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SUMMARY AND RECOMMENDATIONS

As the result of the following study and report concerning the desirability
of a flood control structure to be located near 40th Street south of Double
Tree Ranch Road, absolutely nothing could be found to justify its construction,
either on the basis of pure economics or from an aesthetic standpoint. Besides
examining in detail the effects and benefits of Detention Basin #8, located
in an investigation of the North Phoenix Mountains by John Carollo Engineers
(Project ST-71185.00), two similar structures - positioned somewhat upstream
from the latter - were also studied. In either case, not a single item for
the justification of its construction could be found. In all instances, the
benefit-cost ratios were tremendously low - ranging from 0,10 to 0.40 (depending
upon the downstream channel utilization and configuration). For a somewhat
lesser amount of capital cost, a new downstream channel could be constructed
to accommodate the 100-year runoff and also drainage structures, designed for
the 25-year storm; added below both Shea and Tatum Boulevards. However, as
in the case of the detention dams, none of the various downstream rechanneliza-
tion, with associated structures, were found to have any true economic jus-
tification. Nevertheless, inasmuch as Shea Boulevard is being developed into
a full arterial, and a bridge is being built on the roadway alignment easterly
of this project to span Indian Bend Wash, logically some measures should be
taken on Shea Boulevard also to accommodate the runoff from the North Phoenix
Mountains. In addition, a storm drain is currently under design (Project
P-74237) to provide for all watersheds to the south of Shea Boulevard from
32nd to 48th Street (Tatum Boulevard). The latter does not take into consider-
ation the drainage area which is the subject of this study and report.

In view of the foregoing, and particularly since street drainage projects

inside the City of Phoenix are undertaken more as a matter of simple ''good



housekeeping' rather than on the basis of pure economic justification, construc-
tion is recommended for the channels and drainage structures adjacent to both

Shea and Tatum Boulevards, as depicted by PLAN 13 of this study and report,



LOCATION OF PROJECT

This project is located on the northerly slopes of the Phoenix Mountains
(more popularly known as the "North Phoenix Mountains') approximately 9 miles
north-northeasterly from the center of Phoenix, Arizona.

DESCRIPTION OF AREA AND PROBLEM

The watershed under study (totaling over 2 square miles) is 'tear-drop'" in
shape, with the wider portion to the south being along the uppermost ridges of the
Phoenix Mountains - while the narrow portion, representing various ''braided' outflow
channels, extends in a north-northeasterly direction to junction with Indian Bend
Wash centered approximately at an intersection of Tatum Boulevard (48th Street)
and Cholla Street (Elevation: 1371). The most southwesterly extremity of the
watershed is marked by Squaw Peak (Elevation: 2608) and the easterly edge at
various points lies within the corporate boundary of Paradise Valley. The '"bulbous"
portion of the drainage area lies within the rocky northern outcrops of the Phoenix
Mountains, while the 'neck' portion (which widens considerably in its lower extrem-
ity) is on the more gentle southerly slopes of Paradise Valley, and these slopes
are composed of caliche cemented talus. Thus, the soils of the watershed have avery

high runoff potential, with an infiltration rate of only about 0.05 to 0.15 inch

- per hour (rated "Group D" in Soil Conservation procedures), and therefore, have

very high resistance to erosion. The natural vegetation is typical Sonoran desert
type,with sparse mesquite, creosote bush, black bush, catclaw, palo verde and some
cactus with about 15 to 207 density. The climate is likewise typical Sonoran,

with hot summers, mild winters, and infrequent rainfalls. Most of the annual rain-
fall (7 inches) is accounted for by summer thunderstorms of high intensity but short
duration. In the recent past, there have been three occasions (1951, 1968, and
1972) within the memory of the present residents of the area in which

these storms have been of such intensity that the resultant runoff from the area

has forced the closure of Shea Boulevard at a point about % mile westerly of its



juncture with Tatum Boulevard. These closure periods have been relatively short
because of the nature of the runoff, and have caused very little damage to property
and homes since, until recently, the area has been very sparsely developed. How-
ever, inasmuch as the area has experienced considerable development in the last
four years, and yet further homes, more subdivisions, and some commercial enter-
prises are currently being planned adjacent to Shea Boulevard, a need has obviously
arisen to examine the desirability of undertaking flood control measures in the
watershed. In particular, the possible Detention Basin #8, as described in the
report by John Carollo Engineers (Contract No. 13580, Project ST-71185.00), has
become the subject of much concern. The latter, which would be located just south-
erly of Double Tree Ranch Road (i,e.,approximately at the north line of Section
36, T3N, R3E, and within the newly purchased Phoenix Mountain Preserve) could be
(and apparently has been) considered variously as aesthetically unappealing, in-
consistent and damaging to the environment, and also economically infeasible.
Inasmuch as developing a cost-benefit ratio for the detention basin and dam was
beyond the scope of Contract No. 13580 to John Carollo Engineers, this study and
report was initiated to provide the latter and also to develop possible alternate

flood control measures.

PROCEDURES

A hydrologic study of the upstream area from the presently proposed struc-
ture (hereafter referred to as the '""Carollo Dam'") and also the downstream portion
of the watershed was made to determine the peak discharge at selected points for
the 2, 5, 10, 25, 50, and 100-year frequency storms. This was accomplished through
utilization of a TR-20 computer model and procedures developed by the Soil Con-
servation Service (more popularly known as the ''SCS Method'"). These computations,
including a hydrologic map and other pertinent data, are contained in Volume II
of this report. To establish the latter computer model, some 30 cross-sections

were developed at selected points from the existing City of Phoenix 1" = 100'
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quarter-section topographic maps. In addition, water surface profiles and over-
flow areas were developed for the 2, 5, 10, 25, 50, and 100-year runoffs by use
of the HEC-2 computer program. In conjunction with the foregoing, cross-sections
were taken by means of a field survey at 22 selected stations from a point near
the juncture of the watershed with Indian Bend Wash to a point where the 100-year
frequency discharge first overflowed the main channel (i.e., approximately 4,000
feet southerly of Shea Boulevard). The foregoing computations, with a key map, are
contained in Volume III of this report. In addition, a two zone flood plain de-
lineation of the present conditions was prepared on a 1'"= 100' scale mylar repro-
ducible made from City of Phoenix quarter section maps. This was reduced to
a 1" = 400' scale mosaic on a sepia reproducible for submittal with this study and
report. (See Plate XV.)

An estimate was also made of the present annual cost of the possible flood
damages - including an estimate of the secondary effects. A composite probability

of exceedence versus damage curve was developed for five separate reaches (Plates

III through VII), and also, a composite probability of exceedence versus damage curve

for the entire watershed was prepared, which reflects the probable future conditions
and zoning., (See Plate VIII.) In the course of preparing the foregoing, several
field reviews were performed in the area, inhabitants were interviewed about past
damages and flooding, and the County Assessor Tax Rolls were examined to determine
the real value i,e., approxmately 6C% of the market value) of the buildings and
property within each re-ch of the floocing area.

Upon Completion of the foregoing, an investigation of alternatives to alleviate
the damages as previously determined was undertaken. The various alternate
plans considered are given in Plate XII. For each of these alternates, a proba-
bility of exceedence versus residual damage curve was developed and compared to a

similar curve representing the possible future damages, in order to estimate the

possible benefits. (See Plates VIII to XI.) An average annual cost, annual benefit,

and benefit-cost ratio was computed for each of the alternate combinations

studied. (See Plate XIII.)




ASSUMPTIONS

In the course of developing the various estimates of possible damages that
could occur in the future under the existing conditions and zoning in the water-
shed, plus also the costs, residual damages, and benefits envisioned upon the
adoption of any of the several flood control plans, it became necessary to make

a considerable number of assumptions, as follows:

1. The water surface at residences lying directly within a
principal channel of the watershed would be considered the
same as the computed energy gradient, since the flow ob-
stacle created by the building would tend te convert

the velocity head of the watercourse into a static head.

2. The water surface adjacent to buildings lying at the periphery
of the water course would be considered as the hydraulic
gradient, inasmuch as there would be no tendency
for the building to restrict the flow and convert the

velocity head into a static head.

3. Residences which had been flooded in the past from storms of
known frequency would continue to be, with a flood
providing an equal discharge, even though the computed

hydraulic or energy gradients indicated otherwise.

4, Since the level of residence flooding in the past has

been limited to less than 3", any discharge resulting

in a lowered water surface of 3" from that of the re-

corded flood would cease to cause damage to the indivi-

dual structure and contents (excepting, of course, those
cases in which the computed water surface would still

indicate flooding).

6
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Residences existing during the last severe runoff of record,

which at that time were nearly flooded, would be flooded to adepth
of 3" in any future storm of the same severity - due to the
restrictions of the various water courses caused by the

additional buildings and resultant landscaping.

Residences constructed since the last severe flood of
record and located centrally within a water course

(and also below the computed water surfaces) would
likewise be flooded to a level of 3" inside the building.
Likewise, these would be calculated to suffer no dam-

age for any frequency runoff resulting in a 3" lower

water surface profile.

Residences that would eventually be constructed in the
presently subdivided areas and also in future sub-
divisions, because of the knowledge obtained in this
study regarding flood elevations, would be at a suf-
ficiently high elevation that they would not suffer any

structural or content damage. 7

Landscaping damage in existing subdivided areas for the
various frequency storms was determined through propor-
tioning the total volume of the respective storms to the

volume and known damage occurring with the last severe

storm of record.

Landscaping damage in regions of future subdivisions was
computed by assuming the areas flooded by the various fre-
quency storms to be proportional to the total volume of the

individual storms in relation to the area of flooding and



10.

11.

12,

the total volume of the 100-year storm. The flooded areas,
without adaption of Flood Plain Zoning were then considered
to have 1.5 lots per acre, and the landscaping damage was

considered as $350 per lot.

Structural damage to residences subjected to flooding
was computed at 8% of the real value as listed in the
County Assessor Tax Rolls,and damage to contents was
calculated at 10% of their value (which, in turn, was
figured at 50% of the structure's real value). Since
the real values of the various homes, as given in the
County Assessor Tax Rolls, are roughly 60% of their
true market value, the above assumptions are roughly
equivalent to the depth-damage curves developed by the
U.S. Army Corps of Engineers from the 22 of June 1972
Phoenix flood. This showed the residential damages to
be 5% for 0.0 to 0.25 feet submergence and the damage

to contents for the same range to be 4 to 5%.

Damage to the landscaping of presently subdivided land
was estimated at 5% of the property value as listed in the

County Assessor Tax Rolls,

Indirect damages were assumed to be 107 of the direct
damages (i.e., structure, contents, and landscaping).
U.S. Army Corps of Engineers studies recommend that a
figure between 10 and 157% be used. The lower figure
was adopted, because the flooding depths are generally
shallow, and therefore, the prolonged interruption of
services (gas, electric, etc.), detouring of traffic

and the need to evacuate residents are considered unlikely.




13,

14.

15.

The total possible indirect damages for the watershed were
were assumed to remain for any alternate plan which had

no structural provision for conveying runoff across

Shea and Tatum Boulevards, since these would be the

main trouble spots from the standpoint of traffic and

service interruption.

In those alternate plans, in which the storm drain would
be connected to a structure at approximately 46th Street
on Shea and/or at Tatum Boulevard, the added cost of the
storm drain extension to Indian Bend Wash was computed as

a benefit.

In order to provide ease of maintenance, in the pre-
liminary design of the channelization for the various
alternate plans, the minimum bottom width for any chan-
nel was established at 10 feet. In the design of those
channels in which the maximum water depth would be less

than 3 feet, 2:1 side slopes were provided. In those

instances in which the depth could not be economically limited

to 3 feet, 4:1 side slopes were adopted. Also, wherever

the maximum channel velocity exceeded 10 f.p.s., mortared

rock lining was provided up to the maximum design water depth.

Maintenance costs (clean up, repairs, etc.) on all channels and/
or ford sections downstream were assumed to be roughly equal

for all plans and therefore would not be an economic consideration.



17 .

18.

19.

20,

In the determination of the R/W needed for the various
alternate channel configurations, an excess 10-foot
strip of land was provided on each side of the area
needed for the channel, in order to provide

for a maintenance road. In those cases in which the
R/W for the channel required over one-half the area
of a given parcel, the entire property was considered
as a R/W purchase. R/W costs were assumed to be

$12,000 per acre.

Unit prices used in developing the costs of the various
plans envisioning downstream channels and culverts were
based upon the publication '"Construction Cost 1975 and
Quantities and Cost of Materials) prepared in 1976 by
the Contracts and Specifications Services of the Ari-
zona Department of Transportation (Highways Division).
The unit prices adopted for dam-related items were the
same as those used in the report 'Investigation of
North Phoenix Mountains Flood Detention Basins', City

of Phoenix, Arizona, 1973 by John Carollo Engineers.

Contingency items (engineering, field staking, inspec- ‘
tion, etc.) were assumed to be 10% of construction costs

(12% for those alternate plans utilizing detention basin

and dams) with administration and legal costs being 8%

(basin and dam alternates only).

A discount rate of 6% was used for computing all annual

costs,

10




INVESTIGATION AND RESULTS

Analysis of the watershed runoff on the basis of the TR-20 computer
program verified that the preliminary detention basin and dam, designed by
John Carollo Engineers, is completely adequate to meet the requirements and

conditions. The latter met all the criteria for a Class 'C" flood control

structure in regard to storage capacity for both the 6-hour, 100-year frequency

storm, plus the multiple day storm., In addition, the size and elevation of
the emergency spillway was found to be adequate, and the dam freeboard height

was sufficient to meet the storage requirement of the possible maximum pre-
cipitation. The various computations, verifying all the above, are included

in Volume IV of this report.

The peak discharges under the existing conditions at the proposed dam

site were found to be the following:

2-year frequency = 650 c.f.s. (3-hour storm)

5-year frequency 1175 c.f.s. (l-hour storm)

10-year frequency = 1685 c.f.s. (l-hour storm)

25-year frequency = 2210 c.f.s. (l-hour storm)

50-year frequency = 2750 c.f.s. (l-hour storm)

100-year frequency = 3300 c.f.s. (l-hour storm)

At a point approximately 3000 feet downstream (survey station 73+00),
where the above peak discharges are only 2 to 2.5% greater, a portion of the
larger quantity discharges overflow the right (easterly) side of the channel.
While the majority of this flow simply continues in various braided channels
onto Shea Boulevard, a portion is actually diverted easterly in a separate
(overflow) channel and crosses Tatum Boulevard approximately 2300 feet south-
erly of its intersection with Shea Boulevard, and then continues on easterly

within the corporate limits of the Town of Paradise Valley to an outflow in

Indian Bend Wash. The discharge being naturally diverted into this overflow

11




channel is estimated as follows:

2-year frequency
5-year frequency
10-year frequency
25-year frequency

100-year frequency

0 c.f.8.

O cefuss

60 c.f.s.

150 c.fas,

300 c.f.s.

As the flow in the main channel continues north-northeasterly, the run-

off is contained fairly well by the left (westerly) bank for about the next

2,500 feet (to survey station 48 + 00), at which point a "braiding' pattern

also develops similar to that adjacent to, and just behind, the right (easterly)

bank. Around 1,300 feet further downstream, the braided channels along the

westerly edge of the rapidly widening flood plain begin overflowing the exist-

ing Shea Boulevard. At this point, because of the channel storage created

by the greatly expanded outflow area (about 1000 feet wide during the 100-year

runoff), the peak discharges are further reduced to the following:

2-year frequency
5-year frequency
10-year frequency
25-year frequency
50-year frequency

100-year frequency

500 c.f.s.
950‘c.f.s.
1430 c.f.s.
1910 c.f,s.
2380 c.f.s.

2790 c.f.s.

(3-hour
(l-hour
(1-hour
(1-hour
(1-hour

(1-hour

At the point cited previously (i.e.,survey

most braided channels discharge down &44th Court

rates:

2-year frequency

5-year frequency

30 ¢ £.8.

135 c.f.S.

12

storm)
storm)
storm)
storm)
storm)
storm)
station 35 + 00), the westerly-

at approximately the following



10-year frequency = 140 c.f.s.
25-year frequency = 240 c.f.s.
50-year frequency = 300 c.f.s.
100-year frequency = 365 c.f.s.

Some 600 feet southerly of Shea Boulevard, 44th Court curves to the left
(westerly), and to the right (easterly) a cul-de-sac has been constructed as
a part of the Desert Gardens subdivision. In this vicinity, the higher quantity
discharges tend to continue more directly northerly with a portion (estimated
at around 80 c.f.s. during the 100-year storm) completely overtopping the curb
and then flowing northeasterly across Lots 21, 22, and 25 of the Desert Gar-
dens subdivision. (See Plate I.)

A few hundred feet further downstream (approximately survey Station 32 +
00) from the preceding flow division, another portion of the flow is diverted
in a southerly direction through Lot 5 (which is vacant) of the Gerald Estates
subdivision, around the westerly side of a continuous wall encompassing three
residences on Becker Lane (one block north of Shea Boulevard). (See Plate I.)
This diversion is just westerly of what had once been a natural channel before

the area was developed, and its discharge rate is estimated as follows:

2-year frequency 45 c.f.s.
5-year frequency = 140 c.f.s.
10-year frequency = 260 c.f.s.

25=-year frequency = 330 c.f.s.

50-year frequency = 435 c.f.s.

100-year frequency = 490 c.f.s.
In the past, as the above diversion continues northerly, it generally has fol-

lowed its old natural wash through what is now Lots 11, 15, and 20 of the

Gerald Estates subdivision.

13
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Another 300 feet downstream (approximately survey Station 29 + 00), the

main outflow channel is intersected by 46th Street, which causes yet another

diversion in a northerly direction, estimated at the following rates:

2-year frequency 5 €.fea8e
5-year frequency = 35 c.f.s.

10-year frequency = 60 c.f.s.

25-year frequency = 110 c.f.s.

50-year frequency = 145 c.f.s.

100-year frequency = 175 c.f.s.
As the above diverted flow continues northerly on 46th Street, since the road-
way and its associated ditches have a capacity of only 100 c.f.s., portions
of the higher runoff quantities overflow the easterly edge of the roadway sec-
tion into various lots of the Morningside subdivision and also easterly down

Desert Cove Avenue and Clinton Street, Just southerly of its intersection with

Shangri La Road, in the past the flow on 46th Street has united with that flow

diverted northerlyaround survey Station 32 + 00 and also with that portion which

overtopped 44th Court at the aforementioned cul-de-sac. Just northerly of

Shangri La Road, this runoff, estimated at over 600 c.f.s. during the 100-year

frequency storm, mostly flows north-northwesterly across Lots 9 and 7, Block 1
of the Morningside subdivision before entering the periphery of the Indian
Bend Wash flood plain.

The main body of the flow remaining after the above-mentioned three di-
versions continues in an easterly direction and is mostly contained within
Block 4 of the Morningside subdivision,and at survey Station 15 + 00 discharges

inte and over Tatum Boulevard at the following estimated rates:

420 c.f.s.

2-year frequency

700 c.f.s.

5-year frequency

14
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10-year frequency = 970 c.f.s.

25-year frequency 1230 e.f.8s

1500 c.f.s.

50-year frequency

1740 c.f.s.

100-year frequency

In estimating the above splits and diversions in the runoff, and also in
developing the water surface profiles for the downstream channels, some diffi-
culties were encountered., Up through survey Station 35 + 00, the flow was found to
be sub-critical, except for the very lower runoff quantity runoffs. Above

Station 35 + 00 and up through 50 + 00, the flow for most discharge rates was

found to be '"tumbling', in that sub-critical flow was alternately encountered

in one section and supercritical in the next, etc., Between Stations 55 + 00
and 72 + 75, the flow rate was determined to be supercritical, and for a short
region between Stations 74 + 75 to 76 + 00, the subcritical flow again occurred,
due to a brief restriction in the natural channel. Upstream from the latter,

up through Station 84 + 13, a '"tumbling" condition again occurred with super-
critical and sub-critical flow alternating between the various selected cross
sections. Beginning at Station 89 + 13, up through the final cross section,
Station 105 + 18, the flow was found to be supercritical.

On the basis of the foregoing data, it was possible to obtain a rather
reliable estimate of the large discharge which had occurred from the watershed
on the morning of the 22 of June 1972, and also, in relation to the latter, to
judge the costs that could result from future flooding in the watershed.

On the evening of the 21 of June 1972, and during the next morning, north-
eastern Phoenix was subjected to heavy thunderstorms, which were part of a
series of moderate to heavy early summer thunderstorms affecting Arizona,
Nevada, and Utah during the 20-23 of June 1972. The cause of these storms was
a very deep flow of very moist unstable tropical air that had invaded the south-
western United States from the Gulf of California and the Pacific Ocean west

of Baja, California. A majority of this storm's rainfall occurred between

15
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6:00 and 12:00 a.m. on the 22nd of June in the northeastern part of Phoenix,
with the greatest intensities recorded during a 1.5 to 2-hour period. Accord-
ing to the '""Report on Flood of 22 June 1972, Phoenix Metropolitan Area, Arizona',
October 1972 by the U.S. Army Corps of Engineers (Los Angeles District), this
storm was centered about three miles south-southwesterly from the upper regions
of the watershed under study. In addition, the foregoing report estimated

that the 22 of June 1972 storm produced a flood in Indian Bend Wash (the out-
flow for this watershed) with a frequency of occurrence of one every 70 years.

As could be expected, the foregoing storm produced a rather substantial
runoff in the downstream channel of the subject watershed. According to the
statements of several residents immediately adjacent to the channel, in the region
of Fanfol Drive, the flood sounded like '"a freight train'". This is not an un-
expected phenomenon, since the velocities probably ranged between 13 and 21
f.p.s., which would result in the conveyance of rather large rocks and boul-
ders along the bottom of the main channel. Attempts have been made to establish
the discharge rate in the main channel from the water levels indicated by the
residents adjacent to the wash. The uppermost indication (approximately sur-
vey Station 78 + 10) was an elevation 1455.06 provided at the rear of the res-
idence at 4101 East Fanfol Drive (i.e., the floor elevation, which nearly
flooded). However, upon analyzing the flow at various sections in this vi-
cinity, it was found that no reliable estimate could be made because of the
"tumbling'" flow and the probable presence of a hydraulic jump., At approximately
survey Station 72 + 75, within a reach of steady supercritical flow, an eleva-
tion of 1449.5 was indicated by Mrs. Jean Petrie on the channel bank to the
east of her residence at 4115 East Mountain View Road on the basis of a series of
horse ''road apples' that had been swept away by the flood. On a stage-discharge
basis, this would correspond to a rate of 3160 c.f.s., while the 100-year peak

at this section is computed to be about 3330 c.f.s. Further downstream, at
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survey Station 66 + 00, Mr. Loren Dickenson of 4138 East Mountain View Road
indicated a peak elevation of 1440.3 on the east patio of his home. On a stage-
discharge basis, this would correspond to a rate of 2950 c.f.s., while the 100-
year peak at this section is computed to be 3040 c.f.s. On the basis of the
foregoing testimony, there is little doubt that the 22 of June 1972 flood was
within 3 to 5% of being the 100-year frequency event for this watershed.

Attempts were made to verify the above runoff rate by applying rainfall
data on the 22 of June 1972 storm by means of the TR-20 computer model. By
using a 3.85", l-hour storm, (indicated by rainfall gauge #13 at 18th Street
and Turney), the discharge rate at Station 72 + 75 was computed to be 4266
c.f.s. (storm #8, section 140 in the Volume II computations). Through apply-
ing a 4.25", 6—hoﬁr rainfall (as given in the isohyetal map in the October
1972 U.S. Army Corps of Engineers report), the discharge at the same station
was computed as 4173 c.f.s. (storm #7 in the Volume II computations). No at-
tempt was made to apply the rate from the nearest recording rain gauge (no.

42 at Mummy Mountain) because the latter indicated the heaviest rate much
later in the morning than the actual peak from the watershed.

The above two discharges, computed from indicated rainfall rates, are
some 25 to 287 above what is actually indicated by the channel for the water-
shed. Upon considering this further, it is felt that the result from gauge
no. 13 is not really applicable, because the latter was actually in the esti-
mated center of the thunderstorm, some three miles from the watershed. In ad-
dition, it is suspected that the isohyetal map prepared by the U.S. Army Corps
of Engineers is somewhat of a guess immediately northerly of the Phoenix Moun-
tain crest because of the lack of recording rain gauges, The most accurate
indication of the rainfall in the watershed was probably the non-recording
gauge no. 30 at 32nd Street and Shea Boulevard, which indicated a total of

3.77 inches for the storm. Assuming this occurred during a 6-hour period with
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a normal distribution, the discharge at Station 72 + 75 would be computed to
be about 3500 c.f.s., or again within 5% of the estimated 100-year peak.

As a consequence of the June 1972 flood, some negligible damage was suf-
fered in the watershed south of Shea Boulevard. A small culvert which had
been placed in the main channel by a property owner to the south of Fanfol
Drive was completely washed out; and some erosion occurred on the channel bank
to the rear of the residence of Mr. Stephen Gerst, also to the south of Fanfol
Drive, while silt and debris was deposited on a basketball court adjacent to
the Petrie residence.

Greater problems were created to the north of Shea Boulevard. The run-
off down 44th Court, which overtopped the curb adjacent to the cul-de-sac some
600 feet north of Shea Boulevard, eroded a 3-foot hole behind the curb and
sidewalk, then continued across Lot 22 of the Desert Gardens subdivision,
and then was diverted to the east by a wall (which was nearly undercut by ero-
sion) to the rear of the residence owned by Richard T. Dodson, 10805 North
45th Place, Lot 24 of the same subdivision, As this flow continued in a north-
easterly direction it nearly entered the residence at 4502 East Mercer Drive
(Lot 24 of Gerald Estates subdivision), belonging to George De Fabritis.

The only flooding of homes occurred in the region of the northerly diver-
sion at approximately survey Station 32 + 00. The interior of the residence
at 4532 East Shea Boulevard (Lot 2 of Gerald Estates), according to the tes-
timony of several witnesses, suffered considerably from the flood waters and
the resulting deposits of silt and debris. Another home suffering damage was
at 4519 East Becker Lane (Lot 6 of Gerald Estates Subdivision), belonging to
Mr. Robert T. Banks, who is the only remaining home owner of the three flooded
during the 1972 event. During the flood peak shortly before 8:00 a.m. on the
22 of June 1972, the water level rose approximately 18" upon the wall (facing
Shea Boulevard) to the rear of his residence and surged through a gate into

the back yard. Unfortunately, inasmuch as the wall around the back yard was
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also connected to the sides of the residence, there was no outlet for the on-
rushing waters, which soon achieved a depth of over ome foot outside the house's
arcadia doors leading to the back yard. Uponrealizing that the water could soon flood
the entire interior, Mr. Banks attempted to remove a portion of the block wall
to the east of the building in order to provide a flood outlet. However, as
soon as this was attempted, a portion of the wall collapsed from the water
pressure, nearly submerging and burying Mr. Banks in a rush of Super-

lite blocks and muddy water. While this did effectively lower the water sur-
face adjacent to his home, sufficient water had entered the building to soil
the carpeting and cause a total of about $3,000.00 in damage to his home and
property. The two homes, located just easterly of the Banks' residence on the
same block, fared much better, mainly because the flood wateré were not entrap-
ped by walls interconnected with the building itself. At the residence at

4531 East Becker Lane (Lot 7 of Gerald Estates), the flood apparently also
entered the back yard through a gate in the walled southerly side of the prop-
erty. However, this evidently escaped around both sides of the building be-
low and through a wooden fence. At the residence further to the east, 4543
East Becker Lane (Lot 8 of Gerald Estates), owned by Mr. Michael Flax, the water
also entered the back yard, damaging a portion of the wall, but was released
around the easterly side of the building after Mrs. Flax simply opened the

side gate.

The flood waters, which had gone through the Banks property and had flowed
approximately l1-foot deep through the parcel to the west (Lot 5 of Gerald
Estates), proceeded almost directly northerly and also entered the interior
of the residence at 4520 East Becker Lane (Lot 11 of Gerald Estates). Con-
tinuing further, the waters crossed Lots 15 and 20 of Gerald Estates (the latter
lot then being vacant). On the former of these, a residence (now 4525 East
Mercer Drive) was under construction, and it could not be determined with any

certainty from witnesses whether or not the waters actually overtopped the
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floor. As this runoff proceeded north-northeasterly from the Gerald Estates
subdivision, it crossed a vacant field and was joined from the west by the
runoff overtopping the curb on 44th Court before entering 46th Street just
south of Shangri La Road.

The runoff which followed the third main diversion, 46th Street and just
easterly, caused no substantial damage. While the water came very close to
entering the homes at 4601, 4602, and 4614 East Clinton Street (Lot 8, Block
4, and Lots 9 and 10, Block 3, respectively, of the Morningside subdivision),
only minor damage resulted to the landscaping. At 4602 East Desert Cove Ave.
(Lot 9, Block 2, of the same subdivision), the owner, George A. Burton, and his
family were away at the time, but uponreturning, found that some water had
apparently entered under the front door, as the adjacent carpeting was some-
what soiled.

After being joined from the west by the previously diverted runoff, the
flow down 46th Street mainly crosed north-northeasterly across Lot 9 (then va-
cant), Block 1, of the Morningside subdivision and entered the southerly fringe
of the flooding in the Indian Bend Wash in Lot 7, Block 1, of the subdivision.
(See preceding discussion.)

The main body of the remaining undiverted runoff flowed in an east-north-
easterly direction in Block 4 of the Morningside subdivision and entered no
homes, but caused some minor damage to landscaping and the contents of some
outbuildings. Easterly of Tatum Boulevard, absolutely no damage resulted from
this watershed's runoff, since the area was (and still is) undeveloped.

In summary, at the very most, the total damages (structural, contents,
landscaping, and indirect) suffered during the 22 of June 1972 flood in this
watershed probably amounted to less than $15,000.00.

On the basis of the foregoing information it was possible to make an es-
timate of those damages that would result should such a similar flood (i.e.,

of 100-year frequency) occur in the future, plus also those arising from events
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of lower discharge rates and higher probability. To accomplish the foregoing,
the region of possible damages was arbitrarily divided into five reaches,

as follows. (See Plate II.)

SURVEY STATION 5 + 00 to 15 + 00

While this region, between Tatum Boulevard and Indian Bend Wash south
of Shea Boulevard, is currently undeveloped, it is considered likely that the
entire area would be eventually subdivided into % acre lots. Assuming no se-
lected floodway is adopted, a total of 25 lots would be expected to be within
the 100-year flood limit of this watershed, and a proportionately lesser num-
ber for the runoffs with lesser rates. Assuming further that all structures
in the future developed area would be above the 100-year flood level, all
possible direct damages were figured to be to landscaping ($350.00 per lot).
The probability of exceedence versus damage curve for the above is shown on

Plate III.

SURVEY STATION 15 + 00 to 31 + 45

Some additional damage is envisioned in this area for an equivalent to
the 22 of June 1972 flood and also from lesser discharges, because of the
restrictions in the floodway due to future buildings and adjacent landscaping.
In addition to the homes at 4532 East Shea Boulevard, 4519 and 4520 East Becker
Lane, it is probable that the residences on Lots 8 of Block 4, Lots 9, 10,
and 14 of Block 3 of the Morningside subdivision (4601, 4602, and 4714 East
Clinton Street, respectively) would be subjected to flooding in various fre-
quency events., In addition, the residence on Lot 15 of the Gerald Estates
subdivision (4525 East Mercer Lane, under construction during the June of
1972 flood), or either or both adjacent to the residence at 4520 East Becker
Lane (Lot 15 of Gerald Estates) would also be damaged in the interior, depend-
ing upon the amount of diversion created by the wall that has been constructed

around the back yard of the latter. The latter building is now particularly
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vulnerable to flooding, since the newly constructed wall has openings upstream,
adjacent to the structure itself, but no openings downgrade to the rear of the
property. This wall will therefore serve ideally as a catchment to retain
water and insure that the building itself will flood, which previously occurred
in the June of 1972 event (before the wall was constructed). The probability
of exceedence versus damage curve for this reach is on Plate IV.
46TH STREET

Due to the additional water that would be diverted, even under the present
conditions, into 46th Street by the various buildings, walls, and fences of the
Gerald Estates subdivision, it is considered likely that the residence on Lot
9, Block 2, of the Morningside subdivision (4602 East Desert Cove Avenue) in
the future could sﬁffer considerably more flooding than during the June of
1972 storm. In addition, water could also enter the structure on Lot 9, Block
1, of the same subdivision (4602 East Shangri La Road) during the events with
higher discharge rates. See Plate V for the probability of exceedence versus

damage curves for this reach.

44TH COURT

In this region, the main area of probable damage would be the residences
on Lots 21 and 22 of the Desert Gardens subdivision, as a result of the flow
overtopping the curb in the region of the aforementioned cul-de-sac. The res-
idence on Lot 21 of the subdivision (10653 North 44th Court) would be partic-
ularly suseceptible to flooding, because it is located down grade from the cul-
de-sac and, moreover, a block wall has been constructed on the east and south
edges of the property (i.e., further downgrade), which will, in effect, serve
as a dam to the further movement of flood waters. The probability of exceedence

versus damage curves for the above area are shown on Plate VI.
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SURVEY STATION 31 + 45 to 70 + 00

Although this region is currently undeveloped and not subdivided, it is
considered probable that the entire reach could soon be developed into % acre
lots. Should no selected floodway be adopted, a total of 45 lots were esti-
mated to be within the 100-year flood limit of the subject watershed (and,
of course, a proportionately lesser number for runoffs of lesser rates).

As in the case of the reach between survey Station 5 + 00 and 15 + 00, all
damages were figured to be to landscaping ($350.00 per lot), since all struc-

tures constructed in the future are expected to be above the 100-year flood j

level. The probability of exceedence versus damage curves for this area are

on Plate VII, ‘

In summation, the !'otal annual damages to be expected in this watershed
total is $8,500. (See the area under the curve on Plate VIII, which also
represents the residual damages for the '"do nothing'" alternate PLAN #1.)

In conformance with the City of Phoenix present criteria, the inner
zone of the flood plain for the watershed was established in accordance with
the U.S. Army Corps of Engineers procedure. Because of the presence of "tumbling"
and also supercritical flow in several regions, the normally used '"Method 4",
as specified by the latter agency, could not be adopted, and the more laborious
"Method 1" had to be used. The establishment of the inner zone of a floodway,
by definition, involves allowing the restriction of the waterway until the
hydraulic gradient is raised 1 foot above that of the 100-year flood. Upon
attempting to establish this between Station 15 + 00 and 35 + 00, a major problem
was caused, inasmuch as the resultant water surface would be raised above the
elevation of several building floors, which are presently only marginally above

the 100-year flood elevation. (See Plate XIV, Floodway Profile.) In view of

the foregoing, it was decided not to establish an inner zone in this region;




but to recommend AO-2 flood zoning instead. The latter would simply allow
the construction of permanent structures anywhere on the presently subdivided
lots, provided the floor elevations were above that established for the 100-
year flood. Beginning at around Station 70 + 00, because the floodway was
fairly well confined due to the natural configuration, it was decided to es-
tablish the edge of the restricted floodway at the existing limit of the 100-
year flood. (See Plate XV.,) Moreover, raising the water surface in this region
could cause considerable problems through increasing the discharge into the
overflow channel to the east (i.e., the one crossing Tatum to the south of
Shea), and also further endangering the home at 4138 East Mountain View Road
(to the right of survey Station 66 + 00).

As an alternate to the possible detention basin and dam, as designed by
John Carollo Engineers (Plate XVII), two alternate structures were con-
sidered about % mile upstream (southerly in the watershed). (See Plate XVII.)
Tentative designs for both of these were likewise made in accordance with cur-
rent criteria in regard to storage capacity, size, and elevation of emergency
spillway and dam freeboard height., (See computations in Volume IV of this re-
port.)

Inasmuch as all the above detention basin plans involved standard spill-
ways that would discharge drainage for a rather prolonged period (approximate-
ly 25 to 30 hours, with peak rates varying from 250 to 660 c.f.s. across Shea
Boulevard), the addition of downstream channelization and roadway drainage struc-
tures were also considered in conjunction with both plans.

As alternate to construction any of the above-mentioned detention basins
and dams, consideration was also given to rechannelization of the downstream
watershed. 1In all, four possible schemes were examined, as follows:

1. Dyke and rechannel the main course at approximately survey

Station 71 + 00, in order to divert the entire flow easterly
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into the '"overflow'" channel which crosses Tatum Boulevard some
2300 feet southerly of its intersection with Shea Boulevard.

This alternative was rejected after a cursory examination, because
of the obvious need of reaching a complicated agreement

with the Town of Paradise Valley, plus also providing ex-

tensive rechannelization within the corporate limits of the
latter, in order to provide an adequate outflow system for

the discharge into the Indian Bend Wash to the east.

Construct a manifold, or collector-type channel just southerly
of Shea Boulevard which would connect easterly to a box culvert
built diagonally across the intersection of Shea and Tatum
Boulevards. At the outlet of the latter, another channel
would be constructed in a northeasterly direction which would
connect to the Indian Bend Wash, The latter solution was
likewise rejected after a brief examination, because of the
very expensive right of way purchases that would have to be
made along the Shea Boulevard frontage from both C. Miracle
Life Church and Smitty's Super Value, Inc. In addition,

box culverts of rather large cross-sections would have to

be constructed to provide access to both the above-men-

tioned and other properties.

Construct a collector-type channel and drop structure to
the south of Shea Boulevard and conduct the drainage north-
easterly in a box culvert built diagonally below the inter-
section of Shea Boulevard and 46th Street. This would also
necessitate an outlet channel in an east-northeasterly di-

rection through property which is presently undeveloped.



The latter channel would either ''daylight' out just

west of Tatum Boulevard, or in Indian Bend Wash (de-
pending upon whether a box culvert would also be con-
structed across Tatum Boulevard)., The foregoing al-
ternate was considered to be the most economical and

practical for further evaluation and study.

4, A further improvement of the foregoing was also con-
sidered,.in that the drop structure south of Shea
would be eliminated and rechannelization and dyking
of the existing wash would be undertaken southerly
to approximately survey Station 73 + 00. This so-
lution was viewed as undesirable because of the added
cost and because the benefits derived from it would be
mostly to individuals developing land south of Shea,
and not to the general public. Moreover, almost
the same results could be achieved, at a much lesser
cost, by flood plain zoning the channel southerly

of Shea Boulevard.

In addition to the construction of various detention dams, channels and
drainage structures, consideration was also given to purchasing property and
flood easements, plus removing structures in the developed areas to alleviate
the possible future damages.

During the course of this watershed study, an additional important factor
was encountered which greatly influenced the final selection of the remedial
plan. In conjunction with the design currently underway by the firm of Yost
and Gardner Engineers for the re-paving of Shea Boulevard from 32nd to 48th

Street (Project P-74237), a rather large storm drain is contemplated,extending
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some * mile easterly of the intersection of Shea with Tatum Boulevard
(48th Street) to an outlet in Indian Bend Wash. While currently the design
of the foregoing storm drain is still in its tentative stages, it is presumed
that the Tatter must carry approximately 700 c.f.s. in only a 2-year fre-
quency storm. Should the latter drain be given an outlet at a structure
crossing diagonally below the intersection of Shea Boulevard and 46th Street,
placing the following length of large pipe (between Stations 66 + 10 and
145 + 27 on Shea Boulevard) could be avoided:

7917 feet of 90" Pipe @ $135.00 per ft. = $1,068,795.00
However, assuming an allowable hydraulic grade of 1408.00 at Station 66 + 10
of Shea Boulevard, a somewhat larger pipe would be necessary between Stations
66 + 10 and 104 + 40 (the latter at 46th Street), as follows:

3830 feet of 98" Pipe @ $150.00 per ft. = §$ 574,500.00
In addition, the following additional Tengths of pipe would be necessary to
accomodate the drainage developed easterly of 46th Street"

Station 107 + 38 to 110 + 68:

330 feet of 24" Pipe @ $30.00 per ft. = 3 9,900.00
Station 110 + 68 to 117 + 27 (48th Street):
659 feet of 30" Pipe @ $36.00 per ft. = § 23,724.00

Station 117 + 27 to 145 + 27 (Indian Bend Wash):
2,800 feet of 36" Pipe @ $42.00 per ft.

$_117,600.00

1]

$ 343,071.00

Net Saving of outletting Storm Drain @ 46th St.

Annual Net Saving (6% discount, 50 year capi-
talization period = 343,071(0.0634)

]
>

21,765.00

Should a box culvert be constructed also at Tatum and also used as an
outlet for a portion of the Shea Boulevard storm drain, the latter length
of 36" pipe above (2800 feet) could be eliminated and replaced with the

following:
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Station 117 + 27 to the outlet side of the Tatum box culvert:
640 feet of 36" Pipe @ $42.00 per ft. = $ 26,880.00

Station 120 + 57 to 145 + 27 (Indian Bend Wash):
2,470 feet of 24" Pipe @ $30.00 per ft.

$ 74,100.00
$ 100,980.00

Therefore, a net saving of $343,071.00 + 117,600.00 - 100,980.00 = $359,691.00
would result should storm drain outlets be provided at both 46th Street at
Shea and at Tatum Boulevard. (Annual net saving = $359,691 x 0.06344 = $22,820)
The various alternates, as cited in the previous discussion, plus all
feasible combinations thereof, are listed on Plate XII. For these plans a
probability of exceedence versus residual damage curve was developed (Plates
VIII to XI), except for PLANS #6, 6a, 7, 7a, 9, and 10 (which had no residual
damages). In addition to estimating the total cost of each plan, an annual
cost, annual benefit, and benefit-cost ratio was computed for 25, 50 and
100-year periods of capitalization. Only the 50-year period of capitalization
is included with this report (Plate XIII), since the estimates for the other
two periods were not appreciable different in regard to net benefits, benefit-

cost ratio, and the rate of return percent.
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CONCLUSIONS:

Following is a summary of the assorted plans and a discussion of each in

| regard to respective benefits, disadvantages, etc.

PLAN 1 (See Plate VIII):

However, in doing this, the

This envisions taking

annual flood damages of $8,500.00 would remain. In addition, since flooding
would be allowed to continue across Shea Boulevard from the subject watershed,
this alternate would be completely inconsistent with current plans of developing
Shea Boulevard into a full arterial with a storm drain along its entire length
and also a bridge at its crossing with Indian Bend Wash.

PLAN 2 (See Plates IX and XV):

This involves

9530 acres).

According to some authorities on flood control economics, such as L.D. James (See
Bibliography), the regulation of flood-plain development has a cost just as real as
that of structural measures. Part of the total cost is the legal and administra-
tive cost of enacting and enforcing the regulation, but the major economic

cost is the advantage lost by those kept from locating in the flood plain,

The recommended equation for estimating the discounted annual cost per acre

is the following:
cL = Fl(Mb - Fth) - Ia - Ip
Where F1 = capital recovery factor based upon the project discount
(i.e., 6%) and "t" years - the latter being the number of

years the present zoing can be expected to be maintained

(i.e., 50 assumed) = 0.063444,

i :




M, = current average market value in dollars per acre of flood
plain land adjusted so as to not include effects of flood
hazard ($12,000.00 per acre)

Fo = single p;yment present worth factor based on a rate of
return expected on real estate investment (10%) for "t"
years (50) = 0,008519

My = projected market value of M after ''t" years (5% annual

increase in value assumed for 50 years) = 12,000 X 11.46740 =

$137,609

I, = average net farm income expected from farming flood plain
land (none on this project)

Ip = average annual value non-owners in the community place

on having open land rather than open space in the flood plain

(assumed to be an original value of $7,000 capitalized at 6%

over 50 years - or 7000 X 0.06344 = $444 per year).
The discounted annual cost of flood plain zoning on this project is therefore:

¢y, = 0.063444 (12,000 - 0.08519 X 137,609) - 0 - 444 = $243,00 per acre

By adopting this plan, runoff would continue to cross Shea
Boulevard from this watershed causing an estimated annual damage of
$4,600.00 (composed of direct damages to the presently subdivided areas, plus
indirect damages). As in the case of PLAN 1, this would be inconsistent with
the development of Shea Boulevard into a major arterial with full drainage
controls.

PLAN 3 (See Plates X and XVI):

This eonsists of QuNNNINENESISSINONEEEEETEY -7 EuENEET>

%, in order to allow for the runoff from future storms. However,
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even under this plan, some $4,600.00 annual residual damages would remain (com-
posed of landscaping damage in future developments and indirect damages).

In addition, the major disadvantage of runoff continuing across Shea Boulevard
would remain. An important factor in considering this plan is the widespread
sheet overland flow pattern in the lower watershed, which can result in the
shifting of watercourses between the various flooding events. Hence, there is
no guarantee that the properties and homes selected for purchase would ac-

tually constitute those subjected to future flooding.

PLAN 4 (See Plates X, XV, and XVI):

This plan is simply am above and, therefore,

it has the same disadvantages. However, most of the possible future damages

would be elimnated under this alternate, with the indirect annual damages of
$1,200.00 remaining, due to the interruption of services from the continued
flooding of roadways and underground utilities.

PLANS 5 & 5a (See Plates X and XVII):

This alternate consists entirely of (iSRS UISoEaE: - or

its alternate with the spillway retaining wall - and adopting no additional measures

further downstream. As result of these plans, runoff would continue for a much
longer period, but at a lower rate, across the roadways downstream; and only
the estimated indirect damages ($1,200.00 annually) would possibly remain.
Also, adoption of either of these alternates would necessitate the extension

of the Shea Boulevard storm drain past 46th Street to an outlet in the Indian
Bend Wash. While the maximum possible pool surface area of 47 acres behind

the '""Carollo'" dam is relatively small in relation to the entire mountain pre-

serve area, and the maximum period of water retention would be only about 25
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hours, from an ecological standpoint, some damage to desert vegetation within
the retention basin could be expected. Also, the addition onto the natural
terrain of a low, 2,000-foot long fill area, with a deeply cut spillway into
an adjacent hill, would be quite evident from almost any viewpoint downstream.
Even with the downstream (4:1) slopes of the dam being landscaped with natural
vegetation, those opposing the retention basin from an ecological or aesthetic
standpoint would probably not be deterred from engaging in injunctive suits
against its construction. Taking into consideration the various other alter-
nates, the simple construction of the '"Carollo" dam alone (with no other im-
provements) has no discernible merit from either the standpoint of cost, bene-
fits, or aesthetic value.

PLANS 6 & 6a (See Plate XVII):

These two plans envision $20 ' dgm§ or its alternate,

respectively,

either of these alternates, no provision would be made downstream to provide

an outlet for the Shea Boulevard storm sewer, which, therefore, would have to

be extended easterly to the Indian Bend Wash. While either of these plans would

completely eliminate all foreseeable damages, the various other disadvantages -
as cited above in the discussion of plans 5 and 5a - would remain.

PLANS 7 & 7a (See Plate XVII):

These two alternates are basically the SNEINEIPISRSYS E6aT above, with
the ecxoeptiGRSChat tH@Sinstrean channels and’ structures would B@#constructed

Wn order to provide an outlet near the intersec-

tion of Shea Boulevard and 46th Street for the Shea storm drain. As in the
case of plans 6 & 6a, residual damage should be entirely eliminated under

either one of these plans. However, the same environmental and aesthetic
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disadvantages occurring with plans 5, 5a, 6, and 6a would continue to exist,
Inasmuch as other less costly alternates are possible, there also seems to be
no discernible reason for the adoption of either one of these plans.

PLAN 8 (See Plates X and XVIII):

Under this plan, mmw (termed "Alternate II" in this
report) would be constructed approximately % mile upstream in the watershed
form the proposed ''Carollo'" dam, without any downstream channels or structures
to provide for the outflow. As a result, as also in the case of plans 5 and 5a,
runoff would continue across the roadways, and the estimated indirect damages
of $1,200.00 yearly would probably remain., In addition, there would be the
necessity of extending the Shea Boulevard storm drain easterly to Indian Bend
Wash., While the maximum pool surface area behind these dams is somewhat smaller
(33 acres) than with the '"Carollo" dam (47 acres), from an ecological stand-
point some damages could be expected to the desert vegetation behind both
these dams. However, the presence of both these structures would be far more
apparent from any downstream viewpoint than in the case of the '"Carollo" dam.
Thus, it is even more likely that great objections (and injunctive lawsuits)
would be raised against both the detention basins envisioned in this plan.

Therefore, as in the case of plans 5 and 5a, this plan has no discernible merit.

PLAN 9 (See Plate XVIII):

This plan is merely an GHIENENSRSIEIENNNSEEENT, in chac it sosindess
Wdowmstream in order to pass the outflow from

the dams across both Shea and Tatum Boulevards. However, under this alternate,

there would be no provision for an outlet for the Shea Boulevard storm sewer,
which would have to be extended considerably easterly to an outfall in the
Indian Bend Wash. Even though this plan would completely eliminate all fore-

seeable damages, the assorted disadvantages - as cited previously under Plan 8 -

would remain.
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PLAN 10 (See Plate XVIII):

This alternate consists of a furtheér with the ggg®

sam ‘channel 4fiisgtwuctu#ed, 1n order to provide an out-

let for the Shea Boulevard storm drain., Residual damages should also be en-

tirely eliminated under this plan, but the assorted environmental and aesthetic
disadvantages inherent in the preceding two plans would also remain. Even should
the above considerations be overlooked because other less costly (and equally

effective) alternates are available, there seems to be no particular merit in

this plan.

d(See Plates XI and XIX):

This alternate envisions constructing no detention basins upstream in the w-

watershed, but rather,

f8® Under this plan,

the channels would be designed for the 100-year frequency event, and the two
roadway drainage structures for only a 25-year frequency storm (with an overflow
spillway to allow for the 100-year frequency event). The residual damage
($3,900.00 yearly) which would probably result from this system (assuming no
flood plain zoning) would consist of landscaping damage to the south of Shea
Boulevard, which should be subdivided in the future. However, since this plan
has no provision for an outlet and the discharge from the proposed Shea Boulevard
storm drain, its benefit-cost ratio is the lowest (0.07) of the various struc-
tural alternates considered.

PLAN 12 (See Plates XI and XIX):

This plan is virtually identical to the preceding one, with the exception
that flood plain zoning would be established upstream (i.e., south of Shea
Boulevard). This additional measure would reduce the probable residual damages
to almost zero. (Some negligible indirect damages would occur with storm dis-

charges exceeding that of the 25-year frequency.) However, since this alternate

:




has no provision for also being an outlet for the Shea storm drain,
there are several other possible plans which would provide for the latter,
and, therefore, also have a much higher benefit-cost ratio.

PLAN 13 (See Plates XI and XX):

This scheme represents a further improvement of the preceding plan. 1In it,
the channel downstream from Shea Boulevard and the structure under Tatum Boule-
vard would be designed to include the discharge from the Shea Boulevard storm
drain (which would outlet into the downstream wingwalls of the structure under
Shea Boulevard). As in the case of Plan 12, the residual damages would be neg-
ligible. Its total cost is roughly equal or less than any of the preceding plans en-
visioning structural alternates (with the exception of Plans 5a and 8, neither
of which completely solved the runoff problems across Shea and Tatum Boulevards).
In addition, its benefit-cost ratio, while still low (0.46), is among the best of any
of the plans previously described.

PLAN 13a (See Plates XI and XXI):

The above could be considered as the first-stage construction of Plan 13.
In this plan, the channel downstream from the structure at Shea Boulevard would
be "daylighted'" just to the west of Tatum Boulevard. At the latter point, the
runoff would overflow across Tatum Boulevard in the same manner as it does under
the present conditions, and flood plain zoning would be established easterly of
Tatum Boulevard. The proposed Shea Boulevard storm drain would discharge into
the downstream channel from the outlet wings of the structure on Shea Boulevard.
However, the small drainage that would collect on Shea Boulevard easterly of
46th Street would have to be conducted easterly in a small storm sewer to Indian
Bend Wash, rather than be diverted southerly to an outlet in the downstream wing-
wall of a structure on Tatum (as in Plan 13). Under this alternate, a small
amount of residual damages of an indirect nature would remain ($600.00/year), due

to the possible interruption of services on Tatum Boulevard. In addition, adop-
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tion of this plan would entail some risk of a lawsuit, in that runoff would be
somewhat more concentrated near the outlet of the system at Tatum Boulevard and
upon the land just easterly than it is under the present conditions. However,
upon the improvement of Tatum Boulevard into a full arterial, a structure could

be added at Tatum, the channel lowered upstream to connect to the Shea box cul-

vert, and an outlet channel constructed east-northeasterly into Indian Bend Wash.
The latter, in effect, would create Plan 13, as described above. Therefore, the
advantage of the lower first cost of this alternate ($498,000.00) and the im-
proved benefit-cost ratio (0.83) would inevitably be considerably diminished
upon future expansion of the system.

PIAN 13b (See Plates XI and XXI):

This plan represents a further development of the foregoing, in that the de-
sign of the culvert at the intersection of Shea Boulevard and 46th Street is op-
timized in relation to the benefits realized versus cost. The selection of this
more economical structure was based upon a flood insurance standpoint. In using
this approach, the cost of the drainage structure is divided by the years it
should eliminate overflow across the roadway. In this particular installation,
it is logical that the remaining usefulness of the road soon to be constructed
is about 50 years (after which widening and realignment will be necessary).
Therefore, with a structure providing for a 50-year flood, there would be a 907%
probability that all overflows through the life expectancy of the present road-
way would be eliminated, and the '"flood-insurance'" per annum cost would be the
cost of the structure ($210,900.00) divided by 50, or $4,200.00. Similarly, a
structure providing for a 5-year storm would probably eliminate nine flooding
events (i.e., 10 intervals less one) and be expected to provide protection for
a total of 41 (non-flooding) years, with the resulting cost per annum being
$2,900.00 ($119,000.00 divided by 41). Utilizing this approach further, costs

per annum were developed for structures providing for the 2, 10, and 25-year
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flooding events. A graph depicting the relative cost per annum versus design
storm frequencies is included (Plate XXIII). From an examination of the latter,
quite obviously the cost per year for any type of structure is very high on a
short term basis (i.e., designed for the 1 or 2-year storm). In the design for

a storm of average frequency (5 years), the costs per annum are lowest. However,
the costs per year rise slowly at a uniform rate in designs for storms of lower
frequency (10 to 50 years). By adopting a structure designed for a 5-year storm -
rather than 25 years, as in Plan 13a, etc. - an additional $66,000.00 saving
could be effected. The residual damages under this plan would be somewhat in-
creased (to $800.00/annum) above that for Plan 13a, due to the possible added
interruption of services (and maintenance clean-up) on Shea Boulevard, caused by
somewhat more frequent overflows. However, this does not appreciably affect the

annual benefits of Plan 13b which, due to the lower costs, has a somewhat better

benefit cost ratio (0.93).
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RECOMMENDATIONS

In selecting any one of the aforementioned 18 plans for implementation,
one must consider the degree of accuracy with which the presented figures have
been prepared. The costs have been estimated with a fair degree of confidence,
but the practical difficulty lies in the evaluation of the benefits., By far,
the greatest source of uncertainty is the date of future flood occurrences., In
the analysis presented in this report, it is assumed that the future floods
will occur in a statistically normal pattern. In fact, it is assumed that the
annual value of the real future damage is equal to the value of the calculated
average annual flood damage. To be completely honest, this assumption is, of
course, a wild guess.

In addition, it must be emphasized that around 757% of the benefits for the
more advantageous plans are composed of a cost reduction in the construction of

a storm sewer on Shea Boulevard which, in itself, probably cannot be economically

‘justified. In somewhat the same manner, the cost of flood plain zoning could be,

from an economic standpoint, the subject of considerable debate. It can logi-
cally be argued that this cost would be upon the various land developers, and

not upon the general public. Therefore, should this cost be deleted from those
plans for which flood plain zoning is envisioned, the benefit-cost ratios would

be somewhat improved. In the case of Pian 13b, an actual net benefit of $1,300,00
might occur, with a resulting benefit-cost ratio of 1.05.

For the above reasons, it is recommended that a simple social-economic de-
cision be made, and that the plan selected be the one which is most consistent
with the developmental requirements of the area and which will also ultimately
have the greatest benefit at the least possible total cost.

On first appraisal, one is tempted to select Plan 13b. However, since this

envisions a structure designed for only a 5-year frequency storm across Shea
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Boulevard and thus disqualifies its cost from federal participation, the ulti-
mate cost to the City of Phoenix would probably be higher, Plan 13a, which
would be eligible for federal participation because its envisioned structure

is designed for the 25-year frequency event, is also a very logical choice.
However, it should be noted that the latter (like Plan 13b) is only a temporary
measure and, once Tatum Boulevard is developed into a full arterial, it would
have to be modified into Plan 13. This would entail a somewhat greater cost

than if Plan 13 were originally adopted, because the channel connecting the
structures at Shea and Tatum Boulevards would have to be completely re-excavated,
and some rather expensive lining removed and entirely replaced. In addition,
Plan 13a or 13b would involve some degree of legal liability, since both would be
vulnerable to pettifogging suits by the owners easterly of Tatum Boulevard, who
would undoubtedly claim that runoff had been concentrated on their property.
Moreover, any developer of property easterly of Tatum would be caused further
unhappiness should they be subjected, under Plan 13a, to a 250-foot-wide flood-
zoning restriction of which the City of Phoenix would later purchase only a
150-foot width in order to initiate Plan 13. In view of all of the above con-
siderations, it can only be recommended that Plan 13 be adopted.

Complete water-surface computations for the foregoing Plan 13 have been
made, in order to verify its practicality. (See Volume V.) A detailed listing
of its cost is shown on Plate XXIX. In estimating the foregoing, no allowance
has been made for the purchase of drainage easements from the 60-acre parcel
fronting on Shea Boulevard from 660 to 1980 feet westerly of its intersection
with 46th Street. This foregoing land is very soon to be developed by Tom Cav-
anagh Realty of Scottsdale, Arizona. Representatives of this company have un-
officially expressed a willingness to grant temporary construction easements for
the necessary dyking, since these would also be of advantage to them, Moreover,

an approval of the final subdivision plans could stipulate that the necessary



dykes be constructed.

The recommended box culverts in Plan 13 are standard sizes, as developed
by the Structures Section of the Division of Highways, State of Arizona Depart-
ment of Transportation. In connection with these, it should be noted that the
box culvert proposed at Tatum Boulevard would flow under outlet control, and
the one envisioned at Shea Boulevard would be under inlet control. Therefore,
while it has not been such a design practice in Arizona, the latter could be de-
signed with tapered barrels, in order to induce outlet control and also afford
some cost savings. However, upon cursory examination, it appears that the
height of the barrels could be decreased less than 1.5 feet, and the actual
monetary savings would be marginal. It must be emphasized that the computed
costs of Plan 13 envision rather expensive channel lining in those reaches where
the water velocities could exceed 10 f.p.s. Upon actual analysis of the natural
channel material, the latter may be found to be sufficiently cohesive to permit

somewhat higher velocities without causing erosion.
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PLAN

PLAN

PLAN

PLAN

PLAN

“

# 6a

#9

#10

#11

#12

#13

#13a

#13b

ALTERNATE PLANS

Take no further action
Establish Flood Plain Zoning in undeveloped areas

Purchase property, flood plain easements and/or remove structures
in developed areas to allow for the runoff from future storms

Purchase property, flood plain easements and/or remove structures
in developed areas to allow for the runoff from future storms +
Establish Flood Plain Zoning in undeveloped areas

Construct "CAROLLO" Dam

Construct Alternate "CAROLLO" Dam

Construct "CAROLLO" Dam + Downstream Channel and Structures

Construct Alternate "CAROLLO" Dam + Downstream Channel and Structures

Construct "CAROLLO" Dam + Downstream Channel and Structures + Shea
and Tatum Boulevard Storm Drain Connection

Construct Alternate "CAROLLO" Dam + Downstream Channel and Structures
+ Shea and Tatum Boulevard Storm Drain Connections

Construct Alternate #2 Detention Dams

Construct Alternate #2 Detention Dams + Downstream Channel and
Structures

Construct Alternate #2 Detention Dams + Downstream Channel and
Structures + Shea and Tatum Boulevard Storm Drain Connections

Construct Downstream Channel (100-year frequency) and Structures
(25-year frequency)

Construct Downstream Channel (100-year frequency) and Structures
(25-year frequency) + Establish Flood Plain Zoning in undeveloped
areas

Construct Downstream Channel (100-year frequency) and Structures
(25-year frequency) + Shea and Tatum Boulevard Storm Drain Connec-
tions + Establish Flood Plain Zoning in undeveloped areas

Construct Downstream Channel (100-year frequency) and Structure at
Shea Boulevard only (25-year frequency) + Shea Boulevard Storm
Drain Connection only + Establish Flood Plain Zoning in undeveloped
areas

Construct Downstream Channel (100-year frequency) and Structure at
Shea Boulevard only (5-year frequency) + Shea Boulevard Storm Drain
Connection only + Establish Flood Plain Zoning in undeveloped areas

PLATE XII




ITIX 31v1d

COST & BENEFITS OF FLOOD CONTROL PLANS
Period of Capitalization - 50 Years

Cost
Capital Flood Other Average Total '

No. of Capital Recovery Plain Annual Annual Annual Annual Other Total B/C
Plan Cost Cost Zoning Costs Damage Costs  Benefits Benefits Benefits Ratio
1 0 0 0 0 8,500 8,500 0 0 0 0
2 0 0 3,400 0 4,600 8,000 3,800 0 3,800 0.48
3 1,017,000 64,500 0 0 4,600 69,100 3,900 0 3,900 0.06
B 1,017,000 64,500 3,400 0 1,200 69,100 7,300 0 7,300 0.11
5 993,000 63,000 0 2,500* 1,200 66,700 7,300 0 7,300 0.1
5a 582,000 36,900 0 2,500% 1,200 40,600 7,300 0 7,300 0.18
6 1,299,000 82,400 0 2,500* 0 84,900 8,500 0 8,500 0.10
6a 888,000 56,300 0 2,500% 0 58,800 8,500 0 8,500 0.14
7 1,611,000 102,200 b 2,500* 0 104,700 8,500 22,800 31,300 0.30
7a 1,201,000 76,200 0 2,500* 0 78,700 8,500 22,800 31,300 0.40
8 651,000 41,300 0 2,500* 1,200 43,800 7,300 0 7,300 0.17
9 1,091,000 69,200 0 2,500* S 71,700 8,500 0 8,500 0.12
10 1,373,000 87,100 0 2,500* 0 89,600 8,500 22,800 31,300 0.35
11 936,000 59,400 0 0 3,900 63,300 4,600 0 4,600 0.07
12 936,000 59,400 2,300 0 0 61,700 8,500 0 8,500 0.14
13 1,047,000 66,400 2,300 0 0 68,700 8,500 22,800 31,300 0.46
13a 498,000 31,600 3,400 0 600 35,600 7,900 21,800 29,700 0.83
13b 432,000 27,400 3,400 0 800 31,600 7,700 21,800 29,500 0.93

*Includes Dam Operation, Inspection & Maintenance Costs
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" LOCATION OF PROJECT

This project is located on the northerly slopes of the Phoenix Mountains
(more popularly known as the ''North Phoenix Mountains'') approximately 9 miles
north-northeasterly from the center of Phoenix, Arizona.

DESCRIPTION OF AREA AND PROBLEM

The watershed under study (totaling over 2 square miles) is 'tear-drop" in
shape, with the wider portion to the south being along the uppermost ridges of the
Phoenix Mountains - while the narrow portion, representing various ''braided' outflow
channels, extends in a north-northeasterly direction to junction with Indian Bend
Wash centered approximately at an intersection of Tatum Boulevard (48th Street)
and Cholla Street (Elevation: 1371). The most southwesterly extremity of the
watershed is marked by Squaw Peak (Elevation: 2608) and the easterly edge at
various points lies within the corporate boundary of Paradise Valley. The '"bulbous"
portion of the drainage area lies within the rocky northern outcrops of the Phoenix
Mountains, while the ''meck' portion (which widens considerably in its lower extrem-
ity) is on the more gentle southerly slopes of Paradise Valley, and these slopes
are composed of caliche cemented talus., Thus, the soils of the watershed have avery
high runoff potential, with an infiltratgon rate of only about 0,05 to 0.15 inch

- per hour (rated "Group D" in Soil Conservation procedures), and therefore, have
very high resistance to erosion. The natural vegetation is typical Sonoran desert
type,with sparse mesquite, creosote bush, black bush, catclaw, palo verde and some
cactus with about 15 to 207% density. The climate is likewise typical Sonoran,
with hot summers, mild winters, and infrequent rainfalls. Most of the annual rain-
fall (7 inches) is accounted for by summer thunderstorms of high intensity but short
duration. In the recent past, there have been three occasions (1951, 1968, and
1972) within the memory of the present residents of the area in which

these storms have been of such intensity that the resultant runoff from the area

has forced the closure of Shea Boulevard at a point about % mile westerly of its
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juncture with Tatum Boulevard. These closure periods have been relatively short
because of the nature of the runoff, and have caused very little damage to property
and homes since, until recently, the area has been very sparsely developed. How-
ever, inasmuch as the area has experienced considerable development in the last
four years, and yet further homes, more subdivisions, and some commercial enter-
prises are currently being planned adjacent to Shea Boulevard, a need has obviously
arisen to examine the desirability of undertaking flood control measures in the
watershed. In particular, the possible Detention Basin #8, as described in the
report by John Carollo Engineers (Contract No. 13580, Project ST-71185.00), has
become the subject of much concern. The latter, which would be located just south-
erly of Double Tree Ranch Road (i,e.,approximately at the north line of Section
36, T3N, R3E, and within the newly purchased Phoenix Mountain Preserve) could be
(and apparently has been) considered variously as aesthetically unappealing, in-
consistent and damaging to the environment, and also economically infeasible.
Inasmuch as developing a cost-benefit ratio for the detention basin and dam was
beyond the scope of Contract No. 13580 to John Carollo Engineers, this study and
report was initiated to provide the latger and also to develop possible alternate

flood control measures.

PROCEDURES

A hydrologic study of the upstream area from the presently proposed struc-
ture (hereafter referred to as the '"Carollo Dam'") and also the downstream portion
of the watershed was made to determine the peak discharge at selected points for
the 2, 5, 10, 25, 50, and 100-year frequency storms. This was accomplished through
utilization of a TR-20 computer model and procedures developed by the Soil Con-
servation Service (more popularly known as the '"SCS Method'"). These computations,
including a hydrologic map and other pertinent data, are contained in Volume II-
of this report. To establish the latter computer model, some 30 cross-sections

were developed at selected points from the existing City of Phoenix 1" = 100'

4




5% Hvdrologic Studies for the Village of Paradise Valley. prepared for Daycor Associates by Val-

Tec, Inc., January 1976.

This report was done for the initial planning of "The Villages of Paradise Valley", a 1,200 acre
planned community extending from 40th Street to 52nd Street from Thunderbird to Cholla
including Paradise Valley Mall and a portion of the Indian Bend Wash. Contributing flow
rates were estimated for a 100-year storm based on the old ADOT SCS method for existing
watershed conditions. The report mentions that Indian Bend Wash channelization

improvements were being designed by Water Resources Associates. This report identifies

Parcel LD15 at the northeast corner of Shea and Tatum as one of several parcels not
requiring onsite stormwater detention because of "suitable drainage outfall”. This report
estimated a 100-year discharge of 1,340 cfs from a contributing area of about 2 square miles

to the southwest of the subject site with outfall to Tatum between Shea and the Indian Bend

Wash.

6. Shea Boulevard Drainage Study, prepared for the City of Phoenix (Project # ST-75091.00),

by Yost and Gardner Engineers, May 1976.

This report was done in conjunction with the design of a major storm drain in Shea
Boulevard. It includes the area contributing runoff to Shea from 32nd Street to Tatum. This
report uses a 2-year design frequency for the storm drain and assumes that the proposed
detention basin/dam flood control projects in the contributing area to the south are
constructed. These proposed flood control projects were the subject of a concurrent study

by Dashney and Associates for the City of Phoenix.

=B
T 7 de/tib:MAY048:11623.rpt 7 STANLEY CONSULTANTS, INC.
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PLANS 5 & 6 - SUMMARY OF QUANTITIES

Dam(PLAN 5 & 6)

Embankment: 126,100 C.Y. @ $2.00
Spillway Excavation: 67,000 C.Y. @ $5.00
Basin Excavation: 109,000 C.Y. @ $1.50
OQutlet Works: 2 @ $8,000

Fencing: 900 L.F. @ $4.00

Desert Landscaping: 3.1 acres @ $1,000
Landscape Fill: 36,000 C.Y. @ $1.50

Engineering Design & Inspection(12% of Construction Cost)
Administration, Legal, etc.(8% of Construction Cost)

Channel Quantities(PLAN 6)

Pipe Culvert at Shea

66" Pipe Culvert: 196 L.F. @ $100

Hdwl. Conc.: 64.35 C.Y. @ $145

Hdwl. Reinf. Steel: 3935# @ $0.35

Struct. Excavation: 660 C.Y. @ $5.50
Special Comp.: 691 C.Y. @ $7.50

Pavement Cut & Replacement: 150 S.Y. @ $35
Handrail: 45 L.F. @ $25

Pipe Culvert at Tatum

66" Pipe Culvert: 94 L.F. @ $100

Hdwl. Conc.: 51.06 @ $145

Hdwl. Reinf. Steel: 2668# @ $35

Struct. Excavation: 317 C.Y. @ $5.50
Special Comp.: 338 @ $7.50

Pavement Cut & Replacement: 114 S.Y. @ $35
Handrail: 24 L.F. @ $25

Channels
Mortared Rock Lining: 2780 C.Y. @ $15

Structural Excavation(Lined Channel): 2420.C.Y. @ $5.50
Drainage Excavation(Unlined Channel): 19,398 @ $1.50

Embankment(Dykes): 455 C.Y. @ $2.00

Miscellaneous

R/W: 8.13 acres @ $12,000

Adjust Water Lines: 5 Sites @ $2,500
Traffic Control: 2 Sites @ $10,000

Contingencies(Engineer, Staking, Insp., etc.)

©

252,200
335,000
163,500
16,000
3,600
3,100
54,000
99,300
66,200

(PLAN 5) $ 992,900

oo wn

19,600
9,331
1,377
3,630
5,183
5,250
1,125

$ 45,496

$ 9,400
7,404

907

1,744

24535

3,990

600

$ 26,580

$ 41,700
134310
29,067

910

$ 84,987

$ 97,560
12,500
20,000
19,000

$ 306,123

n oo

(PLAN 6) $ 1,299,023

PLATE XXII



l PLANS 5a & 6a - SUMMARY OF QUANTITIES
I Dam(PLAN 5a & 6a)
Embankment: 97,300 C.Y. @ $2.00 =$ 194,600
' Spillway Excavation: 16,500 C.Y. @ $3.00 = 49,500
l Basin Excavation: 109,000 C.Y. @ $1.50 = 163,500
Concrete Wall: 150 L.F. @ $100 = 15,000
Outlet Works: 2 @ $8,000 = 16,000
Fencing: 850 L.F. @ $4.00 = 3,400
I Landscape Fill: 27,000 C.Y. @ $1.50 = 40,500
Desert Landscaping: 3.1 acres @$1,000 = 3,100
Engr. Design & Inspection (12% of Construction Cost) = 58,300
l Administration, Legal (8% of Construction Cost) = 38,400
(Plan 5a) $ 582,300
I Channel Quantities(PLAN 6a)
Pipe Culvert at Shea
66" Pipe Culvert: 196 L.F. @ $100 = 19,600
l Hdwl. Conc.: 64.35 C.Y. @ $145 = 9,331
Hdwl. Reinf. Steel: 3935# @ $0.35 = 1,377
Struct: Excav.: 660 C.Y. @ $5.50 = 3,630
l Special Comp.: 691 C.Y. @ $7.50 = 5,183
Pavement Cut & Replacement: 150 S.Y. @ $35 B 5,250
Handrail: 45 L.F. @ $25 = 1,125
I $ 45,496
Pipe Culvert at Tatum
66" Pipe Culvert: 94 L.F. @ $100 = 9,400
l Hdwl. Conc.: 51.06 @ $145 - 7,404
Hdwl. Reinf. Steel: 2668# @ $35 = 907
Struct. Excav.: 317 C.Y. @ $5.50 = 1,744
I Special .Comp.: 538 @ $7.50 = 2,535
Pavement Cut & Replacement: 114 S.Y. @ $35 = 3,990
, Handrail: 24 L.F. @ $25 = 600
’ I $ 26,580
Channels
Mortared Rock Lining: 2780 C.Y. @ $15 =$ 41,700
I Structural Excavation(Lined Channel): 2420 C.Y. @ $5.50 - 13,310
Drainage Excavation(Unlined Channel): 19,358 @ $1.50 = 29,067
Embankment(Dykes): 455 C.Y. @ $2 = 910
I $ 84,987
Miscellaneous
R/W: 8.13 acres @ $12,000 =% 97,560
I Adjust Water Lines: 5 Sites @ $2,500 = 12,500
Traffic Control: 2 Sites @ $10,000 = 20,000
Contingencies(Engineer, Staking, Insp., etc.) = 19,000
I $ 306,123
(PLAN 6a) $ 888,423

PLATE XXIII
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I PLAN 7 - SUMMARY OF QUNATITIES
Dam
l Embankment: 126,100 C.Y. @ $2.00 =$ 252,200
Spillway Excavation: 67,000 C.Y. @ $5.00 = 335,000
Basin Excavation: 109,000 C.Y. @ $1.50 = 163,500
l Outlet Works: 2 @ $8,000 = 16,000
Fencing: 900 L.F. @ $4.00 = 3,600
Desert Landscaping: 3.1 acres @ $1,000 - 3,100
Landscape Fill: 36,000 C.Y. @ $1.50 = 54,000
' Engineering Design & Inspection(12% of Construction Cost) = 99,300
Administration, Legal, etc.(8% of Construction Cost) = 66,200
I $ 992,900
Pipe Culvert at Shea
78" Pipe Culvert: 196 L.F. @ $100 =$ 19,600
l Hdwl. Conc.: 64.35 C.Y. @ $145 - 9,331
Hdwl. Steel: 3935# @ $0.35 = 1,377
Struct. Excavation: 752 C.Y. @ $5.50 = 4,140
I Special Comp.: 910 C.Y. @ $7.50 = 6,830
Pavement Cut & Replacement: 178 S.Y. @ $35 = 6,230
Handrail: 45 L.F. @ $25 = 1,125
I $ 48,633
Box Culvert at Tatum
Conc.: 183.34 C.Y. @ $145 =3 26,657
I Steel: 26,020# @ $0.35 = 9,107
Struct. Excavation: 982 C.Y. @ $5.50 = 5,401
Special Comp: 532 C.Y. @ $7.50 = 3,990
. Pavement Cut & Replacement: 190 S.Y. @ $35 - 6,650
Handrail: 45 L.F. @ $25 = 1,125
I $ 52,930
‘ Channels
j Mortared Rock Lining: 11,651 S.Y. @ $15 =$ 174,765
l Structural Excavation(Lined Channel): 23,284 C.Y. @ $5.50 = 128,062
Drainage Excavation(Unlined Channel): 8750 C.Y. @ $1.50 = 13,125
Embankment(Dykes): 869 C.Y. @ $2.00 = 1,738
I $ 317,690
Miscellaneous
I R/W: 10.15 acres @ $12,000 = 121,800
Adjust Water Lines: 5 Sites @ $2800 = 12,500
Traffic Control: 2 Sites @ $10,000 = 20,000
Contingencies(Engr., Staking, Insp., etc.) = 45,000
l ‘ $ 199,300
l $ 1,611,453

PLATE XXIV
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l PLAN 7a - SUMMARY OF QUANTITIES
Dam
l Embankment: 97,300 C.Y. @ $2.00 =$ 194,600
Spillway Excavation: 16,500 C.Y. @ $3.00 = 49,500
Basin Excavation: 109,000 C.Y. @ $1.50 = 163,500
Concrete Wall: 150 L.F. @ $100 = 15,000
OQutlet Works: 2 @ $8,000 = 16,000
Fencing: 850 L.F. @ $4.00 = 3,400
Landscape Fill: 27,000 C.Y. @ $1.50 = 40,500
l Desert Landscaping: 3.1 acres @ $1,000 E 3,100
Engr. Design & Inspection(12% of Construction Cost) = 58,300
Administration, Legal, etc.(8% of Construction Cost) = 38,400
I $ 582,300
Pipe Culvert at Shea
l 78" Pipe Culvert: 196 L.F. @ $100 =3 19,600
Hdwl. Conc.: 64.35 C.Y. @ $145 = 9,331
Hdwl. Steel: 3935# @ $0.35 = 1,377
Structural Excavation: 752 C.Y. @ 5.50 = 4,140
Special Comp.: 910 C.Y. @ $7.50 = 6,830
Pavement Cut & Replacement: 178 S.Y. @ $35 = 6,230
Handrail: 45 L.F. @ $25 = 1,125
I $ 48,633
Box Culvert at Tatum
. Conc.: 183.34 C.Y. @ $145 =$ 26,657
Steel: 26,020# @ $0.35 = 9,107
Structural Excavation: 982 C.Y. @ $5.50 = 5,401
l Special Comp.: 532 C.Y. @ $7.50 = 3,990
Pavement Cut & Replacement: 190 S.Y. @ $35 = 6,650
Handrail: 45 L.F. @ $25 = 1,125
l $ 52,930
Channels
I Mortared Rock Lining: 11,651 S.Y. @ $15 =$ 174,765
Structural Excavation(Lined Channel): 23,284 C.Y. @ $5.50 = 128,062
Drainage Excavation(Unlined Channel): 8750 C.Y. @ $1.50 = 13,125
| I Embankment(Dykes): 869 C.Y. @ $2.00 = 1,738
i $ 317,690
I Miscellaneous
R/W: 10.15 acres @ $12,000 =$ 121,800
Adjust Water Lines: 5 Sites @ $2800 = 12,500
Traffic Control: 2 Sites @ $10,000 = 20,000
' Contingencies(Engr., Staking, Insp., etc.) = 45,000
$ 199,300
I $ 1,200,853

PLATE XXV
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PLANS 8 & 9 - SUMMARY OF QUANTITIES

Large Dam(Structure #1)

Embankment: 58,360 C.Y. @ $2.00 =$ 116,720
Spillway Excavation: 48,290 C.Y. @ $5.00 = 241,450
Basin Excavation: 20,368 C.Y. @ $1.50 = 30,552
Outlet Works: 1 @ $11,300 = 11,300
Fencing: 1000 L.F. @ $4.50 = 4,500
Desert Landscaping: 7.6 acres @ $1,000 = 7,600
Engr. Design & Inspection (12% of Construction Cost) = 48,500
Administration, Legal, etc. (8% of Construction Cost) = 32,362
$ 492,984
Small Dam(Structure #2)
Embankment: 25,056 C.Y. @ $2.00 =$ 50,112
Spillway Excavation: 7492 C.Y. @ $5.00 = 37,460
Basin Excavation: 21986 C.Y. @ $1.50 = 32,979
Outlet Works: 1 @ $4750 = 4,750
Fencing: 600 L.F. @ $4.50 = 2,700
Desert Landscaping: 4.5 acres @ $1000 = 4,500
Engr. Design & Inspection (12% of Construction Cost) = 15,600
Administration, Legal, etc. (8% of Construction Cost) = 10,400
$ 158,501

(PLAN 8) $ 651,485

Structure at Shea

Conc.: 255.16 C.Y. @ $145 = $ 36,978
Reinf. Steel: 365494 @ $0.35 = 12,792
Structural Excavation: 1596 C.Y. @ $5.50 = 8,778
Special Comp: 776 C.Y. @ $7.50 = 5,820
Pavement Cut & Replacement: 200 S.Y. @ $35 = 7,000
Handrail: 34 L.F. @ $25 = 850
$ 72,238
Structure at Tatum
Conc.: 139.75 C.Y. @ $145 =$ 20,177
Steel: 20,650# @ $0.35 = 7,228
Structural Excavation: 710 C.Y. @ $5.50 = 3,905
Special Compaction: 574 C.Y. @ $7.50 = 4,305
Pavement Cut & Replacement: 163 S.Y. @ $35 = 5,705
Handrail: 28 L.F. @ $25 = 700
$ 42,020
Channels
Mortared Rock Lining: 4,170 S.Y. @ $15 =$ 62,550
Structural Excavation (Lined Channel): 5440 C.Y. @ $5.50 = 29,920
Drainage Excavation (Unlined Channel): 31,244 C.Y. @ $1.50 = 46,866
Embankment(Dykes): 605 C.Y. @ $2.00 = 1,210
$ 140,546

PLATE XXVI




Miscellaneous

R/W: 10.30 acres @ $12,000

Adjust Water Lines: 5 Sites @ $2500
Traffic Control: 2 Sites @ $10,000
Contingencies(Engr., Staking, Insp., etc.)

(PLAN 9)

=$ 123,600
= 12,500
= 20,000
= 29,000

$ 185,100

$ 1,091,389

PLATE XXVI Cont.



PLAN 10 - SUMMARY OF QUANTITIES

Large Dam (Structure #1)
Embankment: 58,360 C.Y. @ $2.00

Spillway Excavation: 48290 C.Y. @ $5.00

Basin Excavation: 20,368 C.Y. @ $1.50

Outlet Works: 1 @ $11,300

Fencing: 1000 L.F. @ $4.50

Desert Landscaping: 7.6 acres @ $1,000

Engr. Design & Inspection (12% of Construction Cost)
Administration, Legal, etc. (8% of Construction Cost)

Small Dam (Structure 2)

Embankment: 25,056 C.Y. @ $2.00

Spillway Excavation: 7492 C.Y. @ $5.00

Basin Excavation: 21986 C.Y. @ $1.50

Outlet Works: 1 @ $4750

Fencing: 600 L.F. @ $4.50

Desert Landscaping: 4.5 acres @ $1000

Engr. Design & Inspection (12% of Construction Cost)
Administration, Legal, etc. (8% of Construction Cost)

Structure at Shea

Conc.: 255.16 C.Y. @ $145

Reinf. Steel: 36,549# @ $0.35

Structural Excavation: 1596 C.Y. @ $5.50
Special Comp.: 776 C.Y. @ $7.50

Pavement Cut & Replacement: 200 S.Y. @ $35
Handrail: 34 L.F. @ $25

Structure at Tatum

Conc.: 240.08 C.Y. @ $145

Reinforcing Steel: 33,301# @ $0.35
Structural Excavation: 1215 C.Y. @ $5.50
Special Comp.: 585 C.Y. @ $7.50

Pavement Cut & Replacement: 210 S.Y. @ $35
Handrail: 52 L.F. @ $25

Channels

Mortared Rock Lining: 14,044 S.Y. @ $1.50

Structural Excavation (Lined Channel): 26,653 C.Y. @ $
Drainage Excavation (Unlined Channel): 10,102 C @3
Embankment (Dykes): 1877 C.Y. @ $2.00

5.50
1.50

-

116,720
241,480
30,552
11,300
4,500
7,600
48,500

32,362

492,984

50,112
37,460
32,979
4,750
2,700
4,500
15,600

10,400

158,501

36,998
12,792
8,778
5,820
7,000
850

72,238

34,812
11,655
6,683
4,388
£ 43580

1,300

66,188

210,660
146,592
15,153

3,754

376,159
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Miscellaneous

R/W: 998 acres @ $12,000

Adjust Water Lines: 5 Sites @ $2,500
Traffic Control: 2 Sites @ $10,000
Contingencies (Engr., Staking, Insp., etc.)

$ 119,760
12,500
20,000
55,000

$ 207,260

$ 1,373,330

PLATE XXVII Cont.




l PLAN 11 & 12 - SUMMARY OF QUANTITIES
Box Culvert at Shea
l Conc.: 510.87 C.Y. @ $145 =$ 74,076
Reinf. Steel: 74,224# @ $0.35 = 25,978
Structural Excavation: 2901 C.Y. @ $5.50 - 15,956
Special Comp.: 1237 C.Y. @ $7.50 = 9,278
Pavement Cut & Replacement: 315 S.Y. @ $35 = 10,955
Handrail: 63 L.F. @ $25 = 1,575
Spillway $ Drop Inlet Lining: 1980 S.Y. @ $15 = 29,700
l Drainage Excavation: 3152 @ $5.50 - 17,336
$ 184,854
' Box Culvert at Tatum
Conc.: 303.10 C.Y. @ $145 =9 43,950
Steel: 43,384# @ $0.35 = 15,184
l Structural Excavation: 1946 C.Y. @ $5.50 = 10,703
Special Comp.: 532 C.Y. @ $7.50 = 3,990
Pavement Cut & Replacement: 241 S.Y. @ $35.00 = 8,435
l Handrail: 79 L.F. @ $25.00 = 1,975
$ 84,237
l Channel
Mortared Rock Lining: 14,613 S.Y. @ $15.00 =$ 219,195
Structural Excavation(Lined Channel): 22,255 C.Y. @ $5.50 = 122,403
Drainage Excavation(Unlined Channel): 16,896 C.Y. @ $1.50 - 25,344
l Embankment(Dykes): 4,792 C.Y. @ $2.00 = 9,584
$ 376,526
' Miscellaneous
R/W: 15.91 acres @ $12,000 = $ 190,920
Adjust Water Lines: 5 Sites @ $2,500 = 12,500
l Traffic Control: 2 Sites @ $10,000 = 20,000
Contingencies (Engr., Staking, Insp., etc.) = 66,800
l $ 289,920
$ 935,537
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PLAN 13 - SUMMARY OF QUANTITIES

Box Culvert at Shea

Conc: 511 C.Y. @ $145

Steel: 74,224 Lbs. @ $0.35

Structural Excav: 2900 C.Y. @ $5.50
Special Comp: 1240 C.Y. @ $7.50

Pavement Cut & Replacement: 315 C.Y. @ $35
Handrail: 63 L.F. @ $25

Spillway, Drop Inlet & Entrance Channel Concrete: 1980 S.Y. @ $15

Drainage Excavation for Spillway, Inlet & Entrance Channel:

3150 C.Y. @ $5.50

Box Culvert at Tatum

Conc: 399 C.Y. @ $145

Steel: 61,790 Lbs. @ $0.35

Structural Excav: 2160 C.Y. @ $5.50
Special Compaction: 555 C.Y. @ $7.50
Pavement Cut & Replacement: 290 C.Y. @ $35
Handrail: 103 L.F. @ $25

Channels

Mortared Rock Lining: 16,865 S.Y. @ $15

Structural Excav. (Lined Channel): 27,460 C.Y. @ $5.50
Drainage Excav. (Unlined Channel): 19,375 C.Y. @ $1.50
Embankment (Dykes): 4,795 C.Y. @ $2

Miscellaneous

Adjust Water Lines: 5 Sites @ $2,500

Traffic Control: 2 Sites @ $10,000

Contingencies (Engineering, Inspection, Staking, Etc.)
R/W: 16.77 Acres @ $12,000

Total

1}

$ 74,095

25,979
15,950
9,300
11,025
1575
29,700

17,325

$ 184,949

$ 57,855
21,627
11,880

4,163
10,150
2,575

$ 108,250

$ 252,975
151,036
29,066
9,590

$ 442,667

$ 12,500
20,000
77,000

201,240

$ 310,740

1]

$1,046,606
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I PLAN 13a - SUMMARY OF QUANTITIES
Box Culvert @ Shea
l Conc.: 510,87 C.Y. @ $145 =$ 74,076
Reinf. Steel: 74,224# @ $0.35 = 25,978
Structural Excavation: 2901 C.Y. @ $5.50 = 15,956
Special Comp.: 1237 C.Y. @ $7.50 = 9,278
l Pavement Cut & Replacement: 315 S.Y. @ $35.00 = 10,955
Handrail: 63 L.F. @ $25.00 = 1,575
Spillway & Drop Inlet Lining: 1980 S.Y. @ $15.00 = 29,700
I Drainage Excavation: 3152 @ $5.50 = 17,336
$ 184,854
l Channel
Mortared Rock Lining: 4,666 S.Y. @ $15.00 =$ 69,990
Structural Excavation (Lined Channel): 1954 C.Y. @ $5.50 = 10,747
l Drainage Excavation (Unlined Channel): 13,845 C.Y. @ $1.50 = 20,768
Embankment(Dykes): 6460 C.Y. @ $2.00 = 12,920
§ 114,425
l Miscellaneous
R/W: T12.19 acres @ $12,000 =$ 146,280
l Adjust Water Lines: 4 Sites @ $2,500 = 10,000
Traffic Control: 1 Site @ $10,000 = 10,000
Contingencies (Engr., Staking, Insp., etc.) = 32,000
. $ 198,280
$ 497,559
r
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PLAN 13b - SUMMARY OF QUANTITIES

Box Culvert at Shea

Conc.: 294.74 C.Y. @ $145

Steel: 41,415# @ $0.35

Structural Excavation: 1653 C.Y. @ $5.50

Special Comp.: 1237 C.Y. @ $7.50

Pavement Cut & Replacement: 239 S.Y. @ $35.00
Handrail: 34 L.F. @ $25.00

Spillway & Drop Inlet Lining: 1765 S.Y. @ $15.00
Drainage Excavation: 1430 C.Y. @ $5.50

Channel

Mortared Rock Lining: 4,666 S.Y. @ $15.00

Structural Excavation (Lined Channel): 1954 C.Y. @ $5.50
Drainage Excavation (Unlined Channel): 13,845 C.Y. @ $1.50
Embankment (Dykes): 6460 C.Y. @ $2.00

Miscellaneous

R/W: 12.19 acres @ $12,000

Adjust Water Lines: 4 Sites @ $2,500
Traffic Control: 1 Site @ $10,000
Contingencies (Engr., Staking, Insp., etc.)

42,737
14,495
9,092
9,278
8,365
850
26,475

7,865

118,157

69,990
10,747
20,768

12,920

114,425

146,280
10,000
10,000
32,000

198.280

431,862
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