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DETEIWIINATION OF IW-YEAR
FLOODPLAIN ELEVATIONS AT LOS
ALAMOS NATION.4L LABORATORY

t)y

Stt:ph(ulG. McLin

A13STR.ACT

Under existing permit rwluircmellts. tht! US El~\’il’{jl]ll~~:]~t:ilProt(x:tion
Agency stipulates that facilities regul:{ted by the Rmource Conservation
and Recovery Act must delineate all 100-yr floodplain elevations within
their boundaries. At Los Alamos those floodplains ar(! located within Iln-
gaged watersheds that drain Pajarito Plateau. This report docllments the
floodplain computational mapping procedure and, along with supporting
maps: is intended to satisfy this permit requirement.

The floodplain mapping procedure outlined hmw US(!Stopographic data
from AUTOGIS Mapping Overlay Statistical System IAUTOGIS-M(/SS).
a graphical information system database. About 65’Yuof the Laboratory
has 2-ft topographic contour interval coverage, while 35% has 10-ft cover-
age. Targeted stream channel segments are hiitkilly spccfid in the MOSS
system, and topo~raphic profiles of stream chal,nel cross \ections at user-
designated interi’als are ~!~tri+~t<~(1 a~ltomatically.Each 2-D profile is stored
as a 3-D MOSS line feature using INew Mexico state pk+uecoordinates. This
procedure is initiated at a convenientdowv.strcan.location within each wa-
tershed and is continued upstream tu a se!ected termination poiut. 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 Hydrography Package (HEC-1) and

I+EC-2 were used on a l?C-type microcomputer to perform floodplain hy-
drology simulations. HEC-1 generates storm hydrography 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 floodplain. The approach used here employs
a 100-yr, 6-h design storm event for Los Alamcs, but alternative floodplain
elevations produced by different storm events are easily computed.

The H13C-2-computed wate~-surface elevations for each charmel section,
along with the left and right channel stations where this water surface inter-
sects the ground., are read back into the MOSS system. This information is
then transformed within MOSS to determine local geographically referenced
coordinates that uniquely define the 100-yr floodpool. Finally: these paired
coordina’ es are linked together as MOSS-area features to identify each wa-
tershed floodplain. h this particular application, 11 separate watersheds
traverse LANL lands; individual channels range ~p 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. I?JTRODUCTION

The [“S En~.ironnwntai Protection Agency (EPA) stipulates that alI regulated hazardous waste
treatment, storage, and disposal facilities must apl~ly for a Resourre ~.:orl:ervatiorland l{eco~ery
i\ct (R.CKA) operat Ing permit. Under 1;PA authw ty, the .\’ew \lex ico LnvIrcmment Depart nwl;l
issued the US Depart lnenl of Energy (DOE) a:;d I.os ,ilal~ws Nat io]lal [,ahora[or} (1.ASL) a RCRA
hazardous waste facilir~?operating pern]it in N’o~enll>m1!)H!).The EP,\ issu?d DOhJ:utd L.4SI. tile
Hazardous and Solid \\”aste Amtmclments (HS\$:~\)portiot] of IIIW ~)~r]lli!ill \lar~ i, 1w). A> a
cent]it iol] to the IIS\\:A portion of the permit, LA.\’L W’Mre(lui. f-l 1 [() define illl 100-]r fl{,<)I[,laill
ele~’ations withi11tlw facilit~”boundar}’ [40 CFH 270.1d(h )( 11)(iii)]. “1’ll+efioocil~lii iI!e!e~wtiol]sII IISL
be consistent with Xational Flood Insurallce Progralll i[la~u+[)rf)durwl for tho b-eder:ilillst]ratlce
Ad]])irlistration (K’IA), or must use an t?qui~wle!ltIIIrtIIorlof IIMI,I)iIIg. ~e~c,r~[his llS\l”,\ ;,f>rmit
condition was manclared, these floodplain }jou~ldar~’loca[iol]s had I:~,~erheetl C(JTI1l)leiely II1,il)IIPd
within the LAN’L complex. This report clescr;bti~a []le~ll,)<!<;l~g~[lIiLIis recogi]iz~~lby t“ileLP,\
and others (i.e., FIA, US /\rmy Corps of Engiw>rs (COE), [ Q f311r~’wof I{r(!amatiotl, ZNI{![:!SSoil
Conser~’ation Ser~.ice)as beitlg an appro~ed [echtliqlic i’ordefinIt14fl(lf)(!pliti]i,l{ia[ions II!ur,;,;~gt(i
watersheds.

Actual floodplain-modeling efforts used the C’OE II~(!rologic ll]giueering (’el]ter (11Et”)
computer-based 11’loodHjdrograph r,lodel (HE(-’.I J it]][l tlw if:ater-Surface Pr~files model (II[[~-~).
Both the IIEC- 1 atld FiEC-2 co]r]ptiter pro:r{t]ts we (l:r..sifiedas sil]gle-e~wlt*;irrtulationIIKJ&lS,
as opposed to contilluous-sirrlula tiolls!rewlrii(~wrIIodels like the Staniord or Ke[l[rlckl \Vatershed
Yiodeis. (continuous-simulat ion models requir(’VXIrlwive systenl obser~.atic,rl,which is 110[a~’ailable
at LAN“L. Event-sitllulation models, cn tIle other llii[l(l, allow greater flexibility’in using distributcd
parameters and short time increments. ‘1’}~e}ealso require cor]siderahlj”less field observation to
support input data requirements. In ~(]ditiGl:, Y!le HE(’-1 and Hk;(.~-2 event-sililulatlon ]t~o(ie]s
are recog]lized by the i?PA a])d COll as S(ate-cl-l he-art sinlulatio:’ models for ungaged watershed
applications.

HEC- 1 is used to sinlulate either real or ll}pot;i~[ical storm h}tlrographs in ungageu or gaged
watersheds ill rospcrrlseto IIsa-specified rail,fall l]yetographs. As us~d here, HE(- ! eITl?loys-.
tradit i(~rla.11~0-Ji-,(j-h desigtl storm e}eut for Los Alamos. altliough aty altemat i~?eretur,,.-period
e~.entcall easily he incorporated. A represericatit?e 100-yr, 6-lI design storm event is reco]nnwnded
h}”the COE for delinil~g 100-yr floodplains ill ]Iorther]l Sev,’ Mexico (M. MtignusonjUS ArtrlJ
COl” .41t~uquerque,personal communication, 1989). Predicted HEC-1 hydrographypeaks at ~.arious
streru]l cl]annel locat ions, along with stream channel geometry and watershed basin charactorist ics,
are used l]}’HEC’-2to compute 100-yr floodplain elevations.

Topographic profiles of stream channel cross sections at viiriouc locations were obtained from
LAXL’S AUTOGIS computer-based Napping O~?erlayStatistical System (AUTOGIS-MOSS), a
graphic information system database copyrighted by Autonietr; c, [11(’.About 65Y0of LAIXLhM
2-ft topographic-contour interval coverage, while 35% has 10-ft coverage. Targeted stream channei
segments were init ially specified in the M0SS sy?stem,and topographic profiles of cross sectioli:;
at user-designated intervals along segments were extracted automatically, Each 2-D topographic
profile was stored as a 3-D MOSS lirie feature using New Mexico state plane coorditlates. This
procedure was initiated at. the intersection of the eastern DGE-LAN-L facility boundary and each
watershed stream chanuel and was continued upstream to the western facilil,y boundar}”. These
3-D line features were then exported in a format satisfying HE(7-2 trlodel inpul data requirements.
.4ppendix A describes how to use the AL~TOGIS-MOSSdata extract icm programs developed for
ti)is project; actual source code listings (LA-CC!91-3) are contained in Disk Xo. 1 attacked to this
report.

HEC-2 is used to compute floodplain elevations tIlitt are a.s.mcia[edwith user-specified h3.dro-
gr,,,ll peaks. Floodplai]l ele~’ationsfor 11 separate Matersheds that included all major tributaries
were defiued at 250-ft inter~.als along stream channels within the DOE-LANL boundary. Thsse
watersheds we depicted in Fig. 1; they were subd it.irled into 52 separate suhbasins. Feak floods
tvfire :JSCIdefined with 11EC-1 for two additio]]al watersheds hit~’ingA iota] of eight serjarate sub-
basit . }]owe~er.these later watersheds do not cross the IX)E-LAYL facili:y bcmndar~..The HEC-1
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and HEC-2 input data files used to generate these hydrographypeaks ii])dfloodplain ele~wticmsare
contained on disks numbered 1 and 2 attached to this report. Paranleter estimation procedures and
construct ion of input data files, including the A[JTOG1S-}’1OSSdataextractiontechniqueused to
define topographical profiles of stream channel cross sections, are described in (he Sect,io{lsbelow.
Gace all 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 eacil stream
cross section. Finally 1:4800-scalemaps depicting the DOI?-LANL boundary and all 1110-yrflootl-
plains were prepared. This packet of maps is maintained 011file in l.AS L’s Facilities Engineering
Planui[lg Group office (ENG-2 File Number R-716!))and in the Geology an{!Geochenlis[ry Group
office (I; ES-1). This report documents the identification of these fiomlplain elevations and, along
with the abo~.e-referenceclmaps, is intended to satisfy the RCRA/ HS\VA permit requiretnent t}lat
all 100-}”rfloodplains within the DOE-LANL facility be nlapped.

II. COMPUTATIONAL METIiODOLOGY

Predicting peak discharge rates an: synthesizing complete discharge hydrography for use in defin-
ing floodplain areas within ungaged watersheds are two challenging tasks irl engineering hydrology}’.
Most designs involvehydrologic analyses based upon a critical flood th?t imitates some h}?pothetical
future storm event. Ideally these analyses are based on long-term raillfal]-runoff observatiolw. At
LANL sufficient stream flow records are not available to support these analj’ses, although an exten-
si~’erain gage network with a lengthy precipitation record lends support (130wen1990). Hence, one
may be tempted to employ some regional analysis technique, or use enipirical-correlat ive Inethods.
Howevt.; these approaches may not. accurately simulate the rainfall-runoff process. An example
illustrates this point.

The US Geological Survey (USGS) has produced probabilistic techniques to estimate peak dis-
charges in hew Mexico’s streallls (Waltemeyer 1986; Thomas and Gold 1982; Scott 1971; and
Borland 1970). These USGS studies define the regional magnitude and flood frequenc}”within New
Mexico stream channels using multiple regression techniques for the 2-, 5-, 10-, 25-, 50-, and 100-yr
storm events. The empirical equations used are b?alidfor specific watersheds under a wide range of
climatic basin conditions that are considerably different from those at I.os Alamos. Furthermore,
these USGS studies yield significant errors in applications for which gaging records are a~ailable for
dire~t comparison. Finally, these techniques were not intended to satisfy the RC[iA/HSWA per-
mit condition requiring floodplain definition. A direct comparison between the LSC;S and HEC-1
hl’drograph 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 syst-
em of ungaged, interconnected, watersheds with ephemeral stream drainage. He]lce, 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 l,arrow in the north/south di-
rection. This atypical watershed shape, coupled with variability in surllcial soil type alid vegetation
cover, yields fairly typical rainfall-runoff time-of-concentration values for each subbasin within an
indi~’idualwatershed. Here, time of concentration is defined as the flow time from the most remote
pcirrt in a drainage st’bbasin area to its outlet point. However, as one moves downstream these
subbasin time-of-concentration values and unusual watershed configurations combine to yield hy-
drogr%phpeaks that are atypically amplified. Hence, one tends to actually observe longer-duration
runoff events with lower corresponding hydrographypeaks than some simple models would predict.

When one considers the particular application at LANL, the deterministic approach using unit.
hydrographytheory commonly employed by the [1S Army COE, the US Soil Conservation Ser~.ice
(SCS), and US Bureau of Reclamation is clearly appropriate. This approach is incorporated into the
HEC-1 model and generates stream hydrography at specific channel locations. An entire watershed
is represented b}.an interconnected group of subbi~ins. Each subbasi~lgenerates an individual unit
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hy;lrograph \“alllesiU”~Slll)seqilrl]l 1}”I“vid ill[o I!I? II[’J(”’-’2Illodel :L$a I’:IIK’1iotl 0! CllalllleiIIisl;illc{’.
HEC-’2IIlen sillmlates 1iw i(JO-}”rwalw-surfaw ele)”itliwl using a slra(l). ~1’;idUiill)’t“iU”ie(iflow itp-
proxinlation. ,\ 11i[erat ilec.,s[iillflal”(l-~t~j);Iwl110(1u“lwIlseflI() coilll)uIr [Iii+wa(er-slIrfa(wt.]JJ”aliolt
*$ ii l’Ull~iiOllOfCllalllleldis[flllr~.

%eral li~~t’111?(1’-1 ])aralll(:ldl’sXpl”fwlll it~”~l”~l$+~twillilwir lelllpO!”+l:ill(l spatial 1)1’(:o+ses within
eaclI sul>h~siII: llle!; il)ClU (Ie iilllP(’&(lrlllllmi~l11re l“Clidi[iolw. soil ()”1)?S.illl(l1ii11(1(“U}’til”.I[1’:C’-1 :11S0

requires Iha[ it(Iesign raiIIfrilliill1o11lltillI(1Ir’11Il)ol”illd islriI)IlliolI lx! S]wciflv(liLSillI]1]I fliilil. IIbllC<,

th~ IIIliI 11)”(1;“CJ~l”il])llill)i)rOilCllis qlliIv flexil]lr. III add ition, IIIv II1’1(”’-1 and 111;(’-’211Io(lels a]so

111. HEX-1 FLOOD HYDROGRAPHY PACKAGE

A. General Model Description

HEC-1 is tlIe Inost widely accepted IIWLIW(Ifor sy”stf-nli .}”colIlpu[illg rlllwff 1]}’drogral~lls
ill complex watershwls. It is a general-purpos Illodel Colhbl illg 0( it cfillillg ptwgrani al!(i his
subroll titles. Two of Ll]esubroutines riwerlni IIe tII? optimal IIIIit II}”(lrogritpll,chiilIIMJl loss rii(e,

and st reallliloJJ.-roulitlgparanwters. Other sulmmt ines perforlll sl]ouillelt-rullofl, uuil I]](irograpll,
ll)dl”ographrouti]lg, and colnbimttion colllputatio]ls and }l!dl”ograpl]-l~:ilallci~lgoperntiotls. III~C’-I
is c~pable of sinlulating a single-storm rainfall-ru]lofl process or conlputil]g nlultiple floods for the
same tvatershecl duritlg planni]lg studies. It can be used to forecast 1)~(h pre- and l)os~-cot~stri](”iioi:
flooding in-,l~actsassociated with de}’eloptnentactii.ities. Output froltl the model inrludes design
storln h}.drograpll.s at specified cha.tlnelIocatious within ~l~e!t”i{~~tdl~(!.H I;<)l output is I!lvIIustxi
by the HEC-2 model as input data.

Table 1 sulnluarizes major watersheds draining t!le DC)K-L.AXL facilit}?complex. Figure 1 si]ows
approximate watershed locations: detailed maps itr~referenced iater in this repcrt. ihcause u.aler-
shed basins withiDthe fiicilit)”comp!ex are ungaged, tile SCS s~”nti]e[ic unit hydrographytech::ique
was used to characterize the relationship between rainfali-runoff and flood peak discharges. Al-
tlloi]gh HEC-1 can usc either tile C~lark,$hl}xier,or SCS synthetic ul]it hytirogritph itppro~cll, tile
latter was selected for reasons Iisled below. Furtlwrmore, the SC’Sraillfall-abstractiojl rate was also
‘Ised, as this paper will describe later. Finaily, h) using a ~earietyof techniques, including mo(ii-
fied Puls, Muskilqym. kinematic wave, working R&D, aud ievel-pool reservoir roltting. HEC-1 can
route computed flood flows through dowrrstreanl subbasins. The Muskingum metilod was selected
for channel routing because cilallnel losses anti flood wave attenuations in indi~?idualwatersllc,is
ha~e not been fully characterized. Hence, these losses were assumed to be zero, e~en thougl) the}”
are known to be relatively high in certain stream channel segments. it should Deemphasized that
a relatively conser~’ativedesigtl phil,wophy.was followedhere; whene~.erspecific obser~”ationaldata
were not a~”ailabie,an approach that would tend to yield larger peak hy’drographsat a particular
channel location was taken. It silould also be noted that the HEC-1 model is extremel:{ 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 atiditional model
descriptions and to Viessman et al. (1977) for general hydrologic principles. FinallJ”, it should
be noted that the June 1988 ?ORTRAS version of HEC-1, published as PROHEC1 (March 1990
reiease) by Dodson & Associates, Inc., of Houston, Texas, was used in this study.



Tablel. Watersheds draining the eastern DOE-LANL boundary. See
Figure 1 for approximate locations.

MAJOR WATERSHED NAME TECH AREAS WITHIN WATERSHED
1. GUAJE CANYON WATERSHED...,..........Outside DOE-LANL Boundary,

Guaje municipal WC1l field.

2. BARRANCAS CANYON WATERSHED..........None.

3. BAYO CANYONWATERSHED. . . . . ..........None.

4. PUEBLO CANYON WATERSHED.............Historic LANL Sites, O-1
water well, zmd airport.

5. LOS ALAMOS CANYON WATERSHED .........Historic ML Si.tgs, 3, 43,
a. Canad= Bonito Tributary 41, 2, 21, 53, airport, O-4
b. Quemazon Canyon Tributary water well,, and Los Alamos

municipal well field.

6. SANDIA CANYONWATERSHED. . . . . . . . . . . . .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 15.
b. Canon de Vane Tributary
c. Potrlllo Canyon Tributary. . . . ....15 and 36.
d. Fence Canyon Tributary

11. ANCHO CANYON WATERSHED..... .........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...........Outsid. DOE-LANL Boundary

B. Design Storm Events for Los Alamos

Obviously, a particular storm hydrography for a given watershed is intimately related to the
spatial and temporal storm distribution pattern generating that hydrography.Hence, in this report
w9de9cribe the lof)-yr, 6-h &signstormeven~ that produces the IOO-yearflood;;k::l for LosAlamos.
The reader should note that other 100-yrstorm durations (for example, the 100-yr,24-hevern) may
produce different 100-yrfloodplairi definitions. Each of these aspects is described below.

6



I’klah]isllillg a desigtl s~ortll e~”elltrequires Se)’t!l”itli]llportit]lts!el)s. ‘I”lleseiuclull(’s[jecificaliot]
of (~) S1ornl fre(~UellC}’or l“t’Iurn l)erio(];(y ) S[01”111 dUral iOn, 101d I“:{illfid] dept}l, WI(1 W“i{ler!$]le(l

area i~(ljus(Ilkll(; and (3) s;ortn Ielllpor,a] [Iis[ril,ut ion and dIlrii[io[lof rail]fall ti.scess. ‘Ille I“:PA
stipulates that RCR.i\-per]tlit.[ed facilities ImISIuse the 1(1)-j’rstorlll to MtIIe all floorlpla;,)s [,10
C~FR270.ll(b)( 1l)(iii)]. The US Arnly C~OEr~xoltulletidsthat a [;-h storm event he used ilj 1~~-~”r
I’]E{’-I flood sinluiaLiolls for l)Orl])el”ll>ew” \“lI?Xic(l.Illad(]ition, r:iillfidl(h?pt]ls]la~”ebtiell 1ii])ll]:lted
for J,os ,llaillos C’oullt~’(Ilowe]l 1!)89). Owing to IIIe sl~lidlsize of il]dikidual subbasill ttitttirsl!eds

witllill [lw I,al)oratory Colnp]ex ([j”picallj, less t113!15 sq IIli), 110 area] adjus~Illent WasIrlidk’for I Ilest?
rainfall depl Iw. [let Ice faclors ( 1) iiil(l (2) alxn’eiir~fixt?(iby iustil111iakd constraints all(lsj31etII

obser~?ations. ‘he rtwolllllw]ldecldes]gt}rat ioliit!efor factor (3) is Acr-il)ed twlow.
A reprt:sw[al i~wraillfi~illl)”~tOgri\I)llIllat is l)iiSP(l 011 rilhw Ihe ww-lw..ihle S101”11’(Iislributioll

I)altern or 011 recorded slorlll (Iisi ribu[ ioli ])it~ftir[ts11111S1I)e Selt,clV(I. “I”llis11}’eIO~l”iLl)llw“ili>igllif-
iCalll1}”affecl Ille shape and l)eiili1A U? of IIle rwul1iIIg rullofTIl}”dr(}grap]lfor a gil’ell \$”itlerSll(?(l.
Precipil i{(iofl (Iepths hate lm+lII]le:wrtxl dfiily ill 1,0sAlallIossilm 1!J1I (Howen 193(1).llldiJidual
storln pal terlw Ila\”el~et?llrecorded ill 15-lIliliil]t<1’\”idSsi]lce 1979. ‘[’llvsedata were used to cIe\w]olJ
i!11ellSit}”/dlll”iiticjll,ffrequency(ID F ) relat i~)tlsllilw for Los ~\lallm3.‘I”lwseIDF cur~wswere tllell used
10 es,ablis]l illditidual O-h design stortll d:s[ril)u~ions for tlw “.!-,5-, I[)-, 25-, 50-, ;{11(]1OO-}”l.e\’(tIltS.

A Colllpiirisollwith the SCS O-hdesign storm dis(ributioll (SCS, I!)(N)sl]owslha.t t.lw‘KS cur~’eIJro-
(]l!cesa s]ig]it]yIIlore utliforlll r?;nfal] distrihut ioli atld solllewllat lm$”ercorrespolldil]g 11}’drograpll
[)t?itkS.

Si]]ce standard “lD1rcur~es Ilad t]ol I)een cltitwlopedprei’iously for 1.OSj\la[llos, tl]e}”were con-
s[ructe(l for tIlis stu(l~?using prmipitat iotl dal itfrom Howen ( 1990, [). 15ti). lntellsit~’ is [he t ilne
rate of precipit iitioIl, exlm?ssed ill inches per ]Iour (in.jh ). Ilt?re, itl”erageinLensily is giw-11hy tile
expression

i = P/T = c/(’l”c+ f), (111-1)

w.llere; is alwrf~!!,( Ic.llsit~. (in ./ll ) Ol,er tillle ‘I”;p is the precipitantiolI depth (in. ) ]isted ill Bowell
(l~~o): ‘J’ is ,,,l:,latl dui;,;ion (]llin); and C, e, and f are coefilcie]lts that ~earywith location aild
ret urn pwl d (’l’r). Plots of i ~“ersusT are SI1OWI1ill Fig. 2; for Los Alamos, these IDF curves have
the fo;lcm. Iq coefficients:

‘n” (y I”) c e f

2 88.441 1.011 21.953
5 85.51:1 ().962 10.752

80.988 0.931 6.123
;: 82.730 0.912 3.281
so 81.4140.893 1.58(I

100 85.(J5O 0.888 0.617
.

Once these IDF cur~”eshad been constructed. :; ]]yetograph of a 6-11design stornl w= de~wloped
for each return-period e~ent using the alternating-block method (Chow et al. 1988, pp. 454-460).
Results for the 2- and 100-yr storm events itre shown in Fig. 3. Figure 4 shows the culrlu]ative
100-~”r,6-h design storm for Los Aliimos atld [he SCS 6-11design stern] for comparison. 1-!MLos
Alamos cmrrulative 6-h design storm pattertls for the 2-, 5-, 10-, 25-, 50-, and 100-yr evet]ts are
listed in Table 2; note that these distributions are i:l dimensionless form. These hyetographs were
used throughout this stud}’ in all HEC-1 sinlulat ions.

It should be noted that each of the Los Alamos storm distributions listed in T::ble 2 contains
all of the shorter-duration events with the same recurrence interval. For example, the I!l!l-yr, 6-h
design storm contains the 100-yr, 15-millstorm in its central 15-rnin interval. Likewise, the loO-}.r,
30-min storm is contained within the central 30-nlin interval of the IOtl-yr,6-11design distribution.
Similar comments apply to the 2-, 5-, 10-, 25-, and 50-yr deslgll stwwl e~wntslisted in Table 2.

\Vhile many theoretical storm distr, -utions are available for Midwestern and eastern Waters]ieds,
it was feit that norleof these would adequately reflect conditiom at Los Alamos. In other words, these

‘i
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Fig. 2. Intensity-duration-frequencycurvesfoi LosAlnmosCounty.

Midwestern and eastern storm patterns tend to yield smaller peak hydrography 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 a result, this design pattern yields higher hydrography in resporise 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 probab!y
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 conservative and tend to yield larger hydrographypeaka 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-EI4and TA-59) and individual elevations of subbasin
centroids (Tables 4 and 5). Centroid elevations were obtained from 7.5-rein-series USGS topographic
maps. Precipitation depths listed in t+ese tables were assumed to be uniformly distributed over their

8
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Table 2. Individual 6-hou= design storm distributions for LOS

M.amos county. see Figures 1 through 3.

Time Time Cumulative Stem Distribution (dimensionless)
(rein) (nr) 2-yr 5-yr 10-yr 25-yr 50-yr 109-yr

.----------------------------_..------__----------.--_-----,----.,
o

15
30
45
60
75
90

105
120
135
15C
165
180
195
210
225
240
255
270
285
300
315
330
345
360

0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
“.75
5.00
5.25
5.50
5.75
6.00

0.OOOO
0.0021
0.0046
0.0078
0.0118
0.0169
0.0238
0.0334
0.0476
0.0704
0.1125
0.2121
0.6644
0.8493
0.9113
0.9416
@.9594
0.9709
0.9790
0.9849
0.3834
0.9930
0.9958
0.9981
1.0000

0.0000
0.0033
0.0071
0.0114
0.0165
0.0227
0.G303
0.0402
0.0537
0.0739
0.1087
0.1894
0.7017
0.8598
0.9100
0.9356
0.9521
0.9636
0.9722
0.9790
0.9846
0.9893
0.9934
0.5969
1.0000

O.ooco
0.0041
0.0087
0.0139
0.0199
0.0268
0.0351
0.0454
0.C589
0.07?8
0.1088
0.1770
0.7289
0.8637
0.9070
0.9307
0.9465
0.9581
0.9673
0.9749
0.9813
0.9868
0.9917
0.9961
1.0000

0.000u
0.0045
0.0095
9.0151
0.0213
0.0285
0.0369
0.0471
0.0599
0.0774
0.1045
0.1608
0.7617
0.8718
0.9087
0.9300
0.9448
0.9562
0.9654
0.9731
0.9798
0.9857
0.9909
0.9957
1.0000

0.0000
0.0051
0.0106
0.0167
0.0235
0.0312
0.0401
0.0507
0.0637
0.0808
0.1060
0.1542
0.7833
0.8726
0.9057
0.9260
0.9408
0.9525
0.9622
0.9704
0.9776
0.9841
0.9899
0.9951
1.0000

0.0000
0.0051
0.0106
0.0167
0.0234
0.0310
0.0397
0.0499
0.0624
0.0784
0.1012
0.1424
0.8081
0.8797
0.9090
0.9278
0.9418
0.9530
0.9624
0.9705
0.9777
0.9840
0.9898
0.9951
1.0000

respectivesubbasinsinall HEC-1 simulations. These depths were also assumed to have the temporal
distributions listed in Table 2 using 15-min rainfall increments.

C. SCS ?Jnit Hydrography

Obviously, not all rainfall from a storm contributes to direct runoff, because some is lost duriug the
ov ...and flow process. Four theoretical rainfall-abstraction calculation techniques are incorporated
in HEC-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 time
values. Here, basin lag time is defined as the time between the centroid of excess rainfall and
the resulting stream hydrographypeak. The SCS technique uses an SCS curve number (CN) to
relate accumulated rainfall exces or runoff to accumulated rainfall with an empirical CN value. In
equation form we have

R = (p-1)2/(p–l+s),S = 1000/CN – 10, and I = 0.2s, (111-2)

.;here

10
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Table 3. Precipitation depths for various return period~ and ~tortn
durations at Los Alamos (TA-59) and White Rock (TA-54) .

LOS Ala.nlos - ‘l!A-59: Elevation = 7379 ft above MSL.

Precipitation Depth (inches)
-------------------------------------------------------

Tr (vrs) 1 hr 3 hr 6 hr 12 hr 24 hr Annual
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 (vrs) 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 1.56 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.la 2.28 2.39 2.49 3.03 28.41

R = ruilofT(in.),
P = rainfall (ill.),
1= infiltration ahstractioil (in.),
s= potentia] maximum retention after rainfal] begins (in.), and
cA- = SCY3curv enuulbe r(%ofrunoff).

TheCX is afunction ofland use, vegetation cover, soil classification, IIydrologicconditions, arid
antecedent moisture and runoflconditiol]s. Variatiom m infiltration rates ofdifferel]t soil t}”pesare
incorporated in the CN thrOUglithe classificalion of soils into four hydrologic soil groups possessing
high (C;roup A), moderate (Group B), low (Group C), and ~wr}’low (Group D) infiltration cal>i~cities.
C;roup A soils have a water transmission rate >0.XJ in./h; Group B soils ha~’e a transmission rate
of 0.15-0.30 in ./h; C;roup C soils have it rate of 0.05--0.15 in./h; and Croup D soils }law a rate
<0.05 in./h. These soil types have been previously mapped in Los Alamos C~ounty(Xy”hanet al.
1978) and were used here. In addition, CN valueshatebeen tabulated in Hoggan (1989, pp. 3:3-36).
Antecedent. moisture conditions (AMC) that are typically used for design applications are called
AXIC-11(average AMC). Techniques for converting CN values under AXIC-11to CX values under
A?vlC-I(very dry soil, but above the average plant-wilting point) and AMC-111(nearly saturated
soil—heavy rainfall or light ranifall with low temperatures has occurred within the pre~”iousIi\’e
da~”s)are available (Viessman et al. 1977, Tables 12-15, p. 622). J1owe~er,110SUCIIadjust meuts

——



Tablm 4. Tsbulatd 2-y.ar and loo-you, 6-hour prmlpitatitm
totala for individualwatorah.d mb-baszn..

Wntorabad Sub-BasinCOntrOid Precipitation (10]
Nu B1.vation (ft NSL] z-~mr loo-y,ss

------------------------------------------------------------------
Guaj*

1. AbOW9 SN-71721
2. Abovm EN-6253
3. Rsndij~ ~e s34-6253
4. Abova EM-589? m asrrmcaa
5. Abovm LA Ccnyon Conflucnco

8100
6700
1105
6400
5920

1.69
0.96
1.17
0.00
0.5s

0.89
0.69
0.90
0.66

1.23
0.8s
0.64

1.84
1.27
0.04

2.26
1.48
1.14
0.59
0.45
0.38

1.06
0.80
0.75
0.48

1.31
1.14
0.97
0.92
0.93
0.77

1.04
0.85

2.01
1.37
1.37
1.03
1.13
0.91
0.76

0.98
0.96
0.00

1.84
1.32
0.90
0.85
0.43

1.99
1.3s
1.27

1.06
1.01
0.80
0.75
0.46

0.62

2.10
1.27
1.11

3.29
2.09
2.44
1.83
1.44

1.99
1.66
2.ao
1.61

2.53
1.92
1.57

3.54
2.60
1.90

4.23
2.94
2.3S
1.49
1.29
1.19

2.26
1.63
1.75
1.32

2.67
2.36
2.11
2.04
2.0!6
1.76

2.23
1.62

3.92
2.77
2.77
2.22
2.37
2.01
1.77

2.x3
2.09
1.83

3.s4
2.69
2.00
1.92
1.23

3.78
2.76
2.60

2.26
2.17
1.83
1.75
1.20

1.67

3.97
2.60
2.3s

Bsrrsncaa
X. Townslto TributaryatEl6000
2. SoutharnTributary ●C Cl 6000
3. Northorn 2 Tr-utarim c1 5940
4. MIOVa EM-5897 atGusjo

6580
6200
6600
6140

Bayo
1. Town8>tc Trihtmy ●t El 6615
2. Ncin Ch-1 ●t Cl 6060
3. SouthornTrxbucnry ●t Totav$

7220
6S00
6100

Pueblo
1. Trti Conflumce at El 7220
2. Abovo County Lins atc16526
3. NW-4 Y 6 W Conflumco

8400
7300
6460

Lom A.Lcmoa
1. Abovc Rcnorvoir●t?.176!)7
2. A&W- Bridqa ●t El7126
3. NW-4 Y 6 Pueblo Ccnyon
4. Aboro Totavl at 13ayoConfluence
5. Abovc Guaje Confluanca
6. Abovo MO Grsndm Confluonco

9200
7700
7050
6000
5740
5600

Ssmkia
1. Mom NW-4 at 21 6460
2. ?!si.ncI)smml ●t El 4090
3. Tmnkwi Drainaqm ●t c1 6090
4. Above Rio Grsnds Confluonca

6900
6400
6300
5600

Nortandsd
1. ?cn-SiteConflu at Cl 7060
2. mow 1stSad ?Zam ●tm 5783

7200
7045
6730
6640
6650
6340

3. At Ssst ML BOund&y Lino
4. AbOVbNW-4 ●t Cl6455 L CdsO
3. CdrOCsnymXNo~sndsd
6. Csnsdc &l S.u-yConflusncm

Ccilcdc&l Su,y
1. Abovs NW-4 ●tNbitoRookx
2. Abovo 3U0 Gmndc C0nflusoc9

666s
6500

8720
7500
7500
6050
7030
6610
6330

Pmjarito
1. Abovo 4iW-503●t W. DOS Lina
2. Abcw- Z-m CsnyOn COnflu*ncO
3. Z-d Ccnyon ●t ?ajarito
4. Abovo 3-MI Csnyon COnfluOncO
5. 3-u Canyon at PaIarAt.0
6. Abovo NW-4 6 Nhita mck
7. Above Rlo Grsnde Confhmsmx

Potrillo
1. Abmm F.ncm Cotaflwncm
2. Fmc. Ccnyon ●t Potrallo
3. Abow Wat.x Csnyan Conflumco

6750
6700
6400

Wata:.
1. Abovb 36W-503●t Woat DOE Line
2. AbOvO Vdlo Ccnyon Confluonco
3. Ab&m NW-4 at 21 6410
4. AbOvO P0tx2110 C. Conflumc=
5. Abovo SiO Gxsnd9 Canflumce

8400
7400
6600
6500
5700

VSU*
1. AbOVO 66W503 ●t W. DOg Lino
2. Abov8 7A-IS Asaa P Landfill
3. Abovo Water Ccnyon Confluwnca

6680
7510
7300

Ancbo
1. West Fork and SW-4 ●tEl6246
2. 9hStFoxk cnd NW-4 ●C 21 6244
3. Lowr East rork ●t 21 5550

6900
6600
6400
6300
5750

4. Wsin chsntml ●t 325556
S. Abo.m Ah Grsndc Confhmncm

Cbsqwhui
1. Abeva Rio Grsnda Confluanco 6450

rcijOhs
1. Nsin Chsnml atE17200
2. 6d0W Burn Me,- at Cl 6670
3. Abo=a USGS G+m Station

---------------------------------------

6900
7300
7060,--.-----.--- -----------.-.--
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Table 5. Tsbul~tod 5, 10, 25, .md 50-year, 6-hour precipitation
totals for ~nd~vxdu~lwaterahad sub-bamlna.

Water.had 6-hr Proc~pltationTotals Iin)
Na 5-yr 10-yr 25-yr So-yr-------------------------------------------------------------------

CUaya
1. AbOVO 8M-7172i
2. AbOVS S24-6253
3. Rmdl]a ●t BM-6253
4. Abo!m BM-5897 at Bazrancas
5. Abovo LA Canyon Confluence

Barrsncm
1. TOWTMXCe Tributary at .S16000
2. SouthernTrxbutaryatEl6000
3. ?Sortharn2 TrlbutarlesEl 5940
4. tiOVO BM-5897 ~C Gua]a

S.ayo
1. TownniteTr~butar.,at El 6615
2. Min Chmwml at &l 6080
3. SouthernTrlbuc~ry ~c Totav~

Pumb:o
1. Tzxb Con<lucmcaat Cl 722o
2. Abovo County Lln~ atEl6526
3. MN-4 Y t LA confluence

Lea Aluaos
1. Above Ramorvoir ●t Z1 7657
2. Abov9 Br~dg. ●t c1 7126
3. 22U-4Y b Pueblo Canyon
4. Abovo Totav& ●t Bayo Confluence
5. Abov~ Gua]e confluence
6. Above R&o Grande Confluence

Ssndia
1. AbOVa ISW-.. ●t El 6460
2. Haln Cham.el at E1 6090
3. Tsnnhwi tramqe ●c Cl 6090
4. Above Rio Zrsndo Confluence

ISortmdad
1. Ton-siteConflu ●t El 7060
2. Above 1st sod Trap ●t El 6783
3. At east DOZ BoundsKy Line
4. AbOVmW-4 ●t El64!956 CodsO
5. Cedxocmyon atnostsndad
6. CM-6 dol BU9Y Confluonco

Csnds del BUOy
1. Abom 2f9S-4●t White Rockl
2. AbOv- RIO GranolaC0nflu9nc*

Pajarito
1. AbOvO 19W-503at 2S.OOC L1no
2. Above Z-m Canyon COnfluOnca
3. 24 Cuyon ●t Pajarxto
4. Above 3-m2 CsnyOn COnClu~ncO
5. 3-mi Canyon ●t Payarxto
6. Abova 16W-4C U3ntm Rock
7. ALYOVORLO Grsnda Confluence

Potrillo
1. AbOv. ?ence Confluanca
2. ?-ma CsnvOn .stPOtrxllo
3. Abwa

Water
1. AbMm
2. Ab0v9
3. Ab0v9
4. Above
5. AbOtm

vallo
1. Above
2. Ab0v9
3. mm

Hat&rcanyonConfluence

16W-503●t West DOE Lina
Valla Canyon Confluanca
Hlf-4atISA6410
POtril10 C. Confluence
2(20GranolaCOnfluusco

ISW-503at W. 00.CLina
TA-16 Area P Landfill
w~ta; Cmyon Contlunncm

1. lto~tFork snd ISW-4●e 21 6246
2. P,ast?ork and sM-4 ●t216246
3. LOW-Z I?ASCFozk ●t Cl 5558
4. main Chuln.1 at El 555s
S. Abe- Rio Gcmde Confluonco

Cbaqwbui
1. Move Rio Grade Confluence

rrijolm
1. 19sinChsnsml at Cl 7200
2. BO1OW Burn kfosmat216670
3. Abowa USGS GWo Station

2.16
1.27
1.53
1.a7
0.77

1.19
0.95
1.20
0.91

1.60
1.14
9.88

2.35
1.65
1.13

2.86
1.90
1.49
0.82
0.65
0.56

1.39
1.07
1.01
0.69

1.70
1.49
1.30
1,23
1.23
1.04

1.37
1.14

2.56
1.7s
1.7s
1.36
1.40
1.21
1.03

1.30
1.27
1.07

2.35
1.71
1.20
1.14
0.63

2.53
1.78
1.65

1.39
1.33
1.07
1.01
0.66

1.11

2.67
:.6?
1.46

2.44
1.47
1.75
1.26
0.92

1.30
1.12
:.40
1.0s

1.83
1.33
:.05

2.65
1.88
1.31

3.21
2.16
1.71
0.9s
O.BO
0.70

1.61
1.26
1.13
0.84

1.94
1.71
1.49
1.43
1.43
1.22

1.58
1.33

2.87
2.02
2.0:
1.57
1.70
1.43
1.21

1.s0
1.47
1.26

2.65
1.95
1.40
1.33
0.77

2.85
2.03
1.s8

1.61
1.54
1.26
1.19
0.81

1.29

3.00
1.88
1.6S

2.77
1.72
2.02
1.49
1.13

:.63
L.34
1.64
1.29

2.11
1.57
1.26

3.00
2.17
1.55

3.6o
2.47
1.90
1.19
0.99
0.89

1.87
1.49
1.42
1.04

2.23
1.98
1.74
1.67
1.66
1.45

1.84
1.s7

3.24
2.32
2.32
1.s3
1.97
1.65
L.44

1.76
1.72
t.49

3.00
2.2s
1.64
1.57
0.96

3.21
2.33
2.17

1.67
1.79
1.49
1.42
1.00

1.53

3.36
2.17
1.94

3.03
1.91
2.23
1.67
1.29

1.61
1.51
1.03
1.46

2.32
1.75
1.43

3.27
2.39
1.73

3.90
2.?1
2.19
1.35
1.14
1.03

2.07
1.67
1.59
1.19

2.45
2.18
1.93
1.66
1.67
1.62

2.04
1.75

3.52
2.55
2.5S
2.o3
2.17
1.04
1.61

1.95
1.91
1.67

3.27
2.47
1.s3
1.75
1.11

3.49
2.!65
2.39

2.07
1.99
1.67
1.59
1.X5

1.71

3.66
2.39
2.15-------------------------------------------------------------------

l~=txon Of mds-b~cin OmflOw point in u321 strea= C2UsuUl; ●n
wmtarsbod bamdssy and USGS 7.5 dnuta topograpsiicmspa.
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Fig. 5.VariatiomofSCScurvenumberafordifferentmoistureconditions.
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were made in this study. Figure 5 shows the relationship of CN values under AMC-1 and AMC-111
conditions as a function of CN values under AMC-11conditions. Once rainfaIl excess has been
determined, a unit hydrographycan be computed for each subbasin.

The SCS synthetic unit hydrographyprocedure is based on a dimensionless unit hydrographyde-
velopedfromananalysisofnumerousunithydrographyfromsmallgeographicallydiverse,rural
watersheds.Thisdimensionlessunithydrographyrepresentstheratioofdischargetopeakdischarge
versustheratiooftimetolagtime.Thislagtimeisafundamentalwatershedcharacteristicand
directlydependsuponoverlandflowpathlengthandmeanflowvelocity. 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 of
the effect of basin shape. The advantage of the SCS approach is that it only requirea the deter-
mination of time-to-peak (tP) and peak discharge (Qp), which are given by (Vieaaman et al. 1977,
pp. 138-139)

tp = D/2 + tl and QP = 454 A/tp,
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
Q, = peakdischarge(cfs),
A = watersheddrainagearea(sqmi).

Thebasinlagtime(tl)inEquation(111-3)canbeexpressedas

~1= [~0.8(S+ 1)07]/[1900Yos)t

14

(111-3)

discharge (h),
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wl]erelis[ llr!!”itlt!r COllrSeIellg(II(fl)goillg Ul:S[rt!iLlll10llle\\”~lel”SIM?d (lii”itlt-,Yist llPit\’PriigF
l\-;ilel’slle(lslfjlJr((fi,)itlOllglllVflol!”l)i~lil.itlltl itllrllllel’ (Y1’lllS RI”V;LSl) I”{’\’i(~llSl}’ d~fllld.

l~igllrt-f; IISVSI’:quatioll (IIl-i) iitl(l IIIIJ tal)ulat Iw!data coll[:tilled ill Aj>pelldis H to ckpicl l)i~~i]l
lag t il;w as a flll:ct ion of sul,l,a.. itldraitlage area !’or 140s ,\laIm+. /\ccordi]]g [0 (;raf (1Wb, p. !1[1).
tlleSe Iitg 1illws itl”<’(“ollll)iirid)lt? 10 (IKM! fl”olll l)Oi”tll~iUStCl”ll 1;S watersheds. Ilmwwr, 116dotJs IIOt
iIldiCitleIIolf”his t“dut?s were del mllitml. 1:1 Fig. 7 [.0s Alallios waterslwd dalaiirtl used to show
SCS kill lii~ [ii]ws fl”olllI’:quiuion(1I1-4) its it I’ullctiollOfStl}dw l)itSilllag Iinws. I)at a us-d 10
collll)ute IllvseSnyder lag t ittles i{reslllllllli!riWd ill Table 6. ‘1’l]ell[Iper rur~e in I;ig. 7 was ol~tailkxl
from a tl?liil imwllip derilwl l)}”tlw l~S Arl]ly C’OE for Inou]l(ainous wal:,rslleds Ilear 1,0s i\ll/Jt’it%,

Cidiforllia (I.itlsley el al. 1!182.pi). 223-X25). This relit!iollslli[)is gi~wl by

(.I= c, [(L.L,”)/(st’”fi)]”, (Ill-r))

I.! = Sll}der lii~ 1illw (11) for Iiloulltaiilouswaterslwk,
-,(, = coef~cietlt WWUH:iIIg for S1O!Wa]ld Storage f4Txls,
L = ClI~IIIIPI ItNIgt h (t])i) fmlll ha.sil]OU1let to divide.
I,c = challllel lelIgtlI (mi) i’ro!llIxtsiiloullrt to wit roid.
s= weigllte(lClliUlll~l S1OPP(fl/ft ), i~ll(l
II = au etl]pirica] coefhient.

[“or IllcllllliLillOUSwitterslieds Ileal”1,0s ,\llgeles, Californi;q IJilwleyreporls \’alUeSfor Cl iil)d II

of 1.2 WI(IU.;!N,respectitwly. ‘1’lItIlower curt.e in Fig. 7 represell(s SIIJOderlag tit)ws based 011llw
[;S Army (“’011:’sstudies frolll (Iw Rio Puerco, in Sew Mexico, and frmu Iii Pas(J, ‘I”exas. I:or this
secotld cur~”v,1IIe S1imdard Snl”der lag 1ilne equat iwt was used. This t?xpressiotlis given h)’

t>] = Ct(l,.[.cp”, (111-6)

where ii]] I tmns are as preb”iousl}.defined. \’alues for Ct were (J})titil]edfroll}a logarithmic plot of (“;,
verses s (M. \l agnuson, personal col]]munication 19S9). Figure 7 clearly sl]ows that the SC%basin
lag ; ilws used in this study arc bracketed by extremes produced with the Snyder technique.

AS nwll~io]w(!ahove, the S(’S ru]loff CS relates accumulated rainfall excess or runofl to accu-
mulated raiufall. In addition to ease of use, Equation (111-4)has the ad~antage that the impacts
of de~wloplnellt within awatershedcallbeevaluatedbecausechiinges it) CS over time are easily
estin)atecl. /\s previously mentioned, tables exist that list Ch’ values for a variety of col]ditions.
ranging frcml Ilrban to semiarid (HoggaII 1989, pp. 33-36). These same impacts cannot be esti-
mated with the Snyder or Clark methods. In fact, if one originally employ’edeither the !+]yder or
the ~larli u]lit hydrographymethod and laud use patterns changed over time, there would be no
systematic methodology for evaluating corresponding changes in the hydrographypeak, unless tl)e
SC3 technique was subsequently used.

‘he US Army COE in Albuquerque has developed Snyder’s synthetic unit hydrographymethod for
applications in north central New Mexico (M. ?vIagnusm,personal communication, 1989). llegard-
less, it was felt that the Snyder’s coefficients representing basin slopes and storage were generally
not applicable to Pajarito Plateau. It call he inferred from Fig. 7 that either smaller or larger
hydrograpll peaks can be obtained from Hll(”-1 simulations if the Snyder unit hydrographyapproach
is used instead of the SCS technique. Tl]e potential for generating larger hydrographypeaks is ob-
viously of interest. However, as discussed in Subsection l?, use of this altexnati~.eapproach in Los
Alamos County cannot be justified.

D. ModelInputParameters

Because all watersheds within the DOh>LAXL complex are similar, individual Hlk-1 input data
files have a similar structure (see Disk So. 1). This generic file structure is illustrated in Table 7.
Indi}.idual watershed boundary location maps were constructed from 7.5-rein USGS topographic
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Tabla b ?arumara uamd to LOIBPUV.O3nydsr basin lag tkm wing
Uquatlont III X-S and 6; S89 VW’UKm 6 u t.ti for
d9fmit10n9.

Watarahad hen X-85 c-lo 3L~
(L)

Ct
Sub-Baam (aqmi) [% [rt) (f:) (*)--------------------------------------------------------------------

Bmyo
1
z
3

?Imblo
1
.?
3

3
4
‘i
6

Sutdia
1
2
3
4

4
5
6

Cuudmd.1
:

Pmjarito

:
3
4
5
6
7

Petrillo
1
2
3

2
3

:

Vdla
1
2
3

&tbO
1
2
3

:

C31aqwbui
1

2
3

11.30
3.25
9.59
2.13
i.45

1.79
0.J3
2.52
0 21

1.57
1.1s
1.19

2.24
6.61
1.5s

6.33
0.74
3.31
1.96
0.77
0.67

2.65
0.85
1.32
0.75

0.55
0.01
0.36
1.61
0.86
1.72

Buoyl
.3.~o
2.42

1.99
2.57
3.28
0.67
1.70
1.15
2.24

2.78
1.03
0.96

4.07
2.63
1.42
1.97
0.32

2.33
0.70
1.i7

2.19
2.4C
1.11
1.04
0.19

1.50

4.97
4.92
8.13

5.44
4.55
8.7:
2.41
1.70

J.03
1.37
4.36
C.62

3.17
2 69
2.41

2.84
6.5s
2.65

3.79
!.89
6.63
2.23
0.35
1.47

6.96
2.23
1.09
1.70

1.70
1.99
1.14
2.32
3.03
2.56

5.59
2.7S

3.27
3.46
5.35
2.06
3.69
2.84
2.94

5.40
3.41
1.85

3.41
3.36
3.60
2.60
0.95

4.26
1.42
2.37

4.66
4.17
2.46
1.09
0.47

3.13

3.03
4.62
4.55

2.:1
3.49
4.83
:.61
G.99

2.37
0.52
2.41
0.47

:.66
1.26
1.23

1.56
3.17
1.56

2.18
0.95
3.50
0.99
0.52
0.99

3.22
1.18
1.18
1.34

0.76
1.04
0.57
1.89
1.85
1.33

2.94
2.79

1.61
2.6o
2.56
1,04
1.70
1.42
1.47

2.79
2.04
0.90

1.75
1.75
1.85
1.28
0.57

2.46
0.90
1.61

2.60
2.06
1.33
0.95
0.47

1.56

1.89
2.46
4.17

8840
7020
7860
6186
5845

6080
6385
6640
5960

7150
6569
622o

7820
7130
6420

6900
7520
6960
6170
5740
5630

7250
6420
6360
5780

7360
7020
6765
6630
6760
6425

6980
6360

99X5
7570
8440
6910
7280
6700
6460

7020
6660
6410

9100
7400
6750
6340
5770

9480
7600
7225

7060
6860
6450
6210
5530

6540

9500
7S60
6520~-- . .--------- . --..---- .-----------------------,

7300
6340
6400
5900
5675

6120
4020
6020
5880

667o
41s0
582u

7260
6652
6295

7740
7160
6350
5175
5670
5500

4530
6240
6160
5510

7115
6803
6670
6470
6480
5720

6480
5510

7950
6980
6990
6745
4752
653o
S540

6460
6490
5800

7605
6880
6450
5860
5400

7840
7320
6810

6275
4290
5810
5670
5410

56S0

7860
6760
6090
-------,

6.042
3.7b
4.23
2.60
2.52

3.97
6.71
4.75
3 26

3.82
3.58
4.18

4.98
2.66
1.19

7.73
4.80
2.40
4.48
1.87
2.“24

2.61
2.04
2.67
4.00

3.63
2.79
2.11
1.74
2.33
6.96

2.262
7.68

15.19
4.31

:::
3.61
1.51
7.91

2.62
2.74
7.25

11.07
3.91
2.1X
4.46
9.87

9.72
4.90
3.68

4.06
3.45
6.56
7.20
6.40

7.19

10.83
4.26
2.39

0.54
0.62
0.60
0.68
0.66

0.61
0.52
0.58
0.69

0.48
0.49
0.50

0.57
0.72
0.94

0.50
0.58
0.74
0.59
0.77
0.73

0.72
0.76
0.72
0.61

0.63
0.68
0.73
0.79
0.74
0.52

0.74
0.50

0.42
0.60
0.52
0.76
0.68
0.s3
0.50

0.70
0.69
0.51

0.46
0.61
0.73
0.59
0.47

0.47
0.57
0.63

0.50
0.52
0.44
0.51
0.54

0.5L

0.46
0.60
0.72
,----
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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

IO General Output Contrcl
IN Input Data Time Control

Precipitation Pcl Cumulative Prec Time Series
Data ~G2 Storm Gage Total Precipitation

PR Recording Gage to be Weighted
Pw I?recipltaki.on Gage Weight Factor
PT Total Storm Gages to be Weighted

Job Step Control KK Stream Station Identifier
KM Alphanumeric Comment Message
KO Output Control for this Station

Basin Data ~~3 Basin Area

Loss Rate Data ~s3 SCS Curve Number Loss Technique

Unitgraph Data UD3 SCS Dimensionless Unitgzaph

Routing Data RL Channel Loss Rates
~3 Muskingum Routing Parameters

Hydrography HC Combine Hydrogr.?.phs
Transformations

End of Job Zz Required to End JoY

Isee Table 2 for design storm distribution.

2See Tables 4 and 5 fcr individual sub-basin values.

3See individual watershed sub-basin valueS in Appendix ‘-

maps; they are located with the floodplain boundary maps in the Facilities Engineering Planning
Group Office (Comer and%IcLin 1991). Equations to compute individual input fileparameters were
listed in the previous section. Resultsofthesecalculationsarelisted inAppe~dixB.l“abulated
watershedcharacteristicsincludesubbasinarea,subbasin main chanl~u!!ength to water di~”ideor
upstrearnsubbasin boundary, elevation changeover channel length, average subbasin CX ~alue, and
computed SCS basin lag time from Equation (111-4). All watersheds were outlined on the USGS
topographic maps, and individua] subbasin areas were measured with aplanimeter. Measurements
obtained from four repeated area calculations for each subbasin yielded variances that deviated
<170 from average values. Selected watershed areas are listed in ‘Table 8, and all suhbasin area
mean values are given in Appendix B and Disk No. 1. Channel lengths and elevation changes were
also taken directly from topographic maps with similar measurement repeatability. It should also
be mentioned that predicted HEC-1 hydrography are relatively insensitive tcminor measurement

18
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Table 8a. Hydrographypeaks (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 distribution patterns.

Watershed Basin Recurrence Interval HydrographyPeaks (cfs)
Name Area 2-yr 5-vr 10-vr 25-vr 50-vr 100-vr

Guajel 25.272

Barrancas 2.12

Bayo 3.92

pueblo 8.40

Los Alamos 10.38

Los Alamos 20.74

Sandia 2.65

Mortandad 1.72

Canada del Buey 2.10

Pajarito

2-Mile

3-Mile

Fence

Potrillo

Potrillo

Canon de Vane

Water

Ancho

Chaquehui

Frijolesl

11.36

3.28

1.70

1.03

2.78

4.77

4.28

12.40

4.67

1.50

18.02

20

1

2

8

19

24

1

1

1

5

1

1

1

1

2

2

4

2

1

33
-------------------------__-__-,

137

12

21

65

115

166

10

6

11

71

19

12

8

14

15

21

68

27

13

160
--------

265

25

43

121

204

300

21

11

21

143

40

24

16

28

30

41

139

57

27

284
,------_-

472

47

79

211

332

502

38

19

38

263

77

43

29

53

56

75

255

105

53

479

666

67

111

292

447

686

54

27

54

372

111

60

41

75

81

104

361

150

78

654

888

90

147

383

589

902

71

35

72

498

149

80

55

99

108

141

485

198

103

853
.--------------------

.IWatershed boundary is outside JJOE-LANL ComP18X.

2Drainage basin area in square miles.
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Tah.?.e8b.

Watershed

Total 24-hr runoff volumes (ac-ft) 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 distribution
patterns.

Basin Recurrence Interval 24-hr Runoff (ac-ft)
Name Area 2-vr S-w 10-vr 25-vr 50-vr- IOOLvr

Guajel

Baxrancas

Bayo

Pueblo

Los Alamos

Los Alamos

Sandia

Mortandad

Canada del Buey

Pajarito

2-Mile

3-Mile

Fence

Potrillo

Potrillo

Canon de Vane

Water

Ancho

Chaque.hui

Frijolesl

26.272 8 67

2.12

3.92

8.49

10.38

20.74

2.65

1.72

2.10

11.36

3.28

1.70

1.03

2.78

4.77

4.28

12.40

4.67

1.50

18.02

<1 4

<1 0

4 26

8 48

12 75

<1 6

<1 1

<1 6

2 26

<1 6

<1 4

<1 2

<1 6

<1 8

<1 6

2 24

<1 10

<1 2

12 65
------..-------------------------__-----,

133

8

16

48

83

141

12

2

10

54

14

8

4

12

18

10

48

20

6

119
--------

236 333

18 24

30 44

85 119

137 184

236 325

22 32

4 6

18 24

99 141

26 38

16 22

10 12

24 34

32 46

18 26

87 125

38 54

12 16

200 276

442

32

58

155

240

424

42

9

30

186

50

28

16

44

60

38

169

71

22

359
--------------------

IWaterShed boundary is outside DOE-LANL complex.
2Drainage basin area in s-are ‘ileS.



errors in subbasi 11area, Ilmill(“llitllll@lIellgt11,and elfiiwlion dilfvrelires it.~i]ll ‘ 1))”lj({UiiliOll(I11-
4). In additim], Ylanllitlg’s!qualioll 1$”11$$used 10 Cc)llli)lllt”Musliillgulll I’( .trj~lll~lvrsfl’olll
a~-eragecilanuel flow lwlocilies (/\ ppellflix t)). l;iII all}”, i I slIo IIld Iw Imi III* ,!al al I \\”:ttFl”slle(l
parallw[ers are listed ill Ilw Ill’;C’-1 il]l}utda[a files otl Ilisli So. I al]d i{ .cIIsse~.lillclelail

here.

~Gte Illat ~:uitje alid Frijoles (_’iill}”ollS hi+t”d heel] illclutlefl ill ‘1’al)lf)s1 alI(l 5, ,\l~pPll(lix B,

and 011 Disk XO. 1 t?~’t?lllllOUgllt Ilesr watershed S1l’eitill(:llilllllelS1!0 1101 cross (Ile I)01’1-l,j\\ 1,

Cbmp]ex.Guaje (_~illljeOll.“”:LSimluded l)t?CitUSt?Ll]e ~;ilajv llmnicipal well field is lcJcale(l I IItire;

Frijoles Can}.ol)WiiSincluded iWCiiUWit (“SGS gaging slal ion is Iocalr(l al the Ihwlelitv SMiOlltil
Park Hemlqharlers. Also note Ll]at IIIe titl)Ulat cd wiil vrslkd cllaracl twist ics are I isl ed acrord illg

to subbitsil]s withill a gi~wnwa[ershed. l;acl] Slll)t)i{$illImulldar}”divisiml was selectd arcordillg
to several !aclors. ‘1’heseincluded (1) tributary inflow, (2) sigllificiUltchange in (“’Xkalue. (;!) illl

important. geograpllic feature or IllalllIlade bOUllditr>”IIIiirkt!l”.or (4) allother uIlslwcilied realure for
which a hy”drogriq)hpeak Ywluewas required ill [1ltC-2 siInlllitl iol Is. Fil]iilly, it should lx- II(~lecl that

tlwse subhasins extetld frolll tile tol)t)gri\[)hi~])eaks tlIiu (lefiIIewatershed boundaries Iocatw] to tlIe
west of the DOE- 1,.AXL colnplex 10 tile Rio Grande drai]lage confluencelocated to Lilt:ei~~t.1lence,
h}.drograph peak values were obtained for nulnerous ptJiIIISiilollgilidi~’iduidwatercourses witl)in the
DOE-LAX I. colnplex, for illdi~?idualstrennl chailnels i~~they exil tile DOE-L}\XL COIIIPIW{,itllf!for
confluent channels merging with the Rio Grailcle. Ouly l!10-yrfloodplains within tilti DOJ1-LASL
complex were COI]Iputed, however, because the ;’,!:”I“OCIS-MOSS topographic diita do I]ot extend
be~’ondthis l~ouldarj’.

E.PeakHydrographyfor Major Watersheds

Once all subbasin characteristic parameters (Appe]ldix B) and HEC-1 input da[a files (Disli
No. 1) had been prepared, indi~”idua]watershed h~.drographs could be generated. ~efore this was
done, however, a parameter sensitivity analysis was made. W:itll the approach [hat was used here,
all model parameters, except for composite subbasin Cifs, are constrained to a very narrow range
of obser~’edvalues. These CY values could be estimated fronl cou]ltj. soil tnaps (XJ’IIWIM al. 1978)
and standard tables (Hoqgk;, 1989). In actual practice. an imlit?idua], composite, sublxisi]l C.N
value was computed as an area-weighted averageaccording to mapped soi! and vegetation tj”pes
and variable C>’ \?alues. Howe\?er,it is reasonable to expect thal composite CN values can vary
by ss much as 1(YXOabove or below their originally estimated values. Hence, in order to r~duce the
uncertainty in these estimated CN values, h}’drograpllpeaks produced by the 2-j’r,6-h design storln
event for LANL were examined for all subbasin watersheds. The logic for this design procedure
is straightforward: from physical obser~”ation,one can quicklj. det”elopa generalappreciationfor
floodnlagnitu&sassociatedwithindivitlual2-yrstormeventswithinLosAlamosCounty.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 cannotbeeasilydevelopedfor
100-yrmagnitudeevents.Following this logic, allHEC-1 simulations should accurately reflect

2-j’r events if one is to have confidence in larger recurrence-interval floods. Note that once all
subbasin characteristic parameters have been determii~ed for a given HEC-1 watershed, changing
the subbasin rainfall totals (i.e., the PG data card shown in Table 7 for each HEC!-1input data file)
and the design storm distribution patterns (i.e., the PC cards shown in Table 7) generates different
recurrence interval hydrography. Results cbtained from this design methodology are outlined below.

Each HEC- 1 watershed simulation was made for the 2-yr, 6-h LANL design storm event, ,as
described above. If a given subbasin yielded a hy”drographpeak that was umeasonablj’ 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 C,Nvalue implies a corresponding change in basin lag
time, as suggested by Equation (III-4). This iterative process was repeated several times for each
watershed. individual composite CN values were typicallj’ adjusted <370 until the 2-yr hydrography
peak was greater than zero but less than about 2 cfs for an average-sized subbasin. Approxilnatelj’
half of all subbasins required a composite CN value adjustment; these adjustments were nearly



equally divided between increasesmd decreasesin CN values. Once these CN valueswere fixed,
the 2-, 5-, 10-, 25-, 50-, and 100-}?rhydrography were computed using the 6-h rainfall totals listed in
Tables 4 and 5 and the design storm distribution patterns listed in ‘Mle 2. Resulting hydrography
peaks and 24-h runoff volumes for all watersheds crossing the e=tern I)C)IZ-IAN1,boundary are
given in Tables 8 and 9. Table 10lists hydrographypeaks and U-h runoff volumes for confluent stream
channels at the Rio Grande. One should use care in referring to these tables. For example, the Los
Alamos Canyon watershed is listed in both tables. 111Table 8, the seco]id Los Alanlos hydrography
peak includes Pueblo Canyon tiows because these streams are confluel]t above the eastern DOE-
LAXL boundar~.. In Table 10, the Los Alamos k.aluesinclude flowsfrom Gua.je, Remlija, Barrancas,
Bayo, Pueblo, and [OS Alamos Can}”onsbecause all of IIwse streams are col]fluent abovetheRio
Grande. Similar comments apply to othet listed watersheds. It should also be mentioned th,u these
combined hydrogrJph peaks cannot simply be arithmetically added together. Instead they must
be hydraulically, touted downstream and then combined. In other words, each stream hydrography
abscissa must be fi.lig;nedto account for flood wave travel time. This procedure is automatically}”
performed i]] the HEC-1 hydrograph-ccmlbining subroutine. Finally, it should be poiuted out. that
all stream channels were assumed to have zero baseflow because allstreams within the DOE-LANL.
boundary are norlnally ephemeral.

E’.Comparison with USGS F1OOCLF1OWFrequencies

The USGS has developed regression equations (Waltemeyer IWM)for estimating flood discharges
fcr the 2-, 5-, 10-, 25-, 50-, and 100-yr recurrence intervals from ungaged watersheds in New Mex-
ico. A comparison between h~”drographpeaks produced by the HK-l and USGS techniques was
made in order to illustrate their difiereuces. Generall~”.one might expect both methods to yield
1OO-yrpeak flOWSof similar magnitude for Pajarito Plateau watersheds. However, the USGS ap-
proach consistently yields higher peak flows than does the HEC-1 technique employed above. At
lower recurrence intervals, these differences become more pronounced. For 2-yr floods, the USGS
procedure yields I,J ~.rographpeaks tha[ are typically one or more orders of magnitude larger than
HEC-1 peaks using equivalent subbasi,~ watershed parameters. The reasm for these differences is
centered on the storm pattern incorporated into each technique and the fact that the HEC~-1model
theoretically simulates the rainfall-runoff process more realistically.

Los Alamos County is located within the Central Mountain-Valley Region, according to \Valte-
meyer (1986, pp. 3 and 47). His regression equation for hydrc+yaph peaks is giver!by

Qn = (aAb)(WlooO)c(ld), (III-7)

where

,:(I”>7 hydrographypeak (cfs) for yearly recurrence interval n,
A= watershed area (sq mi),
Ec = average channel elevation at points that are 10(%and 85!Z0of the

stream length upstream from the hydrographypeak (fL), and
1 = -ainfall total (in. ) for the 10-j’r,24-~istorm.

In Equation (IJI-7), parameters a, b, c, and d are the regression coefficients. For Los Alamos,
these parameters are listed below.
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Table9. Channsl locations of hydrography peaks listed in Table 8;
also see USGS 7.5 minute topographic maps.

Watershed
Name Stream-channel locations of hvdroara~h Deaks

Guajel

Barrancas

Bayo

Pueblo

Los iilamos

Los A1=OS

Sandia

Mortandad

Canada del Buey

Pajarito

2-Mile

3-Mile

Fence

Potrillo

Potrillo

Canon de Vane

Water

Ancho

Chaquehui

Fr~jolesl

Above Barrancas Canyon confluence.

Tributary

Tributary

Above Los

confluence below east DOE-LANL boundary.

confluence above east DOE-LANL boundary.

Alamos Canyon confluence at HW-4.

Above pueblo Canyon confluence at Iiw-4.

Above Bayo Canyon confluence at Totavi.

At DOE-LANL eastern boundary.

At DOE-LANL eastern boundary.

At DOE-LANL eastern boundary.

At DOE-LANL eastern boundary.

Above Pajarito Canyon confluence.

Above Pajarlto Canyon confluence.

Above Potrillo Canyon confluence at gravel pit.

Above Fence Canyon confluence.

Above Water Canyon confluence.

Above Water Canyon confluence.

Stream crossing at HW-4.

Stream confluence below HW-4.

At DOE-LANL eastern boundary.

At USGS gaging station above Rio Grande.
-------------------------------------------------------------------

lwaterghed boundary is outside DOE-ML comPlex”

—
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,Jlel.d Hydrographypeaks (cfsjcorrespondingto individual6-hour,-.

LOS A~aIIIOS design storm events at the Rio &ande
confluence. See Table 2 for cumulative storm
distribution patterns.

Watershed Basinl Recurrence Interval HydrographyPeaks (cfs)
Name Area 2-vr 5-yr 10-vr 25-vr 50-vr 100-vr

Los A.hlllOS 58.67 39 302 573 997 1392 1845

Sandia 5.57 2 23 50 96 137 182

Canada del Buey 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

Ancho -.01 2 32 67 124 179 236

Chaquehui 1.50 1 13 27 53 78 103

Frijoles2 18.02 33 160 284 479 654 853
----------------------------------------------------------------

IDrainage basin area in square miles.

2At USGS gaging station above Rio Grande confluence.

Table IOb Total 24-hr runoff volumes (ac-ft) 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 24-hr Runoff (ac-ft)
Name Area 2-vr 5-vr 10-vr 25-vr 50-vr 100-vr

Los ifd.SIllOS 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 <1 2 6 12 16 22

Frijoles2 18.02 12 65 119 200 276 359-------------------------------------------------------------------

IDrainage basin area in square miles.

2At USGS gaging station above Rio Grande confluence.
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All other pariunewrs for Eqiliitktl (11[-7) are lk[e(l ill ‘l”id)l~ 11 I’or watwshe[is (irait]ing IIIV
eastern DOE-LANi. faciiity houll(iiirj.. \-ote ti~i{l\\’iiltellwyer (1!Mfj,p. f;) illdicatrs that I is tiw
maxinmm precipit at ion intellsity for tile IO-yr, 24-11SIonn tA\wIIL. lie indicates that these I-lalws

can he olMainedfromprecil)italioI1-fre(~ll~llc}’llliiIXi for Sew Mexico (Jlillcr el al. 1!)73).1lowe~w,
thesemapsgiveprecipital;o1ltot~is ritt her tha[l intemi[y, which is givtw itl inches per hour. “i-lIIIS,

tile 10-yr, 24-h precipitation totai is Iisteti in ‘1.al)le11. Colnparisorl of 2- rind lo~-yr hydrogritptl
peaks, as a function of drainage basiu area are showi] in Figs. H ami 9. The [YSGSand IIIN”’-)
methods were used for Los Aiamos C~ou]lty..Obviously, for Pitjarito Piitteau watersheds the LSGS
approach consistently yields larger hydrographypeaks than (ioes the IiEC-1 model. Tlw 2-yr floods
obtained from the USGS method are especially irmmstiilg because they are so iarge. ]n facl, it
is this obvious discrepancy that prompte(i the use of the 11EC-1 approac}l in tile first piace. i\IIy

iong-term county resident will readily agree that the predicted Y-yr USGS hydrographypeak flows
grossly disagree with his or her personal experience. By logical extension, o]]e must. aiso questiorl
the 100-yr flood peaks. For this reason LIIeUSGS approach W?Srejected for use on Pajarito Plitteau
watersheds. One si]ould not infer that other New !llexico watersheds outside Los Aiamos County
cannot be accurately represented with the L“SGStechnique, however.

Figures 8-IO depict the HEC-I hydrographypeaks at the esstern DOE-I,ANL boundar}. and at
the Rio Grande. These peaks are aiso 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 anti inciudes data from Los Alamos,
Guaje, Rendija, Barrancss, Bayo, and Pueblo can}”ons.

G. Comparisonwith Other Flood-FlowIiYequemies

Lane et al. (1985, pp. 30-37) have generated syntiletic streamflow and sediment transport data
for Los Alamos Can}’on above the Rio Grande confluence. Many of these data were previously
unpublished but have recentiy been reported by Graf (1991,Appendix B4). These data are summa-
rized in Tabie 12. WeibuH plotting positions were used to conduct a log-Pearsort Type-III aualysis
($Vi:C 1967, WRC 1981, US Army COE 1982) for time data. Figure 12 clearly shows that Lane’s
synthetic streamflow data are statistically identical to HEC-1 hydrographypeaks obtained in this
study for Los Alamos Canyon at the Rio Grande.

Iv. HEC-2

A. General

WATER-SURFACE PROFILES

Model Description

The HIJC-2 model is simiiar in concept to the HEC-1 model in that it contains a calling program
and multiple subroutines. The HEC-2 calculates and plots water-surface profiles for subcritical, crit-
ical, and supercriticai gradually varied steady flowsin channels of any cross-sectional configuration.
The principal uses of the model are for floodplain definition; for evacuation of the hydraulic effects of
bridges, culverts, and weirs; and for calculating stream profiles for various frequency floods for bolh
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Table 11. Watershedparametersfor estimatinghydrographypeaks at
east DOE-LANL boundary using equation (III-7). See Table
9 for basin locations. See text for discussion.

Watershed Basin
Name Area E85 (ft) E1O (ft) Ec (ft) I (in]

Guajel

Barrancas

Bayc

Pueblo

Los Ahmos

Sandia

Mortandad

Canadadel Buey

Pajarito

Potrillo

Canon de Vane

Water

Ancho

Chaquehui

Frijolesl
.------------------

26.272

2.12

3.92

8.40

10.38

2.65

1.72

2.10

11.36

4.77

4.28

19.46

7.01

1.50

18.02

8480

6880

7035

7900

8235

7250

7235

6980

8560

6470

9100

8155

6960

6540

8790

6060

6120

6220

6395

6415

6530

6710

6480

6590

6050

7000

5960

5685

5640

6185

7270

6500

6628

7148

7325

6890

6973

6730

7575

6260

8050

7058

6323

6090

7488

lwatershed boundary is outside DOE-LANL complex.

2Drainage basin area in square ‘iO-eS*

2.12

1.67

1.74

2.05

2.15

1.86

1.94

1.80

2.29

1.53

2.57

1.99

1.57

1.43

2.24
----

—
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Table 12. Synthetic streamflow data for Los Alamos Canyon at the
Rio Grande confluence, as reported in Graf (1 991,
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 0 0
1973 349 3955
1974 20 .; 129
1975 6 99
1976 20 77
1977 4 8
1978 293 3198
1979 312 426
1980 0 183

-------------------------------------------------------

—
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flood flows for Los Alamos Canyonat the Rio

natural and modified channel conditions. Water-surface profile analyses are commonly used to deter-
mine flood protection Ievee 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-asessrnent
studies.

The FIEC-2 program uses the standard-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 hydrographypeak 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 whore changes in discharge, slope,
shape, and channel roughness occur. Here,Nlanning’sequationfolEnglishunitsk givenby

Q = (1.49/n) ARzi3Sli2 and R = A/p, (Iv-1)

where

Q= discharge (cfs),
A = area perpendicular to flow (ftz),
R = hydraulic radius (ft),
P= wetted perimeter (ft),
s = energy slope (ft./ft), and
n = boundary surface roughnr= coefficient (dimensionless).

Water-surface profile calculations in HEC-2 begin at the downstream 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 INakeseparate model simulmions for each of these (h-mrouditions.
Model calculations sequell[iidl} progress either upstream (subcritical) or downst,eanl (supercritical)
from cross section to cross stictioll. At bridge crossings and cul~wrts,where flow hydraulics are more
complex, monwnt um ald 01her equations Inay be used to compute water-surface elevatiwl changes.
This model also takes into account lo~sesresulting from contraction and expansio]l aild from eddies,
bends, and tributary junctimwwheIIadjustnmts are made to frictionk coefTicieI]\s.

The HEC-’2 coil~plltit[iollid metlIodolog} is hased 011 the following fiow conditions: ( 1) gradu-
ally va. ,cd stead}” flow, (2) cme-dimensional flow with llorizolltal-~’el(jcit}’distribution correctiolm
(3) slniill channel slopes not exceeding *IO%. (4) a consiant a~erage fricticmslol)~Iwtween adjacent
cross sections, and (5) rigid stream channel cross-sectiollal boundaries. Some hy(,riu]ic flowcotldi-
tims that ~?idate one or Ilmre of the abo~winclude (1) rapid downstream flood wair propagatio]l
resultil]g from dam breaching; (2) significant hacliwater effects caused b}’dowllstr~;tlil I)oundary
conditions SUCIIas tidal flrnf-sor tributary inflow effects; itl]d(3) wide, flat flootiplaills that cRuse
h}.draulic flow disparities between the main channel and o~,erbankareas.

It is not uncommon for many channel segments to have mixed flowregimes that are rllaracterized
by subcritical and supercritical flows that occur simultaneously ill different parts of a si:lgle cross
section or in a(ijiice)lt cross sections. In these situations, the HEC-2 model musl be run for )Jotl]sub-
critical and supercritical flow co]lditions to determine the complete water-surface profilf.. I{ow”m”er,
most natural stream channels. including most mountain streanl chantwls, exhibit subrrit ical flow
conditions OIYI.the ]I)ajor part of their watercourses. The 1{EC’-2model is uncicwhtedl)”the most
widel}’ used tec!]llirfuefor defining coniplex water-surface profiles. Many of the fl [;C.’-2lnotieling
capabilities are Ilot described ill detail ]lere. Instead, tile interested reader is referred to Ille IIEC’-2
user’s nlanual (US Arm}”C(3E 1982) for a co]nplete desrril)tiol]. Finally, it should he noted that
tile September 1988 FORTRAX version of the HI?C-2 model, published as PROHK”2 (March 1!)90
release with n]odificatiol}03) b}”Dodson & Associates, II]c., of llouston, Texas, was used ill this
study.

B. StreamChannelGeometries

IntheHEC-2model, flow-regime boundary geometry is defined by cross sections imd the reach
distances between adjacent cross sections. These cross sections, which characterize the flowcapacity
in the stream channel and o~”erbankareas, are located at user-specified intervals along the stream
channel. The model’s accurac)’ can be increased if the distance between adjacent cross sections is
reduced to allow more accurate computation of energy losses. Criteria for locating stream cross
sections are given b}”Hoggall (1989, p. 335). According to him, reach lengths S11OUMnot exceed
0.5 mi for wide floodplains Ilaving slopes <2 ft/mi, 1800 ft for slopes <3 ft/mi and 12d0 ft for
slopes >3 ft/mi. Obviously, there is a tradeoff between stream 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 cress sections. However, costly field surveys 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 one for each of the cwerbanks HEC-2 uses a discharge-weighted, average
reach length between adjacent cross sections and .muitipliesthis distance by the average conveyance
in energy loss calculations. Individual channel thalweglengthswerefixed at 250-ft inter~”alswithin
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 sectiom of stream channels within the DOE-LAXL complex were
fixed at 300 ft.

Ov:e individual cross sections had been Iocated within MOSS, a perpendicular topographic profile
couhi be defined for the stream channel. Topographic data for cross sections were extracted from



Table 13. Typical HEC-2 input file identification scheme. See HEC-
2 user manual for complete listing of all options.

Data Record
Category Identification Data Description
-------------------------------------------------------------------
Job T1 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
J6 Specify FrictionLoss Equations

Job Control QT
and Input NC
Data Cards NH

Nv
xl
x3
GR
SB
BT
EJ

Peak Discharge Table from HEC-1
Manning cross-section n values
Horizontal Distance n values
Vertical Distance n values
Cross-Section ID and Data
Ineffective Flow Areas
Elevation and Station Data
Special Bridge Data Card
Bridge Geometry Data
End of Run in Multiple Run Job

End of Job ER Required to End Job

MOSS and the cross sections were sequential~v grouped. These groupings were theu formatted
within ivIOSSinto an ASCII file, consistent with HEC-2 input data requirements, and exported to
5.25-iu. magnetic disks forsubsequent use. The actual input data file structure for all watersheds is
very similar (see Disk No.2). Table 13 illustrates ageneric filestructure for atypical subcritical flow
simulation. AHXl, X3,and GRdatacards weregenerated in this fashion for each HEC-2 watershed
simulation. These data filesstill required additional input parameters, as described below. Separate
file configurations for both supercritical aml subcritical conditions were generated for each stream
channel, but only the latter configurations are givenon Disk !Yo.2.

In spite of this procedure, the MOSS 2- and 1~-ft topographic contour data were insufficient to
hydraulicallydefine main channel flowsin FIEC-2. Hence, an idealizationofthe main streamchannel
configuration was subsequently inserted intoeach profile as described below. These trapezoid-shaped
channel inserts ha.da maximum top width of4ft, amaximumbottom width of2ft, and a fixed depth
of O.3ft. Channel capacities for this idealized configuration do not exceed l% of thespecified 100-
yrpeak 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 main 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. ChannelFrictionLosses

III 1111(7-2, ! IIe wtdl-klwwIl Ilerlloulliequal iml is used Io delerllli]w drIIlIISof flowlx-lwell adjacent
Stream C;liillllt!l cross sectio]ls.

wlkvw

tl~lStI“VNI1liill(ldOW”llStI“tiRlll\\’iLIVl”t%i”aliolis[fl),

11[)S1I’eallli{ll(l (ION”:IS1I“tiitlll Illeall Iwlo(ilivs (I”I/S),
111)s[realll iill[l II W*”lISI reiillI lx~loci[~“Coellil”iellIS,

arcelvral ion dufi to gral”iI}“(fI/se~”2),
ellrrg}”head 10s5(fl ),
IIis(ll;trge-l$”viglllrtlI“tiiLL”llIellgt II ( fl ),
IWii($llfriction slopv ((Ii]Iwl]siolllw),
ex]mllsionor COIIIrart iwl loss coefllcie]]t,aII(i
[)~illi discharge (Q = \’I\) ill ~ sec[icll (l”f!!).

[11general, tile coefilcielll a ill l[({lliit ion (I\’-Y) is deterlllilled fr(l.i III(-l“~litt iojd)il,

a = [((j\.’~), + (Q\:2 )2 + . . . +( Q\Y2)k]/( Q\’2),,,.r, (IV-3)

where Q is discharge iill(l V is t“elocity. ‘I”lleIerlns in [he lllll]wriitor represent rolllplex l$elocity
dist ribut ion efTectsin k loralized sulmreas within a part iculiir cross sectiwl, and IIw ternls itt the
denonlinator represent awrqy flow umditions in the entire cross section. \lanllillg”> Iiqlliitiotl (l~T-
1j is initially used to rleternliw how nlucllof the cros..-sectios’sflowis iu the cha]lm-1wtd how nmch
is in the overhank are*. \rrdues for SUl)iU’~ii conveyance (i.e., itllter]lls ill 11allning’s e(lllilt ion except
the friction S1OIMterm) are therefore Imowllif the friction (or energy) slope is assumed [0 he ccmstatlt
throughout a gik’encross section. ‘l’heparticular flowdistribution between subare,ls at a gi~wncross
section is determined by multiplying tlw subarea conveyance and tlw square roo: of ihe friction
slope. Localized lnean velocities are dtitermined by dil”idingsubarea discharges l~y crossvction
flow areas. Friction slope is approxilna tedI)y the stream chanlie] bottw] slopehw.ause[IWwater
surface is assutned to parallel it in rmiforin flow. Hence, all of the lern]s in ltquations (1\~-2)and (IV-
3) are known. except for a starting water-surface elet.ation ateither-the downstreiul] (subcritical)
or upst reatn (supercritical ) end of the watercourse, expansion or cent raction coefFrcienls,\lanning’s
roughness factor n, and stream discharge. All of these parameters arespecifiedasinputdata.
Therefore,iterationbythestamlar&stepmethod is used to solve Equations (IV-2) and (IV-3) for
\VL at all remaining cross sections.

The iteration process mentioned abow is terminated when successive, unknown \Vater-Sllrfilce
ele~”ationvalues at a given cross section cmwerge to within 0.01 ft. Once this elet”iition has been
determined, additional checks are performed to see if this value is above the critirid dept)l for a

subcritical sinlulation or below the critical depth for a supercritical run. If these checks indicate
otherwise, then the critical depth is assu]lled to exist at that seclion, and a Itwssage is printed
by the program. The simulation then continues with the next unkr]owll water surface ele~.ation
at an adjacent cross section until the last profile is reached. It should he empllii.smd (hat 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 supercrit ical runs. Herice, one must
run separate simulations for subcritical and supercritical flows. On occasiou, changes in kelocity
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 automatically ir.sert up to three
interpolated cross sections between two adjacent user-specified cross sections so tlw the velocity
head difference does not exceed a wser-spec!fiedanlount, typically 0.5 ft. By comparing ~’elocity

33



heads at successive cross sections the program also determines whether or not the flowis contracting
or expanding. The program then applies the appropriate coefficientbased on this determination.

It should be noted that only the subcritical flowdepths at individual cross sections were used to
map 100-yr floodplains in this study. W’hilecomputed 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 giveu section during a subcritical run, we would know that the actual flowdepth must be equal
to or less than the critical depth. Thus, the actrial fhdp!ain width will be equal to or less than
the computed width at that cross-section. ItI other words,usiq:;a compu(e:!floodplainwidth from
a subcritical flowsimulation that corresponds to the critical depth is ccmsw ative, and the Inapped
floodplain is depicted as being wider than it would actually be \frllile 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., embankment stability or sediment transport calculations). The reason for this
statement is that supercritical flow ~’elocitiesare equal to or larger than the computed critical flow
l?elocities.

FinaH~’,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 based on flow conditions
(i.e., either subcritical or supercritical) and a comparison of friction slope changes between cross
sections. All ot these loss equations produce similar results when short reach Ie]lgths are used.
Because relatively short reach lengths were used in this study, the automatic selection option was
used here. in addition, a constant IManning’sn-value of 0.09 was used ill all stream channels,
and an n-value of 0.12 was used for all ov~rbank areas. Tbe first ~’alue(Hoggiin 1989, pp.327-
330)correspmldstoa tabulatedn-valuefornaturalmountainouschanndswith&ep pools,large
boulders,andheavytimberstands.The second value correspond’: to floodplains with heavy timber
stands that have flood stages below branches, little undergrowth, and downed trees. All of these
conditions are typicalthroughouttheLANL complex.Iflocalizedconditionsindicateda change
waswarranted,individualcrosssectionswertoccasionallygivendifferentn-valuesfromthoselisted
abet.e.Howe\”er,standardtabulatedn-valueswerestillemployed.Perhapsitshouldalsobenoted
thattheeflectsofchannelimprovementswerealsositnulatedinLosAlamosCan}-onnearTA-41
and TA-2. These improvements are not dlscu~~ed in detail here. Instead the interested reader is
directed to the input data file for this site. Standard expansion/contraction coefficientsof 0.2 and
0.4 were also used throughout this study fou all watersheds.

D. StartingWater-SurfaceElevations

The sta~tii]g water-surface e!evation 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)obtainingaknownwater-surfaceelevation
f:oma channelratingcurt’e or from direct field observations, (2) estimating a normal ftuw depth
from slope/area computations, and (3) assuming the critical depth. In this study, a combination of
the second and third techniques was used, as explained below.

lnitia]l}”,the critical depth at ths down stream cross section was assumed for all H1!C-2subcritical
watershed simulations. These initial simulations yielded a prelimil]ary estimate for the energy grade
line passing through the first three cross sections located immediately adjacent to the staiting cross-
section. Hence, refined estimates for the starting water-surface elevation and the slope of the energy
grade line at the downstreanl cross-section were obtained through linear interpolation. These values
were specified on the J 1 data card in the HEC-2 input data file, as seen in Table 13. A second
simulation was then performed. “rhe program computed a discharge for uniform flow conditions
and compared it to the user-specified discharge. If 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 elet’ation ws then taken as the
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start illg t?l~%”ittion. 11slmultl Iw Iloted IIlal IIlk el~\’itI ion was sl ill collslraillml 10 Iw eqllal to or
greater lllilll tile critical (Ieljlll for su})crili(”itl flow sillmlal ions illld mluitl [0 or It-ss 11I ill I crit icid

(Ieljl h for slil)ercrili(”id ru]ls. ~)llcr 1II is 51.11”1illg (Ie[jt 11 tf”it.~ fixed, I Iw ret]laitliligcross secliotl“sflow
dept IISwere cmi]puted as prr~iously descrilwd. ‘1’hislechuiqud worked for IIIUSIst reaIII clIaIIIIels.
OCCiL$iOllitll}”, Ilowei’cl”, it N“as1101.sIlccd>sfuiall(l Ilid crilical deplll I!’iu filIall}”:L>sUi Iw(l (c) I)e tile

SLiill illg J!”iilPr-SllrfiiCe elel”it[ ion for 1Ilflt N“ittt’hllt?d.

‘I”IW almt”v lwocrdure illlplies llliit Ilill Ill”ill ClliillllelS Ilwet ulliforill flO!Ccolldilions, I11;{11116rlwrgy
gra~leis fi])l~roxilllitl~l}’~qu;~][o IIk!~\”~r;l~~’~]};llll:~]-l)~(!sh)l)~, iil]d i llit~ \\”it[Vr Sllrf;l(.t- .e]P\it[ i(,lls C:$l)

I)f? ()})1 aillti(]fro]!]it Ilorllliil-(lel) lll Calcul;il io)l. ‘] ”IIW? NSSUIIII)[ iollS ;trt’ IIMI]MIJI}” (“OIIS1’l”ViL( i\’C ill lllOSt

natural Cllallllels. ‘1’his]wotx-llurrwill rt”rll it(”Collllll(llliilV sit ual i(ms W“ilerv fl(x)dl)liiill I(jlmgriipll}?

is r~litl ib-ely lille~’ell. It sllolll(l I)e Iwilltwl 0111, however, t Ilii( IIoodldains itt Illr r:tsl~rll houndar}e
of [IIr l)01’1-l.~\3“1.Ci)lllplexitrt’ Celat itwly IIKKu1:llld flal. I lellcv 1Ile atxm”t?~~rocwlurel)ro~wl ;ilore
IIliill ii(le(lllii[e.

E. computed Wat(n”-SurfaceProfiles

‘1’IIvalm~”eI)rocedures were USd to l]litIj all Iol)-yr floO(lpliti[i houlldiiries willlitl (lm l)OILL,\\ L
f , I l\$lt$X. ‘1’1)6 II I’lC;-i!-COlli])Utt!d WiitW-SUl”fiiCt! elwatiotl at eidl Clliilllle! section, illOll~ with tile left
itl Id riglll cl Ian Ilvl Stal ims where this Witl?r’ surf:ice inttirsects IIIe groulId, were tllell rt!id back itlto
the MOSS s~”stelll.‘1’hisillforlila(ion Wii$IIlell Irallsforllwd witI]ili \! 0SS to deternlille Sew Mexico
state plane geOgrilphiCidl}” refere[lctd cwordiualm tllitt ulliquel), defillt!tile 10()-yr floodpool al each
cross section. These paired coordi]lattis were lilkd together i~s110SS area features to identif~’
each watershed floodplain. 111lllis particular application, 11separate elol]gated watersheds traverse
LAN1,Iatl(ls.with illdi~jiduidchannels ra]lgillg up to 9 mi ill leIIgth. ‘1’lleloo-~?r”floo(lplaill was
defined on each channel segment at 250 ft ilnerwds. Figure 13 shows these prelilnillary floodplah]
boulll!aries. I)etailed, 1:4800-scideIIlit[)swith IWft topographic contours and floodpiai]uiwere then
generated by 310SS. Floodplain boundaries were defined by connecting loo-}”r”floodlmolele~”ations
located at channel cross sections with striiight lines. These !ines were theu haud silloothed, usiug
elek’ationcontours and floodplain widths for control. This proced~irewas followedbecause OCciu+ioilid

smallstreittll hends that are located bet.wx=llcross sections periodically rlleiinderoutside the original
straight-line floodplain boundaries. Finally these smoothed boundaries were digitized within the
MOSS sj.stem to define tlood])lains within the DOE-LAXL facility. These floodplain houndary
maps are intetlded to supplelnent this report and are maintaimxl o]) file it] LAX[,’s ES G-2 group
office.

Using the information p::n.ided in [he appendixes of this report, the interested reader can reldi-
cate these floodp]aiu maps. In additiou, other important Ily”drau]icdata nla~’be generated for
individual watershed cross sections. This additional information is not included iwre because it is
quite extensive. Usiilg the IIEC~-1attd HEC-2 input data files listed on Disks 1 an(i 2, Iwwet.er, the
reader can sinlpl~’run indit’idual watershe(i simulations and generate the data M required. \Vhen
the HEC-2 nlodel is used, approxinlately 4(I different ~“ariablestllay be priuterl for each crosssec-
tion. Standard mode; output includes an itlput 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 re~?iew,or it Inay be saved to an outpui file for later use. TIM user call tailor the Inajority of
this output. for specific needs. The HEC-2 input data files listed on Disk So. 2 of this report haw
been customized for limited output. ‘l”heinterested reader should be aware that these input data
filesmay be modified to generate as much or a little information]as he or she desires.

V.FINAL FLQOIIPLAIN DEFINITIONS

The procedure described in i\ppendix A initially defined floodplains in the MOSS systeln tising
the MOSS polygonfeaturetoconnect100-j”rfloodpoolelevationswithstraightlines.q“emfttopo-
graphiccontourswereovedaidontothesefloodplainboundariesand25mapswereplottedat3 scale
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of1:.INOO.‘l”lwsr1IlaJ>sl)ro~”i(lrrm”@r:Igeof IIw ellliw I)(”)l’:t..\.1 I (“[)1II!]lex. 1Iowrix-r, IIIF:tIIIIVI i IIg

StJYitlll (’lIiill Ilt’ls :)(”[”ilSiollitl 1}” CI”(MSV(l I Ilesr >1 r;tigl I I I i I w II(KJII Ijl:l I I I K)lll Idariw iit 10(’:11 ions I I Ii I I \$”ii}”

tx?t \wPll II I’:(”’-y-(ldltlt’d 51 I“t’itlll (’1”OSs SKI iol]h. III (Jr(lrr 10 c(Jrlw”I [ Ilis a]jI,art-111itl(ollsi>lt’tl$},IIlr
follmvit)git(ldil ioll;tl ]Ila])l,iilg ]~rorr(lurv N“w>(*llll)lo}”rll. l;(Jr r(Jlll rol, I olmgrapliic collI(Jllrs ailIl IIl“J(”’-
J 11~.l{li~liti 11elv\”at iolis and w’i(lllls Werv usw I 10 Iiiill(] SIII()()lII i~l] S( I“;tigl)[-1111(’f~OO(\J)\i\lllI)ollll,liil’if?.+

I)wlwrt?ll ill(li\’idllitl S[ l’t!illll cross sectiolis. II sllollld I)r vlllldlasimd Illill origilla; 111’J(”’-2floo(lI~laiil
~l~\’ii[ ions iill(l wid[11S$$”el”f’1101i{llttr~(l d(lrillg IIIis ])1’()(”t+s, ‘I”lwst.Ilt’ivflowlpl:iillcurtililwar 1101111(1-

ilries wert Illtdly (Iigil iwl and relliailt III \10.S.S sj”s[rlll Illvs (1’;.1( ;-2 I:ilr \ui Illwr 1{.7’ 1611).

VI. C(llVCLL!S1ONS

‘1’lwfollowinggrllera] co]lclusiollscall Iw SI;tleIl:

1. ‘[”heII[IX”’procedur~”sdescribed here wt. rdcogllixeill)} tlw l:P..\, 1Iw (’01’:, ;il}d0(Iwrs M I~~illg
a Sti{te-o f-l Ik- art twIIII ique for lllal)I~iIig 10[1-!”r(lOod!)lai11IJoulld;iries i11uIIg:igtv]u“alvrsllf’ds.
‘1’hisreport rlocullwllts this Illappil)g[)ri)cedllrr allfl, illoll~ wi[ll I Ilr floodpliiill IXJull(lar)” iIIa[)s

( E\ G-2 File Xulldwr H-71 (Kl), is illtell(le(l [o SittiSf}” 1116 l{f’l{,\/llS\f:f\ Iwrlllil co!ldit i(>llre-
qui ring COIIIj)lete flood plai]l dell Ilit imw ui IIIiII 1IIe 1X)1[-IJ.A.\”1. facil iIj’ boIltIrlar}”.

2. ‘l-he lo(l-j.r floodplain Imulldary Iiliq)s refwllrf-d ht-reili are ouly illlel]ded to sat isf) Llle
R(”~lti\/IIS}\’i\pertllit condition. Other apIdiral iotisof lllese IIlapsat specific locaticmswilllill
IIle I,,\ S!, conll>lexIllay w.arratlt itd(li( ioltalsi[e-sl)ecifi, field illw-sligiiliC)llS iilld IIIo(]jfied [lj;c-

1 and II1;C-2sitnulatious. For t?XiiIllpl~, illdit’i(lllidJWiid culthrts w~rvOftenonlil ted ill III’:C-2
sirllulatimls. Furlherluore, O1ily \lOSS 1[)-fl-colltour-illtert:tlf!iit~ were ii~.ail?tblrfor a large
percent age of 1he DOE-I./\ S 1. Corllples. ‘I”lleseiill%~ Irllded [0 bti located withill 1IIe Call}’OllS

011 Llie eastern fitcilityboundary but are wt iiilll}” I]ot collfilwd to t]Iese periltwter rrgimls.
Hence, additional floodplain lnappillg efTortswould IMdesirable for specific waste di~posidsite
itneestigat ions or anj- safety-related site e~”alua(ions.

3. LAXL’S A(’TOGIS-MOSS graphic illfor]i]it[ioilsysteJII was U.W1 in thk study 10 (Mlw all

II EC1-2 s[ream ctlannel profiles at 250-fl intervals. “I”llesedala were autotllat icall]”exl l“itCt~d

from [he MOSS s~?steinill au i\SCll forlllat colllpatilde with IiltC-’2input datit requirw]w]lts.
Approxitllatelj” 05(Xof the DOE-LAXL facili~y has 2-ft-[orographic ccmtour intertvd data,
and :]5% ]ms 1~-ft contour intert’al data. ~hlce Lik?!If!L’-2 lllodel !tad been used to define
floorlplai]l boundaries for all Iuajor watershed chalmels. this information was read hack into
the \lOSS s}.stem. Floodplains were illitiall~.defined b)”cotlllecting 100-}.rfioodpoolelmations
with straight lines. ‘1’lleseboundaries were then hand slnoo[hed using topographic cotltours
and floodplairl widths aJld e]e~’ations for co:ltro]. All origi]ial HEC’-’2floodplain widt]ls and
elm?atio]]sat stream cross sections were r~tiiind during this procedure. These new fluod])laiu
line bounrk.ries were finally digitized and rw]ain in \lOSS system files.

4.Continuousraillfall-runoflsimulationmode]scalibratedtospecificgagedwatersheds]Imyi~p-

resent all inlpro~wnent over the HEC-1 and HEC-2 Illodeiing procedures ernplo}’edit) his
stud).. [iowet,er, extensions of these research ntodels [o ungaged watersheds haw not been
adequatel~’ documented in the literature. Criticism of the etwllt-simulation approach cel~ters
on the design assumption that rainfall of a given frequency resul[s in runoff of the sa]ne fre-
quenc~?.]Iowever, this issue was not addressed in this work. Until the d~vlamicnature of the
rainfall-runoff process is better understood, 1]EC’-1 and 11EC-Y represent the best a~”ailable
technology for the definition of floodplains in ungaged watersheds.

5. The SCS curve number method was used ill this study to predict runoff. The relative merits of
this empirical approach versus physically bwed represetltal ions have been exterlsivel}”d~l~iitd

in the literature. However, LoagueandFreeze(198fi)ha~csI1ow11thatphysicallybased models



geuera]lydonotpredictrunoffany!)ecterthanrelativelysimpleapproaches,Furthermore,the
!3(’s method has theadvantagethat future changesin watershed land-use patterns citIIbe
easilysimulated.

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-period intervals could
be used to define other floodplain boundaries. In addition, the Nuclear Regulatory Commission
does not use a return-period definitionfor their floodplainelevationstudies.Instead, they
t>-picallyspecifythattheprcbablemaximumflood(PMF)beused to define the floodplain,
W’ith minor changes, the input data files contained ill this report could also he used to define
the PMF floodplainboundary.

7. Flood flow studies described here can provide information for &ldiment 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 =sociate a peak hydrogmph with that floodplain
definition. One could extend this hydrographypeak association to include a mean channel
stream ~.elocityfor each individual canyon location. These meim velocities would obviously
have future implications for sediment transport potential.

VII.ACKNOWLEDGMENTS

This study could not have been completed without the assistance cf several key individuals.
George Fuller, MOSS systems programer with Autometric, Inc., Lakewood, Coloraao, developed
the software to extract topographic data from LANL’s AUTOGIS-MOSS graphical information sys-
tem and to insert floodplain elevations back into this system. George Tauxe, Associate Profe~ol,
School of Civil Engineering and Environmental Science, University of Oklahoma, Norman, Okla-
homa, participated in invaluable discussions concerning HEC-1 and HEC’-2input file structure and
parameter evaluation techniques. Brian Comer. Section Leader with EXG-2 at LANL, provided
MOSS system support and plotted all floodplainmaps. Finally, Molly !tlagnuson,hydrologistwith
the t“, “-my COE in Albuquerque, New Mexico, provided valuable informationon various top-
ics imp ;ing the application of Snyder’s unit hydrographytheory to A’ewMexico streams. These
individ~als’contributions to t+is effort are greatly appreciated.

VIII.REFERENCES

Borland, J. P., ‘A Proposed Stream Flow-data Program for New Mexicc,” US GeologicalSurvey,
Albuquerqueoffice,open file report (September 1970)P.71

Boweil, B. M., “Los A]amos Climatology,” Los Alamos National Laboratory report LA-11735-MS
(May 1990).

Chow, V.T., IJ.R. kfaidrnent, and L.W. Mays, Apphed Hydrology(McGraw-HiH, New York, 1988)
p. 572.

Comer, B.E., and S.G. McLin, I/lU-Year Floodplain Maps, Los Alamos National Laboratory’s Facil-
ities Engineering Planning Group Office (ENG-2 File Number R-7160, 1991).

Graf, W. L., Fluwal Processes in Drgland Riuers, (Springer-Verlag, New York, 1988) p. 90.

Graf, I%”. L.,“Geomorphology of Plutonium in the Northern Rio Grande System,” Geography Dept.,
Arizona Stat: [!niv., Ternpe, AZ.

38



I!oggan, [).11., (“”o/Jtplflcr-.4t$.$/.eded l’loodpkfn llgdrolo~y und }l~dr(lullcs (!tlcGraw-flill Puhlislling
{.’0..Sew }’ork, 1!)S9)

Lane, L.J., \\”.I). Purlytnull, aIId S.31. Heclwr. ““SW Ihtimtliq+ Hm:rdures for Surface Rut]off,
Seditlwnt I’ivld, aid (_~OllliUllilUUit ‘1’rmsport in [$OsAlalllOS COUIN}”, St’~~ Mexico,” 1.0s AlalllM
Xi~t iOllillLal)oraforj. report Lt\- 10335-11S(,\l>ril 1!1S5)

l,oiigll~, Ii.\l., iill(l N.,\. Freeze, “J\ Colnparison of Rainfall-Runoff IlodtdiugTechniqutxfor SInall
[“pland (’at chlllen!s” , Il”aler Resources Re.warrh, \Va.9htngltin, D(:’.21 (2)p. 229-248(1985).

LiIIsleJ, 1{.l; .,\l. A. Kolller, and J. L.11.Paulhus, l/@ro/ow /or I’ngtnetr,s (. McGrw-IIill,Sew York,
l!)w).

Jliiler, J.l; ., R.11. Frederick, and R..]. Tracy, Pfertp//afton-J”?cque/fcy Atlas of Ihe Wrsfern f!nfft’d
,$’111/f,s, \fo]. I\f ( [Ts (;o~kynnlent PrintiligOlfic~,\\’whinglon,DC,1!)73).

X}”l]illl,J .\f””.,I,.\\’. IIiiclwr, T. II. C’alhoun, iiild 1).L. \’ouIlg, ‘“%il Sur~”ey of Los Alalnos county,

Xew Jlexico,” 1.0s t\laIIIos Scientific Lahoralorj” report 1.A-6779-\!S(JIllm 1978).

Scott, A.G.. ““l+elilllinaryFlood-Freqtiency Helittkms mId Sunulmry of .lI:ixinmnl Discharges in New
\lexico: ,\ Progress Report ,“” US Geological Survey,i\lhuquerque, oIN-n-filereporl (June 1971).

[“S Soil Couversatiml Service, Hydrology %lpplenleutA to %wtiw 1, L’ntjntermgHandbook(US
C;overnnwnt Priuting Office, Washington, DC. 1968).

ThomM, N.P., and RI.. Gold, “Techniques for EstimatingFloodDischargesfor Unregulated Streams
ill Sew Mexico,”’US Geological Survey, Watei Resources Investigations report 82-24 (lYW).

[;S Arlnj” C“orps of Engineers, Flood Hydrography,4nal~szs and Con]pultlfton, Pub. No. EM-1110-2-
1405 (US Government Printing Office, Washington, DC, 1959).

IJS Arlll}. corpsof E]lgineers, HEG”-6Scour and Depostiion in Rtvers and Reservoirs, Users Manual
for Computer Program 723-G2-L2470(The Hydrologic Engineering Center. Davis California, 1977).

US Army Corps of Engineers, HEC-1 Flood HydrographyPackage, Users Manual for Computer Pro-
gram 723-X6-L201O(The HydrologicEngineeringCenter. Davis,California,1990).

US Army Corps of Engineers, HEC-2 Water .$tfrJaceProfiles, Users Manual for Computer Program
723-X6-L202A (The Hydrologic Engineering Center, Davis, California, 1982).

US ArmyCorpsofEngineers,Flood Flow Frequency Analysts, Users Manual for Computer Program
723-X6-L7550 (The Hydrologic Engineering Center, Davis, California, 1982).

US Bureau of Reclamation, Design of Small Dams, (US Government Printing Office, WAington,
DC, 1!)77).

Waltemeyer, S.D., ~echniques for Estimating Flood-Flotv Frequency for Unregulated Streams in
New Mexico:’US Geological Survey, Water Resources Investigations report 86-4104 (1986).

Water Resources Council, A Uniform ‘Z’echntguefor Determining Flood Flow Frequencies, Bulletin
No. 15 (Water Resources Council, Washington, DC, 1967).

Water Resources Council, Guidelines /or Determining Flood Flow Frequency, Bulletin No. 17B (Wa-
ter Resources Council, Washington, DC, 1961).

Viessman, W., J.W. Knapp, G.L. Lewis, and T.E. Harbaugh, Jnfroducfion fo Hydrology, 2nd ed.
(Harper and Row Publishers, New York, 1977).

32



APPENDIX A
AUTOGIS-MOSS SYSTEM

I. Extractionof MOSS TopographicData

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 uaer-
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 contraa to LANL, and are maintained on the AUTOGIS-MOSS system by ENG-2.
Section 111of this appendix contains a complete source listing of these programs. Note that these
programs require other hfOSS utility features, which are described in the MOSS users manual. The
sampleMOSSsessionlistedbelowdetailsal!necessaryinteractiveuser responses in a typical MOSS
data-extraction process. Note that MOSS computer terminal user responses are in bold letters.

LMOSSdata 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 aerial photography transformations. Tl\e scream channel location files
were created for this floodplain study by digitizing major stream channel locationsfromUSGS 7.5-
mintopographicmapsandgeographicallyreferencingthemtoknownbenchmarks.Theselocation
files,whichindicatethestreamcenterlineandhavethedrainagebasinnatneastheirsubject,were
enteredintoMOSS in a line format. The MOSS file name containing these stream channel location
files is DRAINS.TheMOSS topographicdataarealaoinalineformatandhavenumericalsubjects
thatequaltheirrepresentedelevations.Thesetopographicdataareactuallyincludedonaseries
ofMOSS coltourmapshavingeither2-or10-ftcontourintervals.However,inordertoobtain
completetopographiccoverageforagivenwatershed,useofboththe2-and10-ft-contour-interval
mapswasrequired.Thisresultedin a total number of contour maps that exceeded the maximum
allowable active IDs 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
data. The resultant MOSS m=ter 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, LANLINDEX, it is a straightforward process to identify those
merged MOSS contour maps that may be required for a given watershed application.

For each wat.erah~d draining the LANL complex, a file was constructed that defined the map
names containing the t apographic 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

FORAI,AMOS FORANCHO FORBAYO FORCANADA FORCHAQL!E
FORINDEX FORMORTAN FORPAJARO FORPAJAR1 FORPAJAR2
FORPOTRIL FORPUBELO FORSANDIA FORWATER

The file, USESPLAT, was also used with the SELECT FROM command, as illustrate 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 to the AOS/VS “+” template.
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‘1’hereis also ii set of filestllal w~re Ilswlill cf)lljllllclion willl IIwsl]erial 1:(”)1{IS I)Io:Xfilr. ‘1’liisfile
colltailwitll the colll our llIal) lllillillllllll-t)ollll~lillg t’rCliUlglrsfrolll Ille IIml>ill[lexf(ll’rit(’11walerslmd.
A list of tile Sl~Lltf”[”1“1{0}11$ORl\”l)l[.S lilw~iftrludlts

l“A14t\x l’/\.Y(-’s I“lJ,\}’x l“(””,\xx I“(”’tl,\x
1“11(-)ux 1:PA.]X(J [“’t‘,\.lx1 1$PA.]X2 1“1’(”)’1”!(
1’P(“1’:sl’%,\3x l“\\”,\’l”x

Tke filesl“el~tit(”t!the [“Si’JSPI,/\’1”IIIFIllrllliollrf] ittm~”r,as illl]slralrd II}” I lw fol}owi!lgrxaIII~Jle:

sELEc’r[$’l{o\lFOIUS1)1’:xl“;\l.,\x

The result of Ille Sl; I,iI:C”l”!~l{~\l COIIIIIIaIId [)r(dI Ices frolli ] to 3Nacti~”e(]aI:L W(S fron) (lie
merged cmllc)llr llliil)S, iLS (let ailed lwlow. I:or a gitm walvrslwd, IIIe St realll 10CRIioit file will t)e

a single act i~”eI1) wit)lill %1OSS.while IIW(’f~l.l”t’s])olldillgrwllour dal a filrs will tw setwral active
IDs. It is possilk tl]it{ tlmre ilian ollr 11)will rvlwsvll~ tllc strealtl luratiml dat~ iiIId also that ol]ly
one act il”e I1) will rel)rewwl 1he tOpOgriil)lli(” (Ial il. I)erilwl (Iala sels illclu(leextractd to[mgrap]lic
profiles at strea]ll cross sections w]d IIw itlllj(]rted Illaps })rm!ucecifroltl llIese prolllvs.

OIICeihe Streiflll IO(”i{lion iill(l colttour dill i! SPIS Ilii\”t’ I)fwll wlw[e(! iill(l I)liiCe(l il;lo tile active
table as IDs, tl]ett IIle }10SS wimlow lllusl tw set [0 illrlude all of (Iiesv dal a sets. ‘I”l]efirst stage
of the datii-(?Xt ract ion process (:\ 11l’:(.’2)call Imw Iwgill. ‘I”lw\lOSS source co(l~ for tile progratl]
All EC2 is centailied on Disk Xo. 1 ill t Ilis relwrt. ‘[’lieoutlml frolll ,\lI 1;(””2is inllmrted into MOSS
and%-isuallychecked. Ollce twrified, LIleserolifl stage of tllk dal a-extracl ioli pmces (I’1.XHEC’2)can
be initiated. ‘I”lw\lOSS sotlrce code for tile I}rugram1;XIIII;C’2is also colltail]ed on I)isii So. 1. The
following Ahreb”iitted M(3SS dialog providrs all example of prograni execution. II is procedurally
correct ad represents either MOSS conlllla]ldsor progra[]llllatic dialog.

FREE i\ LI, - Start with a clea~lacl it?etal)le

The selection of contour maps required for a gi~wndata-~xtractioll applica~iorlis hest determined
through tile use of tile utiiit}”procedure ivl;\Pi 11S. ‘1’i]isprocedure wiii nlake an index map based
on the nlillinmnl-bounding rectangular coverages of tile contour maps. After piotting the stream
iocation data a]]d the index ll]ap, the user tl]ust seiect eaciI contour nlitp that contains topographic
data of interest. Resuits of tilis utility execution were saved in tile file Ilamed LANLISDEX. In this
example, IWOfi!es are used to seiect tile contour data. The first file is calkd FORALAMOS and
contains a list of the contour tnaps that could possii)iycomain topogral)i]icdata on Los Alamosthat
maybe of interest.‘1’hesecond file is caiied KSI?SPLAT and contains ~he singie wiid-card character
“*” to match ali strings. For more infmmation about tilese two files, see the MOSS users manual
under SELECT FROivI.

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

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

Window ALI. — Set window to entire geograpilic region

AH13C2— lrrvoke the AHEC2 program

At this point, the automated topographic data-extraction and file generator program, AHEC2,
wili prompt the user to give definable parameters before execution. in this example, there is one
active ID for the stream iocation data, and ti]ere are 38 IDs for the contour data. The default
vertical height and horizontal distance vaiues are displayed by MOSS in square brackets. These
defadt values are selected by hitting NEWLINE or CARRIAGE RETURN; aiternate values may
als.~be entered by the user. Here the vertical height refers to the lnaximurn 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 (he 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 DRAINA(; ES. 1

Enter active IDs to use for CONTOURS. 2 TH 39

Enter t’ertical HEIGHT from bottom of DRAINAGE [25] Carriage Return – 25 ft of vertical
relief will be included in the stream chanuel profile.

Enter horizontal DISTANCEbetween PROFILES [250]. Carriage Return -- the total profile
width will be 25(Ift on either side of the stream channel, giving a total profile distance of 500 ft.

The prograln could spend time determining which wayis 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 wil! pause until tile user emers an additional CARRIAGE RETURN,
indicating t!~at everything is correct and ready to proceed.

Point to DOWNHILL end of DRAINAGE — use graphics curso~. Point to UPHILL end of
DRAINAC;E --- use graphics cursor. HIT XEll; LINE TO CONTINUE.

Two MOSS [.MPORT filesare now generated. The first is a 2-D file containing profile lines at 250-
ft intervals along the stream location file, aml 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 intersec~ing 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 specificcontourline. The subject of the contourline
determinesthe z portion, or elevatien,of the lriplet. The (x,z) data pairs in each triplet correspond
to the station and elevation locations required on GR data cards 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 valueon a givencrosssectionprofileline is assigned
a relative valueof zero, and all remainingx valuesare referencedto 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 tbe input file name PRO FILE.2D. The 3-D cross sections are
critical to th t second and find stage of the extraction process and must be imported to MOSS. The
input file which is named PRCFILE.3fi, 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 reformattw program option.
Enter active data set ID to reformat to HEC-2 standard
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[(”’R= Esil]
40
F(jr I,0Si\14,\lJl) , 1“lXIII’I[””?filvIIaIIIV[1”:S11Io:(“2]
s[“llL(-)sf\1.,\ l’ile llitlll~ for 14(M Aliilll(h [“”illl}’oll suhrriliri~l I’UII

is this aSI”tl-or Sl”PIH- ctilkal nuIL$[”H/$UPIH) ~[”11]
S[:l)
S[’111)1’:1{()[” l),\’l”,\ I’1”1’:JIS‘1’()Ill’: ltl’;l’’ol{\l,\’l”’1”l’:l)= 1?I
1’:sl’:(-’l”;l’lS(’: PI, IJAS1”:\\’..\1”l”...

‘I”ilis t=xanllIle 11s+sact ivr 11) l!) *S IIw 3-1) Illill) of I IIti cross St-cl i(lll. ‘l”lIe !11’:(”’2 iilj)ul (Iat:t tilr

willIwcidlrwlS(llI.OSi\I.l\atIdisasubcriliralrut). ‘I”htIprogra]ll il]f(jrtlw 111Puser Illill IN4 :\-l)

cross sections will be ill I11~fillitl II l’:~”’ 2 itipul dal a file. S[~111.OS,\l,l\ issulJsequetII1}”1ratlsferredto
a5.25-ill.IItagliel ic disk iII ,\ .SC’II I“orlllat for (Iirert use t)y 1Iw II10:(”’-2 [jrogralll. ‘1’l]i.+data Iritlwfer
l)l”OCtt(llll”t’(Illlj” (“l”Fit[Wi‘1”1, ‘1’2, XI, X;~,itll(l (’; 1{ (:itrdS, iiS SWII ill ‘1’itl)lr I:!. Ilell(%?, I Ile f114:C~-2uwr

nlust sl ill el.llerit(l(lilic)ll:llinpuI Ixwallwlers i1110IIlis file hefore a sucwssful III’:c’-2 sillwlittiotl call
he lwrforllwd.

11. Insertion of Floodplain Bm]ndnrim

‘I”llisSertiol]~locullwlltsIlle procedure IISed [o itu[oll~it[ iCiill}? reilwr[ II Ic:C’-2 flootl~)laitl t)ou!ldaries

into I,AS [.”s graphic illforllhttion s~”slellifor final nlap gellel“diotl. 1{.eaderswtm are Ilot familiar
with Ihe proredllre CaIIskip io L]IeIwxt sec[iwl Witlloul loss ill COIIIiliuil}’.The MOSS source code
use(l to reilwerl 1IfIIC~-2flocd I)lan boundaries into MOSS is listfid 011l)isk .S0. 1 ill Ihis report.

Once 1he III’IC-2silllu!itliOllhas bell succfissfullycompleted for a given stream channel segment,
the Ii l?(~-2floodplain boundaries nmst he r~id hack into }10SS. This procedure is described below.
Before this second transfer, howeJwr, the 11IIC-2 user Ilmst tailor tIIodA output for this floodplain
houndar}”-inser[ion process. Required HEC-2 output inclu(ies the cross section’s number; the left-
and right- stittiotl numbers where the coInpIIted water surface intersects tile ground; and the com-
puted water-surface elm”ation, floodplain top widt]], floodplailt depth, at]d cross-sectional flow area.
‘I”he1]KC-L!output file narlle must correspond to an original JlOSS data-extraction output file, and
all cross-sectiol~ numbers must be identical ill troth files. The MOSSinsertion program uses this
HllC-’2 file naiNe and crms-sectio[l-llul~~berii~gscheme to tralwlate floodplain boundary data into
unique, geographically referenced A’ewMexico state plain coordinates. The H!ZC-2input data files
listed on Disli Xo. 2 of this report are set up to provide the proper output to the MOSS insertion
program. ‘[’hefirst J3 card showtl in ‘l”ahle13 for each file actually provides this required output for
the MOSS imertiou procedure. I\ll remaining HltC-2 output is extraneous and lnust be stripped
from the IIEC-2 output file. Hence, the HI;C-2 user must edit output tiles with an independent
file editor or word processor and renlove all urmeces..ary information frolll an l[li;C-2 output file.
This modified IIEC-2 output file is now transferred back to the MOSS systenl in ASC1l format on
a 5.25-in inagrwtic disk. Tile actual insertion procedure can now begin.

To insert III?C-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 11EC-2 output files that were described above. The actual 110SS insertion procedure is
briefl}’described here. The sc,~rceprogram used to complete this task was developed by Autornetric,
Inc., under contract to LAYL, and is maintiiined on the A(!TOCIS-MOSSsystem by ENG-2;this
source program is listed orI !jisk XO.1 of this report. The sample MOSS session listed below details
all necessary inwracti~’e user re:ponses in a typical floodplain boundary-insertion process.

FPHEC2 is the AIJTOGIS-NIOSS data-reformatting program, or command, and is the third and
final step in the floodplaiil-modeling process. As mentioned above. this step makes use of data files
generated from the actualHEC-2modelingprocessandMOSS datafilescreatedwith13XHEC2.
The EXHEC2 command was described above; this command generates a 3-D floodplain MOSS
import file. The FPH EC’2command 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 bold letters.

Enter Command? FPHec2
Enter HEC-2model results filename (CR = EXIT]
CANADA.DAT
Enter HEC-2 model Gee-Reference filenatne [CR= EXIT]
SUBCANA. REF
Enter resultant MOSS IMPORT floodplain name [CR = EXIT]
CANAFP. EXP
HEC RECORDS 158 REF REC!ORDS 156 CORDS 313

This example matches the HEC-2 output file named CANADA.DAT with the MOSS EXHEC2-
generated Geo-Refeience file named SUBCAN-l. REF and produces a MOSS import file named
CANAFP.EXP. For each complete stream channel profile in both the hlOSS Gee-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 specitied by the user. The HEC-2 output file must include each stream channel cross
section number and the computed water-surface elevation. The Gee-Reference file’ssection numbers
are checked to insure that they match. This is the only way to determine the actual New Mexicostate
plane ground coordinates that delineate the floodplain. The resulting MOSS import fileshould then
be imported into MOSS aa 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 MOSSGee-Reference file
are not included in the final MOSS export file.
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APPENDIX B
TABULATED HEC-1 INPUT PARAMETERS

GUAJE CANYON
HEC-1 INPUT DATA FILE PAN4ME TER CALCULATION
SEE UD DATA CARD FOR SCS UNTT HYDROGRAPHYLAG TIME DEFINITIONS
===============================~=======-------------------——----------==------------------
T = (@• 8, (s+1) 00 7/ (1900Y0“ 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-11 MOISTURE CONDITIONS (dim)
s = ICIOO/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
== ============================= = =================================
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
----------------------------------------------------------------------------------------------------------------------------------

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 215 713 4.29 2.39 1.45 1.59

==========================-----------__==------------------------—----———---—-------—----
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
==..------------------—---—---------------- -- -.-————--------------—---—---------------- -— -
0.1<X<03 0.20

1.49R0067S0-5/n (ft/seC)
=

Vel = :(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
l/[2(1-x)] < CHECK C l/(2x) l/[2(1-x)] = 0.63
CHECK = ( 60K) / (NMIN*NSTPS) l/(2x) = 2.50
-------—---———--------——------------------- — ------------------------------------------ ---a
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
====--------------------------------------------------------------------------------------—------------

1
-.---------------u===

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 1.93 7.72 8 0.97 1.93
4 12750 ::: 0.90 3.59 0.90 0.90
5 9000 3.7 0.68 2.73 : 0.91 0.68

=.==-—-----------------s==============-------------— ------ ------------— ---------------
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BARRANCAS CANYON
HEC-1 INPUT DATA FILE PARAMETEF.CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYTJ.GTIM3 DEFINITIONS
===========================--------------------------------------————————--—---—--------
T = (LO.8, (s+1) 0 “7/ (1900Y0“ “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-11 MOISTURE CONDITIONS (dim)
s= 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = looX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
----------------------------------------------------------------------------------------------------------------------------------
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) 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 RN DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
----------------------------------------------------------------------------------------------------------------------------------
0.1<X<03

1.49Ro-67S005/n (ft/5ec)
= 0.20

Vel = :(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
l/[2(1-x)] < CHECK < l/(2x) 1/ [2 (l-x) ] = 0.63
CHECK = (60K) / (NMIN*NSTPS) l/(2x) = 2.50
===----------------------------------------------------------------------------------------------------------------------------
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK 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

============================-----==-----------------------------
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BAYO CANYON
HEC-1 INPUT DATA FILE P~ TER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
=======================================================----------

(L”“8,(S+1)o.7/(2900yo.5)T = = 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-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = 100X/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DWAINAGE AREA (sq. miles)
————————-—---———----———--_-----_.__---------------========,======-----.=====================
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
------------------— ------------------------------------------------------

1
a============= ===------------------

16750 745 65 5.38 4.45 1.57 2.19
2 15250 535 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 PARAME TER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
=================================================================
0.1<X<03 0.20

1.49R””67S905/r (ft/SeC)
=

Vel = ;(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
l/[2(1-x)] < CHECK < Z/(2x) l/[2(1-x)J = 0.63
CHECK = ( 60K) / (NMIN*NSTPS) l/(2x) = 2.50
------------------------------------ ---------------------------------------------------------------------------------
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK
---------------------------------------------------------------------------------------------------------- ------------

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 HYDROGRAPHYLAG TIME DEFINITIONS
--——----===========================================s==s=========~~=-

(L”●8, (S+1) o ●7/ (lgooyo“5,T = = SCS BASIN LAG TIME (hrs)
= CHANNEL LENGTH TO WATER DIVIDE (ft)

: = BASIN ELEVATION C~GE OVER LENGTH L (ft)
CN= SCS CURVE -ER FOR MC-II MOISTURE CO~IT1ONS (d~~)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)- -
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAIN&GE AREA (sq. miles)
=a================================s====a======s==================
BASIN NC). L (ft) x (ft) CN s Y (%) A (sin) T (hrs)
---—-------——-—-—-—-------------------=============================a================

1 15000 1930 56 7.86 12.87 2.24 1.48
2 24000 694 65 5.38 2.89 >.61 3.62
3 14000 246 74 3.51 1.76 1.55 2.37

==========-----—-—————----——————------------—---—-----------------------========================
I?EC-1INPUT DATA FILE PANWE TER CALCULATICJN
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARRMETER DEFINITIONS
--------------------------------------_------.----,-----------------------------------------------------------------------------
0.1<X<03 0.20

1.49R0”67S0”5/n (ft/seC)
=

Vel = :(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
l/[2(1-x)] < CHECK < l/(2x) l/[2(1-x)] = 0.63
CHECK = (6!i)K)/ (NMIN*NSTPS) 1/ (2x) = 2.50

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

1 15000 8.5 0.49 1.96 2 0.98 0.49
2 24000 4.cJ 1.66 6.63 0.95 1.66
3 14000 3.1 1.24 4.96 : 0.99 1.24

----------------------------------------------------===========a===========================
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Los A?sT!40S ~ON
HEC-1 INPUT DATA FILE PARAME TER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
---—----------——----—-—---—----———--—-----..--------—-------------------------------------------------------------------------------
T = (Lo.8, (s+1)0-7/ (1900Y0“5, = SCS BASIN LAG TIME (hrs)
L = C-EL LENGTH To WATER DIVIDE (ft)
x= BASIN ELEVATION CHANGE OVER LENGTH L (ft)
CN= SCS CURVE NUMBER FOR AMC-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSH2D SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
===== ===== ===== ======================================== ===== =----
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
===================================S=============================

1 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

------------------------------------------------------------------------------------------------------------------------------
HEC-1 INPUT DATA FILE P~ TER CALCULATION
SEG RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
—--——- —.—---—- :===================================================
0.1 < = 0.20
v~l 1’ ‘ ~6?67so.5/n (ft/see) ;(ft) = 2.00
?. ~J\~~UO*Vel) (hours) n = 0.10
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR Nstps
NMIN = MINUTES FROM CARD IT NMIN = 15.00
l/[2(1-x)] < CHECK < l/(2x) l/[2(1-x)] = 0.63
CHECK = (60K)/(NMIN*NSTPS) l/(2x) = 2.50
=========================================================.%==.----=
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
-------------------------------------------------------------------------------------------------------------------------

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 PABJU4ETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
=== === === === === === === === === === === === === ==== ==== === === === === === ===
T = (LO.8,(s+1)0“7/(1900Y0“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-11 MOISTURE CONDITIONS (dim)
s = 1000/cN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y= IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)

BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) 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 DEFINITIONS
------------------------------------------------------------------------------------------------------------------------------
0.1<X<03 0.20

1.49R*”67S0”5/n (ft/seC)
=

Vel = aft) = 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
l/[2(1-x)] < CHECK < l/(2x) 1/ [2 (l-x) ] = 0.63
CHECK = (60K) / (NMIN*NSTPS) l/(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

-------------------------------------------------------------------— --------------------------- =============



MORTANWAD CANYON
HEC-1 INPUT DATA FILE PAIV4M.ETERCALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHY LAG TIME DEFINITIONS
----------------------------------------------------------------------------------------------------------------------------------
T = @ .8,(S+1)007/ (1900Y0“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-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
----------------------------------------------------------------------------------------------------------------------------------
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) 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 12Z50 203 72 3.89 1.66 1.61 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 PARAiiTER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
------__--.-------------------------Y-----A------------------------————-————-———-———--——----———---——--- --——------—----—-—-----
0.I<X<03
Vel= 1.49Rd”67S0”5/n (ft/S~~)

= 0.20
:(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-%)] “-CHECK < l/(2x) l/[2(1-x)] = 0.63
CHECK = (60K) / (NMIN*NSTPS) l/(2x) = 2.50
----------------------------------------------------------------------------------------------------------------------------------
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK
--------------------------------------------------------------------------------------------------------------------------------

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 2.98 0.49
4 12250 3.0 1.12 4.47 4 1.12 1.A2
5 16000 4.0 1.10 4.41 4 1.10 1.‘0
6 13500 6.0 0.63 2.52 3 oe84 0.U2

-----------------------------------------------------------------------------------------------------------------------------------,.,
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CANADA DEL BUBY
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHY LAG TIME DEFINITIONS
===------—=---——- --- --—-----—------------------------=========================--------
T =
L=
x=
CN=
s =
Y =
A=

(=0 .8, (s+1) 0 “7/ (1900Y0“5, = SCS BASIN LAG TIME (hrs)
CHANNEL LENGTH TO WATER DIVIDE (ft)
BASIN ELEVATION CHANGE OVER LENGTH L (ft)
Scs CURVE NUMBER FOR AMC-11 MOISTURE CONDITIONS (dim)
1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
IOOX/L = GROSS WATERSHED SLOPE (%)
SUB-BASIN DRAINAGE AREA (sq. miles)

BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
--------------------------------------------------------=======as--------------------------------------------------------

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

----------------------=----------------------------_---------------------===----------------------------------------------

XEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
============== =============================s--------------“------------------==E
0.1<X<03 0.20

1.49R*”67So”5/n (ft/see)
=

Vel = :(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
l/[2(1-x)] < CHECK < l/(2x) 1/ [2 (l-x) ] = 0.63
CHECK = (6CK) / (NMIN*NSTPS) l/(2x) = 2.50
=================================================================
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK
--------------------------------,_--_-_----,-----------------— ------------------------- --------=---— -------—------===

1 29500 4.0 2.06 8.23 8 1.03 2.06
2 14750 7.1 0.57 2.29 2 1.15 0.57

========-------—-------------------—------------------------ -==----------==================
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PAJARITO CANYON
HEC-I INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
------------------ ------------------ --- ------------_---------_=----------------_---_------__--_-_============
T = (LO.13,(s+1)007/ (1900Y0“ 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-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL WINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
======================—---—---------—--------------—--------------- ----------------
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
----------------— --------------------------—---------—— ------------- -----.--=-------------

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

------------------------------ ------------------------------------------=------------------------------------------------
HEC-1 INPUT DATA FILE PAEWME TER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAME TER DEFINITIONS
-------------------------------------------------_--------------------------=========----==== ==----------------
0.1<%<03

1.49R0”67S0”5/n (ft/SeC)
= 0.20

Vel = :(ft) = 2.00
K= L/(3600*Vel) (hours) n = O.iO
Nstps = 60K/NMIN (dimensionless)
NSTPS = INTEGER VALUE FOR NstPs
NMIN = MINUTES FROM CARD IT NMIN = 15.00
l/[2(1-x)] < CHECK < l/(2x) 1/[2(1-%)] = 0.63
CHECK = (6oK) / (NMIN*NSTPS) l/(2x) = 2.50
========================================-----=----------- ------=========~sa=
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK
================================-------a=------------------------------------------------

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

==================================s=a===m==a~=========F--,-~=====
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ROTRILLO CANYON
HEC-1 INPUT DATA FILE PARAME TER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
=a=----------------------a=------------------------------------------------------------------------------------------ y=
T = (LO.8, (s+1) O●7/ (1900Y0“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-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
------------------------=================-----============================~==——---

13ASINNO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
------------------------------------------------------------------- ---------===================

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

=========================================================----==5=
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKIZUGUM ROUTING PARAME TER DEFINITIONS
—-------------------------------------------- ======================s============a===
0.1<XC03

1.49R0”67S0-5/n (ft/seC)
= 0.20

~’~1 = :(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
I/[Z(l-x)] < CHECK < l/(2x) 1/[:;:;:;] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) = 2.50
----------------------------------------------------------------------------------_-------------------------------L__--,----a--------
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK

1 28500 4.1 1.91 7.64 8 0.95 1.91
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

===========================------— ------------------a========================
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WATER CANYON
HEC-1 INPUT DATA FILE PANU4E TER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
.--------—-------------------------------------,----------------------------------------------- ==================
T = (Lo.8,(s+l)o”7/ (1900Y0” 5, = scs BASIN IJ4G TIME (hrs)
L= CHANNEL LENGTH TO WATER DIVIDE (ft)
x= BASIN ELEVATION CHANGE OVER LENGTH L (ft)
CN= SCS CURVE NUMBER FOR AMC-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
-------------—--—--— ------ ==------—-------=======================================--------

BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
---—--—--------.--=============================------------------------------------------------------

18000 2305 54 8.52 12.81 4.07 1.81
; 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 77 2.99 8.10 0.32 0.44

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
------------------------------------------------------------------------------------------------------------------------------
0.1<X<03 oo~o

1.49Rd”67S0”5/n (ft/seC)
=

Vel = :(ft) = 2.00
K= L/(3600*Vel) (i>Ours) R = 0.10
Nstps = 60K/NMIN (dimensionless)
NS?PS = INTEGER VALUE FOR NstPs
NMIN = MINUTES FROM CARD IT NMIN = 15.00
1/ [2(l-x)] < CHECK ‘:1/ (2x) 1/ [2(l-x)] = 0.63
CHECK = (60K)/ (NMIN*NSTPS) 1/ (2x) = 2.50

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

1 18000 8.5 0.59 2.:6 2 1.18 0.59
2 17750 4.7 1.05 4.1$ 4 1.05 1.05
3 19000 3.5 1.53 6.11 6 1.02 1.53
4 13750 5.0 0.76 3.05 3 1.02 0.76
5 5000 6.7 0.21 0.83 1 0.83 0.21

-------------------------------------------------------------------------------------==--—--------------~==-------------------
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CANON DE VALISE
HEC-1 INPUT DATA FILE PARAME‘J!ERCALCULATION
SEE UD DATA CARD FOR SCS UNI’1’HYDROGRAPHYLAG TIME DEFINITIONS
=== === === === === === === === === === ===================================
T = (LO .8) (s+1)Oo7/(1900Y0“ 5, = SCS BASIN LAG TIME (hrs)
L= CHANNEL LENGTH TO WATER DI’ZIDE (ft)
x = BASIN ELEVATION CHANGE OVER LENGTH L (ft)
CN= SCS CURVE NUMBER FOR AMC-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)

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

========================================a========s===============
HEC-I INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
------------------------------------------------------------- _-——-----------------—-—-——------------------- ---------
0.1<X<03 0.20

1.49R6”67S0”5/n (ft/see)
x =

Vel = 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
l/[2(1-x)] < CHECK < l/(2x) l/[2(1-x)] = 0.63
CHECK = (60K)/(NMIN*NSTPS) l/(2x) = 2.50
----------------------------------------===-----------------------------------------------------------------------,_------------,
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK
===---------------------------------------------------------------——--——-—------------—--—-—-------——------————

1 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
~ 12500 4.6 0.75 3.01 3 1.00 0.75

—-—-—-—-—-----—-—----------------------a=======a=-----------------------------.----.------------------==-----=-----



ANCHO CANYON
HEC-1 INPUT DATA FILE PARAME TER CALCULATION
SEE UD DATA C2.”D FOR SCS UNIT HYDROG~H LAG TIME DEFINITIONS
===== ===== ===s== =================================================

(L”08,(S+1)3.7; (1gooyo “5,T = = 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-11 MOISTURE CONDITIONS (dim)
s = 1000/cN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)

BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
--------------------------------------------------------------------------------------------------------.,--------------------------

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

10000 688 75 3.33 6.88 1.04 0.89
: 2500 i68 75 3.33 6.72 0.19 0.30

IiEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
—--—-—-———--———--—--————-——---—-----—-----------—-------—---— ----------------------------- ==----------— -------------------------
0.1<X<03

1.49Rd”67S0”5/n (ft/g~~)
= 0.20

Vel = :(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 C 1/(2x) 1/[u:;:] ] = 0.63
CHECK = ( 60K) / (NMIN*NSTPS) = 2.50
===== ===== ===== ===== ===== ===== ===== ===== ===== ===== ===== ==== =7-====
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK

59

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

-----------------=-------------------------------------------------------------- --------------------------------—----------—-



CHAQUEHUI CANYON
HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
----------------------------------------------------------------------------------------------------------------------------------
T = (LO .8, (s+1)o•7/ (1900Y0“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-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL FU41NFA.LLRETENTION (in)
Y = l~OX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)
------------------------------- ---------------------------------- ==--------------------------------------------------
BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hrs)
-----—---------------—---------——---- ------ -------------------------------------------------------------========

1 16500 1292 73 3.70 7.83 1.50 1.31

HEC-1 INPUT DATA FILE PARAMETER CALCULATION
SEE RN DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS
----------------—-------------------- --------------------------_---------_-----_-----_,--------------------
0.1<X<03

1.49Rdo67S0e5/n (ft/=ec)
= 0.20

Vel = :(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
I/[Z(l-x)] < CHECK < l/(2x) 1/[2(l-x)] = 0.63
CHECK = (60K)/(NMIN*NSTPS) l/(2x) = 2.50

BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK
---—---------------------------_----—-----------------------------------------------

1 16500
==---------------

6.6 0.69 2.77 3 0.92 0.69
------------------------------------------- ---------------------------------------------------------------------------------
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CANON DE LOS E’RIJOLES
HEC-1 INPUT DATA FILE PAR?UW$TER CALCULATION
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPHYLAG TIME DEFINITIONS
--------------------------------------------------------------------------------------------------------------------------

(L”08,(S+1)o.7/(1900yo.5)T = = SCS BASIN LAG TIME (hrs)
L = CHANNEL LENGTH TO WATER DIVIDE (ft)
x= BASIN ELEVATION CHANGE OVER LENGTH L (ft)
CN= SCS CURVE 1.-lMBERFOR AMC-11 MOISTURE CONDITIONS (dim)
s = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in)
Y = IOOX/L = GROSS WATERSHED SLOPE (%)
A= SUB-BASIN DRAINAGE AREA (sq. miles)

BASIN NO. L (ft) X (ft) CN s Y (%) A (sin) T (hr~j

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 PARAME TER CALCULATION
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS

0.1<X<03
1.49Rb”67S0”5/n (ft/~e~)

= 0.20
Vel = :(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
l/[2(1-x)] < CHECK < l/(2x) 1/[2(1-%)] = 0.63
CHECK = (60K)/(NMIN*NSTPS) 1/(2%) = 2.50
----------------------------------------------------------------------------------------------------------------------------------
BASIN NO. L (ft) Vel K NstPs NSTPS CHECK AMSKK
==============================:.:==================================

1 20200 e.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 6.94 7 0.99 1.74
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