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APACHE JUNCTION FLOOD RETENTION STRUCTURE
DOWNSTREAM INUKDATION STUDY

I. PURPOSE OF STULDY

Discharges from the Emergency Spillway of the Apache Junction FRS are possible
in the event of precipitation exceeding a 100-year return period (the Principal
Spillway design storm). A hypothetical dam failure at a critical time and loca-
tion is alsc considered in order to present a worst-case scenaric. The extent
of downstream inundation is determined for each of the above cases, for use in

emergency planning.

ITI. SCOPE OF STUDY

The study consists of routing discharge hydrographs, computing flow depths and

velocities, and delineating inundated areas for the spillway flows and breach
flows at twe critical locations. Six events are analyzed:

Spillway Discharges: z

o Emergency Spillway Hydrograph (ESH)
¢ Freeboard Hydrograph (¥FBH)

Dam Breach Just West of Idaho Road:

o At the peak reservoir level resulting from the Principal
S5pillway Hydrograph (PSH)

o0 At the peak reservoir level resulting from the Freeboard
Hydrograph (FBH), i.e., the top of the dam,

Dam Breach at the Southeast Corner of the Apache Junction FRS:

o0 At the peak reservoir level resulting from the PSH

o At the peak reservoir level resulting from the FBH, i.e.,, the top
of the dam.

The Idaho Road breach location is critical for the inundation of developed
areas close to the dam. The breach at the southeast corner of the FRS would
release water into a relatively confined channel, resulting in minimum attenua-
tion of the flood peak and maximum depth and velocity of flow. The downstream
extent of the mapping is limited by the availability of detailed topography.
The study also shows the sensitivity of the water level computations to the

uncertainty of the Manning roughness ccefficient (n).

T
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ITI. METHODS OF ANALYSIS

A, Runoff{ Hydrographs

Tae Apache Junction FRS contrels z watershed of 5.79 square miles. Inflow
hydrographs for the principal spillway design (PSH) resulting from the 100-
year precipitation, and for the emergency spillway design (ESH and FBH), re-
sulting from the ESH précipitation and the PMP, respectively, were developed
in the preliminary design study (Reference 1) using the S5CS DAMS2 computer
program (Reference 2). ‘the hvdrographs are shown in tabular form in the re-
port. The DAMS2 program also provided routed spiliway discharge hydrograpts
for the ESH and FBH events, which constitute the upstreac boundary conditions

fer the first two cases listed in II above.

B. Ekoughness Coefficients

Roughness coefficients, defined as "n" in Manning's equation, are necessary
both for reuting flood hvdrographs and for determining depths and velocities
of flows. No field observations of flows are available in the study area from
which "n'" values could be determined. Field estimates of "n" were made at
numerous locations upstream of the flood control works and presented in the
Signal Butte FRS Design Hydrology (Reference 3). The estimated values were
plotted as 2 function of slope; those in the areas having slopes of (.01 to
0.03 ranged between 0.04 and (0.08. These '"n" values may be assumed applicable
tce channels in the downstream studv area, which has slopes of .01 to .02,
Channels are generally unvegetated and consist of fine gravel, Overtank areas
are of sand and coarser gravel and have the 'desert bfush" type of vegetation;
"n" values should be considerably higher. Thus "n'" was taken as 0.04 for chan-
nels and 0.08 for overbanks as a minimun, and 0.08 and 0.16 respectively as a

maximum, and computations were made with both sets of values.

C. Routing of ESH and FBH Discharges

The graduzliy varied spillway discharge hydrographs corresponding to the ESH
and FBR were routed downstream using the HEC-] computer program, "Flood Hydro-
graph Package" (Reference 4). The Modified Puls routing option using normal

depth storage and outflow was used. Four routing reaches were used, each repre-




sented by a typical cross—section defined by eight ground elevation points,
Although the normal depth assumption is reasonably accurate for determining
storage, it does not produce accurate depths, so the water surface profiles

calculated by HEC=1 were not used,.

D. Dam Breach Outflows

The maximum potential for downstreaz flooding would occur if a breach in the
dar were to form at the maximum reservoir level corresponding to the FBH,
which is the level of the crest of the dam. The probability of this event is
extrenmely small, because the probability of the FBH storm itself is extremeiy
small, An additional case considered is failure at the maximum level result-
ing from the PSH {(i.e., the 100~vear stcrm). 1In this case a breach would have
to be formed by piping, because the water level is nearly 10 feet below the
crest of the dam. Since the reservoir contains water only for a period of a

few days, a piping failure is also extremely unlikely,

Guidelines on the size and rate of formation of a breach, which determine the
peak outflow, are limited, For this study, assumptions should be conservative;
therefore it is assumed that the dam is eroded 211 the way down to the base,
and that the breach formation is rapid (5 minutes). Fread (Reference 5) states
that the average width of a breach in an earthfill dam ranges from 1 to 3 times
the height of the dam, A conservative width of 3 times the height is chosen
for this study. For this condition, and breach side slopes of 1:1, Fread's
DAMBREAK computer program calculates a maximum outflow of 16,455 cfs for fail-

ure at the peak of the FBH storage, and 5300 cfs for'the PSH case,

§€S Circular No. 1 (Reference 6) provides two relations for a minimum accept-

able value of the peak discharge., The first is as follows:

Qmax = 1100 B, *3°
where By = V. H /A and
Vg = reservoir storage in acre-ft, 2015 for the FBH;
Hy = depth of water at the dam in ft, 20.37 for the FBH;

A = crossesectional area of the embankment, 1219 ft2

resulting in Qugx = 127,000 cfs for the FBH case, This would-require a breach

of about 450 feet in width., Not only is such a breach very unlikely, but
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during the time required for its formation, the reservoir storage would be
depleted and the stage drawn down such that the peak discharge would be much
less, Therefore this criterion is not considered applicable to such a low

dam. An alternate critericn is given as:

e 1.85
Qmax = 63 Hw
This relation gives QmaX of 17,160 cfs for the FBH case and 5280 c¢fs for the

PSH case. These agree very closely with the results computed by the DAMBREAK

progran, so the latter are used in this study.

¥. Dam Breach Fiocod Routing

The DAMBREAK computer program (Reference 3) was.the preferred method for cal-
culation of the downstream propagation of the breach hydrograph. The program
sclves the equations of unsteady flow to account for the acceleration components
of the flood wave and the influence of unsteady backwater conditions., It can
treat either subceritical or supercriticzl flow, but not a transition through
criticel depth. Non-convergence probiems were experienced with the model for
both the spillway outflow and dam breach hydrographs. The slope of the down-
strear terrain is mostly in the region treated-by the model as supercritical
{over 50 feet per mile), but because of the lack of significant channels, the
actual flow is predominantly suberitical, as revealed by steady-flow profile
computations. MNumerous attempts to achieve convergence by simplifying the
cross=section geometry, varying the Manning coefficients, increasing the

assumed initial flow, and imposing a uniform slope were unsuccessful,

"

T.K. No. 66 (Reference 7) provides dimensionless solutions to dambreak equa-
tions based on the Att~Kin hydrolegic methed and the method of characteristics.
Thies arproach has the disadvantage of only treating a single reach, by averag-
ing the storage characteristics of all cross—sections within the reach., How-
ever, since variations in the downstream topography are not drastic, T.R. 66

is a suitable alternative to the DAMEREAK program,

The application of T.R. 66 involves first the determination of whether a cur-
vilinear or triangular hydrograph is appropriate. Since the flow just down-
stream of the breach is subcritical, the curvilinear hydrograph applies,

Second, the storage characteristics of the downstream reaches are resolved into




the parameters "m" and "k" by the method of averages, for a range of flows
spanning the anticipated variation of the peak flow. Finally, peak flows and
tines of peak at selected downstream sections are determined from the provided
nomograph as a function of m and k. T.R, 66 presents the above technique as

a step-~by=step procedure,

F. Computation of Water Surface Profiles and Flow Velocity

None of the routing methods discussed above can compute accurate water depths
because of the necessity of simplifving cross—section data. Since the terrain
iz quite flat in the direction perpendicular te the flow, accurate profiles
are important; a one-foot rise in water level can result in the inundation of
many additional acres. Therefore, water surface profiles were calculated for

a range of steady flows using the HEC-2 computer program (Reference 8).

Fer ezch of the three downstream flow paths, cross-sections were selected at

intervals of 10 to 20 feet of elevation. Each section was extended until suf-
ficient area was contained between the elevation of the ridgeé and the channel
bottoms to convey the anticipated flows. Generally there were no more than

6 feet of difference between the high and low ground elevations for most secw
tiens. The HEC-2 program was run to compute profiles for a range of steady
flows and for the low (.04 and .08) and high (.08 and .16) Manning "n's".
Relarively low areas or obvious channels were designated as '"channels" with
the lower n values, for the purpose of calculating maximum velocities of flow.
Typically, 25 to 50% of the width of a section was designated as "channel" and
the rest as "overbank." Although the upper limits of n values (i.e., 0.08

for channels and Q.16 for overbanks) seem high compared to normazl usage, it
should be noted that the flow will be extremely shallow, especially in over-
bank areas, so that relatively small roughness elements will have a signiﬁicant
effect on the flow. Therefore the effective roughness is probably higher than

the terrain would indicate.

Iv. RESULTS OF STUDY

A, Routings of Outflow Hydrographs

Pezak discharges and the travel times of the peaks were determined as far dowm-

strear as the liits of the available detailed topography. The HEC-1 program




wags used for the spillway discharges, and the T,R. 66 procedure for the Idaho
Rozl and Southeast Corner breaches; the results are shown in Figures 1, 2, and
3, respectively, The uncertainty in the Manning coefficients results in sig-
nifizant differences in travel times. Feor the purpose of emergency planning,

the shorter travel times corresponding to the low '"n" wvalues should be used.

B. Water Surface Profiles and Channel Velocities

Fro= the peak discharge curves in Figures 1, 2, and 3, flows were interpclated
for each of the cross-gections used in the water surface profile computations.
For thzse flows, corresponding water surface elevations and mean channel velo-
citizz were interpolsted from the data produced by the EEC-2 runs. The results
are shown in Tadles I, 2, and 3, and continuous water surface profiles are
plotsed in Figures 4, 5, and 6. Alrhough the peak discharges are lower when
high "»" values are used, the water levels are higher zt most locations because
of t=e reduced convevance of the section (by more than a foot in some areas).
The hizher weter levels are used to delineate potential inundation, Filow
velozities range up to about 8 £t per second with the low 'n'" values and 6 ft
rer szzond with the hizh ''a's"™ for the TBY events. These velocities do not
reprezent possible localized higher velocities resulting from eddies or small

channeles,

C. Inundation Mzaps

Threz inundation maps have beern prepared for the spillway and the two breach
locz=ions, based on the profiles shown in Figures 4, 5, and 6 (for the high

"n' values), Some engineering judgment was necessary in areas where the com-
putel water surface elevation exceeded all ground elevations in the selected _
cross=sections; also in areas where channels disappeared, originated, or traveled
diazonally to the flow path between cross-section locations. The inundated

arezzs shown on the maps are dependent on the accuracy of the topography.
Therefore they will not reflect any future changes resulting from development,
construction, or possible changes in drainage patferns resulting from local

heavy rainstorms.

D. Other Breach locations

It is evident from the inundation maps for the two FBH cases that almost any
’ '




location within the mapped area downstream from the FRS could be flooded by
a breach at the peak of the FBH. TFor lower reservoir levels such as the PSH

case shown, there would be nmumerous dry areas, It is not considered practical

to delineate all of these. These breach events could only occur as a result
of major rainstorms, which would cause considerable flooding in the same area

if the FRS were not in place.
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TABLE 1

SPILLWAY DISCHANCE PROFTILES

DISTANCE LOW N HIGH N
FROM DAM DISCRART STAGE VEL#®% - DISCHARGE STAGE ViEL*w*
(M1) (cfs) (ft. M5L) {(ft/sec) {efs) (ft. SML) (ft/sec)
EMERGEXNCY SPTLLWAY HYDROGRAPH

0.028 1898+ 1785.27 2.8 1898% 1786.42 1.8
0.114 1895 1779.80 4.7 1890 1780,10 3.0
0.161 18%2 1775.08 5.2 1880 1775.99 2.5
0.388 1883 1757.12 5.4 1850 1757.33 4.3
0.691 1880% 1737.08 4.6 1833% 1737.95 2.5
0.993 1855 1717.52 5.1 1780 1717.64 4.4
1.303 1830 1697.27 5.3 1740 1698,30 2.0
1.682 1609% 1676.61 £, 1676* . 1676.58 4.1
2.098 1765 1657.08 2.4 1620 1657.67 1.1
2,430 1722x% 1641,20 4.6 1519% 1641,31 3.6
2.717 1690 1627.50 5.5 1440 1628.64 2.1
2.560 1670 1618.06 4.1 1340 1617.81 5.2
3.174 1651% 1608.39 2.0 1233% 1609.30 1.3

FREEBOARD HYDROGRAPH

0.028 10600% 1788.28 6.3 10600%* 1789.61 3.9
0.114 10595 1781.11 5.5 10590 1782.03 3.6
0.161 10590 1776.92 7.6 10580 1777.86 4.9
0.388 10580 1759.07 7.5 10510 1759.80 5.7
0.691 10520% 1738.81 8.9 10341% 1740.28 4.6
0.9¢1 10410 1719.72 B.B 10080 1720.26 6.6
1.3G3 10260 1699.40 6.2 5750 1700.22 3.9
l.682 10088%* 1677.62 5.8 9321% 1678.22 3.5
2.098 9955 1658.74 3.2 9060 1659.64 1.9
2,430 9871# 1642.77 7.8 Bg43* 1643.62 4.8
2.717 8760 1629.84 4.6 8790 1630.61 2.7
2.9€0 9650 1618.95 €.~ 8600 1619.55. 3.4
3.174 9515% 1610.68 3.7 8356* 1611.14 2.6

*Computed flow - others interpolated
**dean velocity in deeper channel areas




TABLE 2

DAM BREACH DISCEARCE PROTILES FOR
BREACE AT TDHARG ROAD

DISTANCE LoV N HIGH N
FROM LA DISCHARGE STAGE VEL#%* DISCEARGE STAGE VEL#*
(MI) (cfs) (ft. MsL) (ft/sec) (cfs) (ft. MSL) (ft/sec)

BREACH WITH PSH

0 5302% - - 5302% - -
0.1 5060 1779.33 6.2 4880 1780.18 3.2
0.18 4800 1773.37 4.3 4610 1773.63 3.2
.29 4560% 1765.26 3.8 4295% 1766.02 1.8
0.52 4270 1750.12 3.8 3880 1750.28 2.9
0.83 4080 1729.34 5.9 3500% 1730.22 2.6
1.02 3900 1716.62 3.0 3300 1716.66 2.4
1.21 3710% 1706.42 5.7 3075% 1707.13 2.4
1.55 3380 1686.34 4.6 2780 1686.16 4.5
1.77 3180% 1673.47 2.8 2545% 1674.00 1.3
2.0% 2900 1655.41 5.5 2320 1655.26 5.2
2,44 2757% 1638.12 2.7 2175% 1638.646 1.7
BREACH WITH FBH

0 16455% - - 16455% - . -
0.1 15890 1780.64 §.2 15890 1781.61 5.3
0.18 15570 1774.29 6.8 15570 1775.37 A
0.29 15i40%* 1766.39 5.0 15140% 1767.50 2.8
0.52 14400 1751.09 5.7 14200 1751.76 3.8
0.83 13300% 1730.54 7.5 12830% 1731.42 3.8
1.03 12820 1717.24 4.8 12120 1717.88 3.6
1.21 12500% 1707.66 6.9 11520% 1708.86 3.5
1.55 11580 1686.94 7.0 © 10540 1687.25 5.7
1.7 11025% 1674.40 3.7 10040% 1675.21 1.9
2.09 10470 1656.56 5.7 9250 1656.50 5.4
2.44

9873 % 1639.7C 4.0 8360% 1640.30 2.9

*Computed flow -~ others interpolated
*¥Mean velocity in deeper channel areas




TABLE 3

DAM BREACH DISCHARGE PROFILES FOR
BREACH AT SQUTHEAST CORNER OF F.R.S.

R Computed flow - others interpoléted
** Mean velocityin deeper channel areas

DISTANCE LOW N - HIGH N
FROM DAM  DISCHARGE STAGE VEL " DISCHARGE STAGE VEL™

(MI) (cfs) (fr. MsL) {ft/sec) {cfs) (fr. MSL) (ft/sec)

BREACH WITH PSH

0 5302% - - 5302# - -
0.123 4990 1762.48 4.1 4880 1783,18 2.7
0.303 4666% 1772.89 4.6 44,00% 1773.43 3.1
0.559 4230 1758.85 6.3 3870 1759.96 3.4
0.900 3870% 1737.71 4.0 3390% 1738.00 2.9
1.231 3500% 1718.05 4.0 3075% 1718.74 2.3
1.468 3330 1704.70 6.3 2790 1704.81 b6
1.667 3181%* 1694.45 4.1 2598% 1694.98 2.1
1.809 3060 1684.40 4,8 2460 1684. 44 3.9
2,036 2863% 1673.55 1.7 2280% 1673.85 1.1

BREACH WITH FBH

0 16455% - - 16455% - -
0.123 15750 1784.05 6.2 15680 1785.17 4.2
0.303 14974% 1773.63 7.9 14892% 1774.61 4.6
0.559 14190 1759.34 4.2 13820 1760.37 2.4
0.900 13493% 1737.87 7.4 12670% 1738.99 3.7
1.231 12835% 1718.29 7.5 116B3%* 1720.51 3.4
1.468 12280 1706.89 7.5 11100 1706.87 7.0
1.638 "12177% 1700.04 4.3 10696% 1700.75 3.5
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FIGURE 6B
WATER SURFACE PROFILES FOR DAM
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