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SIGNAL BUTTE FLOODWAY CONSTRUCTION PLUG

The responsibility for water control lies with a contractor in accordance with
de-watering provision of the contract. The ccntractor must develop and
implement a plan for the contract period spelling out those strategies by
which he will accomplish these water control contractual reguirements.

The construction plug in the Signal Butte Floodway was a water control measure
selected by the contractor during construction. WNeither Soil Conservation
Service designs nor construction requirements called for specific measures.
Contractors have the sole responsibility, according to the contract provisions
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manner so as to construct and complete the project within the specifications
set forth in the contract.
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Buckhorn Mesa Watershed

Storm of July 17 & 18, 1984

Introduction

The Buckhorn Mesa Watershed is an arid watershed located in East Maricopia and
West Pinal Counties, Arizona, The watershed heads in the Usery Mountains,
Goldfield Mountains and western flank of the Superstition Mountains and drains
onto a wide alluvial fan on which valuable improvements, including
subdivisions and commerical develcpments, have been established. Since
portions of the watershed lie within the Town of Apache Junction and the City
of Mesa, pressure for urban development has increased. Many new developments
are being constructed each year with subsequent increases in potential flood

damages.

Because of previous flood problems, an application was received and a
vatershed work plan was developed for the watershed in the early 1960's
pursuant to Public Law 83-566, 83rd Congress, 68 Statue 666 as amended and
supplemented. This plan consisted of a series of floodwater retarding
structures (FRS} and floodways which provided a 100-year level of protection
to the area located immediately downstream of the planned measures. Although
the plan has since been revised and supplemented, its basic format remains
unchanged. The present plan consist of four floodwater retarding structures
(Spook Hill FRS, Signal Butte FRS, Apache Junction FRS and Weekes Wash FRS),
two floodways (Signal Butte Floodway and Bulldog Wash Floodway) and a
diversion (Pass Mountian Diverson). See Project Map located at end of this

report, During the present analysis, only a portion of the Buckhorn Mesa



Project was studied. This includes all contributing drainage areas lying
north of the Central Arizona Project Canal from Signal Butte Road west to the
east end of the Spook Hill FRS. (See Drainage Area Map located at the back of

this report.)

At the time of the storm, only the first increment of the project, the Spook
Hill Dam, was installed. The second increment, the Signal Butte Floodway, was
under construction. Thils latter structure consists of an east-west, earth
channel located l/4-mile north of Brown Road and begins about 500 feet east of
Signal Butte Road and empties into a concrete lined channel at an inlet
structure (Station 96+74) located about 2500 feet west of Crismon Road. (See
Signal Butte Floodway Layout located at back of this report.) From this point
the fioodway flows in a south—southwest direction to 1ts outlet immediately
upstream of the east end of the Spook Hill FRS. At the time of the storm,
both the earth and concrete lined portions of the channel were nearing
completion, but the inlet structure had not been constructed. A4s a result, an
earth construction plug was installed by the Contractor in the earth portion
of the channel at Station 95400 to protect the construction site of the inlet
Btructure and to provide soume protection to the concrete lined channel, since
the retaining walls of the channel had not been back~filled at that time.
Overflow from the floodway occurred upstream of the plug. The floodway,
including the inlet structure has.since been completed and was dedicated on
August 16, 1984, OQOther project increments, except Weekes Wash Dam, are
scheduled to be completed by Fiscal Year 1987. The Weekes Wash Dam will be
completed at a later date. Once completed, the designated structures will

provide a high degree of flood protection to many of the areas flooded during



the subject storm. Even with the structures installed, local drainage may
still cause some residual flooding within washes and in low-lying, water-

ponding areas.

Another construction project which was on-going at the time of the storm was
Reach 1B of the Central Arizona Project (CAP) Canal. The excavation on the
canal was nearing completion, but proposed concrete lining and drainage
facilities had not been installed. Collector channels located along the north
(and/or east) 0&M road were in various stages of construction; as were
overchutes, which are designed to carry local runoff across the CAP and
discharge it into downstream channels. Only two openings in the north 0O&M
road were known to exist within the study reach at the time of the storm.
These were at proposed overchutes locations near Station 3453+50 (located west
of Ellsworth Road) and Station 456460 (located south of Apache Trail near
Broadway). There are other locations where overchutes are proposed, but
generally construction had not yet begun. At two of these latter locations
water did enter the CAP by ponding and overtopping the embankment of the north

0&M road.

The overchute at Station 397+00 was nearing completion. The outlet for this
overchute, however, had not been constructed, therefore, it did not function
as designed. On the other hand, the new University Drive Bridge, although not

designed as an overchute, did function as one during the flood.



Other construction activities along the CAP which had some effect on passage

of the flood were the presence of five construction plugs within the CAP canal

and an opening in the south 0&M Road at the downstream overchute location
{(i.e. Station 456+60) where water exited the CAP. The first plug was located
near Station 383+00 just upstream of University Drive. The second plug was in
place at Station 398+00 east of 96th Street. The next two plugs were located
upstream and downstream of Apache Trail, and the final plug was located at
Signal Butte Road. The Signal Butte Road plug prevented any countribution of

flow from the east and effectively defined the eastern boundary of the Study

i area. The exact reason for these plugs is not known but could have been for
the purpose of flood protection, equipment crossing, or to carry highway
traffic during the construction of bridges. 1In most cases the top of the

plugs were below the elevation of the south 0&M road and generally caused no
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overtopping of the CAP on its south side.

Although the water which exited the CAP at Station 456+60 caused flooding
downstream of the CAP, it was not evaluated as part of this study. This

analysis indicates that little or no overflow from the Signal Butte Floodway

was discharged from the CAP at this location.

HETHODS OF ANALYSIS

The methods used to analyze the subject storm are those outlined in the Sonil
Conservation Services's (S5CS) National Engineering Handbook, Section 4,
Hydrology. This section gives procedures for analyzing both the hydraulic and

hydrologic parameters of a watershed. The hydraulic parameters were further




defined using the SCS's WSP-2 Computer Program, which is a step-backwater

program used to compute water surface profiles,

Water surface profiles were calculated for the earth portion of the Signal
Butte Floodway for both "with” and "without"” the construction plug in place,

and for the collector channels and overflow sections located along the north

embankment of the CAP Canel from University Drive upstream to Station

345+50. The collector channel profiles actually were run in two Segments,
using surveyed cross section data, The starting point for the first segment
was at University Drive (and/or 95th Place), and the second starting point was
at Station 345450. Both of these profiles ran toward and ended at Ellsworth

Road since this road served as a divide between the two channel segments.

The purpose of the water surface profile calculations was to estimate the
carrying capacities of the various channels and/or overflow sections and to

determine the peak flows for the subject storm. Peak discharges were based on

the profiles and surveyed high water marks for selected locations in the

watershed. Volumes of water stored in the Signal Butte Floodway and the CAP
Canal were also calculated. The peak discharges, volumes and elevations were

then used to calibrate the hydrologic model.

The hydrologic model used in the analysis i1s that described in the SCS
Technical Release No. 21, i.e. the TR-20 Computer Program. The TR-20 model
imulates surface runoff response to precipitation on a watershed by computing
sub-basin hydrographs and systematically combining these with other

appropriate hydrographs to obtain total runoff discharges and volumes at

select poiﬁts in the watershed.




Sub-basins used in the TR-20 model are shown on the "Drainage Aréa Map”
located in the back of this report. Three major watershed parameters required
as input to the model are alsc shown on the map. These are drainage areas in
square miles; times of concentration in hours, and runoff curve numbers.l
Drainage areas were planimetered from USGS 7 Hb-— minute quadrangle maps.
Methods of obtaining both the times of concentration and runoff curve numbers

are given in Section 4, of the SCS National Engineering Handbook.

There were 35 separate sub-basins used to model the July 1984 storm. Many of
these are the same sub-areas used in modeling the Buckhorn Mesa Watershed for

design purposes.

There were four separate watershed alternatives analyzed during this study.

These are:

Alternate [: Conditions existing at the time of the storm with the

Signal Butte Floodway construction plug in place.

Alternate 2: Assuming that the Signal Butte Floodway was completed and

the construction plug was not in place.

Alternate 3 Assuming that construction on the Signal Butte Floodway had

not begun, i.e. conditions without the Signal Butte

Floodway.

Alternate 4

Yy

Assuming that construction of the total Buckhorn Mesa

Project had been completed.



The first alternate is based on actual storm conditions and was used to

calibrate the model. The other three alternatives are hypothetical and were
used to analyze the effect of the Signal Butte Floodway "with” and "without™
the construction plug, and to determine what the historical flood discharges

would have been along the CAP had the Buckhorn Mesa Project been completed.

The combination of flood hydrographs from the individual sub-basins differed
for each alternative. This is accounted for in the model. Rainfall amounts
also varied by sub-basin and were taken from an Isohyetal Map for the storm
furnisted by the Maricopa County Flood Control District, {See Isohyetal Map
located in back of report). To simplify the model, weighted rainfalls for
larger drainage basins were used, where the differences in rainfall amounts

for individual sub-basins were not significant.

The distribution of the storm with respect to time was based on a mass
rainfall curve develcoped from two recording rain gauges located in or near the

study area. This mass curve was used as input to the model.

In addition to analyzing the historical storm event, four synthetic storm
frequencies were also analyzed. These were the 10—, 25—, 50~ and 100-vear,
24-hour rainfall amounts taken from "NOAA Atlas 2, Precipitation Frequencies
Atlas for the Western United States, Volume VIII, Arizona". The SCS, Type II
rainfall distribution was used for these storms. The rainfall was then
distributed uniformly over the watershed. These latter storms were used to
estimate the flood frequency of the historical storm event. (Note, the Type
IT distribution and 24-hour rainfall amounts were those used for the
evaluation of the Buckhorn Mesa Watershed and for the 100-year design storm

for the Signal Butte and Bulldog Wash Floodways).
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THE STORM

The storm began 1n the early evening hours of July 17, 1984, with some drizzle
beginaing as early as 4:00 P.M. on that date. The major rain, however, did
not begin until about 10:00 or 10:30 P.M. From 10:30 P.M. it rained '
continually for about 2.5 hours or until about 1:00 A.M. on the 18th. The
highest intensity rainfall occurred between 10:30 P.M. and midnight with more

than 90% of the total rainfall occurring within this period.

The total rainfall recofded on the Buckhorn Mesa Watershed varied from less
than 0.2 inch in the northwest corner of the Spook Hill drainage to nearly 4-
inches near 96th Street and University Drive (S5ee Isohyetal map). Most of the
watershed, however, including the area above the Signal Butte ¥Floodway had
rainfall amounts totaling between 1.0 and 2.5 inches. The weighted average
for the total study area (23.47 square miles) was 2.27 inches. This is
approximately equal to a 20-year, 3-hour storm or a 30-year, 2-hour storm.

The maximum point rainfall for the historical storm exceeded the 100-year
frequency for both of these durations. The stated frequencies (i.e. the 20
and 30-year frequencies) are similar to those obtained when comparing computed
peak discharges for the historical storm to those calculated using the SCS
Type IT distribution and 24-hour rainfall amounts from NOAA Atlas 2, assuming
conditions similar to those exis;ing at the time of the flood. Should a
comparison be made of computed flows for the various storms for "without
project” conditions (i.e. w/o the Signal Butte Floodway), the flood frequency
varies anywhere from a b-year storm to over a 100-year storm frequency,
depending on the location within the watershed. This variation is due mostly
to the different rainfall depths occurring over the watershed. The average

freQuency was again in the 20 to 30 year range.
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THEE FLOOD

Runoff respounse to the rainfall was almost immediate. Within one half hour
from the beginning of the most intense portion of the storm, runoff began
filling the Signal Butte Floodway channel. It soon overtopped its south bank
and continued downstream. Due to the construction plug in the channel near
Statlon 95+00, the channel acted as a storage reservolr. The storage capacity
in the floodway was estimated to be about 65 acre—feet (See TABLE 1). Minor
amounts of water were also stored upstream of the north embankment of the
Signal Butte Floodway below invert elevations of side inlet structures. This
volume was estimated to be only about 4 acre-feet (TABLE 1). Thus, about 69
~acre-feet of storm runoff was stored upstream of the comstruction plug. This
compares to the total estimated storm runoff for the dralnage area above the
plug (5.44 square miles) of 276 acre-feet (TABLE 2). This means that about

207 acre-feet overtopped the floodway and continued its course downstream,

From survey data, it was determined that the floodway was overtopped in three
~ locations. The first was on its east end near Signal Butte Road (from Station
12+50 to 23+00) where a major tributary (2.04 square miles) intersects the
channel. The peak of the inflow hydrograph at this location was estimated at
1,200 CFS, and the capacity of the floodway was determined to be about 750
CFS. This means that a maximum peak of 450 CFS iJ and an estimated volume of
‘nearly 22 acre-feet overtopped the channel at this location. Overflow depths

- Were estimated to range between two to four inches.

'.j] Note, the routed peak for this locatlon as given in Column I, TABLE 3 is
280 CFS. This latter peak 1s the discharge at Apache Traill where the overflow
intersects the cap Canal., Most of the other discharges and volumes quoted in
this section of the report can also be found in TABLE 3 under appropriate
tolumns for “Existing Conditions w/S. B, Plug".




The second location where the floodway was\overtopped was in the vicinity of
crismon Road. The overflow area at this location extended from Statiom 61450
to Station 75400. {(Note; the centerline of Crismon Road is at Station 71465,
therefore overflow occurred both upstream and downstream of the road.)
Maximum overflow depths at this location were estimated to be about four
inches. The routed peak 0§erflow was put at 280 CFS with a total outflow

volume of about 22 acre-feet.

The final location where the floodway was overtopped was at the construction
plug itself. It was at this location where the major discharge occurred. The
overflow area extended from Station 95+00 upstream to approximately Station
78400. The maximum discharge was estimated at 1,500 CFS with a total outflow

-

volume of about 164 acre-feet.

All flows entering the concrete lined portion of the floodway were diverted
into the Spook Hill FRS, and therefore, did little or no damage. This volume

was estimated at 64 acre—-feet with a maximum discharge of 440 CFS.

Water from the three overflow areas generally flowed in a south-southwest
direction from their points of discharge to intersect the CAP Canal near
Apache Trail, at University Drive, and at Ellsworth Road, respectively. The
overflow which intersected the CAP near Ellsorth Road (i.e. the flow which
overtopped the floodway near the construction plug) first flooded a house
located south and east of the floodway and north of Brown Road. It also
eroded a parcel of land located south of Brown Road on which a small
Subdivision was being developed. Upon reaching Ellsworth Road, the

floodwaters were divided between those which remained east of Ellsworth Road
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land those which crossed Ellsworth and flowed soutﬁ—southwest to enter the CAP
 pear Station 345+50. This latter flow was estimated at 380 CFS with a total
volume of about 31 acre—feet. This volume combined with the local runeff
sccurring below the floodway and west of Ellsworth Road to give a tota]
discharge into the CAP at Station 345450 of nearly 44 acre—feet, with a rguted
inflow peak of 260 CFS5. Prior to entering the CAP, about 12 acre-~feet wag
stored temporarily aloung the north CAP embankment causing some flcoding in
this area (See Flood Location Map). The maximum flood elevation was
determined to be 1573.7 feet above the National Geodetic Vertical Datum (NGVD)

bésed on surveyed high water marks.

Overflows from the Signal Butte Floodway which intersected the CAP on the east
gside of Ellsworth Road continued along its north embankment to University
Drive where 1t was joined by the discharge from the floodway occurring near
Crismon Road. Added to these flows was the local runoff occcurring below the
floodway between Ellsworth Road and 95th place. Part of the total flow (about
22 acre-feet) was ponded upstream of the CAP's north embankment causing
flooding in this reach (See Flood Location Map). The maximum flood elevation
was estimated to be about 1574.0 feet (NGVD) based on high water marks. A
small portion of the total flow within this reach (about 11 acre-feet) was
discharged into the CAP at Station 366+35. The maximum inflow peak at this

location was estimated at 100 CFS.

The total hydrograph near the intersection of University Drive and 95th Place
was estimated at 176 acre-feet with a maximum peak of 800 CFS and a surveyed
high water elevation of 1572.0 feet (NGVD). This hydrograph was divided into

three distinct flows. The major part of the hydrograph (about 110 acre-feet
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with a maximum peak of 500 CFS) was discharged into the CAP. This flow
occurred on both sides of University Drive. Upon entering the CAP the flow
was confined between two CAP construction plugs; the first being located just
upstream or west of University Bridge near Station 383+00, and the second
downstream of 95th Street at Station 398+00. The exact elevations of the‘top
of these plugs are not known, but have been estimated based on high water
marks and a video tape furnished by the Bureau of Reclamation. The plug at
Station 383+00 appeared on the videc tape to be somewhat lower than the one at
station 398+00. The video showed water still seeping over the upstream plug
at the end of the storm, and somewhat below the top of the plug at Station
398+00. The difference in elevation was estimated to be about 1.0 to 1.5
feet. Using the high water mark for the water which was stored between the
two plugs, the elevation of the upstream plug was estimated at 1563.4 feet
{NGVD). The elevation determined for the plug at Station 398+00 was 1565.1
feet (RGVD). This latter elevation was based on flood hydrograph routings
required to equal the maximum surveyed high water mark (1567.8 feet, KGVD) in
the CAP for the total inflow to the canal between the University Bridge and

Apache Trail Boulevard (See later discussion).

The analysis indicated that once the storage area between the two construction
plugs was filled (about 24 acre-feet, TABLE 1), water would overflow the
upstream plug and be stored in the CAP upstream of University Bridge, i.e.
between the bridge and the Salt-Gila pumping plant. This is confirmed by an
estimate of the water stored in the CAP in this reach, which was estimated at
175 acre-feet (TABLE 1l). This compares with the total estimated inflow to the
CAP upstream of the bridge of 55 acre-feet. Thus, about 120 acre-feet had to

overtop the plug at Station 383+00 to account for the total storage in the
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reach between the bridge and the pumping plant. There may have been some flow
into the CAP north of the Spook Hill FRS, but this would have been relatively
minor, &ince the total rainfall in this area was minimal.

It is possible, but not likely, that some of the water which entered the CAP
petween the two construction plugs as discussed above could have been

discharged to the east. This is based on the fact that a large volume of

‘water entered the CAP Canal in the reach between Crismon Road and Apache Trail

(See later discussion), and this would tend to force all flows into the CAP

upstream of Crismon Road across the plug at Station 383+00.

The second major discharge occurring at University and 95th Place was the flow
which crossed University Bridge and flooded areas between University Drive and
Sleepy Hollow, east of 93rd Street (See Flood Location Map). This flow was
estimated at 240 CFS with a total volume of about 53 acre-feet. The flow
entered this area near the University Bridge. It then flowed south spreading
out into shallow sheet flow with depths of less than l-foot and more likely in
the range of 4 to 6 inches. It filled several small detention reservoirs
located in the area. Flooding was limited to yards and landscaping with no
water getting inside the raised mobile homes themselves. There was some

sediment deposited on roads, in yards, and in carports.

The final division of flow at University and 95th Place was the flow that
crossed University Drive and continued east along the north side of the CAP
Canal 0&M road. This flow was estimated at 60 CFS with a total volume of
about 13 acre-feet. The flow continued downstream to approximately Statiom

392400 where it entered the CAP Canal.
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Another location where water entered the CAP was at the overchute located near
station 397+00. At this location, flows actually crossed the CAP by means of
the overchute and ponded on the downstream side and then entered the CAP from

its south side by eroding the embankment adjacent to the overchute.

The total discharge into the CAP between University Drive and Crismon Road was
estimated at 49 acre-feet with a maximum peak of 490 CFS. This included the
yflow crossing University Drive plus the runoff from local drainage below the
:floodway between 95th Place and Crismon Road. There was also some flow across
_Crismon Road from the southeast, but this volume was not estimated and is
‘included in the total discharge which enters the CAP between Crismon Réad and

Apache Trail. Since the flow at Stations 392+00 and 397+00 enters the CAP

Between the two constructlon plugs discussed previously, most of this flow
fﬁlso overtopped the plug at Station 383+00 and was stored in the CAP upstream

of University Drive.

One of the major inflows to the CAP occurred between Crismon Road and Apache
“Trail. The discharge at this location originated on the uncontrolled drailnage
-areas lying to the east of the Signal Butte Floodway. It also included the
overflow from the Signal Butte Floodway which occurred near Signal Butte Road,
" plus the local inflow between the two roads. The drainage area above the
‘Proposed Signal Butte Dam and a portion of the Bulldog Wash Floodway drainage
. area contributed directly to the discharge between the two roads. Runoff from
the remaining drainage area, including a large percentage of the local runoff,
3generally overtopped or passed through the Apache Trail Highway with about 500
»2JGFS being diverted by the highway into the overflow section between Apache

-Trail and Crismon road. The total hydrograph between the two roads was
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‘estimated to contain about 396 acre-feet with a peak discharge of 2,900 CFS.
'This hydrograph caused some ponding above the CAP to an elevation of about
1576.8 feet (NGVD), and was split between the flows which entered the CAP at
this location and those which flowed south overtopping Apache Trail adjacent
to the CAP. The total flow entering tha CAP was estimated at 293 acre-feet
with a maximum peak discharge of 2,100 CFS5. Therefore, the flow crossing
Apache Trail to the south was estimated to be 800 CFS with a total volume of
103 acre—feet. This latter flow combined with the remaining flow from Bulldog
Wash and Apache Junction Dam drainage areas, plus local drainage to the south
of Apache Trail to give a total inflow hydrograph near Station 456+60 of about
140 acre-~feet with a maximum peak of 800 CFS. Some ponding also occurred at
this location to an elevation of about 1565.0 feet (NGVD). (Note, some of
this flow may have entered athe CAP through overchute openings located east of
Station 456+60). The storage in the area is small (less than 1) acre-feet)
relative to the total runoff of 140 acre-feet, and thus had very little effect

‘on the inflow peak.

It was only at this later location (i.e. Station 4536+60) where any significant
L outflow actually occurred from the CAP, although some overtopping of the CAP

' may have occurred just upstream of Apache Trail. Using the inflow hydrographs
j;o the CAP, plus estimated storage and discharges across the construction
plugs located at University Drive and Apache Trail, it was determined that the
total outflow from the CAP was approximately 387 acre-feet with a maximum peak
butflow of 2,200 CFS, (TABLE 3, Col. 19), This flow continued downstream in a
80uth-southwest direction flooding areas within 1ts path. However, as stated

earlier, the flooding below the CAP at this point was not evaluated as part of

this study,
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TABLE l: Estimated Runoff for Storm of July 17 & 18, 1984,
Buckhorn Mesa Watershed, Maricopa & Pinal Counties,
Arizona, Based on Field Data

LOCATION RUNOFF
{Ac-Ft)

Runoff retained upstream of side inlets
Signal Butte Floodway 4

Runoff retained in
Signal Butte Floodway Channel 65

Runoff retained in
CAP Canal upstream of University Drive 175

Runoff retained in
CAP Canal between University Drive & 96th St. 24

Runoff retained in
CAP Canal between 96th St. & Apache Trail 65

Runoff temporarily detained in
CAP Canal between Apache Trail & Signal Butte Rd. 112

Flow across University Bridge 53 lj

Runoff retained in

Spook Hill FRS 64 L/
Qutflow from CAP near Broadway 352
TOTAL NET RUNOFF 802 gj

Volume estimated based on computer model.

Does not include volume detained in CAP Canal between Apache Trail
and Signal Butte Road, since most of this latter volume was
drained from the Canal and would be included in the CAP ocutflow
estimate.
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TARE 2: Estimated Rmoff for Storm of July 17 & 18, 1984,
Buckhorm Mesa Warershed, Maricopa & Pinal Countdies
Arizena, Based oo Rainfall and Curve Number Procedure

Subarea D. A. Precip. 2+, Roroff Rumoff QIHENTS
No. (5q.4) (In} (Cn) (In) (Ac-Fr}
04 2.5 75 0.65 1
204 2.50 B4 1.11 121
0.85 2.50 82 1.00 45
0.91 2.50 82 1.00 48
0.34 2.5C 75 0.65 12
0.47 2.50 77 .74 19
a.71 2,50 76 0.69 26
0.08 2.50 76 0.68 3
St 2.50 81 0.95 276 Total drainage arez and
nmoff atove 5.B. plug
1.00 1.46 76 0.17 9
1.2 2.30 -76 0.58 37
0.03 2.70 75 0.77 1
G.08 2.70 75 Q.77 3
0.17 2.70 75 0.77 7
0.17 2.70 75 0.77 7 .
2.64 2,05 76 0.45 64 Drainsge area and nmoff
entering Spook i1l FRS
.03 2.70 75 0.77 1
0,06 2.70 75 0.77 3
0.1% 2,70 75 0.77 6
0.15 2.70 75 0.77 6
0.32 2.70 73 0.68 12
0.14 2.70 73 0.68 5
0.29 3.24 74 1.06 16
1.14 2.84 74 081 49 Local draipage ares and runoff
tetween Spock M1 Dam amd
Urdversiry Drive
0.2¢9 3.24 74 1.96 1&
0.39 3.10 74 0.97 20
0.51 2,64 74 0.69 19
0.33 2.64 75 0.73 13
1.51 2.87 74 0.84 68 Local érainage ares and rumoff
between Umdvergicy Dr.4 Crismon Fd.
2.00 2443 83 1.00 107
1.14 2.43 79 0.79 48
1.07 2.43 75 D.61 35
0.57 2.43 75 061 | i8
0.68 2.43 74 0.57 21
5446 2.43 79 0.79 229 Drainage area & ruoff contributing
to hydrograph between Crismon Rd.
ad Apache Tratl
1.51 1.18 a0 0.15 12
2.54 1.75 80 0.42 5
2.44 2.26 74 0.48 62
0.65 2. 75 0.51 18
0.1% 2.26 71 0.38 3
7.28 1.86 78 0.39 151 Drainsge area & nuoff contribucing
to CAP inflow hycirogreph at
STA 456+60
23.47 2.27 78.0 0.67 837 Drainage area & runoff for total
watershed




ALTERNATIVE FLOOD ARALYSES

Four watershed alternatives were analyzed as a part of this study. These are
listed under the "Methods of Analysis™ section of this report. The results of

these investigations are shown in TABLE 3.

1t will be noted by comparing Alternates 1 and 2 (TABLE 3) that even without
the construction plug in the Signal Butte Floodway, the overflow discharges at
Crismon Road and near Signal Butte Road were approximately the same as those
with the plug. However, at Station 95+00 no overflow would have occcurred if
the floodway had functioned as designed. The net effect on downstream flooded
areas of preventing overflow from the floodway at Station 95+00 can be
determined by comparing computed flood parameters for Alternate 1 with those

computed for the other three alternates (TABLE 3).

In the area immediately downstream of the spill at Station 95400, i.e. in the
vicinity of Brown Road (See Column 5, TABLE 3), the magnitude of the flood was
increased by the spill. Had the floodway functioned as designed, the maximum
peak flow would have been about 180 CFS with a total volume of 12 acre-feet.
This compares to a peak of 1,400 CFS and a volume of 164 acre-feet with the
overflow., The peak discharge expected in this reach under natural conditions,
i.e., without the Signal Butte Floodway, is about 400 CFS, with a volume of 61

acre-feet.

In the area adjacent to the CAP west of Ellsworth Road (Column 6, TABLE 3) the
flood volume and peak would have been reduced, respectively, by about 31 acre-

feet and 200 CFS had the construction plug not been in place in the Signal

-18~



Butte Floodway. However, under Alternate 3, calculated volumes and peaks were
similar to those calculated for Alternate 1. This would seem to indicate that
in this area, if the floodway had been functioning as designed, flooding would
have been reduced; but with the construction plug in place, flood depths

similar to those expected under pre-floodway conditions were experienced.

In the area flocoded between Ellsworth Road and 95th Place, a similar
comparison can be made. In this reach the construction plug increased the
flood potential over pre-floodway conditions. With water overtopping the
floodway at Station 95+00, the flood volume and peak discharges in this area
were increased by about 85 acre-feet and 640 CFS, respectively, over pre-
floodway conditions; and about 132 acre-feet and 800 CFS over that which would

have occurred under Alternate 2.

In all of the above reaches, the flood parameters computed under Altermnate 4,
i.e. assuming the Buckhorn Mesa Project was completely installed, were the
same as those calculated for Alternate 2. This is reasonable since under
Alternate 2 no runoff from the drainage area above the floodway contributed to
the discharge in the subject areas, which is the same condition that will

exist when the total project is in place.

Iz the vicinity of University Drive and 95th place (Columns 8, 9, and 10,
TABLE 3) the effec& of the Signal Butte constructien plug is not as
significant as in the last reach discussed above. With the plug in place, the
total volumes and discharges were, respectively, 176 acre-feet and 800 CFS.
Had the plug not been in place, the computed volumes and discharges would drop

to about 51 acre—feet and 260 CFS. However, had the floodway not been
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installed, the designated parameters would have been about 125 acre-feet and
680 CFS, or only about 48 acre-feet and 120 CFS less than that which occurred
under actual storm conditions. Another comparison at this location is the
amount of water estimated to be crossing University Bridge (Column %, TABRLE
3). Had the Signal Butte Floodway plug not been in place, (Alternate 2),'the
volume of water crossing the bridge would have been only about 30% of that
which occurred under actual storm conditions (Aternate 1), i.e. the flow
"with" the plug was estimated at 53 acre-feet and "without” the plug it was
estimated to be 16 acre-feet. The computed volume crossing the University

Bridge with the Buckhorn Mesa Project completed was 11 acre-feet.

In the reach along the CAP between 95th Place and Crismon Road {Columm 11,
TABLE 3), the Signal Butte Floodway construction plug had little or no effect
on the computed discharges. Some of the water which overtopped the Signal
Butte Floodway near Signal Butte Road could have been diverted into this area
as there was some overflow across Crismon Road from the east. However, about
the same magnitude of overflow occurs under both Alternates 1 and 2; therefore
there would have been little or no change in the computed discharges for the
subject reach, Even In comparing Alternates 3 and 4 (i.e. "with" and
"without™ Buckhorn Mesa Project), there is little difference in the computed
discharges for this reach. This is a result of the assumption used in the
model where no flow is shown crosging Crismon Recad. The assumption appears to
be reasonable since no flooding was reported in the reach, and most of the
flow was contained in the collection channel located along the north side of
the CAP 0&M road. Also, it made no difference in conditions downstream of the
CAP below Station 456+60 whether the water was shown entering the CAP at

Station 397+00 or between Crismon Road and Apache Trail.
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In the CAP reach between Crismon Road and Apache Trail, the effects of the
Signal Butte Floodway construction plug were again very minor. This can be
seen by comparing the relative discharges and volumes computed for this reach
as shown in Columns 12 and 13 of TABLE 3. When a comparison is made between
Alternates 1 and 3 it is indicated that the floodway, even with the plug,
reduced the total volume in this area from 593 acre-feet to 396 acre-feet. Of
course, had the Buckhorn Mesa Project been completed (Alternate 4) the
magnitude and volume of the flood discharge at this location would have been

reduced even futher, or to about 133 acre-feet.

The final location where flooding occurred in the study area as a result of
the July 1984 storm is near Station 456+60 on the CAP (See Column 14, TABLE
3). The effect of the Signal Butte Floodway is similar to that described
above, i.,e, under either Alternates 1 or 2, the magnitude of the flood was
reduced over Alternate 3 or pre-floodway conditions. The net effect of
completing the Buckhorn Mesa Project is also similar to that described above,
and the total volume will be reduced from 140 acre-feet under Alternate | to

about 52 acre—-feet under Alternate 4.

The net effect of the Signal Butte Floodway and/or the Buckhorn Mesa Project
as a whole on the expected outflow from the CAP at Station 456+60 can be
determined by analyizing the data in Column 19, TABLE 3. With the project
completely installed (Alternate 4), the peak discharge is less than 20% of the
pre~floodway conditions (Alternate 3), With just the floodway by itself,
(under either Alternates 1 or 2) the total peak discharge from the CAP was
Teduced by nearly 36 % over pre-floodway conditions. Thus, the net effect of
the floodway was to reduce the total discharge downstream of the CAP at

Station 456460,
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TARE 3: AUTERNATIVE FLOGD ANALYSES FOR FLOOD OF JULY 17 & 18, 1984,
BUCKHORN MESA WATERSIED, MARTOPA & PINAL (DUNTIES, ARLZMNA
1 2 3 4 5 6 1
Alt. Description Roxited Fouted S.B, Fiemy Flow into Flow near Brown Flow into Flow into
No. S.B. Ffuay over—-  S.B. F/uay over- averflow @ ‘Spook. U111l Rd. below 5.B. cap @ CAP @
flow or.S.B.Rd. flow Cris. Rd. plug FRS Flaay plug SIA WSS STA 366+35
(Vs-152}) (V5-56) (STR-1) {V5-65) Vs-67) (STR-2) (Vs-171)
(aFs)  (AC-FT} (CFS)  (AC-ET) (Fs) {AG-FT) (P8} (AGFT) (aFs)  (AC-FT) (CFs)  (AC-FI) (CF5)  (AC-FT)
1 Existing cond. w/S.B. plug B0 22 M 2 150 164 M0 64 WO 164 260 44, 00 1L
. (Vs-26)
2 Existing cond. wio S.B. plag 270 18 260 18 1660 1 240 030 3% 180 12 6 13 — —
|
o 3 Wio Signal Butte Flway - - - = - - - = a0 6L 70 R 03
|
4 W/Buckhom Mesa Project - - - = S — — sy 180 12 0 13 - -
Conpleted

No overtopping ocamed at this locaticn umder this alternate. The above discharge was omtalned within the chamel.

1/ Note:
Under this alternste some runoff would be stored in Apache Junction, Signal Butte and Spock Hi1l FRS. The divisiion
aof this flew, however, was not determined in this analysis. The abewve volune 1s the total rnuoff above project measures.

2/ Note:



TAHIE 3:

ALTERNATIVE, FLOGD ANALYSES FOR FLOOD OF ULY 17 & 18, 1984,
BOCKHOEN MESA WATERSEED, MARICOPA & PIMNAL (DUNTIES, ARTZONA

Alt. Description 13 14
No. Flow into Flow Flow Across Flow into Flow into Flow actoss Flow into
cap @ AcToss Urdv. Drive CAP @ STA's CAP bet Cris. Rd  Apache Trail Cap @
Univ. Drive Univ, Bridge to S. E. 392400 & 39740 & Apache Trail i cap STA 456+60
(V5-174) (Vs5-176) (Vs-76) (V5807 (V5-188) (Vvs-187) (V5-91)
(CFS)  (AG-FT) (CFS)  (AC-FT) (AC-FT) (O5)  (AC-FT) (CFs)  (AC-FT) (CFs)  (ACFT) (CF5) (AC¥FT)
1 Existing cond. %/S.B. Plug 500 110 240 53. 13. 490 49. 2100 293 BOO 103. 80 140
2 Existing cond. w/o 5. B. Plig %0 A 100 16 0 W 200 290 760 102 800 139
3 Wa Signal Butte F/way 430 77 ;W 49 57, 3300 435 1200 158 1250 194
& W/Buckhomn Mesa Project 170 19 B0 11 490 39 650 102. pr.i| n 420 52

Campletexd



TAHE 3: ALTERNATIVE FLOOD ANALYSES FOR FLOCD OF JULY 17 & 18, 1984,
BUGCHDRN MESA WATESHED, MARIOOPA & PINAL OUUNTIES, ARIZONA

15 16 17 18 9 20
Alt. Description Total Voluma Total Routed Flow Flow Acroas Flow Acroes Total Flow Total Volisme
o. into CAP U.5. in CAP bet Urdv. Plug @ Plug @ Exiting CAP in CAP [1.5.
of Univ. Dr. Dr. & Apache Trall  Univ. Dr. Apache Trall @ SIA 456460 @ tniv, Dr.
{STR 24¥5-171) (STR-6, CAP) (vs-174, CAP} (V5-91, CAP) (vs-91, capP}
(AC-ET} (Fs)  (AFT) (Fs)  (AG-FT) (F3) (A-FI) (CFs)  (AC-FT) (AC-FT)
(Col 5+ Col 6) (Col 14 & Col 16)
| Exdeting cond. w%/S.B. Plug 59 2850 365 920 118 1420 247 200 W7 173.
2 Existing cond. w/o S.B. Plug 13 230 275 900 89 1400 186 170 35 102
| .
=
[ 3 W/o Signal Butte F/smy 35 3850 483 1600 177 230 306 300 500 212
4 ¥/ Bucidorn Mesa Project 13 530 7 75 130 14 W0 61 630 112 27

Completed



FINDINGS

A flood occurred on the Buckhorn Mesa Watershed following heavy rainfall on
July 17 & 18, 1984. Because of the high intensity of the storm, and the
presence of a construction plug near Station 95+00, runcff soon filled and
overtopped the Signal Butte Floodway, which was under construction at the time
of the storm. The present study was made to determine the net effect of the

floodway's discharge on downstream areas where flooding occurred.

Based on surveyed data, the floodway overtopped in three locations: (1) near
Signal Butte Road, (2) near Crismon Road and (3) at the construction ﬁlug.
The effects of the overflows at the first two locations were relatively minor,

since their magnitudes were small. Had the floodway not been in place, peak

discharges at these locations would have been larger than those resulting from
overtopping of the floodway. The net effect of the overflow discharge at the
construction plug, however, was to increase the total volume and peak flows

imnediately downstream of the plug.

In the area which was flooded along the CAP west of Ellsworth Road, the Signal
Butte Floodway construction plug caused an increase of 31 acre-feet and 200
CFS above those estimated for "without plyg " conditions. However, had the
floodway not been in place, flood volumes and discharges similar to those

experienced under actual storm conditions would have cccurred.
In the area between Ellsworth Road and University Drive, the overtopping of
the Signal Butte Floodway caused an increase in peak discharge and flcod

volume of 640 CFS and 85 acre-feet, respectively, above "pre-floodway”
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conditions, and about 800 CFS and 132 acre-feet above those calculated for

Alternate 2, i.e. "without plug"” counditiomns.

At the University Bridge location, flow across the bridge was also increased

as a result of the overflow from the floodway.

For the other areas located east of University Drive or 95th Place and
downstream of the outflow from the CAP at Station 456+60, the effect of the
Signal Butte Floodway was generally beneficial. It was shown that the
floodway, even with the overflow, actually reduced the total volume of flow in
the reach between Crismon Road and Apache Trail. The volume of the inflow
hydrograph at Station 456+60 on the CAP was also reduced. The same can be
said for the total outflow discharge from the CAP on its south side at this

same location.

In summary, the Signal Butte Floodway had benificial effects of reducing flood
volumes and peak discharges for all areas located east of 95th Place and/or
University Drive bridge and downslope of the CAP outlet at Station 456+60.

The construction plug in the $ignal Butte Floodway at Station 95+00 had the

effect of increasing flood velumes and discharges immediately downstream of

the floodway, and for the areas along the CAP from University Drive upstream
to Station 345+50, and for the area immediately downstream of the University

Drive bridge.
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