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DETERMINATION OF 100-YEAR
FLOODPLAIN ELEVATIONS AT LOS
ALAMOS NATIONAL LABORATORY

by
Stephen G. MceLin

ABSTRACT

Under existing permit requirements, the US Envirommental Protection
Agency stipulates that facilities regulated by the Resource Conservation
and Recovery Act must delineate all 100-yr floodplain elevations within
their boundaries. At Los Alamos these flnodplains are located within ua-
gaged watersheds that drain Pajarito Plateau. This report doenments the
floodplain computational mapping procedure and. along with supporting
maps, is intended to satisfy this pormit requiremoent.

The floodplain mupping procedure outlined here uses topographic data
from AUTOGIS Mapping Overlay Statistical System (AUTOGIS-M(SS).
a graphical information system database. About 65% of the Labovatorvy
has 2-ft topographic contour interval coverage, while 38% has 10-ft cover-
age. Targeted strecam channel segments are initially specified in the M0OSS
system, and topographic profiles of stream chanuel cross sections al user-
designated intervals are extyacted antomatically. Euch 2-D profile is storad
as a 3-D MOSS line feat:re using New Mexico state plaue coordinates. This
procedure is initiated at a convenient downstrean: location within each wa-
tershed and is continued upstream to a selected terinination point. These
3-D line features are then exported in a format that satisfies the US Army
Corps of Engineers’ (COE’s) Water-Surface Profiles (HEC-2) input data
requirements.

The COE's computer-based Flood Hydrograph Package (HEC-1) and
HEC-2 were used on a FC-type microcomputer to perform floodplain hy-
drology simulations. HEC-1 generates storm hydrographs at selected chan-
nel locations within each ungaged watershed. This information, along with
the stream channel geometry extracted from the MOSS system, is then
used by HEC-2 to define each fioodplain. The approach used acre employs
a 1900.yr, 6-h design storm event for Los Alamcs, but alternative floodplain
elevations produced by different storm events are easily computed.

The HEC-2-computed water-surface elevations for each channel section,
along with the left and right channel stations where this water surface inter-
sects the ground, are read back inio the MOSS system. This information is
then transformed within MOSS to determine local geographically referenced
cocrdinates that uniquely define the 100-yr floodpool. Finally, these paired
coordina’es are linked together as MOSS-area features to identify each wa-
tershed fioodplain. In this particular application, 11 separatc watersheds
traverse LANL lands; individual channels range ap to 9 mi in length. The
100-yr floodplain was defined on each channel segment at 250-ft intervals,
and detailed 1:4800-scale maps were generated.




1. INTRODUCTION

The US Environmental Protection Agency (EPA) stipulates that all regulated hazardous waste
treatment, storage, and disposal facilities must apply for a Resource Conservation and Recovery
Act (RCRA) operating permit. Under EPA authority, the New Mexico knvironment Deparinient
issued the US Departinent of Energy (DOE) and Los Alamos National Laboratory (LANL) a RCRA
hazardous waste facility operating permit in Noveuber 1989, The EPA issuad DOR aund LANE the
Hazardous and Solid Waste Amendments (HSWA) portion of that perint in Marchi 1990, As a
condition to the HSWA portion of the permit, LANL was requi.| to define all 100-yr fioo Iplain
elevations within the facility boundary [40 CFR 270 1Hb)(11)(1i1)}. T'he-se Doodplan: elevations u st
be consistent with National Flood lusurance Program maps produced for the Federal (nsurance
Administration {FIA), or must use an equivaleat method of mapping. Before this HSWA sermit
condition was mandated, these floodplain houndary locitions had vrver been completely niapied
within the LANL complex. This report describes a methodology that is recogimized by the EPA
and others (i.e., FIA, US Army Corps of Fnginecrs (COE), 1N Bureau of Rerlamation, and US Soil
Conservation Service} as being an approved technqgue ior defimng floodplain clevations i ur aged
watersheds.

Actuai floodplain-modeling efforts used the COFE Hydrologic bngineering Center (HEC)
computer-based Flood Hydrograph raodel (HEC-1; wnd the Water-Surface Profiles model {HEC-2).
Both the HEC-1 and HEC-2 comnputer progzrmurs are clssified as single-event simulation models,
as opposed to continuous-simulation srreamiiow models like 1he Staniord or Keutucky Watershed
Modeis. Continuous-simulation models require extensive systern observaticn, which is not available
at LANL. Event-simulation models, cn the other haud, allow greater flexibility in using distribuied
parameters and short time increments. ‘They also require considerably less field observation to
support irput data requirements. In additionr. 'he HEC-1 and HEC-2 eveat-sunulation nodels
are recognized by the EPA and COE as state-of-the-art simulatior models for vngaged watershed
applications.

HEC-1 is used to sirmulate either real or hiypotietical storim hydrographs in ungageu or gaged
watersheds in response to user-specified rainfall hyetographs. As used here, HEC.! emnloys -~
traditional 100-y+, ti-h design storm avent for Los Alamos. although any alternative retur..-period
event can easily be incorperated. A representative 100-yr, 6-h design storm event is recommender!
by the COE for definirg 100-yr floodplains in northern New Mexico (M. Mugnuson, US Army
COF Albuguerque. personal conununication, 1989). Predicted HEC-1 hydrograph peaks at various
streain =hannel localions, along with stream channel geometry and watershed basin charact-ristics,
are used by HEC-2 10 compute 100-yr floodplain elevations.

Topographic profiles of stzzam channel cross sections at various locations were obtaitied from
LANL's AUTOGIS computer-based Mapping Overlay Statistical System (AUTOGIS-MOSS), a
graphic information system database copyrighted by Autometric, Inc. About 65% of LANL has
2-fi topographic-contour interval coverage. while 35% has 10-ft coverage. Targeted stream channed
segments were initially specified in the MOSS systemn, and topographic profiles of cross sections
at user-designated intervals along segments were extracted automatically, Fach 2-D topographic
profile was stored as a 3-D MOSS line feature using New Mexico state plane coordinates. This
procedure was initiated at the intersection of the eastern DOE-LANL facility boundary and each
watershed stream chanunel and was continued upstream to the western facility boundary. These
3-D line features were then exported in a format satisfying HEC-2 niodel inpu1 data requirements.
Appendix A describes how to use the AUTOGIS-MOSS data extraction programs developed for
this project. actual source code listings (LA-CC 91-3) are contained in Disk No. 1 attached to this
report.

HEC-2 is used to compute floodplain elevations that are asscciated with user-specified hydro-
gri. D peaks. Floodplain elevations for 11 separate watersheds that included all major tributaries
were defined aiv 250-ft intervals along stream channels within the DOE-LANL boundary. Thzse
watersheds ure depicted in Fig. 1; they were subdivided into 52 separate subbasins. Feak floods
were uso defined with HEC-1 for two additional watersheds having a iotal of eight separate sub-
basii . however, these later watersheds do not cross the DOE-LANL facility boundary, The BEC-1
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and HEC-2 input data files used to generate these hydrograph peaks and floodplain elevations are
contained on disks numbered | and 2 attached to this report. Parameter estimation procedures and
construction of input data files, including the AUTOGIS-MOSS data extraction technique used to
define topographical profiles of stream channel cross seciions, are described in the sections below.
Gace al! floodplains had been defined by HEC-2, then this information was read back into the
MOSS system. These data were then transformed within MOSS to determine New Mexico state
plane geographically referenced coordinates that uniquely define the 100-yr floodpool at each stream
cross sectionn. Finally 1:4800-scale maps depicting the DOE-LANL boundary and all 10-yr flood-
plains were prepared. This packet of maps is maintained on file in LANL’s Facilities Engineering
Plauning Group office (ENG-2 File Number R-7160) and in the Geology and Geochemistry Group
office (FES-1). This report documents the identification of these fioodplain elevations and, along
with the above-referenced maps, is intended to satisfy the RCRA/HSWA permit requirement that
all 100-yr floodplains within the DOE-LANL facility be mapped.

II. COMPUTATIONAL METHODOLOGY

Predicting pesk discharge rates and synthesizing complete discharge hydrographs for use in defin-
ing floodplain areas within ungaged watersheds are two challenging tasks in engineering hydrology.
Most designs involve hydrologic analyses based upon a critical flood that imitates some hypothetical
future storm event. Ildeally these analyses are based on long-term rainfall-runofl observations. At
LANL sufficient stream flow records ate not available to support these analyses, although an exten-
sive rain gage network with a lengthy precipitation record lends support (Bowen 1980). Hence, one
may be tempted to employ some regional analysis technique, or use empirical-correlative inethods.
Howeve: these approaches may not accurately simulate the rainfall-runoff process. An example
illustrates this point.

The US Geological Survey (USGS) has produced probabilistic 1techniques to estunate peak dis-
charges in New Mexico's streamis (Waltemeyer 1986; Thomas and Gold 1982; Scott 1971; and
Borland 1970). These USGS studies define the regional magnitude and flood frequency within New
Mexico stream channels using multiple regressiou techniques for the 2-, 5-, 10-, 25-, 50-, and 100-yr
storm events. The empirical equations used are valid for specific watersheds under a wide range of
climatic basin couditions that are considerably different from those at Los Alamos. Furthermore,
these USGS studies yield significant errors in applications for which gaging records are available for
dirert comparison. Finally, these techniques were not intended to satisfy the RCRA/HSWA per-
mit condition requiring floodplain definition. A direct comparison between the USGS and HEC-1
hydrograph peaks is presented later in this report.

Other analytical tools are also available to perform floodplain analyses; Viessman, et al. (1977)
have summarized many of these approaches. However, the LANL site is contained within a sys-
tem of ungaged, interconnected, watersheds with ephemeral stream drainage. Hence, most of these
alternative approaches would not produce acceptable results. The reason for this centers around
the general shap: of watersheds within the LANL complex. These watersheds are elongated in the
east/west direction along Pajarito Plateau, but they are extremely narrow in the north/south di-
rection. This atypical watershed shape, coupled with variability in surficial soil type and vegetation
cover, yields fairly typical rainfall-runoff time-of-concentration values for each subbasin within an
individual watershed. Here, time of concentration is defined as the flow titwe from the most remote
pcint in 2 drainage srbbasin area to its outlet point. However, as one moves downstream these
subbasin time-of-concentration values and unusual watershed configurations combine to yi«ld hy-
drograph puaks that are atypically amplified. Hence, one tends to actually observe Jonger-duration
runoff events with lower corresponding hydrograph peaks than some simple models would predict.

When one considers the particular application at LANL, the deterministic approach using unit
hydrograph theory commonly employed by the US Army COE, the US Soil Conservation Service
(SCS), and US Bureau of Reclamation is clearly appropriate. This approach is incorporated into the
HEC-1 model and generates stream hydrographs at specific channel locations. An entire watershed
is represented by an interconnected group of subbuasins. Each subbasin generates an individual unit
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hy drograph that simulates inportant bydrologie rainfall-runoff relationslitps, which are eeflecied by
avernge subbasin characteristics.  Individuai subbasin hydrographs are then hydraolically routed
downstream and combined with other stream-connecied, subbasin hydrographs. These HEC-) peak
hydrograph values are subsequently read into the HEC-2 model as a Cunction of chauned distance,
HEC-2 then simulates the [00-vt water-surface elevation using a steady, gradually varied flow ap-
proximation. An iterative. standard-stejs inethod was used to compute this water-surface ol vation
as a funcrion of channel distance.

Several kew HEC-1 parameters represent averige nonlinear temporal and spatial pre cesses withia
each subbasin: they include antecedent moisture cenditions, soil types. and land cover. 11EC-1 also
requires that a design rainfall ienount and temporal distribution be specified us input data. Henee,
the uuit hydvograph approack is quite flexible. In addition. the HEC-1 and ITEC-2 models alse
require basic witershed topographic and geometric characteristies, iopographic profiles of strema
cross sections, awd hed-roughness laciors as a limetion of channel length. All of this inforination
for LANL watersheds was availabide from the MOSS inapping system or was readily obtaired during
short field investigations.

111, HEC-1 FLOOD HYDROGRAPH PACKAGE
A. General Model Description

HEC-1 is the most widely acceptad wethad for systenu v computing runoll hydrogeaphs
in complex watersheds. [t is a general-purpos  miodel consisuing ol a calling progrant and six
subroutines. Two of the subroutines determine the optimal unit hydrograpl, chinnel loss rate,
and streamilow-routing parameters. Other subroutines perform snowinelt-runoff, unit hydrograph,
hydrograph-routing, and combination eomputations and hydrograph-halancing operatious. HEC-1
is capable of simulating a single-storm rainfall-runoff process or computing mmltiple flovds for the
same watershed during planning studies. It can be used to lorecast Loth pre- and posti-construction
flooding inpacts associated with development activities. Output from the model includes design
storin hydrographs at specified channel locations within the watershed. HE{-1 output is then used
by the HEC-2 mode! as input data.

Table | suinnarizes tajor watersheds draining the DOE-LANL facility complex. Figure 1 shows
approximate watershed locations: detailed maps are referenced later in this repcrt. Because water-
shed basins within the facility complex are ungaged, the SCS synthetic unit liydrograph tech:igue
was used to characterize the relationship between rainfall-runoff and flood peak discharges. Al-
thongh HEC-1 can use either the Clark, Snyder, or SCS synthetic unit hydrograph approach, the
latter was selected for reasons listed below. Furthi-rmore, the SCS rainfall-abstraction rate was also
used, as this paper will describe later. Finally, by using a variety of techniques, including modi-
fied Puls, Muskingum, kinematic wave, working R&D, and ievel-pool reservoir ronting. HEC-1 ran
route computed flood flows through downstrean: subbasins. The Muskingum method was selected
for channel routing because channel losses and flood wave attenvations in individual waterslicls
have not been fully characterized. Hence, these losses were assumed ro be zero, even though they
are known to be reiatively high in certain stream channel segments. It should be emphasized that
a relatively conservative design philosophy was followed here; whenever specific observational data
were not available, an approach that would tend to yield larger peak hydrographs at a particular
channel location was taken. It should also be noted that the HEC-1 model is extremely flexible;
however, only those particular features that were used in this study are explained in detail. The
interested reader is referred to the HEC-1 user’s manual (US Army COE 1990) for additional model
descriptions and to Viessman et al. (1977) for general hydrologic principles. Finally, it should
be noted that the June 1988 FORTRAN version of HEC-1, published as PROHEC! (March 1990
release) by Dodson & Associates, Inc., of Houston, Texas, was used in this study.



Table 1. Watersheds draining the eastern DOE-LANL boundary. Sec

Figure 1 for approximate locations.

MAJOR WATERSHED NAME TECH AREAS WITHIN WATERSHED
1, GUAJE CANYON WATERSHED...... e resens Outside DOE-LANL Boundary,
Guaje municipal w>ll field.
2. BARRANCAS CANYON WATERSHED......... .None.
3. BAYO CANYON WATERSHED....... s eeaeaee None.
4. PUEBLO CANYON WATERSHED............. Historic LANL Sitas, O-1
water well, and airport.
5. LOS ALAMOS CANYON WATERSHED......... Historic 1aANL Sites, 3, 43,
a. Canadz Bonito Tributary 41, 2, 21, 53, airport, 0-4
b. Quemazon Canyon Tributary water well, and Los Alamos
municipal well field.
6. SANDIA CANYON WATERSHED............. 3, 53, municipal landfill,
PM-1 and PM-3 water wells.
7. MORTANDAD CANYON WATERSHED.......... 3, 48, 55, 42, 50, 35, 52,
a. Ten Site Canyon Tributary and 5.
8. CANADA DEL BUEY WATERSHED........... 52, 5, 46, 51, 54, and PM-4
and PM-5 water wells.
9. PAJARITO CANYON WATERSHED......:.:... 3, 58, 6, 8, 9, 22, 59, 69,
a. Two-Mile Canyon Tributary 14, 15, 51, 18, 54, and
b. Three-Mile Canyon Tributary PM-2 water supply well.
10. WATER CANYON WATERSHED.............. 16, 9, 14, 11, 37, 28, 49,
a. Ski Lodge Canyon Tributary and 1S5.
b. Canoa de Valle Tributary
c. Potrillo Canyon Tributary........ 15 and 36.
d. Fence Canyon Tributary
11. ANCHO CANYON WATERSHED............0> 49, 33, and 39,
a. Unnamed Tributary at State Road 4
b. Unnamed Tributary near Rio Grande
12. CHAQUEHUI CANYON WATERSHED.......... 33.
13. FRIJOLES CANYON WATERSHED........... Qutsid. DOE-LANL Boundsary

B. Design Storm Events for Los Alamos

Obviously, a particular storm hydrograph for a given watershed is intimately related to the
spatial and temporal storm distribution pattern generating that hydrograph. Hence, in this report
wa describe the 100-yr, 6-h design storm event that produces the 100-year flood;:!s 2 for Los Alamos.
The reader should note that other 100-yr storm durations (for example, the 100-yr, 24-h event) may
produce different 100-yr floodplain definitions. Each of these aspects is described below.
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Establishing a design storm event requires several important steps. ‘These include specification
of (1) storm frequency or returtt period; (2) storm duration, total ruinfall depth, and wutershied
area adjustment; and (3) storm temporal disteilution and duration of rainfall excess. ‘e EPA
stipulates that RCRA-pennitted facilities must use the 100-yr storin 1o define all floodplains [10
CFI 270.34(b)(11)(iii)]. The US Army COE reconmmends that a G-l storm event be used in 100-yr
HEC'-1 flood simuiatious for northern New Mexico. In addition, rainfull deptis have been 1abulated
for Los Alanios County (Bowen 1980}, Owing 1o the simall size of imlividual subbasin watersheds
within the Laboratory complex (typically less than 5 sg mi), no areal xdjustiment was made for these
rainfall depths. Hence factors (1) aud (2) above are fixed by institntional constraints and system
observations. ‘The reconunended design rutionale for factor (3) is described halow.

A representative rainfail hyetograpl that is based on either the worst-possible storu: distribution
pattern or on recorded storm disiribution paiterns must be selected. This hyetograph wili signif-
icantly affect the shape and peak value of e resulting runofl hydrograph for a given watershed.
Precipitation depths have been tmeasured daily in Los Alamos since 1911 (Bowen 1930). Individual
storin patterns have been recorded in 15-1nit i «rvals since 1979, ‘These data were used to develop
intensity /duration/frequency (IDF) relationships for Los Alamos. These IDF curves were then used
10 esiablish individual 6-h design stormi dustributions for the 2-, 5-, 10-, 25-, 50-, and 10U-yr events.
A compacison with the SCS 6-h design storm distribution (SCS, 1968) shows that the 5CS curve pro-
dnces a slightly more uniform rainfall distribution and soimewhat lower corresponding hydrograph
praks.

Since standard ‘IDF curves had nol been developed previously for Los Alamos, they were con-
structed for this study using precipitation data frotn Bowen (1990, p. 156). Intensity is the time
rate of precipitation, expressed in inches per hour (in./h). Here, average intensity is given by the
expressiol

i = P/T = cf(T+ [). (Hi-1)
where 5 is avernse  tensity (in./h) over time T; P is the precipitation depth (in.) listed in Bowen
(1990); °F is riutall duritinn (min); and ¢, e, and { are coefficients that vary with location and
return period (I'v). Plots of i versus T are shown in Fig. 2; for Los Alamos, these IDF curves have
the foilow. « roefficients:

Ty (yr) c e f

2 88.441 1.011 21.953

5 85.513 0.962 10.752
10 80.908 0.931 6.123
25 82.736 0.912  3.281
80 g§t.-114 0.893 1.580
100 85.050 0.888 0.617

Once these IDF curves had been coustructed, u hiyetograph of a 6-li design storm was developed
for each return-period event using the alternating-block method (Chiow et al. 1988, pp. 454-466).
Results for the 2- and 100-yr storm events are shown in Fig. 3. Figure 4 shows the cumnulative
100-yt, 6-h design storm for Los Alamos and the SCS 6-h design storm for comparison. The Los
Alamos cumulative 6-h design storm patterns for the 2-, §-, 10-, 25-, 50-, and 100-yr events are
listed in Table 2; note that these distributions are in dimensionless form. These hyetographs were
used throughout this study in all HEC-1 simulations.

It shouid be noted that each of the Los Alatnos storm distributions listed in Tuble 2 contains
all of the shorter-duration events with the same recurrence interval. For example, the 100-vr, 6-h
design storm contains the 100-yr, 15-min storm in its central 15-min interval. Likewise, the 100-yr,
30-min storm is contained within the central 30-min interval of the 100-yr, 6-h design distribution.
Similar comments apply to the 2-, 5-, 10-, 25-, and 50-yr desigh storm events listed in Table 2.

While many theoretical storm distr.utions are available for inidwestern and eastern waterslieds,
it was feit that none of these would adequately reflect conditions at Los Alamnos. In other words, these
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Fig. 2. Intensity-duration-frequency curves for Los Alumos County.

midwestern and eastern storm patterns tend to yield smaller peak hydrographs than those obtained
from Los Alamos storm patterns. Note that one may also use instantaneous rainfall increments
(Hoggan, 1989, p. 233; US Army COE, 1959; USBR, 1977, pp. 86-89) in HEC-1 simulations;
however, this option was not used here. Instead, cumulative storm distribution patterns were used
in all HEC-1 simulations; furthermore, they were adjusted for total rainfall depths in individual
subbasin watersheds. It can be inferred from Fig. 3 that all of the 6-h design storm distribution
patterns used in this study have a midpoint peak intensity near 3 h. Figure 3 also implies that
gradually increasing and decreasing intensities precede and follow these peak values. This general
worst-possible design storm pattern essentially satisfies abstractions with low rainfall intensity early
in the storm. As aresult, this design pattern yields higher hydrographs in response to higher rainfall
intensities at later times. It should be added that observed New Mexico summer thunderstorms
typically result from intense prefrontal squall lines moving south to north. While an observed 100-yr
6-h storm has never been recorded at Los Alamos, its characteristic distribution would probably
show the highest rainfall intensities in the first hour and gradually decreasing rainfall intensities
over the next 5 h. Furthermore, observed thunderstorms are exceptionally localized events and
rarely cover an entire watershed. However, each subbasin’s design storm was assumed to occur
simultaneously with all other subbasin events in HEC-1 simulations. Hence, the Los Alamos design
storm distribution patterns are consetvative and tend to yield larger hydrograph peaks than would
likely be obtained from observed hyetographs. Finally, it should be noted that observed rainfali
data were obtained from Bowen (1989, Table 9.1) and are summarized here in Table 3. Linear
interpolation was used to adjust these precipitation depth values for elevation differences between
rain gages at Technical Areas 54 and 59 (TA-54 and TA-59) and individual elevations of subbasin
centroids (Tables 4 and 5). Centroid elevations were obtained from 7.5-min-series USGS topographic
maps. Prccipitation depths listed in these tables were assumed to be uniformly distributed over their
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Table 2. Individual 6~hour design storm distributions for Loas
Alamos County. See Figures 1 through 3.

Time Time Cumulative Storm Distribution (dimensionless)
{min) (ar) 2-yx S-yr 10-yr 25~yr S0-yxr 100-yr
0 0.00 0.0000 0.0000 2.0000 0.000u 0.0000 0.0000

15 0.25 0.0021 0.0033 0.0041 0.0045 0.0051 0.0051

30 0.50 0.0046 0.0071 0.0087 0.0095 0.0106 0.0106

45 0.75 0.0078 0.0114 0.0139 0.0151 0.0167 0.0167

60 1.00 0.0118 0.0165 0.0199 0.0213 0.0235 0.0234

75 1.25 0.0169 0.0227 0.0268 0.0285 0.0312 0.0310

90 1.50 0.0238 0.6303 0.0351 0.0369 0.0401 0.0397
105 1.75 0.0334 0.0402 0.0454 0.0471 0.0507 0.0499
120 2.00 0.0476 0.0537 0.0588 0.0599 0.0637 0.0624
135 2.25 0.0704 0.0739 © 0.0778 0.0774 0.0808 0.0784
1s5¢ 2.50 0.1125 0.1087 0.1088 0.1045 0.1060 0.1012
165 2.75 0.2121 0.189%94 0.1770 0.1608 0.1542 0.1424
180 3.00 0.6644 0.7017 0.7289 0.7617 0.7833 0.8081
185 3.25 0.8493 0.8598 0.8637 0.8718 0.8726 0.8797
210 3.50 0.9113 0.9100 0.9070 0.9087 0.9057 0.9090
225 3.75 0.9416 0.8358 0.9307 0.9300 0.9260 0.9278
240 4.00 0.9594 0.9521 0.9465 0.9448 0.9408 0.9418

255 4.25 0.9709 0.9636 0.9581 0.9562 0.9525 0.9530
270 4.50 0.9750 0.9722 0.9673 0.9654 0.9622 0.9624
285 "5 0.9849 0.97%0 0.9749 0.9731 0.9704 0.9705
300 5.00 0.3854 0.9846 0.9813 0.9798 0.9776 0.9777
318 5.25 0.9930 0.5893 0.9868 0.9857 0.9842 0.9840
330 5.50 0.9958 0.9934 0.9917 0.9909 0.9899 0.9898
345 £.7F 0.9981 0.9969 0.9961 0.9957 0.9951 0.9951
360 6.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

respective subbasins in all BEC-1 simulations. These depths were also assumed to have the temporal
distributions listed in Table 2 using 15-min rainfall increments.

C. SCS Unit Hydrograph

Obviously, not all rainfall from a storm coatributes to direct runoff, because some is lost during the
ov...and flow process. Four theoretical rainfall-ahstraction calculation techniques are incorporated
in BEC-1; these include the initial and uniform, the exponential, the SCS, and the Holtan techniques.
However, the SCS calculation method is the only one which provides reasonably good estimates when
geographic watershed characteristics are used to estimate time-of-concentration or basin lag titne
values. Here, basin lag time is defined as the time between the centroid of excess rainfall and
the resulting stream hydrograph peak. The SCS technique uses an SCS curve number (CN) to
relate accumulated rainfall excess or runoff to accumulated rainfall with an empirical CN value. In
equation form we have

R = (P-I)?/(P-14S), S = 1000/CN — 10, and I = 0.25, (111-2)

~here



Table 3. Precipitation depths for various return periodn and storm
durations at Los Alamos (TA-59) and White Rock (TA-54).

Los Alamos - TA-59: Elevation = 7379 £t above MSL,

Precipitation Depth (inches)

Tr (vrs) 1 hr 3 _hx 6 hr 12 hr 24 hr Annpual
2 1.03 1.24 1.34 1.47 1.45 18.10
5 1.38 1.60 1.71 1,84 1.90 22.90
10 1.59 1.83 1,94 2,07 2.18 25.80
25 1.86 2.10 2.21 2.35 2.54 29.00
50 2.06 2.32 2.42 2.55 2.80 31.70
100 2.25 2.52 2.61 2.74 3.06 34.00
500 2.70 3.01 3.08 3.19 3.66 39.87
White Rock - TA-54: Elevation = 6690 ft above MSL.
Precipitation Depth (inches)
Tr {vyrs) 1 hr 3 hr 6 hr 12 hr 24 hr Annual
2 0.69 0.81 0.89 1.06 1.18 13.10
5 0.96 1.08 1.17 1.36 1.55 16.40
10 1.15 1.27 1.36 1.55 1.78 18.40
25 1.38 1.50 1.59 1.78 2.08 21.00
50 1.5¢6 1.68 1.77 1.95 2.31 22.90
100 1.75 1.86 1.94 2.11 2.52 24.40
500 2.18 2.28 2.39 2.49 3.03 28.41
R = runoff (in.),
P = rainfall (in.),
1 = infiltration abstraction (in.),
S = potential maximum retention after rainfall begins (in.), and
CN = SCS curve nuinber (% of runoff).

The CN is a function of land use, vegetation cover, soil classification, hydrologic conditions, and
antecedent moisture and runoff conditions, Variations in infiltration rates of different soil types are
incorporated in the CN through the classification of soils into four hydrologic soil groups possessing
high (Group A), moderate {Group B), low (Group C), and very low (Group 1) infiltration capacities.
Group A soils have a water transniission rate >0.30 in./h; Group B soails have a transmission rate
of 0.15~0.30 in./h; Group C soils have a rate of 0.05-0.15 in./h: and Group D soils have a rate
<0.05 in./h. These soil types have been previously mapped in Los Alamos County (Nyhan et al.
1978) and were used here. In addition, CN values have been tabulated in Hoggan (1989, pp. 33-36).
Antecedent moisture conditions (AMC) that are typically used for design applications are called
AMC-II (average AMC). Techniques for converting CN values under AMC-11 to CN values under
AMC-] (very dry soil, but above the average plant-wilting point) and AMC-I1I (nearly saturated
soil—heavy rainfall or light ranifall with low temperatures has occurred within the previous five

~here
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Table 4. Tabulated 2-year and l00-yesr, 6é-hour precipitation
votala for individual watershed sub-bamsing.

watersned Sub~Basin Centroid Precipitation (ia)
Name Blewation (£t MSL) 2~yesr 100=yaar
Guaje
1. Above BM-7172% 0100 1.69 3.2
2. Abovs BM-625) 6700 0.9¢ 2.08
1. Randijs at DH=6253 7108 1.17 2.48
4. Above BM-383T at Barrances 6400 .00 1.83
S. Above LA Canyon Conflusace 5920 0.5% 1.4¢
Snceancas
1. Tewnsite Tributary at El 6000 500 c.09 1.99
2. Southern Tributary at El1 6000 $200 0.6% 1.66
3. Northern 2 Tributaries KI 5940 600 .90 2.9
4. Above BM-5097 ar Guaje 140 o.66 1.6
aayo
1. Townsite Tribucary at Bl €613 7220 1.2 2.3
2. Main Channel at £1 €080 500 c.83 1.92
3. Southern Tributary &t Totav: 100 a.68 1.
fueblo
1. Tzid Confiuvencs at X1 7220 3400 1.84 3.54
2. Above County Line av El 652§ 7300 1.27 2.60
3. HW-4 ¥ ¢ LA Contfluencs 6400 .84 1.9¢
Los Alamos
1, Abova Remesrvoirxr st El 7657 9200 2.26 4.23
2. Above Bridge at Bl 7126 7700 1.48 2.94
3. Nw=¢ Y & Puablo Canyon 7080 1.16 2.39
4. Abave Totavi at Rayo Confluanca 6000 0.89 1.49
5. Above Guaje Confluence 5740 0.45 1.2%
€. Above Rio Grande Confluence 3600 0.3¢ 1.10
Sandia
1. Above KW=4 at EZl 6460 6900 1.06 2.28
2. Main Chasnel at E1 £09%0 6400 .80 1.03
J. Teankews Drsinage at El 6080 6300 0.78 1.78
4. Above Rio Grasnds Conflusnce 5800 0.40 1.32
Hortandad
1. Ten-8ite Conflu st Kl 7060 7200 1.31 2.67
2. Above 1lat Sed Trsp at &1 3783 7048 1.1¢ 2.38
3. At East DOE Soundary Line 6730 0.97 2.1}
4. Abave HW-4 st X1 6435 ¢ Cedro 6640 0.92 2.04
3. Cedro Canyon at Mortandad 665D 0.93 2.03
6. Canssm del Buey Confluence 6340 6.77 1.%8
Canada dal Buey
1. Above HW-4 at Wnite Rockl 6063 1.04 2.23
2. Above Rio Grande Confluance 6300 0.85 1.2
Pajarito
1. Above H¥W-303 at ¥. DOX Line 8720 2.03 3.82
2. Above 2-m1 Canyon Cenflusnce 7580 1.37 2.77
3. 2-mi Canyon at Pajarito 7300 2.37 2.17
4, Above 3-mi Canyon Conflusnce 6030 1.3 2.22
5. 3=a1 Canyon at Pajarito 7030 1.13 2.M
6. Above NW-4 & White Rock (13 ] 0.51 2.0
7. Above Rio Grande Confliuence 6330 0.76 1.77
roeeille
1. Above Fence Confiusnce 67580 v.98 2.33
2. Pence Canyon at Potrillo 6700 0.96¢ 2.09
3. Above Meter Canyon Confluence 6400 0.80 1.83
Natel
1. Above HW-303 at Weat DOX Line 8400 1.4 3.54
2. Above Valle Canyon Confluencs 7400 1.32 2.69
3. Above HW-4 at 21 6410 6500 Q.90 2.00
4. Above Potrilio €. Coafluance 6300 g.9% 1.92
5. Above Rio Grande Confluence 5700 0.43 1.23
valle
1. Abowe EW-35Q3 gt M. DOE Lins (111 ] 1.99 3.78
2. Abowve TA-1§ Ares P lLandafill 7510 1.38 2,78
3. Above MHater Canyon Conflusnce Y300 1.27 2.60
Ancho
1. Weet Fork and HW-4 at K1 6248 6900 1.08 2,26
2. Zast York and Hw-4 at El £246 6800 1.0 2.17
3. Lower East Fork at El 5558 6400 0,80 1.0
4. Main Channal at £ 5330 6340 0.7% 1.75
5. Abave Mia Grande Confluence 5750 0.46 1.29
Chaquehui
1. Above Rie Crands Confluence 6480 0.02 1.87
rxijoles
1. Nain Channel at E1 7200 4900 2.10 3.97
2. Bolow Burn Heem at El €670 7300 1.27 2.60
3. Above USCS Cage Station ki-17.] 1.11 2.33

izocation of sub-basin outflow peint in mBin stream chassal; ses
watershed houndary and USG3 7.3 minute topographic maps.
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Table 5. Tabulated S, 10, 25, and 50-year,
totals for individual watershed sud-baming.

6~hour precipitation

Waterahed 6-hr Precipatstion Totalas (im)
Nama S-yx 10-yr 25~yr 30-yr
Cuaye
1. Above SH-T172% 2,16 2.4¢ 2,97 103
2. Above BX-6253 1.27 t.€7 1.72 1.9
3. Rendija at BM-625) 1.53 1.78 2,02 2.23
4. Above EX-5897 at Sarcancas 1.37 1.28 1.4% 1.67
5. aAd LA Cany Conf) 0.7? 0.92 1.3) 1.29
Jarrancas
1. Townsits Tributary at El 6000 1.19 1.36 .6 1.01
2. Scuthern Trabutary at 21 §000 0.9% 1.12 1.3¢ 1.51
3. Worthern 2 Traibutsries EL 9940 1.20 1.460 1.6 1.03
4, Above BM-58097 at Gua)e 0.91 1.08 1.29 1.46
sayo
1. Townsite Tributarv at £ 6615 1.60 1.8 2.1 2.32
2. Main Channe) at EL 608D 1.14 1.3} .57 1.75
1. Southern Traibutary at Totavi 9.88 .08 1.26 1.4
Puablo
1. Trib Confiuence et K} 7220 .35 2.68 3.00 3.27
2. Abovs County Line at Xl 6526 1.65 1.88 2.17 2.39
3. #MN-4 Y ¢ LA Confluence 1.13 1.31 1.55 1.73
Los Alamoas
1. Above Resarvoir at El 7657 2.96 .2y 3.60 3.9
2. Above Braidge at 21 712§ 1,%0 2.16 2.47 2.71
3. HM~4 ¥ & Puadblo Canyon 1.49 1.7 1.9 2,19
4. Anove Totavi at Sayo Conflusnce 0.82 0.5%0 1.19 1.35
5. Ahove Guaye Confiuance 0.65 0.00 0.99 $.14
§. Above M10 Grande Conflusnce 0.5¢6 8.70 0.989 1.03
Sandin
1. Above HW-.. at BL 5440 1.39% 1.6 1.87 2,07
2. Main Chanrel at E1 $090 1.07 1.26 1.49 1.87
3. Csankawy (rainage ac Zi 6090 1.901 1.19 1.42 1.59
4. Above Rio Zrande Confluenca 0.69 0.84 1.04 1.19
Mortandad
1. Ten-fate Conflu at E1 7060 1.70 1.9¢ 2.23 2.48
2. Above lst Sed Trap at El 6733 1.49 1. 1.98 2.18
3. At Eaet DOZE Boundary Line 1.30 1.49 1.7 1.93
4, Above WW=-4 at E1 6433 & Cedro 1.2) 1.43 1.67 1.06
S. Cedro Canyon at NHortandad 1.23 1.6€3 1.68 1.07
. Cansda del Ruay Conflueancs 1.04 1.22 1.48 1.62
Canada de) Buey
1. Above HW-4 et White Rockl 1.37 1.56 1.08 2.06
2. Above Rio Grande Confluence 1.14 1.33 1.87 1.75
Pajarito
2. Above NW-50) at W. DOZ Line 2.56 2.87 3.24 3.52
2. Above 2-ma Canyon Confluence 1.78 2.02 2.32 2,58
3, 2-mi Canyon at Pajarito 1.78 2.02 2.32 2.5%
4. Above 3-ma Canyon Confluance 1.36 1.57 1.483 2.03
5. 3-ai Canyon at Ps)arate 1.468 .70 1.97 2.17
6. Above HW=4 & White Rock 1.22 1.40 1.68% 1.8
7. Abowe ARio Grands Confluence 1.03 1.22 1.44 1.62
Porrxillo
1. Above Fence Confluencs 1.30 1.50 1.78 1.95
2. fence Canyon at Potrille 1.27 1.47 1.72 1.91
3. Abova Water Canyon Confluence 1.07 31.26 t.49 1,67
Watar
1. Abowe KW-503 at West DOZ Line 2.5 2.63 3.00 3.27
2. Above Valla Canyon Confiuence 1.n 1.98 2.23 2.47
1. Apove NW-4 at E1 6410 1.20 1.4¢ 1.64 1.0
¢. Above Potrillo C. Confluence 1.16 1.33 1.57 1.1
5. Abowvse Rac Grande Confluence 0.63 0.77 0,98 1.3
Valle
1. Above HW-303 at %, DOX Lire 2,53 2.48 .21 1.49
2. Above TA~16 Ares P Landfill 1.78 2.03 2.33 2,58
3. Abave Nater Canyon Conflusnce .65 1.88 2.17 2.39
Ancho
1. Wast Forx and HW-4 at B) €246 1.39 1.61 1.07 2.07
2. Bamt York and HW-4 at El 6246 1.33 1.54 1.7 1.99
3. Lowaxr Rast Fork st El 53558 1.07 1.26 1.49 1.67
4. Main Channal at El 3598 1.0 1.19 1.42 1.58
S. ab Mio Grande Confl 0.66 0.62 1.00 1.15%
Chaguahui
1. Above Rio Gzande Confiusnce 1.1 1.29 1.53 1.1}
rridales
1. HMsin Chaansl at £l 7200 2.87 3.00 3.38 .66
2. Below Burn Mesa at L) 670 .68 1.0 2.17 2.3
3. Above (19GS Gage Station 1.46 1.40 1.9¢ 2.128

1tocataon of sub=basin outflow point in Ea)R etresm channsl; ase
wacershed boundary and UGS 7.5 minute tepographic maps.
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Fig. 5. Variations of SCS curve numbers for different moisture conditions.

were made in this study. Figure 5 shows the relationship of CN values under AMC-I and AMC-III
conditions as a function of CN values under AMC-II conditions. Once rainfall excess has been
determined, a unit hydrograph can be computed for each subbasin.

The SCS synthetic unit hydrograph procedure is based on a dimensionless unit hydrograph de-
veloped from an analysis of numerous unit hydrographs from small geographically diverse, rural
watersheds. This dimensionless unit hydrograph represents the ratio of discharge to peak discharge
versus the ratio of time to lag time. This lag time is a fundamental watershed characteristic and
directly depends upon overland flow path length and mean flow velocity. As such, lag time is in-
fluenced by drainage basin area, main channel slope and geometry, land cover, and temporal and
spatial storm patterns. In concept, the lag time incorporates the effect of basin size and much »f
the effect of basin shape. The advantage of the SCS approach is that it only requires the deter-
mination of time-to-peak (t,) and peak discharge (Q,), which are given by (Viessman et al. 1977,
pp. 138-139)

t, = D/2 + t; and Qp = 454 A/t,, (111-3)
where
tp = time from rainfall beginning to peak discharge (h),
D = rainfall duration (h),
t = basin lag time from centroid of rainfall excess to peak discharge (h),
Q, = peak discharge (cfs),
A = watershed drainage area (sq mi).

The basin lag time (t)) in Equation (11I-3) can be expressed as

4 = 108 (S + 1)°7}/[1900 Y8}, (11-4)
14



where 1is the water course length (1) going upsireamn to the watershed divide, Y is the average
watershed slope (%) along the flow patii, and all other terns are as previcusly defined.

Pignre 6 uses Equation (111-1) and the tabulated data contained in Appendix B 1o depict basin
lag tine as a futction of subbasin drainage ares tor Los Alamos. According 10 Graf (J98», p. 90).
these lag times are comparable 1o those from nortieastern US watersheds. However, he does not
indicate how his values were determined. lu Fig. 7 Los Alanos watershed data are used to show
SC'S bhasin lag times from Equation (11-1) as « function of Snyder basin lag 1imes. Data used 1o
cotpute these Suyder log times are sunnnarized in Table 6. The upper curve in Fig. 7 was obtained
from a relationship derived hy the US Army COE for mountainous watersheds near Los Augeles,
California (Linsley et al. 1982, pp. 223 -225). This relationship is given by

ty = O (L Le)/(sU2 )", (111-5)

whers

ty = Suyder lag time (1) for mountainous watersheds,

¢, = coeflicient accountiug for slope and storage «ffects,

I = channel length {mi) from basin outlet to divide,

Le = chaniel length (mi) from basin outlel to centroid,

S = weighted channel stope (ft /f1), and

t = an enipirical coefficient.

For mcumainous watersheds near Los Angeles, Californin, Linsley reports values for € and u
of 1.2 and 0.3%, respectively. ‘The lower curve in Fig. 7 represents Snyder Iag times hased on the
US Army COL's studies from the Rio Puerco, in New Mexico, aud from El Paso, Texas. For this
second curve, the standard Suyder lag time equation was used. This expression is given hy

ta = Cy(L-Le)®, (111-6)

where all teris are as previously defined. Values for C, were obtiined froin a logarithmic plot of (',
verses s [ M. Magnuson, personal communication 1989). Figure 7 clearly shows that the SCS basin
lag times used in this study are bracketed by extremes produced with the Snyder technique.

As mentioned ahove, the SCS runoff CN relates accumnulated rainfall excess or runoff to accu-
mulated raiufall. In addition to ease of use, Equation (11l-4) has the advantage that the impacts
of developinent within a watershed can be evaluated because changes in (!N over time are easily
estimated. As previously mentioned, tables exist that list CN values for a variety of conditions,
ranging from urban to semiarid (Hoggan 1089, pp. 33-36). These sanie impacts cannot be esti-
mated with the Snyder or Clark methods. In fact, if one originally employed cither the Snyder or
the Clark unit hydrograph method and laud use patterns changed over time, there would be no
systematic methodology for evaluating corresponding changes in the hydrograph peak, unless the
SCS technique was subsequently used.

The US Army COE in Albuquerque has developed Snyder’s synthetic unit hydrograph inethod for
applications in north central New Mexico (M. Magnuson, personal communication, 1989). Regard-
less, it was felt that the Snyder's coefficients representing basin slopes and storage were generally
not applicable to Pajarito Plateau. It can be inferred from Fig. 7 that either smaller or larger
hydrograph peaks can be obtained from HEC'-1 simulations if the Suyder unit hydrograph approach
is used instead of the SCS technique. The potential for generating larger hydrograph peaks is ob-
viously of interest. However, as discussed in Subsection E, use of this alternative approach in Los
Alamos County cannot be justified.

D. Model Input Parameters

. Because all watersheds within the DOE-LANL complex are similar, individual HEC-1 input data
files have a similar structure (see Disk No. 1). This generic file structure is illustrated in Table 7.
Individual watershed boundary location maps were constructed from 7.5-min USGS topographic
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T  Ssmmr— A —————]
Tedla v 2arametecs usad to ccspu'.d 3aydexr Basin lag timne uaiag
sons (IXI~3 and §;. Se0 Figquie § aud tuxt ftor
dafanitions.
Wateasphad ALea 1 te k=85 £-10 Slope ce
Sudb-Basia (aq ai) 1 Y8} ind) fey) [£48) L1}
Guljnl
t 11.30 5.4¢  2,c1 884D  TI00 6.0 0.5
2 3,23 4.98% 3.49 7020 5340 1.7 0.82
k] 9.59 e.n 4.8y 7060 6400 1.2 0.60
4 ¢.1) 2.41 .61 61éB 5900 2.0 g.68
S 1.48 1.70  G.9% 5843 5675 2.5 0.66
Bargancas
b3 1.79 3.0 2.7 (111 6120 3.0 ,63
2 0.33 1.3? 0.52 6385 6020 .7 0.82
3 2.52 4.36 2.4 8840 6020 4.73 c.50
L} o1 .62 0.47 $960 480 32 .69
Bayo
1 1.87 3.1 .66 7180 6670 .02 0.49
2 1.16 2 8% 1.20 6360 4150 3.58 0.69
3 1.19 2.4 .23 §220 5820 4.18 0.50
Puablo
1 2.24 2,04 1.56 7820 7240 4.9 a.57
2 ¢.61 4.53 3.1? T30 6652 2.66 0.72
3 1.5 2.68 1.56 6420 6295 1.1% a.94
Los Alamon
1 6.233 3.19  2.18 6900 7740 7.73 0.90
2 0.74 1.8 0.9% 7520 7160 4.80 0.3%8
3 3.n 6.63 1.50 (311} 6330 2.40 0.74
4 1.86 2.2 ¢.99 6170 5375 4.48 0.%59
] .77 ¢.38 0.52 5740 5620 1.87 0.7
[ 9.67 .47 0.93 5630 $580 2.2¢ ¢.73
Sandia
1 2.65 6.96 J.22 7250 6530 2.61 0.72
2 0.93 2.23  1.18 6420 6240 2.94 0.76
3 1.32 1.8% 1.18 6360 6160 2.67 0.72
4 .75 1.70 1.9¢4 5780 $51¢8 4.00 0.6}
Mortandad
1 0.55 1.1 0.76 1360 7118 3.6 0.63
2 0.01 1.99 1.04 7020 6809 2.7 0.60
3 0.36 1.14 0.57 6768 6670 2.11 0.73
4 1.61 2.32  1.89 6630 6470 1.74 g.79
L 0.06 3,03 1.8% €760 6490 2.2 4.74
1 1.72 2.58 1.33 6425 5720 6.96 6.52
Canada del nuoyL
1 2.10 5.39 2,94 6900 64080 2.2.a 0.74
2 2.4 2.7 2.79 $380 5310 7.68 0.3%0
Patagito
1 1.99% 3.27 1.6 9913 7950 15.1% 0.42
2 2.97 3.46 2.40 1510 €980 4.3\ 0.60
3 .28 5.3%5 2.36 8448 6990 6.84 0.52
4 0.67 2.08 1.06 6910 g745 2.00 0.7¢
3 1.70 .63 1.70 7280 6752 3.6 0.68
[ 4 1.18 2.8¢ 1.42 §700 6330 1.51 0.33
k] 2.24 2.9%¢ 1.47 €460 5540 7.93 0.30
Rotrillo
1 2.78 5.40 2.7 7020 $460 .62 0.70
2 .03 3.4 2.04 6860 6490 2.74 a.69
3 0.9§ 1.5 0.9 6410 3900 7.2% 3.5
Watex
1 4.07 3.43 3.73 %9100 7508 11.07 0.46
2 2.83 3.38 1.78 7400 €880 3.9 ¢.61
] 3.62 .60 1.85 6730 6450 2.11 9.73
4 1.97 2.60 1.28 6340 5680 ¢.48 ¢.59
- 0.32 0.95 0.57 5770 S400 9.87 0.47
valle
1 2.33 41.26 2.46 9490 7640 9.72 0.47
2 0.79 1.42 0.90 7600 7320 4.90 0.57
3 1.i7 2.37 1.61 722% 6880 3.68 0.83
Aacho
by 2.19 4.00 2.60 0460 €278 4.0¢ ¢.50
2 2.48 ¢.17 2.68 €960 €280 3.43 0.52
3 .11 2.46 1.33 €430 5810 .36 0.44
4 1.04 1.89 0.98 $210 5670 7.20 0.51
] Q.19 0.47 0.47 3530 3410 6.40 0.3¢
Chanqueliud
1 1.50 1.11 31.56 6540 5680 7.19 9.9
rrijolea
1 4.97 3.83 1.89 500 7060 10.83 Q.66
2 4.92 4.62 2.46 7560 6700 4.26 0.60
3 4.12 4,55 4.17 6520 6090 2.3% 0.72
ises 7able 4 for locaticns of sub~basin outflow poists.
ighted eub-basin slope = (BIS - B10)+#100/(0.75°L).
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Table 7. Typical HEC-1 input file identification scheme. See HEC-
1 user manual for complete listing of other options.

Data Record
Category Identification Data Description
Job ID Job Identification
Initialization IT Job Time Control
I0 General Output Contrel
IN Input Data Time Control
Pracipitation pcl Cumulative Prec Time Series
Data PG2 Storm Gage Total Precipitation
PR Recording Gage to be Weighted
PW Precipitation Gage Weight Factor
PT Total 3Storm Gages to be Weighted
Job Step Control KK Stream Station Identifier
KM Alphanumeric Comment Message
KO Output Control for this Station
Basin Data BA3 Basin Area
Loss Rate Data rs3 SCS Curve Number Loss Technigque
Unitgraph Data up3 SCS Dimensionless Unituzraph
Routing Data RL Channel Loss Rates
RM3 Muskingum Routing Parameters
Hydrograph HC Combine Hydrougr:phs
Transformations
End of Job 22 Required to End Jol:

— s — e — s e s e D B By e Gy s D D D A ) T N B P P D M > I G - — Y D G VO e w— — P WP P T m G G . S S S A e—

1see Table 2 for design storm distribution.
2see Tables 4 and 5 for individual sub-basin values.

3g3ee individual watershed sub-basin values in Appendix A.

maps; they are located with the floodplain boundary maps in the Facilities Engineering Planning
Group Office (Cotner and McLin 1991). Equations to compute individual input file parameters were
listed in the previous section. Results of these calculations are listed in Appendix B. Tabulated
watershed characteristics include subbasin area, subbasin main chann! length to water divide or
upstream subbasin boundary, elevation change over channe! length, average subbasin CX value, and
computed SCS basin lag time from Equation (I1I-4). All watersheds were outlined on the USGS
topographic maps, and individual subbasin areas were measured with a planimeter. Measurements
obtained from four repeated area calculations for each subbasin yielded variances that deviated
<1% from average values. Selected watershed areas are listed in Table &, and all subbasin area
mean values are given in Appendix B and Disk No. 1. Chamnel lengths and elevation changes were
also taken directly from topographic maps with similar measurement repeatability. It should also
be mentioned that predicted HEC-1 hydrographs are relatively insensitive tc minor nieasurement
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Table 8a. Hydrograph peaks (cfs) corresponding to individual 6~hour
Los Alamos design storm events at east DOE-LANL boundary.
See Table 9 for description of exact locations. See
Table 2 for cumulative storm distr.ibution patterns.

Watershed Basin Recurrence Interval Hydrograph Peaks (cfs)

Name Area 2-yr S5-yr 10-vr 25-yx S0-yr 100-vr
Guajel 25.272 20 137 265 472 666 888
Barrancas 2.12 1 12 25 47 67 90
Bayo 3.92 2 21 43 79 111 147
Pueblo 8.40 8 65 121 211 292 383
Los Alamos 10.38 19 115 204 332 447 589
Los Alamos 20.74 24 166 300 502 686 902
Sandia 2.65 1 10 21 38 54 71
Mortandad 1.72 1 6 11 19 27 35
Canada del Buey 2.10 1 11 21 38 54 72
Pajarito 11.36 5 71 143 263 372 498
2-Mile 3.28 1 19 40 77 111 149
3-Mile 1.70 1 12 24 43 60 80
Fence 1.03 1 8 16 29 41 55
Potrillo 2.78 b 14 28 53 75 99
Potrillo 4.77 2 15 30 56 81 108
Canon de Valle 4.28 2 21 41 75 104 141
Water 12.40 4 68 139 2585 361 485
Ancho 4.67 2 27 57 105 150 198
Chaquehui 1.50 1 13 27 53 78 103
Frijoles1 18.02 33 160 284 479 654 853

- A A - R et S G5 T I S S G Gy Y G D M W G5 S S S A D S S —— W T G = . . S . - - — — — — .

1

2Watershed boundary is outside DOE-LANL complex.

Drainage basin area in square miles.
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Tahle 8b. Total 24-hr runoff wvolumes (ac-£ft) corresponding to
individual é6-~hour Los Alamos design storm events at east

DOE-LANL boundary. See Table 9 for description of exact
locations. See Table 2 for cumulative storm distribution

patterns.

Watershed Basin Recurrence Interval 24-hr Runoff (ac~ft)

Name Area 2-yr S5-yr 10-yr 25-yr 50-yr 100-yxr
Guaje1 26.272 8 67 133 236 333 442
Barrancas 2.12 <1 4 8 18 24 32
Bayo 3.92 <1 8 16 30 44 58
Pueblo 8.49 4 26 48 85 119 155
Los Alamos 10.38 8 48 83 137 184 240
Los Alamos 20.74 12 75 141 236 325 424
Sandia 2.65 <1 6 12 22 32 42
Mortandad 1.72 <1 1 2 4 6 9
Canads del Buey 2.10 <1 6 10 18 24 30
Pajarito 11.36 2 26 54 99 141 186
2-Mile 3.28 <1 6 14 26 38 50
3-Mile 1.70 <1 4 8 16 22 28
Fence 1.03 <1 2 4 10 12 le6
Potrillo 2.78 <1 6 12 24 34 44
Potrillo 4.77 <1l 8 18 32 46 60
Canon de Valle 4.28 <1 6 10 18 26 38
Water 12.40 2 24 48 87 125 169
Ancho 4.67 <1l 10 20 38 54 71
Chaquehui 1.50 <1 2 6 12 16 22
Frijoles? 18.02 12 65 119 200 276 359

Watershed boundary is outside DOE-LANL complex.

1
2Drainage basin area in square miles.
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errors in subbasiu area, wain channel length, and elevation differences as i by Equation (111

4). In addition, Manning's «quation wis used 10 compute Moskiagum v armneters from
average channel flow velocities (Appendix B). Finally, it should be pointe uar all watershed
paranieters are listed it the HEC-1 input data files on Disk No. | and a «cussed in detadl
here.

Note that Guaje and Frijoles Canyons have been jucluded in ‘Tables 1 and 5. Appendix 8.
and on Disk No. 1 even though these watershed strean channels do not cross the DOE-LANL
complex. Guaje Canyon ~as included because the Guaje municipal well field is located there:
Frijoles C'anyon was included because a USGS gaging station is located a1 the Bandelier National
Park Headquarters. Also note that the tabulated watershed characteristies are listed according
to subbasins within a given watershed. Fach subbasin boundary division was selected aceording
to several factors. ‘These included {1) tributary inflow, (2) significast change in CN value. {3) an
important geographiic feature or mamuade boundary marker, or (1) another unspecified feature for
which a hydrograph peak vilue was required in HEC-2 sitmelations. Finally, it should be nated that
these subbasins extend from the topographic peaks that define watershed boundaries located to the
west of the DOE-LANL cainplex 1o the Rio Grande drainage confluence located to the east. Hence,
hydrograph peak values were obtained for numerous points wlong individual watercourses within the
DOE-LANL comnplex, for individual stream channels as they exit the DOE-LANL complex, and for
confluent channels merging with the Rio Grande. Quly 100-yr floodplains within the DOE-LANL
complex were conmputed, liowever, because the A1 "TOGIS-MOSS topographic data do not extend
beyond this boundary.

E. Peak Hydrographs for Major Watersheds

Once all subbasin characteristic parameters (Appendix B) wnd HEC-1 input data fles (Disk
No. 1) had been prepared, individual watershed hydrograplis could be generated. Before this was
done, however, a parameter sensitivity analysis was made. With the approach that was used here,
all model parameters, except for compasite subbasin CNs, are constrained 10 a very narrow range
of observed values. These CN values could be estimated froni couuty soil maps (Nyhav et al. 1978)
and standard tables (Hoggui. 1989). In actual practice. an individual, composite. subbasin CN
value was computed as an area-weighted average according to mapped soil and vegetation types
and variable CN values. However, 1t is reasonable to expect thal composite CN values can vary
by as much as 10% above or below their originally estimated values. Hence, in order to reduce the
uncertainty in these estimated CN values, hydrograph peaks produced by the 2-yr, 6-h design storm
event for LANL were examined for all subbasin watersheds. The logic for this design procedure
is straightforward; from physical observation, one can quickly develop a general appreciation for
flood magnitudes associated with individual 2-yr storm events within Los Alamos County. These
qualitative observations suggest that 2-yr flood peaks in Los Alamos County vary between zero
and a few hundred gallons per minute. This same appreciation cannot be easily developed for
100-yr magnitude events. Following this logic, all HEC-1 simulations should accurately reflect
2-yr events if one is to have confidence in larger recurrence-interval floods. Note that once all
subbasin characteristic parameters have been determiited for a given HEC-1 watershed, changing
the subbasin rainfall totals (i.e., the PG data card shown in Table 7 for each HEC-1 input data file)
and the design stonn distribution patterus (i.e., the PC cards shown in Table 7) generates different
recurrence interval hydrographs. Results cbtained from this design methodology are outlined below.

Each HEC-1 watershed simulation was made for the 2-yr, 6-h LANL design storin event, as
described above. If a given subbasin yielded a hydrograph peak that was unreasonably high or low,
then the composite CN value was adjusted either downward or upward, respectively, and a new
simulation was made. Note that a change in CN value imiplies a corresponding change in basin lag
time, as suggested by Equation (111-4). This iterative process was repeated several times for each
watershed. Individual composite CN values were typically adjusted <3% until the 2-yr hydrograph
peak was greater than zero but less than about 2 cfs for an average-sized subbasin. Approximately
half of all subbasins required a composite CN value adjustment; these adjustments were nearly
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equally divided between increases and decreases in CN values. Once these CN values were fixed,
the 2-, 5-, 10-, 25-, 50-, and 100-yr hiydrographs were computed using the 6-h rainfall totals listed in
Tables 4 and 5 and the design storm distribution patterns listed in ‘Table 2. Resulting hydrograph
peaks and 24-h runoff volumes for all watersheds crossing the eastern DOE-LANL boundary are
given in Tables 8 and 9. Table 10 lists hydrograph peaks and 24-h runoff volumes for confluent stream
channels at the Rio Grande. Oue should use care ia referring to these tables. For example, the Los
Alamos Canyon watershed is listed in hoth tables. In Table 8, the second Los Alamos hydrograph
peak includes Pueblo Canyon fiows hecause these streams are confluent above the eastern DOE-
LANL boundary. In Table 10, the Los Alamos values include flows from Guaje, Rend:ja, Barrancas,
Bayo, Pueblo, and Los Alamos Canyons because all of these streams are confluent above the Rio
Grande. Similar comments apply to othiet listed watersheds. 1t should also be mentioned that these
combined hydrogroph peaks cannot simiply be arithineticully added together. Instead they must
be hydraulically routed downstream and then combined. In other words, each stream hydrograph
abscissa must be »ligned to account for flood wave travel time. This procedure is automatically
performed in the HEC-1 hydrograph-combining subroutine. Finally, it should be poiuted out that
all streamn channels were assumed to have zero baseflow because all streams within the DOE-LANL
boundary are norinally ephenieral.

F. Comparison with USGS Flood-Flow Frequencirs

The USGS has developed regression equations (Walteineyer 198t) for estiniating flood discharges
for the 2-, 5-, 10-, 25-, 50-, and 100-yr recurrence intervals from unygaged watersheds in New Mex-
ico. A comperison between hydrograph peaks produced by the HEC-1 and USGS techniques was
made in order tc illustrate their differences. Generally. onte might expect both methods to yield
100-yr peak flows of similar magnitude for Pajarito Plateau watersheds. However, the USGS ap-
proach cousistently yields higher peak flows than does the HEC-1 technique employed ahove. At
lower recurrence intervals, these differences become more pronounced. For 2-yr floods, the USGS
procedure yields L, lrograph peaks that are sypically one or more orders of magnitude larger than
HEC-1 peaks using equivalent subbasin watershed parameters. The reason for these differences is
centered on the storm pattern incorporated into each technique and the fact that the HEC-1 mode}
theoretically simulates the rainfall-runoff process more realistically.

Los Alamos County is located within the Central Mountain-Valley Region, according to Walte-
meyer (1986, pp. 3 and 47). His regression equation for hydrograph peaks is given by

Qn = (aA®)(Ec/1000)(1), (111-7)

where

= hydrograph peak (cfs) for yearly recurrence interval n,
A = watershed area (sq mi),
Ec = average channel elevation at points that are 10% and 85% of the
stream length upstream from the hydrograph peak (fi), and
I = rainfall total (in.) for the 10-yr, 24-h storm.

In Equation (11-7), parameters a, b, ¢, and d are the regression coefficients. For Los Alamos,
these parameters are listed below.
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Table 9. Chann2l locations of hydrograph peaks listed in Table §;
also see USGS 7.5 minute topographic maps.

Watershed

Name _ Stream-channel loczations of hydrograph_peaks
Guajel Above Barrancas Canyon confluence.
Barrancas Tributary confluence below east DOE-LANL boundary.
Bayo Tributary confluence above east DOE-LANL boundary.
Pueblo Above Los Alamos Canyon confluence at HW-4.
Los Alamos Above Pueblo Canyon confluence at HW-4.
Los Alamos '~ Above Bayo Canyon confluence at Totavi.
Sandia At DOE-LANL eastern boundary.
Mortandad At DOE-LANL eastern boundary.

Canada del Buey At DOE-LANL eastern boundary.

Pajarito At DOE~LANL eastern boundary.

2-Mile Above Pajarito Canyon confluence.

3-Mile Above Pajarato Canyon confluence.

Fence Above Potrillo Canyon confluence at gravel pit.
Potrillo Above Fence Canyon confluence.

Potrillo Above Water Canyon confluence.

Canon de Valle Above Water Canyon confluence.

Water Stream crossing at HW-4.

Ancho Stream confluence below HW-4.

Chaquehui At DOE-LANL eastern boundary.

Fr«'joles1 At USGS gaging station above Rio Grande.

- e —— G . — — — — —— - G2 M WP D D P WD GV T P . —— i — — s W G T Y T G - Y s S T D T W . e — — D S S -

lwatershed boundary ia outside DOE-LANL complex.
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© .le luva Hydcograph peaks (cfs) corresponding to individual 6-hour
Los Alamos design storm events at the Rio Grande

confluence. See Table 2 for cumulative storm
distribution patterns.

Watershed Basinl Recurrence Interval Hydrograph Peaks (cfs)

Name Area 2-yr S~yr 10-yx 25~-yxr 50-yr 10Q0~yr
Los Alamos 58.67 39 302 573 997 1392 1845
Sandia $.57 2 23 50 96 137 182
Canada del Buvey 10.43 33 74 127 220 300 395
Pajarito 13.60 24 71 142 260 369 495
Water 19.46 5 80 165 305 434 580
aAncho T.01 2 32 67 124 179 236
Chagquehui 1.50 1l 13 27 53 78 103
Frijoles? 18.02 33 160 284 479 654 853

TP . WP S T I Vivh e e e e o S G - Y S WS T N e W - S S Y G G U (i G e i G G e S S Gy A D S S W S G Gm AN S S S S e S W W

1Drainage basin area in square miles.

2at USGS gaging station above Rio Grande confluvence.

Table 10b Total 24~hr runcff volumes (ac~ft) corresponding ¢to
individual 6-hour Los Alamos design storm eventa at the
Rio Grande confluence. See Table 2 for cumulative storm
distribution patterns.

Watershed Basinl Recurrence Interval 24-hr Runoff (ac—-£ft)
Name _Area 2-yr S-yr __10-yr 25-yr S50-yr 100=-yxr
Los Alamos 58.67 22 161 309 543 764 1010
Sandia 5.57 <1 10 24 44 61 81
Canada del Buey 10,43 6 24 44 75 103 135
Pajarito 13.60 6 36 67 121 169 222
Water 19,46 2 36 71 135 190 258
Ancho 7.01 1 14 30 54 77 103
Chaquehui 1.50 <l 2 6 12 16 22
Frijoles? 18.02 12 65 119 200 276 359

1Drainage basin area in square miles.

2at UsSGS gaging station above Rio Grande confluence.
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Qu a b ¢ d
2 55200 047 —405 1.7Y
5 170000 0.4 413 167
1 289000 042 -1.14 1.AY
25 4UT000 040 =113 1.,
50 6xH000 0.3v =11 145
100 86000 038 —1.09 1.40

All other parameters for Equation (11-T) are listed in ‘Table 11 for watersheds drainiug the
eastern DOE-LANL facility boundary. Note that Waltemeyer (1986, p. 6) indicates that | is the
maximum precipitation intensity for the 10-yr, 24-It storm event. He indicates that these I-valaes
can be obtained fron: precipitation-frequency maps for New Mexico (Miller et al. 1973). lowever,
these maps give precipitation totals rather than intensity, which is giveu in inches per hour. Thus,
the 10-yr, 24-h precipitation total is listed in ‘Table 11. Comnparison of 2- and 100-yr hydrograph
peaks, as a function of drainage basin area are shown in Figs. 8 and 9. The USGS and HEC-!
methods were used for Los Alamos County. Obviously, for Pujarito Pluteau watersheds the USGS
approach consistently yields larger hydrograph peaks than does the HEC-1 model. The 2-yr floods
obtained from the USGS method are especially interesting because they are so large. In fact, i
is this obvious discrepancy that prompted the use of the HEC-1 approach in the first place. Any
long-term county resident will readily agree that the predicted 2-yr USGS hydrograph peak flows
grossly disagree with his or her personal experience. By logical extension, one must also question
the 100-yr flood peaks. For this reason the USGS approach was rejected for use on Pajarito Pliuteau
watersheds. One should not infer that other New Mexico watersheds outside Los Alamos County
cannot be accurately represented with the USGS technigue, however.

Figures 8-10 depict the HEC-1 hydrograph peaks at the eastern DOE-LLANL boundary and at
the Rio Grande. These peaks are also listed in ‘Tables 8-10. These and other peak values were used
as input data in HEC-2 simulations for final definition of all 100-yr floodplains. Figure 11 shows
100-yr peak flows along the Los Alamos Canyon watershed and includes data from Los Alamos,
Guaje, Rendija, Barrancas, Bayo, and Pueblo canyons.

G. Comparison with Other Flood-Flow Frequencics

Lane et al. (1985, pp. 30-37) have generated synthetic streamflow and sediment transport data
for Los Alamos Canyon above the Rio Grande confluence. Many of these data were previously
unpublished but have recently been reported by Graf (1991, Appendix B4). These data are suruma-
rized in Table 12. Weibull plotting positions were used to conduct a log-Pearson Type-111 analysis
(WiC 1967, WRC 1981, US Army COE 1982) for these data. Figure 12 clearly shows that Lane's
synthetic streamfiow data are statistically identical to HEC-1 hydrograph peaks obtained in this
study ifor Los Alamos Canyon at the Rio (irande.

IV. HEC-2 WATER-SURFACE PROFILES
A. General Model Description

The HEC-2 model is similar in concept to the HEC-1 model in that it contains a calling program
and multiple subroutines. The BEC-2 calculates and plots water-surface profiles for subcritical, crit-
ical, and supercritical gradually varied steady flows in channels of any cross-sectional configuration.
The principal uses of the model are for floodplain definition; for evaluation of the hydraulic effects of
bridges, culverts, and weirs; and for calculating stream profiles for various frequency floods for both
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Table 1l. Watershed parameters for estimating hydrograph peaks at
east DOE-LANL boundary using equation (III-7). See Table
9 for basin locations. See text for discussion.

Watershed Basin

Name Area E8S5 (ft) E10 (ft) Ec _(ft) I (in)
Guajel 26.272 8480 6060 7270 2.12
Barrancas 2.12 6880 6120 6500 1.67
Bayc 3.92 7035 6220 6628 1.74
Pueblo 8.40 7900 6395 7148 2.05
Los Alamos 10.38 8235 6415 7325 2.15
Sandia 2.65 7250 6530 6890 1.86
Mortandad 1.72 7235 6710 6973 1,94
Canada del Buey 2.10 6980 6480 6730 1.80
Pajarito 11.36 B560 6590 7575 2.29
Potrillo 4.717 6470 6050 6260 1.53
Canon de Valle 4.28 9100 7000 8050 2.57
Water 19.46 8155 5960 7058 1.99
Ancho 7.01 6960 5685 6323 1.57
Chaquehui 1.50 6540 5640 6090 1.43
Frijoles! 18.02 8790 6185 7488 2.24

lwatershed boundary is outside DOE-LANL complex.

2Drainage basin area in square mi..es.
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Table 12. Synthetic streamflow data for Los Alamos Canyon at the
Rio Grande confluence, as reported in Graf (1991,
Appendix B4).

Year Peak Flood (cfs) Sediment Yield (tons)
1943 . 66 466
1944 631 8393
1945 0 61
1946 80 611
1947 2 65
1948 0 61
1949 0 61
1950 20 77
1951 687 9814
1952 386 6316
1953 4 12
1954 129 1006
1955 283 2783
1956 0 0
1957 649 16470
1958 203 2062
1959 59 532
1960 0 154
1961 53 443
1962 1 138
1963 283 2772
1964 0 0
1965 233 3163
1966 32 165
1967 361 4197
1968 924 14120
1969 149 2899
1970 0 0
1971 42 247
1972 1] 0
1973 349 : 3955
1974 20 ) 129
1975 6 99
1976 20 7
1977 4 8
1978 293 3198
1979 312 426
1980 4] 183
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Fig. 12. Log-Pcarson Type TII analysis of synthe:iic and HEC-1 flood flows for Los Alamos Canyon at the Rio
Grande.

natural and modified charnel conditions. Water-surface profile analyses are commonly used to deter-
nine flood protection levee heights and flood hazard zones for insurance purposes. The HEC-1 and
HEC-2 models are typically used in conjunction with one another for complex floodplain-assessment
studies.

The BEC-2 program uses the standatd-step numerical method that is based on energy losses
to compute water-surface elevation changes between adjacent stream channel cross sections. These
computed water-surface elevations correspond to hydrograph peak discharges obtained from HEC-1
simulations. Because energy. or friction, losses are intimately tied to Manning’s equation for open
channel flow, stream cross sections are required at locations where changes in discharge, slope,
shape, and channel roughness occur. Here Manning'’s equation foi English units is given by

Q = (1.49/n)AR*/38Y/2 and R = A/P, (IV-1)
where

discharge (cfs),

area perpendicular to flow (ft2),

hydraulic radius (ft),

wetted perimeter (ft),

energy slope (ft/ft), and

boundary surface roughness coefficient {dimensionless).

SVYD>O
e nnun

Water-surface profile calculations in HEC-2 begin at the downstreait: cross section for subcritical
flow conditions and at the upstream cross section for supercritical flow. 'The same data rearranged
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into a different order are used to make separate model simulations for each of these flow couditions.
Model calculations sequentially progress either upstream (subcritical) or downstrean (supercritical)
fron cross section to cross section. At bridge crossings and culverts, where flow hydraulics are more
complex, momentum and other equations may be used to compute water-surface elevation changes.
This model also takes into account losses resulting fromn contraction and expansion and from eddies,
bends, and tributary junctions when adjustments are made to [riction loss coefficiems.

The HEC-2 computational methodology is based ou the following flow conditions: (1) gradu-
ally va..cd steady flow, (2) ane-dimensional flow with hiorizontal-velocity distribution corrections.
(3) small channel slopes not exceeding ~10%. {(4) a constant average friction slope hetween adjacent
cross sections, and (5) rigid siream channel cross-sectional boundaries. Some hyurulie flow condi-
tions that viclate one or more of the above include {1) rapid downstream flood wave propagation
resulting from dam breaching; (2) significamt backwaler eflects caused by downstrein boundary
conditions such as tidal flows or tributary inflow effects; and (3) wide, flat floodplains that cause
hydraulic flow disparities between the main channel and overbank areas.

It is not uncommon for many channel segments to have mixed flow regimes that are characterized
by subcritical and supercritical flows that occur simultaneously in different parts of a single cross
section or in adjacent cross sections. In these situations, the HEC-2 model must be run for hoth sub-
critical and supercritical flow conditions to determine the complete water-surface profile. lowever,
most natural stream channefs, including most mountain stream chanuels, exhibit subcritical flow
conditions over the major part of their watercourses. The HEC-2 model is undonbiedly the most
widely used technique for defining coniplex water-surface profiles. Many of the HE('-2 inodeling
capabilities are not described in detail here. lustead, the interestsd reader is referred to the HEC-2
user's manual (LS Army COE 1982) for a complete description. Finally, it should be noted that
thie September 1988 FORTRAN version of the HE(C-2 model, published as PROHLEC?2 (March 1990
release with modification 03) by Dodson & Associates, Inc., of Houston, Texas, was used in this
study.

B. Stream Channel Geometries

In the HEC-2 model, flow-regime boundary geometry is defined by cross sections aud the reach
distances between adjacent cross sections. These cross sections, which characterize the flow capacity
in the stream channel and overbank areas, are located at user-specified intervals along the stream
channel. The model’s accuracy can be increased if the distance between adjacent cross sections is
reduced 1o allow more accurate computation of energy losses. Criteria for locating stream cross
sections are given by Hoggan (1989, p. 335). According to him, reach lengths should not exceed
0.5 mi for wide floodplains having slopes <2 ft/mi, 1800 fi for slopes <3 ft/mi and 1230 ft for
slopes >3 ft/mi. Obviously, there is a tradeoff between streain channel surveying costs and model
accuracy requirements. Throughout this study, a constant reach distance of 250 ft was used to
describe the geometries of all stream channel cross sections contained within the DOE-LANL com-
plex. This implies literally hundreds of crcss sections. However, costly field sutveys were kept to a
minimum because the majority of this topographic detail was automatically extracted from LANL's
AUTOGIS-MOSS graphic information package.

There are actually three separate reach lengths required for each stream’s cross section in HEC-2:
one for the channel and oue for each of the overbanks HEC-2 uses a discharge-weighted, average
reach length between adjacent cross sections and multiplies this distance by the average conveyance
in energy loss calculations. Individual channel thalweg lengths were fixed at 250-ft intervals within
MOSS. Actual stream channel locations were digitized from USGS 7.5 min base maps and read into
MOSS. Cross-sections were uniquely located by MOSS using topographic profiles and geographically
referenced coordinates. Because of thalweg meandering, it was assumed that both of the overbank
reach lengths between all cross sectious of stream channels within the DOE-LANL complex were
fixed at 300 ft.

O: e individual cross sections had been located within MOSS, a perpendicular topographi¢ profile
could be defined for the stream channel. Topographic data for cross sections were extracted from
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Table 13. Typical HEC-2 input file identification scheme. See HEC-
2 user manual for complete liating of all options.

Data Recoxd

Category Identification Data Description
Job Tl Job ID Title Card (required)
Initialization T2 Job ID Title Card (required)

T3 Job ID Title Card (required)

c Comment Card for Documentation
Job Output J1 Start Conditions and Options
Print Control J2 Print Control and Options

J3 Special Summary Printout Options

J5 Special Summary Printout Options

Jé Specify Friction Loss Equations
Job Contzrol QT Peak Discharge Table from HEC-1
and Input NC Manning cross-section n values
Data Cards NH Horizontal Distance n values

NV Vertical Distance n values

X1 Cross-Section ID and Data

X3 Ineffective Flow Areas

GR Elevation and Station Data

SB Special Bridge Data Card

BT Bridge Geometry Data

EJ End of Run in Multiple Run Job
End of Job ER Required to End Job

- —— S T M M D G G - GED PP D D R . R G P D G S i D — — — —— S o e ——— T D D D G Bt e S e S i S AP alls S e —— D W G

MOSS and the cross sections were sequentially grouped. These groupings were then formatted
within MOSS into an ASCII file, consistent with HEC-2 input data requirements, and exported to
5.25-in. magnetic disks for subsequent use. The actual input data file structure for all walersheds is
very similar (see Disk No. 2). Table 13 illustrates a generic file structure for a typical subcritical flow
simulation. All X1, X3, and GR data cards were generated in this fashion for each HE('-2 watershed
sitnulation. These data files still required additional input parameters, as described below. Separate
file configurations for both supercritical and subcritical conditions were generated for each stream
channel, but only the latter configurations are given on Disk No. 2.

In spite of this procedure, the MOSS 2- and 10-ft topographic contour data were insufficient to
hydraulically define mrain channel flows in HEC-2. Hence, an idealization of the main stream channel
configuration was subsequently inserted into each profile as described below. These trapezoid-shaped
channel inserts had 2 maximum top width of 4 ft, a maximum bottoin width of 2 ft, and a fixed depth
of 0.3 fi. Channel capacities for this idealized configuration do not exceed 1% of the specified 100-
yr peak discharge for any section. Typically, this main channel insert is located near each profile
midpoint and accounts for hydraulic variations in Manning’s n-values between the main channel
and overbank areas. In addition, this insert shape is characteristic of wnain channel geometries
throughout Pajari.o Plateau watersheds. Inclusion of these channel inserts proved satisfactory, and
they were included in al! subsequent HEC-2 simulations.
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C. Channel Friction Lossos

In HEC-2, the well-known Beruoulli equation is used 1o detertiine depths of flow between adjacem
stream channel cross sections.

Whe + a:Vi/28 = Why + a\T/2 + 1,
h, = LS, 4 ClapVEf2g Vi 28) . {Iv-2)

where

i

Wi, and WL,
Vyoaud Vo

a; and aw

upstrean and downstrean water elevations(fi),
upstrean and downstream e velocities (1t /s),
upstream and downsteean velueity coetlivients,
aeceleration due to gravity (ft/sec?),

i

Ll, -

b, = energy bead loss (f1),

I = discharge-weighted reach length (ft),
S¢ = reach friction slope (dinmensionless),

C =  expansion or comraction loss coefficient, and
Q peak discharge (Q = VAY at a secticn (cfs).

In general, the coeflicient o in Equation (1V-2) is deterinied feery the velationship
a = [(QVH) +(QVY)s + ... HQVIRIAQV ) e (1V-3)

where Q is discharge and V is velocity. 'The 1erms in the nunwritor represent complex velocity
distribution effects in k localized subareas within a particular cross section, and the terms in the
denominator represent average flow conditions itr the entire cross section. Manuing's Equation (1V-
1) is initially used to determine how niuch of the cross-section’s flow is in the channe] il how much
is in the overbank areas. Values for subarea conveyance (i.e., all tenus in Manning’s equation except
the friction slope term) are therefore kiiown if the friction (or energy) slope is assumed 10 be constant
throughout a given cross section. ‘The particular flow distribution between subareas at a given cross
section is determined by multiplying the subarea conveyance and the square root of the friction
slope. Localized mean velocities are determined by dividing subarea discharges by cross-section
flow areas. Friction slope is approximnated by the stream channel botton slope hecause the water
surface is assuined to parallel it in uniforin flow. Hence, all of the terins in Equations (JV-2) and (IV-
3) are known, except for a starting water-surface elevation at either_the downstream (subcritical)
or upstreain (supercritical) end of the watercourse, expansion or contraction coefficients, Manning's
roughness factor n, and stream dischiarge. All of these parameters are specified as input data.
Therefore, iteration by the standard-step method is used to solve Equations (1V-2) and (1V-3) for
WL at all remaining cross sections.

The iteration process mentioned ahove is terminated when successive, unknown water-surface
elevation values at a given cross section converge to within 0.01 ft. Once this elevition has been
determined, additional checks are performed to see if this value is above the critical depth for a
subcritical simulation or below the critical depth for a supercritical run. If these checks indicate
otherwise. then the critical depth is assuined to exist at that section, and a mwssage is printed
by the program. The simulation then continues with the next unknown water surface elevation
at an adjacent cross section until the last profile is reaclied. It should be emplasized that the
computed depths are constrained to be equal to or greater than the critical depth for subcritical
simulations and equal to or less than the critical depth for supercritical runs. Hence, one mus:
run separate simulations for subcritical and supercritical flows. On occasion, changes in velocity
heads between adjacent cross sections are too great for the HEC-2 model to accurately determine
the energy gradient. For these situations, the HEC-2 model will autoinatically insert up to three
interpolated cross sections between two adjacent user-specified cross sections so thal the velocity
head difference does not exceed a user-specified amount, typically 0.5 ft. By comparing velocity
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heads at successive cross sections the programn also determines whether or not the flow is contracting
or expanding. The progran then applies the appropriate coefficient based on this determination.

It should be noted that only the subcritical flow depths at individual cross sections were used to
map 100-yr floodplains in this study. While computed water surface elevations at individual cross
sections occasionally corresponded to the critical depth at that section, supercritical depths were
not subsequently calculated. The reason for this is straightforward: if a critical depth were found
at a given section during a subcritical run, we would know that the actual flow depth must be equal
to or less than the criticul depth. “Thus, the actual flondplain width will be equal to or less than
the cormputed width at that cross-section. In other words, using a computed floodplain width from
a subcritical flow simulation that corresponds to the critical depth is consersative, and the inapped
floodplain is depicted as being wider than it would actually be Wlile this procedure is conservative
if we are uefining floodplain widths, it should not be used for any design calculations that utilize
flow velocities (i.e., embankiment stability or sediment transport calculations). The reason for this
statement is that supercritical flow velocities are equal to or larger than the computed critical Row
velocities.

Finally, it should be mentioned that friction losses can be simulated four different ways in the
HEC-2 model. The actual technique employed can be user specified or automatically selected by
the HEC-2 model according to certain selection criteria. These criteria are hased on flow conditions
(i.e., either subcritical or supercritical} and a comparison of friction slope changes between cross
sections. All of these loss equations produce similar results when short reach lengths are used.
Because relatively short reach lengths were used in this study, the automatic selection option was
used here. In addition, a constant Manning’s n-value of §0.09 was used in all streamn channels,
and an n-value of 0.12 was used for all overbank areas. The first value (Hoggan 1989, pp. 327-
330) corresponds to a tabulated n-value for natural mountainous channels with deep pools, large
boulders, and heavy timber stands. The second value correspond- to floodplains with heavy timber
stands that have flood stages below branches, little undergr-wth, and downed trees. All of these
conditions are typical throughout the LANL complex. If localized conditions indicated a change
was warranted, individual cross sections were occasionally given Jdifferent n-values from those listed
above. However, standard tabulated n-values were still employed. Perhaps it should also be noted
that the effects of channel improvements were also sitnulated in Los Alarmos Canyon near TA-41
and TA-2. These improvements are not discussed in detail here. Instead the interested reader is
directed to the input data file for this site. Standard expansionfcontraction coefficients of 0.2 and
0.4 were also used throughout this study fo: all watersheds.

D. Starting Water-Surface Elevations

The stariig water-surface elevation must be specified for all HEC-2 simulations. This single
parameter is the most difficult starting condition to determine. Typically, one of three techniques
is used to establish this value. These techniques are {1) obtaining a known water-surface elevation
from a chanuel rating curve or from direct field observations, (2) estimating a normal fiow depth
from slope/area computations, and (3) assurning the critical depth. In this study, a combination of
the second and third techniques was used, as explained below.

Initially, the critical depth at the down stream cross section was assumed for all HI2C-2 suberitical
watershed simulations. These initial simulations yielded a preliminary estimate for the energy grade
line passing through the first three cross sections located immediately adjacent to the starting cross-
section. Hence, refined estimates for the starting water-surface elevation and the siope of the energy
grade line at the downstrear: cross-s:stion were obtained through linear interpolation. These values
were specified on the J1 data card in the HEC-2 input data file, as seen in Table 13. A second
simulation was then performed. The program computed a discharge for uniform flow conditions
and compared it to the user-specified discharge. I there was a significant difference in these two
discharge values, the program adjusted the starting water-surface elevation and computed a new
normal discharge. This procedure was repeated until the normal discharge agreed to within 1%
of the user-specified discharge. The final computed water-surface elevation was then taken as the
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starting elevation. 1t shoukd be noted that this elevation was still constrained 10 be equal to or
greater than the eritical depth for suberitical fow simulations and equal 1o or less than critical
depth for supercritical runs. Onee this starting depr was fixed, the renining cross section’s flow
depths were cotnputed as previously described. “This techuique worked for most strewn chianuels.
Occasionally, however, it wis not snceessful and the critical depth wis finally sssuiued 10 be the
starting water-surface elevition for that watershed.

The above procedure implies that natural channels ineet wniforin flow conditions, it the energy
grade is approxiinately equal 10 the average chianpel-hed slope. and thit water surfice elevations can
be obtained from a nonual-depth caleulation. These assumptions ire probably conservitive in most
patural chaunels. ‘This procedure will even accommodate situations wiere floodplain topography
is relitively uueven. [t should be poimed out, however, that floodplains at the eustern houndary
of the DOE-LANL caauplex are relatively broad and flac {ence the ahove procedure proved inore
than adequite.

E. Computed Water-Surface Profiles

The above procedures were used to map all 100-yr floodpliain boundaries within the DOE-LANL
coanplex, ‘The HEC-2-computed water-surfuce elevation at each channel section, along with the left
sod gl cliannel stations where this water surface intersects the ground, were then read back into
the MOSS systenm. This information was then transformed within MOSS to determiie New Mexico
state plane geographically referenced coordinates that uniguely define the 100-yr floodpool 4L each
cross section. ‘These paired coordinates were linked together us MOSS aren features to identify
each watershed floodplain. In this particular application, 11 separate elopgated watersheds traverse
LANL lands. with individual chaunels ranging up to 9 i tn length. The 100-yr floodplain was
defined on each channel segiment at 250 ft imervals. Figure i3 shows these preliminary floodplain
bouudaries. Detailed, 1:4800-scale naps with 10-ft topographic contours and floodplains were then
generated hy MOSS. Floodplain boundaries were defined by connecting 130-yr floodpoot elevations
located at channel cross sections with straight lines. These lines were then hand sitoothed, usinug
elevation contours and floodplain widths for control. This proceditre was followed hecause occasional
small streant bends that are located betiween cross sections periodically mieander outside the original
straight-line floodplain boundaries. Finally these smoothed boundaries were digitized within the
MOSS system to define floodplains within the DOE-LANL facility. These floodplain boundary
maps are intended to supplemnent this report and are maintained on file in LANLs ENG-2 group
office.

Using the information provided in the appendixes of this report, the interested reader can repli-
cate these floodplain maps. In addition, other important hydraulic data may be generated for
individual watershed cross sections. This additional information is not included ..¢re because it is
quite extensive. Usiug the HEC-1 and HEC-2 input data files listed on Disks 1 and 2, however, the
reader can simply run individual watershed simulations and generate the data as required. VWhen
the HEC-2 model is used, approximately 40 different variables may be printed for each crosssec-
tion. Standard mode; output includes an input data file listing, detailed output for each section,
summary tables, and line printer profile plots. This output can be directed to the computer screen
for review, or it may be saved to an outpui file for later use. The user can tailor the inajority of
this output for specific needs. The HEC-2 input data files listed on Disk No. 2 of this report have
been customized for limited output. The interested reader should he aware that these input data
files may be modified to generate as much or a little information as he or she desires.

V. FINAL FLOODPLAIN DEFINITIONS

The procedure described in Appendix A initially defined floodplains in the MOSS systeth using
the MOSS polygon feature to connect 100-yr floodpool elevations with straight lines. Ten-fi topo-
graphic contours were overlaid onto these floodplain boundaries and 25 maps were plotted at a scale
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of 1:1800. These maps provide coverage of the ettive DOF-LANM complex. However, meinlering
stream channels occasionally erossed these strxight Jine flaodplisn bowdaries at locations midway
between HEC-2-defined strean cross sections. In order to carreet this apparent inconsistetn.y, the
following additional mapping procedure wis emmployed. For control, 1opographic contours and H1EC-
2 thedplain elevations and widths were used 10 liad sinootle all straight-line foodplun bonndaries
between individual strein cross sections. [t should be viapliasized that ariginal 112022 floodplain
eleviations and widths were not altered during this provess. ‘These new floodplain curvilinear hound-
aries were fidly digitized and repunin in MOSS system files (ENG-2 File Number R-7160).

V1. CONCLUSIONS

The following general conclusions cin be staed:

3.

. ‘The HEC procedurss described here wee recognized by the EPAL the COE, and others as heiug,

a stare-af-the-art technique for mapping 100-vyr foodplain boundaries in ungaged widersheds.
‘This report docunients this mapping procedure and. along with the floodplain boundary iaps
(ENG-2 File Number R-T160), is intended to satisfy the RCRA/USWA permit coadition re-
quiring complete floodplain definitions within the DOFE-LANIL facility boundary.

. ‘'I'he 100-y¢ floodplain boundiry maps referenced herein are ouly intended to satisfy the

RCRA/HSWA permit condition. Other applications of these miaps at specific locations within
the LANL complex may warrant additional site-specific field iuvestigations and modified {1)2C-
1 and HEC-2 simulations. For example, individual rond culverts wers often omitted in HEC-2
sitnulations. Futthertuore, ouly MOSS 10-ft-contour-interval data were available for i large
percentage of the DOE-LANL complex. ‘These areas tended to be located within the cianyons
on the eastern facility boundary but are certainly not confined to these peritneter regions.
Hence, additional floodplain inapping efforts would be desirable for specific waste disposal site
investigations or any safety-related site evialuations.

LANL's AUTOGIS-MOSS graphic inforination system was used in this study 1o define all
HEC-2 stream channel profiles at 250-[t intervals. These data were autowatically extracted
from the MOSS systemn in an ASCU format compatible with HEC-2 input data requirements.
Approximately 65% of the DOE-LANL faciliiy has 2-ft-topographic contour interval data,
and 35% has 10-ft contour interval data. Ouee the IHEC-2 model had been used to define
floodplain boundaries for all major watershed channels. this inforination was read back into
the MOSS system. Floodplains were initially defined by connecting 100-yr floodpool elevations
with straight lines. ‘These boundaries were thien hand stnoothed using topographic contours
and floodplain widths and elevations for coutrol. All original HEC-2 Joodplain widths and
elevations at stream cross sections were retained during this procedure. These new fluodplain
line boundaries were finally digitized and remain in MOSS system files.

. Continuous rainfall-runoff simulation models calibrated to specific gaged watersheds imay :ep-

resent an improvement over the HEC-1 and HEC-2 modeling procedures employed in -his
study. However, extensions of Lhese resenrch models to ungaged watessheds have not been
adequately documented in the literature. Criticism of the event-simulation approach centers
on the design assumption that rainfall of a given frequency results in runoff of the same fre-
quency. llowever, this issue was not addressed in this work. Unti] the dynamic nature of the
rainfall-runoff process is better understood, HEC-1 and HEC-2 represent the best available
technology for the definition of Roodplaius in ungaged watersheds.

. ‘The SCS curve number method was used in this study to predict runoff. The relative merits of

this empirical approach versus physically based representations have been exteusively dehated
in the literature. However, Loague and Freeze (1985) have shown that physically based models
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generally do not predict runoff any better than relatively simple approaches. Furthermore, the

SCS method has the advantage that future changes in watershed land-use patterns can be
easily simulated.

6. The procedure outlined here is flexible in that other return-period intervals for the floodplain
could also be computed. For example, other storm durations and return-petiod intervals could
be used 1o define other floodplain boundaries. In addition, the Nuclear Regulatory Commission
does not use a return-period definition for their floodplain elevation studies. Instead, they
typically specify that the prcbable maximum flood (PMF) be used to define the floodplain.
With minor changes, the input data fies contained in this report could also be used to define

the PMF floodplain boundary.

7. Flood flow studies described here can provide information for s.diment transport simulations
that use the HEC-6 model (US Army COE, 1977). For example, once floodplain elevations have
been specified for a given canyon, one can assaciate a peak hydrograph with that fleodplain
definition. One could extend this hydrograph peak assaciation to include a mean channel
stream velocity for each individual canyon location. These mean velocities would obviously
have future implications for sediment transport potential.
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APPENDIX A
AUTOGIS-MOSS SYSTEM

1. Extraction of MOSS Topographic Data

This section documents the procedure used to automatically extract topographic data from
LANL’s graphic information system for use in HEC-2 simulations. Readers who are not famil-
iar with the procedure can skip to the next section without loss in continuity. The MOSS source
codes used to extract this topographic data are given on Disk No. 1 in this report.

In order to transport MOSS topographic data to an HEC-2 input data file, a series of user-
activated steps was performed on existing and derived MOSS data sets. This procedure is briefly
described below. The source programs to extract this information were developed by Autometric,
Inc., under contract to LANL, and are maintained on the AUTOGIS-MOSS systemn by ENG-2.
Section 111 of this appendix contains a complete soutce listing of these programs. Note that these
programs require other MOSS utility features, which are described in the MOSS users manual. The
sample MOSS session listed below details all necessary interactive user responses in a typical MOSS
data-extraction process. Note that MOSS coinputer terminal user responses are in bold letters.

MOSS data extraction requirements for HEC-2 utilization include topographic contour files and
stream channel location files. The contour files already existed in the LANL's MOSS system and
were originally obtained from aerisl photography transformations. Tle streamn channel location files
were created for this floodplain study by digitizing major stream channel locations from USGS 7.5-
min topographic maps and geographically referencing them to known bench marks. These location
files, which indicate the siream center line and have the drainage basin nane as their subject, were
entered into MOSS in a line format. The MOSS file name containing Lhese stream ¢hannel location
files is DRAINS. The MOSS topographic data are also in a line format and have numerical subjects
that equal their represented elevations. These topographic data are actually included on a series
of MOSS contour maps having either 2- or 10-ft contour intervals. However, in order to obtain
complete topographic coverage for a given watershed, use of both the 2- and 10-ft-contour-interval
maps was required. This resulted in a total number of contour maps that exceeded the maximum
allowable active 1Ds within MOSS. Hence, the 2- and 10-ft-contour-interval maps of the entire LANL
complex were merged into a series of single maps each containing both 2- and 10-ft-contour-interval
daia. The resultant MOSS master project file, LANLM, contains these merged contour maps. This
master project file, which represents the resultant file from the MOSS utility entiled MAPIDX, also
contains the maps, DRAINS and LANLINDEX, as described below. Using the stream location file,
DRAINS, and the contour map index, LANLINDEYX, it is 2 straightforward process to identify those
merged MOSS contour maps that may be required for a given watershed application.

For each watershed draining the LANL complex, a file was constructed that defined the map
names containing the topographic data This file was then used with the MOSS SELECT command
using the FROM option. For more information concerning the SELECT FROM command, see the
MOSS user’s manual or use the MOSS HELP SELECT command. A list of the SELECT FROM
files used in this study includes

FORALAMOS FORANCBO FORBAYO FORCANADA FORCHAQUE
FORINDEX FORMORTAN FORPAJARO0 FORPAJAR1 FORPAJAR2
FORPOTRIL FORPUBELO FORSANDIA FORWATER

The file, USESPLAT, was also used with the SELECT FROM command, as illustrated by the
following example:

SELECT FROM FORALAMOS USESPLAT

The content of USESPLAT is the single ASCII character “*", which is the MOSS wild card
character that matches any character string, and is similar ta the AOS/VS “4+" template.
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There is also a set of files that were used i conjunction with the special FORINDEN file. ‘This file
contains all the contour nusp minimu-bounding recviungles from he g index for each watershed.
A list of the SELEC'T FROM FORINDEN il includes

FALAX FANCX FBAYXN FOANX FOCHAX
FMORX FPAJXU FEANINT FPAIN2 FRPOTX
rFPUEX FSANX FWATX

These files replace the USESPLAT file meutioned above, as illustrated by the following example:
SELECT FROM FORINDEX FALAX

The result of the SELECT FROM conunand proditces fram 1 1o 38 active data sets from the
merged contour inaps, as detailed below. For a given watershed, the stream location fite will be
a single active 11 within MOSS, while the corresponding contour dati files will be several active
1Ds. 1t is possible that more than one 11 will represent the stremu Jocation data and also that only
one active [ will represent the topographie dativ. Derived dita sevs inclhude extracted topographic
profiles at stream cross sections and the inported maps produced from these profiles,

Once the stream location and contour dati sets have been selected and placed into the active
table as 1Ds, then the MOSS window must be set to include all of these data sets. The first stage
of the data-extraction process (AHLC2) can uow begin. ‘The MOSS source code for the program
AHEC2 is comained on Disk No. | in this report. ‘The output fronmt ANEC2 is imported into MOSS
and visually checked. Omce verified, the second stage of the data-extraction process (EXHEC?2) can
be initiated. ‘The MOSS source code for the program EXHEC? is also contained on Disk No. 1. The
following abbreviated MOSS dialog provides an example of progran execution. I is procedurally
correct and represents either MOSS commands or progrannmnatic dialog.

FREE ALL - Start with a clean active tahle

‘The selection of contour maps required for a given data-extraction applicition is best determined
through the use of the utility procedure MAPIDX. This procedure will mmake an index map based
on the minimum-bounding rectangular coverages of the contour maps. After plotting the stream
location data and the index map, the user must select each contour map that contains topographic
data of interest. Results of this utility execution were saved in the file named LANLINDEX. In this
example, two files are used to select tlie contour data. The first file is called FORALAMOS and
contains a list of the contour tnaps that could possibly contain topographic data on Los Alamos that
may be of interest. The second file is called USESPLAT and contains the single wild-card character
“*" to match all strings. For more information about these two files, seec the MOSS users manual
under SELECT FROM.

SELect DRAINAGE SUbject *ALAMOS* -~ Select stream location files for this run.

SELect FROM FORALAMOS USESPLAT — Select all contour maps around the Los Alamos
Canyon drainage basin.

Window ALL — Set window to entire geographic region
AHEC2 — Invoke the AHEC?2 program

At this point, the automated topographic data-extraction and file generator program, AHEC2,
will prompt the user to give definable parameters before execution. In this example, there is one
active ID for the stream location data, and there are 38 IDs for the contour data. The default
vertical height and horizontal distance values are displayed by MOSS in square brackets. These
default values are selected by hitting NEWLINE or CARRIAGE RETURN; alternate values may
also be entered by the user. Here the vertical height refers to the maximum elevation difference
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between the stream channel’s highest and lowest elevation points within the profile. Horizontal
distance refers to the distance along the profile located perpendicular to either side of the stream
channel. The extracted topographic data will be constrained to these limits

Enter active IDs to use for DRAINAGES. 1
Enter active [Ds to use for CONTOURS. 2 TH 3%

Enter vertical HEIGHT from bottom of DRAINAGE ([25] Carriage Return -— 25 ft of vertical
relief will be included in the stream chanunel profile.

Enter horizontal DISTANCE between PROFILES [250]. Carriage Return - the total profile
width will be 250 ft on either side of the stream channel, giving a total profile distance of 500 ft.

The prograin could spend time determining which way is downhill or uphill. However, it is much
simpler for the user to point with the graphics cursor to indicate drainage direction. After entering
these points, the program will pause until the user enters an additional CARRIAGE RETURN,
indicating that everything is correct and ready to proceed.

Point to DOWNBHILL end of DRAINAGE — use graphics cursoi. Point to UPHILL end of
DRAINAGE - use graphics cursor. HIT NEWLINE TO CONTINUE.

Two MOSS IMPORT files are now generated. The first is a 2-D) file containing profile lines at 250-
ft intervals alony the stream location file, aud the second is a corresponding 3-D file containing data
about stream channel cross sections. These 2-D profile lines were generated and used by AHEC2 to
construct the 3-D cross sections by intersecting each 2-D profile line with all topographic contour
data. The 3-D cross sections are a series of {X,Y,Z) triplets with the (x,y) portion defined by the
intersection of a specific 2-D profile line with a specific contour line. The subject of the contour line
determines the z portion, or elevaticn, of the iriplet. The (x,2} data pairs in each triplet correspond
to the station and elevation locations required on GR data rards in the HEC-2 input data file, as
shown in Table 13. Note that this information is actually exported as (z,x) during the formatting
process. It should also be noted that the first x value on a given cross section profile line is assigned
a relative value of zero, and all remaining x values are referenced to this origin. ‘This procedure is
identical to that in the HEC-2 model as one looks downstream at the profile line. Hence, the first
x position is located at the extreme left of the profile line as one looks downstream. The MOSS
file maintains the original geographically referenced coordinate positions of all x values, but this
information is not used in the HEC-2 model.

Results from the AHEC2 program are now imported to MOSS. The 2-D profile lines are not
essential but allow the user to determine where contour data are missing. The 2-D profile lines are
imported as a Type 2 map (line) with the input file name PROFILE.2D. The 3-D cross sections are
critical to th : second and fir~; stage of the extraction process and must be imported to MOSS. The
input file which is named PRCFILE.3D, is imported as a Type 12 map |(x,y,z) line map]. Once
imported, the resultant Type 12 map must be selected.

The selected ID will be used in the EXHEC2 program command procedure. This portion of the
extraction program will take the (x,y,z) data pairs and reformat them into (z,x) pairs as required by
the HEC-2 model input structure on GR cards, as seen in Table 13. The EXHEC2 program will ask
the user to give an active data set for reformatting, a resultant target file name, and information
on whether the file is for a subcritical or supercritical HEC-2 input data file. The program will not
overwrite an existing file name unless specified by the user. The example given below illustrates
this procedure.

EXHec2 — Invoke the HEC-2 reformatter program option.
Enter active data set ID to reformat co HEC-2 standard
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[('R = Exit]

4

For LOSALASD |, EXHEC? file niune [ENHEC)]

SUBLOSALA  File mane for Los Alamos Canyon suberitical run
Is this a SUB- or SUPER- eritical run (SUB/SUPER) [SUB)

sun

NUMBER OF DATA FEEMS TO BF REFORMNTTED = 181
EXECUTING. PLEASE WAL

This example uses active (1Y 10 as the 3-1) map of the cross section. ‘The HEC-2 input data file
will be called SUBLOSALA and is a suberitical cun. "The progeam informs the user that 184 3-1)
cross sections will be in the final HEC 2 input dia file. SUBLOSALA is subsequently transferred to
A 3.25-in. mapnetic disk in ASCH fornu for direct nse by the HEC-2 program. This data transfer
procedure only creates ‘11, T2, X1, X3, and GR cards, as seen iy ‘Table 13, Hence, the HEC-2 user
must stitl enter additional input pacatieters inta this file before a suceessful HEC-2 simulation can
be periorined.

II. Insortion of Floodplain Boundaries

This section documents the procedure used 10 nutomatically reinsert EC-2 floodplain boundaries
into LANL's graphic information system for final map geneittion. Headers who are not familiar
with the procedure can skip to the next section without loss in continuity. The MOSS source code
used to reinsert HEC-2 flocd plan boundaries into MOSS is listed on Disk No. 1 in this report.

Ouce the HEC-2 shmufation has been successfully completed for a given stream channel segment,
the BEC-2 Roodplain boundaries must be read back into MOSS. 'T'his procedure is described below.
Before this second transfer, however, the HEC-2 user must tailor model output for this floodplain
boundary-insertion process. lequired HEC-2 output includes the cross section’s number; the left-
and right-station numbers where the computed water surface intersects the ground; and the com-
puted water-surface elevation, floodplain top width, floodplain depth, and cross-sectional flow area.
‘The HEC'-2 output file nauie must correspond to an original MOSS data-extraction output file, and
all cross-section nusnbers must be identical in both files. The MOSS insertion program uses this
HEC-2 fle naine and cross-section-numbering scheme to translate floodplain boundary data into
unique, geographically referenced New Mexico state plain coordinates. The HEC-2 input data files
listed on Disk No. 2 of this report are set up to provide the proper output to the MOSS insertion
program. ‘T'he first J3 card shown in ‘Table 13 for each file actually provides this required output for
the MOSS insertion procedure. All remaining HEC-2 output is extraneous and must be stripped
from the HEC-2 output file. Hence, the HEC-2 user must edit output files with an independent
file editor or word processor and remove all unuecessary information from an HEC-2 output file.
This modified HEC-2 output file is now transferred back to the MOSS systen in ASCIt format on
a 5.25-in magnetic disk. The actual insertion procedure can now begin.

To insert HEC-2 floodplain elevations into the MOSS system at known cross sections, a series of
user-activated steps is performed on pre-existing MOSS data sets. These data sets correspond to the
modified HEC-2 output files that were described above. The actual MOSS insertion procedure is
briefly described here. ‘The scurce program used to complete this task was developed by Autometric,
Inc., under contract to LANL, and is maintained on the AUTOGIS-MOSS system by ENG-2; this
source program is listed on isk No. 1 of this report. The sample MOSS session listed below details
all necessary interactive user responses in a typical floodplain boundary-insertion process.

FPHEC? is the AUTOGIS-MOSS data-reformatting program, or coinmand, and is the third and
final step in the floodplain-modeling process. As mentioned above, this step makes use of data files
generated from the actual HEC-2 modeling process and MOSS data files created with EXHEC2.
The EXHEC2 command was described above; this command generates a 3-D floodplain MOSS
import file. The FPHEC2 command format is specified as follows:
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FPHec2 (active data set) (output file name).

The following dialog illustrates the use of this MOSS command in a typical floodplain data
reinsertion procedure. Note that user responses are in boid letters.

Enter Command? FPHec2

Enter HEC-2 model results filename [CR = EXIT]
CANADA.DAT

Enter HEC-2 model Geo-Reference filenaine [CR = EXIT]
SUBCANA.REF

Enter resultant MOSS IMPORT floodplain name [CR = EXIT}
CANAFP.EXP

HEC RECORDS 158 REF RECORDS 156 CCORDS 313

This example matches the HEC-2 output file named CANADA.DAT with the MOSS EXHEC2-
generated Geo-Refevence file named SUBCANA REF and produces a MOSS import file named
CANAFP.EXP. For cach complete stream channel profile in bath the MOSS Geo-Reference and
the HEC-2 files, a pair of coordinate triplets (x,y,z) are generated. Once these triplets have been
calculated, they are ordered by section number to form a 3-D polygon and written to the MOSS
export file specidied by the user. The HEC-2 output file must include each stream channel cross
section number and the computed water-surface elevation. The Geo-Reference file's section numbers
are checked to insure that they match. This is the only way to determine the actual New Mexico state
plane ground coordinates that delineate the floodplain. The resulting MOSS import file should then
be imported into MOSS as a Type 13 (3-D polygon) file. Finally, it should be noted that any HEC-2
sections that are not exactly matched with corresponding sections in the MOSS Geo-Reference file
are not incinded in the final MOSS export file.
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APPENDIX B
TABULATED HEC-1 INPUT PARAMETERS

GUAJE CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNTT HYDROGRAPH LAG TIME DEFINITIONS
N T R T e e N R R R S s e N I S e L R N S T T e e T e T e e e T T e o
v = (L9:8) (5+1)0-7/(1900¥%-3) = scs BASIN LAG TIME (hrs)

L = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBFR FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/, = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sg. miles)

BASIN NO. L (ft) X (ft) CN s Y ($) A (sm) T (hrs)
¢ 3 -2 T+ 33—+ 314 ——— —1 1t i >t + 3 3 > 34 -1 <+ 3 7 T3+ 1 33
1 34000 3277 55 8.18 9.64 11.30 3.38
2 24000 947 68 4.71 3.95 3.25 2.86
3 46000 3600 69 4.49  7.83 9.59 3.33
4 12750 355 75 3.33 2,78 2.13 1.69
5 9000 215 79 4.29 2.39 1.45 1.59

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

—— e a— e e———— T v s — g, St o U D SEED S S SIS S QU S G W S S U S SR ety YA S S S S P i S G S U S S GU D i S S S S —
e R S R R R T N S R R S T N I S S S s N e N T I e

0.1 < x<0,3 x = 0.20
Vel = 1.49R9-67g0.5/n (£t/sec) R(£t) = 2.00
K = L/(3600*Vel) {(hours) n = 0.10
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps
NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
N S e T T I R e e R . R S e R I R T e S R R R R T R e e e e T e T T T T T N e me = T s o ) o s
BASIN NO. L (ft) Vel K Natps NSTPS CHECK AMSKK
1 34000 7.3 1.29 5.14 5 1.03 1.29
Z 24000 4.7 1.42 5.67 6 0.95 1.42
3 46000 6.6 1.93 7.72 8 0.97 1.93
4 12750 3.9 0.90 3.59 4 0.90 0.90
5 9000 3.7 0.68 2.73 3 0.91 0.68
R T S T N L e e e e e e T N e T S T e e o o o o o e L o O e e e e e e T A v S e e A e s o S e e e T e
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BARRANCAS CANYON

HEC~-1 INPUT DATA FILE PARAMETEF CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH T..G TIME DEFINITIONS
3 +—3F+++ 41 -+ 13 {43 3 t—%

r = (L0-8) (s+1)%-7/(1900¥%:5) = scs BASIN LAG TIME (hrs)
1 = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

4 3 1 3t ====

BASIN NO. L (ft) X (ft) CN S Y (%) A (sm) T {(hrs)
1 25500 1245 72 3.89 4.88 1.79 2.42
2 7250 750 76 3.16 10.34 0.33 0.54
3 23000 1267 72 3.89 5.51 2.52 2.10
4 3250 365 76 3.16 11.23 0.21 0.27

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

0.1 < x< 0,3 x = 0.20

Vel = 1.49R0-6780.5/n (£t /sec) R(ft) = 2.00

K = L/(3600*Vel) (hours) n = 0.10

Nstps = 60K/NMIN (dimensionless)

NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15.00

1/[2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63

CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50

BASIN NO. L (£ft) Vel K Nstps NSTPS CHECKX AMSKK
1 25500 5.2 1.36 5.42 5 1.08 1.36
2 7250 7.6 0.26 1.06 1 1.06 0.26
3 23000 5.6 1.15 4.60 5 0.92 1.15
4 3250 7.9 0.11 0.46 1 0.46 0.11

g P ——
T T T e S e e D S e S S S ST S e e L e B B T o T T D D e Y S S e e s e e e o T I NN IS S IR IR ST
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BAYO CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

3 3 3 3+ 3L ¢+ ++ ¢+t 23 3 1=t 4 3 L 2 R P

v = (L0-8) (5+1)%-7/(1900¥0-5) = scs BASIN LAG TIME (hrs)
L = CHANNEL LENGTH TO WATER DIVIDE (ft)
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREAR (sq. miles)

BASIN NO. L (ft) X (ft) CN S Y (%) A (sm) T (hrs)

b3 +-$4-3 1} 333 2 3 3+t 3+ I+ + 2+ -+ F+ 3 ¢ F 3+ F ++ + 3+ F >t 34 FF 3 3 1 -2+ $-< 4+ 3§ ¢t 1+ 3+ <+
1 16750 745 65 5.38 4.45 1.57 2.19
2 15250 8§35 74 3.51 3.51 1.16 1.79
3 12750 945 15 3.33 7.41 1.19 1.04

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

e S e T e i B T e S T e e e o e D o S T S S S s S e D S S S e e L o e e S T T e e i e e s s SAD s She s o e R R &
0.1 < x < 0.3 X = 0.20
vel = 1.49R%-6789.5/r (ft/sec) R(ft) = 2.00
K = L/(3600*Vel) (hours) n = 0.10

Nstps = 6§0K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT , NMIN = 15.00
1/[2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L (ft) Vel K Nstps  NSTPS CHECK AMSKK
+——3 3 g -1} 4 T 1 3 1 4 ¢+ 4 i+t -+ —+ 3+ 1} -+
1 16750 5.0 0.93 3.73 4 0.93 0.93
2 15250 4.4 0.96 3.82 4 0.96 0.96
3 12750 6.4 0.55 2.20 2 1.10 0.55
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PUEBLO CANYON

HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

R R R AR R R S T N S e e s e e e e e e S R N R R S S R s N N S N T R e A SE ST SN s

r = (1L0:8) (5+1)9-7/(1900¥0-3) = sCS BASIN LAG TIME (hrs)

L = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTE L (ft)

CN= SCS CURVE NUMBER FOR AMC~II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sg. miles)

e R S S s s S T N e R T IR

BASIN NO. L (£ft) X (ft) CN S Y () A (sm) T (hrs)
1 15000 1930 56 7.86 12.87 2.24 1.48
2 24000 694 65 5.38 2.89 w. 61 3.62
3 14000 246 74 3.51 1.76 1.55 2.37

FEC-~1 INPUT DATA FILE PARAMETER CALCULATICN
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

- — — T —— T > . dirin St G S S i b W it S e S e e o v o e syt s it s B G @ Gy S S S G S S U S S T S ST S SV . S G S — i S I S S SV
=t =t P+ S {33+ ] £+ T}t ] 3 2

0.1 < x< 20,3 x = 0.20
vel = 1.49R0-6750.5/n (ft/sec) R(ft) = 2.00
K = L/ (3600*Vel) (hours) n = 0.10
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps
NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[2(1-x)]} < CHECK < 1/(2x) 1/(2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L (ft) Vel K Nstps NSTPS CRECK AMSKK
1 15000 8.5 0.49 1.96 2 0.98 0.49
2 24000 4.0 1.66 6.63 7 0.95 1.66
3 14000 3.1 1.24 4.96 5. 0.99 1.24
L+ + b {4 ¢ R R R T R R T T e e e T R R R N e e e e A e e P e Y T TS0 23 20 Sve ou I S S S S e 2o S gwn o2
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LOS AT”MOS CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS
P+ 3 + -+ + <+t 3+ ++—+ 3t + 1 ¢t + + ++ -+ 3+ ++ + F -+ 13-+ -+t F 4 2 -+t 3+t 3t + 2+ 421
= (L0:8) (s+1)9-7/(1900Y%-5) = scs BASIN LAG TIME (hrs)

= CHANNEL LENGTH TO WATER DIVIDE (ft)

= BASIN ELEVATION CHANGE OVER LENGTH L (£ft)
N= SCS CURVE NUMBER FOR AMC-IX MOISTURE CONDITIONS (dim)

= 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

= 100X/L = GROSS WATERSH:-D SLOPE (%)

A SUB-BASIN DRAINAGE AREA (sqg. miles)

R R T T R R N S R N S S S s R N N T e RREEsTn T

BASIN NO. L (ft) X (ft) CN S Y (%) A (sm) T (hrs)
i 20000 1943 52 9.23 9.72 6.33 2.37
2 10000 531 62 6.13 5.31 0.74 1.43
3 35000 846 68 4.71 2.42 3.31 4.95
4 11750 525 80 2.50 4.47 1.96 1.08
5 5000 100 75 3.33 2.00 0.77 0.95
6 7750 165 75 3.33 2.13 0.67 1.30

- R T R I R S I N S R R I N S R e T T EEEEmmEEREn T

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEZ RM DATR CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

m=m=m==== - 31 3+ 3 1 33 _— 2ttt =t 3 2+ ¢ 1 <]

0.1 < . ~ 3 X = 0.20
ver .1 g0.6750.5,4 (£t/sec) R(Et) = 2.00
T L/ (oou0*Vel) (hours) n = 0.10
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps
NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/{2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
e e e e T B I B S S R e e e e T T S T T N S T T T T T T e e e e T o o D T S T s i e e e e e e e S T
1 20000 7.4 0.75 3.01 3 1.00 0.75
2 10000 5.5 0.51 2.04 2 1.02 0.51
3 35000 3.7 2.64 10.57 11 0.96 2.64
4 11750 5.0 0.65 2.61 3 0.87 0.65
5 5000 3.3 0.42 1.66 2 0.83 0.42
6 7750 3.5 0.62 2.49 2 1.25 0.62
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SANDIA CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

v = (L9-8) (s+1)9:-7/(1900¥%-3) = scs BASIN LAG TIME (hrs)

L = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN -~ 10 = POTENTIAL RAINFALL RETENTION ({in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sqg. miles)

BASIN NO. L (ft) X (ft) CN S Y (%) A (sm) T (hrs)
1 36750 1000 68 4.71 2.72 2.65 4.85
2 11750 370 75 3.33 3.15 0.85 1.49
3 10000 300 76 3.16 3.00 1.32 1.31
4 9000 635 79 2.66 7.06 0.75 0.72

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINXTIONS

0.1 < x< 0.3 x = 0.20

Vel = 1.49R°'57S°'5/n (ft/sec) R/'ft) = 2.00

K = L/(3600*Vel) (hours) n = 0.10

Nstps = 60K/NMIN (dimensionless)

NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15.00

1/[2(1-%x)] < CHECK < 1/ (2x) 1/[2(1-x)) = 0.63

CHECK = (60K)/ (NMIN*NSTPS) 1/ (2x) = 2.50

BASIN NO L (ft) Vel K Nstps NSTPS CHECK AMSKK
1 36750 3.9 2.62 10.46 10 1.05 2.62
2 11750 4.2 0.78 3.11 3 1.04 0.78
3 10000 4.1 0.68 2.71 3 0.90 0.68
4 9000 6.3 0.40 1.59 2 0.80 0.40
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MORTANDAD CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS
= 33 } 1t +-4 2 $ I3 3+ 3 3 3 -1 -J— 33— 4+ -4+ 1 -4+ 3} -} <]
7 = (L0-8) (5+1)0-7/(1900¥%:3) = sCS BASIN LAG TIME (hrs)

I, = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

R R R T e e T N R R R L S S e e R S R R A e R R R R N e e
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs)
1 9000 390 65 5.38 4.33 0.55 1.35
2 10500 277 67 4.93 2.64 0.81 1.86
3 6000 125 72 3.89 2.08 0.36 1.17
4 12250 203 72 3.89 1.66 l.61 2.31
5 16000 465 72 3.89 2.91 0.86 2.16
6 13500 855 74 3.51 6.33 1.72 1.21

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTIN(; PARAMETER DEFINITIONS

0.1 < x< 0,3 x = 0.20
vel = 1.49R0-67g0.5/n (£r/sec) R(£t) = 2.00
K = L/{3600*Vel) (hours) n = 0.10
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps
NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[2(1~x)] < CHECK < 1/ (2x) 1/(2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
e e T T R T e I R R R S e T i e L S T R T N R T e T N T T e e s T e e T o
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
e T R . e e S e e R R R I e T T T N N S e e e e T T T N e T N T e e e e S e e
1 9000 4.9 0.51 2.03 2 1.02 0.51
2 10500 3.8 0.76 3.04 3 1.01 0.76
3 6000 3.4 0.49 1.95 2 J.98 0.49
4 12250 3.0 1.12 4.47 4 1.12 1..2
5 16000 4.0 1.10 4.41 4 1.10 1,0
6 13500 6.0 0.63 2.52 3 0.84 0.
R S e T T A L e e e R R I R e e e T S e e e T R e S S e o S T R T e e T e S S e e
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CANROA DEL BUEY
HEC-~1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

R S O R R R R R R S e R e T e e e e e s e e s e e e TEOEERSS TS EmERe =

(L"-8) (s+1)9-7/(1900¥%-5) = scs BASIN LAG TIME (hrs)
CHANNEL LENGTH TO WATER DIVIDE (ft)

BASIN ELEVATION CHANGE OVER LENGTH L (ft)

SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)
1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
100X/L = GROSS WATERSHED SLOPE (%)

SUB-BASIN DRAINAGE AREA (s8qg. miles)

g

SemmasmmImeoTRENREEEaEmmiT N EEEREs - RS IR
BASIN NO. L (£ft) X (ft) CN S Y (%) A (sm) T (hrs)
R S N R R S T R S S T R S T S N eSS SSC oINS aaaa

1 29500 836 69 4.49 2.83 2.10 3.88
2 14750 1345 72 3.89 9.12 2.42 1.14

R S R R R e e R R R R R N R S T T N N R A T T o i s s s o o e o e 2 72 ST R 22

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

e e S S s T e

R R R R S N R N R R R N e e e e e e s e N T S e N e R R R e e e e R

0.1 < x<10,3 x = 0

vel = 1.49R°'67s°'5/n (ft/sec) R(ft) = 2
= L/ (3600*Vel) (hours) n = 0

Nstps = 60K/NMIN (dimensionless)

NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN

1/[2(1-x)] < CHECK < 1/{(2x) 1/[(2(1-x)1]

CHECK = (6CK)/ (NMIN*NSTPS) 1/(2x) 2.50

A ——— S E———
R R S R R R S R e e e e e e e R R e s N RS Ee T mems

BASIN NO. L (£ft) Vel Nstps NSTPS CHECK AMSKK

e e s e . o TR S R S S G S SUD SR e S 5 gt i e s D ST P VD S (ALY Sl s . sy S S S PG SU PG A D S SR D QU D S/ ot s g e e e ool e S S SR SIS Y S S
e e R S R R L R O T N T T S N S e s e AN ST EmemEms

1 28500 4.0 2.06 8.23 8 1.03 2.06
2 14750 7.1 0.57 2.29 2 1.15 0.57

RIS L= S e ==

i
Q
()
w

T Ty e
3=t 3 3 1]
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PAJARITO CANYON
HEC~1 INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

| -+
r = (L0:8) (s+1)9-7/(1900Y%-5) = SCS BASIN LAG TIME (hrs)
L = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

BASIN NO. L (ft) X (ft) CN S Y (3) A (sm) T (hrs)
S R T R S L S S R S N S e S T e S R s NS EEENTSE=EE
1 17250 2711 52 9.23 15.72 1.99 1.66
2 18250 795 62 6.13 4.36 2.57 2.56
3 28250 2890 61 6.39 10.23 3.28 2.43
4 11000 205 70 4.29 1.86 0.67 2.12
5 19500 710 67 4.93 3.64 1.70 2.59
6 15000 225 72 3.89 1.50 1.15 2.86
7 15500 1050 73 3.70 6.77 2.24 1.34
R RN S e R N I e S N N e e N T E RS EmTERSE

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

0.1 < x < 003 X = 0.20
vel = 1.49RV-6750.5/n (ft/sec) R(ft) = 2.00
K = L/(3600*Vel) (hours) n = 0.i0
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps
NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L (ft) Vel Nstps NSTPS CHECK AMSKK
R R R R R I e e e R A R R R S R e e e e e R I e e e e N T e I e N
1 17250 9.4 0.51 2.04 2 1.02 0.51
2 18250 4.9 1.03 4.11 4 1.03 1.03
3 28250 7.6 1.04 4.15 4 1.04 1.04
4 11000 3.2 0.95 3.78 4 0.95 0.95
5 19500 4.5 1.20 4.80 5 0.96 1.20
6 15000 2.9 1.44 5.75 6 0.96 1.44
7 15500 6.2 0.70 2.80 3 0.93 0.70
e S e N I D S R e e e e e R S i e e e I e s R R e e S e S S e e e S S T R S el e sl SR S I S 3
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POTRILLO CANYON

HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

P ——J3 1 3} 1 -ttt 3 1t St P e S A e 3 -1

(L%-8y (541)0%-7/(2900¥%-%) = sCS BASIN LAG TIME (hrs)

T =

I = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (£ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

BASIN NO. L (ft) X (ft) CN S Y () A (sm) T (hrs)

R s R S S S R T I T T T T S S S e e e e S S ST e A e Y I T e S S A sy T ey
1 28500 875 70 4.29 3.07 2.78 3.53
2 18000 630 71 4.08 3.50 1,03 2.23
3 9750 620 75 3.33 6.36 0.96 0.90

33— o ——J—- 2 3 2 o e D S SO, e S S e P e i S G s i SR, S S e S S SO ) e s e S T S s s s Yo K S i i S, o G

HEC~1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

0.1 < x < 0,3 x = 0.20
val = 1.49RY:6750.5/ (£t/sec) R(ft) = 2.00
= 1,/ {3600*Vel) (hours) n = 0.10

Nstps = 60FK/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[2(1-x)] < CHECK < 1/(2x) 1/(2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
1 28500 4.1 1.91 7.64 8 0.95 1.92
2 18000 4.4 1.13 4.52 5 0.90 1.13
3 9750 6.0 0.45 1.82 2 0.91 0.45
e R S S R T R e e e e R S T S R s S RSt m s e
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WATER CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

R R R T N e T e R R R s S e e e e e e N T e et
? = (L9-8) (s+1)0-7/(1900¥%-5) = sCcs BASIN LAG TIME (hrs)

1 = CHANNEL LENGTH TO WATER DIVIDE (ft) .

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

R N R S S N N N I S e N S S TSN EsI NS oS TR oSt EnnEmsR=

BASIN NO. L (ft) X (ft) CN S Y () A (sm) T (hrsa)

R R R e e . S O N S N RSN ms
1 18000 2305 54 8.52 12.81 4.07 1.81
2 17759 705 62 6.13 3.97 2.63 2.62
3 19000 405 72 3.89 2.13 1.42 2.90
4 13750 615 72 3.89 4.47 1.97 1.55
5 5000 405 717 2.99 8.10 0.32 0.44

e 4 g S s s R 1l

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

R R S R R S R L I R R e R S T S R R T T I S B e T T e e e T e e e e RSN e e ot e P s B e S o =
0.1 < x <0,3 x =  0.20
vel = 1.49R0-6750.5/n (rt/sec) R(ft) = 2.00
K = L/(3600*vel) (aours) n = 0.10

Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
3 1 3ttt 4+t 342 } -1 £+ 1 4+ > 3 3 P 4+ F 4+ 3 P F -+ 4 3 I3 F 2+ F S+ F <+ 1+ 33
BASIN NO. L (ft) Vel K Nstps NSTPS CHRECK AMSKK
1 18000 8.5 0.59 2..6 2 1.18 6.59
2 17750 4.7 1.05 4.18 4 1.05 1.05
3 19000 3.5 1.53 6.11 6 1.02 1.53
4 13750 5.0 0.7¢ 3.05 3 1.02 0.76
5 5000 6.7 0.21 0.83 1 0.83 0.21
R T R O S R R S T S R N S N T T E S e N o semarsts
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CANON DE VALLE
HEC~1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAGC TIME DEFINITIONS

e T e e e e T e T e e e o T e S T e ) e i e e e e B e S R T R R T S e e it s e e
= (L0-8) (5+41)9-7/(1900¥0:5) = sCs BASIN LAG TIME (hrs)

= CHANNEL LENGTH TO WATER DIVIDE (ft)

= BASIN ELEVATION CHANGE OVER LENGTH L (ft)

= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB~BASIN DRAINAGE AREA (sqg. miles)

— et e gy e o oo Sty s S ey s
* 3 —— s amam

BASIN NO. L (ft) X (ft) CN S Y (%) A (sm) 7T (hrs)
1 22500 2756 53 8.87 12.25 2.33 2.26
2 7500 393 63 5.87 5.24 0.78 1.12
3 12500 477 64 5.63 3.82 1.17 1.92

e T e s s S B s S S s S S T e s S S S S ek it S e . S S T S e S STV M S S e S S S S S S S LA T S S Y D A s B S S S R S s

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

0.1 < x <03 x = 0.20
vel = 1.49RY-6750.5/n (ft/sec) R(ft) = 2.00
K = L/(3600*Vel) (hours) n = 0.10

Nstps = 60K/NMIN (dimensionless)

NSTPS = INTEGER VALUE FOR Nstps

'NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/[{2(1-x)] < CHECK < 1/(2x) 1/{2(1-x)] = 0.63

CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50

R S R N R R S e e R A S S T R s e e R S e S L e i e e

BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK

kX 22500 8.3 0.75 3.02 3 1.01 0.75

2 7500 5.4 0.38 1.54 2 0.77 0.38

2 12500 4.6 0.75 3.01 3 1.00 0.75
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ANCHO CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA C2.D FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

b ~—$ 31— 4+ 3 1t 3 - 41—t 2 A2 4 24—t _f 42 2 5

T = (LO-8) (s+1)?-7/(1900Y%-5) = SCS BASIN LAG TIME (hrs)

L = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS {dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

=1t 3+ ¥t 33—+ F 3+ 3 {3+ 4+ 3+ 3+ +F+ 1+ 3 3 53—+ 34434 F 1 3+ ¢t 73 3 -3+ + 43+

BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs)

F2-3 -3 -}t -3+ -+ ¢33+ §+ 3+ {1+t + ¢+ T+ ¥+ +—+3- 3 3+ L -F-F 2 -3+ 34 —F {3 ¢+ +£-3 3 2 3~} } ¢+ 3+ 4+ + 44+ } 3 ]
1 25750 1044 68 4.71 4.05 2.19 2.99
2 22000 1035 69 4.49 4.70 2.48 2.38
3 13000 1102 74 3.51 8.48 1.11 1.01
4 10000 688 75 3.33 6.88 1.04 0.89
5 2500 168 75 3.33 6.72 0.19 0.30

-+ + 1+ ¢+ ++- 3+ —3-++ ¢+ L+ + + F 4+ -+ + + -+ 3 F F + - Ft -+ -+ 3 I+ 4t 33 + 11 F 3+ 1 § F 13

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

R+ 3+ - >+t 333t ¥ 2 3% § ¥ $I + -+ + + 3§ 1+ + 334+ 4+ 13 5 +-J -+ 3 3
0.1 < x < 0,3 x = 0.20
vel = 1.49RY-6750-5/n (£ft/sec) R(ft) = 2.00
K = L/(3600*Vel) (hours) n = 0.10

Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15,00
1/(2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L {ft) vel Nstps NSTPS CHECK AMSKK
1 25750 4.8 1.50 6.01 6 1.00 1.50
2 22000 5.1 1.19 4.76 5 0.95 1.19
3 13000 6.9 0.52 2.10 2 1.05 0.52
4 10000 6.2 0.45 1.79 2 0.90 0.45
5 2500 6.1 0.11 0.45 1 0.45 0.11
R e R I N e T S N T e T e S S S T T e e T T e T T e
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CHAQUEHUX CANYON
HEC=-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

4t = 1L+ + a3 4 < J L+ 4343+t 3 J 3 4+t +<+F+F <2 3 F+ 4+ —F FF 4t F 34 -+t 34— 1 31
= (L0-8) (s+1)0:7/(1900¥%-5) = scs BASIN LAG TIME (hrs)

L = CHANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE NUMBER FOR AMC-II MOISTURF CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sg. miles)

R R R R N S R R T N N S S S T S eSS SRR anRTERs

BASIN NO L (ft) X (fv) CN S Y (%) A (sm) T (hrs)
1 16500 1292 73 3.70 7.83 1.50 1.31

R T S s N S S R T e N S N R S T s N S N S T TR SRR ST

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

0.1 < x < 003 X = 0.20
vel = 1.49RY:8750-5/5 (£t/sec) R(£t) = 2.00
K = L/(3600*Vel) (hours) n = 0.10

Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/{2(1-x)] < CHECK < 1/ (2x) 1/(2(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/(2x) = 2.50
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
S T N N T s N T T S e e e e e e s pe s S S TS S M me s SR ERIE I I

1 16500 6.6 0.69 2.77 3 0.92 0.69

S v v e S s S it s SR W GRS S Sty 9D Sl S SR S S S T M SMD SULS NP W SN 0 AP S S S U S S Sy e S S S— — S —— S S S S S S S Sy S S S 4 e S g — ———
R R R R R S e e e e R R R R R R R T N T I T S e o ===
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CANON DE LOS FRIJOLES

HEC-1 INPUT DATA FILE PARAMETER CALCULATION

SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS

R N e e T e e R e R R R R e e e e T S s S e s I

(L9-8y (s+1)9-7/(1900¥%-5) = scs BASIN LAG TIME (hrs)

T =

L = CHEANNEL LENGTH TO WATER DIVIDE (ft)

X = BASIN ELEVATION CHANGE OVER LENGTH L (ft)

CN= SCS CURVE L. "MBER FOR AMC~II MOISTURE CONDITIONS (dim)

S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)

Y = 100X/L = GROSS WATERSHED SLOPE (%)

A = SUB-BASIN DRAINAGE AREA (sq. miles)

F——+—3—+ 3+ 1+ 323 3 4. 2 2 ¢ 4+ 3 2 3+ 3 P 3 2+ 5 3 1+ $ 23+ 34ttt 1 3 -t a1 =1 1 1 2 3 1

BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hz.)

B e R e e e e R R e e R I S R T R R T N T N N T R N T oo

1 20200 2499 50 10.00 12.37 4.97 2.23
2 24400 1030 70 4.29 4.22 4.92 2.66
3 24000 633 68 4.71 2.64 8. 13 3 50

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

e o T e e T S e T T o T e T S A e e I e T e e e T S e e T e T e e T e e ) e T S T N T T N s e et
0.1 < x < 0,3 % = 0.20
vel = 1.49R0-6750.5,n (£t/sec) R(ft) = 2.00
K = L/(3600*Vel) (hours) n = 0.10

Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps

NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/{2{1-x)] < CHECK < 1/ (2x) 1/{2¢(1-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/{(2x) = 2.50
-ttt 3 e St} e o i+ ¢ ¢ 2 P2+ 4 4 3 32 < F- 3331 3 1 5 -+ 3
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
1 20200 2.3 0. 67 2.70 3 0.90 0.67
2 24400 4.9 1.39 5.58 6 0.93 1.39
3 24000 3.8 1.74 6.9%4 7 0.99 1.74
R e e e e R e R R N R R T S S e R e R S S N S A e S S N T I St A i et
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£9

GUAJE CANYON ABOVE BARRANCAS CANYON CONFLUENCE

1500

Q = -198.48 + 222.68 Ln(T); R* = 0.98
1250

a3
N o
f 9400l 1 bl

PEAK DISCHARGE (Q in cfs)

0 ] ! LIRS LA ! v ) LS D B N B DN | ¢ L LI S B L

SFIIONINOITUI MOTI"AO0O1Td
O XIANIddYV

1 10 102 103

RETURN PERIOD (T in yrs)
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BARRANCAS CANYON ABOVE GUAJE CANYON CONFLUENCE

150 4
1 Q = -22.14 + 22.94 Ln(T); R® = 0.97
~» :
S ]
£ 5aal
o L
~—r
: i
Q -
m ;
<
L <
Q -
4
Q3¢
< -
< -~
| 9] -
a. §
254
i
0" IR RN B B N B A | 1 - 1 T rrrr] ' v F rrry
1 10 10° 107

RETURN PERIOD (T in yrs)
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BAYO CANYON ABOVE LOS ALAMOS CANYON CONFLUENCE

PO N S A 2NN N TNE A 2N NN NN DN NN NN AN UEE DN TN TN YT AN BN BN N I

Q
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