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INTRODUCTION

The ‘p'urpose of surfaCe-watér hydrology studies at vthe proposed ‘lowr-level
r"advibactive waste isolation site in Hudspeth‘ County, Texas, was to defihe the flooding
,‘poténtial as interpreted fr’om' the applicablev fegulatory requirements.  Federal
‘Emergén‘cy Management Agency Report 37 (FEMA, 1985), which details guidelines and
- specifications for flood insurance studies, and other' published reports (Texas |
Department of Water Resources, 1979a-c) were used as the primary source4 to dev‘elop
the SCOpé of field reconﬁaissance aﬁd ‘hydrologic‘ evaluation of the sfudy area. The
scope of this‘ project included: | |
(1) Delineation of drainage basins and identification of drainage divides and
"potent‘iall surface-water pathways on and near the study area.

(2) Collection of rainfall and surface runoff data from the study area.

(3) Development an‘d‘ evaluation of a hydrologic model to determine extent of
ﬂooding“ at the' site due to actual and pote'ntki‘al storms. o

(‘4) Deﬁnition-vof a 100-yr fldodplain for the study area by determining debth.
velocity, and extent of surface runoff resulting from a hypothetical 100—yr rain
storm.

The ‘appro‘ach adoptéd to meet these objectives consisted of estimating soil
properties, monitoring rainfall and surface-water runoff rates, matching simulated fl’ows
to observed data oﬁ Surface—water runoff, and plredicting flow characte‘ristics on the
basis ‘of calibrated computer models. | | |

Two ‘methods were used to evaluate the floc;ding potential. The first method
"treated the study area as an aétiye alluvial fan; that analysis indicatés th‘at, the study
i area Iies‘ Withibn a 100-yr floodplain. This method excluded the vtopographicifeatu’res
and thei hydraulié s’t‘brage in the 'existiﬁg channels. = The second method inéorporated
computer models in drder to determine flood elevations for a 100-yr flood; this
analysis indicates that runoff from suéh ah event would be mostly contained within
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the existing channels, lea‘ving large sections in the middle of the study area

uninundated.

~ SITE' CHARACTERISTICS, DATA, AND METHODOLOGY

The 100-yr floodpla‘invmap published by FEMA for ‘thve‘ Hudspeth County area |
(fig. 1) includes only a narrow strip along the main channels on the basis of a
qualitative aséessment of possible flow c‘onditio‘ns. This 'repokt describes a‘ |
quantitative evaluation of the flooding potential at t‘h‘e site, inéorpora.ting measuréd
‘ -pérametefs, detailed mapping of drainage sqbbasins. and simulation of surface—Water

flow using several analytic techniques.

~ Surface Drainage Pattern and Soil Characteristics

The Hudspeth County study area is ’Iocated on an alluvial p|>ain characterized by
géhtle slope (1 to 1.5 percent) having deﬁdritic drainage patterns. The area is well
végetated jand,“includes drought-tolerant grasses, cacti, and spiny shrubs. The surface
~ soils consist of coarse gravel and sands (Baumgardner, 1989). Water inﬁltratidn_ |
~ properties of the surface soils 'Weré‘assumed to be those of Soil Group "B” according
to the USDA Soil 'Coﬁservation Service classification (Soil Conservation Se’r.Vice. 1975).
Th‘g study aréé is located within the watershed of »tHe lower fork of the Alamo Arroyo
‘and‘ the. upper fork of the Camp Rice Arroyo’ (fig. 2). The drainage channels in the :
study area are not well defined except in the east and southeast parts where channel -

depths are 1.5 to 2 ft (0.46 to 0.61 m) and widths are 3 to 5 ft (0.91 to 1.'52 m).

Bed materials in the channels are sand and fine gravel.

Rainfall Data
Rain events in West Texas mostly are localized storms causing high-intensity
rainfall in a small area; adjacent subbasins may receive little precipitation. For this
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_project.'the 'Department of Meteorology, Texas A&M University, compiled hisjforical
rainfall data from stations located in Hudspeth and El Paso Counties for the
1859-1989 period. In addition, site;specific rainfall data were gathered at rain gauges
installed at four stations in fhe”study area ‘and -at one rain gauge on the Diablo
Plateau (fig. 2). Rainfall intensity data were developed using various published
techniques (Chow and others, 1988). Precipitation data for a 100-yr return frequency

storm were calculated by the Department of Meteorology.

Floodplain |\/|6de|s

Rainfall elicits a rapid runoff response in the basi‘n under study: runoff closely
follows the onset Qf rainfall and peaks and recedes rapidly. There is negligible
interception and little depression storage, ‘and numerous small channels rapidly carry
away the runoff. Absgnce of well-incised channels indicates overland sheet flow to be
the predominant surface-water runoff path.

Two analytic techniques were used: (1) computer modeling with HEC-1 and
HEC-2 programs and (2) a FEMA method (also known as the Dawdy method) for
analysis of shallow overland flow on alluvial fans. The HEC programs were developed
by‘the U.S. Army Corps of Engineers, Hydrologic Engineering Center in Davis,
California. The HEC-1 program is used to determine peak flow (U.S. Army Corps of
Engineers, 1981) and the HEC-2 program is used to calculate water-surface profiles
during flood flow (U.S. Army Corps of Engineers, 1982). HEC-2 was designed for
modeling flow in Well—defined channels. Results of modeling overland flow on a
relatively flat topography need to be éarefully evaluated. The FEMA method
calculates the flood height in the lower reaches of active alluvial fans; It uses
statistical ana‘lysis to relate the probability of given discharges at the apex of a fan to
the probability of certain depths and velocity of flow occurring at any point on the -

fan below the apex. The identification of alluvial fan and flow regimes is critical for



correct application of the FEMA method.

The evaluation of flooding at the study area focused on (1) the drainage basin
énd subbasins forming the watershed for the Alamo Arroyo and (2) a larger areé
including the Camp Rice and Alamo Arroyo-drainage basins and interarroyo plain.

“Technical details of these analyses are included in the following sections.

Calculatioh_ of Discharges

Calculated discharges aré based on digitized water-level records from stream
) gauging stations 1, ‘2. and 3 (fig. 2). installed in channels in thebstudy area. One
still‘ well was placed in the swale that carries runoff downstreamr from the southwest
corner of the site. Additionally, a total of 28 Crest stége gauges were installed in the
study area to measure depth of overland sheet flow. A summary of the water levels
from the gauging stations and the still well is shown in table 1. Drainage basins
delineated for calculation of runoff and the stream gauging stations are shown on
figure 2. The water levels at 10-min intervals Were read from the water-level versus
time record. Then, the base-line water level was subtracted from the gross levels to
obtain flood water depths, whi;h were used to calculate discharges. The water-level
data recorded at the still well and at the crest stage gauges ‘were not used directly in
the surface runoff calculation. However, these data provided a verification of the
range of values calculated from ‘the stream-gauge data.

Channelv‘c‘r»oss sectional area was obtvained by surveying. Four different channel
cross sectiéns for gauging station 2 were used to calculate hydrographs for each
ra‘infall event. The total cross section in gauging station 2 (ﬁg3) included a nearby

unpaved road, whereas the partial cross section (fig. 4) did not include the road.



Two other cross sections were 50 and 63 ft (15.2 and 19.2 m) upstream of gauging
station 2 (figs. 5 and 6).

Assuming flow in channels to be at steady state, discharge was calculated by
Manning’s equation (Chow and others, 1988),

Q = (1/n) A RY? s1/2 (1)
where Q is the discharge (m3/sec). n is Manning's roughness coefficient, A is the
channel cross-sectional area (mz). P is wetted perimeter (m), R is hydraulic radius
(m). which is A/P. and S is friction slope. Five surface-water runoff events that
resulted from rainfall on 07-29-88, 08-02-88, 08-09-88. 08-21-88. and 09-02-88 were
analyzed for gauging station 2. The calculated discharges for the total and partial
cross sections at gauging station 2 are shown in figures 7 through 11.

Gauging station 1 is located where flow from basins Il and lll were interpreted to
converge (fig. 2). A discharge hydrograph of the 07-29-88 rainfall event was
calculated for gauging station 1. Observed discharges at gauging station 1 were
expected to be larger than those at gauging station 2. where runoff from drainage
basin Il was measured, because all runoff from drainage basins Il and Ill pass gauging
station 1. However, the peak discharge of 4.80 ft3/sec (0.136 m3/sec) observed at
gauging station 1 is smaller than either the observed peak discharge of 34.7 ft3/sec
(0.98 m3/sec) for the total cross section (including the road) or the partial cross-
section discharge of 136.3 ft3/sec (3.85 ms/sec) at gauging station 2. The road
passing along the south side of the site appears to channel and divert water from the
main stream at gauging station 1. Figure 12 compares observed discharge
hydrographs of the 07-29-88 event at gauging stations 1 and 2. Precipitation data
from rain gauge 1, which is nearest to gauging station 1, and those from rain gauge
3. which is nearest to gauging station 2 (fig. 2), are also included in figure 12 for

comparison.



There were no major rainfall or runoff events between September 15, v1-988, and

August 1, 1989, the period covered by current data records at gauging station 3.

Modeling with HEC-1

The HEC-1 computer program (Flood Hydrograph Package) was used to simulate
the surface runoff at gauging station 2 for the 5 recorded events. Weighted averages
of the rainfall data ‘for the 5 rain gauges (fig. 2) were uéed. Data from Diablo
Plateau rainfall gauging station (station 4‘)‘ were not available for the events‘of
07-29-88, 08-02-88, and 08-09-88. Rainfall data for the 5 rainfall events are shown iﬁ
. ta‘blles 2 through 6.

The loss due to infiltration is calculated ‘in HEC-1 modeling on the basis of
~specified ‘values of CN:and STRTL, where CN ‘is the curve number related to the
type of soil group"énd STRTL is 'aﬁ initial depth of abstra;tion béforé ponding. The
Soil Conservation Service (SCS), U.S. Department of Agriculture, has related the

infiltration loss characteristics of soil groups to curve numbers (CN's) on the basis of

empirical data (SCS, 1975).

Parameter Calibration

HEC-1 model parameters were calibrated on .the basis of rainfall and runoff data
from the study-area. Infiltration-loss. parameters of initial abstraction (STRTL) and
SCS curve number (CN) were optimized for the 5 rainfall events, and the results are
summarized in table 7. Also, the optimum initial abstraction (STRTL) and coﬁstant—
loss rate (CNSTL) were found for the 5 rainfall events, and the results are
‘5ummariz‘ed in table 8 Table 9 shows the percentages of actual rainfall loss for the
5 rainfall events. The hydrographs calculated from the observed Water depths were
compared with those obtained from HEC-1 with various SCS curve numbers. STRTL

value was not specified in the input to allow the HEC-1 prbgram to compute a



default value as a function of a given curve number.

-Figures 7 through 11 compare hydrogréphs of observed total and simulated
discharge with various cufve numbers for the 5 rainfall events. The time (horizontal)
axis represents 'the time‘since‘ the ‘rainfall ‘began. The simulated hydrograph based on
a cﬁrve number of 75 has about the same volume of water as the observed |
hydrograph, whereas the simulated hydrograph based on a curve number of 73
resulted in a peak discharge similar to the observed peak discharge for the total
~channel cross section (fig. 7). Because the peak discharge is the critical parameter to
match, 73 appears to be the appropriate estimaté of curve number for the rainfall
event of 07-29-88. Simil‘arly, estimated curve numbers of 90, 90.5, 87, and 87 '
corres'pond to the rainfall events of 08-02-88, 08-09-88, 08-21-88, and 09-02-88,
respectively. The average curve number is 82. Because the infiltration losses are a
function of antecedent moisture conditions (that is, dependent upon the quantity and
frequency of rainfall)‘, there is a certain variability ‘in the curve numbers for different
events. | |

The discrepancy ‘(Iag) between times of the observed and those of the simulated
peak discharges is due to the underestimation of storage in channels, which was
necessary in order to accurately match flow volume between observed and simulated
discharges. For the purpose of delineating the floodplain, the peak flow is the critical

parameter.  The discrepancy in peak times is the result of imperfect mathematical

description of channel geometry.

Kinematic Wave Routing Model

The HEC-1 program was also used in conjunction with a kinematic wave routing
model for surface runoff by dividing the basin for gauging station 2 into 10 subbasins

(fig. 13). This exercise allowed an evaluation of the sensitivity of peak discharge to



different flow configprations. This model routes flow through separate channels
(collector channels) in the various subbasins using the kinematic interpretation of the
equations of motion. Flow ‘in the channels is computed from Manning’'s equation (1),
and movement of the flood wave is -described by the continuity ¢quatibn. In the
model, these separate channels then coalesce into a single (main) channel on the
downstream epd of the basin’ or watershed. The kinematic wave roufing allows a
modular approach whereby hydrauli‘c parameters within individual subbasins can be
separately specified. ,

The two rainfall events of 07-29-88 and 08-21-88 were analyzed by the »kinematic
wave routing model. The other events were too small to be analyzed. Figures 14
and 15 compare the observed and thé simulated hydrographs obtained by kinematic
routing with various curve numbers. From the figures it was concluded that curve
numbers of 78 and 90 were appropriate for the events of 07-29-88 and 08-21-88,
respectively. The simulated hydrographs reflect a lag time for the peak discharge
relative to the observed hydrographs. This phenomenon probably is a result of the
storage in the various channels within the subbasins, which delays the arrival of the

peak discharge.

Modeling of 100-yr and Probable Maximum Floods

The average CN value of 82 from -table 7 was used as the loss parameter in the
100-yr flopd and Probable Maximum Precipitation (PMP) analyses. =~ STRTL values
were not specified in tihe input because the best-fit values of STRTL vary from 4 to
20 (table 6). The HEC-1 program computes default values as a function of given
curve numbers. The parameters in Table 8 that were calculated with th‘e uniform
loss-rate option in HEC-1 modeling were not used in the analysis because of their

large variations.



The .intensity and’ temporal distributions of rainfall used in this study were
patterned after the methodologies used in studies of ﬂoodivng in El Paso, Texas
(Espey Huston & Associates, Iﬁc., 1981: Frederick and others, 1977; Miller and others,
1984). A correction factor was applied ‘to“increase the rainfall volume in the study
arearslightly. Table 10 shows theb5—min—interval rainfall distribufions used in this

" study for both the 100-yr frequency rainfall and the probable maximum precipitation.

Alluvial Fan Method
Another metho‘dologby used in this study is based on procedures developed by
Dawdy FEMA, 1985) to estimate flood height in the lower reaches of active alluvial
fans. It makes use of statistical analyses that relate the probability of given
discharges at the apex of a fan to the-probability of certain depths and velocity of

flow “occurring -at any point on.the fan below the apex (FEMA, 1985).

Identiﬁcatioﬁ of Flow Regime

The flow regime on an alluvial fan during a major flood event depends on the
number of channels created by the flow of water. At peak flow during a major flood
event on an active fan, water does not spread evenly over the fan but is confined to
intrafan channels that carfy the water from the apex to the toe of the fan. These
channels are found to occur inr‘three patterns, .namely, single channel, split channel,
and braided channel (fig. 16). The single channel is located just below the mouth of
the. canyon ‘in the upper r‘egion of the fan,‘ and it is formed by erosion of the loose
material that composes the fan. The split and multiple channels are formed through
‘repeated bifurcation of channels below the apex of the fan that finally terminate in a

braided sheet flow channel. ‘The single channel region is defined by the length of the



-single channel measured from the mouth of the CanyOn to the point where the flood
~channel spIitS; this length decreasesv‘ with the‘ratio,of canyon slope to fan slope.

To apply the alluvial-fan ﬂooding method, the concept of a single equivalent
cha"nnel is used to compute'ﬂood depths.- For “the purpose of flood mapping, the
computed depth of water flow on alluvial fans is the depth of flow (depth of channel)
~in the channel that carries a given discharge to the toe of the fan surface. Watgr
depths between 0.5 and 1.5 ft were rounded to 1 ft, which is a FEMA criterion for
deliheéting a flood zone. | - |

The length of the single channel can be determined using figure A5-1 of the
FEMA 37 report. The ratio of canyon slope to fan slope was determined from a
topographic map of the study area (fig. 17), and this ratio (2.15) indicated that no
single channel,r‘égion was present on the site. Therefore, the procedure for a multiple

channel region -was applied-for determination of flood height.

Determination bf Flood Discharge-Frequency Distribution

A cémplefe flood discharge-frequency distribution is required to determine the
source of flooding at the apex of each alluvial fan using Log-Pearson Type Il analyses
in accordance »With the guidelines for determining flood flow frequency (Riggs and
others, 1968; U.S. Department of Interior, 1982). vBecau»se the data for those analyses
were not ‘available for the site, flows of various recurrence intervals were computed
from HEC-1, and the following synthetic Log-Pearson Type Il parameters were
estimated: |

Q o = 2706 cfs, Q. = 941 cfs

= 3570 cfs, Q 50

.0 1

where Q.Ol' Q.10' and Q_50 are discharges with 0.01, ‘0.10, and 0.50 exceedance

probabilities, kespectively.'
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the skew coefficient,

G = -250 + 3.12 [log(Q (,/Q ,,)/log(Q ,,/Q /)] )
= -1.682,
standard deviation,
= 0.654,

and the mean of logarithms,
X = log(Qg,) - Ky S | (4)
= 2.80,
where K.01 and K.50 are the number of standard deviations above and below the
mean for the Pearson Type lll exceedance probabilities of 0.01 and 0.50 and skew
coefficient G.
Since the  skew coefficiént was not zero, the following transformation variables

were computed:

m = X - 25/G = 3.578 (5)

a = 2/GS = -1.819 (6)

N = 4/G? = 1.416 (7)

a =a-092 =-2739 (8)
The transformation constant was computed as

C = (a/a) X exp(0.92m) = 25.29 (9)
The Log-Pearson Type lll parameters were transformed using the variables computed
above according to the following equations:

Z = m + \a = 3.061 (10)

S % = )/a’ = 0189 (11)

z
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S. = 0.434 (12)
G, = 2/\? = 1681 (13)

Determination of Discharge for 0.5-ft Flood Depth

As determined in the section on identification of flow regime, there is no single
channel region on the site. Therefore, the procedure for a multiple channel region
was applied. For the fan slope Sf = 0.013 and Manning's coefficient n = 0.04,
the discharge Q (cfs) that corresponds to the depth D = 0.5 (ft) was calculated by

iteratively solving the following equation:

D = 00917 n® $7° Q% + 0001426 n'? 5. ° (14)

For D = 0.5 ft, Q was found to be 380 cfs.

Determination- of -Fan Width at. 0.5-ft-Depth .Boundary
The Log-Pearson Type lll standard deviation above and below the mean
frequency was computed for the discharge that corresponds to 0.5 ft depth zone
boundary using equation 15:
K = (log Q - Z)/Sz = (log 380 - 3.061)/0.434 = - 1.109 (15)
Then the probability of occurrence of the discharge for the depth was
P(Q>380) = P (K>-1109) = 0.866 (16)
The fan arc width was computed as
W= 3610 ACP = 3610 x 1.5 x 25.29 x 0.866 = 118,600 ft, (17)
where A is the avulsion coefficient (factor accounting for the possibility of channel
switching during major floods on active alluvial fans), and C is the transformation
constant. Assuming a constant expansion angle, ‘the 100-yr flood based on the
alluvial fan model would reach an arc width of 118,600 ft far downstream from the

location of the study area (fig. 17).
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Analysis with HEC-2

The HEC-2 computer program calculates water-surface proﬁlés in natural or man-
made chaﬁnels. The program is also designed for application in floodplain »
management and flood ‘insurance studies to designate flood hazard zones.

A HEC-2 run was implemented for Channel B (drainage basin Il. fig. 2) using a
100-yr-frequency peak discharge of 8,500 cfs, which was calculated for the channel by
HEC-1. Nine channel cross sections were selected (fig. 18). HEC-2 results indicate
that the upstream parts (cross sectioﬁs 8 and 9) df Channel B could not cohvey
mére than 4,000 cfs. Extra discharge was likely to diverge into nearby Chénnel C.
which had greater conveyance. A peak discharge of 4,000 cfs was obtained by HEC-
1 for the Drainage Basin III.‘Which includes Channel C (fig. 18). A discharge ofb
8.500 cfs, therefore, was used in the HEC-2 simulation for Channel C because the
~extradischarge of 4,500 cfs. from Channel B was expected to diverge into Channel
C. Channel C was found to have adequate’ capacity to contain all the discharge, as
shown in figure 18. No HEC-2 runs were made for Drainage Basin | due to lack of
runoff data at gauging station 3.

Another HEC-2 simulation considered the entire site area as one channel. As
shown in figure 19, water flow became focused on the south part of the site, leaving
the north part outside of the 100-yr floodplain. However, this result is based on the
assumption-that the drainage divides between subbasins I, I, and Il do not prevent
the surface runoff from coalescing into a single channel. It is important to recall
that HEC-2 was designed for modeling flow in well-defined channels and does not
perform well in modeling overland flow.

Runoff analyses with HEC—Z_ were made on a larger scale for the interarroyo area

between the lower fork of Alamo Arroyo and the upper fork of Camp Rice Arroyo.
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The tributary option in HEC-2 was used for the Alamo Arroyo, whereas only one
channel was considered for the Camp Rice Arroyo, which has a well-defined channel
(fig. 20). The number of cross sections was dictated bby the ability of the HEC-2
model to solve the internal continuity ‘and ‘transport equations, given the range of
topographic relief. The total potential and kinetic energy of flow in converging
tributaries was also matched by adjusting cross-section orientations. Results from
HEC-2 runs for the 100-yr flood are shown in figure 21. Different discharge for
‘each cross section was used in the HEC-2 runs, reflecting the cumulative increas’é in
upstream drainage area as one moves downstream (table 11). Figures 22 and 23
represent the channel configurations and the results for the probable maximum flood
(PMF). The different tributary-channel configurations of the 100-yr runoff and the
PMF in the Alamo Arroyo watershed (figs. 20 and 22) were based on the capacity
-of channels-within‘»-each subbasin to contain the flow within the boundaries of that
subbasin. Different channel configurations were required for 100-yr and PMF floods
to maintain spatial continuity of flow in subbasins | and Il. This was needed to
force the HEC-2 simulations to distribute flow adequately on the relatively flat upland
surface. If the 100-yr flood were modeled using the channel confuguration used to
simulate the PMF flood (fig. 22) tributaries converging from subbasins | and Il, then
flow would be concentrated in tﬁe lower main channel downstream of section 6
(fig:~22), and flow in the uppef channel at sections 13 to 16 (fig. 20) would be
dried up. If the PMF flood were modeled using the channel configuration used to
~simulate the 100-yr flood (fig. 20). channels converging‘ at the downstream edge of
the site, then flow in the upper channel downstream of section 17 (fig. 20) would
spill across the drainage divide from subbasin | to subbasin Il. The ﬂqod widths
plotted in figufes 20 and 22 are the total widths of the wetted areas in the

channels. The 0.5-ft flood heights are of course contained within these wetted areas.
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CONCLUSIONS
Calculations following the alluvial fan evall'jation indicate that the proposed site
\ is in the area of the 100-yr floodplain (fig. 17). The procedure developed by Dawdy
(FEMA, 1985) assumes the presence of active channels on an alluvial fan. The
study area, héwever. is interpreted to be an alluvial plain or alluvial slope and not a
fan (T. Gustavson, personal communication, 1989). Moreover, the results are
sénsitive to the arbitrary designation of the fan apex and to the expansion angle,‘
although they ignore storage in existing‘channels and the presence of draiﬁage d‘ivides
that would act as barriers to flow. The alluvial-fan method was applied,
honetheless, to consider the range of possible flood potentials completely.
Application of the Dawdy method results in a fan width of 118,600 ft, which would
place the roodpllai‘n boundary farther downstfeam than any possibly definable alluvial
~plain ~(fig: 17). representing -an- absurdly extensive alluvial fan on the interarroyo plain.
There is no sediment record of such an extensiver flood with a return frequency of
0.01.

‘Surface-water runoff simulated with HEC-1 and HEC-2 tends to be concentrated
in the relatively better defined channel in the south part of the study area in
Drainage Basin Il (fig. 2). The absence of well-incised channels in the central and
north part result in shallow sheet-flow-type runoff in those areas. Due to the flat
topography ‘at ‘the site, the selection of drainage boundaries between subbasins
- strongly influences the flood profiles in the channels (fig. 18). Removing the
drainage boundary betweeh the subbasins results ‘in the whole runoff concentratingvin
the lower channel C in the south part of the study area (fig. 19).

The HEC-1 and‘ HEC-2 flooding analyses forv various basiﬁ and channel
configurations indicate that moét of the central study area contains large dry islands

that are not inundated by 100-yr floods. The calculated runoff is contained in the
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existing channels. There probably is some shallow-depth sheet flow over much of
the rest of thé area. The surface runoff resulting from a probable maximum flood
increases the width of flood in the channels but still leaves uninundated islands in
the central study area. |

The best representation of the floodplain and channel configuration has ' the
Camp Rice Arroyo watershed draining .into a single channel and the Alamo Arroyo
watershed draining into tributary channels. This model minimizes the sensitivity of
flood profiles to numerous small drainage—basin boundaries. The runoff contribution
of all the downstream sections is better incorporated under this scheme.

If a broad interpretation of the regulatory requirements is made and the separate
dry islands are ignored, then most of the study area could be considered to be o
withfn a 100-yr floodplain. .= On the other vhand, large sections of the interarroyo area
between the lower fork of -the Alamo~vArroyo and. the upper fork of the Camp Rice
Arroyo would not be inundated, placing these sections outside of the 100-yr

floodplain.
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Table 1. Summary of surface-water runoff in channels at gauging stations and stillwell.
Date Gauging Station 1 Gauging Station 2 Gauging Station 3 Stillwell 1

6/27-6/28 evaporation not available -} not ‘available not available

6/28-7/1 evap na. n.a. n.a.

7/1-7/5 evap n.a. n.a. 32 in. @1510 hrs, 7/

7/5-718 ‘|evap na. n.a. evap

7/8-7/11 18 in. @0620 hrs, 7/10 plugged, not screened n.a. 26.5 in. @0600 hrs, 7/10

7/11-7/14 evap not screened n.a. evap

7/14-7/17 n.a. not screened n.a. n.a.

7/17-7/20 evap not screened n.a. n.a.

7/20-7/22 evap evap n.a. evap

7122-7/25 evap evap n.a. evap

7/25-7/28 evap ~14 in. @1415 hrs, 7/27 n.a. evap

7/28-7/31 ~12 in. @1345 hrs, 7/29 ° |~17 in. @1340 hrs, 7/29 .~ |n.a. 156.6 in. @1335 hrs, 7/29

7/31-8/3 evap ~6 in. @1920 hrs, 8/2 n.a. evap

8/3-8/6 evap ~3.5 in. @1220 hrs, 8/5 n.a. evap

8/6-8/9 ~3 in. @1920 hrs, 8/7 ~3.3 in. @1940 hrs, 8/7 n.a. 4.2 in. @1905 hrs, 8/7

8/9-8/12 evap ~7 in. @1240 hrs, 8/9 n.a. 0.85 in. @1335 hrs, 8/9

8/12-8/15 evap evap n.a. evap

8/15-8/18 ~1.5in. @2200 hrs, 8/15 |evap n.a. 3.3 in. @2145 hrs, 8/15

8/18-8/21 evap evap n.a. evap

8/21-8/24 evap ~14 in. @1430 hrs, 8/21 n.a evap

8/24-8/27 evap |~7 in. @1825 hrs, 8/26 n.a. evap

8/27-8/30 evap |~2.5 in. @0605 hrs, 8/30 |n.a. 3 in. @0115 hrs, 8/28

8/30-9/2 evap evap n.a. evap ’

9/2-9/5 ~5 in. @1305 hrs, 9/2 ~9.1 in. @1315 hrs, 9/2 n.a. evap

9/5-9/8 evap evap n.a. evap

9/8-9/11 evap evap n.a. evap

9/11-9/156 evap evap n.a. evap

8/15-9/18 evap evap evap evap

9/18-9/20 evap evap evap evap

9/20-9/283 evap ~1.1 in. @2040 hrs, 9/21 ~1.9 in. @1750 hrs, 9/20 ~1.3 in. @1910 hrs, 9/20
~2.2 in. @2020 hrs, 9/21 |~0.8 in. @2140 hrs, 9/21

9/23-9/26 evap evap evap evap »

9/26-9/29 evap evap evap evap

9/29-10/2 evap evap evap evap

10/2-10/5 evap evap evap evap

10/5-1G/8 evap evap evap evap

10/8-10/11 evap ~0.7 in. @1250 hrs, 10/10 |~1.7 in. @1240 hrs, 10/10 |~0.4 in. @1730 hrs, .10/10

10/11-10/14 |evap evap evap evap

10/14-10/17 |evap evap evap evap

10/17-10/20 Jevap evap evap evap

10/20-10/23 |evap evap evap evap

10/23-10/26 |evap evap evap evap

10/26-10/29 |evap evap evap evap

10/29-11/1 evap evap evap evap

11/1-11/4 evap evap evap evap

11/4-11/7 evap evap evap evap

11/7-11/10 evap evap evap evap

11/10-11/13 |evap evap evap evap

11/13-11/16 |evap evap evap evap

11/16-11/19 |evap evap evap evap

11/18-11/22 |evap evap evap evap

11/22-11/25 |evap evap evap evap

11/25-11/28 jevap evap evap evap

11/28-12/1 evap evap evap evap

12/1-12/4 evap evap evap evap




 Table 1 (Continued) -

-Date

~ Gauging' S

. stiliwell 1

] v Gauging Station 1: Gauging Station 2 tation.3
12/4:12/7 . |evap~ 0 evap' .. levap: ’ - evap .
“112/7-12710." ‘|evap..: evap . .. levap evap
12/10-12/13" Jevap ~|evap. evap evap
“|12/18-12/16 |evap ~ ‘evap evap |evap
“l12716:12/19 |evap levap evap evap .
|12719-12/22  |evap “|evap Jevap evap.
12/22-12/25" Jevap - Jevap - evap |evap-- "
T12/25-12/28 " evap - |evap evap evap -
- "|12/28-12/31 |evap {evap - evap - evap.
“112/31-1/3789 |evap. evap evap evap
f113-176 - |evap “levap ~|evap evap
1/6-1/9 = ' evap “levap. 8 evap .- evap-
119-1/12 evap evap - evap evap.
1/12-1/15 evap ‘levap |evap “levap
{1/15-1/18 evap evap evap evap
1/18-1/21 evap evap evap evap
“1r21-1724 evap evap ‘evap |evap
1/24-1127 evap evap ' evap evap -,
1/27-1/30 evap evap evap evap
1/3 0-2/2 - evap evap evap evap: -
" l212-2/5 evap evap evap evap
. |2/5-2/8 evap evap evap evap
2/8-2/11 levap {evap evap, evap
2/11-2/14 evap evap |evap. evap : _
2/14-2/17 “ Jevap evap evap ~0.4 in. @1920 hrs, 12/16° 4
f2117:2/20; |evap evap evap “Jevap- : ' S
2/20-2/23 evap |evap evap |evap
2/23-2/26 evap ' evap évap evap
2/26-3/1 evap eVap evap evap. -
3/1-3/4 evap evap evap “|evap
13/4-3/7. - evap. evap - evap evap
i|8/7-3710 evap evap evap evap
3/10-3/13 7 |evap evap evap evap
3/13-3/16  |evap evap evap evap
3/16-3/19 evap evap ‘|evap evap
3/19-3/22 evap evap: - evap evap.
3/22-3/25 evap ‘levap . evap. Jevap. - ’
3/25-3/28 evap ~|evap - levap - evap
3/28-3/31 evap ‘levap evap evap
3/31-4/3 . Jevap- evap ‘levap evap
4/3:4/6 evap evap evap evap .
4/6-4/9 evap evap -Jevap: evap
4/9-4/12 evap “|evap evap evap
4/12-4/15 evap evap evap |evap
4/15-4/18 evap. evap levap evap
4/18-4/21 evap - {evap evap evap
4/21-4/24 evap’ “Jevap evap evap
4/24-4727 |evap evap evap evap .
14/27-4/30 evap: . evap ‘ evap : evap’
4/30-5/3 evap ¢ |evap evap evap
5/3-5/6 |evap evap evap i evap
15/6-579 evap evap , evap evap.
5/9-5/12 - .|evap ~2.0 in. @2050 hrs, '5/9 evap evap
5/12-5/15 . |evap Jevap evap evap -
{5/15-5/18 - {evap - ‘|evap . levap evap




 Table 1 (Continued)

b pae T} . Gauging Statiorii1- " Gauging Station 2 . " Gauging Station 3 Stillwell -1
cifsrte-5r21  levap i i evap R evap : B evap Sledes it
" |5/21-5/24 . |evap - ‘ evap evap “|evap -
|5/24-5727 - levap. ‘ levap evap S L evap
15/27-5130  [evap ~3.7 in. @2100 hrs, 5/27 [~2.5 in. @2120 hrs, 5/27 |evap -
5/30-6/2  |evap {evap - . evap " levap
6/2-6/5 evap - fevap evap “fevap ..
. |6/5-8/8 " levap “|evap “|evap - evap
. |6/8-6/11 - - ‘levap {evap evap. . evap - - ) .
: le/11-6/14 . evap-: “|evap evap’ ~0.72 in. @‘1_925 hrs, 6/13
|6/14-6/17" |evap levap {evap - levap - o
6/17-6/20 - ‘|evap .- ¢ ' evap evap Gowii o evap
6/20-6/23 7 -|~8.04 in. @1915 hrs, 6/20 |evap ~2.7 in. @1920 hrs, 6/20 - |evap
6/23-6/26 evap o evap - evap - R " |evap.
6/26-6/29 evap evap evap evap
1016/1298-7/12 - evap evap - levap ‘Jevap
A7r2-718 evap evap {evap evap
“{7/5-718 evap" evap |evap “levap
17/8-7/11" . |evap.. |evap evép ) evap.
\7111-7/14 - levap evap evap “|evap
N7/14-7/17. " |evap: evap k evap “levap -
7/117-7/120 evap" evap' “Jevap evap
7/20-7/23, evap - evap evap evap
7/23-7/26 . fevap ‘evap evap evap
7126-7/29 - |evap evap - - evap ¢ " levap SO
7/29-8/1 ~0.84 in. @0315 hrs, 7/30 [~2.3 in. @0300 hrs, 7/30 |~2.4 in. @0300 hrs, 7/30 |~0.48 in. @0335 hrs, 7/30_




J,_‘Ta’blé; ‘2».;]"R‘a‘iirj;fa|lf’data (’fnm) for 07-29-88 ev_ent;‘re'c‘o'rded at the“5 rain 'géugbes..

{TIME(from). - TIME(t0)

Rain gauge 5

| Rain gauge 1 | Rain gauge 2| Rain gauge 3| Rain gauge 4
13:05 13:10 0.60 na 0.25
13:10 13:15 . ©1.00 - 0.60 n.a. ' 0.25
13:15 .. 1320 .| . . |...2.00. ]  0.60 n.a. - 0.13 |
©13:20 . 13:25 | 3.40 | 300 | 070 n.a. 0.13
13:25 - 13:30: | 3.40 3.00 ©.0.70 n.a. -+ 0.38
'18:30. . 13:35 2.00 . 2.00 0.60 “na. 0.38
18:835 .. 13:40 | 0.50 . 2.000 | " na 1.27
. .48:40 . 18:45. [ 050 | 100 | na. 1.27
13:45 . 13:50 1.00 | 100 | o 3 n.a. ©3.05
13:50 13:55 °1.00 0.60 1 4.00 n.a. 3.05
13:55 14:00 0.40 0.60 4.00 n.a. 1.78
14:00 14:05 0.40 10.00 n.a. 1.78
14:05 14:10 0.60 10.00 - na.. 2.03
- 14:10 14:15 0.60 0.40 3.00 - n.a. 2.03
- 14:15 14:20 1.10 0.40 3.00 n.a. 1.27
- 14:20 14:25 1.10 1.20 0.30 n.a. 1.27
14:25 14:30 0.30 1.20 0.30 n.a.
14:30 - 14:35 0.30 0.30 n.a.
14:35 ~  14:40 2.00 0.30 g n.a.
' _total = 16.80 20.60 37.80 . - - 20.32
-average (of 4 gauges) = 23.88 :

Table 3. Rainfall data (mm) for 08-02-88 event, recorded at the 5 rain gauges.

TIME(from) TIME(to) |Rain gauge 1| Rain gauge 2| Rain gauge 3 | Rain gauge 4 | Rain gauge 5
v 18:50 18:55 - 1.40 . . n.a. ' .
18:55 19:00 1.40 1.00 n.a.
19:00 19:05 1.00 ~.1.00 n.a.
19:05 19:10 “1.00 1.00 n.a.
19:10 19:15 0.20 0.30 - 1.70 n.a. 0.63
19:15 19:20 : . 0.30 1.70 n.a. 0.64
19:20 19:25 0.10 1.40 n.a. 3.18
19:25 19:30 0.10 1.40 n.a. 3.18
19:30 19:35 0.30 n.a. 0.51
19:35 19:40 0.30 n.a. 0.51.
. 19:40 19:45 0.10 - na 0.50
'19:45 19:50 0.10 n.a. " 0:183
19:50 - 19:55 ‘ n.a. 0.13
19:55 20:00- n.a. 0.12
20:00 20:05 : -.n.a. 0.12
‘ ‘ total = 5.00 3.80 7.00 == 9.65
average (of 4 gauges) = 6.36 :




'Tablev‘?l."'.Rainfall ‘data"(mm)-for' 08-09-88 event, recorded at the 5 raivn géUgeS. '

Rain gauge 1

n gauge 3

Rain gauge 5

 [FIME(from) _TIME(to)

Rain gauge 2 | Rai Rain gauge 4
12:30 12:35 . 0.60 "~ na. 0.38
. 12:35 12:40 ' 0.60 “na. 0.38
‘12:40 - 12:45 - 0.50 na. 0.26
12:45 12:50 0.50 n.a. - 0.25
12:50 12:55 : n.a. 0.13
12:55. 13:00 na. - 0.12
13:00. 13:05 .~ n.a. g
'13:05 13:10° na.
.13:10 13:15 n.a.
13:15 - .18:20 n.a.
13:20 -+ 13:25 n.a.
13:25 13:30 , n.a. :
13:30 13:35 0.70 2.80 n.a. 0.41
13:35 13:40 . 0.70 0.40 2.80 n.a. .0.42
13:40 13:45 0.60 0.70 - 0.60 n.a. 2.00
13:45 13:50 0.70 0.60 n.a. 2.00
13:50 13:55 0.10 : n.a. 1.53
13:55 14:00 10 n.a. 1.52
14:00 14:05 0.10 n.a. 0.13 .
14:05 14:10 0.20 0.10 n.a. 0.13
14:10 14:15 0.20 0.10 0.20 n.a. . 0.13
14:15 14:20 0.10 0.20 n.a. 0.13
14:20 - 14:25 0.10 n.a. 0.12
14:25 14:30 0.10 n.a. 0.12
total = 40 2.20 9.80 .- 10.16
= 6.14

average (of 4 gauges)




Table 5. .’Rainrfa'll‘ data (mm) for 08-21-88 evenvt,”rec‘or‘ded at the 5 rain gauges.

TIME(from) =~ TIME(to) | Rain gauge 1|Rain gauge 2| Rain gauge 3 | Rain gauge 4| Rain gauge 5
- 14:00 14:05 ‘ . : ‘ - 0.60 o
14:05 - 14:10 4.00
14:10 . 14:15 3.50
14:15 - 14:20 3.50
14:20 “14:25 3.00 - ,
14:25 14:30- - 2.00 ol s
14:30 14:35 ©.0.30 - 0.25
14:35 14:40 S 0.30 0.40 - .0.26
' 14:40 14:45 1.00. 0.10 4.50 0.76 -
14:45 14:50 1.00 0.40" 0.10 4.50 - 0.76
14:50 14:55 0.50 - 0.80 0.10 2.00 1.16
14:55 15:00. 0.50 0.80 0.10 2.00 1.16
15:00 15:05 0.20 0.30 0:50 1.16
15:05. 15:10 0.20 . 0.30 0.50 1.17
15:10 15:156 0.20 -0.20 '1.16
15:15 15:20 0.20 0.20 1.16
15:20 15:25 0.10 0.10 1.16
-..15:25 15:30 0.10 0.10 0.51
15:30 15:35 0.51
15:35 15:40 0.13
15:40° 15:45 0:12
15:45 15:50 0.07
15:50 15:55 . "0.07
15:55 16:00 0.06
16:00 16:05 : , 0.06
total = 3.40 3.20: 17.60 15.00 11.69
average (of 5 gauges) = 10.18 ;
~Table 6. Rainfall data (mm) for 09-02-88 event, recorded at the 5 rain gauges.‘ :
TIME(from) - TIME(to) |Raingauge 1| Rain gauge 2| Rain gauge 3 |Rain gauge 4| Rain.gauge 5
12:55 13:00 ‘ ... 0.80 v '
13:00 13:05 : 3.00
13:05 13:10 3.30 3.00
13:10 13:15 3.30 - 0.90
13:15 13:20 3.50 2.40 0.90
13:20 13:25 © 3.50: 1.50 0.20
13:25 13:30 0.70 1.50 0.20"
13:30 13:35 0.70 .0.70 0.76
13:35 13:40 .0.20 0.70 0.77
13:40 13:45 3.43
13:45 13:50 3.43
13:50 - 13:55 0.76
13:55 14:00 0.76
S v total = 15.20 6.80 9.00 0.00 9.91
average (of 5 gauges) =~ -8.18




‘Table 7. Optimized LS card (SECS curve number) par‘amé“ters for'gaugirng station 2.

' Channel cross-sections

"~ X-sec w/road

x-sec w/out road

x-sec 50 .ft upstream

x-sec 63 ft-upstream

DATE STRTL | CN STRTL N STRTL N STRTL N
7/29/88} 19.68 | 88.39 21.20.|{ 88.95 19.00 80.28 20.44 81.45
{8/02/88]| 5.32 81.88 | 5.32 81.88-| 5.48 81.78 5.96 86.31
8/09/88| 4.44 79.40 4.44 79.40 3.99 67.74 4.84 72.99
8/21/88] 4.96 77.85 6.43 81.88.| 6.72 84.24 6.08 68.21

7.50 90.02 | 7.50 90.02 7.54 89.50 7.71

9/02/88

STRTL'(mm) : initial abstraction before ponding

86.98

average value = 8.73
standard deviation = 5.79

~ CN': SCS curve number

*average value = 81.96
standard deviation = 6.45

Table 8. Optimized LU card (uniform loss) parameters for gauging station 2.

Channel -cross-sections

x-sec w/road x-sec w/out road.|x-sec 50 ft upstream|x-sec 63 ft upstream
DATE STRTL CN STRTL | : ON STRTL N - STRTL ON
7/29/88| 22.72 3.85 23.27 | 1.61 . 22.87 4.10 23.27 1.74
8/02/88| 6.56 0.66 6.56 0.66 6.60 0.66 6.71 .0.67
8/09/88| 5.91 0.84 5.91 0.84 5.90 0.85 6.37 0.64
8/21/88| 8.46 2.98 9.54 1,32 9.51 1.39 9.76 1.13
9/02/881 8.07 0.54 8.07: 0.54 8.08 0.54 8.09 0.54

STRTL (mm) . initial abstraction before ponding |

average value = 10.61
standard deviation = 6.32

CNSTL (mm/hr) : constant loss rate
average value = 1.31
standard deviation = 1.06



Table 9. Percentage of rainfall lost to infiltration.

Cumulative Rainfall (mm)

Date Rainfall (mm) Loss (mm) Loss % Since Previous Event
7/29/88 23.88 23.575 98.73 2.00
8/02/88 6.36 6.348 99.80 0.90
8/09/88 6.14 6.105 99.43 23.38
8/21/88 10.18 9.975 97.99 8.62
9/02/88 8.18 8.165 99.82 24.65

100-YR STORM 86.36 43.17 49.99




H‘Table 10. ‘Five-minuyte interval distributions (inches) of 100-year and PMP precipitatioh.

TIME: (HR:MIN)

TIME (HR:MIN)

100-YEAR

100-YEAR _ PMP PMP
0:05 0.00 0.01 3:05 0.05 3.19
0:10 0.00 0.02 3:10 0.09 1.18
0:15 0.00 .0.02 3:15 - 0.09 0.94
0:20 . 0.00 - 0.03 ©3:20 0.06 0.89
0:25 ~0.00 ~  0.03 3:25 0.11 0.71
0:30 0.00 0.04 3:30 0.12 071
0:35 0.00 0.05 - 3:85 0.36 0.27
0:40 0.00 0.05 3:40 .. 0.62 0.26
0:45 0.00 0.05 3:45 0.61 0.25 . -
0:50 10.00 0.05 3:50 0.24 0.22
0:55 0.:00 -0.05 3:55 0.28 0.19
1:00 0.00 0.05 4:00 0.14 ~0.15
1:05° 0.00 0.07 4:05 0.04 0.14
- 1:10 0.00 0.08 4:10 0.04 0.14
1:15 +.0.00 - 0.08 4:15 0.04 10.13
1:20 0.00 0.08 4:20 0.03 0.13
1:25 0.00 0.08 4:25 0.04 0.13
1:30 0.00 0.10 4:30 0.04 0.13
1:35 0.00 0.12 4:35 0.03 0.10
1:40 0.00 0.13 4:40 0.04 0.10
- 1:45 0.00 0.18 4:45 0.04 0.08
1:50 0.00 -~ 0.13 . 4:50 0.03 0.08
- 1:55 0.00 0.14 4:55 0.04 0.08
2:00 0.00 0.14 5:00 0.04 0.07
- 2:05 0.01 0.15 5:05 0.00 0.06
2:10 0.02 0.18 5:10 0.00 0.05
2:15 0.02 0.21 5:15 0.00 0.05
2:20 0.02 - 0.24 - 5:20 0.00 0.05
2:25 0.02 0.26 5:25 0.00 0.05
2:30 0.02 0.27 5:30 0.00 0.04
2:35 0.02 0.59 5:35 -0.00 0.04
2:40 0.02 0.71 5:40 1 0.00 0.03
- 2:45 © 0.02 0.89 5:45 0.00 0.03
~2:50 0.02 0.89 5:50 0.00 0.02
2:55 0.02- 1.12 5:55 0.00 - 0.02
3:00 0.02 1.54 6:00 ~0.00 0.01




Table 11. Discharges (cfs) used in HEC-2 for tributary-flow option.

100 Year Flood

Alamo Camp Rice
x-section # Arroyo Arroyo

1 19290 17110
2 18870 16780
3 18560 16570
4 18070 16240
5 17490 15870
6 13760 15440
7 13440 15010
8 12490 14530
9 3050 14040
10 2470
11 8900
12 8130
13 8140
14 7990
15 7620
16 7160
17 6600
18 6070
19 5030
20 3790

Probable Maximum Flood

: Alamo Camp Rice
x-section # Arroyo Arroyo

1 157710 142900
2 153650 138390
3 150590 137200
4 145910 133730
5 140280 129740
6 104810 125270
7 100840 120700
8 92490 115630
9 78590 110400
10 49080
11 45030
12 37020
13 27480
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Flgure 1. One-hundred-yr flood plam on proposed West Texas low-level radioactive waste
isolation site (Federal Emergency Management Agency, 1985). Map does not include

the boundary of 100-year flood plain in lower reaches of Camp Rice and Alamo
Arroyo.
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Figure 2. Surface-water hydrology study area and location of stream gauges and rain gauges.
The drainage basins were delineated for determining flood profiles in the channels.
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~“Figure 3.-Cross- sectlon profile of channel at gaugmg station 2. Part of the nearby unpaved
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Figure 5. Channel cross-section profile 50 ft upstream of gauging station 2.
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Figure 6. Channel cross-section profile 63 ft upstream of gauging station 2.
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Figure 8. Hydrograph at gauging station 2 on 8-2-88 (whole basin'mo‘del)\.:
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Figure 9. Hydrograph .at gauging station 2 on 8-9-88 (whole
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Figure 10. Hydrograph at gauging station 2 on 8-21-88 (whole basin model).
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Figure 11. Hydrograph at gauging station 2 on 9-2-88 (whole basin model).
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Figure 12. Comparison of observed hydrographs at gauging stations 1 and 2 and corresponding
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Figure 14. Hydrograph at gauging station 2 on 7-29-88 (kinematic routing model).
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Figure 15. Hydrograph at gauging station 2 on 8-21-88 (kinematic routing model).
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Figure 17. Flood profile for alluvial fan model in north part of study area.




~(okouy. owely Jo v:ov. E\so_ amtety
he umcemum\sv ease Apnis ay) Jo. tma ctoc ] m_occmco ulew om} ul wm_coa noo_u_ wr 239“_

. . kY e . : : e
: (139} G'0< #ybrey Jajom) UID[d. pooly 40AK- Q01 % T L v . c i
“26€21'V0 . o . o L : = :
. 024D Pajjam |Djo ] // o TEon.VN . oa.:,. e
. T 9 WosL . 00S- 05z -
UO01}995 550610 JO BuIT / , . : EA N i
_ 1409 yyeq Lo
- I =0
) _ .
’ . / 3
\ A sl
\ : |
| \
\ v L
\ \ i :
) ) 0
z / w; . .
l i e \ ;
\ { b N S
\ ‘ : _v\ :
\ Y o
b \ i o
\ R
N \ o .
oy i/
. o
\ = L
= S
A
\ / i
\ \
N\ \ o y
? \ -/
\ [ IS
8 Yoo Y
1 N
X \ L
\ O
r/ { /
] \
‘ \




: A0>ot< owey o fo_ 630_ 10} uo:ﬂ&mi uiseq m£ § et
~ lauueyo m_mc_m se vm:mu_mcoo o) lsuuey) -ease Apnis 0 ued yuiou ui ayyoud uoo_n_ 9 m::m_u_

" 1e€2I VO

SU01§23S-$S01D  JO. S3ulT]



“(pooy .&.foot uoreinwis uondo Aeinqui g-O3H 40} uoneInBiyuod |auuRYD 02 oSm__,..v_;_,,

uo1108s JO Bul /

\cmnc.:on uiseg

|BUUBYD

S
9

01

Al uiseqqns I wiseqans

Lt
Il uiseqqns 8l | uiseqans
61

0¢



31°20'

joseas" 105°37'30"

uézrsd'

L I-I™ Subbasins

o
o i ‘2 km

Conioﬁr interval=100 feet ‘between
index contours .

“Alomo
Arroyo -

... Ft.Hancock ..
g NCA

04 12393

Figure 21. Floodv profile for HEC-2 _tributary'option simulation (j_OO-.y'r flood). )
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