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CHAPTER I
INTRODUCTION AND SUMMARY OF FINDINGS

Purpose and Scope

Nonstructural flood mitigation measures are defined herein as measures
which directly modify the damage potential (as opposed to managing the flond
event). They are generally implemented on a localized or small scale and typ-
ically are less disruptive environmentally than structural measures (reservoirs,
levees, and channels). Principal consideration was given to performing a com-
prehensive and balanced nonstructural investigation. This was accomplished by
emphasizing the analysis and reporting on three classes of nonstructural
measures: (a) measures which modlfy the damage susceptibility of existing
structures (flood proofing, raising, relocation); (b) measures to enable manage-

ment of future development (regulatory BCthﬂS), and (c) preparedness planning

components (flood threat recognition, warnlng, emergency response actions).

The study area includes a major portion pf the Salt River Valley which
lies almost entirely within Maricopa County in Central Arizona. The investiga-
tion is limited to areas. potentially impacted by direct flooding from the Salt
and Gila Rivers in the metropolitan Phoenix area. Specifically, the area under
investigation is bounded by: The Salt River flood plain from Gilbert Road in
Mesa to the confluence with the Gila River; and the Gila River from its con-
fluence with the Salt River to the Highway 80 crossing just west of Buckeye.
Study boundaries shown in Figure I-1. B

Analytical evaluation aspects of the investigation were performed using
spatial analysis (gridded) data storage, retrieval and processing procedures
(Hydrologic Engineering Center 1976, 1977, and 1979). The methodology auto-
mates conventional information processing and analysis to provide expedient and
consistent assessments of nonstructural alternatives.

Nonstructural Measures Considered

Chronology of Nonstructural Measures Considered. Nonstructural flood
mitigation measures selected for investigation have been suggested primarily
by Federal, Staste and local planners, and have been refined by local interest
groups in public participation workshops. Also, a few refinements to the non-
structural measures came about as the result of recent flood events and
implementation of some small scale measures outside the perview of the CAWCS.

Specific nonstructural measures identified include:

1. Flood proofing alternatives io modify the potential damages to existing
structures resulting from a wide range of flows;
2. Flood plain regulations (legislative actions) to manage future flood

plain activities;
3. Relocation-or land acquisition in flood prone areas.to remove the flood
damage potential and encourasge alternative compatible use of flood plain areas;
4. Flood preparedness plans to mitigate flood impacts by use of emergency
response actions based on enhanced flood threat recognltxon, warning dissimina--

tion procedures and public awareness programs; - - : , s



5. Flood insurance, a federally subsidized program designed to idemnify
flood plain occupants against catastrophic property losses and prov1de a means
to requlate future flood plain development'

6. Gravel mining requlations to minimize the potential of 1ncreased
damage due to the nature of operations.

7. Floodplain excavation along the Salt River to improve the channel con-
veyance while providing marketable sand and gravel.

In addition, two limited structural measures have been evaluated:

: 1. Construction of limited levees to protect groups of structures at
specific locations or to protect areas from major breakouts; ‘

2. Determination if the Central Avenue, I-10, and Mill Avenue bridges
are capable of passing safely the Standard Project Flood (SPF), and if none of
the structures have that capability, constructlon of at least one bridge de-
signed to withstand the SPF.
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CHAPTER 11
DEFINITION OF FLOOD PROBLEM

Description of Area

Topography of metropolitan Phoenix ranges from flat desert in the valley
"~ to mountains in and near the study area. The flood plain of the Salt River is
relatively flat and alluvial in nature. The channel is braided and poorly
~defined through much of the area under investigation.

Residential, commerical and industrial structures have potential for in-
undation damage from a large flood (defined herein as the 500-year flood).
Residential structures susceptible to flooding are concentrated primarily in
Mesa, western Tempe, south Phoenix and the Holly Acres subdivision in the Gila
River flood plain between the confluences of the Salt and Agua fria Rivers.
Industrial and commercial structures in the 500-year flood plaln are principally
located in Tempe and Phoenix.

Nature of Floods

Flooding from the Salt and Gila Rivers in the study area is seasonally
related to large regional storms and associated snowmelt that occur primarily
in winter and early spring. Major floods result from spills from upstream water
storage reservoirs. The reservoirs are designed and authorized to operate
specifically for water supply and hydroelectric power needs, although in the
past they have been operated to attenuate flood hydrographs within the con-
straints mentioned.

The alluvial flood plain downstream of the reservoir through the metro-
politan Phoenix area undergoes continuous aggregation and degradation during and
between flood events. Channel alinements may also be altered. The results
are often different flood elevations and inundated areas for events of similar
magnitudes causing difficulties in predicting flood related consequences.

Historic Flood Events

Flooding along the Salt and Gila Rivers in the metropolitan Phoenix area
occurs periodically, with substantial periods of time often elapsing between
major flood events. During the 58-year period from 1920 to 1978, only one
significant event (greater than a 10-year flood) occurred, but three major
events and two lesser events have occurred in the past three years. The three major
events, March of 1978, December 1978 and February 1980 have significantly :
damaged portions of the study area and resulted in particularly heavy losses
to public facilities (bridges, roads, etc.) private and personal property and
disruption of social services. Inundation damage totals to residential,
commercial and industrial structures and contents were estimated to be $5.1
2.2 and 1.4 million dollars for the March 1978, December 1978 and February
1980 floods, respectively (Los Angeles District 1979 a, b, and c).



Flood Hazard Analysis-Present Conditions

A flood hazard analysis was performed to provide additional information
pertinent to evaluation of nonstructural flood mitigation measures. The in-
formation increased knowledge of flood characteristics, provided input for
flood damage evaluations at damage reach index locations, and assisted in
determining potential flood impacts to important social and community services.
Analysis included development of discharge-frequency relationships and rating
- functions (discharge-elevation functions). '

Discharge-frequency relationships at selected locations were developed by
period-of-record analysis (1889-1979) for the Salt River system. Table II-1,
shows the discharge-freqency functions at specific control points throughout
the study area. Differences in peak discharges reflect attenuation of flood
peaks due to storage and natural percolation into the Salt River Bed.

TABLE II-1

DISCHARGE-FREQUENCY RELATIONSHIPS
(LOS ANGELES DISTRICT 1979d)

cfs
Salt River 5~ 10- 20- 50~ 100- 200~ 500~
Location Year Year Year Year Year Year Year

Below

Granite : »
Reed Dam 45,000 102,000 141,000 175,000 245,000 290,000 360,000

Gilbert .
Road 44,000 100,000 139,000 170,000 230,000 285,000 345,000

Tempe )
Bridge 40,000 93,000 135,000 160,000 215,000 275,000 330,000

Central ' .
Avenue 39,000 91,000 130,000 155,000 200,000 265,000 325,000

67th
Avenue 38,000 90,000 126,000 150,000 190,000 255,000 315,000

115th
Avenue
(above
confluence

with Gila o .
River) . 36,000 85,000 125,000 145,000 185,000 250,000 310,000

- Water surface profile analyses for the Salt and Gila Rivers were also
performed, and the results used primarily to develop rating functions at
damage reach index locations and to delineate flood inundation boundaries
for selected events and conditions. Because of the alluvial nature of the
rivers, it should be stressed that these analyses represent only one point
in time corresponding to conditions existing when the stream geometric data

11-2




were gathered (1977) and calibrated to the December 1978 flood. The profiles,
and therefore rating curves, are expected to change both during flood events

and over the long-term. Water surface profiles and specific flood inundation
boundary maps of the rivers under investigation are provided in subsequent
reports of the Central Arizona Water Control Study. Table I1I-2, shows rating
functions at damage the reach index locations used in the nonstructural analyses.

Flood Damage Analysis-Present Conditions

Overview. Flood damage analyses of existing conditions identified poten-
tial damage locations, the type of damage, and estimated the number of structures
inundated at various flood elevations. Geographic information (spatial gridded
data) processing and anlysis procedures formed the basis of the damage evalua-
tion methods. Geographic information sets, in the form of grid cell data bank,
were developed. Flood damage assessments and associated information presented
in this report are limited to those considered essential for this investigation.

Reach Delineations. The Salt-Gila study area (Mesa to Buckeye) was delin-
eated into 20 damage reaches for the investigation. Reach delineations were
predicated upon jurisdictional boundaries, water surface profile sets, and
definition necessary for nonstructural measure assessments. Table 1I-3, defines °
the damage reaches used in the evaluations of nonstructural measures for the
metropolitan Phoenix area.

Assessment Procedures and Results. Flood damage evaluations of present
conditions were performed for damage categories (structure types) and damage
reaches. Damage evaluations were limited to those categories considered per-
tinent to performing nonstructural assessments. They include structure and
content assessments for single family residential, multifamily residential, |
mobile homes, and commercial and industrial structures.

Verification of computation methods and calibration of data sets were
based primarily on flood damage survey data of the recent floods, field re-
connaissance in which the type and damage potential by reaches were examined,
review of flood inundation boundary maps and aerial photographs, and extensive
interviews with government personnel (federal, state and local), businesspersons
and local residents. Each type of information assisted in developing the flood
damage potential of the damage categories. Because of the continuously changing
river bed and alignment of the Salt and Gila Rivers in the study area, emphasis
was placed on calibration of the damage results to the December 1978 flood
event which corresponded to available hydrologic/hydraulic data.

Results included estimates of damage and number of structures inundated
for selected flood events (50-, 100-, and 500-year exceedance frequency events)
and the calculation of expected annual damage. Table II-4, shows present con-
ditions expected annual damage values for the study area by category and reach.
The data indicate areas with the greatest damage potential and possible locations
warranting the most consideration in implementing nonstructural flood mitigation
measures. Estimated number of structures inundated (by category and reach) for
the 50-, 100-, and 500-year events are shown in Table II-5, II-6 and II-7, re-
spectively.. The estimated number of residential structures (single family,
multifamily and mobile homes) at specific flood elevations were developed auto-
matically by procedures described in Appendix B. Industrial and commercial
evaluations of present conditions were developed from typical percentage




structure, vacant land, parking lots, etc., values per grid cell, Consequently,
the number of structures inundated were not directly obtainable. Industrial
structures were estimated from field reconnaissance, aerial photography and
number of industrial acres inundated at specific elevations.

I1-4




Flood Hazard Analysis-Present Conditions

A flood hazard analysis was performed to provide additional information
pertinent to evaluation of nonstructural flood mitigation measures. The in-
formation increased knowledge of flood characteristics, provided input for
flood damage evaluations at damage reach index locations, and assisted in
determining potential flood impacts to important social and community services.

_ Analysis included development of discharge-frequency relationships and rating
~ functions (discharge-elevation functions).

Discharge-frequency relationships at selected locations were developed by
period-of-record analysis (1889-1979) for the Salt River system. Table 1I-1,
shows the discharge-freqgency functions at specific control points throughout
the study area. Differences in peak discharges reflect attenuation of flood
peaks due to storage and natural percolation into the Salt River Bed.

TABLE II-1

DISCHARGE-FREQUENCY RELATIONSHIPS

(LOS ANGELES%DISTRICT 1979d)
cfs

Salt River 5- 10- 20- 50- 100~ 200- 500-
Location Year Year Year Year Year Year Year

Below
Granite
Reed Dam 45,000 102,000 141,000 175,000 245,000 290,000 360,000

Gilbert
Road- 44,000 100,000 139,000 170,000 230,000 285,000 345,000

Tempe
Bridge 40,000 93,000 135,000 160,000 215,000 275,000 330,000

Central A
Avenue 39,000 91,000 130,000 155,000 200,000 265,000 325,000

67th
Avenue 38,000 90,000 126,000 150,000 190,000 255,000 315,000

115th

Avenue

(above

confluence

with Gila

River) 36,000 85,000 125,000 145,000 185,000 250,000 310,000

Water surface profile analyses for the Salt and Gila Rivers were also
performed, and the results used primarily to develop rating functions at
damage reach index locations and to delineate flood inundation boundaries
for selected events and conditions. Because of the alluvial nature of the
rivers, it should be stressed that these analyses represent only one point
in time corresponding to conditions existing when the stream geometric data

II-2




TABLE II-2
FREQUENCY - WATER SURFACE
. ELEVATIONS AT DAMAGE REACH
INDEX LOCATIONS (1)
DAMAGE REACH INFORMATION WATER SURFACE
< ELEVATIONS FT. (MsL)
POLITICAL "DEC 20- 50- 100- 200- 500~
‘ BOUNDARY | NO. LOCATION 78 YR. YR. YR. YR. YR.
R 1.0 Gilbert Rd.-Country Club Rd. %24;{.0 1244 .81 1245.5] 1246.5] 1247.4] 1248.1
MESA 2.0 | Country Club Rd. - Pima Rd. 188.01 1192.5| 1193.4{ 1194.8{ 1195.9{ 1196.7
MESA TOTALS
. . T '
3.1] Pima Rd. - McClintock Rd. 1174.0} 1174.9] 1176.0] 1177.8] 1179.4}"1180.4
TEMPE 3.2 | McClintock Rd.-Scottsdale Rd. 1161.0| 1167.3| 1168.0{ 1169.7] 1170.6j 1171.8 .
3.3 Scottsdale Rd. - Mill Ave. 1153.0| 1157.3} 1158.4] 1160.2| 1163.1} 1166.0
3.4 { Mi11 Ave. - 48th St. 1143.0/ 1144.4] 1144.9] 1146.1] 1147.2{ 1148.1
® TEMPE TOTALS
4.1} 48th St. - 44th St. 1129.4] 1131.2| 1131.8} 1132.7{ 1133.9| 1134.9
4.2 ] 44th St. - 40th St. 1123.2| 1126.6{ 1127.4] 1128.8| 1130.4| 1131.6
4.3 | 40th St. - Mid Airport 1119.5| 1119.6} 1120.5] 1121.9} 1123.6| 1125.2
4.4 | Mid Airport - 36th St. 1114.04) 1111.0) 1112.1] 1113.6} 1115.5{ 1117.0
4.5 36th St. - 30th St. 1110.0] 1110.2] 1111.0{ 1112.4{ 1114.3} 1116.4
® 4.6 | 30th St. - I-10 Highway 1107.9{ 1108.8| 1109.6) 1111.0f 1113.0f 1115.2}
PHOENIX -
SUBTOTAL ECONOMIC REACH 4
5.1 I-10 Hwy. - 16th St. 1094.01 1096.6/ 1097.3| 1098.5{ 1100.0f{ 1101.2
5.2 ] 16th St. - 7th St. 1072.0] 1079.6| 1081.2{ 1083.1] 1084.8| 1087.8§
5.3} 7th St. - 7th Ave. 1065.0| 1062.8! 1064.1} 1066.2| 1069.0f 1071.8
. 5.4 | 7th Ave. - 19th Ave. 1053.0{ 1055.8{ 1057.1} 1058.8{ 1060.8f 1062.2
@ 5.5 | 19th Ave. - 35th Ave. 1040.0! 1039.6] 1040.5] 1041.7| 1043.1} 1044.2
SUBTOTAL ECONOMIC REACH 5
PHOENIX TOTAL
‘ PHOENIX 6.0} 35th Ave. - Gila River Confl. 992.0f 993.0{f 993.5] 994.4] 995.9] 996.
T0 7.01Gila R.ConfT.-Agua Fria Confl. 928.0] 928.4] 928.91 929.8] 931.0 93
BUCKEYE 8.0 | Agua Fria Confl.- Hwy 80 873.01 873.5| 87 ~3|__8/b. 8//. 878.
L PHOENIX TO BUCKEYE TOTALS
® STUDY TOTALS
(1) Water Surface Elevations obtained from water surface profile analysis using HEC-2
- computer program and provided by the Los Angeles District.




" TABLE 1I-3
" DAMAGE REACH INFORMATION

DAMAGE' &

POLITICAL DAMAGE REACH RIVER
BOUNDARY REACH NO. REACH DESCRIPTION ___MILES
MESA 1.0 Gilbort Rd. - County Club Rd. 32.8 - 29.0
2.0 Country Club Rd. ~ Pima Rd. 29.0 - 26.3
3.1 Pima Rd. - McCintock Ave. 26.3 - 25.4
3.2 McClintock Rd. - Scottsdale Rd. 25.4 ~ 24.8
TEMPE 3.3 Scottsdale Rd. - Mill Rd. - 24.8 - 23.4
3.4 Mill Ave. - 48th St. 23.4 - 21.0
4,1 48th St. - 44th St. 21.0 - 20.7
4.2 44th St. - 40th St. -20.7 - 20.0
4.3 40th St. ~ Mid Airport 20.0 -~ 19.7
4.4 Mid Airport - 36th St. 19.7 - 19.1
4.5 36th St. - 30th St.. 19.1 - 18.7
4.6 30th St. - I-10 lwy 18.7 - 18.2
PHOENIX 5.1 I-10 Hwy - 16th St. 18.2 - 16.4
5.2 16th St, - 7th St, 16.4 - 15.4
5.3 7th St. ~ 7th Ave. 15.4 - 4.3
5.4 7th Ave. - 19th Ave, 14.3 - 13.1
5.5 19th Ave., - 35th Ave. 13.1 - 11.0
5.6 Isolated area above 1-10 Hwy
PHOENIX 6.0 35th Ave. - Gila River Confl. 11.0 - 0.0
TO 7.0 Gila R. Confl. - Agua Fria R. 100.0 - 96.2
BUCKEYE 8.0 Agua Fria River - luwy 80 - 92,0 - 79.0-

#

DAMAGE REACH
INDEX LOCATION

Copper Rd.
Copper Rd.

Smith Rd.
Scottsdale Rd.

56th Street

Airport

12th St.
Central Ave,
15th Ave.
27th Avenue

| 67th Ave,

Dysart Rd.
Jackrabbit Trail

INDEX LOCATION -
RIVER MILE

25.8
24.8
24.0
22.3

20.8
20.3
19.7
19.1
18.7
18.4

17 .4
15.8
14.9
13.9
12.4

6.3
97.9
88.2
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TABLE II-4

PRESENT CONDITIONS EXPECTED

ANNUAL DAMAGE SUMMARY

(Los Angeles District 1979d)

DAMAGE REACH INFORMATION EXPECTED ANNUAL DAMAGE
($1000's)
POLITICAL S.F.  |MULTI- |MOBILE {coM. |INDUS.
BOUNDARY | NO. LOCATION RES. |RES.  |HOMES
T.0| Giibert Rd.-country Club Rd. 6.0 0 0 0 4.5
MESA 2.0] Country Club Rd. - Pima Rd. 25.5 5.1 74.9 4.1 4.4
MESA TOTALS 31.5 5.1 | 74.9 4.1 8.9
3.1 Pima Rd. - McClintock Rd. 0| 5.7 o | s0.1 | 191.7
TEMPE 3.2{ McClintock Rd.-Scottsdale Rd. 0 11.4 0 23.1 87.5
3.3| Scottsdale Rd. - Mi1l Ave. 3.6 .1 0 5.0 42.3
3.4| Mi11 Ave. - 48th St. |- 55.5 | 17.9 4.8 6.2 | 161.3
TEMPE TOTALS 59.1 | 35.1 4.8 | 84.4 | 482.8
4.1 48th St. - 44th St. 0 0 0 .1 9.4
4.2 | 44th St. - 40th St. 1 0 0 1.8 65.3
4.3} 40th St. --Mid Airport .1 0 0 -0 78.6
4.4 | Mid Airport - 36th St. 0 0 0 0 4.1
4.5 36th St. - 30th St. 0 0 0 0 41.5
4.6 | 30th St. - I-10 Highway .1 0 0 .2 10.7
PHOENIX
| SUBTOTAL ECONOMIC REACH 4 " .3 0 0 2.1 | 209.6
5.1| I-10 Hwy. - 16th St. 24.7 0 0] 15.1 | 111.4
5.2 | 16th St. - 7th St. 73.5 | 57.7 0 | 168.8 | 254.5
5.3 | 7th St. - 7th Ave. 8.0 5.4 0| 39.6 52.1
5.4 | 7th Ave. - 19th Ave. 5.8 .3 0ot 7.9 13.4
5.5| 19th Ave. - 35th Ave. 0 0 2 0 29.4
SUBTOTAL ECONOMIC REACH 5 {* 112.0 | 63.4 .2 | 231.4 | 460.8
PHOENIX TOTAL : 112.3 | 63.4 .2 {233.5 | 670.4
PHOENIX | 6.0 ] 35th Ave. - Gila River Confl. 222.9 0| 14.8] 29.8 23.7
TO 7.0 1 Gila R.Confl.-Agua Fria Confl. 82.2 0 0 0 0
BUCKEYE 8.0 | Agua Fria Confl.- Hwy 80 .4 0 0 0 2.1
PHOENIX TO BUCKEYE TOTALS 305.5 0| 14.81 29.8 25.8
STUDY TOTALS' ]I 508.4 | 103.6 | 94.7 !7351.8 1187.9




TABLE II-5
ESTIMATED NUMBER OF STRUCTURES
INUNDATED -~ 50-VEAR EVENT (1)

DAMAGE REACH INFORMATION NUMBER OF STRUCTURES
POLITICAL S.F. MULTI- [MOBILE }COM. INDUS.
BOUNDARY | NO. LOCATION RES. RES. HOMES
T.0| Giibert Rd.-country Glub Rd. 17 0 0 2
MESA 2.0 Country Club Rd. - Pima Rd. 7 0 0 0
MESA TOTALS 19 0 0 4
3.1 Pima Rd. - McClintock Rd. 0 0 0 40
TEMPE 3.2 | McClintock Rd.-Scottsdale Rd. 0 10 0 40
. 3.3 | Scottsdale Rd. - Mill Ave. 0 0 0 0
3.4 Mi11 Ave. - 48th St. 39 15 0 0
TEMPE TOTALS 39 25 0 80
4.1 | 48th St. - 44th St. 0 0 0 0
4.2 | 44th St. - 40th St. 0 0 0 10
4.3 1 40th St. - Mid Airport 0 0 0 0
4.4 § Mid Airport - 36th St. 0 0 0 0
4.5 36th St. - 30th St. 0 0 0 0
4.6 | 30th St. - I-10 Highway 0 0 0 0
PHOENIX
SUBTOTAL ECONOMIC REACH 4 0 0 0 10
5.1 11-10 Hwy. - 16th St. 18 0 0 0
5.2 | 16th St, - 7th St. 29 0 0 30
5.3 {7th St. - 7th Ave. 0 0 0 45
5.4 { 7th Ave, - 19th Ave. 0 0 0 15
5.5 | 19th Ave. - 35th Ave. 0 0 0 19
SUBTOTAL ECONOMIC REACH 5 47 0 109
PHOENIX TOTAL 47 0 0 119
PHOENIX 6.0 | 35th Ave. - Gila River Confl. 290 0 60 12
T0 7.0 [ Gila R.ConfT.-Agua Fria Confl. 114 0 0 0
BUCKEYE 8.0 [ Agua Fria Confl.- Hwy 80 0 0 0 0
PHOENIX TO BUCKEYE TOTALS 404 0 60 12
STUDY TOTALS 509 25 60 215

(1) Based on

1978 hydraulic conditions.




|
TABLE 11-6
@ ’ ESTIMATED NUMBER OF STRUCTURES
* INUNDATED: 100-YEAR EVENT (1)
* DAMAGE REACH INFORMATION NUMBER OF STRUCTURES
o
POLITICAL S.F. MULTI- {MOBILE [COM. INDUS.
BOUNDARY | NO. LOCATION RES. RES. HOMES
1] . )
1.0 | Gitbert Rd.-Country Club Rd. 27 0 0 [}
MESA 2.0 {Country Ciub Rd. - Pima Rd. 13 0 210 12
® MESA TOTALS 40 0 210 16
3.1 {Pima Rd. - McClintock Rd. 0 15 0 90
TEMPE 3.2 |McClintock Rd.-Scottsdale Rd. 0 10 0 65
3.3 | Scottsdale Rd. - Mil1 Ave. 0 0 0 11
3.4 {Mi11 Ave. - 48th St. 219 41 45 65
@
TEMPE TOTALS 219 56 45 231 .
4.1 {148th St. - 44th St. 0 0 0 0
4.2 144th St. - 40th St. 0 0 0 28
4.3 {40th St. - Mid Airport 0 0 0 25
4.4 | Mid Airport ~ 36th St. 0 0 0 0
o 4.5 | 36th St. - 30th St. 0 0 0 32
4.6 ) 30th St. - I-10 Highway 0 0 0 2
PHOENIX !
SUBTOTAL ECONOMIC REACH 4 0 0 0 87
5.1 | 1-10 Hwy. - 16th St. 99 0 0 35
5.2 {16th St. - 7th St. 112 0 0 156
@ 5.3 | 7th St. - 7th Ave. 0 0 0 30
5.4 |7th Ave. - 19th Ave. 0 0 0 7
5.5 {19th Ave. - 35th Ave. 0 0 0 16
SUBTOTAL ECONOMIC REACH 5 211 0 0 244
PHOENIX TOTAL 211 0 0 331
@
PHOENIX 6.0 | 35th Ave. - Gila River Confl. 434 0 60 23
TO .0 {Gila R.Confl.-Agua Fria Confl. 134 0 0 0
BUCKEYE 8.0 {Agua Fria Confl.- Hwy 80 0 0 ) 3
’ PHOENIX TO BUCKEYE TOTALS 568 0 60 26
o
STUDY TOTALS 1038 56 315 604
v (1) Based on 1978 hydraulic conditions.
@




TABLE I1-7
‘@ . ESTIM_ATED NUMBER OF STRUCTURES
INUNDATED: 500-YEAR EVENT (1)
R DAMAGE REACH INFORMATION NUMBER OF STRUCTURES
. POLITICAL S.F. MULTI- |MOBILE [COM. INDUS.
BOUNDARY | HNO. LOCATION RES. RES. HOMES
+ ] 1.0 @1lbert Rd.-Country Club Rd. 18 0 0 6
MESA 2.0 Country Club Rd. - Pima Rd. 325 62 250 20
MESA TOTALS 376 62 250 26
o
3.1} Pima Rd. - McClintock Rd. 0 47 0 140
TEMPE 3.2 | McClintock Rd.-Scottsdale Rd. 0 15 0 100
3.3 | Scottsdale Rd. - Mill Ave. 78 0 0 35
3.4 Mi11 Ave. - 48th St. 603 129 98 115
' ] TEMPE TOTALS 681 191 98 390
it
4.1} 48th St. - 44th St. 0 0 0 - 35
4.2 | 44th St. - 40th St. 0 0 0 127
4.3 | 40th St. - Mid Airport | 5 0 0 96
4.4 { Mid Airport - 36th St. | o 0 0 8
4.5 36th St. - 30th St. 0 0 0 48
() 4.6 1 30th St. - I-10 Highway i 0 0 30
PHOENIX u
SUBTOTAL ECONOMIC REACH 4 6 0 0 344
5.1 1-10 Hwy. - 16th St. | 250 0 0 100
5.2116th St. - 7th St. ) 1140 945 0 430
5.3 | 7th St. - 7th Ave. 290 83 0 187
o 5.4 1 7th Ave. - 19th Ave. 95 0 0 64
5.5 1 19th Ave. - 35th Ave. 0 0 0 70
SUBTOTAL ECONCMIC REACH 5 1775 1028 0 851
PHOENIX TOTAL 1781 1028 0 1195
. PHOENIX 6.0 { 35th Ave. - Gila River Confl. " 787 0 60 101
T0 7.0 [ GiTa R.Confl.-Agua Fria Confl. 160 0 0 0
BUCKEYE 8.0 | Aqua Fria Confl.- Hwy 80 16 0 0 11
¥ PHOENIX TO BUCKEYE TOTALS 963 0 60 112
. R STUDY TOTALS 3801 12861 408 1723

{1) Based on 1978 hydraulic conditions.




CHAPTER 111
'FLOOD PROOFING

General Background

Damage surveys of historic events, field inspections and interviews reported
in Chapter II indicated relatively few residential, commercial and industrial
e : structures inundated by recent flood events. One exception was in the Holly
' Acres development near the confluence of the Agua Fria and Gila Rivers. Flood
frequency estimates (based on discharge) associated with the March 1978, December
’ 1978 and February 1980 events were estimated to have recurrence 1ntervals of
14-year, 18eyear'and 70-year, respectively, However, because of the alluvial
nature of the rivers under study (discharge-frequency relationships in this in-
® . - stance are poor indicators of when a structure will be flooded) and suspected
inaccuracies of topographic data, it is difficult to determine precisely the
flood hazard of the lowest structures in the study area. In several locations,
structures inundated by the March 1978 flood (122,000 cfs) were not flooded by
the February 1980 (180,000 cfs) event. This was the result of degradation of
the riverbed by major floods of the past three years. As previously described,
@ hydraulic analyses were based on calibration of water surface profiles using
fixed bed channel geometry of the December 1978 conditions. This condition was
considered representative of the average time history of the riverbed.

0verv1ew of Methodology

The complexity of the CAWCS, scale of the study area, federal planning
regulations and guidelines, and the interest in nonstructural alternatives
made the development of a clear and comprehensive assessment strategy essential.
This is especially true of assessments involving nonstructural measures imple-
mented for existing buildings. Such assessments have been the focus of most
® nonstructural interest and evaluation both in the study area and nationally.
The strategy developed is comprised of three fundamental phases: (a) develop-
ment of a comprehensive set of nonstructural measures and plans for evaluation;
(b) preliminary screening to eliminate from further consideration those measures
abviously (economically or physically) not feasible for implementation; and (c)
more complete assessments to determine those warranting implementation.

® Initial consideration was given to nonstructural measures identified
‘ ~during Stage II of the CAWCS. From this list an assessment was made to deter-
 mine if additional measures warranted evaluation. The review indicated a need
v . - .. to consider raising of structures and plans providing lower uniform level of
Y protection than the 100-yr., SPF, and 500-yr. Provision of a lower uniform
level of protection was considered, because nonstructural studies and research
o : of nonstructural measures (Hydrologic Engineering Center 1977b and 1980c)
suggested that measures are unlikely to be economically feasible for structures
located above the 15 to 20-year recurrence interval. Since relatively few
structures are located below the 50-year frequency level, relocation and flood
proofing analyses were performed beginning at the 50-year uniform level of
protection.:
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Once the comprehensive list of nonstructural measures for investigation
was determined, a preliminary screening identified those measures meriting
more complete analyses. This screening used flood damage reduction analyses
for each measure, interviews with local residents and government agency per-
sonnel, and field reconnaissance. Field inspections were used to verify, to
the extent possible, number of structures inundated at specific flood levels, -
the attributes of structures and the physical feasibility of implementing the
various measures. Only measures obviously (economically or physically) unfeas-
ible were eliminated from further consideration.

The final phase was to perform a more complete economic evaluation, in-
cluding costs, of the remaining measures. Evaluations were performed for each
structural type (single family residential, multi-family residential and in-
dustrial) by damage reach. Flood damage reduction analyses were performed
for commercial structures and mobile homes although information was not avail-
able to perform cost assessments. The results for each damage reach were used
to formulate 50-, 100-, and 500-year uniform protection plans for the study
area.

Initial Assessment

Flood damage reduction analyses were performed by structure type and reach
for each non-structural measure. Aggregate damage reduction results were divided
by the number of structures to obtain the average damage reduction per structure
for each measure. These values then were used, along with other information
sources (primarily field inspection), to assist in estimating the physical- and
economic feasibility of implementing the various measures.

An example of the preliminary screening assessment’ methodology can be
demonstrated by using the estimated 18 structures in south Phoenix located below
the S0-year reoccurrence interval flood in damage reach 5.1 (Interstate 10 to
16th Street). Average annual damage reduced per structure was determined to
be $300 for an earthen dike 2 feet high, $650 for permanent relocation of. the
structure from the flood plain and $570 for raising of the structure 2 feet.
Field reconnaissance of the area indicated that the structures were 'probably
substandard housing over 30 years old, wood frame, and with a market value of"
under $20,000. Based on these initial assessments and the relative low cost
of implementing 2 feet high earthen dikes around individual structures it was
determined that more complete assessments were required for earthen dikes. Re-
location alternatives also warranted more complete asgsessments due to the nature
and complexities of the associated benefit calculations and substandard housing.
Raising existing structures on site was eliminated due to the physical condition
of the structures and the relative high capital cost estimate of $6,000 to $9,000

per structure.

Similar procedures were performed by reach and structure type, throughout
the study area for each measure and plan. Based on the results of the initial
assessments of the nonstructural measures only flood proofing and relocation
alternatives for the 50-, 100-, and 500-year uniform protection plans were -con-
sidered potentially 1mp1ementab1e and warranting more complete evaluations.
Relocation was considered potentially feasible only for single family residen-
tial structures.

1
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Detailed Assessment

Detailed assessments included flood damage reduction (actually performed
during the initial screening process for each measure evaluations) and pre-
-paration of cost estimates associated with the remaining nonstructural measures.
Because of insufficient information and the nature of the investigation, com-
plete economic benefit assessments were not performed.

Flood Damage Reduction Analysis. Flood damage reduction analyses used
automatic retrieval and processing of geographic information -sets (spatial grid-
ded data) from a grid cell data bank to develop elevation-damage relationships
by category (structure type) and reach. The analyses were performed for ex-
isting conditions (see Chapter II) and for each of the potential 18 nonstructural
measures and protection levels evaluated. Adjustments in the elevation-damage
functions were based on user input specifications. Figure III-1, shows typical
adjustments to the elevation-damage relationships for the analysis of existing
structures. Detailed descriptions of the flood damage procedures and method-
ology are presented in Appendix B. Numeric values and flood damage reduction
calculations resulting from these evaluations for the 50-, 100- and 500-year
uniform level of protection plans for flood proofing and relocation alternatives
are presented in Appendix C. The calculations are for single family and multi-
family residential and commercial and industrial structures. Values associated
with nonstructural measures eliminated from consideration in the initial
screening phase of the investigation are not shown.

Cost _Analysis. Cost analyses were performed for those measures determined
to have potential for implementation (flood proofing and relocation) for each
structure type after the initial screening process. Designs for the structure
types used in the cost analysis are shown in Figures 1iI-2-4. Flood proofing
costs for single family, multi-family and industrial structures were obtained
from flood proofing height of protection versus annual cost curves developed
specifically for this investigation (Los Angeles District 1980b). To assure

.consistent interpretation of the values from the .cost curves they were placed
in a table format. Table I1I-1, shows the annual cost values for various
heights of protection for single family residential, multi-family residential,
commercial and industrial structures. Only earthen dikes (least cost) were
considered in the analysis. These annual costs were developed using 7 1/8%
interest rate. Using 7 3/8% interest rate, the annual costs would be 3%
higher. : :

Relocations of single family residential structures, were the only re-
location measures determined to warrant further investigations. Relocation
cost estimates were adapted from previous studies for Allenville and Holly
Acres (Los Angeles District 1980c and 1980d, respectively). Costs to remove
a structure and contents tno a flood free site include: purchase of land at
the flood hazard site; purchase of land at new flood free site; preparation
of new site (grading, utilities, etc.); moving structure to new site; con-
version of vacant land to new use; moving expenses; and costs to transfer
title of the old land to the government. Annual costs were estimated to
total about $5,400 per structure for structures similar to those in Holly
Acres and $4,000 per year for structures such as those in south Phoenix.
Table III-2 shows itemized cost values used for single family residential
structures similar to those in Holly Acres.
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Costs to remove contents to a flood free site and to demolish the existing
structure include: Acquisition of existing structure and site; demolition of
.existing structure; related moving expenses, conveyance of land to the gov-
ernment; and conversion of vacated land to new acceptable flood plain usage. o
Annual costs per structure were determined to be 6,700 and 5,000 single family
structures similar to those in Holly Acres and south Phoenix, respectively.
Since demolition of structures in place is more costly than physical structural
relocation this alternative was not actually used in the nonstructural evalua-
tion of relocation measures. Table 1II-2, however, depicts the itemized cost
values associated with single family residential structures similar to Holly

Acres. .

Development of Plans

Overview. The nonstructural investigation determined- the most cost effec-
tive plan for the 50-, 100- and 500-year uniform protection levels. Flood
damage reduction and cost analyses were performed for flood proofing and
relocation alternatives as previously described. The evaluations were per-
formed for residential and industrial structures for each target level by
damage reach. Appendix C shows the tabulated results of the economic evalua-
tions. The results of each reach were used to determine the most economically
feasible measure by structure type for each protection level. The summation
of the economic results of each structural type (excluding commercial due to
lack of data) for each protection level produced the "best" plan. In each case
flood proofing measures have better benefit-cost ratios (BCR) than relocation
alternatives. The summary at the bottom of the tabulation tables in Appendix C
for the 50-, 100- and 500-year uniform protection levels represents the "best" o
economic results for each reach. ‘ ' R

The following subsections describe the 50-year, 100-year and 500-year - -
plans determined to have the highest benefit to cost ratio for the entire study
area. ’ : ' ‘

50-Year Uniform Protection Plan. Summary results for 50-year uniform pro-
tection levels by damage reach, jurisdictional boundaries, and for the entire
study area are shown in Table III-3. The results indicate expected annual
damage values to existing residential (single family and multi-family) and
industrial structures to be about $1.8 million per year. Implementation of
earthen dikes (measure with the highest BCR) around individual structures ®
providing 50-year uniform level of protection would reduce annual damages for - :
the study area by about $317,000 per year at an estimated annual cost of
$391,000 per year for a benefit cost ratio of .81.

The blan would be applicable to an estihated 519 single family residential

structures, 25 multi-family structures and 215 industrial structures. Table ®
II-5, illustrates general locations of the structures by damage reaches. For _
the most part the structures are grouped in clusters. .

Single family residential structures identified as hav%ng potential for
flaood proofing by earthen dikes include several strthures in Mesa, w?st Tgmpe,

South Phoenix, along the lower reaches of the Salt River and on the Qlla Rlve?

between its confluences with the Salt and Agua Fria Rivers. There are an esti- : Y
mated 12 structures in Mesa located east of Country Club-Road and about seven
structures located in a subdivision just north of McKellips Road west of Country

Club Road. The 39 estimated structures in West Tempe are located north of the
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 TABLE I1I-1
ANNUAL COST OF CONSTRUCTING EARTHEN DIKES™

[In Dol]ars] (1)

HEIGHT OF EARTHEN DIKE IN FEET

TYPE OF STRUCTURE 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Single-Family Residential 370 420 550 700 900 1100 |1400 | 1800 | 2250
(1500 Sq. Ft. House)

Multi-Family Residential 450 550 | 750 975 | 1200 1500 | 1850 | 2300 | 2900
(3000 Sq. Ft. Building Area)

Commercial Buildings 450 550 750 975 | 1200 1500 | 1850 | 2300 | 2900
(20,000 Sq. Ft. Protected Area)

Industrial Buildings . 550 750 ]1000 | 1250 | 1600 2000 | 2500 | 3000 | 3900
( - 1-Acre Protected Area)

*Annual costs developed at 7 1/8%.

(1) Los Angeles District 1980 b

Using 7 3/8%, the annual costs would be 3% higher.



TABLE III-2

RELOCATION COST ESTIMATES
(Los Angeles District 1980c and d)

Remove Structure and Contents to Flood Free Site:
(1,600 square feet residential structure, block construction, slab-on-

grade)
a. Purchase land in flood hazard site $ 5,000
b. Purchase land in flood free site 10,000
c. Prepare new site (grade, foundation, utilities, etc.) 15,000
d. Move structure to new site (maximum of 15 miles) 11,000
e. Conversion of vacated land to new use 4,400
f. Moving and related expenses 800
g. Conversion of vacated land to Government 500
- Subtotal $46,700
Contingencies 25% 1,675
Supervision & Administration 25% 11,675
Total $70,050

Say $70,050 per structure
Annual cost @7-3/8%, 50-year life $5,400

Remove Contents and Demolish Existing Structure:
(1,600 square feet residential structure, block construction, slab-on-

grade)
a. Acquisition of existing structure and site $50,000
b. Demolition of existing structure : 2,700
c. Moving and related expenses 800
d. Conversion of title to Government 500
e. Conversion of vacated land 4.400
.t Juieied
Subtotal $58,400
P Contingencies 25% 14,600
Supervision & Administration 25% 14,600
Total $87,600

Annual cost % @ 7-3/8%, 50-year life $6,700




TABLE III-3
50-YEAR PLAN ECONOMIC SUMMARY

DAMAGE REACH INFORMATION ECONOMIC ANALYSIS
($1000's)
ANN.
POLITICAL EXIST. [W/MEA |ANN. {ANN. |ANN.  |DAM.
BOUNDARY | NO. LOCATION EAD EAD |DAM. |COSTS |[NET RED.
RED C0STS
1.0 1 Gilbert Rd.-Country CTub Rd. 10.50 7.33 3,17 6.641 - 3.47] .48
MESA 2.0} Country Club Rd. - Pima Rd. 35.00f 33.20 1.80 2.89| - .791 .89
MESA TOTALS 45.50| 40.53] 4.97] 9.23{ - 4.26] .54
3.1 | Pima Rd. - McClintock Rd. 197.401 178.97| 18.43| 22.00{ - 3.57| .83
TEMPE 3.2 | McClintock Rd.-Scottsdale Rd. 08.90| 73.56) 25.38) 37.50| -12.16| .68
3.3 | Scottsdale Rd. - Mi1l Ave. 46.00] 46.00 0 0 0 ---
3.4 | Mi11 Ave. - 48th St. 234.701 225.57} 9.13| 21.80} -12.67| .42
TEMPE TOTALS 577.00 524.10] 52.90| 81.30} -28.40| .65
4.1 | 48th St. - 44th St. 9.40| 9.40 0 0 of ---
4,2 | 44th St. - 40th St. 65.40| 63.20f 2.20| 5.50| - 3.30} -40
4.3 | 40th St. - Mid Airport 78.70] 78.70 0 0 0f --
4.4 | Mid Airport - 36th St. 4.10 4.10 0 0 01 -
4.5 | 36th St. - 30th St. 41.50] 41.50 0 0 ol ---
4.6 | 30th St. - 1-10 Highway 10.80{ 10.80 0 0 of -
PHOENIX
SUBTOTAL ECONOMIC REACH 4 209.90| 207.70] 2.20] 5.50] - 3.30] .40
5.111-10 Hwy. - 16th St. 136.10§ 130.74} 5.36] 6.66] - 1.30| .80
5.2 | 16th St. - 7th St. 385.70| 315.76| 69.94] 75.95| - 6.01} .92
5.3 | 7th St. - 7th Ave. 65.50| 53.93| 11.57{ 12.10y - .53] .96
5.4 | 7th Ave. - 19th Ave. 19.50f 16.90] 2.60] 2.75¢{ - .15¢ .95
5.5 | 19th Ave. - 35th Ave. 29.401 28.30 1.10 3.85] - 2.75{ .29
SUBTOTAL ECONOMIC REACH 5 636.20| 545.63] 90.57} 101.31| -10.74; -89
PHOENIX TOTAL 846.10] 753.33] 92.77| 106.81} -14.04| .87
PHOENIX | 6.0 35th Ave. - Gila River Confl. 246.66] 135.67] 110.99) 130.80{ -19.81} .84
T0 7.0 ] Gila R.Confl.-Agua Fria Confl. 82.20] 27.001 55.20{ 62.70] - 7.50 85
BUCKEYE 8.0 | Agua Fria Confl.~- Hwy 80 2.50 2.50 0 0 0f ---
PHOENIX TO BUCKEYE TOTALS 331.361 165,171 166.191 193.50] -27.311 .86
STUDY TOTALS 1799.961483.13{ 316.83] 390.84{ -74.01] .81




intersection of Priest Road and‘University Avenue along the south side of the
Salt River. In South Phoenix and estimated 47 structures between Interstgte
10 and 7th Street warrant consideration. The largest group of single family

.residences, 290 structures, is located in a subdivision southwest of the inter-

section of 35th Avenue and Broadway. Depending on the condition of thg river,
some of the above structures may not be inundated. For purposes of this anal-
ysis, however, it is assumed that they all are subject to flooding.

Approximately 114 structures are located in the north portion of the Gilé
River flood plain between the confluences with the Salt and Agua Fria Rivers.

An estimated 25 multi-family residential structures in Tempe were iden-
tified as having potential for flood proofing in the uniform 50-year protection
plan. These include an estimated 10 structures located along University Avenue
between Scottsdale and McClintock Roads and 15 structures located north of the
intersection of University Avenue and Priest Road in west Tempe.

Industrial structures of various types were determined to merit considera-
tion for flood proofing by construction of earthen dikes around the structures.
Industrial structures are scattered through out the study area, however, a
River. An estimated 80 buildings are located between Pima and Scottsdale
Road in Tempe. Many of these buildings are small and range from older metal
sheds to newer stucco structures. Those located between Pima and McClintock
Roads in the south of the Salt River channel were among those warranting the
most consideration. Approximately 109 structures in Phoenix, both north and

- south of the river from 16th Street to 25th Avenue, were identified as having

potential for the 50-year uniform protection plan. Some of these buildings
are found in groups, while others exist as individual structures somewhat
remote from other structures. :

The plan would protect an estimated 2,100 pecple living in single family
residential structures and an unknown number in multi-family structures and
industrial workers. During flood events temporary evacuation of the areas
protected would be required. Gas, electrical and water sewage systems would
need to be managed appropriately. Surveillance of the protected areas would
be required. Any openings in the perimeter barriers would have to be closed.
In essence, almost all emergency activities that are presently required with
the exception of flood mitigation, would still be needed. The plan by itself
would not reduce the social impact resulting from floods in the area.

The analysis of the 50-year uniform protection plan was performed using
only flood proofing data on construction of perimeter barriers around indivi-
dual structures. When structures are grouped together it appears that small
earthen barriers around several structures to provide the 50-year level of
protection would be easier to implement and more socially acceptable.

100-Year Uniform Protection Plan. The 100-year uniform protection plan
is similar to those presented for the 50-year plan. Table III-4, shows the
economic summary results by damage reach, jurisdiction boundaries and for
the study area. The investigation results indicate that construction of
earthen dikes around individual single family, multi-family or industrial
structures are the most feasible measure for each type of structure. The
plan would reduce the existing $1,000,000 annual damages by $593,000 per
year for the study area. The estimated annual cost of implementation would
be about $1,787,000, yielding a benefit/cost ratio of .33.
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Economic analyses associated with providing uniform protection for com-
mercial structures to the 100-year flood event are not included in the economic
summary of Table III-4 because of insufficient data. Field inspection of the
mobile home parks showed that implementation of earthen dikes around indivi-
dual mobile homes was physically impossible. However, flood damage assessments -
were performed for permanent relocation and construction of a perimeter
parrier around the mobile home complexes. Table 11I-5, shows the.results

of the analyses for each of the mobile home parks. For the trailer park located
in Mesa (Reach 2.0) flood proofing to the 100-year level would reduce the esti-
mated existing annual damages from about $75,000 per year to $36,000 or about
$170 per mobile unit per year. Permanent relocation would result in an annual -
damage reduction of about $64,000 per year or an average of about $3000 per
mobile home per year.

TABLE III-5

FLOOD DAMAGE REDUCTION
ANALYSIS OF MOBILE HOMES

1

No. Height FLOOD DAMAGE ASSESSMENT -

of of Exist- With Annual
Description of Struc- Protec- ing Measure Damage
Location Measure tures tion- EAD EAD Reduced
2.0 1. 50-Yr Flood Proof 0 N.A. 74.86 74.86 1]
Country 2. 100-Yr Flood Proof 210 4.0 74.86 39.13 35.73
Club - 3. 500-Yr Flood Proof 250 6.0 74.86 10.38 64.48
Pima Rd. 4. 50-Yr Relocation . 0 N.A. 74.86 74.86 ]

5. 100-Yr Relocation 210 Remove 74.86 11.03 63.88
6. 500-Yr Relocation 250 Remove 74.86 2.80 72.06

3.4 1. 50-Yr Flood Proof 0 N.A. '4.78 4,78 0
Mill Ave. 2. 100-Yr Flood Proof 45 4.0 4,78 3.12 1.66
- 48th 3. 500-Yr Flood Proof 98 6.0 4,78 1.15 3.36
Street 4. 50-Yr Relocation 0 N.A. 4.78 4,78 0

5. 100-Yr Relocation 45 Remove 4.78 <92 3.86
6. 500-Yr Relocation 98 Remove 4.78 .10 4.68

6.0 1. 50-Yr Flood Proof 60 4.0 14.77 10.20 4,57
35th Ave. 2. 100-Yr Flood Proof 60 5.0 14.77 5.16 9.61
- Gila R. 3. 500-Yr Flood Proof 60 . 7.0 14.77 1.20 13.57
Conflu. *+ 4. 50-Yr Relocation 60  Removed 14.77 0 14.77

5. 100-Yr Relocation 60 Removed 14.77 0 14.77
0 14.77

6. 500-Yr Relocation 60 Removed 14,77
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[ J : TABLE 111-4
100-YEAR PLAN ECONOMIC SUMMARY
h ) -
DAMAGE REACH INFORMATION Em“?gllgogffgms
® ANN.
POLITICAL EXIST. [W/MEA JANN. ANN. ANN. DAM.
BOUNDARY | NO. LOCATION - EAD EAD DAM. COSTS  {NET RED.
N : RED. COSTS
1.0| GiTbert Rd.-Country CTub Rd. 10.50{ 5.44| 5.06] 18.85F 13.79 .27
MESA 2.0 | Country Club Rd. - Pima Rd. 35.00{ 31.34 3.66f 12.06+ 8.40 .30
® MESA TOTALS 45.50f 36.78 8.721 30.91p 22.19 .28.
3.1 Pima Rd. - McClintock Rd. 197.40¢ 155.46} 41.94] 98.25F 56.3Y .43
TEMPE 3.2 | McClintock Rd.-Scottsdaie Rd. 98.90| 48.46| 50.44| 116.00} 65.564 .43
3.3 | Scottsdale Rd. - Mill Ave. 46.00| 44.82 1.18 6.05+ 4.8%4 .20
3.4 | M{11 Ave. - 48th St. : 234.70} 181.61| 53.09| 210.90} 157.8Y% .25
o
’ TEMPE TOTALS 577.001 430.35} 146.65] 431.20+ 284.55 .34
4.1148th St. - 44th St. 9.40 9.40 0 0 qQ ---
4.2 | 44th St. - 40th St. 65.40} 57.43 7.97F 28.00} 20.03 .28
. 4.3 {40th St. - Mid Airport 78.70} 74.53 4.17{ 18.75} 14.54 .23
® 4.4 | Mid Airport - 36th St. 4.10 4.10 0 0 q ---
4.5 | 36th St. - 30th St. 41.50] 32.06 9.44f 17.60+ 8.1 .54
4.6 | 30th St. - 1-10 Highway 10.80f 10.56 .24 1.10F 8? .22
PHOENIX : i
SUBTOTAL ECONOMIC REACH 4 209.90] 188.08| 21.82] 65.45F 43.63 .33
5.1 1-10 Hwy. - 16th St. ' 136.10| 112.40{ 23.70\ 73.70+ 50.00 -32
5.2 1 16th St. - 7th St. 385.70| 255.62| 130.08| 546.80} 416.73 .24
o 5.3 {7th St. - 7th Ave. 65.50{ 45.34] 20.16{ 48.00}- 27.84 .42
5.4} 7th Ave. - 19th Ave. 19.50] 15.25 4.25 7.00} 2.79 -6l
5.5 1 19th Ave. - 35th Ave. 29.40 5.27| 24.13| 140.00} 115.84 .17
SUBTOTAL ECONOMIC REACH 5 636.20] 433.88] 202.32| 815.50} 613.1§ -25
® PHOENIX TOTAL 846.10f 621.96{ 224.14| 880.95{ 656.8] -26
PHOENIX 6.0 { 35th Ave. - Gila River Confl. 246.66] 99.06| 147.60] 322.55}- 184.99 .44
TO | 7.0 1 Gila R.Confl.-Agua Fria Confl. 82.20] 16.70] 65.50} 120.601- 55.10 .54
BUCKEYE 8.0 | Agua Fria Confi.- Hwy 80 2.50 2.22 .28 1.15- .83 .24
‘ PHOENIX TO BUCKEYE TOTALS 331.361 117.98 213.38| 444.30i- 24().9'J .48
STUDY TOTALS 1799.9611207.07] 592.89 1787.36-1204.47 .33
L 2
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The 100-year plan would protect an estimated 1,038 single family residen-
tial, 56 multi-family residential, 315 mobile homes and 604 industrial buildings
(various compositions). Table III-6, summarizes the location of the structures.
The specific:location of the structures are the same as those described for the

'S0-year uniform plan. Mobile home locations, not inundsted by the 50-year

event are located just north of 8th Street in Mesa (about 250 structures),

north of University Avenue in West Tempe (about 100 structures) and near 67th
Avenue in the south Salt River flood plain (about 60 structures).

Approximately 4,500-5,000 residents would be directly affected by the plan.
In general, the height of the dikes would be about 1.2 feet higher than the
average 2-3 feet required to provide 50-year protection. Present emergency
services (i.e., temporary evacuation, management of vital services, and sur-
veillance) would still be required during flood events. Temporary closures
of openings would have to be performed, and interior drainage outlets for local
storms' runoff would have to be provided. The plan would not reduce the social
disruption of the study area resulting from flood events.

The investigation results of the 100-year uniform protection plan clearly

- jndicates that the overall plan is not economically feasible. The possible

exception is protection or relocation of the mobile home complexes.

_ 500-Year Uniform Protection Plan. The 500-year uniform protection plan
has similar features as the 50- and 100-year uniform protection plan. Earthen
dikes around individual structures were determined to be more feasible for
each reach than permanent relocation, raising or other nonstructural measures
applicable to existing structures. Table 111-6, summarizes the results of the
economic analysis of each damage reach (see Appendix c).

The economic analysis results indicate that construction of earthen dikes
around individual structures to provide 500-year uniform protection for the
study area would reduce existing annual damages by -about $1,500,000 at an
estimated cost of $12,418,000 per year. This yields an annual net of a minus
$10,920,000 and a benefit/cost ratio of .12. ’

- The plan would provide protection for an estimated 3,800 single family
residential structures, 1,280 multi-family structures, 408 mobile homes and

- 1,723 industrial buildings. An estimated 15,000-20,000 residents would be
" protected by the plan.

-4

' ;mplementation of a 500-year uniform nonstructural protection plan for
exlstlpg structures is obviously neither economically justified, nor socially
or politically acceptable. Present development in the 500-year flood plain
in the study area constitutes amajor portion of the metropolitan study area.
Current flood plain regulations permit future development to the 100-year
flood levels. Earthen dikes around groups of structures would constitute most
of the length of the study area, would be between 4-7 feet in height, and come
under the purview of levee design criteria. Any measure of this magnitude
should be considered a structural alternative.

Summary of Findings -

Analysis of nonstructural flood proofing measures indicates that such
measures are not economically feasible for 100- and 500-year uniform protec-
tion levels. However, the findings of the investigations provided some insights
as to Fhe nature of nonstructural measures having the best potential for imple-
@entatlon. For the most part they represent relatively small scale projects
1@plemented on a local or neighborhood basis. These measures are briefly
discussed in subsequent paragraphs. '
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Earthen Dikes. The investigation was performed for flood proofing indivi-
dual structures only, due to resource availability. Since this measure cannot
be implemented by CAWCS because the BCR is less than 1, the local agency or
residents might try to implement them with technical assistance from the Corps
of Engineers. Level of protection would probably be ‘pwards to a 50-year event
with complete evacuation of people during flood eventz. Detailed investiga-_.
tions would be required to determine specific spot elevations of selected

. structures, dike materials, effects on river hydraulics, the effect velocities
against the dikes, interior drainage, etc. Primary locations for consideration
include the mobile home parks in Mesa and Tempe, grouﬂed industrial structures
in Tempe and Phoenix and residential areas in West Teﬂpe and South Phoenix,

and in the vicinity of the subdivision Holly Acres.

Relocation of Existing Structures. Relocation alternatives are less
economically feasible than flood proofing alternatives. Nevertheless, re-
location warrants further consideration for the most fllood threatened single
family residential structures in West Tempe and South Phoenix because of the
apparently substandard housing conditions. Although the CAWCS cannot implement
relocation because the BCR is less than 1, other federal programs, may be able
to provide assistance in relocation of the inhabitants to standard housing
conditions. More detailed assessments would include ont elevations and

appraisals of the structures and better definition of‘the flood hazard.

Flood Insurance. The Federal Insurance Program does not directly re-
duce damage to existing structures but does indemnifylparticipating flood
plain occupants for financial losses resulting from flood events. For most
residents and business establishments in the study aréa flood insurance appears
to offer the best protection against possible catastr#phic financial losses.
The program offers the advantage of being federally s%bsidized and is avail-

able to flood plain occupants in the metropolitan Phoenix area.
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o
° TABLE 111-6
500-YEAR PLAN ECONOMIC SUMMARY
ECONOMIC ANALYSIS
. DAMAGE REACH. INFORMATION ($1000's)
ARN.
® POLITICAL EXIST. [W/MEA [ANN. |ANN. |ANN. |DAM.
: BOUNDARY | NO. LOCATION EAD EAD {DAM. ]cOSTS |NET RED.
RED. €051
y . 1.0 | Gilbert Rd.-Country C1ub Rd. 10.50 .10] 10.40] 264.601- 254.20 .04
MESA 2.0 | Country Club Rd. - Pima Rd. 35.00f 8.08] 26.92| 244.85)- 217.99 .11
MESA TOTALS 45.50| 8.18| 37.32| 509-45| 472.13 .08
. -
3.1 | Pima Rd. - McClintock Rd. 197.40] 37.00{ 160.40| 490.50} 330.1d .33
TEMPE 3.2 | McClintock Rd.-Scottsdale Rd. 98.90 2.23] 96.67] 333.50} 236.83 .29
3.3 | Scottsdale Rd. - Mill Ave. 46.00| 11.40| 34.60] 561.00} 526.40 .06
3.4 | Mi1l Ave. - 48th St. 234.70] 58.75{ 175.95| 892.68| 716.73 .20
o TEMPE TOTALS 577.00{ 109.38] 467.62{2277.68}-1810.068 .21
4.1148th St. - 44th St. ' 9.40) -4.13{ 5.27] 19.25)- 13.94 .27
4.2 | 44th St. - 40th St. 65.40] 13.33] 52.07| 381.00} 328.93 .14
4.3 | 40th St. - Mid Airport 78.70| 24.17| 54.53| 289.85|- 235.32 .19
4.4 | Mid Airport - 36th St. 4.10{ 2.04f 2.06] 6.00- 3.94 .34
4.5 36th St. - 30th St. 41.50{ 4.22] 37.33] 180.00|- 142.67 .21
o 4.6 | 30th St. - I-10 Highway 10.80 6.58 4.221 60.37|- 56.18 .07
PHOENIX
SUBTOTAL ECONOMIC REACH 4 209.90| 54.47| 155.48] 936.47)- 780.99 .17
5.1|1-10 Hwy. - 16th St. 136.10| 17.68| 118.42| 650.00} 531.5§ .18
5.2 | 16th St. - 7th St. 385.70| 72.33| 313.37/4998.00[-4684.63 .06
5.3 | 7th St. - 7th Ave. 65.50] 12.89] 52.61] 689.25}~ 636.64 .08
® 5.4 | 7th Ave. - 19th Ave. 19.50f 6.32] 13.18] 115.15- 101.97 .11
5.5 | 19th Ave. - 35th Ave. 29.40| 5.27| 24.13| 140.00 115.84 .17
SUBTOTAL ECONOMIC REACH 5 636.20{ 114.49] 521.71|6592.40(-6070.69 .08
PHOENIX TOTAL 846.10| 168.96] 677.19|7528.87|-6851.64 .10
® PHOENIX | 6.0 | 35th Ave. - Gila River Confl. 246.66] 9.09} 237.57/1719.60[-1482.03 .14
T0 7.0 Gila R.Confl.-Agua Fria Confl. 82.20]  5.11] 77.09] 360.00} 282.9%1 .21
BUCKEYE 8.0 | Agua Fria Contl.- Hwy 80 2.50 .22 2 281 23.52]- 21.2 .10
. PHOENIX TO BUCKEYE TOTALS 331.36] 14.42] 316.94/2103.12|-1786.19 1§
® STUDY TOTALS 1799.96] 300.94]1499.07 12419.1L10920.Js 12
£
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CHAPTER IV

EVALUATION OF NONSTRUCTURAL MEASURES THAT
MANAGE FUTURE DEVELOPMENT

Overview

Flood plain regulations designed to manage future flood. plain activities
are an intergral aspect of reducing future flood related losses. Maricopa
County and most incorporated communities along the Salt and Gila Rivers have
flood plain regulations based on requirements established by federal flood
insurance program. Due to the number of jurisdictional responsibilities and
private ownership of the riverbed in some locations, implementation of flood
plain regulations on a comprehensive scale has occurred only recently in
several of the study reaches. Enforcement of the requlations has varied, but
is significantly improved since the past major flood events. For the most
part the regulations center about meeting requirements of the Federal Emergency
Management Agency (FEMA) which call for structures to be located at or above
the 100-year flood level and for the establishment of floodways and floodway
fringe area. According to interviews with governmental agency personnel
(Hydrologic Engineering Center 1980a) flood related problems also presently
exist with land fills and gravel mining operations scattered throughout the
‘study area flood plains. Gravel mining operations in the flood plain areas
have increased significantly in the past decade. Major concerns alsc were
expressed by local government agency personnel regarding potential increases
in flood damages resulting from gravel mining operations in the main channel
of the Salt River.

The purpose of this aspect of the nonstructural flood mitigation investiga-
tion is to determine the relative value of existing flood plain regulations
(based on a projected future land use pattern) and to discuss possible impacts
of land fills and gravel mining in order to ascertain the need for more strin-
gent flood plain management actions. Analyses of the value of existing
regulatory policies on future development were performed using present regula-
tions as well as possible future policy conditions. Assessments of land fills
were developed primarily from interviews of local and federal government agency
personnel (Hydrologic Engineering Center 1980d). Assessments of gravel mining
operations were developed from field inspections, interviews and other docu-:
mentation prepared for the CAWCS (Los Angeles District 1980e) describing
associated problems and potential sand and gravel mining guidelines..

Evaluation of Present Regulations on Future Development

Evaluations of the effect of present flood plain regulations on future
development were formulated from a land use pattern for year 2000 adopted from
Maricopa County and encoded into the grid cell data bank. The plan projected
little future development in Mesa, Phoenix and the Phoenix to Buckeye reaches
within the 100 year floodway-fringe.. Most of the future development was pro-
Jjected to occur in the Tempe area within the 100 year fleodway fringe.
Evaluations. of regulatory policies performed for this investigation include:




O Future conditions without any.regulatory policies;

0 All future development placed on fill to the 20-year flood level;
100-year flood level (present regulations); and |500-year flood level;

0 No future development in the 20-year flood plain; 100—year flood plain; o
and 500-year flood plain;

0 Future residential development on fill to the 1d0-year flood level and
commercial and industrial structures flood proofed (perlmeter barriers)
to the 100-year levels (also possible under present flood insurance
regulations).

Policies for the 20- and 500-year flood levels areJnot considered viable
but were evaluated to show the:sensitivity of various regulatory assumptions ’
as compared to the present regulations. | T

The results of these analyses are shown in Table IV-1. The table shows,
that for the projected. future land use pattern if regulations were not. enforced, o
the difference in expected annual damage between existing and future conditions
(plan 1 and plan 2, respectively) is estimated to be an increase of about 68%
between now and the year 2000. Analysis also shows that even with present re-
gulations (Plan 4) in place, the increase in expected annual damage to structures
and contents will be about 27% over present conditions.* If future commercial
and industrial structures were flood proofed (Plan 9) instead of placed on fill o
(Plan 4) the percentage increase (difference in the plans) is estimated to be
about 7%. The anticipated damage increase to structures placed on fill to
the 100-year levels is relatively minor as indicated by |only a slight decrease
in damages as a result of complete elimination of future development within the
100-year flood plain (Plan 7). Plans 3, 5, 6 and 8 are provided to simply show
the sensitivity of flood plain regulations. ®

The analysis indicates that enforcement of present flood plain regulations
will result in significantly less damage than would no regulation of future
development. The results also indicate that some damage will continue to in-
crease in the future even with the regulatory policies in effect.

Land Fills

Interviews with local governmental personnel indicgted that sanitary and
other land fills containing toxic chemicals and other assorted matter have
been indiscriminantly placed in the Salt and Gila Rivers flood plains. The _ )
fill materials have presented numerous problems during the recent floods.
Flood waters eroded the fills, dispersed chemicals and debris, and generally

increased the decaying process, forming methane gas, which resulted in fires
and a high risk of explosions. Eroded fill materials presented several down-
stream problems with debris both around bridges and overbank areas. The debris
and chemicals presented potential health problems both during and after the : ®

flood events.

. The effect of the fills on the hydraulics of the rivers has not been ,
estimated. The potential exists for improperly placed fills in the future
to reduce the conveyance capacity of the river through the fill area re-
sulting in higher elevations and increased damage. T

*At the time this analysis the City of Phoenix utilized the regulations in Plan
4, Since that time, the city has adopted regulations ﬁontalned in Plan 9.
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TABLE Jv-1
ANALYSIS OF MANAGEMENT
OF FUTURE DEVELOPMENT ALTERNATIVES (1)
[STRUCTURE AND CONTENT INUNDATION DAMAGE]

" EXPECTED ANNUAL DAMAGE ($1000s)
PLAN PLAN pLAN | pLaN | pean | pean [pean e | puaw
LOCATION 1 2 3 2 5 6 7 8 9
MESA 113.9 | 849.0 | 382.4 | 178.9 | 146.1 | 184.8 | 144.9 | 136.1 | 315.4
TEMPE " 687.5-| 1392.2 | 1183.8 [ 1101.1 {1042.3 | 1125.0 | 1057.9 | 1053.0 | 1145.4
PHOENIX “ 1218.5 | 1285.3 | 1280.4 |1279.2 | 1179.5 | 1295.7 | 1287.6 | 1274.2 | 1279.9
PHOENIX-BUCKEYE 254.8 | 308.4 | 304.2 | 302.8 | 207.1 | 336.2 [ 324.1.| 316.3 | 302.8
TOTALS 2274.7 | 3830.8 | 3150.8 | 2882.0 | 2665.0 | 2941.7 | 2816.5 | 2779.6 | 3043.5
% CHANGE EAD I +39 +27 A7 29 | +24 22 +34

PLAN 1
PLAN 2
PLAN 3
PLAN 4
PLAN 5
PLAN 6
PLAN 7
PLAN 8
PLAN 9

DESCRIPTION OF PLANS

Existing w/o conditions.

Future w/o any regulatory policies.

A1l future development on fill to 20-year level.

A1l future development on fill to 100-year level.

A1l future development on fi1l to 500-year level.

No future development in 20-year flood plain.

No future development in 100-year flood plain.

No future development in 500-year flood plain.

Future residential development on 100-year fill;
future commercial and industrial structures
flood-proofed to 100-year level.

(1) values do not reflect: (a) any hydrologic/hydraulic affects resulting from

reduction in natural storage or channel conveyance;
(b) damage reaches 1 and 6 values (small affect).



Uniform regulatlons of sanitary and other fills are an important aspect
of managing future damages. Placement and material of fills should be strictly
: regulated under existing statutes, where possible, and under uniform comprehen-
o sive flood plain regulations where not. v

Gravel Mining Operations

Gravel mining operations are extensive throughout the entire study area.
® The operations have increased significantly in the past several years. Most

: . present mining operations are not subject to the flood plain regulations because
N a state law exempts flood plain users existing prior to enactment, however any
additions or changes in operation are subject to requlation. Operations
damaging others are prohibited. Multi-jurisdictional responsibilities also
hinder the enforcement of such ordinances (Los Angeles District 1980e).

An investigation of gravel mining impacts of flood events was performed
by Boyle Engineering Corporation (Los Angeles District 1980e). The report
" describes proposed minimum guidelines for regulating gravel mining operations
including operation, reclamation, and administrative guidelines. According
: to the report the guidelines should acknowledge the economic importance of
o sand and gravel mining while protecting other values and activities in the
flood plain. The guidelines should be implemented through a permit process
which should apply to existing, as well as, new operations. Sand and gravel .
operations should be liable for damages resulting from failure to adhere to
permit requirements. The following material is excerpted largely from the
. BoyleEnglneerlng Corporation report, with other insights obtained from inter-
o views and field inspections of gravel mining operations. :

Definition of Problem. Sand and gravel extraction has followed the
patterns of urbanization in the study area. Extensive mining operations near
central Phoenix and Tempe have expanded upstream and downstream with develop-
ment. There are presently no major extraction operations downstream of the
Salt River's confluence with the Gila River. The streambeds of rivers in
the study are in both public and private ownership. Jurisdictional authority
is fragmented. Tribal regulations apply on the Indian reservations. Federal
laws and regulations of sand gravel operations are not applicable to Indian
lands, although some restrictions may accompany the use of Federal grant funds
for such operations. Municipalities have control over the areas within their
corporate boundaries and Maricopa County has jurisdiction in all non-federal,
unicorporated areas.

Historically, sand and gravel operat1ons have experlenced the greatest
industrial losses in the study area from flooding due to their location in or
» near the riverbed.  Damages experienced have been primarily to conveyors,
flooded materials, water-filled pits and interrupted business. Losses from
® the March 1978 and December 1978 floods were estimated as $2.5 and $5.2
million, respectively (Los Angeles District 1979b and c).

. Although the industry has incurred significant damage in recent years,
sand and gravel operations have also been accused of causing damage to adjacent

' property and transportation crossings of the river. In the February 1980 flood

o a main pier footing of the 1,500 foot Interstate 10 freeway bridge over the

Salt River was undercut as a result of riverbed shifting and scouring. It is

alleged that both downstream and upstream gravel extraction pits caused the

shlftlng of the main channel, creating souring at the piers. The problem

is also alleged to have been aggravated by the headcutting of the downstream

° excavation. Erosion problems also were noted in other locations (Bishop 1980).
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Another problem related to in-channel sand and gravel operations has been :
the obstruction of the floodway by stockpiles, or dikes constructed to protect
equipment and pits. These obstructions and constrictions can redirect flood o
flows and alter the main conveyance channel resulting in damage.to nearby
properties. Velocities, and therefore erosion capacities, may also be in-
creased resulting in problems with the streambed and river banks (Los Angeles

District 198Qe).

Potential Guidelines. The following guidelines summarize those recom- ®
mended by Boyle Engineering Corporation in its analysis of sand and gravel
mining operations in the study area: _ J « g .

0 Extraction operations should be conducted only on approval of regula-

tory agencies; )
0 Environmental impacts from the operations shon‘sld be addressed; o
0 No stockpiling of any kind should be permitted in the floodway during

the winter and spring flood season; ‘ '
O Pit excavation grades should not exceed a grade of one percent ending

no closer than 200 feet downstream of a struc#ure or river crossing;
0 Extraction operations should be performed on a continuous pit basis

within the property confines of any operation‘; o
0 Requlatory agencies should monitor operation activities, be able to

suspend operations if necessary while acting with diligence in re-

viewing and ruling on.applications.

Summary. Gravel mining operations allegedly hav§ induced damage to ad-
jacent properties, river crossing structures and other facilities and altered L
the river channel. Regulation of their activities is needed to mitigate
future damage. This regulation should be part of a upiform comprehensive
flood plain requlatory policy including future land development and land
fills. Because of the importance and magnitude of thé gravel mining industry
in the metropolitan Phoenix area, formulation and implementation of requlations
will require careful study. Impact assessments, as tb the history and poten- o
tial hydraulic and damage effects must be formulated. Proposed operation

guidelines likewise must be developed.

Floodplain Excavation Through Gravel Mining

In addition to evaluating regulations for gravel mining operations in the
study area, the CAWCS examined the feasibility of flo?dplain excavation along
the Salt River to improve channel conveyance while_pr?viding marketable sand

and gravel.

Natural materials present within the boundaries ‘of’ the Salt River bed in ®
the Phoenix area that are suitable for aggregate use Fonsist of sand and gravel. ‘
In recent years the rapid growth of Phoenix and vicinity has caused a high *

demand for aggregate. As a result, sand and gravel extraction along Salt River
has been extensive. The pits are excavated mostly in}a "leap-frogging" fashion
resulting in large sand and gravel pits at random locations. :

.1‘
An economic feasibility study of sand and gravel extraction along the
Salt River floodplain identifying costs and benefits is beyond the scope of
this study.: Prior to selection and execution of any excavation plan, a number
of issues and impacts as well as costs and benefits must be considered.
' 3
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~ The scope of this part 'of the study includes:

- For a typical study reach, formulation of a preliminary sand and gravel
excavation plan along the Salt River floodplain.

« Estimation of the quantity of material that can be removed from this
preliminary excavation plan.

+ Estimation of the present extraction rates of sand and gravel along
the Salt River in the vicinity of Phoenix.

* Analysis of the hydraulic performance of the study reach with the
preliminary excavation plan in place.

The preliminary excavation plan along the main channel and floodplain of
the Salt River in the study reach is shown on Plate 1V-1. This plan is for-
mulated so that the limits of excavtion do not encroach upon physical features
such as buildings, roads and railroads. Side slopes of 3:1 (H:V) and a bottom
slope of 0.01 percent have been selected for the plan. This bottom slope will
maintain a positive grade for low flow conditions. Selection of this bottom
slope and invert elevations were made to limit the maximum depth of channel
excavation at about 30 feet. As will be discussed later, a maximum excavation
depth of 30 feet in the channel (or about 40 feet in the floodplain) is recom-
mended because this surface layer contains the optimum quality of aggregate
material. Nevertheless, sand and gravel operators may wish to excavate deeper.
Figure IV-1, shows representative cross-sections for the preliminary excavation
plan.

The differential between the natural river bottom slope (about 0.002) and
the selected slope (0.0001) requires a number of control structures to maintain
the integrity of the bridges and to match the bottom elevations upstream and
downstream from the study reach. Locations and the corresponding drop heights
of these control structures are tabulated in Table IV-2.

TABLE IV-2

LOCATION AND MAGNITUDE OF DROPS FOR CONTROL STRUCTURES
PRELIMINARY FLOODPLAIN EXCAVATION PLAN

Location of Magnitude of
Control Structure Drop in Feet
D/S of Central Avenue 17
D/S of 16th Avenue 12
D/S of 24th Street 27

D/S of Scottsdale Road 26

The preliminary excavation plan extends from Scottsdale Road downstream
to the Sky Harbor Airport channel, and from the existing drop structure at the
I-10 Freeway downstream to 43rd Avenue. The reach along the Sky Harbor Airport
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channel has been excluded from the preliminary excavatipn plan since there is
a relatively small amount of material available, and sand and gravel extraction
in this reach does not appear to be cost-effective. Algo, the reach upstream of
Scottsdale road has been excluded from the preliminary excavation plan because
of problems at the confluence of Indian Bend Wash and the relatively small amount
of excavation material available in this portion of the study reach.

|

Aggregate Resources |

|

At present, most of the sand and gravel extraction for the aggregate
materials occurs in the active channels and floodplain of the Salt River.
Extraction of sand and gravel is generally limited to ‘he upper 30 to 40 feet
of alluvium by the presence of significantly greater concentrations of caliche
below that approximate depth. This factor was consideqed in the formulation
of the preliminary excavation plan, and therefore no deep sand and gravel

mining pits have been proposed.

Based on the preliminary excavation plan, the quantity of material
available for extraction is estimated to be 120 million cubic yards.
Considering the length of the excavation plan (approxiﬁately 56,300 feet)
this averages out to about 2,131 cubic yards per foot.‘ In a survey of the
available aggregate material along the Salt River in the Phoenix area, it
has been estimated that about 368 million cubic yards gf sand and gravel is
available between Granite Reef Dam and 67th Avenue. Tqis quantity is based
on an assumed average channel width of 1/2 mile and a Tinimum depth of 30

feet. Using 368 million cubic yards and a distance of 33 miles, the quantity
per unit length is 2,112 cubic yards per foot which is |remarkably close to
the preliminary excavation plan quantity per linear foot of channel length.

Because of the very mild slope (0.01%) which has been selected Tor tne
preliminary excavation plan, the Salt River flowing through this type of a
river geometry will have the tendency to deposit material. In general, the
sand transported and deposited by the river under thes% conditions is too
fine and too difficult to separate to be usable for ready mixed concrete.

The result is that any renewed resources in a pit are usually of a limited

value for sand and gravel extraction. _ ‘

As shown in Figure IV-2, the price of sand and grével in Maricopa County
and the United States increased sharply since 1970. Uéing this trend for
Maricopa County, it can be show that

Py = 1.03 + 0.065t - 0.027t2 + .0029t7 |

where (

estimated priée of an average ton of sand anq gravel in dollars

Pt
number of years after 1965. |

t

Based on the above equation the price of the sandland gravel in 1981
(t=16) is about $7.00 per ton. This conforms to the August 1981 market
value of sand and gravel in the Phoenix area of about $6.80 per ton.

|

. The 1981 value of the available aggregate material in the study reach,
estimated at 120 million cubic yards, is computed to bé $1.3 billion. This
assumes a unit price of $6.80 per ton and a conversion factor of 1.6 tons
per cubic yard. '
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