,>~S

"

o
2~~21100

I j!>, 1!>b

t ~, 180

'J1, J'J'J

"
"

u )1. SOO

" "" "o 0

o "
" "o 1000UOO

Jl,SUU

" 101, I U4

lUll. 414

4lb,llll

1111. Jbl

2 1I . '>'1'.
I.UI'II.UUlI

J 10,01> 00, ..
14'1'1 HI, .,
III n 0,0
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1. THE STUDY

A. Study Area Location

The study area is located at the confluence of the Salt, Gila, and Agua Fria Rivers,
immediately west of the City of Phoenix, Arizona. Because of the confluence of the three rivers
within this close proximity, the study area has been identified as "Tres Rios." In the Spanish
language, Tres Rios means "three rivers."

Tres Rios is approximately nine miles west of downtown Phoenix. The upstream
boundary of the study area is located at 87th Avenue,just upstream from the 91" Avenue
Wastewater Treatment Plant operated by the City of Phoenix. The study area extends west from
the treatment plant for approximately seven miles through the confluence of both the Gila and
Agua Fria Rivers, and ends near Bullard Avenue. The Buckeye Irrigation Company diversion
canal is situated at the western extent of the end of the study area..

Elevations at the confluence of the Agua Fria and the Gila Rivers are approximately 990
feet above sea level. The South Mountains and Sierra Estrella Mountains, lie south and
southwest of the study area, respectively.

B. Authority

This study is being conducted under the authority of Section 6 of Public Law 761,
Seventy-fifth Congress, June 28, 1938, which reads in part as follows:

"The Secretary of War (now Secretary ofthe Army) is hereby given authorized and
directed to cause preliminary examinations and surveys for flood control ... at tIle
following named localities-Gila River and tributaries, Arizona and New Mexico. "

In addition to the above authority, Tres Rios was included in Section 321 of WRDA 92,
which reads as follows:

"Tile Secretary may participate in tile study and construction ofa water resources
project in the vicinity ofPlloenix, Arizona,jor tile purpose ofprovidingflood control
and improving water quality in tile Tres Rios wetlands, Arizona, at a total cost of
$6,500,000, "

This was again modified in Section 301(b)(2) ofWRDA 96. It reads, in part as follows:

"Modifies tile Tres Rios wetlands project to add ecosystem restoration as a project
purpose to increase tile autllorized project costfrom $6,500,000 to $17,500,000,"

I
I
I
I
I
I
I
I
I
I
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C. Study Purpose and Scope

The purpose of this assessment is to present the economic analysis used to measure the
beneficial contributions to National Economic Development (NED) from flood damage
reduction. Economic analysis is also used to measure the beneficial contributions to National
Ecosystem Restoration (NER) from net improvements in national environmental health in
connection with the process of formulating and evaluating the array of alternate plans identified
by the planning process. In addition, this study presents the NED plan, (the plan that maximizes
the Federal interest in controlling the flooding problems), and the Optimum Tradeoff plan, (a
plan that reasonably maximizes the sum of net national economic development and net national
ecosystem restoration benefits). All are identified and defined throughout the planning process.
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2. EXISTING CONDITIONS

A. Flood Control

Flows in the Salt River are controlled by a series of upstream dams built by the Bureau of
Reclamation (BOR) and operated by the Salt River Project (SRP). The SRP system comprises
six reservoirs and seven dams on the Salt and Verde Rivers. The dams include Roosevelt Dam
(modified in 1996 to increase capacity - see Table below), Horse Mesa Dam, Mormon Flat
Dam, Stewart Mountain Dam, and Granite Reef Dam on the Salt River. Horseshoe and Bartlett
Dams are located on the Verde River. The study area has been subjected to five floods in excess
of 100,000 cubic feet per second (CFS) since 1978. This discharge would correspond to an event
of approximately 25-30 years return period. Two floods occurred in 1978, and one flood
occurred during each year in 1980, 1983, and 1993. These floods resulted in damages to
residences and agricultural areas in and around the study area. As a result of the threat of
continued flooding, the Flood Control District of Maricopa County (FCDMC) constructed bank
stabilization and a levee on the north bank of the Salt River in the study reach. The levee was
designed to protect the Holly Acres subdivision from the 100 year event based on the assumption
that Cliff Dam (a proposed BOR water project) would be completed upstream of the study area.
However, due to the fact that Cliff Dam was never constructed, it is now doubtful that the levee
provides protection from a 1DO-year event. Although little data is available regarding structural
inundation damage costs for these events, the photos presented in Attachment'A provide graphic
examples of the extent of historical damages and the potential for future damages without
project.

B. 91" Avenue Wastewater Treatment Plant

The 91st Avenue Wastewater Treatment Plant discharges nutrient-rich effluent to the Salt
River. Vegetation has established itself within the floodway of the river, and has, to some
degree, been found to impede river flood flows. This impeded flow is believed to result in more
frequent flooding events within the study area due to the constriction of the river from the
uncontrolled vegetation.

To mitigate the impact of the uncontrolled vegetation within the floodway, FCDMC
conducted a second flood control project in the study area. This effort involved the mechanical
removal of vegetation. The removal was 1,000 feet wide and primarily removed phreatophytes
such as salt cedar (tamarisk). After the flood of 1993, additional vegetation established itself in
the river. FCDMe applied to the EPA for a section 404 Permit (regulating placement of dredge
or fill materials into waters of the U.S.) to resume channel clearing. The permit was denied due
to concerns of the Arizona Game & Fish Department (AZGF). In addition to the vegetation that
had sprung up after the 1993 flood, AZGF noticed an increase in wildlife activity in the area.
Therefore, AZGF objected to continuing the channel clearing. The uncontrolled growth affects
flood protection provided by the existing levee and as growth continues, the effect becomes
worse.
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As mentioned previously, BOR's 1996 modification to the Salt River Project system
included an increase in flood control space behind Roosevelt Dam. The flood control space has
reduced the discharges in the study area. The following changes have occurred in the frequency
discharge function:

Fonner Q's

Present Q's

5-year

40,000 cfs

23,500 cfs

10-year

95,000 cfs

57,000 cfs

20-year

135,000 cfs

92,000 cfs

50-year

200,000 cfs

185,000 cfs

100-year

250,000 cfs

227,000 cfs

note: 1cfs - .6463 mgd

C. Wildlife Habitat

The study area provides a wetland and riparian habitat for numerous species of fish and
wildlife including waterfowl and Federal and State listed threatened and endangered species
(T&E). Both wetland and riparian habitats are disappearing rapidly in Arizona and the
southwest. These habitats are used by a high percentage of Federal and state T&E species.
Continued degradation is expected to continue downstream of the 91" Avenue treatment"plant
since outflows from the plant are irregular, resulting in a somewhat disrupted growth pattern of
the riparian vegetation. In "managed" locations such as the area downstream of the treatment
plant, natural flood events have been drastically curtailed and/or base flows have been minimized
during critical periods, which may provide favorable conditions for exotic species such as salt
cedar (Tamarisk chinensis). Salt cedar is more tolerant of extreme conditions, particularly of low
soil moisture and higher soil salinities. It exudes salt crystals from its leaves in the course of
transpiration, "poisoning" the surrounding soils. Native riparian species, such as cottonwood and
willow, are unable to tolerate the high salinity levels in the surrounding soils. Moreover, due to
salt cedar's broad seed dispersal window, prolific seed production, effective seed dissemination,
rapid growth, and early maturation, it has an advantage over native vegetation, often disrupting
reproduction of the desirable native flora.

Compared with native riparian trees and shrubs, salt cedar has inferior values as wildlife
habitat. The seed of salt cedar is generally too small to be consumed by rodents and birds, and
its thin, scaley leaf is unpalatable to native browsing animals and to leaf-eating insects. In
contrast, cottonwood and willow harbor a greater abundance of insect life than does salt cedar, so
are more beneficial to many bird species. Consequently, as exotic species increase within a
cotton-willow ecosystem, wildlife values tend to decline. Tantamount to diminishing wildlife
values, salt cedar poses a threat to native vegetation by its highly flammable and combustible
characteristics. Therefore, by virtue of its properties as a fuel source, its presence within a native
system increases the probability and intensity of catastrophic wildfires. In effect, a catastrophic
wildfire can result in high mortality rates of native vegetation, particularly cottonwood (Populus
fremontii), and ultimately stimulate succession growth towards monotypic stands of salt cedar.



-8-

The Yuma Clapper Rail (Railus longirostris yumanensis), a Federally listed endangered
species, is found in the study area. A survey conducted by the U.S. Fish and Wildlife Service
(USFWS) in May 1991 found three pair of Yuma Clapper Rail nesting in the study area.
According to the USFWS, if the proper habitat was provided and managed for the Yuma Clapper
Rail, a significant increase in population would be expected in the study area.

The razorback sucker (Xyrauchen texanus), also an endangered species, was reintroduced
in 1982. The USFWS estimates that the razorback sucker could possibly still inhabit the study
area.

Since construction of the Tres Rios demonstration project two years ago, representatives
of BaR and the Phoenix Audubon Society have been recording the types of fish and wildlife that
have utilized the constructed wetlands. Over 50 types of birds have been observed using the
wetlands. Additionally,S types offish, 14 types of mammals, and numerous amphibians have
been observed. The most notable are the bobcat, beaver, and javelina. To date, no T&E species
have been observed utilizing the wetlands.

D. Water Quality/Supply

The U.S. Environmental Protection Agency (EPA) sets water quality standards for
discharge of effluent into the Salt River, including the discharge from the 91 st Avenue treatment
plant. Arizona Department of Environmental Quality (ADEQ) monitors and enforces the water
quality standards. As of 1997, effluent discharges from the plant were meeting EPA standards.
However, the effluent does not meet safe drinking water standards. Since flow in the river below
the treatment plant consists almost entirely of effluent flows, the fish caught from the river are
not safe for human consumption.

The current capacity of the treatment plant is 153 million gallons per day (MGD), or
about 470 acre feet per day (1 MGD = approx 3.069 AF/day, and I cfs = .6463 mgd). Contractual
agreements for this effluent require the Multi-city Sub-regional Operating Group (SROG) to
provide a maximum of approximately 120 MGD to the Palo Verde Nuclear Generating Power
Plant. The effluent water is delivered to the power plant through an underground pipeline where
it is utilized as cooling water. At present, the power plant does not utilize the entire 120 MGD.
Actual use rates range between 0 MGD, on a frequent basis, to a peak of90 MGD, which is very
rare.

SROG also has an obligation for an additional 31.5 MGD with the Buckeye Irrigation
(BID). The effluent flows are utilized for agricultural water. Deliveries of the flows to BID
utilize the Salt and Gila River beds. BID operates a diversion structure downstream of the 91 st
Avenue plant to capture the river flows and divert them into agricultural canals.

I
r

I
I
I
I
I
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E. Recreation

Approximately 20 percent of the Tres Rios study area, on its western border, lies within
Estrella Mountain Regional Park. The park is owned and managed by Maricopa County Parks
and Recreation Department. The rugged and scenic Sierra Estrella Mountains are the most
dominant feature of Estrella Mountain Regional Park. The terrain of these mountains is
characterized by very steep slopes, numerous rock out-crop, shallow soils, and sparse desert
vegetation.

The County has developed a master plan for the 19,200 acres of park, located
approximately 20 miles southwest of dO\\'TItown Phoenix. The master plan envisions the
preservation of scenic desert wilderness areas while incorporating sensitive development of
recreational facilities and activities. The Plan accommodates the expected annual demand of
1,000,000 visitors while ensuring that the existing Sonoran desert environment remains in its
pristine condition. In fact, 90 percent of the park will remain essentially untouched. The
remaining 10 percent will be sensitively utilized for educational, camping, picnicking, and
sporting activities.

While water is a highly attractive feature for recreation, park trails and facilities have
presently been plafU1ed away from the Gila River. Once the County completes its Sun Circle
Trail System through this reach of the Gila and Salt Rivers, recreation use patterns are expected
to expand throughout the study area. The Sun Circle Trail System, a component of the National
Recreation Trail System, comprises a II O-mile loop encompassing the Phoenix metropolitan
area. The trail offers a unique opportunity for hiking, horseback riding and bicycling throughout
the urban area. The 110 miles of primary trail and the 580 miles of secondary trails are designed
to link valley urban areas with county regional parks. Approximately 70 percent of the Sun
Circle trail system is already in place. However, due to severe degradation of the habitat in the
study area and a lack of recreational facilities, the study area currently has negligible recreation
value. Appendix H of this report details the increase in recreation value and visitation with a
restoration project implemented.
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3. METHODOLOGY OVERVIEW

A. Guidance and Regulation

This economic assessment is formulated to be in accordance with ER 1105-2-100 and the
Risk & Uncertainty guidance ofER 1105-2-205. Further, benefits and costs expressed as annual
values are calculated utilizing the FY2000 discount rate of 6 - 5/8 percent with a project life of
50 years. All benefits and costs are expressed at an October 1999 price level. The base
operational year is 2006.

B. Computer Based Models and Reference Sources

The following items were utilized for the economic assessment of Tres Rios:

Models:
(I) HEC-FDA Flood Damage Reduction Model, Version 1.1
(2) EAD -Expected Annual Damages - Corps DOS program

Software:
(I) Microsoft Excel, Version 8
(2) Paradise @RlSK, Version 3.05.0006

References:
(1) Marshall & Swift Evaluation Services
(2) FEMA's 1999 depth/damage relationships
(3) CH2M Hill Commercial Content Survey
(4) TRW Redi Real Estate data base

C. Database Field Survey

The Tres Rios' floodplain was subject to a survey of 100% of the structures by hand
level. The 500-year floodplain limits were estimated by oversampling the floodplain based on
where the 500-year water surface elevation intersected the topography. Recorded items included:
first floor elevation (FFE) above ground, structure type, structure condition, structure use, and
agricultural use.

D. Topographic Mapping

The Tres Rios floodplain was topographically mapped at a 4-foot contour interval. The
mapping and field survey FFEs were combined to estimate absolute FFE.
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E. Reach Delineation

Economics, Hydrology, and Hydraulics study members participated in the segmenting of
the Tres Rios study area into 8 distinct reaches of homogenous characteristics. Critical factors
to be differentiated include discharge/frequency characteristics, overflow spatial characteristics,
and economic activity.

I. Reach Definition

Reach delineation of the Tres Rios study area is as follows:

Table 1
REACH LOCATION

Reach Location Cross-Sections

Reach 1 GRIC Land 202.99 - 203.96

Reach 2 91 st Ave. Waste Water Plant 202.29 - 202.99

Reach 3 91 st Ave. to 99th Ave. 201.24 - 202.29

Reach 4 99th Ave. to 107th Ave. 200.30 - 201.24

Reach S 107th Ave. to 11Sth Ave. 199.24 - 200.30

Reach 6 IISth Ave. to EI Mirage 198.30 - 199.24

Reach 7 EI Mirage to Dysart 197.16 - 198.30

Reach 8 Dysart to study limit 196.61- 197.16

2. Reach Reference Cross-section

Following are the reference cross-sections for the study's reaches:

Table 2
REACH REFERENCE CROSS-SECTION

Reach

Reach 1

Reference Cross-Section

203.48
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Table 2
REACH REFERENCE CROSS-SECTION

Reach 2 202.69

Reach 3 201.81

Reach 4 200.77

Reach 5 199.82

Reach 6 198.75

Reach 7 197.74

Reach 8 196.88

3. Minimally Significant Damage Frequency

The minimally significant damage (total damage in the reach in excess of $1 ,000)
frequency for each of the eight reaches based on the HEC-FDA simulation process is as follows:

Table 3
MINIMALLY SIGNIFICANT

DAMAGE FREQUENCY

Reach Frequency

Reach 1 .125

Reach 2 .075

Reach 3 .125

Reach 4 .150

Reach 5 .250

Reach 6 .200

Reach 7 .200

Reach 8 .075
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4. RISK & UNCERTAINTY MODELING

A. General Methodological Approach

The basic floodplain inventory database is constructed in such a manner as to mimic the
familiar SID to EAD interface used previously in Corps economic studies. The basic tenet of
SID and the current R&U approach is to theoretically shift structures within a reach to a
reference point (i.e., a cross-section) while maintaining the original flood dynamics of the
structure.

The two variables subject to R&U variations for the economic determination of
stage/damage functions are:

(I) First Floor Elevation plus the base Topographical Elevation (FFE)
(2) Depreciated Replacement Cost (ORe)

The functions employed to model their uncertainty are:

Table 4
STAGEIDAMAGE R&U MODEL PARAMETERS

Variable

FFE

DRC

HEC-FDA Function

@NORMAL

@NORMAL

Mean

0.00

0.00

Standard Deviation

1.25 feet

10% of Base Value

The hydrologic engineering variables allowed by the HEC-FDA model to fluctuate are:

Discharge - a graphical exceedance probability curve was generated using an equivalent record
length of 105 and confidence limits of +/- one and two standard deviations.

Water Surface elevation - A normal distribution with a maximum standard deviation of I foot at
the lOa-year event was used.
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5. CONTENT VALUE

A. Residential Home Content Value

Chapter 6, Section 6-45, (2) a. of ER 1105-2-100 requires that for feasibility studies, all
content-to-structure ratios must be based on either site-specific surveys or surveys of comparable
floodplains. Due to the availability and applicability/similarity of recent content survey data for
the Tucson metro area, and the time, effort and money required to do a new survey in the Tres
Rios area, a waiver has been requested for the content survey. The Tres Rios analysis will use
the results of the content survey for the Tucson Area Drainage Feasibility Study, Arizona to
validate a regional value of approximately 50% for residential content to structure ratios, and
100% for commercial properties, consistent with the type of development occurring and
demographics nearly identical to the Tucson Study.
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6. FLOODPLAIN INVENTORY

A. Inventory of Floodplain Structures

Table 5 presents the number of structures by category within the study area. It should be
noted that there is not a one-to-one correlation between a structure and business unit for the
category of commercial because property delineation in the assessors data is by structure
ownership and not by units. It should also be noted that floodplain delineations for events rarer
than the 100 year event were not provided, but the 500 year flood damages were estimated by
oversampling the flood plain based on local topography. Thus, the 500-year flood damages
(structural and agricultural) are computed based on the 500-year WSE, and include several
additional structures.

Table 5
FLOODPLAIN INVENTORY BY USE

Value Average
USE # of Units Square Feet

($IOOOs) Average Size Value
($IOOOs)

Single-Family 404 584,523 $28,867.12 1,446.84 571.45

Manufactured Housing 179 152,090 $5,819.83 849.67 $32.51

Public 3 3,650 $227.87 1,216.67 $75.96

Commercial 25 211,065 $5,900.86 8,442.60 S236.04

TOTAL 611 951,328 $40,815.68

The estimated depreciated value of structures in the study area is $40,815,680. Content
values were estimated at 50 percent of the structural depreciated replacement cost for single
family, manufactured housing and public and 100 percent for commercial. Total study area
content value is $23,358,270.

B. Stage Damage Functions

Stage damage functions by structural category are the results of iterative HEC-FDA
model process of allowing variability in first floor elevation and structure value while
maintaining a constant water surface.
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7. WITHOUT-PROJECT DAMAGES

A. Structural Damages

Aside from clean-up and utility repair costs incurred by local governments and utilities,
no data were available for historical structural inundation damages in the study area. However.
Attachment "A", at the end of this appendix, contains photo documentation of historic flooding
in the study area to demonstrate the potential for serious and extensive flood damages. Future
structural damages, i.e., damages to buildings and contents, are calculated with the HEC-FDA's
Flood Damage Reduction Analysis Model (version 1.1, June 1998) using the graphical
exceedance probability method. The resulting estimate of without-project expected annual
damage is shown in Table 6.

Table 6
WITHOUT-PROJECT EXPECTED ANNUAL DAMAGE

(in S1000s, October 1999)

Reach

Reach I (75 th -83 rd )

Reach 2 (Waste Water Plant)

Reach 3 (91 st to 99th)

Reach 4 (99th to 107th)

Reach 5(107th to 115th)

Reach 6 (115th to EI Mirage)

Reach 7 (EI Mirage to Dysart)

Reach 8 (Dysart to End)

B. Agricultural Damages

Structural Damage

54.34

5.72

18.5

74.72

531.07

241.34

164.91

13.35

TOTAL 1103.94

In the study area, there are 4 basic crops grown: cotton, alfalfa, wheat, and barley.
Agricultural acreage within the IDO-year floodplain totals 200S acres. Damages for the SOD-year
event were assumed same as the IDO-year event due to nearly identical acreages, but different
flood depths. Agricultural damages are based on farm crop budgets as prepared by the Arizona
Cooperative Extension, Department of Agriculture & Resource Economics, University of
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Arizona. The damage assessment assumes that one complete crop cycle is lost when agricultural
land is flooded for the crops of colton, wheat, and barley. For these crops it is assumed that a
flood event has an equal chance of occurring both pre- and post-harvest. In the event that a flood
occurs pre-harvest the loss equals the sum of net income plus the value of direct production
investment (DPI=variable costs less harvest costs) with the next year's crop cycle unaffected. In
a post-harvest flood, it is assumed that no DPI expenses are incurred for the following crop cycle
where the land is not suitable for planting. Therefore, the loss is restricted to the value of net
income for post-harvest floods.

The treatment of alfalfa is quite different from the other three. The reason for this change
is that alfalfa, unlike the others, is not an annual crop. Alfalfa production is on a four-year cycle.
In its first year, alfalfa is established without any yield. Over the following three years it is

repeatedly shorn for harvest. Assuming equal proportions in the alfalfa production cycle, a net
present value (NPV) evaluation process was conducted over a fifty-year horizon to calculate the
damage to alfalfa from flooding. The NPV approach is employed to account for the pro-rata
share of establishment cost included in the harvest years and the time shift in net income when
flood damage occurs in the harvest years.

Based on flood overflow boundaries, Table 7 shows crop acreage by flood event.

Table 7
Agricultural Crop Acreage by Flood Event

Flood Event

Crop 10-Year 20-Year 50-Year 100-Year

Colton 115 290 330 330

Alfalfa 95 703 1013 1073

Wheat 68 135 491 527

Barley 0 75 75 75

Total 278 1203 1909 2005
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The relevant economic data for the analysis of agricultural losses are listed in Table 8
below.

Table 8
Agricultural Economic Data

Normalized

Costs
crop Prices

Crop Yields (1997)

DPI Harvest Overhead Total

Wheat $247.11 $51.31 $52.87 $351.29 90 bu/ac $3.50 bu

Cotton $578.26 $233.98 $140.21 $952.45 117 Ibs/ac lint $0.627Ib

$238.68 $49.06 $52.53 $340.27
1.03 tons/ac

$2.21 buBarley seed

Alfalfa $407.84 $101.31 $101.15 $610.30 102.083 bu/ac $2.75 bu

Alfalfa $239.36 $0.00 $79.95 $319.31 7.7 tons/ac $85 ton
establish.

Using Federal normalized 1998 crop prices (the most recent available) and the crop
budgets from the Arizona Cooperative Extension, the per acre market value and expected annual
flood damage for each crop are shown in Table 9.

Table 9
Agricultural Crop Market Value & Expected Annual Damage Per Acre

Crop Market Value Expected Damage

Cotton $854.32 $331.21

Alfalfa $654.50 $326.13

Wheat $314.80 $178.84

Barley $224.60 $112.33
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The market values of these crops by floodplain are shown in Table 10.

Table 10
Agricultural Crop Market Value by Flood Event - Floodplain

Flood Event - Floodplain

Crop 10-Year 20-Year 50-Year 100-Year

Cotton $98,200 $247,800 $281,900 $281,900

Alfalfa $62,200 $460,100 $663,000 $702,300

Wheat $21,500 $42,500 $154,600 $165,900

Barley $0 $17,000 $17,000 $17,000

Total $181,900.00 $767,400 $1,116,500 $1,167,100

Crop damage by flood event is as follows:

Table 11
Agri. Crop Damage by Flood Event

Flood Event

Crop 10-Year 20-Year 50-Year 100-Year

Cotton $38,100 $96,100 $109,300 $109,300

Alfalfa $31,000 $229,300 $330,400 $349,900

Wheat $10,900 $21,400 $78,100 $83,800

Barley $0 $6,700 $6,700 $6,700

Total $80,000 $353,500 $524,500 $549,700
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Using HEC's EAD model with a five-year non-damaging frequency (most agricultural
lands are in those reaches with a 4 to 5 year non-damaging flood frequency) the equivalent
annual agricultural damage is $37,700.

C. 91" Avenue Waste Water Treatment Plant

The 91" Avenue Wastewater Treatment Plant is currently designed to provide 100-year
protection. Analysis of the plant has not been conducted for the without-project condition, and
there is no current plan at this time to provide any additional protection for the plant.

D. Emergency Clean-UplUtility Repair Costs

Only damages incurred after 1987 were deemed relevant because the Holly Acres levee
was completed in 1987, and any damages before that would not reflect the without project
condition, which includes the levee. Data between 1987 and 1992 were not available, so
emergency clean-up costs in the study area were only analyzed over the period 1992-1998, and
were annualized based on the frequency of the event. Results are shown in the table below, and
indicate that a 50-year event caused about $100,000 in cleanup and utility repair costs, and a 20
year event caused about $10,000 in cleanup and utility repair costs. A frequency - damage
relationship was developed, and these costs were amortized to give average equivalent annual
cleanup costs of about $6,500 under without project conditions.

Table 12

Tres Rios - His!.
Cleanup Costs

storm season

frequency of event

cleanup and utility
repair cost

E. Environmental Conditions

93-94 94-95

50 yr 20 yr

106,880.6 10,486.16

96-97

20 yr

10,055.11

Under without project conditions, habitat values are expected to decline significantly over
the study period, as the chart below indicates.

Proj. Year W/out Proj. HU's
o 1768

20 1579
30 1478
50 1275
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F. Summary of Without-Project Damages

Equivalent annual damages for the Tres Rios floodplain are shown in Table 13. None of
the damage types are either time or interest rate sensitive. The values in Table 13 are applicable
to all future years due primarily to the long-term stability of the demographics and other relevant
conditions in the study area.

Table 13
WITHOUT-PROJECT TOTAL DAMAGE

(in SIOOOs, October 1999)

Type

Structural Inundation

Agricultural

Emergency/Clean·up

Waste Water Plant

TOTAL

Damage

1103.94

37.7

6.5

N/A

1148.14



-22-

8. WITH PROJECT -ENVIRONMENTAL RESTORATION PLANS

A. First Stage Analysis· Environmental Restoration Features

Numerous environmental restoration alternatives encompassing the entire range of feasible
projects were assessed in Plan Formulation, including both structural and non-structural
measures. For a more detailed discussion of this initial screening process, see the Main Report.

Two different environmental restoration plans were found to satisfy all the criteria of the initial
screening and were carried forward for analysis along with the "Without Project condition".
These plans, alternatives 3 and 4, were designed to bracket the range of potential plans by
representing the minimum and maximum amount of wetlands creation to satisfy the criteria,
respectively. The first stage of the analysis provides an estimate of the total costs vs. the
environmental benefits of Alternatives 3 and 4 and also of the incidental flood control benefits
of each plan.

B. Environmental Restoration Alternative Descriptions

Alternative 3 • No Land Constraints. Minimized Wetlands

This alternative is characterized by:

no land constraints,
a regulating wetland for treatment plant discharge,
minimum overbank wetland area and minimum pipeline costs,
riparian corridors from overbank wetland discharge
southside distribution of dewatering well water into open water/marsh areas with some
riparian corridors, and
eradication of portions of salt cedar and conversion to open water/marsh in select
locations.

This alternative mainly consists of constructed wetlands, open water/marsh areas, the rerouting
of some of the water from the dewatering well near the wastewater treatment plant into the main
channel for primarily open water/marsh areas, and the creation of some cottonwood-willow
riparian corridors. The alternative includes a pump station to convey wastewater treatment plant
discharge to a regulating wetland between 91 st and 99th Avenue, from where water would be
conveyed into two separate overbank wetlands that have discharge outlets into the main channel.
The alternative also consists of 5 open water/marsh areas in the north side of the channel
between El Mirage Road and the Agua Fria. Open water/marsh areas are located adjacent to
existing, open water within the channel. Water within the marsh areas would come from
conveyance of surface water within the main river channel and from proximity to groundwater.
Finally, dewatering well water would be conveyed into the main channel and would flow
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southward through restored cottonwood-willow, initially, and then to six open water/marsh areas.

Alternative 4 - No Land Constraints. Linear Wetlands

This alternative is characterized by:

no land constraints,
a regulating wetland for treatment plant discharge,
the creation of linear, constructed wetlands along north overbank,
riparian corridors from overbank wetland discharge
southside distribution of dewatering well water into cottonwood-willow riparian
corridors, and
eradication of portions of salt cedar and conversion to open water/marsh downstream on
the north side of the channel and cottonwood-willow habitat upstream on the south side
of the channel. This alternative mainly consists of constructed wetlands, the rerouting of
water from the dewatering well near the wastewater treatment plant southward into the
main channel, and the creation of cottonwood-willow riparian corridors and open
water/marsh areas.

The alternative includes a pump station to convey wastewater treatment plant discharge to a
regulating wetland between 91 st and 99th Avenue, from where water would be conveyed into
one linear overbank wetland between 99th and 1I5th Avenues. Discharge from the wetland
would flow into a pipeline conveying water into six open water/marsh areas along the northern
banks of the river between El Mirage Road and the Agua Fria. Water discharged from the
wetland would also combine with water from the channel to supply three cottonwood-willow
corridors between 107th and Dysart Avenue through minor regrading of the channel. Alternative
4 also contains 5 open water/marsh areas located adjacent to existing, open water within the
channel, east of 115"' Avenue. Water within these marsh areas would come from conveyance of
surface water within the main river channel and from proximity to groundwater. Finally,
dewatering well water would be conveyed into the main channel south of 83nl Avenue. This
water would help create cottonwood-willow riparian corridors within eradicated salt cedar habitat
along the southern bank of the river.

C. Environmental Restoration Costs

Water Costs

-
The treatment plant produces about 171,000 acre-feet of water per year. As discussed
previously, a portion of this water is already committed by contract to the Buckeye Irrigation
Company and the Arizona Nuclear Power Plant, but the remainder of about 50-60,000 acre-feet
per year is uncommitted. An in-depth study was prepared in 1995 for the City of Phoenix by
Greeley and Hansen consultants to assess the feasibility and marketability (the opportunity cost)
of recovered wastewater from the treatment plant. The study concluded that the resource cost of
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the recovered water (no treatment) is about $50 per acre-foot. (I Acre Foot = approx 325,829
GaL). Local water brokers have expressed interest in purchasing all available recovered water.
Alternatives 3 and 4 require about 19,535 and 23,019 acre-feet per year, respectively, to anain
the project benefits. Therefore, an additional project cost is the lost opponunity cost of directing
this water to other manufacturing, agricultural, or industrial uses. This annual cost is included
below. Table 14, below, shows the total first cost of construction, contingencies, interest during
construction, gross investment, avg. annual operations and maintenance, and annualized gross
investment for the environmental restoration alternatives.

Table 14
Total Costs, Alts. 3 and 4

First cost construction
IDC (3 year const. Period)
Gross investment
Annualized Gross Invest.
Operation & Maintenance
Annual Water Costs
Total annual cost
Total Present Value

All. 3
$94,093,967

$9,870,457 .
$103,964,424

$7,414,406
$589,000
$976,750

$8,980,151
$125,919,200

Alt. 4
$116,631,759

$12,234,672
$128,866,431

$9,190,336

$589,000
$1,150,900

$10,930,600
$153,268,300

D. Environmental Restoration Benefits

To assess environmental restoration benefits, different habitats are assigned different values
according to their diversity and a number of other factors. The net change (from the future
without project condition) in habitat values resulting from plan implementation is then the net
environmental benefit of that plan, and is measured in "habitat units" or "hu's". Each plan is
therefore associated with a net increase in habitat units in the study area. For alternatives 3 and 4,
only the PY 30·50 year constant maximum HUs were determined. Therefore, the incremental
costs and environmental benefits of Alternatives 3 and 4 were evaluated only at this final
maximum value for this phase of the analysis. Due to the complexity of the analysis procedure,
the IWR PLAN Decision Support System was used. Developed by the Institute of Water
Resources, IwR-PLAN is used to identify the most cost-effective combinations of components
and the best buys for the whole possible range of outputs of habitat units and associated costs. A
more complete explanation of the analysis is provided in Appendix G, but the results, indicating
the net increase in habitat units over the without project condition are presented below.
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TABLE 15
IWR·PLAN ANALYSIS RESULTS (NET HABITAT UNITS)

Alternative

\Vlollt

total study area habitat units

net gain in habitat units (PY 30)

Project cost (TOTAL PY )

Cost per unit

Annualized Cost per HU

at PY 50 (maxvalue)

1275

3

2089.26

814.26

$125,919,200

$ I 54,642.50

$11,029

4

2249.16

974.16

$ I 53,268,300

$157,333.8\

$11,221

• Note, habitat unit totals for Alts 3 & 4 denote maximum - and not an average over the
• Project Life.
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9. WITH PROJECT INCIDENTAL FLOOD CONTROL BENEFITS

In addition to environmental benefits, the restoration alternatives also impact the flood capacity
of the channel. These impacts were calculated by analyzing the with vs. without project
inundation damages using HEC-FDA, discussed previously. Reductions in clean-up costs and
agricultural damages were not calculated for this phase of the analysis because they are
insignificant and do not affect the environmental plan selection. The results are shown in Table
16, below, and indicate that both Alternatives produce incidental flood damage reduction
benefits. This is due to a large amount of thick, flow impeding vegetation in the riverbed being
removed and replaced by less restricting vegetation. Alternative 4 involves much more clearing
of this vegetation and as a result, produces much more incidental flood reduction benefits.

Table 16 - Incidental Flood Control Benefits of Env. Restoration Alternatives

Equivalent Annual Incidental Flood Damage
Reduction Benefits of Environmental
Restoration Features

I
I
I
I

Without Project
Damages $1,104,000

With project benefits
(damages reduced)

W/project
All. 3

$1,079,300
$24,700

All. 4
$823,520
$280,480
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10. INCREMENTAL ANALYSIS

A. Optimum Trade·Off Plan

A detailed incremental analysis of these plans is presented in Appendix G of this report. This
analysis considered each separable element or feature that makes up the alternatives and
compared the incremental cost of the feature to its incremental benefit (net habitat units gained)
at Project Years 1,20, and 30·50 (habitat value was flat-lined after PY 30). Those features
which gave the greatest habitat value for the lowest cost at PY 50 were then combined to form
the optimum environmental restoration alternative, called Alternative 3.5.

- Cost Revisions

Quantities, costs, and benefits of Alternative 3.5 (the sum of the optimal features) were then
refined based on information received shortly before completion of the F4 package, to come up
with a total cost and total net habitat units gained for Alternative 3.5. It should be noted here that
no refinements or revision of the cost estimates or habitat outputs for Alternatives 3 and 4 were
performed, so project cost estimates and habitat outputs of Alternatives 3 and 4 cannot be
directly compared to those of Alternative 3.5. It should also be noted that had these revisions
been applied to Alternatives 3 and 4 prior to the incremental analysis, the outcome would not
change, due to the fact that the costs and habitat outputs of Alts. 3 and 4 would change by
identical amounts, having no effect on the relative rankings of project components selected for
carrying forward into Alternative 3.5.

These costs and benefits, by feature, are given in Table 17, below, for Target Year 50. For the
purpose of this incremental analysis, costs included only the first cost of construction, and did
not include interest during construction, operations and maintenance, or water costs. These costs
were not available at the time this analysis was performed, and do not affect the relative ranking
ofthefeatures, which is the primary purpose of the incremental analysis. In addition,
"Degradation Prevention Benefits", a category of habitat value gained, were not broken down by
feature like the other benefits, but were added to the sum total of all features to compute an
"average cost per habitat unit". It should also be noted that this average cost is shown at a
specific point in time, and not over the project life. For this reason, average costs per habitat
unit presented in the table below will not match those computed in the final analysis ofNER
costs and benefits presented in the final sections, which do include these additional costs, and
which are averaged over the project life.
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TABLE 17 - Alternative 3.5; Incremental Cost Per H.U., Target Year 50

Increased Average Cost
Feature Habitat Total Cost Per

Values $ Habitat Unit

Pump Diurnal Wetlands 79.94 $ 25,907,730 $ 324,090
Overbank Wetlands 77.02 $ 9,630,528 $ 125,039
Pipeline & North Riparian Corridors 24.64 $ 9,227,757 $ 374,503
Independent Riparian Corridors 47.06 $ 5,924,662 $ 125,896
North Open Water Marsh 50.14 $ 10,457,967 $ 208,575
Dewatering System & South O/W Marsh 77.00 $ 19,482,585 $ 253,021

Subtotal 355.80 $ 80,631,229 $ 226,620
Degradation Prevention Benefits 493.15

Total 848.95 $ 80,631,229 $ 94,978

B. Plan Features

Alternative 3.5 - No Land Constraints. Combination Plan

This alternative is characterized by:

no land constraints,
a regulating wetland for treatment plant discharge,
the creation oflinear, constructed wetlands along north overbank,
a pipeline from the overbank wetland leading to riparian corridors west of EI Mirage
Road
open water/marsh areas within the channel west of EI Mirage Road,
southside distribution of dewatering well water

The alternative includes a pump station to convey wastewater treatment plant discharge to a
regulating wetland between 91st and 99th Avenue, from where water would be conveyed into
one linear overbank wetland between 99th and I 13th Avenues. Discharge from the wetland
would flow into.a pipeline conveying water into four riparian corridors west of EI Mirage Road
and then into four open water/marsh areas between EI Mirage Road and the Agua Fria. These
open/water marsh areas would be supplied with water from the riparian corridors immediately
upslope along the banks, natural water flow from the river, and groundwater. Also, the channel
would also be graded to convey surface water to supply two cottonwood-willow corridors
between III th Avenue and El Mirage Road. Further, dewatering well water would be conveyed
into an existing impoundment of water just east of 83'· Avenue and would outlet into the main
channel into a distribution system of pipes and canals. This water would help create cottonwood
willow riparian corridors and open water/marsh within eradicated salt cedar habitat between 91"
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and 115'" Avenues.

C. Environmental Restoration Costs

Water Costs

The treatment plant produces about 171,000 acre-feet of water per year. A portion of this water is
already committed by contract to the Buckeye Irrigation Company and the Arizona Nuclear
Power Plant, but the remainder of about 92,000 acre-feet per year is uncommitted (I Acre Foot;
approx 325,829 Gal.).

An in-depth study was prepared in 1995 for the City of Phoenix by Greeley and Hansen
consultants to assess the feasibility and marketability (the opportunity cost) of recovered
wastewater from the treatment plant. The study concluded that recovered (untreated) water
would be valued at about $50 per acre-foot. Alternative 3.5 is expected to require about 24,423
acre feet per year to realize project benefits. Therefore, an additional project cost is the lost
opportunity cost of directing this water to other manufacturing, agricultural, or industrial uses.
This cost is included in total gross investment for the optimum environmental restoration
alternative, shown in Table 18, below.

Alternative

First cost construction
IDC (2 year const. Period)
Gross investment
Annualized Gross Invest.

Operation & Maintenance
Annual Water Cost

Total annual cost
Total Present Value

D. Environmental Restoration Benefits

AIt.3.5
S82,743,853

$5,303,88\
$88,047,734.0
S6,079,136.66

$589,000
$ \ ,22 \ ,\ 50
$7,889,287

$\14,265,207.72

Table 19, below, shows the net environmental habitat units gained by implementation of the
environmental restoration features optimized in Alternative 3.5. These habitat values are
increasing over tIme up to Target Year 50. The net habitat values at four points over the project
life are given and average annual habitat units output over the project life are computed, and the
average annual and present value total costs per habitat tmit are also presented. It should be
noted that credit is taken for the prevention of degradation as well as increases over present
valuations. In other words, the without project condition is a continued loss ofHUs, while the
with project condition increases HUs, and the total difference makes up the benefits.
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324
475
591
748

Total

117
2917
4749
5912

14950
28645
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Table 19 - Costs per Habitat Unit
Proj. Year Wlout Proj. WlProj. Difference Midpoint # Yrs

o 1768 1768 0
1 1759 1993 235

10 1674 2087 413
20 1579 2115 536
30 1478 2124 646
50 1275 2124 849

Wgtd. Value
o
1
9

10
10
20

E. Incidental Flood Control Benefits

Avg. Annual Hab. Units
Avg. Annual Cost of Restor.

Avg Annual Cost per HU

Net HUs created
Total Present Value of Project

Total Pcost per HU

571
$7,889,287

$13,817

849
$114,265,208

$134,588

Alternative 3.5 also provides significant incidental flood control benefits due to the removal of a
large amount of thick, flow obstructing vegetation in the channel bottom. Table 20, below,
shows the structural inundation benefits resulting from the restoration features. These benefits
were computed using HEC-FDA. Incidental benefits from Agricultural damage reduction and
cleanup cost reduction are computed in the following sections.
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Table 20
Alt. 3.5; Avg. Annual Incidental Flood Benefits

(Structural Inundation Only)

Table 20

Total Incidental Flood Damage

Reduction Benefits of Environmental
Restoration Features

Inundation Damages

With project benefits
(structural damages reduced)

Without

project

$1,103,940

Alternative

3.5
$718,350

$385,590
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11. WITH PROJECT· FLOOD DAMAGE REDUCTION (LEVEE) ANALYSIS

A. Flood Control (Levee) Alternative Descriptions

The second stage of the analysis provides an assessment of the costs and benefits of an added
feature providing flood control benefits. Three new alternatives were developed by adding three
different levees to the selected environmental restoration plan (Alternative 3.5). The levees are
designed for three different levels of protection in order to find the optimum NED plan which
provides the greatest net flood control benefits. The levee alignment is the same for allthree,
and is roughly along the north bank of the river from reaches two through seven. The levee
heights were detennined by the design section and were designed to provide three different levels
of protection, independent ofthe restoration features. This means that the designated levee
heights would provide the indicated levels of protection to existing conditions, and are not
dependent on channel clearing associated with the restoration project. The first levee was
designed with a 50% confidence level for a 50 year event, the second levee has a 95% confidence
level for a 100 year event (in order to ensure that this alternative would meet minimum FEMA
criteria for flood plain removal), and the third levee has an unspecified confidence level for a 500
year event (in order to bracket the range with a levee that would show very little residual
damages). Levee heights are given in the Design Appendix. Damages were estimated using
HEC-FDA, as discussed previously. It should be noted that these confidence levels apply to the
existing channel with a levee, but no restoration features. These features actually improve the
confidence level of the levee, as shall be shown below. It should also be noted that even though
the flood control benefits of the restoration features and the levee are cumulative, the levee is a

. truly separable increment from the environmental restoration features, because the costs and
benefits of the levee are fundamentally independent of the environmental restoration costs and
benefits, and vice versa.

B. With Project Inundation Damages

Table 21 , below, shows the Equivalent Annual structural inundation damages (the main
damage category) for each levee alternative, with totals given. It also shows the expected
incremental reductions in structural inundation damages achieved by adding the three levees.
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Table 21
Tres Rios

Equivalent Annual Structural Damage by Plan
(Damage in $1 ,000's)
Discount Rate: 6.625

Analysis Period: 50 Years
Plan Name Without All. 3.5/no levee Alt3.5/50 Alt3.5/\OO Alt3.5/500
Total Damage $1,104,000 $718,000 $148,000 0 0
Damage
Reduced $386,000 $956,000 $1,104,000 $1,104,000
(structural only)

As the table shows, the implementation of Alternative 3.5 with the 50 year levee significantly
reduces inundation damages, and the environmental restoration with the" 100 yr" levee
practically eliminates inundation damages (statistically speaking, the mean avg. annual damage
approaches zero).

C. With Project Agricultural Damages and Clean-uplUtility Repair costs

As shown previously under Without Project Conditions, Agricultural damages amount to about
3% of the total without project damages. This proportion is not expected to change under with
project conditions with or without the levee because the structures and the agricultural lands in
the floodplain are reasonably interspersed and the ground is relatively flat outside the riverbanks.
For these reasons, agricultural damages under with project conditions were assumed to be
reduced by the same factor as the inundation damages for each alternative. Cleanup and Utility
Repair costs are also a small fraction of the total, and so were also assumed to be reduced by the
same factor as the structural inundation damages for each alternative. Table 22, below, shows the
total expected equivalent annual costs for all three damage categories. The last line of the table
computes total incidental benefits ($402,000) of the restoration features alone. It can be seen that
the restoration features of Alternative 3.5 combined with the" I00 year, 95% confidence levee"
can be expected to reduce average annual inundation damages to near zero. This seems to
contradict the definition of a 95% confidence level, which would allow some residual damages,
however the explanation lies in the fact that when incidental flood reduction benefits are
considered (resulting from the restoration features), the "confidence level" of the levee is
effectively raised above 100%. For the smallest levee, the combination of damage reduction
from the levee ($523,000) plus damage reduction from the restoration features ($386,000) leaves
remaining damages of$196,000 annually out of$I,104,000 without project. For the mid-size
levee (100 yr), the sum of the two additive damage reductions ($883,000 plus $386,000) exceeds
the avg. annual wlout proj. damage by about $165,000, so we can say that this levee (and the
largest levee) when combined with the restoration features, effectively eliminates damages for all
but the largest conceivable events. Failure Analysis was not deemed necessary for this study
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based on discussions with H&H personnel due to the fact that the levees are bypassed upstream
prior to failure.

Table 22 - Total With Project Damages and Incidental Benefits - Alt. 3.5
Without All. 3.5 Alt Alt3.5/l00 Alt3.5/500

3.5/50

struc. inund

agri. dmgs

cleanup/util

Total Dmg

Total
Incidental
Benefits

Without
Project

Condition

51,104,000

$37,700

$6,500
$1,148,000

Alternative
3.5 w/ no

levee

$718,000

$23,820

$4,060
$746,000

$402,000

Alternative
3.5 w/50
yr. levee

$196,000

$11,520

$1,960
$210,000

Alternative
3.5 w/I 00
yr. levee

o

o

o
o

Alternative
3.5 w/500 yr.

levee

o

o

o
o

I
I

D, With Project Benefits

Table 23, below, shows the flood control benefits, including inundation reduction, clean-up and
utility cost reduction, and agricultural damage reduction achieved incrementally by the addition
of a levee to Alternative 3.5.

1



Table 23
Tres Rios

Equivalent Annual Damage by Plan
Discount Rate: 6.625

Analysis Period: 50 Years
Plan Name Without Alt.3.5/no Alt 3.5/50 Alt 3.5/1 00 Alt 3.5/500

levee
Total Damage

$1,148,000 $746,000 $210,000 0 0

Damage
Reduced (incl. $402,000

$536,000 $746,000 $746,000
ago and cleanup)

E. Flood Control (Levee) Construction Costs

Table 24, below, shows the total first cost of construction (including contingencies), average
annual operations and maintenance, interest during construction, gross investment, and
annualized gross investment for the levees only. A one-year period of construction was assumed
and the current discount rate of 6-5/8% was used to compute interest during construction. The
Table also shows the average annual flood control benefits of the levee alone, and presents net
NED benefits for each alternative.



First cost construction

Interest during construction

Gross investment

Annualized Gross Investment

Operation & Maintenance

Table 24- Levee only· Construction costslBenefits
Flood Control (levee) Costs

LEVEE CONSTRUCTION COSTS - SEPARABLE ELEMENT

Levee Design Flood

50yr. 100yr.

$4,890,835 $5,380,173

$313,659 $345,041

$5,204,494 $5,725,214

$359,337 $395,290

$4,000 $4,000

500yr.

$6,109,648

$391,824

56,501,472

$448,885

$4,000

Total annual cost

Average annual Benefits

(damages reduced incrementally

by adding levee)

Net NED Benefits

BIC Ratio (Flood Control only)

$363,337

$536,000

$172,663

1.48

$399,290

$746,000

$346,710

1.87

$452,885

$746,000

$293,115

1.65

'It can be seen from the table above that the" I00 year levee" is the NED plan, with net avg.
annual benefits of $346,710, independent of incidental benefits from environmental restoration.
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12. RECREATION ANALYSIS

Appendix H of this study contains a complete analysis of existing and future recreation
opportunities in the study area. The costs for construction of the proposed recreation features are
ShO"lIl in Table 25, below. The value of the recreation experience is assessed and quantified in a
point system according to Corps regulations (chapter 6, section VIII ofER-1105-2-100). A "unit
day value" is then assigned according to the same regulations. The assessment was performed by
qualified personnel from Phoenix Parks and Recreation Dept. Estimates of annual visitation over
the project life are also provided in Appendix H along with an analysis of how the numbers were
developed. Table 26 below shows the estimated point valuation and unit day value for recreation
upon completion of construction (PY 1). This value does not change over time. Average annual
visitation is derived from the estimates given at PY I and PY 20-50, and is then multiplied by the
unit day value to produce an average annual recreation value estimate for the project. This is
then compared with the estimated average annualized cost of construction and maintenance to
produce net benefits and a B/C ratio of the recreation features. It can be seen from Table 26 that
projected annual net benefits for the recreation features approaches $1 million, due to the high
value of the recreation and the large number of visitors. It should be noted that these costs are
not included in any other part of the economic analysis, as they are not associated with either
flood control or environmental restoration. Average Annual O&M costs are $600,000/yr. Capital
Expenditures (First Costs) for O&M are in the amount of $300,000. Total annualized co.sts for
recreation improvements are therefore $789,703, leaving annual net benefits of$596,297 and a
B/C ratio for recreation of 1.76.

Table 25 - RECREATION IMPROVEMENTS/COSTS

DESCRIPTION QUANTITY UNIT COST TOTAL

Stabilized Outdoor 11 miles $92,700 $1,020,000
Recreation Access

Routes
Interpretive Signage 200 $1,000 $200,000

Trailheads 5 $228,000 $1,140,00
first costs, O&M $300,000
Subtotal $2,660,000

$189,703
AnnualO&M $600,000

Total Annual Cost $789,703
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TABLE 26 - RECREATION COST-BENEFIT ANALYSIS

PY 1
PY 20-50

POINT VALUE U.D. VALU ANN. VISIT. ANN. REC. VALUE

91 $7.70 180000 $1,386,000
91 $7.70 180000 $1,386,000

AVG.ANNU

ANN. COST

ANN. NET BEN.

B/C RATIO

91 $7.70 180000 $1,386,000

$789,703

$596,297
1.76

"
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13. EDUCATIONAL COST-BENEFIT ANALYSIS

The project also includes some environmental educational facilities whose costs are not included
in any other part of the economic analysis, as they are not associated with flood control and are
separate from the environmental restoration costs. As shown in Table 27, below this cost is
estimated at about $2,500,000 total. This translates to an average annualized cost over the
project life of about $178,300. Guidance is currently being drafted for assessing benefits of
educational features, but at this time has not been formalized, and so no costlbenefit analysis was
performed.

Table 27 -Environmental Education Facilities Costs

DESCRIPTION QUANTITY UNIT COST TOTAL

Environmental I $2,500,000 $2,500,000
Education Center

Total $2,500,000
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14. COST - BENEFIT ANALYSIS, NER AND NED PLAN

Cost - Benefit Allocation

When computing incidental flood control benefits produced by the restoration features only, no
cost benefit ratio is provided, as there is no flood control feature. However, these incidental
benefits are considered an offset to the restoration costs. Costs per HU are given with and
without these incidental benefits included. When computing flood control benefits of a levee,
only the cost of the flood control features is considered in the net benefits and B/C ratio
computations. Tables 28, and 29, below, summarize the costs and benefits of Alternative 3.5
with and without the three different levee designs. Costs are broken down between
environmental restoration features and flood control features, and benefits are broken down
between incidental flood control benefits produced by the restoration features, levee-induced
flood control benefits, and environmental restoration (Habitat Units) benefits.

NER Benefits/Costs per Habitat Unit

When computing costs per Habitat Unit, total avg. annualized costs of the environmental
restoration features were divided by the average annual number of Habitat Units created
compared to without project. The first column of Table 28, below, shows this analysis,
considering only the costs of the restoration features. The second and third column show total
project costs including the levees, but this is for demonstration purposes only. The correct cost
per Habitat Unit comes out of the first column, as levee costs do not count against Habitat
benefits. However, in Table 29, costs per HU were also computed when the cost of the
restoration features are offset (reduced) by the incidental flood control benefits achieved by these
features. This shows a slightly lower cost per HU, and reflects the holistic (environmental and
flood control) benefits of the restoration features.
Although total project costs (sum of flood control features and environmental restoration features
costs) are presented in Table 28, they are not used in computing any net benefits or B/C ratios.
This is all per guidance outlined in ER-II05-200 and provided by SPD.

As can be seen in Table 28, Alternative 3.5 produces 571 avg. annual habitat units at an average
annual cost of$13,817 per habitat unit. As seen in Table 29, When the restoration costs are
offset by the incidental flood control benefits, this number drops to $13,113 per HU.
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Table 28 Costs and Benefits Summary - Alternative 3.5 inclUding Flood Control

Project CosUBenefit Summary
For All Alternatives

FLOOD CONTROL

Total First Cost

IDC
Gross Investment

Annual Gross Investment

O&M

Total Annual Cost

(No Levee)

Levee Only

(50yr)

$4,890,835

$313,659

$5,204,494

$359,337

$4,000

$363,337

Levee Only

(IOOyr)

$5,380,173

$345,041

$5,725,214

$395,290

$4,000

$399,290

Levee Only

(500yr)

$6,109,648

$391,824

$6,501,472

$448,885

$4,000

$452,885

Alt 3.5 Alt 3.5

$82,743,853 $82,743,853

$5,303,881 $5,303,881

$88,047,734 $88,047,734

$6,079,137 $6,079,137

$589,000 $589,000

$1,221,150 $1,221,150

$7,889,287 $7,889,287

Alt3.5 A1t3.5

$82,743,853 $82,743,853

$5,303,881 $5,303,881

$88,047,734 $88,047,734

$6,079,137 $6,079,137

$589,000 $589,000

$1,221,150 $1,221,150

$7,889,287 $7,889,287

E VIRON. RESTOR.

Total First Cost

IDC
Gross Investment

Annual Gross Investment

O&M

Annual Cost of Water

Total Annual Cost

. COMBINED FLOOD CONTROL

AND ENVIRON. RESTORATION

Combined First Cost

Combined Gross Investment

Combined Annual Cost

$82,743,853

$88,047,734

$7,889,287

$87,634,688

$93,252,228

$8,252,624

$88, I24,026

$93,772,948

$8,288,576

$88,853,501

$94,549,206

$8,342,172

PROJECT BENEFITS

Incidental F.C. $402,000 $402,000 $402,000 $402,000

Levee F.C. $0 $536,000 $746,000 $746,000

Net Benefits $402,000 $938,000 $1,148,000 $1,148,000

BC Ratio n1a n1a n1a n1a

Avg. HU over proj. life 571 571 571 571

Avg. annual $!HU* $13,817 $13,817 $13,817 $13,817

I A BIC ralio doesnOt apply to the combined incidental and levee flood control benefits due to the difficulty of comparing incidental flood
control benefits to specific portions afme overall project feature costs. A comparison aCthe BIC ratio just for levee construction as a separable
element is shown in Table 31.
l Cost pcr HU is the total annual cost of environmental restoration features only. divided by the average HU over project life.
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TABLE 29 -. COST PER HABITAT UNIT IF OFFSET BY INCIDENTAL FLOOD
CONTROL BENEFITS.

TABLE 29 - COSTS OFFSET BY INCIDENTAL BENES

COMBINED COST

Total Annual Cost

Rest. Only w/50 yr levee wi 100 yr levee w/500 yr levee

$7,889,287 $8,252,624 $8,288,576 $8,342,172

PROJECT BENEFITS

Incidental F.C.

Reduced Annual Cost

Cost per HU

$402,000

$7,487,287

$13,113

$402,000

$7,850,624

$13,749

$402,000

$7,886,576

$13,812

$402,000

$7,940,172

$13,906

Table 30, below, shows the projected value of the habitat over the project life for with and
without project conditions. The graph immediately following Table 30 shows the total (gross)
Habitat Units in the study area projected over the project life under both with and without project
conditions.

TABLE 30 - HABITAT VALUATION OVER PROJECT LIFE

HABITAT VALVATION OVER PROJECT LIFE

Proj. Year W/out Pro WIProj. Difference Midpoint

o 1768 1768 0

1 1759 1993 235 117

10 1674 2087 413 324

20 1579 2115 536 475

30 1478 2124 646 591

50 1275 2124 849 748
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As can be seen in Table 31, all three levee designs are economically justified, and the "loa year"
levee provides the greatest average annual net benefits of approximately $346,710 and a B/C
ratio of 1.87.
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Table 31 . Levee Feature Analysis (NED Analysis)

Levee Only Levee Only Levee Only

(50yr) (IOOyr) (500yr)

FLOOD CONTROL

Total First Cost $4,890,835 $5,380,173 $6,109,648

IDC $313,659 $345,041 $391,824

Gross Investment $5,204,494 $5,725,214 $6,501,472

Annual $359,337 $395,290 $448,885

O&M $4,000 $4,000 $4,000

Total Annual Cost $363,337 $399,290 $452,885

PROJECT BENEFITS

Levee F.C. $536,000 $746,000 $746,000

Net Benefits $172,663 $346,710 $293,115

BC Ratio 1.48 1.87 1.65

'Costs include only flood control features and benefits include only

those produced by the flood control features
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15. RISK AND UNCERTAINTY RESULTS

There are three critical variables involved in this analysis where a degree of uncertainty is
involved; the construction costs, the flood depths, and the damageslbenefits. Uncertainties in
Project Construction costs are handled by adding contingencies, and are well within the bounds
of these contingencies (see Cost Estimating Appendix).

The tables included below were output by HEC-FDA (discussed previously) and give three
levels of probability that damage will be reduced by the indicated values or more. A table is also
provided which indicates the computed annual exceedance probability of target stages at each of
the 8 main cross sections corresponding to the eight study reaches. It also indicates the Median
and Expected target stage annual exceedance probability, by reach and by alternative, and finally,
the conditional non-exceedance probability is given by event. This statistical information can be
used by planners to assess the risk and uncertainty of projections of flood damages and benefits.

A. EAD & EAD Reduced

Table 32 shows the results of the risk and uncertainty analysis. Note that the probability that the
expected annual damage reduced for Alternative 3.5 with any of the levees exceeds the mean
values is less than fifty percent. This is because of the nature of the damage distribution. There is
the potential for very high damages when taking into consideration the uncertainty of
engineering and economic variables, whereas the lower limit of damages is obviously zero.
Therefore, the resulting damage and damage reduced distributions are not normally distributed,
but reflect a range of positive values only.

B. Project Reliability Estimates

Tables 33 through 38, which follow, summarize project reliability estimates generated by the
HEC-FDA program. Rather than showing the performance statistics for every single economic
damage reach, data is displayed for larger areas. It should be noted that the values given on these
tables for "Levee x" apply to the levee-only (no restoration features) condition, and the values for
"WIPROJ, NO LEVEE" are also given so that they may be assessed both independently and
cumulatively.

Under without-project conditions, the expected annual exceedance probabilities for the reaches
with the lowest level of protection (reaches 5, 6, and 7) is approximately thirteen to fifteen
percent for most of these areas. However, for some of these reaches (reaches 2, 3, and 4),
damages do not become significant until less frequent events.
Under With Project Conditions (levee only), the expected annual exceedance probabilities for the
reaches with the lowest level of protection (reaches I, 2, and 8) is approximately six to eight
percent for most of these areas.
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When assessing the Long Term Risk, a review of the tables indicates that for the restoration
features alone, reaches 3, 4, and 5 have a relatively low exceedance probability, while reaches 1,
2, and 6 through eight involve a linle more risk. However, when the levee features are added,
the result will be significant drops in exceedance probability in reaches 6 and 7, but reaches 1, 2,
and 8 still show slightly higher risk. This makes sense due to the fact they are near both ends of
the levee.
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Tres Rios Env. ReSlOration
Expecteu Allilual Damage ReJucetl alld Di~tributeJ

for the Lt:vee:2 (medium (100 yr) levee) Plan and
Analysis YeJr 2005

(Damagt: in 51 ,OOO·~)

Plan was calculated with Uncenaimy

Expected Annual Oa ~ ge
Probability Dama.£e ReJuceJ

Damage Exceeds Illuicared Values

Reach rotal TlHal
Without With Damage

\"'l.I11e Project Project Reduced .75 50 .25

ielgln 13.35 13.35 0.00 000 0.00 0.00

<;e\ ell 164.91 58.31 106.59 82.03 85.54 117.30

!'ol.' 241.34 19.79 221.55 135.23 199.78 278.42

lfi\t: 531.07 39.86 491.21 302.18 443.21 629.57

I four 74.72 19.70 55.01 25.11 50.02 65.15
I

r thrt:e 18.50 957 8.93 550 7.58 9.93

It\\"il 5.72 5.71 0.00 0.00 0.00 0.00

Ilillt: 5..j..3~ 54.34 000 0.00 0.00 0.00

I 1103.94 I 220.64 883.30 I 550.04 I 786.12 i 1100.39



Tres Rio~ Env. ResIOriltion
E:'(pecteJ Annual Damage ReJuced and Distributed

for tile Levee 1 (smallest (50 yr) It:\'ee) Plan and
Analysis Year 2005

(Damage in 51.000'5)
Plan was calculated with Uncertainty

I E.,pected Annual Da
Probability Damage Reduced

Damage
ge Exceeds fndicated Values

Reach Total Total

I
Without With Damage

\'Jrne Project Project Reduced .75 50 .25

igll[ 13.35 13.35 0.00 0.00 0.00 000

I' even 164.91 121.00 43.91 31.67 44.20 54.00

1
m 2.. 1.34 39.29 202.05 132.92 196.96 223.02

.'e 531.07 28375 247.32 172.59 245.08 307.99

.Jur 7... 72 47.25 27.47 11.94 20.71 36.87,
.three 1850 16.45 2.05 0.93 1.67 2.65

'0 5.72 5.72 0.00 0.00 0.00 0.00

one 54.34 54.34 0.00 000 0.00 0.00

I 1103.9.. 581.14,1 52280 I 350.05 I 508.61 624.54



Tres Rios Env. Restoration
Expected Annual Damage Reduced and Distributed

for the Levee 3 (Highest (500 yr) levee) Plan and
Analysis Year 2005

(Damage in 51,000's)
Plan was calculated with Uncertainty

Expected Allilual Da
Probability Damage Reduced

Damage ge Exceeds Indica.ted Values
Reach Total Total

Name
Without With Damage
Proje:t:t Project Reduced .75 50 .25

le:idu 13.35 13.35 0.00 0.00 0.00 000. -
i"c:Ven 164.91 48.10 116.80 82.99 101.95 126.35,
~i.~ 2'+1.3..1- 7.40 233.94 142.54 208.7\ 295.38
rive 531.07 41.93 489.13 302.71 ~3.85 630.33

fuur 74.72 696 67.75 26.88 52.18 89.98

thrc:c: 18.50 5.07 13.43 6.48 1232 16.40

two 572
1

5.72 0.00 000 0.00 000

Olle: 5'+.3'+ 54.34 0.00 0.00 0.00 0.00

I l 1103.94 182.88 921.06 561.60 819.0\ 1158.44

1
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Habitat Valuation Analysis
For Environmental Restoration

Tres Rios Project

I. INTRODUCTION AND PURPOSE

The purpose of this Appendix is to provide information supporting the plan recommended in the
Main Report and the Environmental Impact Statement for the Tres Rios Feasibility Study.
The Corps' guidance for ecosystem restoration in the Civil Works Program is provided in
Engineer Circular (EC) 1005-2-210. The purpose of the guidance is to assure that civil work
investments in ecosystem restoration have the intended beneficial effects, are consistent with
Administration policy, and will be conducted in the most cost effective manner.

This guidance (EC 1105-2-210:13.b.(I) and (20)) requires that the ecosystem outputs of
proposed alternatives of a feasibility study be subjected to a detailed cost effectiveness and
incremental cost analysis. The primary purpose being to allow explicit comparison of the
additional cost and additional outputs associated with the alternatives. To perform this type of
analysis, it is necessary that the environmental outputs be based on some quantifiable unit (e.g.,
Habitat Units, fisherman-days, visitor use days). This allows determination of the most cost
effective restoration option or combination of options that best meet the restoration goals.
The following analysis uses a habitat-based method to quantitatively characterize biological
values of fish and wildlife habitat in the study area.

II. EXISTING ENVIRONMENTAL DEGRADATION AND RESTORATION
OPPORTUNITIES

A. Habitat degradation.

Destruction of riparian habitat in the southwest has been widely reported (see Bahre 1991; Busch
and Smith 1995; Rea 1983). A historical perspective of the Salt River appears in Haughley
(1994) and Ohrnart (1979). These reports and studies are incorporated by reference as per 40
CFR 1502.2I.

Dam construction throughout the Salt River's upper watershed in the early 1900's changed the
original character of the river and by the 1940's most of the Salt River ceased to flow.

The Salt River in the study area is supported largely by effluent from the 91 st Avenue
Wastewater Treatment Plant and a rising groundwater table. Some portions of the study area
which receive a fairly continuous supply of water have high quality Sonoran desert riparian
habitat, open water habitat, and marsh habitat. Much of the area, however, experiences erratic
flows and discharges; these conditions are more favorable to the exotic salt cedar which
dominate most of the study areas' riparian corridor.

Without the project, discharges from the 91 st Avenue plant are expected to diminish and



eventually cease. The current high quality riparian and marsh habitat is expected to deteriorate
significantly as a result.

B. Restoration goals.

As stated in the "Planning Objectives" of the Plan Formulation of this Srudy, one objective is to
retain existing high quality riparian habitat by maintaining a continuous, non-fluctuating supply
of water to the channel, remove significant stands of the exotic salt cedar from the srudy area,
and revegetating with native plant species. As such, the HEP team (see Section III, below)
reached a consensus that the goal of this restoration effort should be to retain existing high
quality aquatic habitat, riparian vegetation (habitat), and native upper floodplain habitat where it
currently existed, replicate those high quality habitat conditions in areas where lesser quality
(i.e., exotic vegetation, barren cobble beds, or agricultural areas) wildlife/aquatic habitat existed,
and provide non-fluctuating flows to the channel as much as possible. All components of the
Sonoran riparian ecosystem (i.e., the aquatic, riparian, and upper floodplain/terrace) were
considered essential to restoring and maintaining a healthy and diverse system.

As was identified in the Rio Salado project, it was agreed that natural Sonoran desert riparian
habitat would consist of a channel that would meander and naturally be dominated with
freshwater aquatic vegetation (see Minckley and Brown [1982:265]). The first terrace or bench
(i.e., the immediate floodplain) would naturally be dominated by willows and cottonwoods; the
upper terraces or "secondary" floodplain is, under natural conditions, dominated by the mesquite
"bosque" (or woodland) (see Minckley and Brown [1982:249 and 269]).

III. EVALUAnON METHOD USED

A modified Habitat Evaluation Procedure (HEP) was used to evaluate the quality of the existing
habitat and the quality of habitat from the proposed restoration alternatives. Biologist from U.S.
Fish & Wildlife Service (USFWS), Arizona Game and Fish Department (AG&FD), Gila River
Indian Community (GRIC), U.S. Bureau of Reclamation, and City of Phoenix's Wastewater
Treatment Plant made up the HEP team and provided the input used in the modified HEP
analysis for this Feasibility Srudy.

(Note that HEP is a habitat-based evaluation procedure; it is used to give a quantitative,
numerical value to biological resources of concern. HEP, developed by the USFWS [USFWS
1980], is a formal process whereby tested habitat suitability models for certain species are used
which directs the measurement of certain habitat variables for the selected species (e.g., percent
of canopy cover, number of snag trees, stream temperature, percent ground cover, etc ... ) to
obtain a Habitat Suitability Index (HSI). This is then used to obtain a numerical rating of habitat
units for the selected species. A modified-HEP tailors the HEP process to a particular
application and/or to a certain level of effort desired by the user [Wakeley and O'Neil 1988]. )

A numerical rating or value between 0.0 and 1.0 (lowest to highest value) was assigned by

I
I
I
I



consensus of HEP team members to the habitat as its value (i.e., Habitat Value [HV]). The HV
was then multiplied by the area of the habitat to obtain the Habitat Units (HUs) for each habitat
type.

A. Riparian Habitat-Types

The HEP team agreed to use the values that Anderson and Ohrnart (1993) assigned to the
following vegetation/habitat types: CottonwoodlWillow, Salt Cedar, Salt Cedarl Cottonwood!
Willow Mixes, Desert wash, and Quailbushlsaltbush. Note that the Anderson-Ohrnart values are
given in a range of -3.0 to +3.0 (lowest to highest value); these were converted to the 0 to 1.0
values used by HEP.

(Note that the clarification of the habitat types used in the report are based on the report by Ch2M
Hill et al. (1997] which utilized methods developed by Anderson and Ohrnart (1993] to classify
the vegetation communities in the study area. The Anderson-Ohrnart system is a structural
classification based on densities of tree species and the foliage profile or layering of the
understory and midstory vegetation. The species that make up the various vegetation
communities and a description of the vegetation structure types are detailed in Anderson and
Ohrnart (1993: 29 and Table 2]).

B. Open Water Marsh and other Habitat-types

The Habitat Values for Open Water, wetland marshes, cobble, and agricultural areas were
determined by a consensus of the best professional judgement of HEP team members. The
team's collective background knowledge of existing riparian habitat in the Study Area allowed
for an objective projection of the potential habitat value of restoration alternatives.

IV. NO ACTION AND RESTORATION ALTERNATIVES

A. No Action Alternative

The No Action alternative (i.e., without project conditions scenario) makes the following
assumptions for the various Target Years (TYs) throughout the life of the project:

the channel does not change significantly in configuration
in general, the net overall acreage does not change
the ground water level rises during the life of the project
lhe total acreage of marsh remains the same throughout the life of the project
(marsh converted to agricultural land is replaced by marsh created by the
increased ground water level)
discharge from 9lst Ave. Treatment Plant diminishes every year, until it
completely ceases by TY 20.
CottonwoodlWillow habitat declines in acreage and!or value for the remaining
project life.



Salt cedar increases in acreage after TY 20 due to the lack of discharge of 91 st
Ave Plant and the increase in salty ground water.

The HEP team assigned habitat values for TY 0, TY 20 and TY 50 (see Appendix 1). Based on
the above assumptions, obviously, the value of much of the existing habitat is expected to decline
throughout the life of the project.

The total habitat values for the various TYs are summarized below.

Table I. Total Habitat Units: Without Project.

Target Year (TY) Habitat Units (HUs)'

TY -0 1768

TY -20 1579

TY - 50 1275

AAHUs1 1531

'Total of all Habitat Units per given TY. See Appendix 1
for details ofHUs for various habitat-types.
lAverage Annual Habitat Units (AAHUs) over 50 years.

B. Restoration Alternatives

Section 2 of the preliminary Draft EIS provides a detailed description of the proposed restoration
alternatives being considered.

The HEP team assigned habitat values for Alternatives 3, 3.5, and 4 for TY I, TY 10, TY 20 and
TY 30 (see Appendices 2 and 3). All restoration alternatives yield more Habitat Units than
those that exisfunder existing and future Without Project Conditions. Also, all alternatives
satisfy the restoration goals identified in Section II.B, above.



The total habitat value of the restoration alternatives in the various TYs are swnmarized below.

Table 2. Total Habitat Units generated for Restoration Alternatives - by Target Year.

Total Habitat Units (HUs)'

Target Year (TY) Alternative 3 Alternative 3.5 Alternative 4

TY - I 1959 1993 1960

TY -10 2037 2087 2152

TY -20 2060 2115 2201

TY - 30 2067 2124 2221

TY - 50 2067 2124 2221

AAHUs' 2049 2102 2178

'Total of all Habitat Units per given TY. See Appendices 2 & 3 for
details of HUs for various habitat-types.
'Average Annual Habitat Units (AAHUs) over 50 years.

V. HABlTATVALUE COMPARISON OF RESTORATION ALTERNATIVES

The net Total Annual Average Habitat Units (AAHUs) expected from the restoration alternatives
are similar (see Table 3), with Alternative 4 providing the most net total AAHUs. As mentioned
in Section 2 of the Draft EIS, the restoration alternatives differ in the placement of the features.
All alternatives meet the restoration goals and provide significant habitat units when compared to
expected without-project conditions.

TABLE 3. Swnmary ofTotal Annual Average Habitat Units (AAHUs) by Alternative with &
without project

FUTURE AAHUs FUTURE AAHUs CHANGE IN
-

WITH WITHOUT AAHUs

Alternative 3 2049 1531 +518

Alternative 3.5 2102 1531 +571

AI· 4 )17R lql +/;47



VI. RECOMMENDED RESTORATION PLAN

Alternative 3.5 provides significant habitat units in a cost-effective manner, meets the restoration
goals and objectives, and can be implemented within the constraints identified for the Study.
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APPENDIX 1

CALCULAnONS OF AVERAGE ANNUAL HABITAT UNITS FOR HABITAT TYPES
IN THE TRES RIOS FEASIBILITY STUDY AREA - WITHOUT PROJECT.

The following Tables show how Habitat Units (HUs) were calculated for this Analysis. As
mentioned in Section III, a HEP-like approach was used to make the habitat-based evaluation of
impacts.

As mentioned in Section lILA and III.B, the values assigned to CottonwoodIWillow (CfW), Salt
Cedar (SC), Salt Cedar/Cottonwood-Willow Mixes, Desert wash, and Quailbush/saltbush by
Anderson and Ohmart (1993) were used. The Habitat Values for Open Water, wetland marshes,
cobble, agricultural areas were determined by a consensus of the best professional judgement of
HEP team members.

Habitat values for TY 0 were determined as follows:

The CottonwoodIWillow - Salt Cedar (CIW - SC) Mixtures have high values (.95-.97)
because these are primarily CIW habitats with SC as a minor component. (CIW makes up
as much as 90% of many of the mixtures.)

The HEP team decided to consider the large poolllake in the Gravel Pit of the Transition
Reach as a lake-like feature (and!l21 a riverine-type). It was assigned a 0.6 HV because it
has deep, cool, high D.O. water.

For Existing Open Water habitats:

Shallow pool, low velocity, constantly flowing waters (like behind the 115th Ave.
"dike") were given a Habitat Value of 0.7 because of the overhanging vegetation
and emergent and submergent vegetation. Note that this area (Reach 4) is also
augmented by ground water.

Intermittent flows which completely dry up were given a OJ HV.

Constantly flowing waters with good velocity/flushing and riparian and
submergent/emergent vegetation were assigned a 0.9 HV.

Channels with erratic, fluctuating flows (especially those affected by discharges
and/or drawdowns) but had aquatic/riparian vegetation were assigned a HV of 0.7.



Habitat Values for TY 20 were determined as follows:

The without project condition assumption is that by TY 20, discharges from the 91 st
Avenue Treatment Plant has finally been reduced to zero.

The CottonwoodiWillow habitat-type does not change in total acreage. However, the
stress to this habitat-type (from the expected increases in the Total Dissolved Solids
[TOSs) of ground water and the reduced dilution of these TOSs from Treatment Plant
discharges) is assumed to hinder recruitment of young CfW. The Habitat Value is
predicted to drop from 1.0 to 0.8.

The CfW - SC Mixes also do not change in total acreage. The HV of this type upstream
of 11 5th Avenue, however, drops by 0.2 points; below II 5th Avenue the HV drops only
0.1 points (because below II 5th is considered a gaining Reach due to the continued
increase in ground water levels during this time period).

The HEP team felt that the increasing ground water levels and decreasing surface area of
Open Water above 115th Avenue would result in the creation ofan additional 14 acres of
Marsh habitat (7 acres in Reaches 2 and 3, near the Gila River confluence). (Note that the
14 acres projected to be formed above II 5th Avenue is based on the fact that there is a
total of 13 acres of marsh below 115th Avenue.) Marsh acreage or value below 115th
Ave. remains unchanged.

Open Water in the Study Area is expected to have the following values.

Upstream of 115th Avenue. The HV of the Gravel Pit's Open Water in the
Transition Reach is expected to be unaffected by the lack of discharge from 91 st
Avenue (since it relies on another source of water). All Open Water in Reaches
I, 2, and 3 dries up and becomes the SC VI habitat-type. In Reach 4 (upstream of
the 115th Ave. "dike"), only Y, of the surface water is expected to be converted to
SC VI (because of the continued influence of ground water in that Reach). The
HV of this Open Water is expected to drop 0.2 points (from 0.7 to 0.5).

Downstream of I 15th Avenue. The HV of Open Water is estimated to drop by
0.2 points due to the increased TDS level in ground water that's expected.

Habitat Values for IT 50 were determined as follows:

The without project condition assumption is that no discharge from the 91st Avenue
Treatment Plant has occurred over the past 30 years. Dramatic changes are predicted in
both the quality and quantity of most habitat-types, especially upstream of the I 15th
Avenue "dike". For the areas downstream of I 15th Avenue, the Buckeye Irrigation
District "dike" is assumed to be non-functional by TY 30. As such, habitat values and
surface area of open water downstream of I 15th Avenue changes. (See following
discussion on "Open Water Habitat." The Habitat Values of most habitat-types in these



Reaches are expected to be affected by the increased TOSs levels in the ground water.

No changes to the acreages or HVs of Mesquite, Desert Wash, Quailbush, or Salt Cedar
III, IV, V or VI are expected during this period.

The area of Cobble is expected to increase due to the loss of CottonwoodlWillow (C/W)
and crw -SC mixes (see below).

The value of the crw II habitat is expected to degrade to a 0.1 value with only about I
acre remaining in TY 50, as no recruitment of young plants is expected to occur in the 30
years following the cessation of discharges from 91st Avenue Treatment Plant. The once
crw habitat is expected to convert to Cobble.

The crw - SC mixes are predicted to have similar fates, as discussed below.

The HV of the crw -SC II in Reach 4 is predicted to degrade to a 0.2 value and
have only I acre remaining; the 13.5 acres that were once crw - SC II habitat (cf.
TY-20 matrix) becomes SC II habitat-type.

For the crw - SC III Mixture:

Upstream of I 15th Avenue (Reaches 1-4), crw - SC III habitat is similarly
reduced in value and acreage. In TY 50 the HV is predicted to drop to 0.2
and only a few acres are expected to remain. What was once a crw -SC
III mixture is expected to become Cobble in Reaches 1-3 and become the
SC II type in Reach 4 (due to the Open Water that is still expected to
remain behind the II 5th Avenue "dike").

Downstream of I 15th Avenue (Reaches 5-7), the HV is only expected to
drop to 0.6 and only It, of the acreages is expected to be converted to the
SC II habitat-type.

For the crw - SC IV Mixture:

The habitat in the Transition Reach is supported by non-Treatment Plant
waters and is, therefore, expected to retain It, of its original area and drop
in HV to 0.5 due to the increased TOSs levels in the ground water. The
once crw -SC IV habitat is predicted to become Cobble.

Upstream of II 5th Avenue (Reaches 1-4), the HV is predicted to drop to
0.2. Ninety percent of what was once a crw - SC IV mixture is expected
to be converted into Cobble.

Downstream of II 5th Avenue (Reaches 5-7), the same scenario as
predicted for the crw - SC III mixture applies.



The acreages of the SC II habitat-type are expected to increase as C/W and the
C/W - SC mixes are expected to be converted to this type as discussed above.

No change is expected in either the acreage or the value of SC III, IV, V, or VI
habitat-types.

For Open Water Habitat:

Upstream of 115th Avenue. The value and area of Open Water in the
Transition Reach and Reach 4 are expected to remain as predicted under
TY-20. (The Transition Reach is expected to still be supported by non
Treatment Plant Waters and Y, of the surface area of Open Water upstream
of the 115th Avenue "dike" is expected to still remain in TY-50.)

Downstream of II 5th Avenue. It was assumed that the buckeye irrigation
district dike might be destroyed sometime between Target Year (TY) 30
and 50 (for the analysis - it will be conservatively assumed to be non
functional by TY 30). It was reasoned that, since discharge into the River
stops at TY 20, the 91 st Ave Treatment Plant would honor its obligation to
supply water to the Irrigation District via a pipeline. As such, should the
irrigation dike become damaged by a severe flood event after TY 20, the
Irrigation District would be disinclined to repair it. As such it was
determined that the HV would drop 0.2 points (from the TY-20 HV), and
the surface water area would be only 1/3 of the original area.

I
I
I
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HABITAT UNIT TABLES -- WITHOUT PROJECT -- TY - 0, TY - 20, TY - 50



W/O·PROJECT (TY -0) Transition Reach 1 Reach 2 Reach 3 Reach .. R..ch5 Reach' Reach 1
75th-83rd 83rd-91s1 91s1-99th 99th-l07th 1071h-115th 1'Sth·EI Mirage EI MlrSQ8-[ ~sart Dvsart·Bullard

H.bltat Type H5I "'- """ H51 a ... """ H51 a ... """ H51 a ... """ ~lSI a ... """ H51 a ... """ H51 1--.. """ H51 ~ao.. """ Total
Agr1cullur1I 01 267.9 26,79 01 200 20 01 235.7 23.57 01 174.1 17.4' 0.1 1782 17.82 01 1165 11 65 11724

F••lure

\o"M1·Prof Hab Unill

Cobble 0.1 136.6 13.66 0.1 206. 20.68 0.1 180.6 18.06 01 1..95 14.95 0.1 92.7 9.27 0.1 956 9.56 0.1 163.8 16.38 01 236.9 2369 12625
Fe.uro
\Mth.proj Hab Units

CottonwoodlWlllow II 1 5.5 55 1 0.3 0.3 50
Feature

\\'1th-Proj Hab Units

Dn.rt O' 45 1.' 0.' 132 5.28 0.' 127 SO. SHU'
FNI...
'Mlh·Proj Hab UnKa

o.••rtW••h O' 59 236 236
F••ture

Mh-PrClj Hab Un"
Gr1IV" 111M 01 11.2 1.72 1.72

Fe.ur.
WMl-Proj Hab Units

Havn.ld Wetland 0.55 16.5 9015 9.015
F••lure

Wllh-Proj Hab Units

Honey.....qulte IV 0.' 6 .. O' 12.5 10 0.' 203 1624 0.' 106 • 8512 116.16
Future
\Mth.Proj Hab Unlls

Honey.....qul.. Y 0.78 11.6 9,048 0.78 3 2.34 11.388

FeatUfe

IftMh·Prot Hat! Unils
......h 07 26 1.82 07 3.' 2.38 0.7 0.6 042 0.7 63 ....., 903

Feature

Wlth-Proj H.o Units

Ill..: cononwoodlWllUow-SC II 1 14.5 '4.5 145

Featur.

W1th-Proj H.b Unit.

1I11l: CottonwoodlWllllow-SC III 097 46.3 44.91 0.97 13.1 12.71 097 44.2 42.87 0.97 20.7 20.08 0.97 58.5 56.75 0.97 54 5.238 0.97 • 3 .. 186.434

FeMUfe

W1th-Proj H.b Unit.

1I11l: CottonWOOdlWllllow-SC 11I8 0.97 25.3 24.$4 24.541
F......

WIth-Pro! Hab Units

Mill: CottonwoodlWllllow-SC W 0.95 25. 2451 0.95 31.9 30.31 095 2u 2005 095 14.4 13.68 0.97 11.2 10.86 0.97 37.9 36.76 0.97 5.6 5,432 0.97 97 94,09 235.689

FeMure

WIth·Proj Heb Units

Quellbu.hI••ltbu.h 0.28 315 ••2 028 538 1506 028 37 '036 0.28 37.8 1058 0.28 135 370 48.606
FeMur.

With-PrO! Heb Units



Qu81Ibu8h1llltbUlh·$C 037 19 , 7067 037 53.4 19.76 037 " 0666 21.491

Felllu'.
'NIlh-P.oj Heb Units

R..ldenUel 0.1 37.1 3.11 0.1 21.2 2.12 0.\ 35.2 3.52 0.1 93.8 •.34 01 '.3 0.43 0.1 ••• 066 20.48

F••urII

"NIIt\-Proj tiM) Unitl

S.ItC..,11 0.41 7.8 3.198 0.41 1.8 0.738 3.936

F..turll
\IVlth·Proj HMt Units

S.ItCed.,1tI O' ".1 21.24 O' 1286 5L.... 0.' 111 1 .... O' 25.3 1012 O' 32.9 13.16 0.' 25.i 1036 157

F......

'Mth·ProI HIlb Units

Selt Ced., IV 0.35 82.7 21,85 0.35 ... 18.9 0,35 39.5 13.83 0.35 13 45S 0.35 31.4 10.99 03S '2 2.11 0.35 208.6 73.01 0.35 14'.3 49.46 194.845

F••u......... Hilb Unit,

Selt Ceder rYB 0.35 43 1.505 1.505

F......

'Mth-Prof HIIb units
S.1t Ced.,V 0.2 24.5 •• 0.2 43.8 87. 0.2 21.8 '.36 0' 423 8." 0' " 122 02 16.2 324 0.2 71.3 '.26 45.2

F••urII

\'Wh-Prol HIlb Unit,

S.1t CIKI., VI 0.15 64.8 lU2 0.15 8.3 1.245 0.15 10 I.S 0.15 199 2.965 0.15 1 0.15 15.6

F••u..

VJlth.ProI Heb Unit,

OpenWeter 0.' .... 28.14 0.3 '3' '.08 07 63 ".1 0.7 218 15.26 07 ... 4592 0.9 7.3 "'7 07 ....3 38.01 0.7 \30 • 9128 335.46

F••Uf.
WIth·ProI Heb Units

TOTAL 1718.112



W/O-PROJECT (TV-20) Y,.nsltlon Ruch 1 Reach 2 Reach J R"th .. R..ch5 R..ch6 Reach 7
751h-83rd 83rd-91st 91s1-991h 991h·l07th 107th·1151h 11Sth·EI Mlraae EI M.r808-0 sar1 Dysart-Bullard

H.bltot Typo HSI 1'''''.. UNIt H5I "".. """ HSI ~... UBI' HSI ~creitg UI1IIS HSI ""... Urnts HSI Aa... """ HSI ""... """ H5I "".. """ Tobll

Auncullure 01 267.9 2679 0.1 '00 '0 01 2357 2351 0.1 1741 1741 0.1 178.2 11112 0' 1165 11.65 11724

Featur.
Wtth.Proj Hatl Units

Cob" 0.1 136.6 13.66 01 206.' 20.68 01 180.6 18.06 0' 1495 14.95 0.1 92.7 9.27 0.1 056 '56 0.1 1638 16.38 01 '36 , 2369 12625
Fe.ut.
WIIh-Proj Hab Units

CononwoodlWllktw II 08 S.S ••• 1 03 03 .,
FUlUre
WIth-Pro Hab Units

D...rt 0.' 'S 1.8 O' 13' 5.28 O' 121 S08 5788
Future
lMth.proj Hab Units

oe.ert Wa.h O' S, '36 '36
Fe.ur.
lMth.Prq Hab Units

G,n.IIIIM 0' 17.2 1.72 '.72
F.alur.
Wrth-Proj Hab Units

Haynekt WeUand 0.55 16.5 9.075 9.075

Featur.
WIth-Prol Heb Units

Honey.....qulle IV 08 6 .. 0.8 12.5 10 0.8 20.3 16.24 08 106. flS12 116.16

FeIllUfe

INIth-Prol Hab Units

Honey·....qul.. V 0.78 11.6 9.048 0.78 3 '.34 11.388

Fa.ur.
Wth-Proj Hab Units

lIa,.h 0.7 7 ., 07 7 ., 07 '.6 1.82 07 3' '.38 0.7 0.6 0.42 0.7 63 .., 18.83

Faalure
Wlth.Proj Hab Units

Ill..: CottonwoodlWllllow·SC It 0.8 '" 116 11-6

Future

Wlth·Proi Heb Units
III..: CottonwoodIWllIlow·SC III 0.77 46.3 35.65 077 13.1 10.09 0.77 .. , 34,03 0.77 '07 15.904 0.87 58S SO, 0,87 S. .... 0,87 • 3 '8 1504.7~

F..ture
Wth-Prol Heb Units

IIlx: CottonwoodlWllllow-SC 11I8 0.87 'S 3 22,01 22.0"
Feature
\Wh·prof Heb Units

III.: CottonwoodlWllllow·SC tv 0.75 25.8 1935 o7S 31.9 23.93 o7S 211 15.83 0.75 144 108 077 11.2 8,624 0.87 '" 32,97 0.87 S.6 4872 0.87 '7 8439 200.759
F..ture

\Yilh-Proj Heb Units
Qualtbushl..ltbush 0.28 31.5 882 028 53.8 IS06 028 " 10.36 028 37.8 10.58 0.28 13S 378 48.608

Feature

WJlh·Proj Heb Units



Qu.llbushl..ltbush·5C 0.37 19.1 7067 037 53.4 1976 037 18 0666 27491

Fe.lure
WIth.Proj H.b Unitt

R..kI.nU.1 0.1 377 377 01 272 2.72 0.1 352 3.52 01 93. 9.30 0.1 '.3 0.43 0.1 •• 0.66 20.44

Fe.lure
'MIIl-Proj H.b Units

51ttC~11 041 78 3'96 0.41 18 0730 3.936

hMI.n
\tWh.proi He Units

5.1t Ced.r III O. '" 2724 0.' 128.6 " .. O. 111.7 .... O. 2S 3 10.12 0.' 32.9 1316 O. 25.9 10.36 lS7

F....ure

'vVIth-Proj HItb Units

SlltCedlrlY 0.35 82.7 21.95 0.35 54 18.9 0.35 39.5 13.83 0.35 13 4.55 0.35 31.4 10.99 0.35 '2 2.17 0.35 206.6 73.01 0.35 1n3 49046 1lH.845

F.atur.
WIth-Pro! Hab Units

Silt Cedlr lYa 035 '3 1.505 150S

FNCure

WIlh.proi Hab Un"
5.ttCed.rY 0.2 24.5 '.9 02 43. 8.76 02 "8 .36 02 42.3 8.46 02 '.1 122 02 162 324 0.2 713 1426 452

Fell1lKe

WIth-Proi Hlb Unitt

SlttCed.rYI 0.15 .... 9.72 0.15 16.7 2.505 0.15 73 10.95 0,15 21.8 3.27 0.15 328 4,92 o IS '99 2,985 o 'S 1 0.15 :l4S

Fe.lure
'Mth-PrOj Hlb Units

OpenW.wr 06 46.9 28.14 136 .3 21.8 OS 328 16. 07 76.3 5341 OS 54.3 27.15 OS 130.4 'S 2 1903

Fe"'ore
VV1Ih-Proj Hib Un"

TOTAL 1511.•n



WIO-PROJECT (TV·50) Transition Reach 1 R..eh2 Reach J Reach 4 Reach 5 R.ach 6 R.ach 7
75th-83rd 83rd·91St 91sl·991h 991h-l07th 107th·1151h 11Slh-EI MIrage EI Mirage-Dysart Dysart-Bullard

Habitat Type "51 a ... Units "51 a ... Unlls "51 a ... Ul1lls "51 a ... Units "51 a ... """ "51 a ... """ 1051 aooo """ "51 ao.. u".. Total

"gncull"" 0' 2679 26.79 0' 200 20 0.1 2357 2357 0' 174.' 17.41 0' 178.2 17 82 0' 1165 1165 117.24

Fealure

IJYith-Proi Hab Unit.

C- O., '50 " 0.1 28' 26.1 01 212 212 0' 204 20.4 0.' '07 '07 0' 95.6 '.56 01 'M '64 0.' 324 324 153.76
F••Uf. ,
lMth·prol HIIb Units

CottonW'OOdfMlIow II 01 1 0.' , 03 03 04
FelltUftl

WIth-Pro! Hab Unil,
eooort 0.4 4.5 1.8 0.4 13.2 528 0.4 127 508 57.88

Fe.urs
I/JIIh-Proj Hab Units

DH.nW••h 0.4 5.' 238 2.36

FeMur.
\/Wh·prol Hab Unll.

GravelMln. 0' 17.2 1.72 172

F••tur.
'MIh-Proj Hab Units

Havnald WeUand 0.55 '65 9.075 9.075

Felllur.

\rWh-Pfo( Hab Units

Honey.....qulhllV 0.8 6 48 08 125 '0 08 20.3 1624 08 106.4 8512 116.16

F••lure
WlCtl·Proj Hab Units

Honey.....qutt. Y 0.78 116 9.048 0,78 3 2.34 11.388

Felltur.
IMth.Proj Hab Units

...,.h 0.7 7 4.' 07 7 .. 07 2.' 182 07 3.4 238 0.7 0.6 0,42 0.7 63 U, 111,83

Fe.ure
!NIIh-Proj Hab Units

Mix: CottonwoodlWllllow·SC II 02 1 02 02

Feature
Wlh-Proj Hab Units

Mix: CottonwoodlWllllow·SC III 02 , 02 02 3 06 02 2 0.4 06 29 17.4 0.' 27 , .2 06 2 12 2142

Fe.uta

\Mth-Proj Hab Units

M'x: CottonwoodlWllllow·SC illS O' 126 756 7.56

Feature

WIth-Prot Hab Units

Mix: Cononwood/Wlillow-SC tv 0.5 13 6.5 0.2 3.' 0.62 0.2 2.' 0·42 02 '.4 0.28 0.2 '.1 0.22 0.6 18,9 1134 06 28 ,.. 06 48.5 29 , 50.16
F.-lure

WIlh·Proj H.b Units

Quallbuatv••ltbuah 0.28 31.5 11.82 028 53.8 15.06 0.28 37 10.36 028 37.8 '058 028 135 3.78 48.608
Fa.lure

Wlth.Proj Hllb UnilS



Quallbulhll.llbulh·SC 037 191 7.067 037 534 1976 037 18 0666 27491

Feature
Mh·Proj Hab Unlla

R....nU.. 01 377 317 0.1 27.2 2.72 01 352 352 0.1 .38 '.38 0.1 43 043 01 66 066 20 ..
F••ure
Wth·Proj Hab Unita

Salt Cedar II 0" 322 132 0" 565 23.17 0,41 5.5 2255 0" 64. 26.61 65,231

F.Mur.
'W!th.Proj H~ UniII

Satt Cedar III O. 68' 27.24 O' 128.6 51.44 O' 1117 .... O. 253 10.12 0.' 32. 1316 O. ". 10.36 157

FeMIA
V'JIth.Proj Hlb Units

S.ItCedar rtI 0.35 62.7 21.95 0.35 5< 18.9 0.35 39.5 1383 0.35 13 4.55 0.35 31,4 1099 0.35 6.2 2.17 0.35 208.6 73.01 035 1413 49.46 1904 1145

Feature
WICf'l.ProI H~ unlll

Sart Cedar rtl8 0.35 '.3 1.505 1505
F.......
WIU1·PId HiM) un..

salt Ced.r Y 0.2 24.5 '.0 02 43.11 11.76 0.2 2U '.36 0.2 <23 8,46 02 6.1 1,22 02 162 3,24 02 71.3 14.26 45.2

Feature
-.p Hab Units

S.rtCedarYI 0.15 64.8 9.72 015 16.7 2.505 015 73 '095 015 218 327 015 328 4.92 015 '" 2.985 015 1 015 34.5

F.81ure
WIth·Pro! HiM) Unils

Open Water 0.6 46.9 2&.14 13.6 63 218 0.5 32.11 16.4 0.5 76.3 38.15 0.3 5<3 16.29 0.3 43.5 13.05 112.03

Fellture
Wth-Prol Hab Unlla

TOTAL 1278.043



APPENDIX 2

CALCULATIONS OF AVERAGE ANNUAL HABITAT UNITS FOR HABITAT TYPES
IN THE TRES RIOS FEASIBILITY STUDY AREA· ALTERNATIVE 3.

Habitat values for this alternative was detennined as follows:

The diurnal wetland marsh is presumed to be an area with various linked "cells" which
will be designed to take the seasonal/diurnal fluctuation out of the water discharges from
the treatment plant. The ratio of "wel:dry" is expected to be about 80:20; the wet area
would have various wetland type vegetation associated with it; the dry area would also
have suitable native vegetation. The Habitat Value is estimated at 0.55, like the value
assigned to the existing Hayfield Site. This HV is expected to be reached in TY I.

The constructed wetland marsh on the overbank is expected to have a Habitat Value of
0.7, like the value assigned to the existing marsh (i.e., wlo Project), and reach that
maximum value in TY I.

The Open Water near the north bank is expected maintain its value of 0.7

The Open Water near the south bank is expected to increase in size (increase by 1/4), but
not in value.

The new open water created in this Reach is expected to have a value of 0.7 (just like
what already exists in Reach 2).

In River Reach 3

The CottonwoodIWiliow "stringers" are proposed to be created by constructing a
"V" shaped ditches which would be fed by waters from the wetlands in the
overbank. The "stringers" would be planted with cottonwoods and willows and
other riparian vegetation understory. It is expected to have a HV of 0.75 by TY
10, a HV of 0.9 by TY 20, and a maximum HV of 0.97 (like CIW habitat under
wlo Project conditions) by TY 30.

Open Water is expected to be created by removing salt cedar from large tracts of
existing salt cedar habitat and excavating gravel to ground water. The constructed
Open Water habitat type is expected to be 50-80% open water and lined with
marsh-like vegetation on the riverside and riparian vegetation on the upbank side.
The constructed Open Water habitat type is expected to have a Habitat Value of

0.63 by TY I and a maximum value of 0.7 by TY 20.

In River Reach 4.

The created Open Water and the CIW "stringers" are expected to have values as



already discussed.

In River Reaches 5-7.

The Open Water habitat to be created in these River Reaches are expected to have
the same value as expected for the upper Reaches (i.e., 0.63 in TY I, and 0.7 by
TY20).



HABITAT UNIT TABLES -- ALTERNATIVE 3 -- TY - 1, TY - 10, TY - 20, TY - 30



" ...l

ALTERNATIVE 3 -TV 1 Transition Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7
751h-83rd 63rd~91st 91st-99th 99th-l07th 107th-115th 115th-EI Mirage EI Mirage-Dysart Dysan-Bullard

Habitat Type HSt Aa... Unib HSt Aa... Units HSt ACfeag Units HSt Aa... Units HSt Aa... Unit, HSI Aa... Unil1 HSt -.. UnlIt HSt Aa... Units Total
Agrtl;ulturw 0.1 2679 26 79 01 200 20 01 2357 2357 01 1741 17.041 01 1782 17.82 01 116.5 11.65 11724

Feature ,
Wth-Proj Change in Hab Units (.,-) 0.1 -181." -18'4 01 ·7644 -7.~4 -25784c_

0.1 136.6 1366 0.1 206.8 20.68 01 180.6 18.06 01 1495 ' •. 95 0.1 92.7 927 01 956 9.56 0.1 1638 16.38 o1 236. 23.69 126 25

Feature
Wth-Proj Chanoe in Hab Units (t"_) 0.1 ·7.42 -0.742 01 -20.01 -2.001 01 -13.78 -1.378 0.1 -0.4 -O.o.t 0.1 -0.36 -0.036 ~,197

CottonwoodlWlllow II 1 55 5.5 I 03 03 58
Feature
With-Proj Change in Hab Units (+,-)

Doso" 0.' '.5 1.8 0.' 13.2 5.28 O' 127 50.8 5786
Feature
VYIth-Proj Change in Hab Units (+1-)

OeMrtW••h O' 5.9 2.36 2.36
Feature

Wth·PrOj Change in Hab Units (+,-)

G,..vet Min. 0.1 17.2 1.72 1.72

Feature
With-Proj Change in Hab Units (+1.)

Hlvtlekl Wetland 0.55 16.5 9.075 9075

Feature

Wth-Proj Change in Hab Units (i'/.)

Honey....qulte IV 08 6 .8 0.9 12.5 10 08 203 16.2" 0.8 106' 85.12 11616

Fealure

WIh-Proj Change in Hab Units (+1-)

Honey-Mnqulte V 078 11.6 9.O<t8 0.78 3 2.34 11.388

Feature

Wilh-Proj Change in Hab Units (+1-).....- 0.7 2.6 1.82 0.7 34 2.38 0.7 0.6 0."2 07 63 ..... 1 9.03
Feature

With-Proj Change in Hab Units (+1-)

MI.: CononwoodlWllllow-SC II 1 14.5 14.5 ''',5
Feature

Wth·Prq Change in Hab Units (+1-)

MI.: CottonwoodlWllltow-SC III 097 46.3 44.91 0.97 13,1 12.71 097 •• 2 42.87 0.97 207 20.08 097 58.5 5675 0.97 5.' 5.236 097 • 398 186."3ot
Feature

'Nith-Proj Change In Hab Units (+1.)

Mix: CottonwoodlWllllow-SC illS 0.97 25.3 2".54 2".541
Feature

Wth-Proj Change in Hab Units (+1-)

MI.: CottonwoodlWllllow·SC IV 095 258 24.51 095 3\.9 30 31 095 21.1 2005 0.95 ... 13.68 097 112 1066 097 379 36 76 097 56 5.02 097 .7 9409 235689
Feature

With-Prot Change In Hab Units (+,-)

Qu.llbu.h/••ltbu.h 0.28 31.5 8.82 028 53.8 15,06 028 37 10.36 028 379 1058 0.28 135 378 ..8608
Feature

Wlh-ProJ Change In Hab Units (+1-) 028 -1642 ..... 598 -" 5976



Quallbushls.ttbush-SC 0.37 19,1 7.067 037 53< 1976 0,37 18 0.666 27,491
Feature

With-Proj Change in Hab Units (+1-)

R..klentJ.1 0.1 377 377 0.1 272 2.72 01 352 3.52 0.1 93.8 038 0.1 '.3 0.43 01 66 066 2048

feature

wth--Proj Change In Hab Unrts (+1-)
, 0.1 -127 -1.27 -1 27

S.ft Cedar U 041 7.8 3198 0.41 1 8 0738 3.36

Feature

With·Proj Change in Hab Units (+/-) 0,41 -298 -1222 -1.2218

Saft Cedar III 0.' 68.1 27.24 O' 128.6 51.44 0.' 111.7 44,88 0.' 25.3 10.12 0.' 32.9 13 16 0.' 25.9 10,36 157

Feature

With-Proj Change in Hab Units (+/-) 0.' -2208 -8832 O' -3556 -14.22 O' ...58 -2624 O' -22.15 -886 0.' -13.32 -5.328 0.' ·23 -0.92 -64 404

Satl Cedar IV 035 62.7 21.95 0.35 54 18.9 0.35 39.5 13.83 0.35 13 4.55 0.35 31.4 10.99 0.35 8.2 217 0.35 206.6 73.01 0.35 1413 4946 19-4.845

Feature

Wth-Proj Change in Hab Units (+,-) 0.35 -7.04 -2464 035 -5.77 -2.02 0.35 -32.14 -1125 0.35 -39.9 ·1397 035 -<43.6 -1526 -44.9515

Sa" Cedar IVB 0.35 43 1 505 1505

feature

With-Proj Change in Hab Units (+1-)

S.1t Ced.rV 0.2 24.5 '.0 0.2 43.8 8,76 0.2 218 43. 0.2 423 846 02 81 122 02 18.2 3,24 0.2 71.3 1426 45,2

Feature

With-Proj Change in Hab Units (+1-) 0.2 -8.3 -1.66 02 -528 -1.056 -2.716

Salt Cedar VI 0.15 64.6 9.72 0.15 8.3 1.245 0.15 10 15 015 10. 2.985 0.15 1 0.15 15.6

Feature

With-Proj Change in Hab Units (+1-)

OpenWattr 06 46,9 28.14 03 13.6 4.08 07 63 ." 07 21.8 15.26 07 656 45.92 O. 76.3 68.67 0.7 54.3 3801 07 1304 9128 33546

Fealure

With-Proj Change in Hab Units (+1-)

Constructed Wetland.-olumal

Feature Diurnal Wetlands

Wlh-Proj Change in Hab Units (+1-) 0.551 15091 8301 830115

Con.tnlCttd Wetland. I I
Feature Overbank v.Jl-easl cell Overbank v.A.-east cells

With-Proj Change in Hab Units (+1.) 07 4689 3282 0.71 10.071 7.040 39872

Feature Overbank v.Jl-west eel OveJbank WL-west cells

Wth·Proj Change in Hab Umts (+1-) 071 1612 11.28 07 64.27 44.99 56273

Cottonwood WUlow I
Feature Stuboul

Wth-Proj Change in Hab Units (+1-) 0,11 557 0557 0,557

Feature Dewatering system Dewatering system

Wth-Proj Change in Hab Units (+/-) 01 15.24 1.524 0.1 15.05 1.505 3029

Feature Riparian CO( - cell 1 Ripanan CO( - cell 2

Vllilh-PrOl Change in Hab Units (+1-) 0,1424714247 01 2714 2714 8061

Open Wat.r'lb,..h I
Feature Open Waler - cell 1 Open Water - celt 2 Open Water - cell 4

With-Proj Change in Hab Unlls (+1-) 0631 6741 4,2046 0631 3,031 1909 0631 23.731 '04 95 21.105

Feature Open Waler - 0011 2 Open Water - cell 3 Open Wale. - cell 5

WIth-PrO; Change in Hab Units (+f-) 0,63 2266 '4'" 0,631 29,81 1877 0.631 18361 11.57 0447-426

Feature Open Water· cell .. Open Waler • cell 6

Vlfith-Proj Change In Hab UnIts (+1-) 0,631 '1851 7.466 0.631 22 961 14046 2' 9303



-.l

Feature Open Water -dis cell 1 Open Water -dis cell ..
Wth-Proj Change in Hab Units (.,.) 0.631 4.591 2692 0631 916 5783 8.6751

Feature Open Waler -dis cell 2 Open Water -dis cell 5

With·Prot Chanoe In Hab Units (+/.) 0.631 6431 ".051 0.63 45.9 2892 329679

Feature Open Water -dis cell 3

VVith-Proj Change in Hab Units (+/-) 0,831 2661 1.676 1.8758

Feature Open Waler -dis cell ..
Wth-Proj Change tn Hab Units (+,.) 063 3072 1935 193536

TOTAL· ALTERNATIVE:I 195'.1"



ALTERNATIVE 3-TV 10 Transition Reach 1 Reach 2 Reach 3 Reich .. Reach 5 Reach 8 Reach 7
751h-83rd 83rd·91s1 91st·99th 99th·l07th 1071h·115th 115th·EI Miraae El Miraa8-D sart Dysart-Bullard

Habitat Tvpe HSl I-ao u..... HSl ~.. Un", H51 -.. U~la H51 -.. ""la H51 -.. u..... H51 -.. Unlla H51 -.. u..... H51 -.. ""la Total

Aal'k:ulture 0.1 267.9 26.79 0.1 20a 20 0.1 235.7 23,57 0.1 17".1 17.41 0.1 178.2 17.82 01 116.5 11.65 1172.

FeatUftl

\Mth.proj Change in Hab Unill (+1-) , 0.1 -181 .. -18.'. 0.1 -764" -7.644 -25.7&4

c_ 0.1 138.8 13.88 0.1 206.8 2068 0.1 180.6 1806 0.1 1495 '.95 0.1 .27 9.27 0.1 95.8 .... 0.1 1838 18.38 0.1 236.8 23.89 126.25

Feature
lMth-proj Change In Hab Units (.1.) 0.1 -7.42 -0.1"2 0.1 -20.01 -2.001 0.1 -13.78 ·1.376 0.1 -0.' -0.04 0.1 -0.36 -0.036 ".187

CottonwoodlWlUow II 1 5.5 5.5 1 0.3 0.3 5.8

Feature
Wth·Prq Change In Hab Units (+'0)

Dooert 0.' '.5 1.8 0.' 13.2 5.28 0.' 127 SO.8 57.88

Feature

\Mth.proj Chanoe in Hab Unltl (.,-)

DeHrtWuh 0.' 5.• 2.36 2.36

Feature

wtth·Proj Change in Hab Unlts (+,.)

Only.....,. 0.1 17.2 1.12 1.72

F......

lMth·proj Change in H.b Units (.,-)

Wltland 0.55 16.5 9.075 9.075

Feature
INith-Proj Chllnge In Hab Units (.-1.)

Honev..flesqulte IV 0.8 6 ... 0.6 12.5 10 0.6 20.3 10.2" 06 106 , 85.12 118.18

Feature

With-Proj Change in Hab Units (+1.)

Honev-llnqulteV 0.78 11.8 8.048 0.78 3 2.34 11.3118

Future

lMth-Proj Change in Hab Units (+1.)- 0.7 2.6 1.82 07 3.' 236 07 06 0.2 07 6.3 .., 8.03

F......

WHh--Proj Chanoe in Hab Units (+1.)

Mix: CotlonwoodlWHllow-5C II 1 '''.5 '''.5 1".5

Feature

\Mth-Proj Change in Hab Units (+1-)

Mix: CoUonwoodlWllllow-5C 1M 0.87 "8.3 .....81 0.97 13.1 127' 0.7 .... 2 "2.87 0.87 20.7 20.08 0.7 565 56.75 0.87 5.' 5.238 0.7 • 3.86 186 ..34

F.ature

With-Proj Change in H.b Units (+1.)

Mix: CottonwoodlWllllow-5C 1118 0.97 25.3 2".504 2",5041

Feature

WtJl·Proj Change in Hab Units (+1-)

MIx: CottonwoodlWllllow-SC IV 0.5 25.8 2".51 0.85 31.9 30.31 0.95 21.1 20,05 0.5 1..... 13.68 097 112 1066 0.7 37.9 3676 0.97 56 5."32 0.87 .7 94.09 235888

Feature

With-Pro; Change in H.b Units (+1-)

Quall~hlsaltbu.h 0.28 31.5 8.112 0.28 536 15.06 0.28 37 '036 026 376 10.58 026 13 5 3.76 ..8808

Feature

Wth·proj Change in Hllb Units (+,.) 0.28 ·16."2 ~ 588 ~.5876

QuallbuatvNttbuah-SC 037 18.1 7.067 0.37 53' 1976 037 1 6 0666 27 ..81



1

Feature

WUl-Proj Change In Hab Units (+1-)
R.._

0.' 37.7 3.77 O. 272 2.72 0.' 35.2 352 O. 93.8 .38 0.1 '.3 0'3 0.1 6.6 0.66 20.48

Feature

'Mth-Proj Chanae in Hab Units (+,.) O.• -12.1 ·1.27 ·'27
sattCedlrll , 0" 7.8 3.188 0.4' 1.6 0.738 3 .36

Feature
'Mth-Proj Change in Hab Units (+f.) 0" -2.98 -1222 -1.2218

satt Cedar I" 0.' 88.1 2724 O. 128.6 51.44 0.' 111.7 4466 O. 25.3 1012 0.' 32. 13.16 0.' 25.9 10.36 .57

Feature
Wth-Proj Ching. In Hab Units (+f.) 0.' -2208 -8.832 O. -35.56 -'4.22 0.' -656 -26.24 O. -22.15 -8.86 O. -13.32 -S.328 0.' -2.3 -0.92 ....04

salt Cedar IV 0.35 82.7 21.95 0.35 54 18,8 0.35 39.5 13.83 0.35 13 4.55 0.35 31.4 10.99 0.35 6.2 217 0.35 208.6 7301 0.35 141.3 •• 46 194.845

Feature
Wth·Proj Chlooe In Hab Unit, (./.) 0.35 -704 -2.464 0.35 -5.77 -2.02 0.35 -32.14 -11.25 0.35 -39.9 -13.87 0.35 ~3.B ·15.26 -44.9575

SoIlCMMIVB 0.35 '.3 1.505 1.505

Feature
wtth-Proi Change In Hab Units ( ../-)

settCeurV 0.2 24.5 ••• 02 .38 8.76 0.2 21.8 '.36 0.2 42.3 8.46 0.2 6.1 1.22 0.2 16.2 3.24 02 71.3 14.26 .52

Feotu..
Wth-Proj Change In Hab Units (+1-) 0.2 -83 -1.66 02 -5.28 -1.056 -2.716

SaIl CedIIr VI 0.15 64.8 9.72 0.15 6.3 1.245 0.15 •0 1.5 0.5 19.9 2.985 0.15 • 0.15 15.6

Feature

IMttl-Proj Change In Hab Units (+/-)

Io-w..... 06 46.• 28.14 0.3 13.8 '.06 0.7 63 ..... 1 0.7 21.8 15.26 0.7 65.6 "5.92 0.• 18.3 68.61 0.7 54.3 38.01 0.7 130." 91.28 335."6

Feature

Wlth-Proj Change 1n Hab Units (+/-)

Conatrueted w.u.ndl-Dfum.1

Feature Diumal wetlands

VWh-Proj Chanae 1n Hab Units (+1-) 0.551 150 91 83.01 83.0115

COftitructed WItSandI I I
Feature Overbank Wl-east cell Overbank WL.-east cells

wtth-Proj Chlnae in Hab Units (-+/-) 0.7 "8.89 32.82 071 10.01 7.049 39872

F...... Overbank WL.-west eel Overbank WL.-wsst cells

Wth·Proj Change In Hab Unitt (+/-) 0.11 16.12 11.28 0.7 64.21 .....99 58.273

<:aaonwood WIUow I
F...... StubOut

wth-Proi Change in Hab Units (+/-) 0,751 5.57 ".118 ".1775

F...... Dewatering system Dewatering system

Wth-Proj Change In Hab Units (-+1-) 0.75 152" 11."3 0.75 15.05 11.29 22.7115

Feature Riparian Cor - cell 1 Riparian Cor - cell 2

VWh-Proj Change In Hab Units (+/·1 0.751 ..2 ..11 31.85 0.15 27.1" 20.36 52.2075

a'*' Waterllla..... I I
Feature Open Water - cell 1 Open Water· cell 2 Open Waler - cell ..

wth·Proj Change in Hab Units (+/-1 0.671 6.7.. 1 ".516 0671 3.031 203 0671 23.731 159 22.445

F...... Open Water - cell 2 Open Waler - cell 3 Open waler - cell 5

With-Proj Change in Hab Units (+/-) 067 2286 15.32 0671 29 81 19.97 0.611 18.36 123 41.5834

Feature Open Walet" - cell .. Open Water - cell 6

With-Pro! Change In Hab Units (+1.) 0671 11851 1.94 0611 22.961 1538 23.3227

Feature I I I I Open water -dis cell 1 Open Waler -<SIt cell ..



wth-Proj Change in Hab Units (.,-) 0.671 4591 3.075 0671 i.181 8.151 i.225i
Feature Open Waler -dis celt 2 Open Water -dis cell 5
\Mth.proj Change in Hab Units (+1-) 0671 6.431 '.306 067 45.Q 30.75 35.0811
f ..... Open WIter -dis cell 3
wth·Proj Change in Hab Units (+1-) 0.671 2.661 1.782 1.7822

Feature Open WIter -dis cell 4
lMth-proj Chango in Hob U.... (+1-) 0.67 30.72 20.58 20.5824

TOTAL -A1.reRHATIVE 3 2037.301

J



ALlERNATlVE 3 •TV 20 Transition Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7
751h-83rd 83rd-9151 91st-991h 99th-l07th 107th-1151h 1151h-EI Mirage EI Mirage-O sart Dysart·Buliard

Habitat lVDe HSI Au... Unit' H5I Au... urnls HSI Au... Units HSI Au... Unit' HSI Au... Umt, HSI Au... Unit. HSI Au... Units HSI Au... Unlb TOUlI
Aariculture 0.1 2679 2679 01 200 20 0.1 235.7 23,57 0.1 174.1 17.4' 01 178.2 17.82 01 1165 1165 '1724

Feature ,
'Nth·PrO; Change in Hab Units (+,-) 0.1 ·181.4 -1814 0.1 ·76.44 -7.6404 -25.78<4

e_ 0.1 136.8 13.66 01 206.8 20.68 o 1 180,6 18.06 0.1 149.5 1495 0.1 92.7 927 01 95. 9.56 01 163.8 16.38 01 236.9 23.69 126 25
feature
Wth-Proj Change in Hab Units (+1-) 0.1 -7.42 ·0.7"2 0.1 ·20.Q1 -2.001 0.1 ·13.78 ·1.378 0.1 -0.4 -0,04 0.1 ·036 -0.036 ..... ,197

CottonwoodIWIllow II I 55 5.5 , 0.3 0.3 5.8
Feature
VVith-Proj Change in Hab Units (+1-)

llH"" 0.4 4.5 1 8 O. 132 5.28 04 127 SO.• 57.88

Feature

With-Proj Change in Hab Units (+1.)

OnertWnh 0.4 5.9 2.36 2.36
Feature
'Nth-Pro; Change in Hab Units (+/.)

Grave'Mln. 0.1 17,2 1.72 1.72
Feature

With-Pro; Change in Hab Unft. (+1-)

Havfleld W.t1and 0.55 16.5 9.075 9.075

Feature

Wth-Proj Change in Hab Units (+f.)

Honey·MeaqutwlV 0.• • 4.• 0.• 12,5 10 0.• 20 J 16.24 0.8 106.4 85.12 11616
Feature

'Mth-Proj Change in Hab Units (+1-)

Honoy_.ItoV 0.78 11.6 9.048 0.78 J 234 11.388
Feature

With-Proj Change in Hab Units (+1-)

.....h 07 26 1.82 0.7 3.4 2.38 07 0.• 042 07 .3 4.41 903

Feature

With.Proj Change in Hab Units (..,-)

Mix: CottonwoodIWIlllow-SC II 1 145 '45 145
Feature

IMth-Proi Change in Hab Units (f/_)

Mix: CottonwoodlWllllow-SC III 0.97 46.3 4491 0.97 131 12.71 097 44.2 4287 097 20.7 2008 0.97 58.5 56.75 097 5.' 5.238 097 4 3.88 18e 434
Feature

Wth-Proj Change in Hab Unit, (+1-)

Mix: Cottonwood,Wllllow-SC 1118 097 253 2454 24541
Feature

Wth-Proj Change in Hab Units (f'.)

Mix: CottonwoodlWllllow·SC IV 0,95 25.6 2451 0.95 3' 9 30.31 0.95 211 2005 095 .. 4 13.68 097 112 1086 097 379 36.76 097 56 5432 097 97 9409 235689
Featule

With Pr~ Change in Hab Vmt, (+f-)

Quallbushl.altbulh 028 315 ••2 028 53. 1506 0.28 37 1036 02. 37. 10 58 02. 135 37. 48606
Fealure

With-Proj Change in Hab Units (+,-) 0.28 -1642 ... 598 ..... ,5976



Quallbuahl..ttbuah·SC 037 191 7067 037 53' 19.76 0.37 ..8 0.666 27491

Feature

Wth·proi Change in Hab Units (+1.)

R..klentJal 01 377 3.77 0.1 272 272 0.1 35.2 352 0.1 938 938 01 .3 0'3 01 86 086 20.48

Feature

VVith·Proj Change in Hab Units (+1-) , o1 ·12.7 -1.27 -1.27

S.ttCed.rII 0., 7.8 3198 0" 18 0738 3.938

Feature

VVith·Proj Change in Hab Units (+/.) 0.41 ·2,98 ·1.222 -1.2218

SattCed.rIII 0.' 68.1 27.24 0.' 128.6 51.44 O' 111.7 44.68 0.' 25,3 10.12 0.' 32.9 13.16 0.' 25.9 10.36 157
Feature

\Mth-Proj Change in Hab Units (+1-) O' -22.08 ·8,832 0.' -35.56 -14,22 0.' -65.6 -26.24 O' -22.15 -8.86 0.' ·13.32 -5.328 O. ·2.3 ·092 -64.404

S.tt Ced.r IV 0.35 62.7 21.95 0.35 54 18.9 0.35 39,5 13.83 0.35 13 4.55 0.35 31.4 1099 0.35 6.2 2.17 0.35 208.6 73.01 035 141.3 49.46 li4.845

Feature

VVith-Proj Change in Hab Units (+/-) 0.35 ·7.04 -2464 0.35 -5.77 -2.02 0.35 ·32.14 -11.25 0.35 ·399 -13.97 035 "'36 -1526 -449575

san. C.... IVB 035 '.3 1505 1.505

FeahK8

VVith·Pro; Change in Hab Units (+J.)

San.C.trV 02 24.5 '.9 0.2 43.8 8.76 0.2 21.8 .36 0.2 42.3 8.6 02 6.1 122 02 162 324 02 713 14.26 45.2

Feature

Wth-Proj Change in Hab Units (+/.) 0.2 ·83 ·186 02 -5.28 -1056 -2.716

San. Cedar VI 0.15 .. 8 9.72 0.15 8.3 1245 015 10 15 015 199 2985 015 1 0.15 15.6

Feature

VViIh-Proj Change in Hab Units (+1-)

a.-nW.ter 08 .69 2814 0.3 136 .08 07 83 44.1 0.7 218 15.26 07 65.6 45,92 0.9 76.3 68.67 07 543 3801 0.7 1304 91,28 335.46

Feature

WIh-Proj Change in Hab Units (+1-)

ConStructed Wetl.nds·Dlumal

Feature Diurnal Wellands

With-Proj Change in Hab Units (+/-) 0551 150.91 8301 83.0115

Constructed Wetl.nds I 1
Feature Overbank \M..·nst cell Overbank \M..-east cells

VVith-Proj Change in Hab Units (+1-) 07 46.89 32.82 0.71 1007 7.049 39872

Feature Overbank \M..-wesl eel Overbank \M..-west cells

VViIh-Proj Change in Hab Units (+J.) 0.71 16.12 11.28 07 64.27 44.99 56.273

Cottonwood Willow I
Feature Siubout

Wth-Proj Change in Hab Units (+1-) 091 5.57 5.013 5.013

Feature Dewatenng system Dewatering system

VVith-Proj Change in Hab Units (+1-) 09 15.24 13.72 0.9 15.05 13.55 27261

Feature Riparian Cor· cell 1 Riparian Cor· cell 2

Wth.Proj Change in Hab Units (+,.) 091 42.471 3822 09 271. 24043 62,649

O.,.n W.t.rlMa...h I I
Feature Open Waler • celt , Open Water - cell 2 Open Waler - cell ..

With-Pro! Change in Hab Units (+1-) 0,71 6741 4.716 0.71 3 031 2121 0.7 23,731 1661 2345
Feature Open Water - cell 2 Open Water - cell 3 Open Water - cell 5
Wth-proj Change in Hab UMs (+/-) 07 2286 16 071 29,81 20,86 0.71 18361 12.85 049.7104
Fealure Open Water - cell 4 Open Waler - cell 6
Wth-Proj Change in Hab Units (+/.) 0.71 11.8518295 071 22.961 1607 24367



Appendix G: Incremental Cost Analysis of
Restoration Features
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Feature Open Water ~s cell 1 Open WOller -dis cell "
With-Proj Change in Hab Units (.,.) 0.71 4.591 3213 07\91816426 9.639
Feature Open Water -dis cell 2 Open Water -dis cell 5

\Nith-Proj Change In Hab Units (+/-) 0.71 6.431 4.501 0.7 459 32.13 36 631
Feature Open water -dis cell 3

Wth-Proj Change in Hab Units (+/-)
,

0.71 2.661 1 BB2 1.862

feature Open Water -dis cell ..

With·Proj Change in Hab Units (+1-) 0.7 30.72 21 5 21.504

TOTAL· ALTERNATIVE 3 2"0.2'1



ALTERNATIVE 3 -TY 30 Tranaltlon Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 R••ch8 Reach 7
75th-83rd 83rd-91sl 91st-99th 99th-l07th 107th-115th 1151h·EI MiraQ8 EI Mi,aao-Dysart Dysart-Bullard

Habitat TVDe HSl ""- un'" HSl
_..

""'.. H5I -.. ""'.. H5I ""- un", H5I ""- Units H51 ""... ""''' H51 ~ Un'" H51 -.. ""'.. Total

Aoneuttu,. 0.1 267.9 26.79 0.1 200 20 0.1 235.7 23.57 01 1741 17 41 0' 1782 17.82 01 116.5 11.65 117.24

F...... 0

\Nith-proj Change in H.b Units (.,-) 0.1 ·181.4 -18.104 0.1 -76« -7.644 -25.784c_
0.1 136.6 13.66 0.1 206.8 20,68 0.1 180.6 18.06 0.1 149.5 14.95 0.1 92.7 9.27 0.1 95,6 •.56 01 1638 16.38 0.1 236.Q 23.69 126.25

Feature

Wth·Proj Change in H.b Units I.'·) 0.1 -7."2 -0.742 0.1 ·20.01 -2.001 0.1 -13,78 -1.378 0.1 -0.4 -o.a. 0.1 -0.38 -0.036 ..... 197

CottonwoodIWIllow II 1 5.5 5.5 1 0.3 0.3 5.8

Feature
VWh-Proj Change in Hab Units (+/-)

000... 0.' '.5 1.8 0.' 13.2 528 0.4 127 SO.8 5788

Feature

Wth-Proj Change in Hab Units (+,.)

DeMrtW.1h 0.4 5.• 2.38 238
F......
W1h-Proj Change in Hab Units (-t/_)

Grev.....ne 0.1 17.2 1.72 1.72

Feature

VWh-Proj Change in Hab Units (+1-)

Havlleld Wetland 055 185 9.075 8.075

Feature

With-Pro; Change in H.b Units (+'-)

1_-Mnqu"lV 0.8 8 4.8 0.8 12.5 10 08 20.3 16.24 0.8 106.4 65.12 116.16

FNiture
Wth-Proj Change In H.b Units (+10)

_-MnquIloV 0.78 11.6 0.046 0.78 3 234 11.368

Feature
Wth-Proj Change in H.b Units (+1-)

IIonh 0.7 2.8 1.82 0.7 3.4 2.38 0.7 0.8 042 07 8.3 4.41 0.03

Feature
\NIth-Proj Change In Hab Units (+1-)

1Ilx: CottonwoodlWllllow-5C H 1 14.5 14.5 14.5

F.....

lMth-Proj Change in H.b Units (+/-)

IIIx: CottonwoodIWMlIow-5C til 0.07 46.3 44.01 0.7 13.1 12.71 0.7 44.2 42.87 0.07 20] 20.08 0.97 58.5 56.75 0.7 5' 5238 0.07 4 3.88 186.434

F.....
\Mth-Proj Change in H.b Units (+1.)

IIIlx: CottonwoodIWIlllow-SC IIIB 0.07 25.3 24.54 24.541

Future
With-Proj Change in Hab Units (+/0)

Mix: CottonwoodlWllllow-SC IV 0.05 25.8 24.51 0.05 31.9 3031 0.05 21.1 20.05 0.95 14.4 13.66 0.97 11.2 10.86 0.97 37. 3676 0.97 58 5432 0.07 .7 94,09 235689
Feature
With-Proj Change in Hab Units (+1-)

Qu.llbushls.ltbush 0.28 31.5 8,82 0.28 53.8 15.06 0.28 37 1038 028 378 1058 028 13.5 378 48.608
Feature
With-Proj Change in Hab Units (+10) 0,28 -1642 -4.598 -4.5076



I

Quallbuahl.attbueh-$C 0.37 191 7.067 0.37 53< 1976 037 1.• 0.866 27.4Ul
Feature

V\Mh·Proj Change in Hab Units (+'-)

RnldenUal 0.1 37.7 3.77 0.1 27,2 2.72 0.1 35.2 352 0.1 93.8 11.38 0.1 4.3 043 0.1 66 066 2048

Feature
With·proi Chanoe in H.b Units (.,.) 0.1 -12.7 -1.27 -1.27

s.tteeda,I' 0.4' 7.6 3.196 0.41 1.6 0.738 3.836

FNture
Wilh-Proj Chlnge in H.b Units (+/-) 0.41 ·2.US ·'222 -1.2218

satt Ced«ir III 0.4 68.1 27.2. 04 128.6 51.44 0.4 111.7 .. 69 04 25.3 10.12 0.4 329 1318 04 25," 10.36 157
F..ture
lMth-Proj Chanoe in Hab Units (+,.) 0.4 -22.08 ·8,832 0.4 -35.56 -14.22 0.4 ~5.8 -26.24 04 -22.15 -8.86 0.4 -13.32 -5.328 04 -2.3 -0.82 -64.404

salt c.d.r IV 0.35 82.7 2UIS 0.35 54 18.9 0.35 3Q.5 13.83 0.35 13 455 0.35 31.4 10.99 0.35 •.2 2.17 0.35 208.6 73.01 0.35 '4'.3 48.46 184.&45......
\Mth.proj Chanoe In Hab UMs (+'-) 0.35 -7.04 -2.464 0.35 ·5,71 -2.02 0.35 -32.14 -11.25 0.35 -3liUI -13.'17 0.35 ....3,6 ·15.26 -«.US7S

5aItCedarlYB 0.35 43 1505 1.505

Feature
"Mth-Proj Change in Hab Units 1+/-)

S.tt Cedllr V 02 24.5 4.• 02 43. 8.76 0.2 21.8 4.36 02 42.3 8.46 0.2 •. 1 1.22 0.2 16.2 3.24 02 713 14.26 45.2......
Wth-proj Chlinge In H.b Units (+,-) 02 -8.3 -1.66 0.2 -5.28 -1.056 -2.718

Satt Cedllr VI 0.15 .... '1.72 0.15 8.3 1.245 0.15 10 1.5 0.15 1'1.9 2.1i185 015 1 0.15 15 •.......
Wth-Proj Ch.nge In H.b Units (+1-1

a-W.... 0.• .... 28.14 03 13.6 4.08 0.7 .3 44.1 0.7 21.8 15.26 0.7 65.6 45.92 0.• 76.3 68.87 07 54.3 38.01 0.7 1304 '11.28 335.48

Future
VWh-Proj Chanoe In H.b Uni1s (+1-)

Constntcted Wetlandl-DIumlil...... Diumal Wetlands

WUh-Proj Change in H.b Units (+1-) 0.551 150.91 83.0t 83.0115

Constructed Wett.nds I I...... Overbank Wl-east cell Overbank Wl-east cells

VWh-Proj Change in H.b Units (+1-1 0.7 46.89 32.82 0.71 10.071 7.049 3'1.872

Feature Overbank Wl-west eel Overbank Wl-west cells

Wth-Proj Change In Hab Units (+1-) 0.71 16.12 11.28 0.7 64.27 «.99 56.273

ColtDftwood Willow I
Feature Siuboul

Wth-Proj Change tn Hab Units (+1-) 0971 5.57 5.-403 5.402G...... Dewatering system Dewatering system

W1th-Proj Change In H.b Units (+/-) 0.97 15.24 14.78 0.7 15.05 14.6 29.3813

'ea'" Ripanan Cor - ce-li 1 Riparian Cor - ceN 2

Ml-Proj Chanoe tn Hab Units (+/-) 097142_471 41.2 0.97 27.14 26.33 67.5217
Open W...../Ma,.h I I

Feature Open Waler - cell 1 Open Water - cefl 2 Open water - ce-li 4

With-Pro; Chanoe in Hab Units (+/-) 07 6,741 4.718 07 3031 2.121 0.71 23.731 1661 23.45
Feature Open Waler - cell 2 Open Water - cell 3 Open Water - cell 5

With-Pro; Change in Hab Units (+1-) 07 2266 ,. 07 29.81 20.86 0.71 1836 1285 4'1714
Feature Open Water - cell 4 ODen Waler - cell 6

Wlh-Proj Change In Hab Units (+1_) 07 11.851 8.295 0.71 22.96 1607 24367



APPENDIX 3

CALCULATIONS OF AVERAGE ANNUAL HABITAT UNITS FOR HABITAT TYPES
IN THE TRES RIOS FEASIBILITY STUDY AREA· ALTERNATIVES 3.5 & 4.

The habitat values assigned to the various habitat-types remain the same as identified in
Alternative 3. The amount of acerages changes and the placement of the proposed features (e.g.,
openwater/marsh, riparian corridors) differ, however.



HABITAT UNIT TABLES -- ALTERNATIVE 3.5 -- TY -1, TY - 10, TY - 20, TY - 30



ALTERNATIVE 3.5 -TV 1 Transition Reach 1 Reach 2 Roach 3 Reach .. Reach 5 Reach 6 Reach 7
751h-83rd 83'd-91sl 91st-99th 99th-l07Ih 1071h-115th 115th-EI Miraao EI Mirago-D sart Dysart-Bullard

Hlbltat Tv"" HSI -.. ""'.. HSI -.. Units HSI -... ""'" HSI -.. Unit, HSI M'" Units HSI -.. Unit. tlSI -.. Unl" HSI """'" Unltl Total

Aartculture 0.1 267.9 26.79 01 200 20 0.1 235.7 23.57 01 17-4.' 17-41 01 178.2 17.82 01 1165 1165 117.24

Feature

Wth·Proj Change in Hab Units (+,-) 0.1 -194.8 ·'9,46 0.1 -55.17 -5.517 01 ·19,63 -1963 01 -0.711 -0.071 -27.03
c_ 0.1 136.6 13.66 0.1 206.8 20.68 0.1 1806 18.06 01 '.95 ' •.95 01 92.1 9.27 0.1 95.6 9.56 0.1 163.8 16.38 0.1 236.9 2369 126.25

future
'Nith·Proj Change In Hab Units (+/.) 0.1 -0.587 -0.059 01 -8,191 -0.819 0.1 -29.67 -2.967 0' -3.004 -0.3 0.1 -18.65 -1.865 0' -2.369 -0237 -8.25

CottonwoodlWtllow II 1 5.5 55 1 03 03 5.80

FeatUfe

Wth-Proj Chanae In Hab Units (.,.)

IIoMrt 0.' '.5 1.9 O' 13.2 5.28 0.' 127 50,8 57.88

F.....
VWh·Proj Chanoe In Hab Units (+/-) 0.' ·1.5l4 -0.614 0.' -0.273 -0.109 -0.72

DetertWuh 0.' 59 2.30 230

Feature

Wth-Proj Change In Hab Units (+/-)

Gravel Mine 0.1 17,2 1.72 172

Felltore

\Mth.proj Change in Hab Units (.,-)

Havtwd Wettand 0.55 16.5 9.075 9.06

Feature

W1th-Proj Change in H.b Units (.,-)
1__quIloW 0.6 • ••• 0.6 12.5 10 0.6 203 16.2" 06 106." 8512 116 16

F.....
\Mth-Proj Chanoe In Hab Units (.,-)

Ho",-.,ullo V 0.78 11.8 9.0048 079 3 2.34 11.39

F.....
With·Proj Chanoe in H.b Units (.,.).....- 0.7 2. 1.82 07 3.' 2.38 0.7 0.• 042 0.7 .3 ..... 1 9.03

Feature

WIth·Proj Change in Hab Units (.,-)

MIx: CottonwoodlWtlllow-$C II 1 145 1".5 104 50

Feature

With·Proj Change in Hab Units (.,.)

Mix: CottonwoodIW'IllkM-SC III 0.97 40.3 ..... 91 0.97 13.1 12.11 0.97 .....2 "2.87 097 207 20.08 0.97 565 56 75 097 5.' 5,238 0.97 • 3.88 186."3

Feature

'MIh-Proj Change In H.b Units (.,.)

Mix: CottoowoodlWllIIow-SC 1118 0.97 253 2.54 2".504
Fellture

VWh·Proj Change in Hab Units (+,.)

Mix: CottonwoodlWllUow..sC IV 095 25.8 2".51 0.95 31.9 30.31 0.95 211 2005 095 14. 13.68 097 11.2 10.86 097 379 3676 0,97 5. 5."32 097 97 e.. 09 235.69
Feature

'Mth-Proj Change in Hab Units (.1.)

QuallbuahllNltbuah 0.28 31.5 8.82 0.26 53.8 1506 0.28 37 10.36 02' 37.6 1058 0.28 135 37. "861
Fealure

With·Pro; Change In H.b Units (+1.) 0.28 -16,6-4 ....659 .. 60



Quallbuahlultbush-SC 0.37 19.1 7,067 0.37 53.• 151.76 037 18 0886 21,49

Feature
Wlth-Proj Change in Hab Unit. (.1-)

R__lIRood 0.1 37.7 377 01 272 2.72 01 352 352 01 038 51.38 0.1 '.3 0.3 0.1 88 086 20.48

F.....
IMth-Proj Chsnge in Hab Units (.1-) o1 -5.3113 -0.538 0.1 -0.5043 -0.054 0.1 -51.5121 ·<>.092 0.1 -0.818 -0.082 0.1 -0.52 -0.052 -172

S111t Cedar II 0.41 7.8 3.188 041 1.8 0.738 3.94

Feetu..
'Mth-Proj Change In Hab Units (.1-) 041 ....808 -1.5171 -1.87

hit Cedar III 0.' 66.1 21.2. 0.' 128.8 51.44 0.' 111.1 44.68 0.' 25.3 1012 0.' 32.51 13.18 0.' 25.8 10.36 157.00

Future

'Nth-Proj Change in Heb Units (.,-) 0.' -33.82 -1345 O' -504.45 -21.18 0.' -81.18 -32.41 0.' -18.32 -7.327 0.' -16.44 -8.576 0.' -2.55 -102 -82.63

S8It CedIlr rv 0.35 62.7 21.515 0.35 54 18.8 0.35 38.5 13113 035 13 4.55 0.35 3" 10.Qg 035 8.2 2.17 0.35 208.6 73.01 035 141.3 451.46 104.85

F.....
Wth-Proj Chsnge In tub Unitt (.1-) 0.35 ".86 -1.831 0.35 -51.547 -3.341 0.35 -15.47 -5.• '3 035 -5257 ·1.84 0.35 -23.65 -8.277 0.35 -0.033 -0.012 0.35 -68.89 -23.• ' 0.35 -64 .•2 -22.55 -68.47

_CHe<N8 0.35 43 1.505 1.51

Feature
WIth-Pro; Change in Hab Unit. (.1-)

!sit Cedar V 0.2 2.,5 .0 0.2 0.8 8,76 0.2 21.8 4.36 0.2 42.3 8.46 02 8.1 1.22 0.2 182 3.24 0.2 71.3 14.26 45.20

Feature

wth-Proj Chlinge in Hab Units (.1-) 0.2 -1.844 -0.369 0.2 -0.135 -0.021 0.2 -1.7 -0.34 02 -2.182 -0.436 -1.17

satt Cedar VI 0.15 .... IU2 0.15 8.3 1.245 0.15 10 15 015 19.8 2.a85 0.15 1 0.15 15.60

F.......
'Mth-Proj Change in Hab Units (.,-)

OpenWater 0.8 46.51 28.1. 03 13,6 4.08 0.7 83 44.1 0.7 21.8 15.26 0.7 858 4582 0.0 76.3 8861 0.7 54.3 38.01 07 130.• 81.28 335.48

F.."""
wtth-Proj Change in Hab Units (.,-)

Contructed Wetlands-Otumal

F....... Diurnal Vllet/ands

IMth-Proj Change in Hab Units (.,-) 0.551184 08 101.2 101.25

Conttructed Wetlanch I
Feo_ Ovet'bank'M.. Overbank WI.. Overoank Wl..

Wth·Proj Change in Hab Units (.1-) 0.7 32.75 22513 0.7 58.41 .0.89 0.71 3737 26.16 851.91

Cottonwood Willow I
Feature Ripllrian Conldor Riparian Comdor Ripanan Conidor Riparian Corridor Riparian Condor Ripllnan Corridor

Wlth-Proj Change in Hab Units (.1-) 0.1 8.504 0,65 01 9.682 0.968 0.1 40.041 4094 011 27121 2.712 0.11 31.681 3,168 0,11 88 0.68 12.27

Open Wtltarllllrsh I I I I I I I
Future Open WalerlMarsh Open Waterl'Marsh Open WaterlMarsh Open waterlMarsh Open WaterlMarsh Open WalerlMarwh

Wth-Proj Change in Hab Units (.,-) 083 49.875 313 0.63 65.2 41.08 0.63 88.517 56.05 083 2.318 1.46 0.63 70,82 44.61 0.63 6325 3lU5 21•.35

TOTAL -ALTERNATIVE 3.5 1193.•



ALTERNATIVE 3.5 -TV 10 Tranlltlon Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 R••ch 7
75th·83rd 83rd·91st 91st·99th 99th·l07th 107th·1151h 115th·EI Mirage EI Mirage·O sart Dysart-Bullard

Habitat Type Hst ~ Uol~ HSI -.. Unitt HSI -- Units Hst -.. U,'" HSI Au... Units HSI Aao.. Unit, HSI -.. Unl.. HSI -.. Units ToIlIl

Aarleulture 0.1 267,'1 26 79 0.1 200 20 0.1 235.7 23.57 0.1 174.1 17.'" 01 1182 17.82 0.1 1165 11.65 117 24

f ..""" ,
Wlh-Proj Chlinoe In Hab Units (+1-) 0.1 ·194.8 -19.46 0.1 -55.17 -5.517 0.1 -19.63 ·1.963 0.1 -0.711 -0,071 -27.03

e- 0.1 136.6 13.66 0.1 206.8 20.68 0.1 180.6 18.06 0.1 149.5 14.95 0.1 92.7 927 0.1 956 9.56 0.1 183.8 16.38 01 236,9 23.69 126 25

Feature
\Mth-Proi Chanae In Hab Units (t/_) 0.1 .0.587 -0.059 0.1 -8.191 -0.819 0.1 -29.87 -2.967 0.1 -3.004 ".3 01 ·18.85 -1.665 0.1 -2.369 -0.237 .1.25

CottonwoodlWUtow II 1 55 5.5 1 0.3 0.3 560

f .."""
\NIlh-Proj Change in Hlb Unit. (+1-)

Dooort O. '.5 1.6 o. 13.2 526 0.' 127 50.8 5788

Feature
\M1h.Pn>I Cha... in Hob Un" (H-) 0.' -1.534 -0.614 O' -0.273 -0.109 "72

DeHrtWuh 0.' 5.9 2.36 236

f .."""
VVilh·proI Change in Hab Units (+1-)

Gravel"... '0.1 11.2 1.72 1.72

f .."""
wth-Proi Chanoe in Hab Units (+/-)

_IdW_nd 0.55 16.5 8.075 9.06

Fe-lure

With-Pm Chanae In Hab Units (+/-)

I_~ullerv 0.6 6 '.6 0.6 12.5 10 0.6 20.3 182.. 0.6 106 • 85.12 111S.11S

f .....
With-Prot Change WI Hab Units (+/-)

ulleY 0.78 11.8 8.048 0.78 3 2.34 11.38

Fellt.ln

'Mth-Prol Change in Hab Units (+/-)

Mo..h 0.7 2.• 1.82 0.7 3.' 238 0.7 0.6 042 0.7 6.3 ..... 1 8.03

Fe-ture
'Mth-Proj Change In Hab Units (+/-)

Mix: CottonwoodIWIllktw..sC n 1 1".5 1".5 14.50

Featln

With-Prot CMrlge in Hab Units (+/-)

MIx: CottonwoodlWllllow-SC til 0.97 46.3 .. 91 0.97 13 1 12.71 0.87 44.2 "2.87 097 20.7 20.08 0.87 58.5 56.75 0.97 5.' 5.238 0.97 • 3.66 186 43

Feature

With-Proj Change In Hab Units (+/-)

Mix: Cottonwood/WUlIow-SC 1118 0.97 25.3 ,.54 ,.54
Feature

With-Prot Chlinae in Hab Units (+/-)

Mix: CottonwoodlWllllow-SC rv 0.95 256 2".51 0.95 319 3031 0.95 21.1 20.05 095 1..... 13.68 097 11.2 1066 097 37.9 3676 097 5.6 5432 0.97 97 940. 23569

Feature

With·Proj Change in Hab Units (+/-)

Quallbuahlultbuah 0.28 31.5 662 0.28 536 15.06 0.28 37 10.36 0.28 37 • 1058 026 135 3.78 "8.61
Feature

With-Pro; Change in Hab Iinits (+'-) 0.28 -1664 .....659 -4.66



Quallbuahlaaltbuah-SC 0.37 19.1 7.oe7 0.37 53.04 19,76 0.37 1.8 0666 27.049
Feature

IMth-Proj Change m Hab Units (+/-)

R..klentlaIlRNd 01 37.7 3.77 01 27.2 2.72 0.1 35.2 3.52 01 93.8 tI.38 01 '.3 0<3 0.1 8.8 0 .. 20.048
F..ture
'Mth-prq Change in Hab Unns (+/-) 01 -5.383 .0 538 0.1 -0.5043 -0.0504 0.1 ·tI.tl2l -o.itI2 01 ·0.818 -0082 o 1 -052 -0052 -172

sak Cedar II 0.041 10 3.198 0.041 18 0.738 3 ..

Feature

Wth-Proj Change in Hab Units (+1-) 0.041 ....808 ·1.tl71 -1 tl7
Saft Cedar III 0.' 68.1 27.204 0.' 126.6 51.« O' 111.7 «.68 O' 25.3 10.12 0.' 32.9 13.16 0.' 25.9 10.36 157.00

Feature

Wth-Prq Change in Hab Units (+f-) 0.' ·33.62 -13,045 0.' -504.045 -21.78 O' -81,18 -32.047 O' -1832 ·7327 0.' -16.404 -6.576 0.' ·255 -102 -82.83
SaltCeewlV 0.35 82.7 21.95 0.35 .. 18.9 0.35 39.5 13.83 0.35 13 04.55 0.35 3,. 1099 035 02 211 0.35 2088 73.01 0.35 10413 049.046 1Q.4.85

Feature

IMth-ProI Change In Hab Unitt (+1-) 0.35 ..... ·1.831 0.35 -9.5047 -3.3041 0.35 -15.047 -5.0413 0.35 -5.257 -1.&4 0.35 -2365 -8.277 035 ·0033 .() 012 0.35 -66.89 -23.041 0.35 -""2 -22.55 -""'1
hltC.... 1VB 0.35 ., 1.505 1,51

Feature

lMth-prq Change in Hab Units (+1-)

SliItCeda,V 0.2 204.5 '.8 0.2 043.8 8.76 0.2 21.8 .,8 02 042.3 8.046 02 8.1 1.22 0.2 16.2 32< 02 71.3 104.26 45,20
Feature

Wth-Prof Change in Hab Units (+1-) 0.2 -1.8.(4 -0.369 0.2 -0.135 -0.027 0.2 -1 1 -0.304 02 ·2.182 -0.436 -1.17
Salt Cedar VI 0,15 "... 9.72 0.15 8.3 1.245 0.15 10 1.5 0.15 19.9 2.tl8S 0.15 1 0.15 1580

F..ture
Wtn-Proj Change in Hab Units (+1-)

OponW_ 0.8 48,9 28.'" 0.3 13.6 4.08 0.1 83 ".1 0.1 21.8 15.26 0.1 058 45.92 0." 183 88.87 0.7 ".3 38.01 0.1 130.4 tl1.28 335.46
F..ture
lMth-proj Chanoe in Hab Units (+1-)

ConatNcted Webnda-Diumal

Feature Diumal V\4etlancls

'Mth-Proj Change In Hab Units (+1-) 055 184.08 101.2 101,25

ConstrueWd Wltllncft;

F....... Overbank \M.. Overbank WI. Ove<t>ank WI.

v.Ith-Proj Chango In Hob Unlls (.1-1 0.7 3275 22.93 0.7 5841 40.89 011 31.31 26.16 89.97

Cottonwood WIllow I
Feature lpanan Corridor Riparian Corridor Riparian Corridor Riparian COfridor Riparian Coridor Riparian Cooidor

WIIl-Proj Change in Hab Unitt (+,.) 0.75 0.50< 4.878 0.75 9.882 7.262 0.751 40.8041 30.7 0751 27.121 20.304 0.751 31.681 23.76 0151 80' 5.' 92,04

OponW..........h I I I I I I I I
F..ture Open WaterlMarsh Open WaterlMarsh Open WalerlMaf1h Open WaterlMarsh Open WaterlMarsh Open Water""'arsh

Wth-Proj Change In Hab Units (+f.) 0.87 49.675 33,28 0.67 65.2 043.69 0.87 88.97 59.61 081 2318 1553 0.67 70.82 47.45 0.67 8325 4238 227.96

TOTAL - ALTERNATIVE 3.5 20.1.1



ALTERNATIVE 3.5 -TV 20 Tnlnsltlon Reach 1 Reach 2 Reach 3 Reach .. Reach 5 Reache Reach 7
75th·e3rd 83rd·91st 91st-99th 99th·l07th 1071h-115th 115th-EI Mirage EI Mirage·D sart Ovsart·Bullard

Habitat Tvoe HSI -.. ""'" H5I -.. Units HSI "".- Unl" H5I ""... Units HSI -.. Un" H5I -.. Un'" HSI f'-a>.. Units H5I f'-a>.. Units Total

Aar1eulture 0.1 267.8 26.79 0.1 200 20 0.1 235.7 23.57 0.1 17-4 1 17.• ' 0.1 1782 17 82 01 116.5 11.65 t 17 2-4
F.._

'Mth-Proj Change in Hab Unila (+/.) 0.1 -194.8 -19.048 0.1 -55.17 -5.517 0.' ·19.63 -1963 0.1 -0711 ·0071 ·21,03
C...... 0.1 136.8 13.86 0.1 2088 2G.88 0.1 160.6 18.06 0.1 '.9.5 14.95 01 92.7 9.27 0.1 95.6 956 0.1 1838 1838 0.1 238.9 2369 12625

Feature

Wth·proj Change In Hab Units (+,.) 0.1 -0.587 -0.059 0.1 ·8.191 -0.819 0.1 -29.67 -2.967 0.1 -J.OO4 -0.' 0.1 -18.65 ., 865 0.1 -2.369 -0.237 .6.25
C_11ow1l 1 5.5 5.5 1 0.' 0' 5.80

Future
\Mth.proj Change In Hab Unila (+/.)

lloMrt 0.4 45 1.8 0.4 13.2 5 '8 0.4 127 SO.8 5788
F.._

Wlth-Proj ChMge In Hab Units (+/.) 0.4 ·1.534 -0,8'. 0.4 -0.273 -0109 -0.72

DeHltW..h 0.4 59 2.38 238

FeohQ

With-Proj Change in Hab Units C.l-)

Gf'IIvtf Mine 0.1 17.2 1.72 1.72

Featuce
Wlth-Proj Change In Hab Units (.,.)

IHavftekt Wetland 0.55 16.5 9.075 908
F.._

With-Prot Change In Hab Units (t'_)

Hon..~u"" IV 0.8 8 4.8 0.8 12.5 10 0.8 20 , 162.. 0.8 106." 8512 116.16

F....re
With-Proj Change in Hab Units (+,-)

1__qu""V 0.76 11.6 9.048 0.78 , 2.34 11.39

Fea1ure

With-Proj Change in Hab Units (+,.)

MI... 0.7 28 1.82 0.7 J4 238 0.7 0.8 042 0.7 8.' .....1 90'
Feature

Wth·Prot Change in Hab Units (t'_)

lila: CottonwoodlWllltow-SC II 1 1".5 1".5 1".50

Feature

Wth-Proj Change in Hab Units (+,-)

ilia: CottonwoodlWllllow-SC III 0.97 ..., «.91 0.97 131 12.71 0.97 442 "2.87 0-'~7 20.7 20.08 097 58.5 56.75 0.97 5.4 5.238 097 4 3.88 186."3
F.._

With-Pro! Chanae In Hab Units (t'.)

Mia: CottonwoodIWIlltow-SC 1118 0.97 25.3 2454 2".5-4
Feature

Wth-proj Chlinge in Hab Units (+,-)

lila: COUonwoodlWllllow-SC IV 0.95 '58 2".51 0.95 ". 30.31 0.95 21.1 20.05 0.5 1..... 13.68 097 "' 10.86 097 37.9 36.76 0.7 5.8 5."32 0.97 .7 9<0. 23589
feature

With-Proj Change in Hab Units (t'.)

Quallbuehluttbush 0.28 31.5 88' 0.28 53.8 15.06 0.28 '7 10.36 02. '78 1058 028 135 , 78 4881
Fea1ure

Wlth·Proj Change In Hab Units (t'.) 0.28 -1664 .....659 -4.88



QUlllbushlsattbu,h-SC 0.37 19.1 7.(167 0.37 53." 19,76 0.31 1. 0.... 27."9
Feature

Wth-Proj Change in H.b Units (./-)

RHklenttaIlROMf 0.1 37.7 3.11 0.1 27.2 2.12 0.1 35.2 3.52 01 93.8 Q.38 01 '.3 0."3 0.1 ••• 086 20."'8
Feature

Wth-Proj Chanae in Hab Units (+/-) 0.1 -5.383 -0.538 01 -0.5043 -0.05<4 01 -9.921 -0,992 0.1 -0.818 -0.082 0.1 -0,52 -0.052 -1.12
sell e .... H 0.'" 7. 3,198 0.'" 1.• 0.738 394

Feature

WIh-Proi Chanae In Hlb Units (H-) 0 .. , ..... 808 -1.Q11 -1,97
sell Cedlr III 0.' 88.1 21.2" O. 1286 51 ...... 0.' 111,7 .....88 0.' 25.3 10.12 0.' 32." 13.18 0.' 25.9 10.36 157.00

Feature

Wth-Proj Change in Hab Units (./-) 0.' -33.62 -13."5 O. -5-4."5 -21.78 0.' -81.18 -32."7 0.' -18.32 -1,327 0.' -16,.... -6.578 0.' -2.55 -1.02 -82.63
sell Cedar IV 0.35 82.1 21."5 0.35 54 18.9 0,35 39.5 13.83 0.35 13 ".55 0.35 31." 10.99 0.35 •.2 2.17 0.35 2088 13.01 0.35 '''1.3 "9."6 194.85

Feature

Wth-Proj Change In H.b Unitl (./-) 0.35 ".86 -1.631 0.35 -Q.5047 -3.341 0.35 -15."7 -5."'3 0.35 -5.251 -1.84 0.35 -23.65 -8211 0.35 -0.033 -0.012 0.35 ~.89 -23.'" 0,35 -&4.42 -22.55 -66."7
Salt Cedlr IVB 0.35 '.3 1.505 1.51

Feature

Wth-Proj Change In Hab Units (./-)

sell Ced.rV 0.2 2".5 ••• 0.2 "3.8 8.76 0.2 21,8 .36 0.2 "2.3 8."6 0.2 ., 1.22 02 16.2 3.2" 02 71.3 '''.26 "5.20
Fe.lure

Wth-Proj Chlnge in Hab Units (./-) 0.2 -1.644 -0.369 0.2 -0.135 -0,027 02 -1.7 -0.3<1 02 -2.182 -0."36 -1.17
SIll CIdII, VI 0.15 .... Q.72 0.15 •.3 1.2"'5 0.15 10 15 0.15 19.Q 2.985 0.15 1 0.15 15.80

Feature

Wth-Proj Change in H.b Units (H-)

o-WOlO< 0.• "8.Q 28.1" 0.3 13.8 ".08 0.7 .3 44.1 0.7 21.8 15.26 0.7 65.6 "5.92 0.• 16.3 68.87 07 54.3 38,01 0.7 130," Q1.28 335."6
F.....

Wth-Proj Chanae in Hab Units (./-)

ConItNcted Wetl8nd1~umal

Feature Diurnal Wetlands

Wth-Proj Change in Hab Units (.,-) 0.55 184.08 101.2 101,25

eonatnKtH W....nd.
F..... Overbank WI.. Overbank \Nl Overbank Wl..

VWtl-Proj Change In Hab Units (./-) 0.7 32.75 22.93 0.7 58.41 "0.89 0.71 37.37 26.16 89.97
Cottonwood Willow ,

Feature Riparian Corridor Riparian Corridor Riparian Corridor Riparian Corridor Riparian Coridor Riparian Corridor

Wth-Proj Change in Hab Units (+/-) 0.• .504 5.8504 o. 9.682 8.11" 0.' '0.94' 36." 0.• ' 27121 2441 0.91 31.681 28.51 0.•1 6.81 6.12 110,"5
OponW_..h , , , I I I I ,

Feature Open WaterlMarsh Open waterlMarsh Open WalerlMarsh Operl WalerlMarsh Open waterlMarsh Open WaterlMarsh

VWh-Proj Change in Hab Units (+/-) 0.7 "9.615 34.11 0.7 65.2 "564 0.7 88.97 62.28 0.7 2.318 1.623 0.7 70.82 "9,57 07 63.25 «.28 238.16

TOTAl-AlTERNATIVE3.5 2115."

__ J



ALTERNATIVE 3.5 -TV 30 franlilion Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reilch 6 Reach 7
751h-83rd 83rd-91sl 91st-99th 99th·l07lh 1071h·1151h 1151h-EI Mirag. EI Mirage·D sart Dysart·Bullard

Habitat Type HSI ~ UnIta H5I -.. Units H5I A.cr••Qtl Units H5I -.. Units H5I -.. Units H5I ""-" Unlls H5I -.. Unlb H5I -.. Unit, Total
Agneutture o 1 2079 20 79 o 1 200 20 0.1 235,7 23,57 0.1 174.1 17 41 01 1782 17.82 0.1 "65 11.65 11724

Feature ,
lMth-Proi Chlnge in Hab Units (+1-) 0.1 -194.8 ·19.48 0.1 ·5517 -5.517 0.1 -19.63 ., 963 0.1 -0711 -0071 -27.03c_

0.1 138.6 1368 0.1 206.8 20.88 0.1 180 6 18.06 0.1 1405 14.95 0.1 92.7 927 0.1 95.6 9.56 0.1 163.8 16.38 0' 2309 2369 12625

FealUl1l
\/Vith-Proj Chanae In Hab Units (+1-) 0.1 -0.587 -0,059 0.1 ·8.191 -0.619 0.1 -29.67 -2.967 0.1 -3.004 -0,3 0.1 ·18.65 ·1.865 0.1 -2.369 -0.237 -0.25

CoIlOftWOOdlWlIIow II 1 5.5 55 1 03 0.3 5.80

Feature
'Mlh-Proj Chlnge in Hab Units (+1-)

Dour! O. '.5 1.8 O' 13.2 5.28 0.• 127 SO.8 57.88

Feature

\Mth.proj Chlnge in Hab Units (.,.) 0.' ·1.534 -0.61. 0.' -0.273 -0.109 ·0.72

DetertWuh 0.' 59 230 230

Featuce
With·Proj Change in Hab Units C+I·)

Grllvel"'ne 0.1 172 1.72 1,72

Feature

Wth-proj Chanoe in Hab Units (+'-)

HlYn.1d W«IInd 0.55 16.5 9.075 90e

Feature

'IoAth-Proj Change in Hab Units (+'-)
1__qu"lV 0.8 8 '.8 0.8 12.5 10 08 20.3 1624 0.8 106.4 65.12 116.16

Feature

'Mth-Prq Change in Hab Units (+'-)
1__u"Y 0.78 11,6 0.046 0.78 3 2.34 11 30

Feature

V\Mh-Proj Change in Hab Units (+,-)

Ma..h 0.7 2.• 1.62 07 3.' 2.36 0.7 0.8 0.42 0.7 .3 441 903

Feature

V\Mh-Proj Change in H.b Units (+,.)

Mix: CottonwoodIWIlllow-SC U 1 14.5 145 14 50

FealUl1l
Wth-Proj Ch.nge In H.b Units (t,_)

Mix: CottonwoodlWllllow..sC III 0.97 46.3 44.01 0.97 13.1 12.71 097 442 42.87 0.97 20.7 20.08 0.97 58.5 56.75 097 5.' 5238 0.97 • 388 166 43

Feature

lMth-Proj Change in Hab Units (t'_)

MI.: CottonwoodlWllllow-$C IIIB 097 25.3 2.54 2' 54
Feature

\NIth-Proj Change in Hab Units (t'.)

Mix: CottonwoodlWllllow.sC IV 0.05 258 2451 0.95 31.9 30.31 0.95 21.1 20.05 095 14.4 1366 097 112 10.86 097 37.9 36.76 0.97 58 5.432 097 97 9409 235 e9
Feature

VVilh-Proj Change In Hab Units (t'.)

Quallbual'lla.ltbuah 0.28 31.5 6.82 0.28 538 15.06 0.28 37 to.36 0.28 378 10 58 028 135 3.78 4661

Feature

\NIth-Proj Change in Hab Units (H·I 028 -16.64 ..IIi 659 "88



QuallbushINttbush-$C 0.37 191 7.067 0.37 53.4 19,76 0.37 1.. 0.868 2749
Feature

Wth-Proj Chlinge in Hab Units (.,-)

R..ldenUallRoed a I 377 3.77 0.1 27.2 2.72 0.1 35.2 3.52 0.1 93.8 8.38 0.1 '.3 0.43 0.1 •• 0." 20.48

F......
lNtth-Prctc~ in Hab Units (.,-)

,
O. I ·5.383 -0.538 0.1 -0.543 -0.054 0.1 -IU21 '()992 0.1 -0.818 -0.082 01 -0.52 -0.052 -1.72

Saltc...... 0.41 7.• 3.198 0.41 1.• 0.738 304
Feature

"""'·Proj eha_1n Hob Units (+/.) 0.41 ....808 -1,871 -1.97

Selt Ctdarlll 0.' 68.1 27.24 0.' 128.6 51.44 0.' 111.7 44.68 O. 25.3 10.12 0.' 32.9 13.16 0.' 25. 10.38 157.00

Future

IMth-Proj Change In Hab Unitl (.,.) 0.' -33.62 -13.45 0.' -54.45 -21.78 0.' -81.18 -32.47 0.' -18.32 -7.327 0.' -16_44 -6.576 0.' -2.55 -1.02 -12.83

SdCedarrY 0.35 .2.7 21.95 0.35 54 1UI 0.35 38.5 13.83 0.35 13 •.55 0.35 31.4 10.99 0.35 •.2 217 035 208.6 73.01 0.35 1413 49.46 1e4.85

F..tunt

wth-Proj Chanoe In Hab Units (.,-) 0.35 ..... -1.831 0_35 -9.547 -3.341 035 -15.47 -5413 0.35 -5.257 -1.84 0.35 -23.65 -8277 035 -0.033 -0.012 0.35 -86.89 -23.41 0.35 -&4'2 -2255 -86.-47

58. Cedar IVB 0.35 .3 1505 1.51

F..tunt

lMth-Proj Change In Hab Unit, (.,-)

Stl. Cedar V 0.2 2'.5 •• 0.2 43.8 8.76 0.2 21.8 '.36 0.2 42.3 8.46 02 •. 1 1.22 0.2 16.2 3.24 0.2 71.3 14.26 45.20

Feature

\Mth.proj Change in Hab Units (.,-) 0.2 -1.544 .Q.389 0.2 -0.135 ..a.027 02 -1.7 .().34 02 -2.182 -0.436 -1.17

Se. Cedar Vt 0.15 .... 8.72 0.15 •.3 1.245 0.15 10 1.5 015 1•• 2.885 0.15 I 0.15 15.60

Fealunt
Wlh-ProjC~ in Hab Units (.,-)

OponW_ 0.• 4lU 28.14 0.3 13.6 4,08 0.7 .3 44.1 0.7 21.8 15.26 0.7 65.8 45.92 0.• 78.3 8867 0.7 54.3 38.01 0.7 1304 81.28 335.48

Featu..
lMth-Proi Change In Hab Unitt (.,-)

Constrvcted Wetfanda~lumal

Featu.. Diurnal WfIUandl

'Mth-Proj Change in Hab Units (+'-) 0.55 184.08 101.2 101,25

Construd8d w.tIanda
F...... Overbank WI.. Overbank WI.. OYe<bonk 1M.

wth-Proj CMnae in Hab Units (+1-) 0.7 32.75 22.93 0.7 58.41 40.89 0.71 37.37 26 I. 89.117

Cottonwood WIllow I
Fealunt ipanan Corridor Rtpa,rlan Conidor Riparian Conidof Ripanan Conidof Ripllnan COf1dor Ripllrian COfT1dor

\Mth-Proj Change In Hab Units (.,-) 0.87 •.504 6.309 0.97 8.682 9.392 0.871 40.1)41 31U1 0.971 27.121 26,3 0.871 31.681 30,73 0.871 88 6.586 118.04

OpenW.....,.h I I I 1 I I I I
F..tunt Open WaterlMarah Open Watet"lMarsh Open WateriMal"lh Open Waler/Marsh Open WaterlMarsh Open WaterlMarsh

Wth-Proj Change in Hab Units (+"1 0.7 49.675 34.77 07 65.2 45.64 07 88,97 62.28 0.7 2,318 1.623 0.7 70.82 4957 07 63.25 442. 238.16

TOTAl·ALTERNATlVE 3.5 2124.0

1



HABITAT UNIT TABLES -- ALTERNATIVE 4 -- TY - I, TY - 10, TY - 20, TY - 30
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- -.I ~

ALlERNAliVE 4 - TV 1 Transition Reach 1 Reach 2 ReiICh 3 Reach 4 Reach 5 Reach 6 Reach 7
75.h-83rd 63rd·glsl 91st-99th 99th-l07th 107th- 11 5th 115th·EI Miraae EI Miraae-C sa" Dysart-Bullard

HabtbllTvDe HSI ""... U"". HSO Aaeag lJfIllI HSI I,.,(nag I UMS HSO ""... Un~s HSI IAcf.;tg UMS H51 ""... U"" HSO ""'" UnIIl H51 "".... Unlit TotAl

Agriculture 0.11 267.91 26.19 0.1 200 20 0.11 2357 23,57 01 174.' 17.41 01 178.2 17 82 01 1165 1165 117 24

Feature oturlOB wetlands 08 wetlands

\/Vilh-Proj Change In Hab Units (+J.) 0.11-106.11-1961 0.11 -31 -3.1 -2271

Cobbl. 0.1 136.6 13.66 o 1 206 • 20.68 011 180.61 1806 01 1495 ' •.95 011 927 9.27 01 95.6 956 01 1638 16 38 0.1 236.fiI 2369 12625

Feature 06 wetlaodSiOW-M C·WIOW·M/South OBWet/O'w\tAI$outh CW Stringers

With·Proj Change in Hab Units (+/-) 0' ·27.9 -2.79 01 -... -.. 0.1 -30 -3.43 01 -14.9 ·1.49 -1611

CottonwoodlWlIlow II 1 S5 55 1 03 03 5.•

Feature
Wth-Proi Chanae In Hab Units (+1.)

De.." O. •.5 I .• O. 13.2 52. O. 127 50.8 57.88

Feature
With-Proj Chaoa8 in Hab Units (1-")

o.••rtW..h O. 59 236 236

Feature

With·Proj Chanae in Hab Units (1-/.)

Grn.IMln. 01 172 1.72 1,72

Feature
With-Prof Change In Hab Units (1-/_)

H.yft.ld W.U.nd 0,55 16,5 9.075 9.075

Feature
Vv'ith-Proi Chanoe in Hab Units (1-/_)

Hon.v-....au". tv 0. 8 ••• 0.8 12.5 '0 0.• 203 162-4 0.8 106.-4 85.12 116.18

Feature

\Nittl-Proj Change in Hab Units (1-/_)

Hon.y-Me.qult. V 0.78 116 9.048 0.78 3 2.3-4 11.388

Feature
Wth-Proj Change in Hab Units (1-/_)

M....h 0.7 2.• 182 0.7 3.• 2.38 07 0.6 a<2 0.7 •.3 -4,-41 9.03
Feature

Wttl-Proj Change ttl Hab UnIts (1-/.)

Mix: CottonwoodlWllllow-SC II 1 '.5 U.S 14.5

Feature

Wilh-Prq Change in Hab Units (1-")

.ux: CottonwoodlWllllow-SC III 0.97 -46.3 -4-4.91 0.97 13 I 1271 0,97 •• 2 42,87 0,97 207 20.08 0.97 58.5 56.75 097 5.• 5238 097 • 3.88 186.-43-4
Feature

\Nith-Proj Change in Hab Units (1-'_)

Mix: CottonwoodlWllllow-SC 1118 0.97 25.3 24,54 2-4 5411
Feature

With-Proj Change in Hab Units (.,-)

MI.: CottonwoodlWllllow-SC IV 095 25. 24.51 0.95 31.9 30.31 0.95 21.1 2005 095 ... 13.68 097 11,2 1086 0,97 379 36.76 097 5.6 5,432 0,97 9'- 91 76 233361
Fealure

With-Proj Change In Hab Units (+1.)

Quallbuahlaaltbuah 0.26 31.5 8.82 0.28 53. 1506 0'. 37 1036 0'" 37.8 1058 0.28 13 5 37. 48808
Feature DlurlOB Wellands

With·PrOj Change In Hab Units (+1-) 028 -16781-4698 .....6984
Quallbuahlaaltbuah-SC 037 19 I 7067 037 53411976 0,37 ,. 0.666 27.491



Feature

\lVith-Proj Change in Hab Units ( ..,-)

Rnldential 01 377 377 0.1 27.2 2.72 01 352 3.52 01 .3 B .3B 0.1 43 0'3 o1 B.B 068 2048

Feature Overbank weUands OBwetlal'lds

With-Proj Change in Hab Units (..,-) 0.1 ·B -0.8 o, -103 -1.03 -1 83

Sa'" C.cIar II
, 0., 7B 3.1g8 0., 1 B 0738 3936

Feature CW Stringers

'Mth-Proj Change in Hab Units (..,-) 0.,1 .. 7 -1.927 -1927

Salt C.cIar III O' 68,1 27,24 0.' 128.6 5144 O' 1117 4468 0" 253 1012 O' 32. 1316 O' 25,g 1036 157

Feature SouthSide OW-M SouthSide OW-M OW-MiSouthsd OW CW stringers CW stnngers CW Stringers

With-Proj Change in Hab Units (...,-) 041 -45,21-18.08 0,41 -29.71-11,88 0.41 -399 -1596 O' -5,1 ·204 0." -8.7 -348 0" -0,5 -0,2 -5164

Satt Ced.rlV 0.35 62.7 21.95 0.35 54 18.g 0351 39.51 13.83 0.351 131 4.55 0.351 31.4 10.99 0.35 0.2 2,17 0,351 2086 7301 0351 141.3 4946 19<4845

Feature OW·Mfsouthside OW-MlSoulhside CoW stringers CW Stnngers CW Stringers

VYith-Proj Change in Hab Units (..,-) 0,35 -18.8 -588 0.35 -60 ·21 0.35 -14.5 -5.075 0.35 ..5. -1589 0.35 ·523 -1831 -66.15

Salt C.cIar lVB 0.35 '.3 1505 1505

Feature

VYilh-Proj Chanae in Hab Units (...,.)

Salt Cedar V 0.2 24.5 •• 02 43.8 8.76 02 21B '.36 02 .23 8.46 02 6.1 122 02 162 32. 02 713 14.26 45.2

Feature Southside OW·M OW·M OW-M CW Stflngers CW slIlngers

VYilh-Proj Change in Hab Units (..,.) 02 ·01 -0.02 02 -10.64 -2128 02 -3.66 -0732 02 ·0' ·008 02 -1g 3 ·386 -8.82

Salt Cedar VI 0.15 "B g.72 015 B.3 1245 0.15 10 1 5 015 ,.. 2985 015 1 015 15.6

Feature

With-Proj Change in Hab Units (...,-)

OoenWaleir 0.0 46.g 2814 03 13.6 4.08 0.7 63 44.1 07 21.8 15.26 0.7 656 45,92 O. 76.3 6867 07 54.3 3801 07 130.4 g128 335.46

Feature
With-Proj Change in Hab Units (..,-)

Constructed WetiandsoDlumal

Feature Diurnal Wetlands

'Mth-Proj Change in Hab Units (..,-) 0.551 107.01 5.2. 59,29

Constructed Wetlands I 1
Feature Overbank Wetlands Overbank weuands Overbank weUands

'Mth·proj Change in Hab Units (..,.) 0.7 107.8 75.46 07 61.5 43,05 0.7 52.8 36.96 155,47

Feature

\Mth-Proi Change in Hab Units (..,.)

Cottonwood Willow

Feature CN! Stringer Cel 1E CMI Stringer Cel 2E CN! Stnnger Get 3W CNV Stnnger Cel 5W

\Mth-Proj Change in Hab Units ( ..,.) 011 561 5.6 0.11 14.51 1.45 011 2021 202 011 .. 61 0.46 .53

Feature SouthSide CW (C 1, Southside CW (Cl) Southside CW (C2) cm Stonger Cel 4W cm Stnnoer Cel 6W

\Mth-Proj Change in Hab Units (...,-) 0.1 .0 • 0.1 26.7 2.67 0.1 2' 6 2.46 o 11 2381 238 011 .2 0.2 12.43

Feature CNV Stringer Cel 5-8 CfIN Stringer Cel 7-8

With-Proj Change in Hab Units (...,-) 01 25 25 0.1 3. 3. O.
Open WaterIMa,..h

Feature Open WIM Cell 1

With·Proj Change in Hab Units (",-) 003 303 24.13 24129

Feature Open W/M Cell 2

With-Proj Change in Hab Umls (.. ,-) 06314993131.46 314559

Feature Open WIM Cell 3 Open WIM Cell 3

With-PrOj Change in Hab URlts (...,.) 0.63 35.67 22.47 0631 12.91 8127 30.5991

Feature Open W!M Cell 4

With-Proj Change In Hab Unils (../.) 0631 3111953 1953- -



---l - - -

Feature Open WfM Cell 5

Wth·PrOj Change in Hab Units (t/_) 0.63 27.6 17 39 17388
Feature
Wth-Proj Chanae in Hab Units (i".)

Feature
Witt-Prof Chanae in Hab Units 't/.)

TOTAL •AlTERNATIVE .. 1HO.20



AlTERNAT1VE 4 • TV 10 Tran.illon Reach 1 Reach 2 Ruch) Ruch .. Reach 5 R.ach' R.ach 7
75th-8Jrd 8Jrd-91s1 9lst·99th 99th-l07th 1071h-1151h 1151h-EI Miraae EI M"aae·[ sart Dysart·Bullard

Habitat TVDe HSI ""'''' Un" HSI Au... UNI. HSt !Aaug I OM. H51 ""'''' UruI' HSt IAaNg ""', HSI ""'''' Un" HSI ""'''' UruI, HSI ""'_ UN" Total

Agncuttu... 0.11 267.91 26 79 a.l 200 20 011 235.7 2357 0.1 174.1 17.41 01 178.2 17.82 01 116.5 1165 1172.

Feature OiurlOB wetlands OBlJIIeliaods

With-Proj Change in Hab Units (+1-) 0.11·196.11-1961 011 -31 ·31 -2271

Cob'" 0.1 136.8 13.66 0.1 206.8 20.68 0,11 180.61 16.06 0.1 149.5 '4.95 011 .27 9.27 01 95.6 •.50 01 1638 16.38 0.1 236.9 2369 126.25

Feature OB WetiandsJOW-M C-W/OW-MISoulh OBwellOVVMJSouth CW Stringers

Wth-Proj Change in Hab Units (.t o ) 0.1 -27.9 -2.79 0' .... ..4 01 -34.3 -3.43 0.1 -14.9 ·1.49 -16.11

Cottonwood/WUkM II 1 5.5 55 1 0.3 03 5.•

Feature

\Mth-Proi Chanoe in Hab Units (+1-)

0..... 04 4.5 ,. 0.4 132 5.26 04 127 SO.• 57.88

Feature

With.Proj Change in Hab Units (+,-)

lloaortWub 0.4 59 2.38 2.38

feature
With-Proj Chanoe in Hab Units (./.\

G,.vaI IItne 0' 172 172 172
Feature

With-Proj Chanoe in Hab Units (./.)

HIIvfteld Wetand 0.55 16.5 '1.075 '1075

Feature

lNith-Proj Change in Hab Units (.,.)

Honey-Meaqutte IV 0.8 • 4.• 0.8 12.5 10 0.8 20.3 18.24 0.8 106.• 85.12 118.16

Feature

With·Proj Change in Hab Units (.,.)

IHonev....autte V 0.78 11.8 1iI.048 0.78 3 2.34 11.388

Feature

With·Proi Change in Hab Units (.,-)...... 0.7 2.• 1.82 07 34 2.38 0.7 0.• 042 0.7 .3 4.•1 .03

Feature

Wittl-PrOi Change ,n Hab Units (.,.)

Mix: CoUonwood/WUUow-SC II 1 1•.5 145 14.5

Feature

With-Proj Chanae in Hab Units (.,-)

Mix: CottonwoodlWlIUow-SC IU 0.'17 48.3 404.'11 0.'17 13.1 12.71 0.97 44.2 42.87 0.'17 20.7 20.08 0.7 58.5 56.75 007 54 5238 0.7 4 3 •• 188.-434

Feature

With·Proi Change in Hab Units (.,.)

Mix: CoUonwoodI'WIlllow-5C 11I8 0.97 253 2454 2-4.5041

Feature

With-Proj Change in Hab Umts (.,-)

lib:: CottonwoodlWllllow-SC IV 0.'15 25.8 2-4.51 0.'15 31.1i1 30.31 0.'15 21.1 20.05 0.95 14.• 1368 0.97 11.2 10.86 0.7 37.9 38.76 0.7 5.• 5.-432 0.7 .... 91.76 233.361

Feature

With-Proj Change in Hab Units (.,.)

Qu.llbuahla.ltbuah 0.28 31.5 8.82 0.28 53.8 15.06 0.28 37 10.36 02. 37. 1058 0.28 13.5 378 -48.608

Feature Diur/OB Wellands

With-Proj Change in Hab Units (.,-) 0.28 ·16781--4·698 --4,8964

Qu.llbuahlultbu.h-SC 037 19.1 7.067 0.37 53,41 '976 0.37 1.. 0.666 27,-491

Feature _.- --'---
I __

- '--- -- - _L..
I -- -- --



'lIVith-PrOj Chanoe in Hab Units (to'.) I I I
R..klenual 0,1 3771 3.77 o1 27.2 2_72 011 35.2 352 01 93.8 9.38 0.1 '.3 043 o I •• 066 20'.

F6ilture Overbank wetlands OBW8ttands

Wth·Proj Change in Hab Units (+,.) 0.1 •• -0. 0.1 ·10.3 -1,03 ·1,83

salt Cedar. 041 7. 3.198 0.41 1 • 0738 3.36
F6iltufe CWSlrinoers

VIMh-Proi Cllanoe in Hab Units (tol_) 0.41 -4.7 ·1,927 -1.927

San. Cedar WI 0.' 68.1 2724 O' 1286 51.44 0.' 111.7 4488 O. 253 10.12 O' 328 1316 O' 25.9 10.36 157

Feature Southllde OW-M Southside OW-M OW-MiSouthsd OW CW, 'lnQ8r5 CW strlnafn CWS,,"-,

Wth-Proj Chanoe In Hab Units i+I-) 041 ..... 5,2 -18.08 0.' -29,71-11.88 0,41 -39.9 -15.~ 0.' -5.1 ·2.04 0.41 -8.7 -3.48 0.' -0.5 -0.2 -51.64

San. Cedar fII 0.35 62.7 21.95 0.35 54 18.9 0.351 395 13.83 035 131 4.55 0351 31.4 10.99 0.35 .2 2.17 0.351 206.6 73.01 035 141.3 49.48 1iU 845

Feature OW-Miaouthside OW-MiSouthsode CoW stnnoers CWStrinaera CWS"'-'
With-Proi Chanoe in Hab Units (+1-) 0.35 ·16.8 -5.88 0.35 -all ·21 035 -14.5 -5.075 0.35 .....5.4 -15.89 0.35 -523 -18.31 -66.15

San. Cedar IVB 035 '.3 1.505 1,505

Feature

Wth-Proj Chlnge in Hab Units (to/·)

SattCedarV 0.2 24.5 ••• 0.2 43.8 8.76 0.2 21.8 .36 02 42.3 8.46 0.2 •. 1 1.22 02 16.2 32' 02 713 14.2e 45.2

FNture South,ide OW-M OW-M OW... CW SttlOg4n CW,tnngeB

With-Proj Change In Hab Units (+1-) 02 -0.1 -0.02 0.2 -10.64 -2.128 02 -3.66 -0.732 0.2 -0. -0.08 0.2 -19.3 -3.86 -41.2

San. Cedar VI 0.15 .... .72 0.15 •. 3 1.245 0.15 10 1.5 0.15 19.9 2.985 0.15 I 0.15 15.6

Feature

With-Proi Chanoe in Hab Units '+f-)

o... W..... 0.• ••• 28.14 03 13. 4.08 0.7 .3 44.1 0.7 21.8 15.26 0.7 .5. 45.92 0.• 7.3 68.87 0.7 543 38,01 0.7 1304 9128 33546

Feature

With-Proj Change in Hab Units /./.)

Conatructed W....ndI'Olum.1

Feature Diurnal wetlands

With-Proj Change in Hab Units (to'_) 0.55 107.81 59.29 59.29

Conetructed Watlande I
Feature Overbank \Nettands Overban« Wetlands Overbank lNetIands

lMth-Proi Chanae in Hab Units (+,. 0.7 107.8 75.46 0.7 81.5 43.05 0.7 52.8 36.86 15547

Feature

With-Proi Cllanoe in Hab Units (+/.)

Cottonwood WllkM

Foatunt cm Stringer eel 1E eMi Stringer eel 2E cm Strinoer Cel 3W C!W Slrinoe< Col 5W

\Mth-Proj Change In Hab Unitl (to'_) 0751 561 .2 0.751 1•.51 10.9 0.751 20.21 1515 0.751 4,81 345 71,475

Feature Southside CW (C 1) Southside CW (C 1) Southside CW (C2) C!W Slrinae< Col .W CNJ Strinoer Cel OW

lMth-Proi Chanae in Hab Units (to'_) 0.75 .0 30 0,75 26.7 20.03 0.75 24.8 18.45 0,751 23.81 17.85 0.751 .2 ••• 93225

Feature CIW Strinoer Cel s.6 C!W S rinoor Col 7·.
Wth-Proi Chanoe in Hab Units (+,.) 0.75 25 18.75 0.75 3. 29.25 ••

O,*, Waterlllarsh

Feature Open W/M CeU 1

Wth-Pfoj Change in Hab Units (.,-) 0.67 38.3 25.66 25.881
Feature Open WIM Cell 2

'Nith·Proi Chaooe in Hab Units (to") a 671 49931 33.45 33.4531
Feature Open W/M Cell 3 Open WIM Cell 3
With-Proj Chanae in Hab Units (to'_) 067 35.67 23.9 0.87 12918643 32.5419
Fealure Open WIM Cell ..

Wth-Proj Change in Hab Unil$ (to") 0.71 311 20 77 2077
Fealute Open WIM Cell 5
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ALTERNATIVE 4 - TV 20 Transition Reach 1 Reach 2 Reach 3 Reach. Ruch 5 Reach 6 Reach 7
751h-83rd 83rd-91st 91st-99th 991h-l07th 107th-1151h 1151h-EI Mirage EI MIH~ge·D sart Dysart-Bullard

Habl"'. Tv"," H51 ""'" """. H51 ""- """. HSt IAcreag I Unil$ H51 ""... Un.. HSI IAaNg Un" H51 ""'" """. H51 ""... """. H51 "".... """. ToUiI

Aar1culture 01 267.9 26 79 01 200 20 01 235.7 23.57 0.1 17<4 1 17.41 0.1 178.2 17.82 01 116.5 11,85 11724

Feature Oiur/OB \Netlands 08 VYetiands
'Nith-Proj Chanae In Hab Units (.,-)

,
0.11-1961 -1961 01 -31 -31 -2271

Cobble 0.1 136.6 13.66 0.1 206.8 20.68 0.11 18061 18,06 0.1 149.5 1495 011 927 .27 0.1 .56 .56 01 163.8 1638 01 236.9 23.69 12625
Feature DB \NeUandslOW·M C-W/OW-MiSouth OBWeUOVVMISoulh CW Stringers

Wth·Proj Chanoe In Hab Units (+,-) 0.1 -27.9 -2,19 01 ... -8.4 o, -3<4.3 -343 01 -'49 -'.49 -1611

CottonwoodlWlUow II 1 55 55 I 03 03 5.

Feature
W1th-Proi ChanQe in Hab Umts (.1.)

Dn.rt O' '.5 \ .. 0.' 132 52. O. '27 50. 57.88
Feature

Wilh-Proj Chanae In Hab Units C.,-)
o..rtW..h O' 5. 238 238

Feature

Vllilh-Proj ChanGe In Hab Units (+1.)

Gr.......". 0.1 172 172 172
Feature

With-Proj Change in Hab UnIts (+1-)

H....ftekl Wetland 055 16.5 9015 9.015
Feature

With-Proj Chanae In Hab Units (+1-)

Honev.....auIUlIV 0.• 6 •• O. 12,5 10 0.• 203 162.. O. 106." 85,12 116.16
Feature

With-Proj Chanae in Hab Unrts (+/-)

Honey-MnaulUl V 0.76 116 9.048 0.78 3 2,3" 11.388
Feature

With-Pro; Change in Hab Units (+1-)

.....h 07 2.6 ,.2 07 H 23. 0.7 0.• 042 07 6.3 ","1 9,03

Feature

WIth-Prot Chanoe In Hab Units (t/_)

MI_: CouonwoodlWllIlow-SC II 1 1".5 1".5 145
FeatUfe

With.Proj ChallQe In Hab Units (+1-1

MI_: CottonwoodlWllIlow·SC III 0.7 "6.3 .... 91 0.97 131 1271 097 .... ,2 ..287 0.97 20.7 2008 097 58.5 58 75 0.97 54 5.238 097 • 3 •• 186."34
Feature

With-Proj Change In Hab Uml$ (+1-)

MI_: CottonwoodlWlIllow-SC 1118 097 253 2" 5.. 2" 5041
Feature

Wlth-Proj Chanae In Hab Units (flo)

MI_: Cottonwooc:llWllllow-SC IV 0.5 25. 24.51 095 319 3031 095 211 2005 095 144 1368 097 11.2 1086 097 379 36.76 0.97 5.6 5.432 091 94.6 9176 233.361
Fealure

Wilh-Proj Change In Hab Units (+1-)

Qu.llbulhlultbulh 02. 31 5 ••2 02. 53. 15,06 02. 37 1038 02. 37. 10.58 02. 13.5 37. 48608
Feature 0luo08 Wellands

With·Proj Chaooe In Hab Unrts (+1.) 0281-16781-'* 698
-

"'.6984
QuallbulhJ••ttbulh·SC 037 19.1 7.067 0,371 53 .. 1 19.76 037 18 0.666 27,"91



Feature

'Nith-Proj Change In Hab Units (+,-)

R.,idenUal 01 377 377 0.1 272 2.72 0.1 352 352 o1 93.8 .3B o1 4J 043 01 B.B 0" 2048

feature Overbank Wetlands OBWetlands

'Nith-Proj Change in Hab Units (+,-) 0.1 -B -0.8 0.1 -10.3 -103 -183

salt cedar II , 04' 7B 3198 04' 1 8 0738 3.36

feature CW Stnnoers

Wth-Proj Chanae in Hab Units (+,-) 04,1 -H -1927 ·1927

S.1t Cedar III 04 BB 1 27.24 04 128.6 51.44 04 111 7 .... 68 041 253 10.12 04 32.9 1316 04 25. 10.36 157

feature Southside OW·M Southside OW-M OW-MiSouthsd OW CW stringers GWstririaers CWStrlnoers

With·Proj Change in Hab Units (+1-) 0.41 -<4521-18.08 041 -2971-11.88 041 -39.9 ·1596 04 ·5,1 -2.04 0.41 -B 7 -348 041 -05 -02 ·5164

salt Cedar IV 035 62.1 2U~5 0.35 54 18.9 0.351 3951 13.83 0351 131 4.55 035 "4 1099 035 B.2 217 0.3sl 208.6 13.01 0.351 1413 4948 194 845

feature OW-M/sooths!de OW-MI$oulhside CoW strinoers CW S 'inner'S CW Sttlnners

With-Proj Change in Hab Units (+'-) 0.35 -168 -5.88 0.35 -60 -2' 0.35 -145 ·5075 0.35 ....5.4 -15.89 035 -523 -1831 .... '5
Salt c.dar rva 035 43 1505 1.505

Feature

Wth-Proj Change in Hab Units (+1-)

S.1t Ced.rV 0.2 24.5 4. 0.2 43.8 8.16 02 21 B 436 02 42.3 8.46 0.2 61 122 02 16.2 324 0.2 713 14.26 452

Feature Southside OW-M OW-M OW-M CWStnnners CWstrinnAn:

With-Proj Change in Hab Units (.,-) 0.2 -0.1 ·0.02 0.2 -10 64 -2.128 02 ·366 ·0732 02 ·0.4 ·0.08 02 -19.3 -3" -"2
Salt Cedar VI 0.15 64.B 9.12 0.15 B.3 1.245 o15 10 1.5 015 19.9 2.985 0.15 1 015 156

Feature
\Mth-Proj Chanae in Hab Units (.,-)

1000n Wat.r O. .... 28.14 03 136 40. 07 63 44 , 0.7 21.8 15.26 07 65.6 4592 O. 76.3 6867 0.7 54.3 3801 07 '30 4 9128 335.46

Featura

With-Proj Chanae In Hab UnitS (.,-)

Con.tructed W....nd.-Olum.1

feature DUJmal Wetlands

\Mth-Proj Change in Hab Unltl (.,-) 0.551 101.8 59,29 5929

Con.tructed W«tand. 1

Feature Overbank Wellands Overbank Wetlands Overbank Wetlands

\Mth-Proi Chanae'" Hab Units (+,.) 0.7 1078 7546 07 61.5 0.05 0.7 52.8 3606 15547

Feature

\Nith-Proj ChallQf: in Hab Units (.,.)

Cottonwood Willow

Feature CMI Slnnoer Cel 1E CM Strioner Cel 2E CMI Stringer Cel JW CtW Stnnner Cel 5W

\Nith-Proj Change Ul Hab Units (+,.) 001 561 50.4 0.91 14.5 13.1 0.91 20.21 18.18 001 4.6 4 '4 85.17

Feature Soulhslde CW (C 1) Southside CW(C1) Southside CW (C2) cm Stnnger Cel4W CtW Stnnner Ctll 6W

With-Proj Chanae in Hab Units (.,-) 0.• 40 36 0." 26.7 2403 0.0 24.6 22,14 00 23.8 21.42 0.91 •.2 B 2. 11187

Feature CtW Stringer Cel 5-6 CtW Stnntler Cel 7-8

\Nith-Proj Change in Hab Units (+,.) 0.• 25 225 O. 30 351 57.6

Open Wat.rlMareh

Feature Open WIM Cell 1

With-Prot Change In Hab Units (+1-) 07 38.3 26.81 2681

Feature Open WJM Cell 2

With-Praj Change in Hab Unils. ('f'_) 071 49931 34.95 ).4 951

Feature Open WIM Cell 3 Open WIM Cell J

Wilh·Proj Change in Hab UOlls (+,-) 0.7 35.67 24.97 071 1291 9.03 33999

Feature Open WIM Cell 4

With-Proj Chance in Hab UnlIS (+/-) 071 311 217 217

J
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ALlERNAliVE 4 • TV 30 Tran,ition Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7
751h-83rd 83rd·91s1 91st-991h 991h-l07Ih 107th-l151h 1151h-EI MlraQe El M"aoe-[~sart Dysart·Bullard

Habitat Tvoe HSI Au... U"". HSI Au... Un" HSI Au... Un" HSI 1008410 Un" HSI Au... Un" IiSl Au... Uno" HSI Au... Unotl HSI Au.... Un.. Total

Agriculture o 11 26791 26.79 01 200 20 011 235.7 2357 01 1741 17 41 01 1782 17 82 01 1185 1165 11724

Feature Olu,IOB Wetlands DB wetiands

Wilh-Proj Chanae in Hab Umts (.,-) 01 ·1961 ·1961 01 -31 -31 ·22 71

Cobble 0.1 136.6 13.66 01 206 8 2068 0.1 18061 1806 0.1 '495 14.95 0.11 921 927 01 956 956 01 163.8 1638 01 2369 2369 126 25

Feature DB WetlandslOW-M C-W/OW-MlSouth OBWeUOWM/Sou{h CW Stnnoers
Wilh-Proj Change in Hab Units (+,.) 0.1 -279 -2.79 o 1 -84 -84 0.1 -3<4.3 -3 .. 3 01 -14.9 -149 -16.11

CottonwoodlWillow II 1 5.5 5.5 1 03 0.3 58

Feature
With-PHlj Change in Hab Units (+1-)

One" 04 45 1.8 0.4 132 528 0.4 127 508 5788

Feature

'Nilh-Proj Change in Hab Units (+1-)

o.sert W••h 04 59 236 236

FeallKe

\/Vith-Proj Change In Hab Unlls (+/-1

Gra....1Min. 01 172 172 172

Feature

With-Prot Change in Hab Untls (+1.)

IHayfl.ld Watland 055 ,.5 9.075 9.075

Feature

With-PrOj Change in Hab Units ('t/_)

Hon.v.....qulle IV 08 6 48 08 125 10 08 203 16.2" 08 106 4 8512 11616

Feature

With-Proj Change In Hab Units (t/_)

Honey-Mnqulte V 078 11.6 9.048 0.78 3 234 11.388

Feature

With-Proj Chanoe in Hab Units (+1_)

Maroh 0.7 26 1.82 0.7 34 238 07 O. 042 07 63 441 9.03

Feature

With-Proj Charlge in Hab Units (+1-)

IIlx: CottonwoodMlUUow-5C II 1 1".5 145 145

Feature

With-Proj Change in Hab Units (+1_)

Mix: CottonwoodlWllllow-SC III 097 46.3 44 91 097 131 1271 097 442 42.87 0.97 207 2008 097 585 56 75 097 54 5238 097 4 388 186.434

Feature

Wlth-Proj Change in Hab Units (+/-)

Mix: CottonwoodlWllllow-5C 1118 097 253 2454 24541

Feature

INith-PlOj Change In Hab Units ('t/_)

Mix: CottonwoodM'llIlow-5C IV 0.95 25.8 2.. 51 095 31.9 3031 095 21.1 2005 095 1..... 13.68 0.97 11.2 1086 097 37.9 3676 0.97 56 5 ..32 091 .. 6 9176 233361
Feature

Wlth-Proj Change in Hab Units (+'-)

QuallbushJ••hbulh 0,28 31.5 8.82 0.26 538 1506 0.28 37 1036 028 378 1058 028 1J5 378 "8.608
Feature OlurfOB Wetlands

Wlth-Proj Change in Hab Units (+1-) 0281-16781-4.098 ......698..

Quallbu.h/••ltbu.h-SC 0.37 19 1 7067 0371 53 ..11976 037 18 0666 27."91



Feature
Wllh-Proj Change In Hab Unlts (",-)

RHldenU.1 01 377 377 0.1 272 272 01 35.2 352 01 938 938 0.1 4.3 0."3 01 86 0.66 20 ..8

Feature Overbank wetlands 08 Vlletlands

With-PrO! Chanae In Hab Unlts (",.) 0.' -8 -0.8 0' -10.3 ·1.03 -1 83

Salt Ced.r II 041 78 3198 041 1.8 0.738 3.936

Feature CWStrinaers

With·Proj Chanae in Hab Units (+,-) 04' ~7 ·1927 -1927

S.tt Cedar IU 04 681 272" 04 1286 51 .... 04 111.7 .... 68 04 25.3 1012 04 329 1316 04 259 '036 157

Feature SouthsIde OW-M SouthSide OW·M OW-MlSoulhsd OW CW stringers CW stlinaers CWStlinaers

With·Ptoj Chilnae in Hab Units (",.) 0 .. 1 -<45.21-1808 0... 1 ·2971-1188 041 -39.9 -15.96 04 -51 ·204 0.41 -87 ·3.48 041 ·0 , ·02 5164

Satt CM.r IV 0.35 82.7 21.95 035 54 18.9 0.351 39 sl 1383 0351 131 455 o 3s1 31" 1099 0.35 6.2 2.17 0351 2086 7301 0351 1413 49 ..6 194.845

Feature OW·Mlsouthslde OW-MJSouth$lde C·W stringers CW Stlingers CW Stringers

WIh·Proj Change in Hab Units (+,-) 0.35 -16.8 ·5.88 0.35 -<10 -21 035 ·14.5 -5.075 035 ~54 -t5.89 0.35 -52.3 -1831 -66.15

Satt Ced.r IVB 0.35 43 1.505 1.505

Feature

Wth·Proj Change III Hab Units (t/_)

Salt Cltdar V 02 2".5 49 0.2 43.8 8.76 02 21.8 4.36 0.2 423 8,"6 0.2 6' 1,22 02 162 3.2" 02 71.3 1" 26 "5.2
Feature Southside OW-a.. OW·M OW·M CW Stnngers CWstlinoers

With-Proj Chanae In Hab Units (t/.) 02 -0 , -002 0.2 -10.64 -2128 02 -366 -0.732 02 -04 -008 02 ·193 ·386 -<182
Satt Cedar VI 0.15 6".8 9,72 015 8.3 1.2"5 015 10 1.5 015 19.9 2985 0.15 1 0.15 158

Feature

Wilh.Proj Change in Hab Units 1.'-)

Open Wata' 0.8 "6.9 28.1" 0.3 13.6 408 0.7 63 441 0.7 218 15.26 07 65.6 "5.92 09 76.3 6867 07 54.3 38.01 07 130 .. 91.28 335.46

Feature

With·Proj Change In Hab Units (+1-)

Con.true!ed W.....nd.~lum.1

Feature Diurnal wetlands

Wth·Proi Chanoe in Hab Units (.,.) 0,55 1076 59.29 5929

Con.ttuctld Wetland,
Feature Overbank wellands Overbank wellands Overbank weUands

With-Proj Change in Hab Units 1"1-) 07 107.8 75 ..6 0.7 61.5 "3.05 07 52.8 3696 155 ..7

Feature

With.Proj Change In Hab Units 1+1-)

Cottonwood Willow

Feature cm Stringer Cel 1E eNV Stringer eel 2E CMI Stnnger Cel 3W CMI Stnnaer Cel 5W

With-Proj Chanae In Hab Units (+1-) 0971 561 54.32 0.97 14.5 14.1 0971 2021 19.59 0971 ".6 ....62 92 .....1
FealUf8 Southside CW (C 1) Southside CW (C 1) Southside CW (C2) CIW Stnnoer Cet ..W CIW Stnnger Cel 6W

With-Proj Change in Hab Units (+I-) 097 40 38.8 0.97 267 25.9 097 2".6 23.86 0.971 23.81 23.09 0,97 9.21 8924 120.571
Feature CMI Stlinaef Cel 5-6 CNY Stringer Cel 7-8
With·PrOi Change," Hab Umts (.,.) 0.97 25 2".25 097 39 37,83 62.08

Ooen W.terlMllrsh

Feature Open WfM Cell 1

With·Proj Chanae in Hab Units (t,_) 07 38.3 2681 2681
Feature Open WIM Cell 2
Wth-Proj Chanae In Hab Units (t/_) 071 ..9931 34.95 34.951
Feature Open WIM Cell 3 Open WIM Cell 3
With·Proj Chanae m Hab Units (t/.) 0.7 3567 2.. 97 07 '29 903 33999
Feature Open WtM Cell ..
Wth·PrOj Change in Hab Units (t/.) 0.7 3' 217 217



Appendix G

Incremental Cost Analysis of Restoration Features

Appendix F, "Habitat Evaluation," presents the results of the ecosystem output analysis for the

proposed alternatives based on differences between the without- and with-project conditions.

Appendix G, "Incremental Cost Analysis of Restoration Features," uses the quantified ecosystem

output information from Appendix F to investigate the incremental justification of the

alternatives on a feature-by-feature basis using the computer model, IWR-PLAN, as described

below.

For ecosystem restoration projects, economic analysis consists of comparing the cost of

alternatives to their relative output of habitat units. Each alternative and each component within

an alternative increases the overall output of habitat values compared to the No Action Plan

(future, without-project condition). The analysis uses the increase in habitat values in which

relative Habitat Suitability Indices (HSls) were identified for various habitat types. The habitat

types that would be restored and created within the study area (for example, open water/marsh,

cottonwood-willow riparian, constructed wetlands) result in HSls of O. 7 to 0.97 compared to

HSls for existing habitat (for example, salt cedar, cobble, mesquite) of 0.1-0.4. The increased

habitat output, by component, is then incrementally compared to the incremental cost of its

implementation.

The data for Alternative 3.5 (with- and without-GRlC land) are summarized in the tables below.

These table incorporate cost data and habitat output data from the IWR-PLAN model to reflect

the economics of the selected plan (these tables are also reproduced as Table 5.10 and 5.11 in the

Main Report). Column headings are as follows:

• Increased Habitat Units (HU's) ofIndividual Features - represents the habitat output of
each plan feature as determined by the HEP analysis discussed in Appendix F,
"Habitat Evaluation."

• Cost ofIndividual Features - represents the cost of each plan feature as presented in
<,\ppendix D, "Design and Costs," as well as the cost tables within this appendix.

• Incremental Cost per Output - represents the cost of each individual plan feature divided
by its individual habitat output. This yields the incremental cost per habitat unit
for each successively added plan feature. By definition, the first added increments
are more economically justified.



Incremental Cost of Alternative J.5 - Target Year 50

Increased
Cost

Ilahilat Avcrage Cost

Unils (II Us)
( $ 1Il00) Incremental Cumulative ($ 1000111 U)

I'lan Coml'0nents
of

of Cost per Incremental Cumulative of

Individual
Individual Output ($ Output Cost Cumulative

Features
Features 1000/HU) (HU's) ($ 1000) Features

Independent Riparian Corridors 47 5,925 126 47 5,925 126

Add: Pump-Diurnal Wetlands 80 25,908
226 204 41,463 203

Add: Overbank Wetlands 77 9,63 I

Add: Dewatering System and South OIW 77 19,483 253 281 60,946 217
Marsh

Add: North Open Water Marsh 50 10,458 263 356 80,631 227

Add: Pipeline and North Riparian 25 9,228
Corridors

Subtotal 356 80,631 356 80,631

Degradation Preventions Benefits I 493 493

TOTAL 849 80,631 nla 849 80,631 95

Notes: I These are additional benefits due to the prevention of degradation at Target Year 50 that would otherwise occur iflhere were no project. This
degradation would occur to habitat that is adjacent to proposed features.



Incremental Cost of Allernative 3.5 (No GlUe Land) - Tar!:et Year 50

In creased
Cost

lIabilat Avcrace Cost

Unils (HUs)
($ 1000) Incremental Cumulative ($ IOOOIHU)

Plan Components
or

or Cosl per Incremental Cumulacive or

: Individual
Individual OUlput ($ OUli,ut Cost Cumulative

Features
Features IOOO/HU) (lW's) ($ 1000) Features

Independent Riparian Corridors 47 5,925 126 47 5,925 126

Add: Pump-Diurnal Wetlands 80 25,908
226 204 41,463 203

Add: Overbank Wetlands 77 9,228

Add: North Open Water Marsh 50 10,458 263 279 61,149 219

Add: Pipeline and North Riparian 25 9,228
Corridors

Subtolal 279 61,149 279 61,149

Degradation Preventions Benefits I 493 493

TOTAL 772 61,149 nla 772 61,149 79

Notes: I These are additional benefits due to the prevention of degradation at Target Year 50 that would otherwise occur if there were no project. This
degradation would occur to habitat that is adjacent to proposed features.



• Cumulative Incremental Output - represents the cumulative addition of each successive
plan feature's habitat output.

• Cumulative Cost - represents the cumulative addition of each successive plan feature's
cost.

• Average Cost a/Cumulative Features - represents the average cost per habitat unit at each
successive addition of an individual plan feature.

The infonnation developed and modeled by IWR-PLAN helps in ranking the individual features

of the plan for the purpose of identifying their incremental justification. As discussed below

under "Procedures for Decision Making," this infonnation can be used when there are budgetary

and/or restoration target constraints on fonnulation.

Once the overall costs per habitat output are incrementally detennined for each plan feature,

another category of benefits may be considered in order to get a more realistic average cost per

output for the overall plan. This category of benefits is tenned "degradation-prevention

benefits," and they take into consideration the degradation that would occur to the entire study

area if the project is not implemented. Degradation-prevention benefits are calculated by

comparing the without-project conditions at target years I, 20, and 50. According to the Habitat

Evaluation provided in the Habitat Evaluation appendix, this degradation would be prevented by

implementing the project. Degradation-prevention benefits are calculated to be 190 Habitat

Units at target year 20, and 493 Habitat Units at target year 50,

As displayed in the main report, the restoration benefits for Alternative 3.5-including the

degradation-prevention benefits-averaged over the three target years total 631 habitat units.

Using the total first cost of restoration equal to $80,631,229 results in an average cost per habitat

unit of$127,874. Using the average annual cost of restoration equal to $ 8,069,000 results in an

average annual cost per habitat unit of$ 12,788.

The restoration benefits for Alternative 3.5 (Without-GRlC Land)-including the degradation

prevention benefits-averaged over the three target years total 560 habitat units. Using the total

first cost of restoration equal to $61,148,644 results in an average cost per habitat unit of

$109,272. Using the average annual cost of restoration equal to $6,536,000 results in an

average annual cost per habitat unit of $1 1,671.

I

I
I



IWR-PLAN

Due to the complexity of the analysis procedure, especially with combinable, non-combinable,

dependable, and non-dependable components of each alternative, the IWR-PLAN Decision

Suppor! System was used. IWR-PLAN, developed by the Institute of Water Resources of the

U.S. Corps of Engineers, is a Decision Suppor! System that performs incremental analysis. It

was used to identify the most cost-effective combinations of components and the best buys for

the whole possible range of outputs of habitat units and associated costs. Cost-effective

combinations incur the least cost for the same output of habitat units. Best buy combinations

give the least incremental increase in cost per incremental increase in output of habitat units.

Data Sheet Attachments

The accompanying data sheets represent lWR-PLAN output for three alternatives measures:

Alternatives 3, 4, and 3.5. Alternative 3.5 was evaluated with- and without-the GRlC land. The

first two alternatives used preliminary construction cost input which differs from the more

detailed, up-to-date cost input used in Alternative 3.5. The incremental cost analysis was

evaluated for Alternatives 3 & 4 at Target Year 50, whereas for Alternative 3.5 (with- and

without-GRlC land), it was evaluated for Target Years 1,20, and 50.

The data sheets consist of the following information for Alternatives 3, 4, and 3.5 (Target Years

I, 20, and 50 as applicable):

•
•
•
•
•
•
•
•

Increased (Net) habitat values calculations (spreadsheets)

Incremental Cost Analysis input data tables (spreadsheets)

Incremental Cost Analysis input data (IWR-PLAN output)

Cost effective combinations average cost data (IWR-PLAN output)

Best buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (IWR-PLAN output)

Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (IWR-PLAN output)

The best buy tables begin with the most cost effective components on a cost per habitat unit

basis. The actual costs differ among the alternatives due to the relative size differences among

the components and their locations.



For alternative 3, the most cost effective component, at target year 50, on a cost per habitat unit

basis is the independent riparian corridors. This is followed by the wetlands system, the riparian

corridors & overbank side drains, the de-watering system & south open water marsh, and then

the independent north open water marsh.

For alternative 4, the most cost effective component, at target year 50, on a cost per habitat unit

basis is the de-watering system riparian corridors. This is followed by the wetlands system, the

pipeline & north riparian corridors, the independent riparian corridors, and then the independent

open water marsh in river.

For alternative 3.5 (with-GRlC land), the most cost effective component, at target year 50, on a

cost per habitat unit basis is the independent riparian corridors. This is followed by the wetlands

system, the de-watering system & south open water marsh, and then the north open water marsh

with the pipeline & north riparian corridors.

For alternative 3.5 (without-GRlC land), the most cost effective component, at target year 50, on

a cost per habitat unit basis is the independent riparian corridors. This is followed by the

wetlands system, and then the north open water marsh with the pipeline & north riparian

corridors

Options that exist within the IWR-PLAN program allows modification of the combination

scenarios. For example, constraints can be applied to either the cost or habitat unit variables to

. screen out those plans that do not meet a minimum output target, for example, or exceed a

maximum cost limit. Sensitivities can be applied to either cost or habitat variables to investigate

the impacts of the cost or output estimates being higher or lower by some percentage. Individual

solutions categories can be excluded from any given run to investigate how the set of cost

effective or best buy plans might change. Plans ofinterest, for example an interest group's

preferred plan, can be tagged and labeled so that it is not screened from the analysis and can be

compared to the cost effective and best buy sets. Finally, automated edits can be applied to

account for non-additive effects such as synergisms when two or more solutions employed

together yield greater habitat values than the additive total of the two solutions employed singly.

Procedures for Decision Making

Incremental analysis is a very powerful tool for decision making for ecosystem restoration

projects. Once the appropriate input categories and values are modeled, decision making for

selecting the best appropriate plan is simply a matter of understanding the cost effectiveness of



the various components of the analyzed plans. Selection of a plan may fall into the following

four categories which show the constraints on the degree of restoration and the corresponding

selection criteria.

Restoration Constraint Selection Criteria Discussion

I specified available budget cost effectiveness at the a cost-effective plan which satisfies the
target budget specified available budget may be identified

from IWR-PLAN output; the corresponding
increase in habitat units may then be identified

2 specified target increase habitat output; no budget a cost-effective plan which satisfies the target
in habitat units constraint increase in habitat units may be identified from

IWR-PLAN output; the corresponding budget
may then be identified

, range of available budget best buy plans within the a best buy plan which satisfies the given rangeJ

target range of available budget may be identified from
IWR-PLAN output; the corresponding increase
in habitat units may then be identified

4 range of target increase in range of desired habitat a best buy plan which satisfies the given range
habitat units output; no budget constraint of increase in habitat units may be identified

from IWR-PLAN output; the corresponding
budget range may then be identified

The selection criteria and decision-making categories in the table above would become useful

when considering the Tres Rios Ecosystem Restoration project in relation to other competing

projects on a federal, state, and municipal level. Plan selection could depend upon the availability

of funds and/or desire for a high output restoration project. The selection criteria above along

with lWR-PLAN decision tools could help identify appropriate measures in response to the

priorities of the approving administration.



Alternative 3 Results

Increased (Net) habitat values calculations (spreadsheets)
Target Year 50

Incremental Cost Analysis input data tables (spreadsheets)
Incremental Cost Analysis input data (IWR-PLAN output)

Cost effective combinations average cost data (IWR-PLAN output)
Best buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (IWR-PLAN output)
Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (lWR-PLAN output)



Alternative 3
Habitat Suitability Indices

Replaced habitats would have changed In acreages or H S I without the proJect.
Neigboring habitats would have also changed in acreages or "H S I" without the project.
Some of the "H S I" values for the neighboring habitats change by reach.
Therefore Total Habitat Units for the Without-Project conditions have to be compared.

Habitat Suitability Indices (With Project)

IIExisting Conditions Habitat Acres to be replaced by features I
I Replaced Habitats in Alternative 3 II H S I II A II B II C II D II E II F I
Road - 0.10 0.84
Residential 0.10 12.70
Agriculture 010 168.00 117.85 1.08
Desert 0.40
Marsh N/A
Water N/A
Cottonwood-WillOW II N/A
Salt Cedar II 0.41 4.81
Salt Cedar III 0.40 17.71 1562 12324
Salt Cedar IV 0.35 23.68 8350 1281
Salt Cedar V 0.20 2.02 13.58
Mix: Cottonwood-Willow/Salt Cedar II N/A
Mix: Cottonwood-Willow/Salt Cedar III N/A
Mix: Cottonwood-Willow/Salt Cedar IV N/A
Cobble 0.10 6.89 4.49 19.90 036 2399
Quailbush-Saltbush 0.28 16.08 4.40

IRe placed Habitat Units (R-HUj II II 21.30 II 14.98 II 0.56 II 19.82 II 35.51 11 58.891
" "

ITarget Year 1 IITarget Year 20 IITarget Year 50

IT[]INew Features II Acres HS I II Acres HS I II Acres I H S I

EJ
Pump-Diurnal Wetlands

I II II IDiurnal Wetlands 18408 0.55 18408 0.55 184.08 0.55

~
Overbank Wetlands

I II II IOverbank Wetlands 141.84 0.70 141.84 0.70 14184 0.70

EJ
Riparian Corridors & Side Drains

I II II ICIW Riparian Corridors 557 0.10 557 0.90 5.57 0.97

EJ
Independent Riparian Corridors I II II ICIW Riparian Corridors 68.96 0.10 68.96 0.90 68.96 0.97

[] North Open Water Marsh

I II II IOpenwater Marsh 99.48 0.63 99.48 0.70 99.48 0.70

0Dewatering System & South OIW Marsh
CIW Riparian Corridors 30.29 0.10 30.29 0.90 30.29 0.97
Openwater Marsh 0 143.33 0.63 143.33 0.70 143.33 0.70

WOp (With ProJect) WIQ-P (Without ProJect)

IITarget Year 1 IITarget Year 20 IITarget Year 50 I

I Total Habitat Units in Study Area II W/O-P I W·p II W/O-P I Wop II W/O-P I Wop I
ITotal Habitat Units 111768.1911981.12111578.62 12081.97111275.0431 2089.30 I

IDeviation from W/O-P at Target Year 1 II 0.001 2129211 -189.571 3137711 -493. 15 1 321111
IStudy Area Total Net Habitat Units WoP II 212.921 II 503.341 II 814.261 I



ITarget Year 1 IITarget Year 20 IITarget Year 50 I
~INew Features Habitat Units II Acres I HSI II Acres I HS I II Acres I H S I I

EJ Pump-Diurnal Wetlands 101.25 HU 101.25 HU 101.25 HU
Diurnal Wetlands 184.08 0.55 184.08 0.55 184.08 0.55

~
Overbank Wetlands 99.29 HU 99.29 HU

I
99.29

I
HU

Overbank Wetlands 141.84 0.70 141.84 0.70 141.84 0.70

EJ Riparian Corridors & Side Drains

I
0.56

I
HU

II
5.01 I HU

II
5.40 I HU

crw Riparian Corridors 5.57 0.10 5.57 0.90 5.57 0.97

EJ Independent Riparian Corridors

I
6.90 I HU

II
62.06

I
HU

II
66.89 I HU

crw Riparian Corridors 68.96 0.10 68.96 0.90 68.96 0.97

[] North Open Water Marsh 62.67 HU

I
69.64 I HU

II
69.64 I HU

Openwater Marsh 99.48 0.63 99.48 0.70 99.48 0.70

D
Dewatering System & South OIW Marsh 93.33 HU 127.59 HU 129.71 HU
crw Riparian Corridors 30.29 0.10 30.29 0.90 30.29 0.97
Openwater Marsh 143.33 0.63 143.33 0.70 143.33 0.70

ITarget Year 1 IITarget Year 20 ITarget Year 50 I
~INew Features II N-HU I R-HU II N-HU I R-HU N-HU I R-HU I

EJ Pump-Diurnal Wetlands 101.25 21.30 101.25 2130 10125 21.30

IDiurnal Wetlands - Net HU 79.94 79.94 79.94

~
Overbank Wetlands I 99.29

1

14
.
98

11

99.29 14.98 I 99.29 14.98

IOverbank Wetlands - Net HU 84.31 84.31 84.31

EJ Riparian Corridors & Side Drains

I
0.56 I 056 II 5.01 0.56

II
5.40 0.56

Icrw Riparian Corridors - Net HU 0.00 4.46 4.85

EJ Independent Riparian Corridors

I
6.90

1

19
.
82

11

62.06 19.82

II
6689 I 19.82 Icrw Riparian Corridors - Net HU -12.93 42.24 47.06

[] North Open Water Marsh

I
62.67 I 3551 II 6964 3551

II
69.64 I 35.51

IOpenwater Marsh - Net HU 27.16 34.13 34.13

~
Dewatering System & South OIW Marsh

I
93.33

I 58.
89

1
127.59 58.89

I
129.71 I 58.89

INetHU 34.43 68.70 70.82

N-HU (New Habitat Umts), R-HU (Replaced Habitat UnIts)

Total Habitat Units 363.99 151.06 464.83 151.06 472.17 151.06
Study Area Net Habitat Units 212.92 313.77 321.11
Degradation Prevention Benefits 0.00 189.57 493.15

IStudy Area Total Net Habitat Units Wop 212.921 II 503.34\ II 814.261 I
Wop (With Project)-

l



1

With-Project Conditions IAlternative 3) Target Year 50, by Feature.

Increased Habitat Average Cost
10 Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 13,806,252.00 4,028,550.00 7994 184.08 17,834,802.00 223,102.35 $/HU
B Overbank Wetlands & Conveyance 10,633,784.86 4,008,861.65 84.31 141.84 A 14,642,646.51 173,676.27 $/HU
C Riparian Corridors, Overbank Side Drains 1,079,282.03 44,214.35 4.85 5.57 A&B 1,123,49638 231,648.74 $/HU
D Independent Riparian Corridors 6,165,085.00 415,485.00 47.06 68.96 6,580,570.00 139,83362 $/HU
E Independent North Open Water Marsh 18,586,624.66 1,063,178.05 34.13 99.48 19,649,802.71 575,73404 $IHU
F Dewatering System & South ONV Marsh 32,465,846.30 1,796,803.06 70.82 173.62 34,262,649.36 483,799.06 $/HU

Sub-Total 321.11 94,093,966.94 1 293,027.21 $/HU

~IDegradation Prevention Benefits 493.15

CITotal I 82,736,874.83 111 ,357,092.111 814.261 673551 1 94,093,966.9411 115,557.64 $/HU

Construction costs include Contingencies (20%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (7.5%)



SCENARIO STATISTICS

SCENARIO: Alt 3 TY 50 Alternative 3.0 Target Year 50

FILE: C:\IWRPLAN2\DatalAlternative 3 TY50.mdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 8/17/99 9: 11 :27 AM EDITED:

8/17/999:12:24,1

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 8/17/999:11 :29 AM

l

POSSIBLE COMBINATIONS: 64

ACTUAL COMBINATIONS: 32

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

DEPENDENCY / NON·COMBINABILITY

Dependency

3 A

CAS

COST EFFECTIVE: 14

BEST BUY: 6

IWR·PLAN • Plan Of Interest Page 1 of 2



INPUT DATA 8/17/999·12:56 AM

CODE Cost Habitats

A 0 0 0

A 1 17834802 79.94

B 0 0 0

B 1 14642647 84.31

C 0 0 0

C 1 1123496.4 4.85

0 0 0 0

0 1 6580570 47.06

E 0 0 0

E 1 19649803 34.13

F 0 0 0

F 1 34262649 70.82

IWR·PLAN Page 1 o( 1



l

Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: Alt 3 TV 50 8117/999:12:24 AM

Counter Plan Code Habitats Cost Average Cost

(HU) (5) 5/HU

AO 80 CO DO EO FO 0.00 0.00 0.0000

2 AO 80 CO Dl EO FO 47.06 6,580,570.00 139,833.6167

3 A1 80 CO DO EO FO 79.94 17,834,802.00 223,102.3518

4 A1 80 CO D1 EO FO 127.00 24,415,372.00 192,247.0236

5 Al 81 CODOEOFO 164.25 32,477,448.51 197,731.8022

6 A181C1DOEOFO 169.10 33,600,944.89 198,704.5824

7 Al 81 CODl EOFO 211.31 39,058,018.51 184,837.5302

8 Al 81 Cl Dl EOFO 216.16 40,181,514.89 185,887,8372

9 Al 81 CO 01 El FO 245.44 58,707,821.22 239,194.1868

10 Al Bl Cl 01 E1 FO 250.29 59,831,317.60 239,047.9747

II Al Bl CODl EOFI 282.13 73,320,66787 259,882.5643

12 Al 81 Cl 01 EOFl 286.98 74.444,164.25 259,405.4089

13 A1 B1 COOl El F1 316.26 92,970,470.58 293,968.4771

14 Al Bl C1 D1 E1 F1 32111 94,093,966.96 293,027.2086

IWR·PLAN • Plan Of Interest Page 2 of 2



I
I
I
I
I
I
I
I

Habitats Cost Average Cost

(HU) ($) $/HU

0.00 0.00 0.0000

47.06 6,580,570.00 139,833.6167

211.31 39,058,018.51 184,837.5302

216.16 40,181,514.89 185,887.8372

286.98 74,444,164.25 259,405.4089

321.11 94,093,966.96 293,027.2086

AO BO CO 00 EO FO

4 Al Bl Cl 01 EOFO

5 Al Bl Cl 01 EOFI

2 AO BO CO 01 EO FO

3 Al Bl COOl EOFO

6 A1B1Cl01E1Fl

Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: AI13 TV 50 8/17/999:12:35 AM

Counter Plan Code

l
I

IWR·PLAN .. Plan Of Interest Page 2 of 2



Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: Alt 3 TV 50

Counter Plan Code Habitats Cost Avg. Cost Inc. Cost Inc. Output Incremental Cost

(HU) ($) $/HU ($) (HUt Per Output

1 AO 60 CO 00 EO FQ, 0.00 000 0.0000 0.0000 0.0000 0

2 AO 60 CO 01 EO FO 47.06 6,580.570.00 139.833.6000 6.580,570.0000 47.0600 139833.6

3 Al 61 CO 01 EO FO 211.31 39,058,018.51 184,837.5000 32,477,450.0000 164.2500 197731.8

4 Al 61 Cl 01 EO FO 216.16 40,181,514.89 185,887.8000 1,123,496.0000 48500 231648.7

5 Al 61 Cl 01 EO Fl 286.98 74,444,164.25 259,405.4000 34,262,650.0000 70.8200 483799.1

6 A1 61 C1 01 El Fl 321.11 94,093,966.96 293.027.2000 19,649,800.0000 341300 575734.1

IWR·PLAN • Plan Of Interest Page 2 of 2
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Alternative 4 Results

Increased (Net) habitat values calculations (spreadsheets)
Target Year 50

Incremental Cost Analysis input data tables (spreadsheets)
Incremental Cost Analysis input data (IWR-PLAN output)

Cost effective combinations average cost data (IWR-PLAN output)
Best buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (IWR-PLAN output)
Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (IWR-PLAN output)



Alternative 4
Habitat Suitability Indices

Replaced habitats would have changed In acreages or H 5 I without the proJect.
Neigboring habitats would have also changed in acreages or "H 5 I" without the project.
Some of the "H 5 '" values for the neighboring habitats change by reach.
Therefore Total Habitat Units for the Without-Project conditions have to be compared.

Habitat Suitability Indices (With Project)

IExisting Conditions Habitat Acres to be replaced by features I

I Replaced Habitats in Alternative 4 II H S I II A II B II C II 0 II E IIF I
Road 0.10
Residential 0.10 1585
Agnculture o10 168.00 10161
Desert 040
Marsh N/A
Water N/A
Cottonwood-Willow II N/A
Salt Cedar II 041 4.65
Salt Cedar III 040 046 1377 230 112.53
Salt Cedar IV 0.35 10595 6.22 47.87 5292
Salt Cedar V 0.20 1930 040 14.30 0.10
Mix: Cottonwood-Willow/Salt Cedar II N/A
Mix: Cottonwood-Willow/Salt Cedar III N/A
Mix: Cottonwood-Willow/Salt Cedar IV N/A
Cobble 0.10 10.52 65.89 436 72.67 261
Quailbush-Saltbush 0.28 1608 0.56

IReplaced Habitat Units (R-HU) II II 21.30 II 12.95 . II 47.72 II 10.11 II 27.80 II 63.82 1
" "

Target Year 1 IITarget Year 20 IITarget Year 50 1
[[]!New Features Acres H S I II Acres I H S I II Acres I H S I I
[] Pump-Oiurnal Wetlands

II I II I IDiurnal Wetlands 184.08 055 18408 0.55 184.08 055

EJ Overbank Wetlands

II I II IOverbank Wetlands 128.53 0.70 128.53 0.70 128.53 0.70

[] Pipeline & North Riparian Corridors

II I II ICNV Riparian Corridors 191.60 010 19160 0.90 191.60 097

EJ Independent Riparian Corridors

II I II ICNV Riparian Corridors 2940 0.10 2940 0.90 2940 0.97

~
Independent Open Water Marsh in River II

II I II IOpenwater Marsh 137.14 0.63 137.14 0.70 137.14 0.70

DDewatering System Riparian Corridors

II I II I
CNV Riparian Corridors 168.16 0.10 168.16 0.90 168.16 0.97

WOp (WIth Project) WIQ-P (Without ProJect),
ITarget Year 1 IITarget Year 20 IITarget Year 50 1

I Total Habitat Units in Study Area II W/O-P 1 WoP II W/O-P I Wop II WIO-P I Wop I
ITotal Habitat Units 111768.1911901.03111578.6212221.96111275.0431 2249.20 I
IDeviation from W/O-P at Target Year 1 II 0001 132.8411 -189.571 4537611 -493. 15 1 481001
IStudy Area Total Net Habitat Units WoP II 132.841 II 643.331 II 974.151 I



ITarget Year 1 IITarget Year 20 IITarget Year 50 I
[!~J1New Features Habitat Units II Acres I H S I II Acres I HS I II Acres I H S I I

EJ Pump·Diurnal Wetlands 101.25 HU 101.25 HU 101.25 HU
Diurnal Wetlands 184.08 0.55 184.08 0.55 184.08 0.55

~
Overbank Wetlands 89.91 HU 89.91 HU

I
89.91 I HU

IOverbank Wetlands 128.53 0.10 128.53 0.10 128.53 010

EJ Pipeline & North Riparian Corridors 19.16 HU 112.44 HU 185.85 HU
CIVV Riparian Corridors 191.60 0.10 191.60 0.90 191.60 0.91

EJ Independent Riparian Corridors

I
2.94 I HU

II
26.46

I
HU

II
28.52

I
HU

ICIVV Riparian Corridors 2940 0.10 2940 0.90 2940 0.97

~
Independent Open Water Marsh in River 86.40 HU 96.00 HU

I
96.00

I
HU

IOpenwater Marsh 137.14 0.63 137.14 0.70 137.14 0.70

DDewatering System Riparian Corridors 16.82 HU 151.34 HU 163.12 HU
CIVV Riparian Corridors 168.16 0.10 168.16 0.90 168.16 0.97

ITarget Year 1 IITarget Year 20 IITarget Ye r 50 I
~INew Features II N·HU I R-HU II N·HU I R-HU N-HU R·HU I

EJ Pump·Diurnal Wetlands 101.25 21.30 101.25 21.30 101.25 2130

IDiurnal Wetlands - Net HU 19.94 19.94 19.94

~
Overbank Wetlands

I
89.97

12.
95

11
8997

I
12.95 89.97 . 12.95

IOverbank Wetlands - Net HU 11.02 17.02 77.02

DPipeline & North Riparian Corridors

I
19.16 4772

1

17244 47.72 185.85 47.72

ICIVV Riparian Corridors - Net HU -28.56 124.72 138.14

EJ Independent Riparian Corridors

I
2.94 10.11

II
2646

1

10.11 28.52 10 11

ICIVV Riparian Corridors - Net HU -1.11 16.35 18.41

~
Independent Open Water Marsh in River

I
8640 I 27.80 II 9600

I
2780 96.00 27.80

IOpenwater Marsh· Net HU 58.60 68.20 68.20

DDewatering System Riparian Corridors

1

1682
I 63.

82
11

151.34

I
63.82 163.12 63.82

ICIVV Riparian Corridors - Net HU -41.00 81.53 99.30

N·HU (New Habitat Umts), R-HU (Rep/aced Habitat Umts)

Total Habitat Units 316.53 183.70 63746 183.70 664.70 183.70
Study Area Net Habitat Units 132.84 453.76 481.00
Check for Habitat Calculations 0.00 189.51 493.15

IStudy Area Total Net Habitat Units WoP II 132.841 II 643.331 II 914.151 I
w·p (With Project) _



-.J

With-Project Conditions (Alternative 4) Target Year 50, by Feature.

Increased Habitat Average Cost
ID Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 13,806,252.00 4,028,55000 79.94 184.08 17,834,802.00 223,102.35 $/HU
B Overbank Wetlands 7.479,176.00 6,345,037.50 77.02 12853 A 13,824,213.50 179.48862 $/HU
C Pipeline & North Riparian Corridors 32,095,875.74 1,272,188.82 138.14 191.60 A&B 33,368,064.56 241,552.52 $/HU
0 Independent Riparian Corridors 5,188.471.07 286,242.48 18.41 29.40 5,474,713.55 297,377.16 $/HU
E Independent Open Water Marsh in River 25,968,878.11 1,055,741.75 68.20 137.14 27,024,619.86 396,255.42 $/HU
F Dewatering System Riparian Corridors 17.455,169.04 1,650,176.90 99.30 168.16 19,105,345.94 192.400.26 $/HU

0.00

Sub-Total 481.01 116,631,759.41 1 242,472.63 $/HU IDegradation Prevention Benefits 493.15

OTotal 1101,993,82196114,637,937.451 974.161 838911 1116,631,759.41 11 119,725.47 $/HU I
Construction costs include Contingencies (20%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (7.5%)



SCENARIO STATISTICS

SCENARIO: Alt 4 TY 50 Alternative 4.0 Target Year 50

FILE: C:\IWRPLAN2\DatalAlternative 4 TY50.mdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 8/17/999:49:51 AM EDITED:

8//7/99950:39 A

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 8/17/999:49:53 AM

POSSIBLE COMBINATIONS: 64

ACTUAL COMBINATIONS: 32

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

DEPENDENCY / NON-COMBINABILITY

Dependency

SA

CAS

COST EFFECTIVE: 18

BEST BUY: 6

IWR·PLAN • Plan Of Interest Page 1 of 2



INPUT DATA 8/17/999:51:21 AM

CODE Cost Habitats

A 0 0 0

A 1 17834802 79.94

B 0 0 0

B 1 13824214 77.02

C 0 0 0

C 1 33368065 138.14

0 0 0 0

0 1 54747136 18.41

E 0 0 0

E 1 27024620 68.2

F 0 0 0

F 1 19105346 99.3

IWR-PLAN Page 1 of 1



Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: All 4 TY 50 811719995039 AM

Counter Plan Code Habitats Cost Average Cost

(HU) (S) S/HU

AD 80 CO DO EO FO 0.00 0.00 0.0000

2 AO 80 CO D1 EO FO 18.41 5,474,713.55 297,377.1619

3 A1 80 CO DO EO FO 79.94 17,834,802.00 223,102.3518

4 AD 80 CO DO EO F1 99.30 19,105,345.94 192,400.2612

5 AD 80 CO 01 EO F1 117.71 24,580,059.49 208,818.7876

6 A1 81 CO DO EO FO 15696 31,659,016.00 201,701.1723

7 A1 80 CO DO EO F1 17924 36,940,147.94 206,093.2155

8 A1 80COD1 EOF1 197.65 42.414,861.49 214,595.8082

9 A1 81 CODOEOF1 256.26 50,764,361.94 198,097.0965

10 A1 81 COD1 EOF1 274.67 56,239,075.49 204,751.4308

II A1 81 C1 DOEOFO 295.10 65,027,080.56 220,356.0846

12 A1 81 C1 D1 EOFO 313.51 70,501,794.11 224,878.9324

13 A1 81 CO DO E1 F1 324.46 77,788,981.80 239,749.0655

14 A1 81 COD1 E1 F1 342.87 83,263,695.35 242,843.3381

1.5 A1 81 C1 DOEOF1 394.40 84,132,426.50 213,317.5114

16 Al 81 C1 D1 EOF1 412.81 89,607,140.05 217,066.3018

17 A1 81 C1 DOE1 F1 462.60 111,157,046.36 240,287.6056

18 A1 81 C1 D1 E1 F1 481.01 116,631,759.91 242,472.6303

IWR-PLAN • Plan Of Interest Page 2 of 2



Habitats Cost Average Cost

(HU) (S) S/HU

0.00 0.00 0.0000

99.30 19,105,345.94 192,400.26 I 2

256.26 50,764,361.94 198,097.0965

394.40 84,132,426.50 213,317.5114

412.81 89,607,140.05 217,066.3018

481.01 116,631,759.91 242,472.6303

AO BO CO DO EO FO

6 A1 B1 C1 01 E1 F1

5 A1 B1 C1 01 EOF1

2 AO BO CO DO EO F1

3 A1 B1 CO DO EO F1

4 A1B1C100EOF1

Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: All 4 TY 50 8/17/999:5049 AM

Counter Plan Code

~

I

IWR·PLAN • Plan Of Interest Page 2 of 2



Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: Alt 4 TV 50

Inc. Cost Inc. Output Incremental Cost

($) (HU) Per Output

192,400.3000 19,105,350.0000

198,097.1000 31,659,020.0000

213,317.5000 33,368,060.0000

217,066.3000 5,474,714.0000

242.472.6000 27.024,620.0000

Counter Plan Code

1 AO BO CO DO EO FO

AO BO CO DO EO F1 "
2

3 Al Bl CO DO EO Fl

4 Al Bl Cl 00EOF1

5 A1 Bl C1 01 EOF1

6 A1 B1 C1 01 E1 F1

Habitats Cost

(HU) ($)

0.00 0.00

99.30 19,105,345.94

256.26 50,764,361.94

394.40 84,132,426.50

412.81 89,607,14005

481.01 116,631,759.91

Avg. Cost
$/HU

0.0000 0.0000 0.0000

99.3000

156.9600

138.1400

18.4100

68.2000

o

192400.3

201701.2

241552.5

297377.2

396255.4

IWR-PLAN • Plan Of Interest Page 20f 2
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Alternative 3.5 Results

Increased (Net) habitat values calculations (spreadsheets)
Incremental Cost Analysis target years I, 20, & 50 input data tables (spreadsheets)

Target Year 1
Incremental Cost Analysis input data (lWR-PLAN output)

Cost effective combinations average cost data (lWR-PLAN output)
Best buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (lWR-PLAN output)
Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (IWR-PLAN output)
Target Year 20

Incremental Cost Analysis input data (IWR-PLAN output)
Cost effective combinations average cost data (IWR-PLAN output)

Best buy combinations average cost data (IWR-PLAN output)
Best buy combinations incremental cost analysis data (IWR-PLAN output)

Combined cost effective & best buy graph (IWR-PLAN output)
Best buy graph (IWR-PLAN output)

Target Year 50
Incremental Cost Analysis input data (IWR-PLAN output)

Cost effective combinations average cost data (IWR-PLAN output)
Best buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (IWR-PLAN output)
Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (IWR-PLAN output)



Alternative 3.S
Habitat Suitability Indices

IExisting Conditions Habitat Acres to be replaced by features I
I Replaced Habitats in Alternative 3.5 II H 51 II A II B II C II D II E IIF I
Road 0.10 0.17 0.84 033
Residential 0.10 15.85
Agriculture 0.10 168.00 101.61 0.71
Desert 0.40 1.81
Marsh N/A
Water N/A
Cottonwood-Willow II N/A
Salt Cedar II 0.41 4.81
Salt Cedar III 0.40 8.26 17.71 10.17 170.42
Salt Cedar IV 0.35 22.30 23.68 109.00 3493
Salt Cedar V 020 2.02 384
Mix: Cottonwood-Willow/Salt Cedar II N/A
Mix: Cottonwood-Willow/Salt Cedar III N/A
Mix: Cottonwood-Willow/Salt Cedar IV N/A
Cobble 0.10 1052 6.12 19.90 14.90 11.03
Quailbush-Saltbush 0.28 16.08 056

IReplaced Habitat Units (R-HU) II II 21.30 II 12.95 II 11.81 II 19.82 II 43.71 II 83.021
Replaced habitats would have changed in acreages or "H S I" without the project.
Neigboring habitats would have also changed in acreages or "H S I" without the project.
Some of the "H S I" values for the neighboring habitats change by reach.
Therefore Total Habitat Units for the Without-Project conditions have to be compared.

Habitat SUitability Indices (With Project)

ITarget Year 1 ITarget Year 20 IITarget Year SO I
[@J[New Features II Acres 1 HS I Acres I HS I II Acres I H 5 I I

EJ Pump-Diurnal Wetlands
1184.0831 184.0831 1184.0831Diurnal Wetlands 0.55 0.55 055

[]Overbank Wetlands
1128.531 I 128.531 I IOverbank Wetlands 0.70 0.70 128.531 0.70

DPipeline & North Riparian Corridors I I I I I ICIW Riparian Corridors 37.577 0.10 37.577 090 37.577 0.97

EJ Independent Riparian Corridors

I I 11689551 II ICIW Riparian Corridors 68.955 0.10 0.90 68.955 0.97

~
North Open Water Marsh

1134.0651 II 134.0651Openwater Marsh 134.065 0.63 0.70 0.70

0Dewatering System & South OIW Marsh
CIW Riparian Corridors 16.186 0.10 16.186 0.90 16.186 097
Openwater Marsh 206.17 0.63 206.17 0.70 206.17 0.70
WOp (With ProJect) WIo-P (Without ProJect)

IITarget Year 1 IITarget Year 20 IITarget Year SO I
I Total Habitat Units in Study Area II W/O-P I WoP II W/O·p 1 Wop II W/O-P I WOp I
ITotal Habitat Units 111768.1911993.4111 1578.62 1211s.4oll 127S.04 I 2124.00 I
IDeviation trom W/O-P at Target Year 1 II 0.001 225.2211 -189571 347.2111 -493151 355.801
IStudy Area Total Net Habitat Units Wop II 225.221 II 536.781 II 848.9sl I



ITarget Year 1 IITarget Year 20 IITarget Year 50 I
II[][New Features Habitat Units II Acres I H SI II Acres I H SI II Acres I H S I I

EJ Pump-Diurnal Wetlands 101.25 HU 101.25 HU 101.25 HU
Diurnal Wetlands 184.08 0.55 184.08 0.55 184.08 0.55

~
Overbank Wetlands 89.97 HU 89.97 HU I 89.97 HU

IOverbank Wetlands 128.53 0.70 128.53 0.70 128.53 0.70

EJ Pipeline & North Riparian Corridors

I
3.76 I HU I 33.82 HU

I
36.45 HU

ICM! Riparian Corridors 37.58 0.10 3758 0.90 37.58 097

EJ Independent Riparian Corridors

I
6.90 I HU

I
62.06 HU

I
66.89 HU

ICM! Riparian Corridors 68.96 0.10 68.96 0.90 6896 0.97

[] North Open Water Marsh 84.46 HU 93.85 HU

I
93.85 HU

IOpenwater Marsh 134.07 0.63 134.07 0.70 134.07 0.70

0Dewatering System & South Ofw Marsh 131.51 HU 158.89 HU 160.02 HU
CM! Riparian Corridors 16.19 0.10 16.19 0.90 16.19 0.97
Openwater Marsh 206.17 0.63 206.17 0.70 206.17 0.70

ITarget Year 1 IITarget Year 20 IITarget Year 50 I
II[]INew Features II N-HU I R-HU II N-HU I R-HU I N-HU I R-HU I

EJ Pump-Diurnal Wetlands 101.25 21.30 101.25 21.30 101.25 I 2130

IDiurnal Wetlands - Net HU 79.94 79.94 79.94

~
Overbank Wetlands I 8997

1

1295

11

89.97

I
12.95 89.97

I
1295

IOverbank Wetlands - Net HU 77.02 77.02 77.02

EJ
Pipeline & North Riparian Corridors

I
3.76

1
1181

II
3382

I
11.81 36.45 I 1181

ICM! Riparian Corridors - Net HU -8.05 22.01 24.64 .

EJ Independent Riparian Corridors

I
6.90

1

1982

11

6206

1

19.82 66.89 I 19.82

ICfW Riparian Corridors - Net HU -12.93 42.24 47.06

[] North Open Water Marsh

I
84.46 I 43.71 II 9385

I
43.71 93.85

I
43.71 IOpenwater Marsh - Net HU 40.75 50.14 50.14

DDewatering System & South Ofw Marsh 13151 83.02 158.89 83.02 16002

I
83.02

INet HU 48.49 75.87 77.00

N-HU (New Habitat Units). R-HU (Replaced Habitat Units)

Total Habitat Units 417.84 192.62 539.83 192.62 548.42 192.62
Study Area Net Habitat Units 225.22 347.21 355.80
Degradation Prevention Net Benefits 0.00 189.57 493.15

IStudy Area Total Net Habitat Units WoP II 225.221 II 536.781 II 848.951 1
W-P (With ProJect)



--

With-Project Conditions (Alternative 3.5) Target Year 1, by Feature.

Increased Habitat Average Cost
10 Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 22,687,730.00 3,220,000.00 7994 18408 25,907,730.00 324,089.69 $/HU
B Overbank Wetlands 7,537,528.00 2,093,000.00 77.02 128.53 A 9,630,528.00 125,039.31 $/HU

C Pipeline & North Riparian Corridors 8,434,257.00 793,500.00 -8.05 37.58 A&B 9,227,757.00 -1,146,305.22 $/HU
D Independent Riparian Corridors 3,969,662.00 1,955,000.00 -12.93 6896 5,924,662.00 -458,210.52 $/HU

E North Open Water Marsh 9,307,967.00 1,150,000.00 40.75 134.07 C 10,457,967.00 256,637.23 $/HU
F Dewatering System & South OIW Marsh 16,492,585.00 2,990,000.00 48.49 222.36 19,482,585.00 401,785.63 $/HU

Sub-Total 225.22 80,631,229.00 358,010.96 $/HU
Degradation Prevention Benefits 0.00

DTotal I 68,429,729.001 12,201,500.001 225.221 775.581 I 80,631,229.001 358,010.96 $/HU I
Construction costs include Contingencies (15%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (6.3%)



With-Project Conditions (Alternative 3.5) Target Year 20, by Feature.

Increased Habitat Average Cost
ID Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 22,687,730.00 3,220,000.00 79.94 18408 25,907,730.00 324,089.69 $/HU

B Overbank Wetlands 7,537,528.00 2,093,000.00 7702 128.53 A 9,630,528.00 125,039.31 $/HU

C Pipeline & North Riparian Corridors 8,434,257.00 793,500.00 22.01 37.58 A&B 9,227,757.00 419,252.93 $/HU

D Independent Riparian Corridors 3,969,662.00 1,955,000.00 42.24 68.96 5,924,662.00 140,261.88 $/HU

E North Open Water Marsh 9,307,967.00 1,150,000.00 50.14 134.07 C 10,457,967.00 208,575.33 $/HU

F Dewatering System & South ONI Marsh 16,492,585.00 2,990,000.00 7587 222.36 19,482,585.00 256,789.05 $/HU

Sub-Total 347.22 80,631,229.00 232,219.43 $/HU

Degradation Prevention Benefits 18957

OTotal I 68,429,72g.00112,201,500.001 536.791 775581 I 80,631,229.001 150,210.01 $/HU I

Construction costs include Contingencies (15%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (6.3%)



With-Project Condition~ (Alternative 3.5) Target Year 50, by Feature.

Increased Habitat Average Cost
ID Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 22,687,730.00 3,220.000.00 79.94 18408 25,907,730.00 324,089.69 $/HU
B Overbank Wetlands 7,537,528.00 2,093,000.00 77.02 12853 A 9.630,528.00 125,039.31 $/HU

C Pipeline & North Riparian Corridors 8,434,257.00 793,500.00 24.64 37.58 A&B 9,227,757.00 374,503.13 $/HU

D Independent Riparian Corridors 3,969,662.00 1,955,000.00 47.06 68.96 5,924,662.00 125,895.92 $/HU

E North Open Water Marsh 9.307.967.00 1,150,000.00 50.14 134.07 C 10,457,967.00 208.575.33 $/HU

F Dewatering System & South OIW Marsh 16,492.585.00 2,990,000.00 77.00 222.36 19,482,585.00 253,020.58 $/HU

Sub-Total 355.80 80,631,229.00 226,619.53 $/HU
Degradation Prevention Benefits 493.15

DTota) I 68,429,72900112,201,500.001 848.951 775581 I 80,631,229.001 94,977.59 $/HU I
Construction costs include Contingencies (15%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (6.3%)



SCENARIO STATISTICS 3111003:28:33 P

SCENARIO: Alt 3.5 TY 1 Alternative 35 Target Year1 Update 2

FILE: C:\IWRPLAN2\DatalAlternative 3.5 TY1 Update 2.mdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 3/1/003:26:17 PM

POSSIBLE COMBINATIONS: 64

ACTUAL COMBINATIONS: 20

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

EDITED:

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 3/1/003:26:20 PM

COST EFFECTIVE: 6

BEST BUY: 4

DEPENDENCY 1NON·COMBINABILITY

Dependency

:::; A

S A8

c c

IWR·PLAN • Plan Of Interest Page lof 2



INPUT DATA 3/1/003'27'14 PM

CODE Cost Habitats

A 0 0 0

A 1 25907730 79.94

8 0 0 0

8 1 9630528 77.02

C 0 0 0

C 1 9227757 -8.05

0 0 0 0

0 1 5924662 -12.93

E 0 0 0

E 1 10457967 40.75

F 0 0 0

F 1 19482585 48.49

IWR-PLAN Page 1 of 1



Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: A113.5 TV I 3111003:28:33 PM

Counter Plan Code

I AO 80 CO DO EO FO

2 AO 80 CO DO EO F1

3 Al 80 CO DO EO FO

-I Al 81 CO DO EO FO

5 Al 81 CODOEOF1

6 A1 81 Cl DOE1 F1

Habitats Cost Average Cost
(HU) (S) SI HU

0.00 000 0.0000

48.49 19,482.585.00 401,785.6259

79.94 25.907,730.00 324,089.6923

156.96 35.538.258.00 226,416.0168

205.45 55,020,84300 267,806.4882

238.15 74.706.567.00 313,695.4315

IWR·PLAN • Plan Of Interest Page 2 of 2



Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: AI! 3.5 TV 1 3111003:29.33 PM

Counter Plan Code

I AO BO CO DO EO FO

2 A1 81 CO DO EO FO

3 A1B1CODOEOF1

4 A1 81 C1 DOE1 F1

Habitats Cost Average Cost

(HU) (S) SI HU

0.00 0.00 0.0000

15696 35,538.258.00 226,416.0168

205.45 55,020.843.00 267,806.4882

238.15 74,706,567.00 313,695.4315

I
I
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Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)

Scenario: Alt 3.5 TY 1

226,416.0000 35,538.260,0000

267,806.5000 19,482.580.0000

313,6954000 19,685.720,0000

Inc. Cost Inc. Output Incremental Cost

($) (HU) Per Output

o
226416

401785.6

6020099

0.0000

156,9600

484900

327000

0.00000.0000

Avg. Cost
$/HU

Habitats Cost

(HU) ($)

0.00 000

156.96 35,538,258.00

20545 55.020,843.00

238.15 74.706.567.00

1 AO 60 CO DO EO FO"

2 A1 61 CO DO EO FO

3 A1 61 CODOEOF1

4 A1 61 C1 DO E1 F1

Counter Plan Code
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SCENARIO STATISTICS 311/00 3. ~9: /I P

SCENARIO: Alt 3.5 TY 20 Alternative 3.5 Target Year 20 Update 2

FILE: C:\IWRPLAN2\DatalAlternative 3.5 TY20 Update 2.mdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 3/1/003:38:33 PM

POSSIBLE COMBINATIONS: 64

ACTUAL COMBINATIONS: 20

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

EDITED:

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 3/1/0033834 PM

COST EFFECTIVE: 13

BEST BUY: 5

DEPENDENCY 1NON·COMBINABILITY

Dependency

3 A

CAS

c C
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INPUT DATA 3111003·48.36 PM

CODE Cost Habitats

A 0 0 0

A 1 25907730 79.94

B 0 0 0

B 1 9630528 77.02

C 0 0 0

C 1 9227757 22.01

0 0 0 0

0 1 5924662 42.24

E 0 0 0

E 1 10457967 5014

F 0 0 0

F 1 19482585 75.87

IWR·PLAN Page lof 1



Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: All 3.5 TV 20 3/1/003:49:12 PM

Counter Plan Code

AO 80 CO DO EO FO

2 AO 80 CO 01 EO FO

3 AO 80 CO DO EO Fl

4 AO 80 CO 01 EO Fl

5 A1 80 CO 01 EO FO

6 A1 81 CO DO EO FO

7 A181 COOl EOFO

8 A181 Cl 01 EOFO

9 A181CODOEOFl

10 A1 81 CO 01 EO Fl

11 A1 81 C1 01 EO Fl

12 Al 81 Cl DOEl F1

13 A181C1D1E1F1

Habitats Cost Average Cost

(HU) (S) SI HU

0.00 000 0.0000

42.24 5,924,662.00 140,261.8845

75.87 19.482.585.00 256,789.0471

118.11 25,407.247.00 215,115.1215

122.18 31,832.392.00 260,536.8473

156.96 35,538,258.00 226,416.0168

19920 41,462.920.00 208,147.1888

221.21 50,690.677.00 229,151.8331

232.83 55.020,843.00 236,313.3746

275.07 60.945.505.00 221,563.6202

29708 70.173,262.00 236,209.9838

304.98 74,706.567.00 244.955.6266

347.22 80.631,229.00 232,219.4257
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Habitats Cost Average Cost

(HU) (S) SI HU

0.00 0.00 0.0000

42.24 5.924.662.00 140.261.8845

199.20 41.462.920.00 208,147.1888

275.07 60.945,505.00 221,563.6202

347.22 80,631,229.00 232.219.4257

3 A181 CODl EOFO

5 A 1 81 Cl D1 El Fl

1 AD 80 CO DO EO FO

2 AD 80 CO Dl EO FO

4 A181COD1EOF1

Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: All 3.5 TV 20 3111003049:38 PM

Counter Plan Code

I

I
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Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: Alt 3.5 TV 20

232,219.4000 19,685,720.0000

208,147.2000 35,538,260.0000

221,563.6000 19,482,580.0000

140,261.9000 5,924,662.0000

o
140261.9

226416

256789

272844.4

0,0000

42.2400

1569600

75,8700

72,1500

0,0000

Inc. Cost Inc. Output Incremental Cost

($) (HU) Per Output

00000

Avg, Cost

$/HU
Habitats Cost

(HU) ($)

0.00 000

42.24 5,924,662.00

199.20 41,462,920.00

275,07 60,945,505,00

34722 80,631,229.00

1 AO 80 CO DO EO FO '

2 AO 80 CO D1 EO FO

3 A1 81 CO D1 EO FO

4 A1 81 COD1 EOF1

5 A1 81 C1 D1 E1 F1

Counter Plan Code

IWR·PLAN • Plan Of Interest Page 2 of 2
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SCENARIO STATISTICS

SCENARIO: Alt 3.5 TY 50 Alternative 35 Target Year 50 Update 2

FILE: C:IIWRPLAN2lDatalAlternative 3.5 TY50 Update 2.mdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 3/1/004:04:16 PM EDITED:

3///00 ~.07.08 P

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 3/1/004:04:17 PM

POSSIBLE COMBINATIONS: 64

ACTUAL COMBINATIONS: 20

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

DEPENDENCY I NON·COMBINABILITY

Dependency

J A

: AS

= C

COST EFFECTIVE: 13

BEST BUY: 5

IWR·PlAN • Plan Of Interest Page 1 of 2



INPUT DATA 3/1/004:06:27 PM

CODE Cost Habitats

A 0 0 0

A 1 25907730 79.94

B 0 0 0

B 1 9630528 7702

C 0 0 0

C 1 9227757 24.64

0 0 0 0

0 1 5924662 47.06

E 0 0 0

E 1 10457967 50.14

F 0 0 0

F 1 19482585 77

IWR-PLAN
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Counter Plan Code

AO 80 CO DO EO FO

2 AO 80 CO D1 EO FO

3 AO 80 CO DO EO F1

-I AO 80 CO Dl EO F1

5 A 1 80 CO D1 EO FO

6 A1 81 CODOEOFO

7 A 1 81 CO D1 EO FO

8 Al 81 C1 D1 EOFO

9 A181CODOEOF1

10 Al 81 COD1 EOF1

II A 1 81 C1 D1 EO F1

12 A 1 81 C1 DO El F1

13 A1 81 C1 D1 E1 F1

Habitats Cost Average Cost

(HU) (5) 51 HU

0.00 0.00 00000

47.06 5,924,662.00 125,895.9201

77.00 19,482,585.00 253,020.584-1

124.06 25,407,247.00 204,798.0574

12700 31,832,392.00 250,648.7559

156.96 35,538,258.00 226,416.0168

204.02 41,462,920.00 203.229.683-1

228.66 50,690,677.00 221,685.8086

233.96 55.020,843.00 235,172.0080

281.02 60,945,505.00 216,872.482-1

305.66 70,173,262.00 229,579.4739

308.74 74,706,567.00 2-1 I ,972.-1266

35580 80,631,229.00 226,619.5306

IWR·PLAN • Plan Of Interest Page 2 of 2



Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: All 3.5 TV 50 3111004:07:22 PM

Counter Plan Code

1 AO 80 CO DO EO FO

2 AO 80 CO D1 EO FO

3 Al 81 CODI EOFO

4 A181COD1EOF1

5 A1 81 C1 Dl El F1

Habitats Cost Average Cost

(Btl) ($) $ IHU

0.00 0.00 0.0000

47.06 5,924,662.00 125,895,9201

204.02 41,462,920.00 203,229.6834

281.02 60,945,505.00 216,872.4824

355.80 80,631,229.00 226,619.5306

\
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Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)

Scenario: Alt 3.5 TV 50

216,872.5000 19,482,580.0000

226,619.5000 19,685,720.0000

125,895.9000 5,924,662.0000

203,229.7000 35,538,2600000

Inc. Cost Inc. Output Incremental Cost

($) (HU) Per Output

o
125895.9

226416

253020.6

263248.5

0.0000

47.0600

156.9600

noooo
74.7800

000000.0000

Avg. Cost

$/HU

Habitats Cost

(HU) ($)

000 0.00

47.06 5,924,662.00

204.02 41,462,920.00

281.02 60,945,505.00

355.80 80,631,229.00

1 AO BO CO DO EO FO

2 AO BO CO 01 EO FO

3 A1 B1 CO 01 EO FO

4 A1 B1 CO 01 EO F1

5 A1B1C101E1F1

Counter Plan Code

IWR·PLAN • Plan Of Interest Page 2 of 2
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Alternative 3.5 (No GRIC Land) Results

Increased (Net) habitat values calculations (spreadsheets)
Incremental Cost Analysis target years 1,20, & 50 input data tables (spreadsheets)

Target Year I
Incremental Cost Analysis input data (IWR-PLAN output)

Cost effective combinations average cost data (IWR-PLAN output)
Best buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (IWR-PLAN output)
Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (IWR-PLAN output)
Target Year 20

Incremental Cost Analysis input data (IWR-PLAN output)
Cost effective combinations average cost data (IWR-PLAN output)

Best buy combinations average cost data (IWR-PLAN output)
Best buy combinations incremental cost analysis data (IWR-PLAN output)

Combined cost effective & best buy graph (IWR-PLAN output)
Best buy graph (IWR-PLAN output)

Target Year 50
Incremental Cost Analysis input data (IWR-PLAN output)

Cost effective combinations average cost data (IWR-PLAN output)
Besi buy combinations average cost data (IWR-PLAN output)

Best buy combinations incremental cost analysis data (IWR-PLAN output)
Combined cost effective & best buy graph (IWR-PLAN output)

Best buy graph (IWR-PLAN output)



Alternative 3.5 (No GRIC Land)
Habitat Suitability Indices

Replaced habitats would have changed In acreages or H S I without the project.
Neigboring habitats would have also changed in acreages or "H S I" without the project.
Some of the "H S I" values for the neighboring habitats change by reach.
Therefore Total Habitat Units for the Without-Project conditions have to be compared.

Habitat Suitability Indices (With Project)

IExisting Conditions Habitat Acres to be replaced by features I
I Replaced Habitats in Alternative 3.5 II H 51 II A II B II C II D II E II I
Road 010 0.17 0.84
Residential 0.10 15.85
Agriculture 0.10 168.00 101.61 0.71
Desert 0.40
Marsh N/A
Water N/A
Cottonwood-WillOW II N/A
Salt Cedar 1/ 0.41 4.81
Salt Cedar 1/1 0.40 8.26 17.71 10.17
Salt Cedar IV 0.35 22.30 2368 10900
Salt Cedar V 0.20 2.02
Mix: Cottonwood-Willow/Salt Cedar II N/A
Mix: Cottonwood-Willow/Salt Cedar III N/A
Mix: Cottonwood-Willow/Salt Cedar IV N/A
Cobble 0.10 10.52 6.12 1990 1490
Quailbush-Saltbush 0.28 16.08 0.56

IReplaced Habitat Units (R-HU) II II 21.30 II 12.95 II 11.81 II 19.82 II 43.71 II 0.00 I
" "

I[Target Year 1 IITarget Year 20 ITarget Year 50 I
@]!New Features II Acres I HSI II Acres H 51 Acres I HSI I

EJ Pump-Diurnal Wetlands
184.0831 11184.083 184.0831Diurnal Wetlands 0.55 0.55 0.55

[] Overbank Wetlands
128.531 I 11128.531Overbank Wetlands 0.70 0.70 128531 070

LJ Pipeline & North Riparian Corridors I II ICIW Riparian Corridors 37.577 0.10 37.577 0.90 37.577 0.97

EJ Independent Riparian Corridors

1 1168.955CIW Riparian Corridors 68.955 0.10 0.90 68.955 0.97

[] North Open Water Marsh
134.0651 11134065Openwater Marsh 0.63 0.70 134.065 0.70

01 I II-

WOp (With PrOject) W/O-P (WIthout Project)

IITarget Year 1 IITarget Year 20 IITarget Year 50 1
I Total Habitat Units in Study Area II W/O·P 1 W·p II W/O·P I W·p II W/O·P 1 W·p I
ITotal Habitat Units 111768.1911944.93111578.62 12039.5411 1275.04 I 2047.00 I

IDeviation from W/O-P at Target Year 1 II 0.001 176.74 11 -189.571 2713511 -493. 15 1 278801
IStudy Area Total Net Habitat Units Wop II 176.74 1 II 460.921 II 771.951 I



ITarget Year 1 IITarget Year 20 IITarget Year 50 I
~INew Features Habitat Units II Acres I HSI II Acres I HSI II Acres I H 5 I I

EJ Pump-Diurnal Wetlands 101.25 HU 101.25 HU 101.25 HU
Diurnal Wetlands 184.08 0.55 184.08 0.55 184.08 0.55

~
Overbank Wetlands 89.97 HU 89.97 HU

I
89.97 HU

IOverbank Wetlands 128.53 0.70 128.53 0.70 128.53 0.70

EJ Pipeline & North Riparian Corridors I 3.76 I HU

I
33.82 HU I 36.45 HU

ICfW Riparian Corridors 37.58 0.10 37.58 0.90 37.58 0.97

EJ Independent Riparian Corridors I 6.90 I HU

II
62.06 I HU

II
66.89 HU

ICfW Riparian Corridors 68.96 0.10 68.96 0.90 68.96 0.97

EJ North Open Water Marsh 84.46 HU 93.85 HU I 93.85 HU

IOpenwater Marsh 13407 0.63 134.07 0.70 134.07 0.70

01 I

0.00 HU 0.00 HU 0.00 HU
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 000

ITarget Year 1 IITarget Year 20 IITarget Year 50

~INew Features II N-HU I R-HU II N-HU R-HU II N-HU I R-HU

EJ Pump-Diurnal Wetlands 101.25 21.30 101.25 2130 101.25

I
21.30

Diurnal Wetlands· Net HU 79.94 79.94 79.94

~
Overbank Wetlands

I
89.97

I
12.95 89.97 12.95 89.97

I
1295

Overbank Wetlands - Net HU 77.02 77.02 77.02

EJ Pipeline & North Riparian Corridors 376 I 11.81 33.82 11.81 36.45

I
11.81

CfW Riparian Corridors - Net HU -8.05 22.01 24.64

EJ Independent Riparian Corridors 6.90

I
1982 6206 1982

II
66.89

I
19.82

CfW Riparian Corridors - Net HU -12.93 42.24 47.06

EJ North Open Water Marsh 84.46

I
4371

II
9385 43.71

II
93.85

I
43.71

Openwater Marsh - Net HU 40.75 50.14 50.14

01 0.00

I
0.00

II
0.00 0.00

II
000

I
0.00

0.00 0.00 0.00

N-HU (New Habitat Untls). R·HU (Replaced Habitat Untts)

Total Habitat Units 28633 109.59 380.94 109.59 388.40 10959
Study Area Net Habitat Units 176.74 271.35 278.80
Degradation Prevention Net Benefits 0.00 189.57 493.15

IStudy Area Total Net Habitat Units Wop II 176.74 1 II 460.921 II 771.95 1 I
WOp (WJlh ProJectJ-



With-Project Conditions (Alternative 3.5 - No GRIC Land) Target Year 1, by Feature.

Increased Habitat Average Cost
10 Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 22.687,730.00 3,220.000.00 79.94 184.08 25,907,730.00 324,089.69 $/HU
B Overbank Wetlands 7,537,528.00 2.093.000.00 77.02 128.53 A 9.630,528.00 125.039.31 $/HU
C Pipeline & North Riparian Corridors 8,434,257.00 793,50000 -8.05 37.58 A&B 9,227,757.00 -1,146.305.22 $/HU
D Independent Riparian Corridors 3,969,662.00 1,955,000.00 -12.93 68.96 5.924,662.00 -458,210.52 $/HU
E North Open Water Marsh 9,307,967.00 1,150,00000 40.75 134.07 C 10,457,967.00 256,637.23 $/HU

Sub-Total 176.73 61,148,644.00 346,000.36 $/HU
Degradation Prevention Benefits 0.00

DTotal I 51,937,144001 9,211,500001 176.731 553.221 I 61,148,644.001 346,000.36 $/HU I

Construction costs include Contingencies (15%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (6.3%)



With-Project Conditions (Alternative 3.5 - No GRIC Land) Target Year 20, by Feature.

Increased Habitat Average Cost
ID Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 22,687,730.00 3,220,000.00 79.94 184.08 25,907,730.00 324,089.69 $/HU
B Overbank Wetlands 7,537,528.00 2,093,000.00 77.02 128.53 A 9,630,528.00 125,039.31 $/HU
C Pipeline & North Riparian Corridors 8,434,257.00 793,500.00 22.01 3758 A&B 9,227,757.00 419,252.93 $/HU
D Independent Riparian Corridors 3,969,662.00 1,955,000.00 42.24 6896 5,924,662.00 140,261.88 $/HU
E North Open Water Marsh 9,307,967.00 1,150,000.00 50.14 134.07 C 10,457,967.00 208,575.33 $/HU

Sub-Total 271.35 61,148,644.00 225,349.71 $/HU
Degradation Prevention Benefits 189.57o Total 1 51,937,144.001 9,211,500.001 460.92 1 553.221 1 61,148,644.001 132,666.50 $/HU I
Construction costs include Contingencies (15%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (6.3%)



With-Project Conditions (Alternative 3.5 - No GRIC Land) Target Year 50, by Feature.
"

Increased Habitat Average Cost
ID Feature Construction Real Estate Habitat Acreage Dependency Total Cost Per

Costs Costs Values (Not RE) $ Habitat Unit

A Pump-Diurnal Wetlands 22,687,730.00 3,220,000.00 7994 184.08 25,907,730.00 324,089.69 $/HU
B Overbank Wetlands 7.537,528.00 2,093,000.00 77.02 128.53 A 9,630,528.00 125,039.31 $/HU

C Pipeline & North Riparian Corridors 8,434,257.00 793,500.00 24.64 3758 A&B 9,227,757.00 374,50313 $/HU
D Independent Riparian Corridors 3,969,662.00 1,955,000.00 47.06 68.96 5,924,662.00 125,895.92 $/HU

E North Open Water Marsh 9,307,967.00 1,150,000.00 50.14 134.07 C 10,457,967.00 208,575.33 $/HU

Sub-Total 278.80 61,146,644.00 219,327.99 $/H U
Degradation Prevention Benefits 493.15

[ITotal 1 51 ,937, 144001 g,211,500.001 771.951 553221 I 61,148,644.001 79,213.22 $/HU I

Construction costs include Contingencies (15%), Planning, Survey, Engineering, & Design (10%),
Engineering During Construction (1%), and Supervision & Administration (6.3%)



SCENARIO STATISTICS

SCENARIO: Alt 3.5 TY 1 Alternative 3.5 Target Year1 No GRIC

FILE: C:IIWRPLAN2lDatalAlternative 3.5 TY1 No GRICmdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 31310011:12:09 AM EDITED:

3/3/00 11I2j2 A

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 313100 11: 12: 12 AM

POSSIBLE COMBINATIONS: 32

ACTUAL COMBINATIONS: 10

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

DEPENDENCY I NON·COMBINABILITY

Dependency

=A
-: AS

=C

COST EFFECTIVE: 4

BEST BUY: 3

IWR·PLAN • Plan Of Interest Page lof 2



INPUT DATA 3/3/001U2.29AM

CODE Cost Habitats

A 0 0 0

A 1 25907730 7994

B 0 0 0

B 1 9630528 77..02

C 0 0 0

C 1 9227757 -8.05

D 0 0 0

D 1 5924662 -12.93

E 0 0 0

E 1 10457967 40.75

IWR·PLAN Page 1 of 1



Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: All 3.5 TV 1 3/3/00 11:12.52 AM

Counter Plan Code

AD BO CO DO EO

2 A1 BO CO DO EO

3 A1 B1 CODOEO

4 A1B1C1DOE1

Habitats Cost Average Cost

(HIJ) (S) SI HU

0.00 0.00 0.0000

79.94 25,907,730.00 324,089.6923

156.96 35,538,258.00 226,416.0168

189.66 55,223,982.00 291,173.5843

IWR·PLAN • Plan Of Interest Page 2 of 2



Habitats Cost Average Cost
(HU) (S) S I HU

0.00 000 0.0000

156.96 35.538.258.00 226,416.0168

189.66 55,223,982.00 291,173.5843

2 A1B1COOOEO

1 AO BO CO DO EO

3 A1B1C100E1

Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: All 3.5 TV I 3/3/0011:12:59 AM

Counter Plan Code

I
I
I

I
I
I

IWR·PLAN • Plan Of Interest Page 2 of 2



Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)

Scenario: Alt 3,5 TY 1

Counter Plan Code Habitats

(HU)

Cost

($)

Avg, Cost

$JHU
Inc, Cost

($)

Inc, Output Incremental Cost

(HU) Per OUlput

156,96 35,538,258.00 226,416.0000 35,538,260.0000

189.66 55,223,982.00 291,173,6000 19,685,720.0000

1 AO BOCO DO EO

2 A1B1CODOEO

3 A1 B1 C1 DOE1

0.00 0.00 00000 0.0000 0.0000

1569600

32.7000

o
226416

602009.9

IWR·PLAN • Plan Of Interest Page 20t 2
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SCENARIO STATISTICS

SCENARIO: Alt 3.5 TY 20 Alternative 3.5 Target Year 20 No GRIC

FILE: C:\IWRPLAN2\DatalAlternative 3.5 TY20 No GRIC.mdb

COST VARIABLE: Cost Construction Real Estate Costs

OUTPUT VARIABLE: Habitats Net Habitat Units

CREATED: 3/3/00 11: 15: 15 AM EDITED:

313100111750 A

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 3/3/00 11:15:16AM

POSSIBLE COMBINATIONS: 32

ACTUAL COMBINATIONS: 10

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

DEPENDENCY / NON·COMBINABILITY

Dependency

SA

CAS

c C

COST EFFECTIVE: 9

BEST BUY: 4

IWR-PLAN • Plan Of Interest Page 1 of 2



INPUT DATA 3/3/00 lU7:41 AM

CODE Cost Habitats

A 0 0 0

A 1 25907730 79.94

B 0 0 0

B 1 9630528 77.02

C 0 0 0

C 1 9227757 22.01

D 0 0 0

D 1 5924662 42.24

E 0 0 0

E 1 10457967 50.14

IWR-PLAN Page lof 1



Habitats Cost Average Cost

(HU) (S) Sf HU

0.00 0.00 0.0000

42.24 5.924,662.00 140,261.8845

79.94 25,907,730.00 324,089.6923

122.18 31,832,392.00 260,536.8473

156.96 35,538,258.00 226,416.0168

199.20 41,462,920.00 208,147.1888

221.21 50,690,677.00 229,151.8331

229.11 55,223,982.00 241,036.9779

271.35 61,148,644.00 225,349.7107

8 A1 81 C1 00E1

4 A1 80 CO 01 EO

I AD 80 CO DO EO

2 AO 80 CO 01 EO

3 A1 80 CO DO EO

5 A1 81 CO DO EO

7 A1 81 C1 01 EO

6 A181C001EO

9 A181C101E1

Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: All 3.5 TV 20 3/3/00 11.17.50 AM

Counter Plan Code

IWR·PLAN • Plan Of Interest Page 2 of 2



Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: All 3.5 TY 20 3/3/0011:17:59 AM

Counter Plan Code

1 AO BO CO DO EO

2 AO BO CO 01 EO

3 Al B1 COOl EO

4 A1B1Cl01E1

Habitats Cost Average Cost

(HU) (5) 5/HU

0.00 0.00 0.0000

42.24 5,924,662.00 140,261.8845

199.20 41,462,920.00 208,147.1888

271.35 61,148,644.00 225,349.7107

IWR·PLAN • Plan Of Interest Page 2 of 2



Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: Alt 3.5 TV 20

225,349.7000 19.665.720.0000

140.261.9000 5,924,662.0000

206.147.2000 35,536,260.0000

Inc. Cost Inc. Output Incremental Cost

($) (HU) Per Output

Counter Plan Code

1 AO BO CO DO EO

2 AO BO CO D1 EO

3 A1 B1 CO D1 EO

4 A1B1C1D1E1

Habitats Cost

(HU) ($)

0.00 0.00

42.24 5.924.662.00

199.20 41,462,920.00

271.35 61.146.644.00

Avg. Cost

$/HU

0.0000 00000 0.0000

42.2400

156.9600

72.1500

o
140261.9

226416

272844.4

IWR·PLAN .. Plan Of Interest Page 2 of 2
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SCENARIO STATISTICS

SCENARIO: Alt 3.5 TY 50 Alternative 3.5 Target Year 50 No GRIC

FILE: C:\IWRPLAN2\DatalAlternative 3.5 TY50 No GRIC.mdb

3/3/00 1139'08 A

CREATED: 31310011:36:37 AM EDITED:

COST VARIABLE: Cost

OUTPUT VARIABLE: Habitats

Construction Real Estate Costs

Net Habitat Units

SENSITIVITY: Expect

SENSITIVITY: Expect

ANALYZED: 313100 11 :36:39 AM

POSSIBLE COMBINATIONS: 32

ACTUAL COMBINATIONS: 10

CONSTRAINT GROUP: NONE

EXCLUDED SOLUTIONS

DERIVED VARIABLES

DEPENDENCY 1NON·COMBINABILITY

Dependency

3 A

CAS

" c

COST EFFECTIVE: 9

BEST BUY: 4

IWR·PLAN • Plan Of Interest Page 1 of 2



INPUT DATA 3/3/00 11:38:54 AM

CODE Cost Habitats

A 0 0 0

A 1 25907730 79.94

B 0 0 0

B 1 9630528 77.02

C 0 0 0

C 1 9227757 24.64

0 0 0 0

0 1 5924662 47.06

E 0 0 0

E 1 10457967 50.14

IWR-PLAN Page 1 of 1



Average Cost Of Cost Effective Plan Combinations (Ordered By Output)
Scenario: All 3.5 TY 50 313100 11-39'08 AM

Counter Plan Code

AO 80 CO DO EO

2 AO 80 CO 01 EO

3 A1 BO CO DO EO

4 A1 80 CO 01 EO

5 AlB 1 CO DO EO

6 A181C001EO

7 A181Cl01EO

8 A181C100E1

9 A181C101El

Habitats Cost Average Cost

(HU) (5) 51 HU

000 0.00 0.0000

47.06 5.924,662.00 125,895.9201

79.94 25,907,730.00 324,089.6923

127.00 31,832,392.00 250,648.7559

156.96 35,538,258.00 226,416.0168

20402 41,462,920.00 203,229.6834

228.66 50,690,677.00 221,685.8086

231.74 55,223,982.00 238,301.4672

278.80 61,148,644.00 219,327.9914

IWR·PLAN • Plan Of Interest Page 2 of 2



Average Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: Air 3.5 TV 50 3/310011:39:16 AM

Counter Plan Code

I AD 80 CO DO EO

2 AO 80 CO D1 EO

3 A181COD1EO

4 A181C1D1E1

Habitats Cost Average Cost

(HU) (S) SI HU

0.00 0.00 0.0000

47.06 5,924,662.00 125,895.9201

204.02 41,462,920.00 203,229.6834

278.80 61,148,644.00 219,327.9914

IWR·PLAN .. Plan Of Interest Page 2 of 2



Incremental Cost Of Best Buy Plan Combinations (Ordered By Output)
Scenario: Alt 3.5 TY 50

Inc. Cost Inc. Output Incremental Cost

($) (HU) Per Output

125,895.9000 5,924,662.0000

203,2297000 35,538,260.0000

219,328.0000 19,685,720.0000

Counter Plan Code

1 AD 60 CO DO EO

2 AD 60 CO 01 EO

3 Al 61 COOl EO

4 A161C1D1El

Habitats Cost

(HU) ($)

000 000

47.06 5,924,662.00

204.02 41,462,920.00

278.80 61,148,644.00

Avg. Cost

$/HU

0.0000 0.0000 0.0000

47.0600

156.9600

74.7800

a
1258959

226416

263248.5

IWR·PLAN • Plan Of Interest Page 2 of 2
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1
INTRODUCTION

The United States Army Corps of Engineers and the multi-city Subregional Operating Group
(SROG), consisting of the cities of Phoenix, Glendale, Mesa, Scottsdale and Tempe, have entered
into a contract for a Feasibility Study of an environmental restoration project known as Tres Rios,
Arizona, on the Salt River at its confluence with the Gila and Agua Fria Rivers. These rivers are
virtually dry and have suffered an almost total loss of native habitat as a result of early 20th
century reclamation projects. This desert riparian habitat is a critical and diminishing resource
throughout Arizona.

The Tres Rios study area is approximately nine miles west of downtown Phoenix. The upstream
boundary is located at 83rd Avenue, just upstream of where the City of Phoenix operates a
wastewater treatment plant. The study area extends west from the treatment plant for
approximately seven miles through the confluence of the both the Gila and Agua Fria Rivers. The
Buckeye Irrigation Company diversion canal serves as the end of the study area.
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2
RECREA TION FEA TURES

"A planning objective of the Tres Rios Feasibility Study
is to "increase environmental education and passive
recreation opportunities incidental to the restoration
effort." To that end, the goal of the Recreation and
Environmental Education Component is to provide
opportunities for visitors ofall ages and backgrounds to
enjoy this unique resource while developing an
awareness, knowledge, and understanding ofdesert
riparian habitat and its relationship to the surrounding
environment. Additionally, it presents an opportunity to
acknowledge and understand the influence the Salt,
Agua Fria, and Gila rivers have had on the
environment and cultures throughout history."

Existing Recreation Opportunities
On the western border of the study area lies Estrella Mountain Regional Park. The park is owned
and managed by Maricopa County Parks and Recreation Department. The rugged and scen ic
Sierra Estrella mountains are the most dominant feature of Estrella Mountain Regional Park. The
terrain of these mountains is characterized by very steep slopes, numerous rock out-crops,
shallow soils and sparse desert vegetation.

The County has developed a master plan for the 19,200 acre park, located approximately 20 miles
southwest of downtown Phoenix. The master plan envisions the preservation of scenic desert
wilderness areas while incorporating sensitive development of recreational facilities and
activities.. The Plan accommodates the expected annual demand of I million visitors while
insuring that the existing sonoran desert environment remains in its pristine condition. In fact, 90
percent of the park will remain essentially untouched. The remaining 10 percent will be
sensitively utilized for educational, camping, picnicking, and sporting activities.

While water is a highly attractive feature for recreationists, park trails and facilities have
presently been planned away from the Gila River. Once the County completes its Sun Circle
Trail System through this reach of the Gila and Salt Rivers, recreation use patterns are expected
to expand throughout the study area. The Sun Circle Trail, a component of the National
Recreation Trail system, comprises a 110 mile loop encompassing the Phoenix metro area. The
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trail offers a unique opportunity for hiking, horseback riding and bicycling throughout the urban
area. Approximately 70 percent of the Sun Circle trail system is in place. The County has an
agreement with the Maricopa County Flood District to establish the Sun Circle Trail within the
flood control district corridor from Skunk Creek to the Gila River - Salt River confluence. The
Tres Rios Project is an excellent opportunity to designate a segment of the Sun Circle Trail. This
will benefit Tres Rios with a major non-motorized travelway connecting to the other valley areas.

Future Opportunities
The Tres Rios project provides a unique opportunity for resource-based recreation and
environmental education. The restoration of the dry Salt, Agua Fria, and Gila river channels will
bring a riparian open space feature to the west Valley of the Sun that spans a 7-mile corridor and
contains well over 800 acres. A desert riparian habitat in an urban area is unlike any other
resource within the metropolitan Phoenix area, providing many unique recreation and education
opportunities for residents and out-of-town visitors. Drawing on a population base of two million
in the Valley, it is estimated that visitation to the Tres Rios project will exceed 150,000 annually.
Primary use times for this unique resource would coincide with the "visitor season" between
October and May when temperatures are moderate.

The goal of the environmental education and recreation component is to provide opportunities for
visitors of all ages and backgrounds to enjoy this unique resource while developing an awareness,
knowledge and understanding of desert riparian habitat and its relationship to the surrounding
environment. Additionally, it presents an opportunity to acknowledge and understand the
influence the Salt, Agua Fria and Gila rivers have had on the environment and cultures
throughout history. Visitors to this day-use area can participate in a variety of pursuits from
enjoying scenic views, picnicking with the family, learning about the habitat, or exploring the
resource on foot, by bicycle or horseback. Recognizing our diverse society, the Tres Rios project
will have design components ranging from areas adapted for special needs to multi-lingual
signage.

For planning purposes the features have been divided into three primary areas: The Bank, Tire
Terrace, and The Channel. As shown by the conceptual plans and sections in the appendix, each
of these areas provides a different venue for recreational opportunities which coincide with
learning opportunities allowing participants to learn, see and experience the resource first-hand.

Tire Bank provides recreational experiences including hiking, biking, and horseback riding to
scenic overlooks, and leisure walking. Abundant educational opportunities will be
accommodated by constructed features which will interpret cultural, biological, and
ecological themes related to the restored desert riparian habitat.

The Terrace is the area where the habitat has a permanent water source to create a self
sustaining ecosystem. This area will provide more limited and controlled recreational and
educational experiences similar to the bank areas.

The Channel represents an area seeming to be relatively unaltered by humans, and will
undergo physical changes in response to seasonal river flows and flooding. People will enter
this zone on its terms, and it will contain few manmade features, allowing one to observe the
natural forces of land and water that define and shape desert rivers and associated habitat.
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The Bank Experience
Tres Rios will provide a variety of recreation opportunities for users. Those visiting the project
will be able to arrive by private vehicle or alternate mode of transportation, including horse,
public transit or bicycle. Users would enter at one offive primary access points along The Bank at
91st Avenue, 99th Avenue, 107th Avenue, 115th Avenue, and El Mirage Road. These points
coincide with existing river crossings or roads. Amenities at each access point will vary, but may
include: parking; restroom facilities; water fountains; shade structures; site furniture; and
appropriate lighting. Each access point as a trailhead will provide appropriate signage and a
climate-controlled orientation kiosk or visitor center to give visitors an overview of the activities
and experiences available and orient users to the sensitivity of the area and appropriate uses and
expectations. All improved facilities will be designed to provide accessibility to all members of
the community.

Opportunities available at The Bank will include:

Trails:
Multi-use non-motorized trails will allow visitors to explore The Bank on foot, horseback, or
bicycle. The hard surface trail will accommodate a variety of cycling activities allowing
travel along the entire project. Natural surface trails will traverse the bank leading foot
traffic, equestrians and mountain bicyclists to scenic overlooks or loops throughout the area.
Additionally, a barrier free trail will be provided for users with limited mobility. Interpretive
trails will allow for self-guided tours of the area.
The Sun Circle Trail will be established through the bank area. Extending through other areas
of the Valley, the Sun Circle Trail will serve as a non-motorized transportation corridor
providing access to Tres Rios from central and south Phoenix and the East Valley along the
Rio Vista Trail and from the West Valley along the West Valley Recreation Corridor.

Scenic Overlooks:
Accessible locations along the roadways and trails will allow for family picnicking, informal
play and scenic vistas of the surrounding landscape. More secluded areas will accommodate
informal seating and meditation areas.

Education Opportunities:
An opportunity exists for a major Interpretive Center to furnish VISitors programmatic
information regarding the restoration of the habitat, the water cycle, an historical perspective
of the rivers, and the flora and fauna within the project area. Additionally, there will be
exhibits, signage, and multimedia displays.

Outdoor Gathering Area:
Gathering areas will be provided for groups to attend lectures by special interest speakers.

Staging Areas:
Areas will be designed for groups and classes to gather and prepare for a learning experience
at the Tres Rios Project
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The Terrace Experience
The Terrace will provide opportunities including interpretive trails, outdoor classrooms and study
areas. The Terrace will be accessible by the trail system from select locations along The Bank. At
each transition point to The Terrace, appropriate signage will inform visitors of the new habitat
they are entering, and any user restrictions and expectations. The Terrace will provide
opportunities for environmental education and developing an understanding of how the habitat
has been restored. Some areas of The Terrace may be designated as "sensitive" habitat, and will
be protected from public impacts.

Opportunities available at The Terrace will include:

Trails:
Trails will provide a transition from The Bank to the more sensitive Terrace Habitat and will
be available for hikers, bikers, and equestrians. A barrier-free interpretive trail will be
provided featuring multi-lingual signage regarding the project.

Scenic Overlooks:
Locations along The Terrace will allow family picnicking, informal play, and scenic vistas of
the restored river bed and surrounding landscape. More secluded areas will provide informal
seating and meditation nooks.

Habitat Views:
Special areas will provide wildlife blinds allowing visitors an opportunity to observe wildlife
in its restored natural habitat without disturbing the seclusion needed by most. Interpretive
signage will be provided.

Demonstration Walks:
Pathways along The Terrace will provide visitors insight into the inner workings of a habitat
restoration project and its role in water conservation. Special "wetlands" walks or trails to
areas featuring aquatic habitat will be provided as appropriate to the season and species.

Research Areas:
These unique study areas will allow opportunities for educational institutions to conduct
long- and/or short-term research into the unique workings of the Tres Rios project including
water conservation, riparian areas, and habitat restoration.

Bird Watching:
These unique areas will allow opportunities for novice and experienced bird watchers to view
and learn about the variety ofwaterfowl, birds of prey, migratory and song birds that will find
sanctuary within the Tres Rios habitat.

Urban FishIng:
When water quality allows, ponds providing habitat for fish will allow anglers opportunities
to fish.

Outdoor Classrooms:
Areas will be designed for groups and classes of 50 to 75 to assemble for programmatic
learning experiences.

8 TRES RIOS ECOSYSTEM RESTORATION PROJECT Environmental Education and Recreation Component



The Channel Experience

The Channel is the true sensitive habitat of the Tres Rios Project, and will provide visitors unique
opportunities to view, enjoy and experience a restored desert riparian habitat. This area will
allow one to explore a riparian zone supported only by limited stream flows and surface runoff.
Areas within The Channel will be designated as sanctuary or conservation areas, restricted from
public use, allowing for the protection of biologically sensitive animals and plant life. No pets or
mechanized means of travel will be allowed in The Channel. Natural surface trails will lead
visitors to The Channel from The Terrace, and perhaps allow for occasional crossings of the
stream bed, expanding opportunities to explore the river habitat. Visitors to the area will leave
with a heightened awareness of the fragile relationship between water availability and habitat in
the desert.
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3
VISITA TION ESTIMA TES

Annual Visitation

The Tres Rios Recreation and Environmental Education Component is planned to provide high
quality experiences in an outdoor setting unique to the Phoenix metropolitan area. The
unparalleled desert river restoration project provides an outstanding prospect for physical and
programmatic activities, yet also places a great responsibility upon the sponsoring agencies to
design and manage these activities for sustainability of the restoration. From the outset of the
project it will be realized that the overriding concern will be to create conditions favorable to the
return of the natural systems fonnerly associated with the river, and that human use will be
secondary. However, it is also of great value to the project that the public have the opportunity
within this constraint to experience, enjoy, and learn from the river.

How to best achieve this balance is worthy of much additional study and is beyond the scope of
this initial effort; however, some basic assumptions must be made in order to detenn ine
preliminary cost estimates and to serve as the basis for design. These assumptions are: (I) the
Gila River Indian Community will allow portions of their land to be included in the project, (2)
the Anny Corps of Engineers will accept that Environmental Education is a project value, (3) the
City of Phoenix will assume operational control of the recreational and environmental education
functions not within other jurisdictions.

Due to the relatively remote location of the project and the intimacy of the expected recreation
and education experience, it is projected that most visitors will arrive by private vehicle.
However, in order to mitigate potential environmental impacts from increased traffic, facilities
will be developed that promote alternative transportation and energy efficiency. Initial capacity of
the parking facilities will be designed for not more than 250 vehicles in order to limit the
potential impact of human activities upon the restoration project.

Based on historical data maintained by the City of Phoenix for resource-based recreational sites,
it is estimated that 2.75 visitors arrive in each private vehicle. Additionally, an estimated one
visitor per four vehicles arrives at a site by an alternate mode of transportation including bicycle,
foot traffic and public transportation. It would be a legitimate goal of the RecreationlEducation
component to increase the ratio of visitors arriving by alternate means such as busses.

In the Valley of the Sun, visitation to outdoor recreational sites coincides with temperature.
Visitation occurs in two seasons: WINTER (October through May); and SUMMER (June through
September.) The WINTER months in the Valley have maximum average temperatures of 87
degrees. Visitors from around the world come to Phoenix during this time, and numerous "winter
residents" arrive. SUMMER months bring hot sunny days and occasional afternoon
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thunderstonns. Temperatures average 102 degrees, making the early mornings and evenings the
best time for outdoor activities.

Anticipated visitation at Tres Rios is based on use projections during PRIME TIME and NON
PRIME TIME throughout the year. PRIME TIME includes weekends and holidays. NON
PRIME TIME is weekdays. A typical visit to Tres Rios is expected to span 3 hours, although
many visits will be longer, and some much shorter. Turnover refers to the number of times a
parking space will be filled daily.

Below is a breakdown of anticipated visitation during WINTER and SUMMER.

WINTER 79% of annual use

PRIME TIME
NON-PRIME TIME

70 days
170 days

1.5 turnovers
0.5 turnover

Winter

78,750visitors
63.750visitors
142,500

SUMMER 21 % of annual use

PRIME TIME
NON-PRIME TIME

28 days
92 days

I turnovers
o.25 turnover

Summer

21,000visitors
17.250visitors
38,250

TOTAL ANNUAL VISITATION 180,750

Future Visitation Growth
The Tres Rios project is located in an area of Phoenix that is under tremendous population growth
pressure. The area from 27th Avenue to the west city limits south ofinterstate 10 and north of the
Salt River (the Estrella Village Planning Area) is expected to have a population of approximately
100,000 when fully developed in about IS years. The Laveen Village Planning Area (between
the river and South Mountain from 27th Avenue to the Gila River Indian Community) adjoins the
project area to the south and east of 83'd Avenue and will be home to approximately 93,000 new
residents. Obviously, the existing rural, open character of the landscape in these parts of the City
will change. greatly with the addition of almost 200,000 people. This new population will be
living within approximately 7 miles of the project. Efforts are underway to plan a network of
trails and pathways to connect future parks within the area and to provide linkages to the Salt
River throughout its Phoenix reach.

As the population grows, and the Tres Rios project matures, Visitation to the resource is
anticipated to increase. It is anticipated that WINTER PRIME TIME visitation will be at facil ity
capacity with additional growth from those visiting the resource through alternative means such
as improved trail linkages. Growth in this time period could increase by 50% over 50 years, for a
total increase of 39,3 75 visitors.
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The greatest increase over time will be during the four summer months. The City of Phoenix has
documented changes in user patterns during the summer months with other resource-based
facilities. As trees mature providing more shade and facilities are at capacity during WINTER
PRlME TIME, visitors will seek alternative times to enjoy Tres Rios. It is anticipated that
visitation during the summer will increase by 150% over 50 years for a total increase of 57,375
visitors.

Overall visitation increase for the resource over 50 years is projected to be approximately 96,750.

Potential Visitor Impact
While these numbers are relatively large and may be seen as potentially threatening to the success
of the restoration project, it should be born in mind that the project will be constructed in
proximity to over 2,500,000 people. Within the life of the project the population of metropolitan
Phoenix is projected to increase to approximately 4,700,000.

The City of Phoenix has vast experience with large numbers of visitors to its resource-based
recreation sites. The Summit Trail at Squaw Peak currently has about 500,000 hikers a year; the
Echo Canyon Trail on Camelback Mountain carries approximately 300,000 hikers each year, and
South Mountain Park, the largest municipal park in the nation, has approximately 3,000,000
visitors each year, most of whom use some portion of the natural areas.

Tres Rios must be artfully designed and carefully managed. The discussion in earlier chapters
regarding the functions of the recreation and environmental education improvements stressed the
intent to segregate the visitor experiences from the core restoration of the river channel where
critical habitat is likely to occur. By providing visitor-related improvements at locations
appropriate to the specific habitat, environmental education and recreation functions can serve as
an integral part of the project. Indeed, the education and recreation components of the project are
much more likely to enhance the restoration by building an informed and supportive base of
popular opinion than they are likely to degrade the project by overcrowding facilities and
disrupting natural functions.

Nonetheless, visitors must be carefully managed to prevent adverse effects to the project and to
non-project lands owned by the Gila River Indian Community and other adjacent property
owners. The presumption is that the visitor management program will include Phoenix Park
Ranger coverage for the project area in addition to the design features already discussed.
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4
Point Value Assessment

One of the Specific Planning Objectives stated in the Tres Rios Feasibility Study is to "increase
environmental education and passive recreation opportunities". The vision for these opportunities
is described in detail in Chapter One, Description of Recreation Features. This vision is in
compliance with the Corps mission statement and its Recreation Operations and Maintenance
Policies, (ER 1130-2-550).

There is an inherent difficulty in determining the values of environmental education and
recreation when they are considered separate experiences. The dichotomy of the two is not as
easily determined as it might seem. As an example, a recent survey by Arizona State Parks lists
visiting historidarcheological sites, retracing historic/prehistoric routes, and wildlife viewing/
bird watching as three of the six most important activities for users of non-motorized trails. Day
hiking. walking, and backpacking are the other three. It would be a logical deduction that the
environmental education experience and the resource-based recreation experience are virtually
inseparable. Indeed, the currently popular "ecotourism" trend is built upon the premise that first
hand learning experiences are rewarding not only as an educational experience but also as
healthful, stimulating recreation. The education experience is recreation, in other words.

Nonetheless, an attempt to logically separate the facilities supportive of the individual
experiences is presented in this chapter.

Point Value Estimates for Recreation
(A) RECREATION EXPERIENCE

Total possible points: 30 scoredpoints: 29

Numerous high quality value activities to include: habitat restoration; riparian resource areas;
water conservation areas; flora and fauna sanctuary and conservation areas; study areas;
urban fishing opportunities; outdoor classroom; birding; interpretive opportunities and scenic
overlooks.

Some general activities to include: hiking; horseback riding; cycling; fishing and picnicking.
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(B) AVAILABILITY OF OPPORTUNITY
Total possible points: 18 scoredpoints: 16

None within one hour travel time: the nearest water-based recreation sites with a natural
riparian habitat are located well over an hour and a half away, which are the Salt River
Recreation Area and Verde River Recreation Area in the Tonto National Forest, northeast of
the valley.

(C) CARRYING CAPACITY
Total possible points: 14 scoredpoints: 14

Ultimate facilities to achieve intent of selected alternative. Areas within Tres Rios will be
designed and managed to provide for recreational experiences while preserving the resource.

(D) ACCESSIBILITY
Total possible points: 18 scoredpoints: 15
Good access, high standard road to site; good access within site. Tres Rios is located within a
major metropolitan area with access to the interstate highway system, ultimately integrated
with public transportation routes, traffic thoroughfares, and a planned system of
neighborhood and regional trail linkages.

(E) ENVIRONMENTAL
Total possible points: 20 scoredpoints: 17

High esthetic quality to include: geology; hydrology of project; topography; water resources;
vegetation; and wildlife. Efforts are currently being made by local and federal governments to
mitigate any existing negative factors of illegal dumping.

TOTAL POSSIBLE POINTS: 100 TOTAL SCORED POINTS: 91

AssesslnentPanelnfelnbers
A panel of Phoenix Parks, Recreation and Library Department employees from a variety of
recreation, design, and resource management backgrounds reviewed and scored the factor
justification utilizing Table 6-29 to determine point values for the Tres Rios Recreation
Component:

Rene Vera

Sarah Hall

Walt Kinsler

T.J. Newman

Randy Singh

Recreation Supervisor

Park Manager

Landscape Architect II

Landscape Architect II

Park Manager
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Point Value Criteria for Environmental Education

In keeping with the Corps of Engineers Recreation Operations and Maintenance Policies
(ERI130-2-550), environmental education has been conceived as an inherent part of the
recreation experience at Tres Rios. Chapter One of this report, Description of Recreation
Features, describes the unique features that will be created in the project to provide opportunities
to learn about the natural and built environment, as well as the influence the area rivers have had
on the cultural activities of humans. These features include interpretive areas and trails,
orientation areas/visitor centers, outdoor classrooms and staging areas, and interpretive centers.

The conceptual interpretive education program is described in Chapter 3. A vital part of the
education experience at Tres Rios will be the physical features constructed to facilitate the
interpretation of the project. Many of the features will be relatively minor in cost and scope, and
will serve to offer information on an informal and relatively unstructured basis, but the major
educational facilities will be specifically devoted to environmental education. Preliminary
planning indicates opportunity for two major and one minor interpretive centers. One major
center is envisioned to be devoted to cultural history, and the other two centers would explore
biological and ecological themes.

Proposed Point Value Criteria
Formal Programs: 15 points possible

These are facility-based programs almost entirely dependent upon the
built environment for basic infrastructure such as electricity, water and
communications for comfort, security, or other conditions such as light
and sound. Such programs may utilize computer-generated or -displayed
graphics, projected photographic images, interactive technology, delicate
or valuable displays, and climate-controlled indoor spaces for
laboratories, lecture areas, and theaters.

Individual/lnformal Interpretive Opportunities: 15 points possible
These programs take advantage of the site's natural environment and
may be heavily dependent upon signage and displays for the presentation
of written or recorded words, photographs and illustrations, and other
visual, auditory, tactile and olfactory sensations.

Research Potential: 15 points possible
In order for the education opportunity to be as complete as possible, the
potential to conduct original and continuing research should be valued.
Consideration should be given to the proximity of major universities and
other institutional research stations, the uniqueness of the project, the
potential for participation by local students, and the applicability of the
potential research to help solve or remedy local, regional and national
issues.

Partnering Opportunities: 15 points possible
In order to increase efficiency and to provide as wide a range of
experiences and information as possible, all opportunities for partnering
in environmental education should be considered. Potential partners
include concerned agencies and other governmental entities, non-profit
organizations, schools and universities, youth and service organizations,
local planning committees, and private citizens.

IS TRES RIDS ECOSYSTEM RESTORATION PROJECT Environmental Education and Recreation Component



Proximity of Experience: 20 points possible
The number of people within a reasonable driving or commuting distance
would indicate a relative value in terms of potential visitors. Also to be
considered are opportunities for ecotourism values for long-distance
travelers and tourists.

Opportunity for Varied and Unique Environmental Education Opportunities:
20 points possible

Diversity of habitat types, landscapes, cultural influences, agency
involvement, research subjects, volunteer projects and other
opportunities should be considered.

Total points: 100 possible

Point Value Estimates for Environmental Education

(A) Formal Programs
Total possible points: IS Scored points: 15

The potential number, kind, and quality of the formal programs that may be
offered are virtually unlimited. Program possibilities include exploring the full
range of ecosystems and landscapes at Tres Rios, cultural impacts on the
ecosystem, living history programs and events, wastewater treatment and reuse
education, interactive exhibits, research laboratories, and museum-type exhibits.

(B) IndividuaVInformal Interpretive Opportunities
Total possible points: IS Scored Points: 14

The wide range of natural and constructed systems within the project, the ready
access into and through the site, and the great extent of the site allow for a large
potential informal and self-guided interpretive program.

(C) Research Potential
Total possible points: IS Scored Points: 13

The proximity to a major research institution, Arizona State University, as well
as to state offices of agencies such as Arizona Game and Fish, and the local
facilities of Federal agencies such as the Corps of Engineers is highly conducive
to research performance in conjunction with the project. The project itself is
unique in the region, if not the nation, and as such would certainly provide
opportunities for local and regional solutions.

(D) Partnering Opportunities
Total possible points: IS Scored Points: 15

Tres Rios offers a unique opportunity for partnering due to the involvement of
several different agencies and intense interest in the project by many other
government, commercial, and private interest. Current partners include the
Corps of Engineers, City of Phoenix, Flood Control District of Maricopa County,
the Sub-regional Operating Group, Arizona Game and Fish, Audubon Society,
City of Avondale, Maricopa County Parks and Recreation, Bureau of
Reclamation, and private citizens. Other potential partners may include, but not
be limited to, schools and parent groups, local history groups, local conservation

16 TRES RJOS ECOSYSTEM RESTORAnON PROJECT Environmental Education and Rern:llion Component



interest organizations, trail user clubs and organizations, birding clubs,
professional organizations, and commercial sponsors.

(E) Proximity of Experience
Total possible points: 20 Scored Points: 20

The location of the project only a few miles from downtown Phoenix puts
approximately 2,500,000 people within an hour drive of the unique opportunity
to experience the many wonders that will be Tres Rios.

(F) Opportunity for Varied and Unique Environmental Education
Experiences

Total possible points: 20 Scored Points: 18
In conjunction with the constructed wetlands, the river channel, terrace, and bank
experiences combine with the other unique experiences afforded by visitor
centers and interpretive programs, trail systems, observation points, research
projects, volunteer projects, and unique cultural exhibits to make Tres Rios one
of the most diverse and unique projects in the nation.

TOTAL POINTS POSSIBLE: 100
TOTAL POINTS SCORED: 95

Assessn7entPanelnfen7bers
Rene Vera Recreation Supervisor

TJNewman

Roland Wass

Landscape Architect II

Civil Engineer III
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5
ENVIRONMENTAL EDUCATION PROGRAM

Objectives
The purpose of the Environmental Education Program will be to provide visitors with educational
infonnation to understand and enhance the Tres Rios experience. The program will include
educational infonnation presented in a creative and exciting way. The objectives are defined in
tenns of what the visitor will learn while at Tres Rios.

The program is structured so visitors will learn the following:
The site is a constructed habitat restoration project which has multiple uses.
Tres Rios can benefit people
Complex ecological interactions occur among the organisms in a habitat restoration project
including microorganisms, aquatic insects, plants, birds and other wildlife.
Wildlife can best be seen by blending in quietly with nature.
To more fully experience the restored environment, the visitor should rely not only on sight
but also on hearing, touch and smell.
Recycling water is good for the environment.
People play the major role in Phoenix's urban water cycle.
A desert-riparian area is a unique and limited resource to be appreciated and respected.

These learning objectives will be realized through the construction of physical features such as an
environmental education center with major interpretive displays and exhibits, interpretive trails,
and various view points located around the Tres Rios project and the development of interpretive
signs, displays, and supplemental materials.
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Partnerships
School districts, organizations, and individuals within the community as well as other
governmental agencies will wish to become more involved with the Tres Rios Interpretive
Education Program. They may fund or manage certain public use features and I or provide
volunteer services. Individual volunteers and student programs may be organized to help with
planting and replanting within the Tres Rios Project. School districts and local organizations that
become partners could set up or rotate interpretive displays within the facility. A cascade effect
will also be put into place. The vision is to incorporate students and programs from the
universities, community colleges, high schools, elementary schools, and pre-schools, each
educational level providing mentoring to the next.

School Curriculum
Support materials for school curriculum would be developed for pre- and post- visit activities as
well as for onsite visits. These could include a packet of teaching materials to provide some
hands on experience prior to a class visit. The packet could contain wildlife specimens, maps,
diagrams, field guides for plant and animal identification, water-quality testing kits, and perhaps
dip nets for viewing and identifying species during the visit. The curriculum would also be
presented in an outdoor classroom selling at the site.

Guided Nature Walks
A monthly schedule of guided nature walks could become a part of the interpretive education
program. These walks could be developed and led by volunteers. Environmental and wildlife
organizations such as the Phoenix Audubon Society, Sonoran Anthropod Studies Institute, and
the Arizona Native Plant Society as well as agencies such as the Arizona Game and Fish
Department could periodically sponsor events which would be open to the general public.
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6
PRELIMINARY COST ESTIMATES

Recreation Improvements

DESCRIPTION QUANTITY UNIT COST TOTAL

Stabilized Outdoor 11 miles $92,700 $1,020,000
Recreation Access

Routes

Interpretive Signage 200 $1,000 $200,000

Trailheads 5 $228,000 $1,140,00

Total $2,360,000

Anticipated Cost Share: 50rol50%
Corps of Engineers:
Sponsor:

$1,180,000
$1,180,000

20 TRES RIDS ECOSYSTEM RESTORATION PROJECT Environmental Education and Recreation Component



Environmental Education Facilities

DESCRIPTION QUANTITY UNIT COST TOTAL

Environmental 1 $2,500,000 $2,500,000
Education Center

Total $2,500,000

Anticipated Cost Share: 100% Sponsor
Sponsor: $2,500,000

Total Anticipated Costs: Corps of Engineers
Sponsor
TOTAL

$1,180,000
$3,680,000
$4,860,000

NOTES:
Stabilized Access Routes: The mileage was derived from assuming nine 1-mile
recreational loop trails. This was then multiplied by a "meander factor" of 1.2 to
aI/ow for directional changes and curvature. Costs were derived from the City of
Phoenix Parks and Libraries Levels of Service and Unit Cost Standards
(September 1998), Appendix G, Multi-Use Trail System, excluding non-essential
elements such as irrigation and lighting.

Environmental Education Center: Costs were derived from a recent City of
Phoenix project and include accessible parking, exhibits, and FF&E.

Interpretive Signage: The number is based on an average of one signed
interpretive opportunity per 100 meters of trail. Costs are approximated from a
current City of Phoenix contract for interpretive signage.

Trailheads: These are 25-car parking lots with associated self-guided
environmental education features such as signage and interactive electronic
displays located within a climate-control/ed facility. Restrooms are included.
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7
PROJECTED OPERA TIONAL
MANAGEMENT COSTS

A total of 11 personnel are projected to be required at the completed project.
The operational considerations include tasks from basic custodial responsibilities
at the environmental education center to park rangers. The list of required
personnel is presupposed upon associated operations within the City of Phoenix
such as mountain preserves and South Mountain Park.

1 Environmental Education Supervisor
3 Educationllnterpretive Specialists
1 Foreman I
3 Rangers
3 Groundskeepers
11 Total

Projected personnel costs will be in the range of $600,000 per year.
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Capital Equipment Requirements

Initial capital costs for operational management systems are expected to be
required for vehicles and major operating systems such as communications and
security.

Rolling Stock:
Ranger vehicles wI radios (3)
1/2-ton pickups w/radios (3)
Utility vehicles/runabouts (2)
Tractor with loading bucket and trail maintenance implements

Equipment:
Communications system
Security systems
Interactive environmental education systems (nesting monitor
cameras, etc.)

Initial capital outlay for these systems is estimated at approximately $300,000.
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March 7, 2000

Real Estate Appendix
Tres Rios Environmental Restoration Project

1. Abstract of Project Data:

Project Name: Tres Rios Environmental Restoration Project

Location: Maricopa County, Arizona

Project Purposes: Environmental Restoration, and Flood Control

Acreage;

Environmental Restoration 1, 569 acres (gross appraisal Nov 30 1999)

Flood Control 78.27 acres, levee easement

GRIC Environmental Restoration (401.32 acres see gross appraisal)

Project Sponsor: City of Phoenix

2. Introduction and Purpose

The water supply for the proposed environmental restoration project is the 91" avenue
regional wastewater treatment plant. The principle benefit from the project involves
increased ecosystem restoration and flood control benefits in the stUdy area. By
benefiting the demands of local infrastructure, the project will indeed be a very
significant contribution to the continued urban growth of Maricopa County. By using
artificial wetlands as a way to further treat and cleanse the treated effluent, the project
will add environmental restoration benefits by creating hundreds of acres of artificial
wetlands, channels and riparian edges

The Corps' objectives in participating in such a project would be aimed primarily at
environmental restoration, fish and wildlife habitat restoration, water quality
improvement. flood control benefits and incidental recreation opportunities. From a real
estate perspective, enlargement of capacities at the plant such as larger pumps or
larger pipes or outlets, at the plant itself would not be considered facility relocations
creditable to the project but must be viewed as elements which add capacity at the
plant. (local plan).
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3. Authority:

The Corps of Engineers has ample authority to conduct the study. Legal authority for
this project is contained in the following enacted laws:

Section 6, Public Law 761, Seventy-fifth Congress, dated June 28, 1938, which reads,
" The Secretary of War is hereby authorized and directed to cause preliminary
examination and surveys at the following locations..... Gila River and Tributaries,
Arizona."

Section 321 of WRDA 92,which reads, "The Secretary may participate in the study and
construction of a water resources project in the vicinity of Phoenix, Arizona, for the
purposes of providing flood control and improving water quality in the Tres Rios
wetlands, Arizona, at a total costs of $6,500,000

Section 304 of WRDA 96, which reads, "Modifies the Tres Rios wetlands project to add
ecosystem restoration as a project purpose to increase the authorized project cost from
$6,500,000 to $17,500,000

4. Purpose of this Report:

This report is submitted as the Real Estate Plan to support the decision to authorize the
project in the next Water Resources Development Authorization.

5. Special Considerations for Tribal Treaty lands.

The major issue to present here is a sponsorship issue. The land along the south bank
and some land on the north bank of the river are within an Indian Reservation created
by Federal treaty. This is currently known as the Gila River Indian Community. This is a
self governing, sovereign entity created and governed through treaty obligations and
responsibilities of the United States and the Tribe. Because they are a distinct
sovereign entity, the Tribe will not subsume their sovereignty to a lesser sovereign (local
sponsor) Due to the unique aspects of law that govern Native American tribes and their
lands, and their unique relationship with the Federal government, the Gila River Indian
Community (GRIC) must be contracted with as the official sponsor for any project that
is located on tribal lands. GRIC will either become a co-sponsor with the City of Phoenix
OR will eventually sign a Project Cooperation Agreement (PCA) for the separate project
phase constructed on their lands. By being a local sponsor, the tribe will not have to
conveyor cede any lands protected and established by Federal treaty to another party
(local sponsor). This is the only mechanism that will ensure that the tribal reservation
lands can be-made available for the construction, operation, maintenance, repair and
replacement of the environmental restoration features. The City of Phoenix has no
authority to acquire these lands involuntarily, i.e. by eminent domain.

Its is highly recommended that a separable project element be described for project
implementation for the portion of the project located on Tribal lands. This will allow a
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separate project to be commenced on the non-Tribal lands while the issues surrounding
sponsorship and participation with the Gila River Indian Community are addressed and
resolved.

6.: Land Use and Acreage Allocations

Environmental Restoration 1, 569 acres (gross appraisal Nov 30 1999)

Flood Control 78.27 acres, levee easement

GRIC Environmental Restoration (401.32 acres see gross appraisal

7. Federal Lands. Interests or Reservations:

There are no Federally owned lands within the study area. Federal regulatory power is
exercised over these lands to the extent of the jurisdiction, authorities and governing
regulations of the Corps and EPA in administering the Clean Water Act.

8. Navigational Servitude:

Neither the Salt River nor the Gil.a River are navigable waterways. The project area
includes the confluence of these rivers.

9. Description of Lands.

This will be only a general overview of the project area. The study area encompasses
the river corridor and historic floodplain from 83rd Avenue west to 101 st Avenue. The
northern limit of the project study area is Southern Avenue. The land north of the river
has historically been used as irrigated farmland. Recently development pressure has
been seen in this area on the fringe on the urban area. North of the project area and
outside the floodplain limitations warehouse and large distributions concerns have been
developed. The proximity of 1-10 has been an attraction to this industry. Closer to the
river, due to floodplain restrictions on development and also the proximity to the regional
wastewater treatment plant the land is mostly undeveloped. Dairies and agricultural
fields are the predominant land uses in these areas. Across the river lies the Gila River
Indian Community (GRIC). The GRIC Tribal land boundary, established by Federal
Treaty, generally runs through the centerline of the Gila River as historically present at
the time of the Treaty.

The sponsor is a duly organized municipal corporation in the State of Arizona and is
vested with sufficient power to acquire and hold title, and to condemn lands as needed
for public purposes.. The sponsor does have "quick take" authority, that is the right to
obtain possession based upon application of due process and a deposit of just
compensation.
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11. Project Maps:

Project maps are included in the main body of the Feasibility Report and in the gross
appraisal of lands.

12. Crediting for LERRD's and Special Issues:

Given the anticipated estimated ranges for total project costs (likely between 70 -100
million) and estimated LERRD costs as reflected in the MCACES estimate, it appears
that LERRDS and required cash will be substantially less than the sponsors' minimum
statutory cost share of 35% of total project costs. Thus crediting is expected to follow
normal procedures and will be governed by a standard model PCA.

13. Facility Relocations:

No information has been provided to date by plan formulation regarding the necessity
for any facility relocations in the project area. Further engineering and design work will
refine requirements for facility relocations during subsequent phases of the study and
Preliminary Engineering and Design.

Note: The following policy statement and disclaimer concerning any potential facility
relocations prevails over any other statement, description or presentation in this report
Any conclusion or categorization contained in this report that an item is a utility or facility
relocation to be performed by the Non Federal Sponsor as part of its LERRD
responsibilities is preliminary only The Government will make a final determination of
the relocations necessary for the construction, operation and maintenance of the project
after further analysis.

14. Mineral Activity:

There is no known mineral activity currently occurring inside the project area. There are
signs of previous common materials extraction, i.e. sand and gravel, inside and along
the river bed. However due to stringent environmental and wetlands protection laws
enacted in the 70's and 80's such uses have been discontinued.

5. Estates:.

The recommended estates for environmental restoration is fee simple title. Fee will be
acquired as the standard project estate in all areas where permanent environmental
restoration, recreation or environmental education (i.e interpretive centers and the like)
project features are to be located. This is the prescribed standard estate for
environmental restoration projects. The standard estate for the North Levee will be a
permanent levee easement.

16. Construction Induced Flooding

There will be no construction induced flooding outside the project take areas.
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17. Baseline Cost Estimate.

The total cost estimate for lands and damages is $10.5 M, according to the gross
appraisal. Adding contingencies and other allowable costs the total cosl estimate for
the lands and damages category is approximately $13 million. This is enumerated in
detail in the MCACES cost estimate in the main body of the report.

18. Relocation Assistance IURA Relocations):

The City of Phoenix will accomplish all property acquisitions in accordance with Public
Law 91-646, as amended, and the Uniform Regulations as promulgated by the
Department of Transportation.

19. Other Matters:

No timber activity affects these lands. The sponsor is not using any zoning ordinances
in lieu of acquisitions of lands or easements within the project take areas.

20. Hazardous Waste Assessments:

The sponsor fully understands its responsibilities for assessing the properties for any
potential or presence of hazardous waste materials as defined and regulated under
CERRLA. There are no known "Superfund" sites or sites presently under CERRCLA
remediation or response orders identified in the project area. There is no known
presence of any substances in the project area that are regulated under CERRCLA or
other environmental statutes or regulations. Assessments and site investigations for the
presence of such substances have not been conducted to date. The LERRO estimate
(i.e. Gross appraisal) is predicated on the assumption that all lands and properties are
clean and require no remediation. The model PCA conditions shall be followed in
assigning responsibility and cost allocation for such matters..

21. Recreation:

In a communication from the Study Manager on November 9, 1999, it is stated that "The
recreation specialists have downsized the recreation plan so that it will fit within the
restorationlflood control project (i.e. no separate (sic separable) recreation lands. Any
recreation component would be cost-shared 50-50. However since there is no identified
separable land, land acquired exclusively for recreation purposes, there are no LERRO
credits for the recreation component.

22. Attitude of Landowners:

There is no focused or organized landowner opposition to the project. There will
undoubtedly be some contested acquisitions involving the condemnation and the usual
issues to adjudicate just compensation. There is no indication of any unusual or
extraordinary landowner issues on this particular project.
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ASSESSMENT OF NON-FEDERAL SPONSOR'S
REAL ESTATE CAPABILITY

Tres Rios Environmental Restoration Project
Sponsor: City of Phoenix, Arizona

The Sponsor is a duly organized municipal corporation in the State of Arizona.

I. Legal Authority

a. Does the sponsor have legal authority to acquire and hold title to real property for public
purposes? YES

b. Does the sponsor have the power of eminent domain for this project?

c. Does the sponsor have "quick take" authority for this project?

YES

YES

d. Are there any lands and interests in the land required for this project located outside the
sponsor's political boundaries? YES
(Appropriate mechanisms are in place for City of Phoenix to acquire lands and interests in
Maricopa County, the location of project lands.)

e. Are there any lands/interests in land required for the project owned by an entity whose
property the sponsor cannot condemn? No (However IF GRIC LANDS ARE INVOLVED,
GRIC will sign a PCA for a separate project element and provide these lands in the sponsorship
agreement (PCA). This is the guidance for project formulation provided to Real Estate Division
by Planning Division.

II Human Resources

a. Will the sponsor's in-house staff require training to become familiar with real estate
requirements of Federal projects including P.L. 91-646, as amended? NO

b. If the answer to II a is "yes", has a reasonable plan been developed to provide such training?
NOT APPLICABLE

c. Does the sponsor's in house staff have sufficient real estate acquisiton experience to meet its
responsibilities for the project? YES

e. Can the sponsor obtain contract support, if required, in a timely fashion? YES

f. Will the sponsor likely request USACE assistance in acquiring real estate? NO



III. Other project Variables:

a. Will the sponsor's staff be located within reasonable proximity to the project site?
YES

b. Has the sponsor approved the project/real estate milestones?

IV Overall Assessment:

a. Has the sponsor performed satisfactorily on other USACE projects?

YES

YES

b. With Regard to the project the sponsor is considered to be...

V. Coordination:

HIGHLY CAPABLE

a. Has this assessment been coordinated with the sponsor?
assessment and rating of the City of Phoenix's capabilities
City of Phoenix for the approved Rio Salado Project.

b. Does the sponsor concur in this assessment?

This
is identical as the one provided on the

YES,

Reviewed and Approved by:

Brian Kirchner
Acting Chief
ArizonalNevada Real Estate Office
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