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DETER.MIN ATION OF 100· YEAil 
FLOODPLAIN ELEVATIONS AT LOS 
ALAMOS NATIONAL LADOR.ATOR.Y 

by 

Stc~pbma G. Mt~Liu 

ADSTRACT 

Under ~xisting permit l'Octuirmucmts. tb(! US Enviromucmtal Pt·utm:ticm 
Agency Mtipulatc~ that fadlitim1 rC!gul:ttcd by th(! R.c!som·c:c~ CmtsC!l'VRtiou 
and Recovery Act must delineatu all lOO-y1· floodpl~tin HlcVRtions withiu 
their boundau·ios. At Los Alamos thmw flnodplai.tts aa·c! locRtc!d within un
gaged watersheds that lh·ain Pajarito Plateau. TbiM report clor.mucnts thl! 
floodplain computational m.apping ()l'uc:mlm·e ~md. nlonp; with supporting 
r.naps~ is intended to satisfy this pm·mit rcqnirern<mt. 

The floodplain mttpping proc:edm·o outlined bm·c! usc!s tupuga•aphir. c)}tbt 
from AUTOGIS Mapping Overlay Statistical Sy!ltcm (AUTOGIS-M("JSS). 
a graphical information system database. About 65'){, Clf tlw Luhm·atm·y 
has 2-ft topographic contout· interval coverage~ wlailt! 35'.l{, has 10-ft t:over
Rge. T~trgeted str,~am channel segmcnb are Uiitially sptlcified in the MOSS 
sy!ltem, and topor.1•aphic p1•ofiles of strP.am chrttanel cross H~ctious at user
designated i!ltcrH\l:• at·t! nxtractt!d nntomsticall~·· Ea(;h 2·D p1·ofile is stor.1d 
as a 3-D MOSS line feat'ltE! using NP.w Mexico ~tate p1a.ue coordinates. Thil' 
procedure is initiated Rt a 1;onvtmicnt <lowu:sb•nan~ locatio11 within eacl1 wa
tershed and is continued upstruam tu n s,l!ncted tm·miuation point. These 
3·D line features are then exported in a format that satisfies the US Army 
Corps of Engineers' (COE'!!) Watt!r-Surface Profiles (HEC-2) input data 
requirements. 

The COE's compute1·-ba.sP.d Flood Hydrograph Packag<~ (HEC-1) and 
HEC-2 were used on a FC-type microc:omputer to perform floodplain hy
drology simulations. HEC-1 generates sturm hydrographs at selected chan
nel locations within each ungaged wat<~rshed. This information, along with 
the stream channel geometry extracted from the MOSS system, is then 
used by HEC-2 to define each floodplain. The app1·oach used nure employs 
a 100·yr, 6-h design storm event fm· Los Ammcs. but alte1·native floodplain 
e1evations produced by different storm events are easily computed. 

The HEC-2-computed watm·-surface elevations for each channel section, 
along with the left and right channel stations where this water surface inter
sect& 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 feutut'el' to identify each wa
tershed floodplain. In tlais partir.ulat' application, 11 separate watersheds 
traverse LANL landJi individual channels range .1p to 9 mi in length. The 
100-yr floodplain was defined on ead1 channel segment at 250-ft intervals, 
and detailed 1:4800-scale mars were generated. 



I. INTRODUCTION 

The t'S Environmental Protection Agency (EPA) stipula.tt:!i that all regulated ha.~ardous WH.Sl~ 
treatment, storage, and dispos~l facilities must apply for a ltf'sourre Con.:;ervatiou and Ut~ww·ry 
Act (RCH.A) operating permit. Under l~PA authurity. the ~ew \lexico ~~nvironm'!!nt Dt>partrut'•~' 
issued the l'S Depamnem of ~nP.rgy (DO E) ill! d Los Alamos ;\'at ioua.l l.ahor<tl ory ( Lr\ :'\ L) a RCRA 
hazardous waste facility operating permit in ~ow~mber 1 HiW The EP,\ i:,su~d DOE :L!Id LA :XL llw 
Hazardous and Solid Waste Amendment!:i (II S WA) port iou ,,f tltll.l w·r11111 111 :\-lard L I 991). ,\~ a 
condition to the HSWA portion of t.hf' permit, LA~L w~>..s rt~ltui.··d to Jdiur all 100-yr 0<•<• l('laiu 
devations within the facility boundary [10 CFH. 270.1-l(h)( II )(iii)). n.~:-;~ fioodpbll! ~lt!Vatinu!ot Ll ·t~l 
be consistent with ~ ational Flood Insurance Progra111 map:; prod urt=d for I h" Fc><h·ra I ; usu raUl' I' 
Administration (FIA), or must use iUI t!t}Uiva]e,ll lllt·lltod of lllaJ•ping. llt•f<>r,. this HSW.\ ~·r•rmit 
rendition was mandated, these floodplain boundary locations had •:•·v .. r be.rn wrnplt:iely lll.l]'~•·'d 

within the LANL complex. This report d~sc:ribt::. a mt:thodology that is recogui1...-d hy the EP/, 
and otlH~rs (i.e .. FIA, US Army Corps of l~ngiuer·rr-. [COE). l' Burr·au of H ... ,·!ama.ti\)u, anr! n: Soil 
Conservatiou Servire) a.s bein~ au approvl'rl t~'rhuiqw• i·,,r defi111t1~ !l(lndplaiti ··l··vations II! ur·;,a~•·d 
watersheds. 

Actual floodplain-modeling effort~ used tht> ('OE llyd rulogic l.t!J;in~P.rin~ Ceult>r (II EC) 
computer-based Flood Hydrogra.ph I>lodt:l (HEC-1 J :u1d th~ Water-Surfact- Pr~iiles model iII E\-n 
Both the HEC-1 and H EC-2 comptaer pro;,;~;m•:; ·ul' rJ;,..,sified as .,j ttglt:-t!Vellt ·•imulation utodels, 
as opposed to contiuuou:-;-simula.tion ~;•ren.miiow moriP.Is like 1 hf' Staniol'd or Kt!rlllh'kY \\'ater!<hf'd 
Mode.is. Continuous-simulation modds rt!qUJrr• t•Xlt'IISi\'t: system observatic·ll. which is not availablt! 
at LA!\L. Event-simulation modP.Is. en tlr~ otht>r haucl. allow grP.atl"r flexibility in using distribuw.J 
parameters and short time incremPnts. 'I'IH~y also r..-lJUire cousicle1·ably less field observation to 
support ir.put data requirements. In aclditior:. •he HEC-1 and HI·:C-2 event-si111ulation modds 
are recognized hy tht! EPA and COE as state-of-the-art simulatio~· models for ungaged ,,;a.tershed 
ap p l i cations. 

HEC-1 is ust>d to simulate either rt:!al or ltypor:ietkal storm hydmgrii.phs in ungage.u or ga~l!d 
W;>.rt>rsheds in n·~ponse to user-spe.<'ified raiJ,fal! hy~tographs. As Ust>d her!!. HEC! P.m~loys ~. 
traditic•na.l lUO-yo, li-h de!;ign srorM ~w·nt for Los Alamos. altl10ugh any alteruative retur •. ·-period 
event c;m t>a.sily be incorporat~d. A rtpresentative 100-yr, 6-h design storm event i5 recomnu.:nd~d 
hy the COE for delinil'g 100-yr floodplains in uortheru ~~·.·: Mexico (:\·1. :\1u.gnuson, lS Army 
COF Alhuquerqu~. personal communication, 1989}. Predicted HEC-1 hydrogn•.ph peaks at various 
streaJII ~~ha.nnel local ions, along with stream channel geometry and watershed basin charact"ristic~;, 
are used by HEC-2 to compute 100-yr floodp1ain elevations. 

Topographic profiles of stz~am channel cross sections at varlour. locations were obtained from 
LA.\L's AVTOGJS computer-based Mapping Overlay Statistical System (At;TOGJS-!\10SS), a 
graphic information system database copyrighted hy Autometric, Inc. About 65% of LAl\1 L has 
2-ft topographic-contour interval coverage. while 35% has 1O-ft coverage. Targeted stream ch:mm:i 
segments were initially specified in the ~-lOSS .;ystetn, and topographic profiles of cross sectior.:.; 
at user-designated inttrvals along segments were extracted autornatica11y. r~ach 2-D topographic 
profile WM stored ~s a 3-D !\lOSS JiJ,t! feature using i'\ew Mexico state plane coordiua.tes. Thi~ 
p"ocedure \.,·as initiated at. the intersection of the eastern DOE-LAKL facility boundary and each 
\\'1\tershf'd stream channel and was <."ontinued upstream to t.he w~stt>rn facility boundary. These 
3-D line features were then F.Xported in a format sati~fying HEC-2 modP.I input data. requirements. 
Appendix A describP.s how to use the ACTOGIS-.MOSS data e:xl raction programs developed for 
dti~ project; actual source code listings (LA-CC 91-:l) are contained in Disk :\o. 1 attachtd to this 
report. 

HEC-:.? is ulied to compute floodplain P.leva.tions tllitt ar~ assccia.tt>d with user-sp~cified ltydro
gr·,1.h pea.Ks. Floodpla.iu elevations for ll separate Vlatersheds that included all major tributaries 
were defined at 4!50-ft intervals alon.~~; stream channels within the DOE-LA~ l. boundary. Th~se 

watersheds 'lre depicted in Fit;. 1; they were subdi\·ided into 52 St'parate subbasins. Feak floods 
W'·re ,.sc.l defined with HEC-1 for two additional watersheds hewing :~iCtal of eight ser•nate sub
blSit . how~-:ver. these later watersheds do not cross the DOF:-LA:';L fa<'ility bnunda.ry. Tht HEC-1 
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a.nd HEC-2 input data files useu to genera.te th~se hydrograph pP.aks and floodplain e\eva.tiolls are 
contained on disks numbered l and 2 attached to this report. Parameter est:mation prol:t.-tlurt!s and 
construction of input data files, including t.he AUTOGIS-MOSS dati\ ~xtra.ction techniqut! used to 
define topographical profiles of stream channel cross sections, are described in t bP. section!i below. 
C:~ce all floodplains had been defined by HEC-2, then this information was reatl back into the 
~lOSS system. These data were then transformed within MOSS to determine ~ew Mexico state 
plane geographically referenced coordinates that. uniquely define the WO-yr ffoodpool 1\t t!aci1 stream 
cross sP.ctiou. Finally 1 :4800-scale maps depicting the DOE-LAN L boundary and all 11JO-yr flood
plains werP. prepared. This packet of maps is maintained on file in LA:'\L's Facilities En~in~~ring 
Planning Group office (E:\G-2 File :'<lumber R-7160) and in the Geolo~y and Geochemistry Group 
office ( EES-1 ). This reporr documents the identification of these floodplain elevations and, along 
with the a.ho\·e-ref~renced maps, is intended to satisfy the RCR A/HSWA permit r~quirement that 
all 100-yr floodplains within the DOE-LANL facility be mapped. 

II. COMPUTA'l'IONAL METHODOLOGY 

Predirting peak discharge rates an.: synthesizing romp)ete disch~rge hydrogra.phs for use in dtdin
ing ftoorlplain areas within ungaged watersheds are two challenging tasks in engineering hydrology. 
Nlost designs involve hydrologic analyses based upon a. critical flood th~t imitates some hypothetical 
future stcmn event. Ideally these analyses are ha.sed on long-term rainfall-runoff observations. At 
LAN L sufficient stream flow records arf! not available to supporl thtose analyses, althoush an exten
sive rain gage network with a lengthy precipitation record lends support (Bowen 1990). Henc~. one 
may be tempted to employ some regional analysis technique, or use empirical-correlative methods. 
Howevt.: these approach~s may not acrurately simulate t.he rainfall-runoff process. An example 
illustrates this point. 

'The lJS Geologica\ Survey (ljSGS) has producerl probabilistic techniques to est;mate peak dis
charges in !'lew ~-texico's streams (Waltemeyer 1986; Thomas and Gold 1982; Scott 1971; and 
Borland 1970). Thelie USGS Mudies define the regional magnitude and flood frequency within New 
!\-Iexico stream channels using multiplP. regression techniques for t.he 2-, 5-, 10-,25-, 50-, and 100-yr 
storm events. The empirical equations used are \·alid for specific watersheds under a wide range of 
r.limatic basin conditions that are considerably different from those at Los Alamos. Furthermore, 
these USGS ~tudies yield signifkanl errors in applications for which gaging records arP. available for 
dirert comparison. Finally, these techniques were not intended to satisfy the RCH.A/HSWA per
mit ,:ondition requiring floodplain definition. A direct comparison between the l:SGS and HEC-1 
hydrograph peaks is presented later in this report. 

Other analytical tools are also available to perform floodplain analyses; Viessman, et al. ( 1977) 
have summarized many of these approaches. However, the LANL site is contained within a sys
tem of ungaged, interconnected, watersheds with ephemeral stream drainage. Hence, mo;;t of these 
alt~i!rnative approaches would not produce acceptable results. The reason for this centers around 
the gener(l.] shap.! of watersheds within the LAN L complex. Tl.ese watersheds are elongated in t.he 
east/west direction along Pajarito Plateau, but they are extr,.mely harrow in the north/south di
rection. This atypical watershed shape, coupled with variability in surficial soil type and vegetation 
cover, yield:o; fairly typical rainfall-runoff time-of-concentration values for each subbasin within an 
individual watershed. Here. time of concentration is defined as the flow time from the mo10t remote 
pcint in a drainage Sl'bbasin area to its outlet point. However, as one moves downstream these 
subbasin ti111e-of-concentration values and u!lusual watershed mn!lgurations combine to yi~ld hy
drogr::.ph p\!aks that are atypica!Jy amplified. Hence, one tends to actually observe longer-duration 
runoff events with lower corresponding hydrograph peaks than some simple models would predict. 

When one considers the particular application at LANL, rhe deterministic approach using unit 
hydrograph thwry commonly employed by t.he US Army COE, the t:S Soil Conservation Service 
(SCS), and US Bureau of Reclamation is clearly appropriate. This approach is incorporated into the 
HEC-1 model and generates stream hydrographs at specifk channel locations. An entire watershed 
is represented by an int.erconnected group of subbasins. Each subbasin genP.ra.tes an individual unit 
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hy dro~mph t hal simulal I'S i lli}IC>rl :tnt !:~ \\wlo);i ,. ra inf:\ll· nmulf rc·lat iuu~l•i p!>, whic\1 ar ... rt-1\l"(:h·ll \,y 
a\'~rag~ su hiHsin dmrac:t ~risl ic:s. I ud i v idua i su ill ,;t.r;in hytlroAI'al•hs art' t h~n hytlraulimll~· •·oul ... J 
downs! ream 1\lld con•bined with ol h ... r strt'alll-t'OIIIII"rtt·d, suhhasin hydrugra1ths. Th~l' 'H Ef'-1 p•·al\ 
hydrograph \·alues <t.r~ .subs~<ltlt'lltly rt';ul illlo t !w II EC-~ lltodt-1 a.'i a 1':1111'1 iou of dn\1111~"1 d i:.t alll't'. 

HEC-~ then sinmlatt.>s the 1110-yr w•tl~l'-Sllrfact> "'1~\'ilt ioJ, using a :;lt·;uly. gnuhmlly mrit'1i flow ap
proximation. :\u itE'rctth·f.:. sl i\tHlard-:o;tt>p ;ul'l hml wa.o; ust:d ttl ''o&IIJIIII ~" tl1is Wl\t~•·-surfar ... •l·,·al ion 
as a fuuctiou of rhauut>l tlis1 auc· .... 

Se..-~ral ke:: HEC-1 pctramt:LN:- ~e::vr~M"Ill <tn>mg" IICJnliu•:ar telllpo!'=ll :tilt! spati:d pl'•:c·e:sSt':, within 
l:'ach suhha.o;in: tlu~y i11chul~ a\llt'l't"ll~"lll tnoi:.t 11r ... rGmlitionh, :-oil typ~!>. aut! lanclc·o\·~r. lll·:C-l al~o 
r~quirt'h 1 hat a tlt>si~n rainfall autount and lt'IIIJIOral dist rihur ion h~ SJ'""rifit>d iL'i input tlata. llt:llt:•·. 
th .. uuit hpl;·(•gra)>h approadt is qui It• fit"xi\,Jc-. In aclJition. t lu· II fo:('. I and II EC-1 111od ... ls ;tlst.• 

n·• 1uir·"" ha:.i:· w:\1 t>n;lu·,) topop,raJ •ltir ancl 1-;«'Cllllt>Lrir chara<'l t'tist it-s. H•pU);rltJ>hil' pwfilc~s of :- t n·aru 
t·tuss sc•ct io:.s. aud bt-tl- roughnes:. fa<" 1 ors as a funrl iou of dumu~J lt-uctlt. ;\II of t l&i:. i 11 l(>rJual iou 
for LA~; L wat crsht.>ds wus ;\Vi\ihl•lt! front the \lOSS mapping .syst~m or· was readily oht;liH~d ,Juriug 

short fidd iuwst igat ions. 

111. HEC-1 FLOOD HYDR.OGRAPH PACKAGE 

A. General Model Dmwl'iptiou 

H f::C-1 is t l1e most witlt:!y arcept ~d lllt'tltod for systl'fll; y l'tllllf>lll ing runcJIT hyd rographs 
ill compJ~x Watersheds. It is l\ g~neral-purpo~. 1110d~J t:OII:.I'>llllh of a calling pw~rAlll am.l l'liX 

subroutiues. Two of the subroutines dC'tt>rmirw th~ optimal u11it ltydrograph, clmttnl'l lo:;s ratP., 
and streamilow-routiug pa.ramett:r.s. Other subroutines perforlll sao\\ 111elt-ruuoff, uuit hydmgraph. 
hydrograph ·routing. and combinatiou computations and hydrograph-halaucing operatious. 11 EC-1 
is c?..pa.hle of simubuing a siup,le-storm rainfall-runoff process or computing multiple floods for the 
same watershed during planning studies. It can be used to forecast both pre- and post·construrtio1: 
flooding il1ii>acts associatee with development 1\Ctivities. Output front the model inrludes design 
storm hydro!!raphs at specified channel lor.atious within the W;\ter!>he\l. H EC-l output is dtt>ll ust>cl 
by the HEC-~ model as input data.. 

Table I summarizes major watersheds draining the DOE-LA~L facility complex. Figut'P. 1 shows 
approximate watershed locations: detailed maps ;u·e referenced later in this repcrt. D~cause water
shed basins within th~ facility complex are ungaged, the SCS syntlu:tir unit hydrograph tech::itJUe 
was used to characterize the relationship between rainfall-runoff and flood peak disdH\rges. i\1-
though H EC-1 can u:;e either the Clark, Snyder. or SCS synthetic tJuit hydrograph <lpproach. the 
latter was selected for reasons listed below. Furtlwrmore, the SCS t·aiufall-abstractiou rate was also 
'1Sed, as this paper will describe later. Finally, hy using a \'a.tiety of techniques, including modi
fied Puis, lluskingum. kinematic wave, working R&D, aud iev~l-pool reservoir routing. H EC-1 r:an 
route computed Rood flows through downstream subbasins. The ;\·luskingum method was selectt!d 
for channel routing bec11.use channel losses and flood wave attt:nuations in indi,·idual Wl\ter:;lJc.ls 
ha.\·e not been fully characterized. Hence, these losses were assumed ro be zero, e\'en though they 
are known to be reiatively high in cP.rtain stream channel segments. It should De emphasized that 
a relatively (:OJtservative design phiJ,,sophy was followed here; whene\'er specific obser\'atiouaJ data 
were not available, an approach that would tend to yield larger peak bydrog£a.phs a.t a. particular 
channel location wa.., taken. It should also be noted that the H EC-l model is extremely flexible; 
how~ver, only those particular features that wert 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 addilional model 
descriptions and to Viessman et al. (1977) for general hydrologic principles. Finally~ it should 
be noted that the June 1988 FORTRA~ version of HEC·l, published as PROHECl (~ho.rch 1990 
release) by Dodson & Associates, Inc., of Houston, Texas, was used in this study. 



Tabl.e 1 . Watt~~raheds draining the eastern DOE-LANL boundary. se" 
Fiqure l for approximate locations. 

MAJOR WATERSHED NAME TECH AB£AS WITHrN WATERSHED 
1. GUAJE CANYON WATERSHED ......•.•..... OUtside DOE-LANL Boundary, 

Guaje municipal w:,ll field. 

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

3. ~YO CAN~ON WATERSnED ............... None. 

4. PUEBLO CANYON WATERSHED ............. Historic LANL Sites, 0-1 
water well, and airport. 

5. LOS ALAMOS CANYON WATERSHED ......... Historic LANL Sites, 3, 43, 
a. Canad~ Bonito Tributary 41, 2, 21, 53, airport, o-4 
b. Quema.zon Canyon Tributary water well, and Los Alamos 

municipal well field. 

6. S~DIA CANYON WATERSHED ............. 3, 53, municipal landfill, 
PM-1 and PM-3 WDter wells. 

7. MORTANDAD CANYON WATERSBED .......... 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, 91 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 Valle Tributary 
c. Potrillo Canyon Tributary ........ lS 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 Boundery 

B. Design Storm Events for Los Alamos 

Obviously, a particular storm hydrograph for a given watershed is intimately related to the 
spatial and temporal storm distribution pattern generating that hydrograph. Hence, in this report 
we describe the 100-yr, 6-h design storm event that produces the 100-year flood;;~!!=~~ for Los Alamos. 
The reader should note that other 100-yr storm durationR (for example, the 100-yr, 24-h event) may 
produce different 100-yr floodplain definitions. Ea.ch of these aspects is described below. 
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Kc;t a.hlislli us a design lit orm ev~m requ i r .. s ~\.·eml illlport ltllf !>\ ~ps. Tlwse iucl u •lc· sp~c:ifirat ion 
of ( 1) storm fr4'-queury or return period; (~) .stor111 dumtion. total miufall d~ptl!, aud wat~rsl1P.d 
arf'a adjustment; and ( :~) sTorm tempural dist ri J.ut ion and cJ ur;tl iou of rain fall ~sc~'>. The EPA 

stipulates that RCB.A-per111itteJ facihtier. musl use the 100-yr slomt to d~fi11e all lluotlpla.i,ls [·10 
CFH. 2iO.l,l(b)(ll)(iii)]. Th~ l:S Army COE r•:commeuds that iL Ci-h storm e\'enl h .. usd in 100-yr 
H~C-1 flood simuia.Lions for northern .\ew :\·l~~dco. Jn aclditiou, rllinf;,lJ clepths haw! b~,.u l'thubted 
for Los Ala111os County (Boweu HJM!J}. Owing to lht! sm;tll size of iutlividual subha.o;iu w'\l~t!tht:ds 
within the Lahoratory cornplt!X (t~·pically lt>sS th<t.n 5 f><l mi), uo areal;tdjut;LIIIent wns UHtd~ fm tht!se 
rainfall dt-pths. llenr.P. factors ( 1) ;uul (1) aho\'e <t.re fixed hy in~titiiTi<>ual constraint,; anti syo;tP.III 
obst!n·ation!'i. 'fhe ri~COilllllt-Juled c.J~sign mti01m!t! for fac:tor (3) is c.l~t·rilu~d h'!low. 

,\ repn~~lllative ra.inf;1i) hy~tograph that is hiUoit'tl 011 l'illttor the ''JOr::!-possihl~ storw dist rihution 
pattern or uu r~corded sl<ltul ,Ji:;aibutiou paa~::rn:> IIIIlS! ht! St•lt·ctt•d. Tlli:s hyt.'IOJ;I':li'IJ wili :.i~uif
:caurly afft-<'1 I he shape El.lld pt-ak \'11.} U~ of tilt- ff"SUit i 11g runoff hydrC>)~r;lph for a. giwu Watershed. 
Prt-cipi 1 itt ion clept hs h av~ ht!t!u measuretl dail~· i 11 Los ;\ laJliOS :;iurt- I !J[ 1 ( Howf!n HJfJil). lndi\'idual 
storm palh!rns luw~ IH~~u recorded in 15-lllin iul ~n;tls sin('e ll)iH. Tho:se data wen: u~>etltu tlt!Velop 
intPnsity/dmit.ticm/frequency (IDF) relathusiJips for Los Alamo:;. Th~st: lDF curv~s were theu used 
to es.ablish indi .. ·idual fi-h design storm d1strihutious for the'.!-, f>., Ill-, :l!l-, 50-. <tllcl 100-yr .-veuls. 
r\ com1mrison with the SCS CS-h c.lesignsrorm distribution (SCS. HJ()8} :.how;, that th~ ')CS run·~ pro
tlr!ct-s a slightly more uniform r;.;ufall c.listrihution aud so1newha.t lcJWt>l· correspouJiug hydwgraph 
pt':tl\s. 

Siuct! st~nd:ud ·IDF cur\es had not been t.l ... vdope<l pr~viously fur I.m; Alamos, they w~n~ c~on
structccl for this ~tudy usins prer.ipitation dat;t from Bowen (19!JU, p. 15t.i). lnteusity i~; th~ time 
rate of precipit;ttion, expr~sed in inches p~r hour (in./b). Here, an·mge intensily is giv .. u hy the 
expressJOII 

i = P /T :.: c/(T"'+ f). (III-I) 

where ; is av•·r"\'.' '"llsity (in./h) o\'er timeT; Pis the precipita.tiou depth (in_) listed in t:JowPn 
{1990): T j., I' ·uda.ll Juriltirm (min); and c, e, and f <Ue coefficieuts that. vary with location and 
return p,.r ... d (Tr). Plots of i versus T a.re shown iu Fig. 2; for Los Alamos. these IDF curws have 
tl:e fo:IO\\. ·~ roefficients: 

Tr (Yl') c e r 
2 88A41 1.011 2L953 
5 85-5l:J 0.96:l 10.752 

10 80.908 0.931 6.123 
25 82.730 0.912 3-281 
50 81.-IH 0.893 1.580 

100 85.050 0.888 0.617 

Once these IDF curves had been constru.:ted, :, l1yetograph of a 6-h design storm wa.s developed 
for each return-period e\·ent using the altemating-bloc:k method (Chow el aL 1988, pp. 454-46()). 
Results for the 2- and 100-yr storm events are shown in Fig. 3. Figur~ 4 shows the cumulative 
100-yr, 6-h design storm for Los Alamos auc.l the SCS 6-h design storm for comparison_ T!u~ Los 
Alamos cumulative 6-h design storm patterns for the 2-, fi-, 10-, 25-, 50-, and 100-yr events are 
listed iu Table 2; note that Lhese distributions are in dimEnsionless form. These hyetographs were 
used throughout this study in all HE.;C-1 simulations. 

IL should be noted that each of the Los Alamos storm distributions lil't.ed in 1'hble ~ contains 
all of the shorter-duration events with the same recurrence interval. For example. the 100-yr, fi-h 
design storm contains the 100-yr, 15-miu storm ;u its ct:ntral 15-min intervaL Likewise, the 100-yr, 
30-min storm is contained within the central 30-min interval of c.he 100-yr, 6-h design distribution. 
Similar comments apply to the 2-, 5-, 10-, 25-, a.nd 50-yr desJgll storm c:vents listt!d in Table 2. 

While many theoretical storm distr._utions are available for mi<ho;~sttrn and eastern watersheds, 
it was ftit tha.t none of these would adequately reflect conditions at Los Alamos. In other words, thf!sP. 
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Fig. 2. Intensity-duration-frequency curvee ro.- Los AilmlOII County. 

midwestern and eMtern storm patterns tend to yield smaller peak hydrographs than those obtained 
from Los Alamos storm pa.ttems. Note that one may also use instantaneous rainfall incremeuts 
(Hoggan, 1989, p. 23~; US Army COE, 1959; USBR, 1977, pp. 86-89) in HEC-1 simulations; 
however, this option was not used here. Instead, cumulative storrr 1istribution patterns were used 
in all HEC-1 simulations; furthermore, they were adjusted for total rainfaJI 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 ne&r 3 h. Figure 3 also implies that 
gradually increasing a.nd decreasing intensities precede and follow these pe&.k values. This general 
worst-possible design storm pattern essentially satisfies abstractions with low rainfa.ll intensity early 
in the storm. As a result, this design patt.ern yields higher hydrographs in response to higher rainfa.ll 
intensities at la.ter times. It should be added tha.t observed New Mexico summer thunderstorms 
typica.lly result from intt'nse prefrontal squall lines moving south to north. While an observed 100-yr 
6-h storm has never beEn recorded at Los Alamos, its characteristic distribution would probably 
show the highest rainfall intensities in the first hour and gradually decreMing rainfall intensities 
over the next 5 h. Furthermore, observed thunderstorms are exceptionally localized events and 
rarely cover a.n entire watersht>d. However, each subbasin's design storm wa.s assumed to oo::cur 
simultaneously with all other subbasin events in HEC-1 simulations. H~nce, the Los Alamos design 
storm distribution patterns are conservative and tend to yield larger hydrograph peaks th~n would 
likely be obtained from observed hyetographs. Fina.lly, it should be noted that observed rainfa.li 
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 
ra.in gages a.t Technical Areas 54 and 59 (TA-54 and TA-59) a.nd individual elevations of subbasin 
centroids (Tables 4 and 5). Centroid elevations were obtained from 7.5-min·series USGS topographic 
maps. Prcdpitation depths listed in these tables were assumed to be uni!ormly distributed over their 
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Table 2. Individual 6-bou:- design storm distributions for Los 
Alamos County. See Figures 1 throuqh 3. 

'l'ime Time Cumulative Storm Distribution (dimensionless) 
(min) (hr) 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 

-------~-------------------------------------------------------~---
0 0.00 0.0000 0.0000 0.0000 o.ooou 0.0000 0.0000 

15 0.25 0.0021 0.0033 0.0041 0.0045 0.0051 0.0051 
30 0.50 0.0046 0. OO?'l. 0.0087 0.0095 0.0106 0.0106 
45 0.75 0.0078 0.0114 0.0139 0.0151 0.0167 0.0167 
60 1.00 0.0118 0.0165 0.0199 0.0213 0.0235 0.023-j 
75 1.25 0.0169 0.0227 0. 0268 0.0285 0.0312 0.0310 
90 1.50 0.0238 O.Ci303 0.0351 0.0369 0.0401 0.0397 

105 1. 75 0.0334 0.0402 0.0454 0.0471 0.0507 0.0499 
120 2.00 0.0476 0.0537 0.0589 0.0599 0.0637 0. 0624 
135 2.25 0.0704 0.0739 0.07"?8 0.0774 0.0808 0.0784 
15(' 2.50 0.1125 0.1087 0.1088 0.104~ 0.1060 0.1012 
165 2.75 0.2121 0.1894 0.1770 0.1608 0.1542 0.14~·· 
180 3.00 0.6644 0.7017 0.7289 0.7617 0.7833 0.8081 
195 3.25 0.8493 0.859tl 0.8637 0.8718 0.8726 0.8797 
210 3.50 0.9113 0.9100 0.9070 0.9087 0.9057 0.9090 
225 3. 75 0.9416 0.935S 0.9307 0.9300 0.9260 0.9278 
240 4.00 0.9594 0.9521 0.9465 0.9448 0.9408 0.9418 
255 4.25 0.9709 0.9636 0.9581 0.9562 0.9525 0.9530 
270 4.50 0.9790 0.9722 0.9673 0.9654 0.9622 0.9624 
285 ·.75 0.9849 0.9790 0.9749 0.9731 0.9704 0.9705 
300 5.00 0.3834 0.9846 0.9813 0.9798 0.9776 0.9777 
315 5.25 0.9930 0.9893 0.9868 0.9857 0.9841 0.9840 
330 5.50 0.9958 0.9934 0.9917 0.9909 0.9899 0.9898 
345 5.7~ 0.9981 0.~969 0.9961 0.9957 0.9951 0.9951 
360 6.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

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

C. SCS Unit Hydrograph 

Obviousl,!', not all rainfall from a storm co;ttribu tes to direct runoff, because some is lost rluring the 
o\· ••• and flow process. Four theoretical rainfa.U-a.bstrattion calculation techniques a.r~ incorporated 
in HEC-1; these inelude 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 
'.he resulting stream hydrograph peak. The SCS technique uses an SCS curve number (CN) to 
relate accumulated rainfall excess or runoff to accumulated rainfall with an empirical CN value. In 
equation form we have 

R = (P-1)2 /(P-l+S}, S = 1000/CN - 10, and I = 0.25, (111-2) 

.·;llP.re 
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Tabls 3. Precipitation depths for various return period~ and storm 

durations at Los Alamos (TA-59) and White Rock (T~-54). 

Los Alamos 

~~ f:~ll::~ l 
.2 
5 

10 
25 
so 

100 
500 

White Rock 

Tr !~rs) 
2 
5 

10 
25 
50 

100 
500 

- TA-59: Elevation • 7379 ft above MSL. 

l?recipitation Depth (inches) 

---------------~-~-------------------------------------
J. tu;: 3 bit § b~ 12 b;;: 24 hr Anm~~• 
1.03 1.24 1.34 1.47 1.45 18.10 
1.38 1.60 l. 71 1.84 1.90 22.90 
1.59 1.83 l. 94 2.07 2.18 25.80 
1.86 2.10 2.21 2.35 2.54 29.00 
2.06 2.32 2.42 2.55 2.80 31.70 
2.25 2.52 2.61 2.74 3.06 34.00 
2.70 J.01 3.08 3.1i 3.66 39.87 

- TA-54: Elevation = 6690 ft above MSL. 

Precipitation Depth (inches) 

-------------------------------------------------------
l hr 
0.69 
0.96 
1.15 
1.38 
1.56 
1. 75 
2.18 

R = 
p 
I = 
s 
c~ :;:: 

3 hr 6 hr 12 hr 24 hr Annual 
0.81 
1.08 
1.27 
1.50 
1. 68 
1.86 
2.28 

runoff (in.), 
rainfall (in.), 

0.89 
1.17 
1.36 
1.59 
1. 77 
1. 94 
2.39 

infiltration a.hstracr.iou (in.), 

1.06 1.18 
1.36 1.55 
1.55 1.78 
1.78 2.08 
1.95 2.31 
2.11 2.52 
2.49 3.03 

potenlia.l maximum retention after rainfaiJ begins (in.), ann 
SCS curve number (%of runoff). 

13.10 
16.40 
18.40 
21.00 
22.90 
24.40 
28.41 

1"he C~ is a function of land use. vegetation cover, soil cla.ssifit:ation, hydrologic conditions, aud 
anlecedenr moisture and runoff conditions. Variations m infih.ration rat!$ of difTereut soil types ar~ 
incorporated in the C;'\ through the classification of soils into four hydrologic soil groups possessing 
high (Group A), moderate (Group H), low (Group C), and very low {Group I)) infilt rariou capacities. 
Group A soils have a wat~r transmission ratt! >0.30 in./h; Group 0 soils have a transmission ra.l~ 
of 0.15-0.30 in.fh; Group C soils have a rate of 0.05--0_1!) in./h: aud Group D soils ha\'t! a mte 
<0.05 in./h. These soil trpes have been previously mapped in Los Alamos County ( ~yhR.n et al. 
1978) and were used herP.. In addition, C~ nlu~s ha\·e been tabulated in Hoggan ( 1989, pp. 3:l-36). 
1\ntecedent moisture conditions (AMC) tha.t are typically used for design applications are called 
AMC-II (avera.ge AMC). Techniques for converting CN values under JUIC-11 to CX values under 
AMC-1 (very dry soil, but above the aver:\ge pla!lt-wilting point) and A~IC-Hl (nearly saturated 
soil-hea.vy rainfall or light ranifall with low temperatures has occurred within the pre,·ious fi\'e 

·;hf!re 
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Ta-la 4. TUiulatH z·v•ac ucs 100-~a.:, •-heN~ p~eoipitat1oll 
total a to or i....Uv~dual -tocal\ecl •• ..., .. ,.,.., 

walanaocl .11111-laeift can't~aio Prec!piuuon Cl.al 
.._ al .. auon ere ICit.l z~ lD~ ----·-···----------------------------------··-

IJ\Iaje 
1. ADo .. 111-717%1 
z. .Aban IIK-1253 
l. ~;a ac IM•12&l 
•. .Aban ... ..,,,~ u II&Z'rancaa 
5. AbcoY. ~ c ... ron CODfluanco 

IUCAACII 
1. Towaa~ta Tributary It El IQQO 
2. Sov&harn TrLbutarv '~ &1 iODD 
l. Wortharn 2 Tr1butar&oa El 5140 
4. Allovo lllt-!llt'l at. <iuaJ• 

••ro 
1. Towna~t• Tributacy at El ''15 
2. Jlain o:b....,.l 4t. El UIO 
3. lovthorn Trlbutarr at Tot.av• 

Pu.tllo 
1. T~~ Contluanca at Bl 7220 
2. Ab0¥1 CoYnty Li~ at El 652, 
3. HW-4 Y ' ~ Contluonea 

Loa Aluoa 
1. Abo,. l'eaa..,..i.c at 11 7CS1 
2. Abava lrid9• at Bl 7121 
l • IIW•& Y ' Pu8Dla Canyon 
4. Abo,,. Tatav~ at laya Contluanca 
5. Abo,. Cua)a Canfluanca 
5. Abaft IUo Cranela Contluon~;:o 

Sancll.a 
1. AI>DYD IIW•t at El 1460 
1. KaLA Ch&ADal at 1:1 COfO 
J, Tlank••~ Dra~naqa at !1 6010 
4. Above Aio Grande Contluanco 

Mortanclad 
1, Tea·Sita Cont1u at &1 7060 
Z. ~ lat lad Trap at 11 ~783 
3. At &laC DOC la..,Clary Lilla 
& • Al>ow. Hlf•t at Bl f4SS ' Caelro 
l. Cacuo Canyon at Kortandlel 
f. Canada Clal luay Contlueneo 

caa~ ~!. •:;!4 at 11b1te Jloclc1 
2. Al>a- IU.o c.-... .- C:ontluoac:o 

Pajar"to 
1. Abo- .HV•503 at w. DOl Line 
2. AI>.,,. 2•1U. Canyon Ca~1uonca 
3. 2-.l Canyon ot raja~!'o 
4, Abo•• J·•• Canyon Conf1uonco 
s. J•&L canyon at ••J•r~to 
6. Above Hlr-4 ' Whito !lack 
7. Abava ~•o Grande Contluaaco 

PD'trillo 
1. Abo.. r•nc• Contluenc• 
2. raneo Canyon ot Potr~lla 
3. Above Water Canyon contluanco 

wato;: 
1. ~· KM-503 at Vaat oo~ Line 
2. Above VoUe Canyon Coaf1uanea 
3. Abo9o HV•4 at ll 6410 
4. Al>ov. Potr~lla c. Contluanc:a 
s. ~ JU.o ~uCla Canflueaca 

valle 
1. Al>o- ~&Ol at W, DOl t.ino 
:. Al>a,... '1'A·lf Ano P LaneltUl 
l. ~ .... va,ar canyon conf1uonco 

&ndlO 
1. Watt Fork and 8W•4 at 11 6245 
2. laat rark and KW•4 at 11 IZ&& 
l. 1.0-.~ zan rork at Zl 5551 
". 11a1a daalulol at 1:1 .ssse 
!I . Al>ava lUo Gr&aela Cantl-ca 

Cllaqualaui 
1. Abo,. IUo Cranela Confluanca 

l'ri:lola• 
1 • llain Cl\.unol at IU 12 00 
2. lelo• Buzn "••• at 11 1170 
3. Above USGS Caqo Stat&on 

noo 
1700 
7105 
HOO 
5t20 

'7220 
1!100 
olOO 

8400 
7300 
6410 

9200 
77(10 
7050 
6000 
5740 
)600 

6900 
640C 
'300 
5100 

7200 
?OU 
5130 
IUD 
6650 
suo 

UlS 
G500 

11720 
7500 
7500 
II SO 
7030 
UlO 
U30 

1400 
'7400 
uoo 
uoo 
5700 

auo 
7510 
'300 

6900 
6100 
uoo 
noo 
51SO 

1450 

8900 
7300 
'70C.O 

l.U 
o.u 
1,1.7 
0.10 
0.55 

O.lt 
0." 
o.to 
o.u 

l.U 
0.15 
o.u 

l.lol 
1.27 
0.14 

2.21 
1.&1 
1.14 
o.n 
o.u 
D.ll 

1.01 
D.IO 
0.75 
o ••• 

l..31 
1.14 
0.97 
o.u 
0.93 
0.77 

1.04 
o.u 

2.01 
1.37 
1.37 
1.03 
1.13 
D.tl 
o.n 

o ••• 
0.!11 
0.10 

1.14 
1.32 
0.10 
a.n 
o.n 

l.lt 
1.31 
1.27 

1.01 
l.Dl 
O,ID 
0.75 
o .•• 

0.12 

2.~0 
l.l7 
1.11 

3.21 
2.0. 
z .•• 
1.13 
1 ••• 

2.13 
1.12 
1.5'7 

3.S. 
2.f0 
1,10 

~.23 
2.U 
2.31 
l.U 
1.21 
1.11 

Z.ZI 
1.13 
1.11 
1.32 

z.n 
2.31 
2.11 
2.04 
2.05 
1.11 

2.%3 
1.12 

3.12 
2.77 
:1.17 
2.22 
2.37 
2.01 
1.77 

2.13 
a.ot 
1.13 

:s.s• 
2.11 
2.00 
l.IZ 
1.2:1 

3.,. 
2.71 
2.10 

2.21 z.n 
l.ll 
1.15 
1.21 

1.17 

l.l7 
2.10 
2.3$ 

lLOeati.on of au•oaa~n outf1- paint i.n -~ ac.ra.. c:!ulaaa.L, '" 
•atarlllad I>OIIIIdery II>Cl UIGI& 1. 5 Na\lta tC!p09raplUC: Npa. 



Table 5. Ta&Nlatod 5, 10, 2S, and 5D•veu, &•IICNr pl'ec!piu~l.on 
&~ala fo~ a~Yadual ••~·~~ ~-baaana. 

Nate"a.,.cl 6•1\r P~<ecapa.tat:a.- 'Iota"- Ci.l" 
,_ s-~ 10-yr l5•yr so-,..-

-----.. ·----------··-···--------····-----------·-·-----------·--·· eua,• 
1. AbOYa IM-71721 
2. AboYe IK-U53 
J. a~,. ac '"•1253 
4, Abo¥a aM•IIt7 •~ B&ccaneaa 
~. atoova LA c ... ,_ C'oftf1ua_. 

lan~MCU 
1. Townaaca Tcabu&3ry at El 600G 
a. Jovtba"n rrabuta~v at &1 IGOO 
J. llorr.J>e<ft ::! Tnbvt ana a El ~t40 
4, Above 8M·~It7 At GUaJa 

aayo 
1. Townaata Tl'abutaru at 1!1 '615 
2. Main Channel at El 6080 
l. Joutllacn Tcabuta"Y at Totava 

NU~o 

1. '"~ conc~~enca at El 7220 
Z. Above Coun~y Lana at tl 6526 
J. 1111•4 r 1 U. Contluaoc:e 

Loa 1.1-o• 
1. Above ~•••rvoir at El ''57 
2. Abo.,. l&"acl9a at 1!1 ""1126 
l. 1111•4 Y 6 Puablo c ... yOft 
4. ~ .... Tota~a at aaya Confl~anca 
5. Above Cu&JII ConH\&anC:a 
1\. AliAve Rao Gc- Confl&lanca 

S&Adia 
1. Above HW-.. at 1.! 1460 
l. "aan Cban1.e1 at. I!J. '090 
3. Ta&ftkava '"•i.na9a ac &1 IDtD 
t. Abova Rao ~rand& Confluence 

Moftlltldad 
1. Ten-lata Conf1u at &J. 7060 
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were made in this study. Figtire 5 shows the relationship of CN values under AMC-I and AMC-111 
conditions as a function of CN values under AMC-11 conditions. Once rainfall excess has been 
determined, a unit hydrograph can be computed for each subbasin. 

The SCS synthetic unit hydrograph procedure is based on a dimensionless unit hydrogra.ph de~ 
veloped from a.n analysis of numerous unit hydrographs from small geographically diverse, rural 
watersheds. This dimensionless unit hydrograph represents the ratio of discharge to peak discharge 
versus the ratio of time to lag time. This lag time is a fundamental watershed characteristic and 
directly depends upon overland flow path length and mean flow velocity. As such, lag time is in
fluenced by drainage bMin 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 tJf 
the effect of basin shape. The advantage of the SCS approach is that it only requires the deter~ 
mination of tim~to-peak (tp) and peak discharge (Qp), which are given by (Viessman et al. 1977, 
pp. 138-139} 

where 

tp 
D 
tt 
Qp 
A 

= 
= 
= 
= 
= 

tp = D/2 + t1 and Qp = 454 A/tp, 

time from rainfall beginning to peak discharge (h), 
rainfall duration (h). 

(III-3) 

basin lag time from centroid of rainfall excess to peak discharge (h), 
peak discharge (cfs), 
watershed dr!Unage area (sq mi). 

The basin lag time (tt) in Equation (III-3) can be expressed as 

(111-4) 



wht>i"(' I is tht' wat~r course lt-ugth (ft) soiug ups•.Tt!ILIU to tilt' watf'I"Siu~d divirlt', y is tht> i\\"t'fll~t' 

W:\lt'TS)It'cl slopf' (%) along t ht' now path, i\lltl a.ll (Jlh~r l~rlllS RTt' :t.'! prc•vinusly tlt'fillt'tl. 
Fi~url" fi uSt>:; Equ:u io11 ( 111-·1) ami I h.- tahuh\t ·~d data rout ai u~rl in App~udix B r u JP.pirt IMsiu 

ht.g tilllf" 1\.,'- a rut:cti<>ll uf :;uhh&L..;iu tlraim\P,f> iltt!l\ !or l.o..c; :\lamo.;. Accurtliup; 10 (;raf ( Hl~!'l. J>. ~)II). 

the~ );\~ 1 illlt'S art• rompa.rabl~ to tho~t' fro111 northeaslt!l'll L:S watt-rsht!tls. llow~\·er. ht: dol'S JIC.It 
indic;de how his \'alUt~s we-rtt dt'tennin~tl. In Fig. 7 Los AlaJUos waterslwd data arf! tlfoi~d to show 
SCS h;u;iu lag times fronr l•:qua.tion (111-·1) as a function of Snyclt'r hasiu lag times. Dar a ll&t"d ro 
compttlt' tlwM• Su.rder );~g times ar~ suuuuariz~d in 1'ahJ,. (L The lll'fl~r t'llf\'f' in Fig. i was o!Jtaiuf'tl 
from a rdationship tiP.rived hy thf' rs Army COE for IIIOlllllaiuous w;t.t;•r-slwds n~ar Los Altgf'lt!:i, 
Cnlifol'lliR. ( Linsll'y et R.I. H)X2. pp. 22:\ -2:l5 ). This r~la! ion~o.hip is ~;iwu hy 

1.,1 = Su)·tltor Ia~ 1 ime (II) for muunlainoul-1 walt-r,;)u~ds, 

C, cot-ffit:i~>ut acrouutiu~ for slop,. and !'itorag~ ~rr~cts. 
f.. = clta.und length (mi) fm111 ha....,in outlf'l to dh·iclt-, 
Lc = channel l~ugth (mi) from ha...,iu outl.-t lu r.eulroid. 
s w~ightP.d dm.unel t~!Opt> (fl/ft), aud 
11 1\11 t'111pirict\l col!fficient. 

For mc:UIIIainous wat~r~hr.th. llt'R.I' Lo;; ,\ngelr.s, Califomi:~. r,illslt>y rt>ports valu~s for cl and II 

of 1.:.:! and o.:~x. Tt'Spt!r.tivdy. Tlw lowt>r CUI'\'~ in Fig. 7 Tt'pres~nts Snyrlt'r lag tilll~S ha.sed 011 tht' 
tiS Anuy COE's studir.s from the Rio PUt!rr.o, in ~~w ~·lt>xicu, a.ut! fro111 El Pasc1, T!!Xas. !.'or rhis 
second <·urn•, 1 he standard Snyder lag tiJl\1' ~quat ion was used. This P.xpr~~iou is given hy 

t - (' (I I c )o :ill 
"'- -·t ,. ' ' (Ill-G) 

where allt~rms are a..o; previously defined. \-''!lues for Ct were uhtained from a logarithmic plot of C, 
verses s (.\1. \lagnuson, personal communication HIS9). figure i clearly shows that thP. SCS basin 
lag ti11ws used in this ftludy are brackett!d by extremes produced with lhe Snyder t.e1:hnique. 

As m~uLiuued ahov~. the SC'S runoff C:\ rt>lates :t.ccumulated rainfall excess or runoff to accu
mulated raiufall. In addition to ease of use. Equation (lll-4) h~ the advantage that the irnpar.ts 
of dHP.Iopmf'nl within a watershed can be evaluated because changes iu C~ over t imf' are t>asily 
estimat.ed. As previously mentiont!cl, tables exist tlHLl list C~ values for a variety of conditions. 
ranging from urban to semiarid (Hoggan 1989, pp. 33·-36). These same irnpacl!i cannot be e:;ti
mated with the Snyder or Clark methods. In fact, if one originally employed either tlw Snyder m 
the Clark uuit hydrograph method and land use patterns changed o\·er time, thP.re would he no 
systematic: methodology for evaluating corresponding changes in the hydrogra.ph peak, unless tlae 
SCS technique wa.o; subsequently used. 

Tlu~ L:S Army COE in Albuquerque has developed Snyder's synthetic unit hydrogra.ph method for 
applications in uorth central New ,_texico (M. Magnuson, personal communication, 1989). U.cogard
less, it. was felt that the Snyder's coefficients representing baain slopes and storage were generally 
not appli(·able to P!t.jarito Plateau. It can he inferred from Fig. 7 that either smaller or larger 
hydro graph peaks can be obtained from H EC-1 simulations if the SnydP.r unit hyclrograph approach 
is used iu!itead of the SCS technique. The potentia.) for generating larger hydrograph peaks is ob
viously or interest. However, as discussed in Subsection E, use of this ahernati,·e approach in Los 
AlA.mos Coumy cannot be justified. 

D. Modelluput Parameters 

Because all watersheds within the DOJo~LA~L complex are similar, individual HEL-l input data 
files have a similar structure (see Disk ~o. I). This generic file structure is illustrated in 'I able i. 
Individual water:;hed boundary location maps were constructe::d from Vi-min USGS topographic 
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Table 7. Typical HEC-1 input file identification scheme. See HEC-
1 user manua~ for comp~ete listing of other options. 

Data 
Category 

Record 
Identification Data Description 

-------------------------------------------------------------------
Job 
Initialization 

Precipitation 
Data 

Job Step Control 

Basin Data 

Loss Rate Data 

Unitqraph Data 

Routing Data 

Hydroqraph 
Transformations 

End of Job 

ID 
IT 
IO 
IN 

pel 
PG2 

PR 
PW 
PT 

RL3 
.RM 

HC 

zz 

Job Identification 
Job Time Control 
General Output Contrcl 
Input Data Time Control 

Cumulative Prec Time Series 
Storm Gage Total Precipitation 
aecording Gage to be Weighted 
Precipita~ion Gage Weight Factor 
Total Storm Gages to be Weight~d 

Stream Station Identifier 
Alphanumeric Comment Message 
Output Control for this Station 

Basin Area 

SCS Curve Number Loss Technique 

SCS Dimensionless Unit~r::r.:aph 

Channel Loss Rates 
Muskingum Routing Parameters 

Coml:>ine Hydr.ogr.:.phs 

Required to End Joh 
--------------------------------·-----------------------------------
lsee Table 2 for design storm distribution. 

2see Tables 4 and 5 fer individual sub-basin values. 

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

mavs; they are loc:a.ted with the floodplain bounda.ry maps in the Facilities Engineering Planning 
Group Office (Comer and McLin 19\:H ). Equations to compute indiddual input file par11.met~rs were 
listed in the previous section. Re:;ults of these calculations are listed in Appendix B. Tabulated 
watershed characteristics include subbasin area., subbasin main chan11 .. ! ltmgth to water divide or 
upstream subba..c;in boundary. elevation change o\·er channel length, average subbasin C~ value, aud 
computed SCS basin lag time from Equation (111·4). All watersheds w~re outlined on th~ t:SGS 
topographic maps, and individual subbasin areas were measured with a planimeter. ~1easurements 
obtained from four repeated area calculations for each subbasin yielded variances that deviated 
< 1% from a.\·erage values. Selected watershed areas are listed in TabiP. 8. and all subbasin area 
mean \'alues are given in Appendix B and Disk ~o. I. Channel lengths a.ud elevation changes were 
a.Jso taken directly from topographic maps with similar measurement repeat-ability. It should also 
be mentioned that predicted HEC-l hydrographs are relati'.·e)y insensitive tc minor measurf!mem 
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Table 8a. Hydroqraph peaks (cfs) correspondinq to individual 6-hour 
Los Alamos design storm events at eas~ OOE-LANL boundary. 
See Table 9 for description of exact locations. See 
Table 2 for cumulative storm distr.:..bution patterna. 

Watershed 
Name 

Basin Recurrence Interval Hydroqraph Peaks (cfs) 
Area 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 

20 137 

Barrancas 2.12 1 12 

Bayo 3.92 2 21 

Pueblo 8.40 e 65 

Los Alamos 10.38 19 115 

Los Alamos 20.74 24 166 

Sandia 2.65 1 10 

Mortandad 1.72 1 6 

Canada del Buey 2.10 1 11 

~ajarito 11.36 5 71 

2-Mile 3.28 l 19 

3-Mile 1.70 1 12 

Fence 1.03 1 8 

~otrillo 2.78 1 14 

Potrillo 4.77 2 15 

Canon de Valle 4.28 2 21 

Water 12.40 4 68 

Ancho 4.67 2 27 

Chaquehui 1.50 1 13 

Frijolesl 18.02 33 160 

265 

25 

43 

121 

204 

300 

21 

11 

21 

143 

40 

24 

16 

26 

30 

41 

139 

57 

27 

284 

472 

47 

79 

2ll 

332 

502 

38 

19 

38 

263 

77 

43 

29 

53 

56 

75 

255 

105 

53 

479 

1watershed boundary is outside DOE-LANL complex. 
2orainage basin area in square miles. 

66E' 

67 

lll 

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 

eo 

55 

99 

108 

141 

485 

198 

103 

853 
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Ta,k\~.e 8b, Total 24-hr runof.f volUJDes (ac-ft) corresponding to 
individual 6-hour Los Alamos design storm events at east 
DOE-LANL boundary. See Table g for description of exact 
locations. See Table 2 for cumulative storm distribution 
patterns. 

Watershed 
Name 

Basin 
Area 

Recurrence Interval 2'-hr Runoff (ac-ft) 
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 

Bar.rancas 2.12 

Bayo 3.92 

Pueblo 8.4~ 

Los Alam•.)S 10.38 

Los Alamos 20.74 

Sandia 2.65 

Mortandad 1.72 

Canad<' del Buey 2.10 

Pajarito 11.36 

2-Mile 3.28 

3-Mile 1.70 

Fence 1.03 

Potrillo 2.78 

Potrillo 4.77 

Canon de Valle 4.28 

Water 12.40 

Ancho 4.67 

Chaquehui 1.50 

Frijoles1 18.02 

8 

<l 

<1 

4 

8 

12 

<1 

<1 

<1 

2 

<1 

<l 

<1 

<1 

<1 

<1 

2 

<1 

<1 

12 

67 

4 

8 

26 

48 

75 

6 

1 

6 

26 

6 

4 

2 

6 

a 
6 

24 

10 

2 

65 

133 

8 

16 

48 

83 

141 

12 

2 

10 

54 

14 

8 

4 

12 

18 

10 

48 

20 

6 

119 

236 

18 

30 

85 

137 

236 

22 

4 

18 

99 

26 

16 

10 

24 

32 

18 

87 

38 

12 

200 

333 

24 

44 

119 

184 

325 

32 

6 

24 

141 

38 

22 

12 

34 

46 

26 

125 

54 

16 

276 

442 

32 

58 

155 

240 

424 

42 

9 

30 

186 

50 

28 

16 

44 

60 

38 

169 

71 

22 

359 

-------------------------------------------------------------------
~Watershed boundary is outside DOE-LANL complex. 
Drainage basin area in square miles. 
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errors in suhhasiu arPa, main rhanntoll .. ngt h, o\IHI el~\·at iou tlirft"reurt's a.o; i111 
-t}. lu addition, :\-lanui n~ 's •·qualiou wa.-. used w mnlJ•Ult• .\lusk i .1gun1 r< · 
1\.\'era.gt! chanu~l flow \'t~lodti~s (Appt>ndix B). l•'iu;\IJy. il ~;houhllw point• 
parameters ar~ list t'd in 1 ht! Jll•:(' -I illjHH chua fi!t's ou Disk :'\ <>. I au d a 
here. 

· l,y l•:qtH\1 ion (111-
.\rallu-\t'r=- fwm 

•J:\1 all Wal .. tsh..-tl 
·<:ussd iu Jl't ail 

Nott' that (; uaje ;uul Frijolt's C:myons ha\·•· he-ton i ul'luclt'tl in Tahlt•:. ·1 aut! !'). !\ pp,.uc!ix U. 
ant.l 01. Disk :\o. I e\'t'll though theM" walt!rsht!tl stl,.i\111 dta111wls c~o 11<>1 t:ros.o; tlw 1>01·:-1.,\:\l, 
ctJmplex. Guajt' C;\nyou ... :"'<;included hecl\ll!it! t.ht> (:uajt> lllllllicip:\l weall fif:ld is k1catt>cl tlu~rt!: 
Frijoles Canyon was iucluded ilt'Cl\USf! i\ rsr;s gaging st i\1 ion is lont.lt'cl ill the Bx.ude)it'r \:t.tional 
Park tlttlulq~aarl ers. Also llOlt! that the t 1\hulatf'tl \\'0\lt'L'I;IIt·tl c·haractt'dsl ics x.rt' liM t'd a<·rol·dill!l, 
to suhbasins within a givt!ll watershed. Jo:;\ch fiUhhasiu hnuuclat·s division was sealt-cl~tl i\c·c·orclinl; 
to ~everal factorl'i. These included (1) trihulary inflow, (1) significant <'lmn,.;~ in<"~ \·alut>. {a) au 
important geo~taphic feature Ot 1111\llllliHJ~ bOUUcJa.ty lll:tTker, Ut ('l) 1\IIOth~r UIISptot:ifi~cJ ft':tlllft' for 
whicl, a hydrogr;tph peak \'IUUe was required in II FX'-1 simnla.tio11.s. Finally, it should hf' JI(Jtr:d that 
these subbasins t!Xtend from tht! topugmphir peaks that cl~nn~> watersht-d houtlllarit's localt>cl to the 
west of tht DOE- I. A:\ I, compl~x to the H.io Grande drain<lge ronfluenct~ located to tlu: e:l.'>l. Ilene~. 
hydrograph peak values were obtained for numerou!l puints along iudividual Wl\tercout·~t'S within thP 
DOE-LA:\ L complex, for individual stream cha.unels as tlu~y exit t lte DOE- LA\ L cmnplex, ilncl for 
confluent cluuuwJs mergiug with tht' Rio Grandt~. Only 100-yr floodplains within tht' DOE-LA~L 
complex wer~ roll!puted, however, because the /•XTOGIS-:\·IOSS topogra.pl1ic clata do not exteud 
beyond this houud~t.Q". 

E. Pt>..ak Hydt•ograpbs fm· Ma.jo1· Wat~rsht.!d!' 

Once all subbasin characteristic p~uameters (Appeudi.x B) :tnd It EC-1 input data. files (Dis).; 
No. 1) had been prepared, individual watershed hydrogra.plls could he geueratecl. Reforr: this wa.c; 
done, however, a parameter sensitivity analysis W!Ui ma.d~. With the approach that \\'a,-; used here, 
all model parameters. except for composite subbasin Cl\s, are constrained to a. very narrow range 
of observed values. These C:" values could be estimatt'd fro111 rouuty soiltna.pl> (~yhal' t'\ 1t.l. 1!>78) 
and standard tablP.s (Ho~gu,;, H)89). In actual practic~. H.n individual, composite. ~ouhba.<;iu CN 
value was computed as an area-weighted average ac:cortliug to mapped soil and vegetation types 
and vr.riable C:-\ values. However, it is reasonable to t>Xpect that composite CN vx.lues can vary 
by as much as lU% above or below th~ir originally estimated values. Hence, ill ord~r to rt"duce the 
uncertainty in these estimated CN values, hydrograph peaks produced by the 2-yr. 6-h d~sign ~;torm 
eo,·ent for LA~L were examined for all subbasin watersheds. The logic for this design procedure 
is straightforward: from physical obsen·ation, one can quickly develop a. general appreciation for 
ftood magnitudes associated with indi\·idual 2-yr storm events \\"ithin Los Alamos County. These 
qualitative observation!> suggest that 2-yr flood peaks in Los Alamos County vary hP.tween zero 
and a fP.w hundred gallons per minute. This same apprPciation cannot be easily developed for 
100-yr magnit-ude e\·ents.. Following this logic, all HEC-1 simulations should accurat~ly 1·eflect 
2-yr events if one is to have confidence in larger recurrence-interval floods. Note that. one~ a.ll 
subbasin characteristic parameters have beP.n determined for a given HEC-1 watershed, chaaging 
the subbasin rainfall totals (i.e., th~ PC data card shown in Table 7 for each HEC-1 input data file) 
and the design storm distribution pa.tterns (i.e., the PC cards shown in Table 7) generates different 
recurrence interval hydrographs. Results obtained from this design methodology are outlined below. 

Each HEC-1 watershed simulation was made for the 2-yr, 6-h LANL design storm event, ns 
described above. If a given subbasin yielded a hydrograph peak that was unreasonably high or low, 
then the composite CN value was adjusted either downward or upward, respectively, and a new 
simulation was made. Note that a change in CN value implies a corre=;ponding change in basin lag 
time, as suggested by Equation (III-4). This iterative proce55 was repeated several times for each 
watershed. Individual composile CN values were typically adjusted <3% until the 2-y•· hydrograph 
peak was greater than zero but less than about 2 cfs for an average-sized subbasin. Approximately 
half or all subbasins required a composite CN value adjustment: these a.djust.ments were nt•arly 
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equally divided between increases lnd decreasP.fi in CN Ya.lU(:S. Once these c~ values were fixed, 
the 2-, 5-, 10-, 25-, 50-, and lOU-yr liydrographs w~re comt>Uted using th1! 6-h rainfalllotals listeJ in 
Tables 4 and 5 and the design storm di!itribution patterns Hsted in Tkl:..ie 2. Rf'Suh.ing hydrograph 
pe&ks a.nd 24-h runoff volumes for all watersheds crossing ihe ecu.ter11 DOE- LAi\L boundary are 
given in Tables 8 and 9. Table lO lists hydrograph peaks and 24-h runoff \'oiumes for confiuent stream 
channels a.t the H.io Grande. One should use care ia referring to these tablt>s. For example, the Los 
Alamos Canyon w .. tershed is li!ited in hoth ta.bles. In Tablt> 8, the secowi Los Alamos hydrograph 
peak includes Puehlo Canyon riows because thesf! slrP.ams are confluent above the ea.c;tern DOE
LA ~L boundary. In Ta.ble 10, the L<lS Alamos values include Oows from Guajt'!, H.endija, Barranca.s, 
Bayo, Pueblo, and Los Alamos Ca~t~·ons becaust: all of the~;e streams arl• cotlfluent above the H.io 
Grande. Simili\r comments apply to other listed wa.lersheds. lt should also be mentioned th<lt these 
combined hydrogrJph peaks cannot simply be arithmetically added together. Instead they must 
he hydraulically l{>•lted downstream all\l then combined. In other words, each stream hydrograph 
abscissa must be ~->.li~;ned to account for flood wave travel time. This procedure is automatically 
performed in the Ht~C-1 bydrograph-rombining subroutine. Finally, it should he point~d out that 
all stream channels were RSSUmed to h<m~ zero basdlow because all strf!ams within the DOE-LANI.. 
boundary are normally ephemeral. 

F. CompaTison with USGS Flood-Flow Frequencir.s 

The USGS has developed re~ression equations (Waltemeyer Hlbt:) for estimating flood discharges 
for the 2-, 5-, lO-, 25-, 50-, and 100-yr recurrence i•1ten·als from ungi\ged watersheds in :'\ew :\tex
ico. A compr:.rbon between hydrograph peaks produced by the HEC-1 and USGS techniques was 
made in order to illustrat'! their differences. Generally. one might expect both methods to yield 
1 00-yr peak flows of similar magnitude for Pajarito Plateau watersheds. However, the t:SGS ap
proach consistently yields higher peak Oows than does the HEC-1 technique employed above. Al 
lower recurrence intervals, these differences become more pronounced. For 2-yr floods, the l!SGS 
procedure yields l1, ~rogra.ph peaks thal a.re typically one or more orders of rnagnitude larger than 
HEC-1 peaks using equivalent subha.si11 watershed parameters. The reasou for these differences is 
centered on the storm pattern incorporated into each technique and the fact that the HEC-l mode) 
theoretically simulates th~ rainfall-runoff process more reali~tically. 

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

where 

.:Qn 
A 
Ec 

-· 
= 
== 

hydrograph peak (cfs) for yearly recurrenct! interval n, 
watershed area (r.q mi), 

(IIJ-7) 

a\·erage channel elevation at points that arf' 10% and 85% of the 
stream length upstream from the hydrograph peak (fL), and 
~a.infall total (in.) for the 10-yr, 24-h storm. 

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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Table 9. Channal locations of hydrograph peaks listed in Table 8; 
also see USGS 7.5 minute topographic maps. 

Watershed 
Name Stream-channel locations of hydroqraph peaks 

Guajel Above Barrancas Canyon confluence. 

Barrancas Tributary confluence below east DOE-LANL boundary. 

Bayo Tributary confluence above east DOE-LANL boundary. 

Pueblo Above Los Alamos Canyon confluence at HW-4. 

Los Alamos Above Pueblo Canyon confluence at HW-4. 

Los Alamos Above Bayo Canyon confluence at Totavi. 

Sandia At DOE-LANL eastern boundary. 

Mortandad At DOE-LANL eastern boundary. 

Canada del Buey At DOE-LANL eastern boundary. 

Pajarito At DOE-LANL eastern boundary. 

2-Mile Above Pajarito Canyon confluence. 

3-Mile Above Pajar~to Canyon confluence. 

Fence Above Potrillo Canyon confluence at gravel pit. 

Potrillo 

Potrillo 

-:anon de Valle 

Water 

Ancho 

Chaquehui 

Frijoles1 

Above Fence Canyon confluence. 

Above water Ca"'yon confluence. 

Above Water Canyon confluence. 

Stream crossing at HW-4. 

Streli&m confluence below HW-4. 

At DOE-LANL eastern boundary. 

At USGS gaging station above Rio Grande. 

-----------------------------------------~-------------------------
1watershed boundary is outside DOE-LANL complex. 
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~ :;le lw~ Hyd&ograph peaks (cfs) corresponding to individual 
Los Alamos design storm events at the Rio 
confluence. See Table 2 for cumulative 
distribution patterns. 

~later shed Basin1 Recurrence Interval Hydroqraph Peaks 
Nge A;£ea 2-~r s-~r 10-:r:r 25-xr so-xr 

Los Alamos S8.67 39 302 573 997 1392 

Sandia 5.57 2 23 50 96 137 

Canada del Buey 10.43 33 74 127 220 300 

Pajarito 13.60 24 71 142 260 369 

Water 19.46 5 80 165 305 434 

Ancho -:-.01 2 32 67 124 179 

Chaquehui 1.50 1 13 27 53 78 

!'rijo1es2 18.02 33 160 284 479 654 

6-hou.r 
Grande 

storm 

(cfs) 
lOQ-!r 

1845 

182 

395 

495 

580 

236 

103 

853 

------------------------------------~~~----------------------------

1orainaqe basin ar&a in square miles. 

2At USGS gaging station above Rio Grande confluence. 

Table lOb Total 24-hr rWloff volumes (ac··ft) correspond.i.ng to 
individual 6-hour Los Alamos design storm events at the 
Rio Grande confluence. See Table 2 for cumulative storm 
distr1bution patterns. 

Watershed Basinl Recurrence Interval 24-hr Runoff (ac-ft) 
Name Area 2-xr 5-l!r 10-xr 25-:!£r 50-!r 100-!r 

Los Al.amos 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 

-------------------------------------------------------------------
1orainaqe basin area in square miles. 

2At USGS gaging station above Rio Grande confluence. 
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Qu 1\ b c: d 

2 r,r.2oo (1.-1 'j -·l.tl!; t.nJ 
!) li!IUOO n.H --1.1 :J l.fi7 

111 2~!)()00 OA:l --1. J.l 1.11H 
25 4UiOUO 1),41) -·1.1:1 IJ•l 
f>U 6M!ill00 o.:m - ·1.11 1..1!; 

100 8!J611()0 u.:\t\ -·1.11!1 l.·lU 

All other param~lcrs for ~:qu;\tion (111-7) are li!uetl in Ta.hl~ 11 for wa.tP.rshecls draining !h.
eastern DOE-LANL facility bouuditry. :'\ote th~tt \\'ahelnt-yer (HJtSf;, p. fi) indicatt'.!) that I is thto 
maximum precipillltion im~nsity for lht> 10-yr, 2•1-h swrm ,.~·,.nt. lit> imlicl!.tt'S tluu thest! 1-\·aluc-z; 
can be obtained from precipitatiou-fretiUt'llCY nuLp.s for Xt>w .\-lexic:o (~tillc·r c-l al. HJ73). llow«>~·er, 

these maps give predpitatiou tolals mtlJt>l' than intensity, which is giv.-u in inches per hour. Tl1us, 
the 10-yr. 24-h precipitation total is lislt'cl iu TahlP. 1 L Comparison of:.!- aud 100-yr hydrogmph 
p~aks, as a. function of drainage hH.o;in area are show., in Fi~~os. K and 9. The t:SGS and lll•:f'-1 
me!thods were u~d for l.o.o; AlamOti Couuly. Olwiously, for Pnjarilo Pht.teau watersheds th~ l:SC:S 
approach consisteutly yields larger hyrlrograph peaks than does th~ II EC-1 model. Th€: 2-yr floods 
obtained from the t;SGS method are especially interesting because they ~~.re so la.rge. In fact, it 
is this obvious discrepancy that prompted t.he use of 1he IJlo:C-1 approl\tlt in the first plarf'. Any 
long-term county resident will readily agree that the preclicled 1-yr USGS hydrograph peak nows 
grossly disagree with his or her ptH'sonal experit!nce. By logical extension, one must also quetition 
the 100-yr flood peaks. For this reason t.he USGS apprCin.ch WI"..S reject.ed for •Jse on Paja.rito Pl:tteau 
watersheds. One should not infer that. oth~r New Mexico watersheds outside Los Alamos C<1U1tty 
cannot be accurately represented witb thP. liSGS technique, however. 

Figures 8-10 depict the HEC-1 hydrogra.ph peaks at the eastern DOE-LANL boundary and at. 
the Rio Grande. These peaks are also listd in 'fable!i 8-10. The,;e a.ntl other peak values were used 
as input data in HEC-2 simulations for final definition of all I 00-yr Ooodplains. Figure 11 shows 
100-yr peak flows along the Los Alamos Canyon watershed and includes data from Los Alamos, 
Guaje, Rendija, Ba.rrancas, Bayo, a.nd Pueblo canyons. 

G. Comparison with Other F1ood·Flow Frequencies 

Lane et al. ( 1985, pp. 30-37) have g~nera.ted synthP.tic streamftow and sediment transport data. 
for Los Alamos Canyon above the Rio Grande confluence. Many of lhese data were prP.viously 
unpublished but have recently been reported by Graf ( 1991, Appendix 84 ). These data are surnma
rizf:d in Table 12. Weibull plotting positions were used to conduct a log-Pearson Type-Ill aualysis 
(Wi ... C 1967, WRC 1981, US Army CQJ.o; 1982) for thege data. Figure 12 dearly shows that Lane's 
synthetic streamflow data. are statistically identical to HEC-1 hydrograph peaks obtained in this 
study ior Los Alamos Canyon at the Rio Grande. 

IV. HEC-2 WATER-SURFACE PROFILES 

A. General Model Description 

The H EC-2 model is similar in concept to the fiEC-1 mod~) in that it contains a calling program 
and multiple subroutines. The BEC-2 calculates and plots water-surface profiles for subcritical, crit
ical, and supercritica.l gradually varied steady flows in channels of any cross-sectional configuration. 
The principal uses of the model are for floodplain definition; for evaluation of the hydraulic effects of 
bridges, culverts, and weirs; and for calculat-ing stream profiles for various frequency floods for boLh 
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Table 11. Watershed parametexs for estimating hydrograph peaks at 
east DOE-LANL boundary using equation (III-7) . See Table 
9 for basin locations. See text for discussion. 

Watershed 
Name 

Guaje1 

Barrancas 

Bayo 

Pueblo 

Los Alamos 

Sandia 

Mortandad 

Canada del Buey 

Pajarito 

Potrillo 

Canon de Valle 

Water 

Ancho 

Chaquehui 

Frijoles1 

Basin 
Area E85 (ft) 

26.272 8480 

2.12 6880 

3.92 7035 

8.40 7900 

10.38 8235 

2.65 7250 

1.72 7235 

2.10 6980 

11.36 8560 

4.77 6470 

4.28 9100 

19.46 8155 

7.01 6960 

1.50 6540 

18.02 8790 

E10 (ft) 

6060 

6120 

6220 

6395 

6415 

6530 

6710 

6480 

6590 

6050 

7000 

5960 

5685 

5640 

6185 

1watershed boundary is outside DOE-LANL complex. 

2orainage basin area in square mi .. es. 

26 

Ec (ftl I (in) 

7270 2.12 

6500 1.67 

6628 1.74 

7148 2.05 

7325 2.15 

6890 1.86 

6973 1.94 

6730 1.80 

7575 2.29 

6260 1.53 

8050 2.57 

7058 1.99 

6323 1.57 

6090 1.43 

7488 2.24 
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'!'able 12. Synthetic streamflow data for Los Alamos Canyon at the 
Rio Grande confluence, as reported in Graf (1991, 
Appendix B4) . 

Year l?eak Flood (cfs) Sediment Yield (tons) 

-------------------------------------------------------
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
19?6 
1977 
1978 
1979 
1980 

66 
631 

0 
80 ., ... 

0 
0 

20 
687 
386 

4 
129 
283 

0 
649 
203 

59 
0 

53 
1 

283 
0 

233 
32 

361 
924 
149 

0 
42 

0 
349 

20 
6 

20 
4 

293 
312 

0 

466 
8393 

61 
611 

65 
61 
61 
77 

9814 
6316 

12 
1006 
2783 

0 
16470 

2062 
532 
154 
443 
138 

2772 
0 

3163 
165 

4197 
14120 

2899 
0 

247 
0 

3955 
129 

99 
77 

8 
3198 

426 
183 

----~---------------~----------------------------------
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1 0 • 0 = -400.6 + 462.1 Ln(T); R2 = 0.98 
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Q) 

Q. 

10 
1 

••••• HEC-1 Peak Discharge 
"""Doto from Lcne et ol (1985) 
Al\t\oo 95s Confidence Limit 
00000 5s Confidence Limit 

10 10 2 

Return Period T (yrs) 
1 0 " 

Fig. 12. Lo1-Pcaraon Type III analyaia or eynthe:ie and HEC-1 flood fJowa r.,r Los Alamos Canyon at the Rio 
Grande. 

natural and modified char.nel conditions. Water-surface profile analyses are commonly u~d to deter
mine flood protection levee heights and Roud hazard zones for insurance purpose~>. The HEC-1 and 
HEC-2 models are typically used in conjunc(ion with one another for complex floot)plaiu-assessment 
studies. 

The HEC-2 program uses the standard-step numerical method tha.t is based on energy losses 
to compute water-surface elevation changes between adjacent stream channel cross sections. These 
computed water-surface elevations correspond to hydrograph peak discharges obtained from HEC-1 
simulations. Because energy, or friction, losses are intimately tied to Manning's equation for open 
channel flow, stream cross sections are required at locations wh~re changes in diHcbarge, slope, 
shape, and channel roughness occur. Here Manning's equation ro1 English units is given by 

where 

Q 
A 
R 
p 
s 
n 

Q = (1.49/n)AR213S112 and R = A/P, 

= 
= 
= 

= 
= 

discharge ( cfs), 
area perpendicular to flow (ft2), 

hydraulic radius (ft), 
wetted perimeter (ft), 
energy slope (ft/ft), and 
boundary surface roughnns coefficient (dimensionless). 

Water-surface profile calculations in HEC-2 begin at the downstrea.Jr. 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 or<ier art> used to mak~ separate model simulations; for each of LhP.Sf" flow t'<)Utlitions. 
Model calcul~tions s~qu~utiillly progrt'ss eit1u~r upstream (subcritical) or downst,·ea.m (!illpercrith:al) 
from cross section to cross s~ctiou. ,\t bridge crossings ami culverts, wht!rt! flow hydraulics are more 
complex, moment urn and other ~quat ions ml'ly he used to compute water-surface r.lPvation cha.ng~"~'i. 
This model also takes into a.rcount lo.'\.C~es resulting from coutractiou and expansion and from eddies, 
btnds, a.nd tributary junctions when adjustments a.re madt' to rrir.tion lr.ss coefficieuts. 

The UEC'-2 comJHill\tiom\llllt!thodolog~· is hased on the following Oow couditicms: (I) gradu
ally \'a. .cd st~r.dy flow, (1) ont>-dimensional flow with horizontal-velocity distributiun wrrections. 
(:1) small channel slopes not excet"ding -10%. (4) a constant average frictiou sk1p .. hetwt-~n adjacent 
t'ross sections. and (5) rigid stream channel cross-sP.ctional boumla.ries. Some hyl<,.,tUlic flow condi
tions that viohtte on~ or n•ore of the abo\'e include { l) nlpid down.strf!am flood w;m• p1·opa.gation 
resulting from tJam breachillg; {:l) significant hack water efT Pets cau~etl by dowust ft'alu houndary 
conditions such as tidal flows ot· tributary inftow effects; c\nd (3) wide, flat floodpliliw; that cause 
hydraulic flo\\' disparities bHtween the m!Un channel and overbank areRS. 

It is not uncommon for many channP.I ~gments to have mixed flow regimes that are dJaracterizPd 
by subcritical and supercritical flows that occur simultat~eously iu different parts of a lii!lg)e cross 
section or inadja.cent cross sections. In thP.se .situations. the HF.C-2 model must be run for hoth sub
critical nnd supt-rcritical flow cotulitions to determine th~ complet~ wat~r-surface profilt.. llo\W~\·er, 
most natural stream ~:ha.nnels. including most mountain stream chauuels. exhibit suhrritical flow 
conditions O\'f't' the major part of their wa.tP-rcourses. The HEC'-2 model is undouhtt!dly the most 
widt"ly used techniqu~ for defining complex water-surface profil~;. .Many of the II EC'-:.1 moueling 
capabilities are uot descrihed in detail here. Instead, the intPre,;t~<l reader is referred to lhe Jl EC'-2 
user's manual ( CS :\rrny COE HH~2) for a complete desniption. Finally, it should ht' noted that 
the September 1988 FORTR;\X version of the HF.C-2 modd. published as PROHEC:l (\-larch 1990 
release with modification Oa) by Dodson & Associa.tt!s, Inc., of Houston. Texas, was use!d i11 this 
study. 

B. Stream Channel Geometries 

In the HEC-2 model, flow-regime boundary gt>ometry is defined by cross sections aud the reach 
distances between adjacent cross sections. 'These cross sections, which characterize the flow capacity 
in the stream channel and O\'erbank areas, are located at user-specified inten·als along the stream 
channel. The model's accuracy ca.n he iucreased if the distance between adjacent cross ~ections is 
reduced to allow more accurat~ computation of energy losses. Criteria for locating slrea.m cross 
sP.ctions are given by Hoggau ( 1989, p. 335). According to him, reach lengths should not exceed 
0.5 mi for wide floodplains hi\\'ing slopes <2 ft/mi, 1800 fl for slopes <3 ft/mi and 12JO ft for 
slope& >3 ft/mi. Ob"·iously, 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-LA~L com
plex. This implies litera.ll:r 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 
AlJTOGIS-MOSS graphic information packag'!. 

There are ac:tualJy three separate reach lP.ngths required for each stream's cross section in H EC-2: 
one for the channel and one for each of the overbanks HEC-2 uses a discharge~weighted, average 
reach length between adjacent cross sections and multiplies this distance by the average conveyance 
in energy loss calculations. Individual channel thalweg lengths were fixed at 250-ft intervals within 
MOSS. Actual stream channel locations were digitized from t:SGS 7.5 min base maps and read into 
MOSS. Cross-sections were uniquely located by l:IOSS using topographic profiles and geographically 
referenced coordin!ltes. Because of thalweg meandering, it wa1s assumed that both of the overbank 
reach lengths between all cross sections of stream channels within the DOE-LAN'L complex were 
fixed at 300 ft. 

o~·:·e individual cross sections had been loca.ted within ~·lOSS, a perpendicular topographie profile 
could be defined Cor the stret\m channel. Topographic data for cross sections were extracted from 
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Table 13. Typical HEC-2 input file identification scheme. See HEC-
2 user manual for complete l:i.sting of all options. 

Data 
Category 

Record 
Identification Data Description 

--------------------~----------------------------------------------
Job 
Initialization 

Job output 
Print Control 

Job Control 
and Input 
Data Cards 

End of Job 

Tl 
T2 
"1'3 
c 

Jl 
J2 
J3 
J5 
J6 

QT 
NC 
NH 
NV 
Xl 
X3 
GR 
SB 
B'l' 
EJ 

ER 

Job ID Title card (required) 
Job ID Title Card (required) 
Job ID Title Card (required) 
Comment Card for Documentation 

Start Conditions and Options 
Print control and Options 
Special Summary Printout Options 
Special Summary Printout Options 
Specify Friction Loss Equations 

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 

Required to End Job 
-------------------------------------------------------------------

.\-fOSS and the cross sections were sequeutially grouped. These groupings were t h~u formatted 
within MOSS into an ASCII file, consistent with HEC-2 input data requirements, and exported to 
5.25-in. magnetic disks for subsequent use. The actual input data file structure for all watersheds is 
very similar (see Disk No.2). Table 13 illustrates a. generic file structure for a. typicalsubcritical flow 
simulation. All Xl, X3, and GR data cards were generated in this fashion for each HEC-2 watershed 
simulation. These data files still required additional input parameters, as d~scribed below. Separate 
file configurations for both supercritic:al and subcritical conditions were generated for each stream 
channel, but only the latter configurations are given on Disk No. 2. 

In spite of this procedure, the ~OSS 2- and 10-ft topographic contour data were insufficient to 
hydraulically define rrain channel Haws in REC-2. Hencf, an idealization of the main stream channel 
configuration was subsequently inserted into each profile a.s described below. The~ trapezoid-shaped 
channel inserts had::~. maximum top width of 4 ft, a. maximum bottom width of2 ft, and a fixed depth 
of 0.3 ft. Channel capa.cities for this ideali~ed configuration do not exc~ed 1% of tht- spt'cified 100-
yr peak discharg~ for any section. Typically, this main channel in.l'lert is located near each profile 
midpoint and accounts for hydraulic variations in ~tanning's n-values between the main channel 
and O\.'erbank 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 all subsequent HEC-2 simulations. 

32 



C. Clumnnl Friction LoK!UlK 

In IIEC-4!, tht> w~ll-lmowu Ut'ruoulli t>tjlli\1 iou is us..!! to dt:tt"rtllillt- ,J .. pths of now lwiWt>t>ll adjac· .. ut 
stream c:muud cross sec I iu11:->. 

I I S ( .. , \'''/'1 I r : •. J + a:,o : ~ .g 

W 1.1 and \\'(,:! 

\' 1 i\llll \" :1 

"' 1\1111 a~ 
1!, 

h .. 
I, 
Sr 
c 
(2 

= 

= 
= 
::: 

upsll"t'iUII and dowm;l t .. l\111 WO\\t"t t"\e\'al iuus( fl), 
upstr,.:uu aut! tluwasttt!i\111 uu·:ut \·,.)ul'iti .. .s (l't/t;), 
lip!> I tt"iUil i\lld cluwust rt":uu \'c•luri 1 y t'Cit"lli.-it>IIIS, 

ill'rt-lc~t:\1 iou clut: lu gr:wi1y (ft/s.-.-:~ ), 
tollt'r~y lwacl loss (f1 ). 
tlisdJarge-wt:ight ,.,J r~:u:h lt-ngl h ( ft). 
tt'lldt friction slopt' ( ditu,..u:;ioulc-:.s). 
t-X l';msion or t·out mrt ion lo!oi!-> rot-Hi r.it:n 1 • :nul 
pt"ak clischarg .. ( Q = \',\) ;\1 a Joot't"l iGII (,-f..,). 

ln gf:llt!r11.l, tilt co~ffici,.ut a in Equation (1\'-2) is dett"flltiut'J fr,.,., tltt- rt'latiUit:->hip 

{IV-:!} 

(IV-3) 

whP.rP. Q is disduug~> aud V is velocity. Tht' lt'ttllS in th~ numt:r;~lor r~prestnt c·<,mplex \'docity 
1listribution ~ffects iu k lomli?.~t) suhat't"liS within a. particular cross :-t-ctioH, and tlu~ lt"'I'UIS iu the 
denomim\l<Jr represent ;wet·ag~ flow cotulitious in th~ entire eros!; sectiotl. :\lanuiu~·!o Equatio11 (lV-
1 j is initially used to determine how murh of 1 h" cros.c;-section 's flow is in the ('harmt-1 i\U~J how much 
is in the overh<tnk areas. Valu~ for suhart'lL conw~yance (i.e .. ;dl terms in ~humiug's ,..,IIHttion t"Xcept 
the friction slope term) ar~ therefort- known if the friction (or energy) ~lop~ is a..-.surnetlto he ccmstaut 
throughoclt a gi\·en cross section. Th .. particular flow distributiou hetweeJJ suhareas 1\t a givf!n cross 
section is determined l,y nmltiplying th~ !'>Ubnrea conveyance and 1 he ~c1ua.re root of \he frir.tion 
slope. Localized mean velocities are detPrmiued by di\·iding subarea discha.rgt>s l,y ao.s.•;-:,.,~ction 
flow areas. Friction slope is approximatt-tf hy tht> stream chanuel boll om !!ilop~ her·:mse 1 he water 
surfa~e is assumed to parallel it in uniform flow. lleuce, all of th~ terms in EcJUatiou!> ( J V -:l) a.uJ (1 V
!J) are known, except for a starting wat~r-surface elevation at either. the dowm;tre:uu (!!iuhcritical) 
or upstream (supf!rcritica.l) enc.l of the wat~rcourse, ~xpansion or coni ra.ctiou coefficients, ~fanning's 
roughness fartor n, and stream disrharge. All of these parameters are specified as input data. 
Therefore, iteration by the standard-stP.p nwthod i~ USf!d to soh·e F.~JUati<JIIS (IV-2) and (IV-3) ror 
WL at all rP.maining cross sections. 

The itera.t.ion proce.s.c; mentiout>d ahovP. is tf.'rminated when successive, unknown water-surf:tcP. 
elention \1llues at a given cross section couverge to within O.IH ft. Once this dev:ltion has be~n 
determined, additionnl ch~cks are performP.tl to see if this valuP. is above the critiml depth for a 
subcrit ical siJuulation or bdow the critical depth for a supercritica.l run. If thesP. thecks iudicate 
otherwise. th~n the critical depth is ilSSUmed to exist at that section, and a m .. ssage i~ printed 
by the program. 'Ihe simulation then cant inues with the next unkuowu watf.'r surrar.t! f"le\·atiou 
at an adjacent cross section until the last profile is reached. It should be empha.o;l7.ed that the 
computed depths are constrained to be equal to or greater than the critical depth for subcritica} 
simulations and equal to or lt-ss than the r.ritical depth for supercritical runs. HP.nce, one mus• 
run separate simul11.tions for subcritica\ and ~upercritical flows. On occasiou, changes in \'elocity 
heads between adjacent cross sections are too grel\t for the HEC-2 model to accurately dttermiue 
the energy gradient. For these situations~ the ll EC-2 model ,,...ill automatically ir.sert up to three 
interpolated cross sections between two a.djacent user-specified cross sections so lhat the velocity 
head difference does not excP.ed a uM!r-spcoc!fied amount, typically 0.5 ft. Dy comparing \'elocity 



heads at successive cross sections the program also determines whether or not thP. flow is contracting 
or expanding. 'fhe program then applies the appropriA-te coefficient based on thi& determination. 

It should be noted that only the subcritical flow depths at indh·idual cross sections were used to 
map 100-yr floodplains in this study. While computed water surface ele\·ations at individual cross 
sections occasionally corresponded to the critical depth at that section, supetcritical depths were 
not subsequently calculated. The reason for this is straightforward: if a critical depth were found 
at a gi\·eu section during 1\ subcritical run, Wt! would know thl\t the actual flow depth must be equal 
to or lt>Ss than the critic;il depth. Thus, the acw~l fkndp!ain width will be equal to or less than 
the computed width at that cross-secriou. In other words, ush:~ a computed floodplain width from 
a sub critical flow simulation that corresponds to the critical depth is coliS('r' ative, and the mapped 
floodplain is depicted as being wider than it would actually be While this procedure is consf!rvative 
if we are uefiniug floodplain widths, it should not be used ior any design c~t.lculations that utilize 
flow velocilies (i.e., embankment stability or sediment transport calculations). 1'h~ reason for this 
statement is that supercritical ftow velocities are equal to or larger than the computed critical ftow 
•·elocities. 

Finally, it should be mentioned that friction losses can be simulated four difft>rt!nl 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 changel) between cross 
sections. All of these Joss equations produce similar results when short reach lengths are used. 
Because relatively short reach lengths were used in this study, the automatic ~lection option was 
used here. In addition, a. constant Manning's n-value of 0.09 was used iu al1 stream channels, 
and an n-value of 0.12 was used for all owrbank areas. The first value (Hoggan 1989, pp. 327-
330) corresponds to a. tabulated n-\·alue for natural mountainous channtls with deep pools, large 
boulder!l, and heavy timber stands. The second \·alue correspond•: to floodplains with heavy timber 
stands that have flood stages below branches, little undergr-::wth, and downed trees. All of these 
conditions are typical throughout the LA~ L complex. If localized conditions indicated a change 
was warranted, individual cross sections werE occasionally given Jifferent n-values from those listed 
above. However, standard tabulated n-va.lues were still employed. Perhaps it should a)so be noted 
that the effects of channel improvements were also simulated in Los Alamos Canyon near TA-41 
and TA-2. These improvements are not d•~cus.."ecl in detail here. Instead the interested reader is 
directed to the input data file for this site. ~tandard expansion/contraction coefficif'nts of 0.2 and 
0.4 were also used throughout this study fo: all watersheds. 

D. Starting Water-Surface Elevations 

The sta:t i;1g water-surface e!evation must be specified for all HEC-2 simulations. This singl~ 
parameter is the most. difficult starting condition to determine. Typically, one of three techniques 
is used to establish this value. These techniques are ( 1) obtaining a known water-surface elevation 
f:·om a channel rating cur\·e or from direct field observations, (2) estimating a normal flow depth 
from slope/area computations, and (3) assuming the critical depth. In this study, a. combinauon of 
the second and third techniques was used, as explained below. 

lnit~a.lly, t.he critical depth at th~ down stream cross section was assumed for all H I·:C-2 subcritical 
watershed simulations. These initial simulatlons yielded a preliminary estimate for the energy gra.dl! 
line passing through the first three cross sections located immediately adjacellt to the stnrting cross
section. Hence, refined estimates for the starting water-surface elevation and the slope of the energy 
grade line at the downstreant cross.-:;::dion were obtained through linear interpolation. These \o·alues 
were specified on the Jl dara card in the HEC-2 input data file, as seen in Table 13. A second 
simulation was then performed. The program computed a discharge for uniform flow conditions 
and compared it to the user-specified discharge. If there was a significant difl'erencfl in these two 
discharge values, the program adjusted the starting water-surface elevation and computed a new 
normal discharge. This procedure was repeated until the normal discharge agreed to within 1% 
of the user-specified discharge. The final computed water-surface elevation wa.~:~ then taken as the 
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start iug dr-\'1\t ion. II shonlcl ht> not~d t bat I hil-i d,.VIlt iou wns still c:oustr&~in,.tJ I o J,., ~IJII~tl to or 
greater thl\n thr:- rritka.l clt'pth for liUhrritic·;tl Oow :-iuutlatious itllcl c-c1ual to or lt-:.s thau nitical 
dt!pl h for SUJle>rc·rit ic·al runs. Ourr- 1 his sl.trr ir,~ dt'pdt was fix~d. 1 h.- rr-111aiuin~ trO!;s !it-t' I iou·s flow 
depths Wt'rt' t'OIIl)HJI eel as prt-\' i ously tlt>:irr·i lu~cl. Til is I ed111 i cJUt' •• .,·orkr-cl for lll<lSI :.tr·r-am rlrautu~ls. 
Occ:\..o;ioually, howt>\'t'r, it was uot succ:.-s.o;ful nml llrt! critic-al llt-ptlt w:Lo; finally ;L-..'illlllt'tl tu ht: tlu: 
startiug ,,.,ttt'r·surface elt>Vl\t iou for 1 hat w;tf,.rsht!d. 

Tht> allow pror.,.durt' impli .. s that uat umlc:haun~ls 111-1 unil(mu fluw nmdi1 iuu:o.. 1 hat tilt': ru~rgy 
graclt' il' approxiruat~ly toqual to the a\·romgc• ch:umd-l,Pclslope. <~Utltlmt watc•r surfact-·d,.,·lllicllls c:•u 
l11~ uht ai llt!cl froru ll nomml-cl~pt h rrtlculat iuu. Tht>se> asstuupt iuns ;lrt" pruhahly rou~·rvat ivc~ iu most 
natural t•halltlt>ls. This pro~l'clllrt' will t'\'t"ll a.rCOIIIIIIOtl:ttt' sit uat ious Wht'J't:" nooclplaiu topos;raphy 
is r~li\l i wly Ullt'WII. It shoul cl he poilltt:'d out, lrow~\'t'r, llrat flocHiplains :u tlr.- t':\."t .. m houndary 
of I ht' 1>0 t:- L:\ :\ (. .:••utpl~x :trt" relar i t,· .. ly l•road aut! nal. llt'llt't' t ht' ;\_h()\'1! prOI"t!\lUrt' l•ro\·~d more 
than aclt>ctuatt-. 

E. Cum1mtml Watm·-Sm·fat~u Profiles 

'l'l•t:' 1\hm·" prort!dures were ustc"cl t<> nt:\p all 100-yr floodplain houudaries wiLhiu the DOl~:-LA:'\ J, 
, , .,.,,,J,•x. Tht' llt:C-2-computed wat~l·-~>urrat't:' t:"J,.vatiou at ~ach c:ha.IUIPI st:"cliou, a)oug with the left 
aud ri.,;ht dra111wl st;\tiom; wht're this watt!r ~urfact> intt:'rSt't'l!ot th,. ground, wer~ then read back into 
the MOSS syst .. m. This iufmmatiort w;u> t)t,.ll tratu.formetl withiu ~tOSS to dt>tenuiu .. ~<-w Mexico 
state plant' geo~mphic;uly reft'renced cuonlimues tlm.t uniquely tlt-fiue tJ.~ HHI-yr f1ootlpool al el\ch 
eros~ sccuorr. These paire>tl conrdinatt!S W~l't" linked togt!tllf~r a.-; ~lOSS are:\ ft:'atur~ to identify 
each walt>rshed floodplain. In this particula.- application, II rit!paratP. ~longated , .. ·:u~rshf'ds traverse 
LA~L lands. with indi,·idual rhauut'IS ranging up to 9 mi iu lt'ugth. The 100-yr floodplaiu wa.s 
defin~tl on each channel segment at 250ft iuten·:ds. Figur~ ,a :;hows d1ese preliminary Ooodplaiu 
bouudarit"s. I>er ailed, l:il800-sc&lle nut.ps with 10-ft topographic contount aud flooJplaius were then 
generated by ~JOSS. Floodplain boundaries were defined by connecting 100-yr OoOtlpool t'levations 
located at chamu~l cross sect ions with stmight lines. These line!> wer~ then hand Muootltt~cl, using 
elevation contours and floodplaiu widths for t:ontrol. This procf"dur~ w:t.s follow~d hP.ca.use occasional 
small strea.m bends that are loeated hetw~:t>n cross sections periodically meander outsit.l .. the original 
straight-line floodplain bouudaries. l•'inally the-se smoothed boundaries w~re digitized within the 
MOSS system to define noodpla.ins withiu the DOE-LA:'\L facility. 1'h~se flooclplaiu houudary 
maps are iut~udetl to supplement this report a1ul are maintained 011 tilt> in LA~ l.'lS E~G-~ group 
office. 

Using the information p~:wided in tl1e app~ndixes of this report, th~ iuterestetl rt>a.der can repli· 
ca.te these floodplain maps. In addition, other important hydraulic data may he generated for 
individu11l watershed cross sP.ctions. This additional informati011 is uot iududed ··~r~ because it is 
quite extensive. L:si&lg the IIEC-1 and lfEC-2 input data. files listed on Disks 1 anti:.!, howe\·er, the 
reader can simply run individual watershed simulations and generate the data a.." required. \Vhen 
the HEC-2 model is used, ar>proximatdy •10 different \'aria.bles may he printed for r.ach crosssec
tion. Standard mode; output includes an inpur. data file listing, detailed output for each section, 
summary tables, and lin~ printer profile plms. This output can be directed to the computer sctP.en 
for review, or it ma.y be s;wed to an outpui file for later use. The user ~an tailor lhe majority of 
this output for specific needs. The H EC-2 input data. files listed on Disk ~o. 2 of this report have 
been customiz~d for limited output. The iruerested reader should he aware that these input data 
tiles ma.y be modified to generate as much or a little information a..<; he or s}u~ desirP.S. 

V. FINAL FLOODPLAIN DEFINITIONS 

The procP.dure described in Appendix A initially defined floodplains in the .MOSS systen1 llsing 
the MOSS poly,e;mJ feature to connect 100-yr lloodpool elevations with straight linP..'>. Ten-ft tt:.po
graphic contours were OVP.rlaid onto these floodplain boundaries and 25 maps WP.rP. plotted at a scale 
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of 1 :·lKOil. Tht'St' lllilJIS p•·u,·j,j,.. rm:t•r;,~,.. of tilt' t>lll i1·•· t>()E ·: .. \.\I ··osnplrx. llt>Wt'\"t"l'. IIWiUI•Ie·rin~ 
!;l r~am rlm111tt>ls uc·ra:-.iolli\lly c·rc>S."it'cl t J,,..~ .. :-.! rai~ht liu•· llc.udpla'•• huuudarit's a.t ln1·:u iou:. 111iolway 
ht'tWt't!ll IIEC-~-dt"filll'li :ilrt'<UII rrus.-; sc·<·tion:-.. Ill unlt·r lu rurtt"rl thi~ app;m·nl inrousi:-.tr-u.·). th"" 
follow i 11!; :uldit ionallll:\)ll•illg prort>rlur"" w:L..., •'luplop·cl. Fe>r w111 rol. 1 opograp!aic ('OUI ours a 11d III·:C · 
.:. tl,. Hlp\i\ill r)t•\'l\li(tiU> and width:-. Wt'rt• USt'd IO h;uu) :>11100\ h aiJ st ri\l~ht -)iiW eocH\phUII !JCIII)tolill'it'S 

hl't\\'t't'll intli\'icltml stt·~alll cross s~rl ions. II slwuld lw t·lupl.a.-.iz~d I hat nri~iu:d II 1-:C-:! flc,uolplaiu 
e>lt'\'al ions iutcl widths w~rr not i\lt Nl'd cl u rill!; 1 his prm· .. J-:--. Tht·!'r· lit'\\' llc••>«< plai 11 <"Urvili llt"ar lanwd · 
;uit':> Wl'rt· finally •ligiti1.,.d anti rt-umiu 111 :\lOSS sp;lrlll fil,..:- (1·::\c;.:l Fil .. ~uauh .. a· li·71C>II). 

VI. CONCLUSIONS 

Thl' fullowin~ l!,t'IWral roudusious cou1 h .. .slal .. d: 

l. Tht! IIEC prur~dur".; dt•scrih«=ll ht!r" ttl't• rt!~·o~;ni·1.~11 hy thr 1-:P,\. d1t~ COE, ilJHl o!l, .. rs a.-. lwiu~; 
:~ si;Ut>-of-lllt!·l\rl t~dmiquP. lor mappiu~ 1011-yr Oout!l,l•lill l•ounclilrit-s in tlll~ltgt•d walt·a·:-.lwds. 
This report d<JCtlltl~fltS thi~; IIHLppi118 pwrdUI't" i\1111. it.lcm~; with tlw noot.lplaiu boundal'y lll:tps 

(EXG-2 Fil~ ~umher H-7lHO). is illtt>lldt>d to !>:uisfy tlw HCHA/IISWA per1ni1 W!aditiCJu rt"

<luiriug rolnpiP.tl" Ooodplaiu tlt>finitiou!> willtiu cia~ l>Or:-1,,\ :\I. farility boundary. 

:.! . The 100-yr floodplain bouuclary l~t:tps n·fl"ri"JH'~'cl h""r~iu ;u· .. uuly illll"ll<lt·d to .sat il'fr t lit> 
U.CltA/IISWA penn it condil ion. Othe>r ;tpplirat iuus of 1 ht"M' 1wt.ps at spt>rific loc&Hions wi1hin 
the I. A~ I, rowplex may warrant iuJdi t ional.silt>·SJll"cific· fi~"l d iu\·t"st igilllCIIIS and IIJodifit:'d II EC-
1 a.11tl II EC. :Z simulations. r·or exampl~. indi ... iclual ro;ul culvl'rl s Wt'r!• oftt:'ll Olllill eel iu II J-:(' • t 
simulati<ms. Furthenuor~. ouly ~tOSS 10-ft-couluur-inter\':\\ ,JM" were i\\·aiht.blt- for :, larg~ 
percentage of th~ DOE-I.A~L complex. Th~ art-as tt'lldt'd to~~~ locat~d within alw c·;u1you.~> 

on the eastern f1u:ility boundary hut i\rt! Ct'tl aiuly 1101 confint'd to tln·s~ perituet~r rt:gious. 
Benet>, additional floodplain mapping efforts would he desirable for sperific wastf' dil"posal site 
investigations or any safdy-related silt' *'"·aluations. 

a. LA~L's A\'TOGJS-)10SS graphic inform;\lion sy~L~m was u.,l'd in this study lo clc·fiut' all 
IIEC-2 str~a.m claannd profiles a.t 250-ft intervals. Thest> J:tla w~rt' automatically extract~d 
from the \lOSS system iu an ASCII iorma.t compatihll" with 111-:C-2 input da.t:L requirt'IHetlts. 
ApproximMdy 65% of the DOE-LA :S L facilil )' has 2-ft-topographic contour iuten·al d:Lta., 
and :~!}% has lU-ft contour inten·al data. Ourt' th~ llF.C-2 mood had heeu used \o r\cfine 
floodplain boundaries for a.H major Wll.lersh~tl chann~ls. this information was read hack into 
the ~tOSS system. Floodplains were iuitially rJefintd by COIIIIt!cting 100-yr fioodpool elt'\'iltions 
with stmight 1ines. These houndarif's were then hand =:.;moothl"d using topographic contours 
and floodplain widths and ele\'at ions for C.):ttrol. All original H EC-2 !ioodplain widths nud 
e!P.vations at stream cross sections Wt!tt: ret;tinP.tl during this procedure. These new floodplain 
line bounduies were finally digitized and r,.maiu iu ~tOSS systP.m files. · 

4. Continuous raiufall-runoffsimulation models calibrated to specific gaged watersheds 111ay ;e>p
resent au impro1:ernent over the HEC-1 it.nd HEC-2 moctf'ling procedures employed in ·:his 
study. However, P.Xlensions of Lhese rese:trch models to ungaged w;:.tersht:dt; hav~ no\ ht!en 
adequately documented in the literature. Criticism of the f!\'tmt-simulation approach cPut~rs 
on the design assumption that rainfall of a given frequency results in runoff of the s.unt! fre
quency. However, this issue was not addressed in this work. Until the dyuamic na.ture of the 
rainfall-runoff process is better understood, UEC-1 and HEC-2 reprP.sent the hest a\'ailable 
technology for the definition of floodplains in ungaged watersheds. 

5. The SCS curve nurnber method was used in this study to predict runoff. The relative merits of 
this ernpiricalapproach versus pltysicu.lly based represent 11.1 ions ha,·e been exteusively dt-ha.ted 
in the literature. Howe~o·er, Loague and Fret!;r.e ( 198!;) hav~ :ohowu that physically hast-d models 
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generally do not predict runoff any better than relatively simple approaches. Furthermore, the 
SC'S method has the advantage that future changes in watershed land-ust> patternfi can be 
easi)y simulated. 

6. The procedure outlined here is ftexible in that other return-period inrervals for the floodplain 
could 1\lso be computed. For example, other storm durations and return-period inlt>rvalr. could 
be used to define other floodplain boundaries. In addition, the Nuclear Regulatory Commission 
does not use a return-period definition £or their floodplain eleva.tion studies. Instead, they 
typically specify that the prcb!lble maximum Oood (PMF) bl! used to define the floodplain. 
With minor changes, the input data files contained in th1s report could also he used to define 
the PMF floodplain boundary. 

7. Flood flow studies described her,. can provide information for So.!diment transport simulation& 
tbat use the HEC-6 model (US Army COE, 1977). For t>Xample, once floodplain elevations have 
been specified for a. given canyon, one can associate a j>eak hydrograph with that floodplain 
definition. One could extend this hyc.lrograph peak association to include a mean channel 
stream velocity for each individual canyon location. These me11n velocities would obviously 
have future implications for sediment transport potential. 
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APPENDIX A 
AUTOGIS-MOSS SYSTEM 

I. Extraction of MOSS Topographic Data 

This section documents the proc:edure 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 sour~:e 
codes used to extract this topogra.phie data are given on Disk No. 1 in this report. 

In order to transport MOSS topographic data to an HEC-2 input dat.a file, a series of user
activated steps was performed on t!Xisting and derived MOSS data. sets. This procedure is briefly 
described below. The source programs to extract this in£ormation were developed by Autometric, 
Inc., under conlrac~; to LANL, and are maintained on the AUTOGIS-MOSS system by ENG-2. 
Section Ill of this appendix conta.ins a. complete source listing of these programs. Note that. these 
programs require other MOSS utility features, which are described in the MOSS users manual. The 
sample MOSS session listed below details all necessary intP.ra.ctive user responses in a typical MOSS 
data-extraction process. Note t.hat MOSS computer terminal user responses are in bold letters. 

MOSS data extraction requirements for HEC-2 utilization include topographic contour files and 
stream channel location files. The contour files already existed in the LANL's MOSS system and 
were originally obtained from aerial photography transformations. The stream channel location files 
were created for this floodplain study by digitizing major stream channel focat.ions from CSGS 7.5-
min topographic maps and geographically referencing them to known bench marks. These location 
files, which indicate the stream center Jine aud have the drainage basin name as thP.ir subjer.t, were 
entered into MOSS in a line format. The MOSS file name containing these stream .:hannellocation 
files is DRAINS. The MOSS topographic data are also in a line format and have numerical subjects 
that equal their represented elevations. These topographic data are actually included ~.>n a series 
or MOSS co"Jtour maps having either 2- or. 10-fr. contour iut~rvals. However, in order to obtain 
complete topographic coverage for a given watershed, use of both the 2- and 10-ft-contour~interval 
maps was required. This resulted in a tota) number of contour maps that exceeded the maximum 
allowable active IDs within MOSS. Hence, the 2- and 10-ft-contour-interval mapsofthe entire LANL 
complex were merged into a series of single maps each containing both 2~ a.nd lO·ft-contour-interval 
da:.a. The resultant MOSS master project file, LANLM, contains these merged contour maps. This 
master project file, which represents the resultant file from the MOSS utility entiled MAPIDX, also 
contains the maps, DRAINS and LANLINDEX, as described below. Using the stream Jocation file, 
DRAINS, and the contour map index, LANLI!\DEX, it is a straightforward process to identify those 
merged MOSS contour maps that m&y be required for & given watershed application. 

For each wat.ershPd draining the LANL complex, a. file was constructed that defined the map 
names containing tha t:>pographic data This file was then used· with the MOSS SELECT command 
using the FROM opti\>n. For more inrormation 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 
FORINDEX 
FORPOTRIL 

FORANCHO 
FORMORTAN 
FORPUBELO 

FORBAYO 
FORPAJARO 
FORSANDIA 

FORCANADA 
FORPAJARl 
FORWATER 

FORCHAQUE 
FORPAJAR2 

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

SELEC'f FROM FORALAMOS USESPLAT 

The content of USESPLAT is the single ASCII char&cter "*", which is the MOSS wild card 
character that matches a.ny ~ha.racter string, and is similar to the AOS/VS .. + .. template. 
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There i~ also 1\~tol offiltos th;\t Wt>rl' USt-d iu mujuuc·ti<ll! wit\1 tlw sp,.rial H>HI:-\DI·:X fiJ,.. This rilt 
COiltl\iliS al\ th~ l'OillOUf 1111\JI lllilliltlUIII·h<lllllllin~ ft'C'I:UJ~J,.,. fm111 !1&1' lllitp i111lt•X for r;u·h Wl\lf!rSI!f'tl. 

A list of tht' S~:LEC'T ruO~I 1:01U :\ l>EX Iii~ it1rluclt•J> 

FAI.i\X 
F~IOHX 
FPl'EX 

FA~f'X 

FPA.JXo 
FSA~X 

FHAYX 
Ft',\.JXI 
FW,\TX 

I·'(',\:\ X 
FPAJX:l 

FCffAX 
FPOTX 

'fht>Sf' fill"l'l rl'plar~ l ~~~ r s I·:SP I. AT filto lllr'lll iOIIt'cl abO\'t' ...... illu~l rat l't! hy \ lw follow in~ .. xampl~: 

SEI.F:('T FUO~I FORI:\ DEX I.-A I.,\ X 

ThP. rto.sult of 1 hto SEJ,Io:('T FH0:\1 rouuua11d proclnrrs frnm 1 to :JK artiw~ clata .SI'ts from tilt' 
merg~d couwur llli1.JIS. as clet ailt>ll h .. ! ow. Fnr a s;iu:u wahmilwd. t l1t- Ktrt'i'Uil lor. at icm fil" will hP. 
a siuglf' ;u~tiw I I> within .\lOSS, whil,. 1 h,. rorrt·sponding c·onwur data fil,.~ will hto llf"\'l'ral acl ive 
IDs. It i.s p•.l:o;:;ihlt' t hi\ I mort' than Ollf' I I> wi II r;~prl'sl'lll rlw .st rl':uu lumt ion riat a and also l hat only 
Olll" actiw II> will r~prt>S~nt thl" topogmphit· tlat ''· l),.riwd ,\;\lit .SI'I!> iuducll' ,.xtrar.ll'tl topographic 
profile.., at strf!alll aoss s~ctions aud thl' iwpnrt .. d maps product'tl fru111 tlu•sf' profill'.s. 

Onrt! tht.> str"nm lot"i\l ion a.ncl rout our d;\1" ~ts hitvr 1>.-.-n ~ll'rtf'tl aud pli\r,.cl intu th~ act i\"t' 
taht~ as J[)s, tlwu thf' ~lOSS wiuclow musf "" St't to indutlt' P.ll of tllr!-1.- th\ta Sf'ts. Th,. first stage 
of the data-P.xl ract ion pror"ss (:\II EC:2) can uow hrgin. Tht! :\lOSS sourt·t- cot)~ fur tht> program 
AfiEC2 is r.ontainP.d on Disk ~o. 1 in tl1is rl'purt. Thl' output from ,\J1Ef'2 is importl'cl into .\lOSS 
and \risually che-ckc-cl. OncP. \'~rifi~d. the ~coucl stl\~1' uf tht! data·e>XW\C'Iion proCPS.'i n:xHEC2) can 
be initiat~<l. ThP. .\lOSS source codP. for tlw pro~ram EX II EC2 is also rontained on Disk ~o. 1. 'fhe 
following ahhrevi:Lted .\tOSS dialog proviclt"!> ;uJ t>:<arnplto of p1·ogran1 I'Xecution. It is procP.dur;tlly 
correct 1\lld reprt!&ents l'ith~r MOSS conuuands or programmati<' dialo~. 

FREE ALL - Start with a cl~an ncl i\·~ 1 ahlt> 

The selection of contour maps rt!quir~d for a gi\'t!ll dat a-.. xtraction applica.tion i.s best determin~d 
thro11gh the usP. of the utility procedure ;\'1;\PIDX. This proc:~dure will make an index map ha.-red 
on the minimum-hounding recti\Ugular covP.ra.gt'$ of th~ contour maps. After plotting the stream 
location data aud the index map, th~ u.ser must selec:t ~ach contour map that contains topographic 
data of inter~st. Results of this utility execution wP.rP. savecl in the file named LA~LJ~ DEX. In this 
example, two fHes are used to select du~ contour data. Th~ first file is called FORA I. AMOS and 
contains a list of the contour maps that could possibly comain topographic data on I.os Alamos that 
may be of interesl. The second file is called l:SESPLAT and contains .the .single wild-card character 
"•" to match all strings. For m&>re i!lformation ahout these two files, sec the MOSS users manual 
under SELEC'T FROl\·1. 

SELect DRAINAGE SUbject *ALAMOS• ·-Select stream location files for lhis run. 

SELect FROM FORALAMOS USESPLAT -Select a.ll contour maps around the Los Alamos 
Canyon drainage basin. 

Window ALL -Set window to entire geographic region 

AHEC2- Invoke the AHEC2 program 

At this point, the automated topographic data-extraction and .file generator program, AHEC2, 
will prompt the user to give definable parameters before execution. In this example, there is one 
active 10 for the stream location data, and there are 38 IDs for the contour data. The default 
vertical height and horizontal distance values are displayed by MOSS in square brackets. These 
defa.tlt values are selected by hitting NEWI.I~E or CARRIAGE RETURN; alternate values may 
alt~·J be entered by the user. Here the verliml height r~fers to the maximum elf!vation difference 

42 



between the stream channel's highest anu lowest elevation points within the profile. Horizontal 
distancf" refers to the distance along the profile located perpendicular to eith,.r side of tht: stream 
channel. The extracted topographic data. will he constrained to these limit" 

Enter active IDs to use for DRAil'\AGES. 1 

Enter active IDs to use for CO:'\TOURS. ~ TH 39 

Enter vertical HF.lGHT from bottom of DRAI~AGE (25] Carriag~ R~turn ·- 2!; ft of vertical 
relief will be included in the stream channel profilP.. 

Enter horizontal DISTA~CE between PH.Or'ILES (250}. Carriage Return --· the total profile 
width will be 250ft on either side of the stream cha.nnel, giving a total profile distance of 500ft. 

The program could spend time determining which way is downhill or uphill. However, it is rnuch 
simpler for thP. user to point with the graphics r.ursor to indicate drainage direction. After entering 
these points, the program wil! pausr. until the UJer euters an addittoual CARRIAGE RETURN, 
indicating t!1at everything is correct and ready to proceed. 

Point to DOWNHILL end of DRAI~AGE - use graphic:s cursoL P~int to UPHILL end of 
DRAINAGE-·- use graphics cursor. HIT !\EWLJNE TO CONTJNt;E. 

Two MOSS IMPORT files are now generatP.d. The first is a 2-0 file containing profile lines at 250-
ft inten•als along the stream location file, a.t•d the second is a. corresponding 3-D file containing data. 
about stream channel cross sections. These 2-D profile lines were generated and used by AHEC2 to 
construct the 3-D cross sections by intersecting each 2-D profil~ line with all ropog;aphic contour 
data. The 3-D cross sections are a series of (X, Y ,Z) triplets with the ( x,y) portion defined by the 
intersection of a specific 2-D profile line with a. specific contour line. The subject of the contour line 
determines the l portion, or elevation, of the triplet. The (x,z) data pairs in each triplet correspond 
to the station and elevation locations required on GR data r.ards in the HEC-2 input data file, as 
shown in Table 13. Note that this information is actuif.Uy exported as (z,xj during the formatting 
process. It should also bt: noted tha.t the first x value on a given cross section profile line is assigned 
a relative value of zero, and all remaining x values are referenced to this origin. This procedure is 
identical to that in the HEC-2 model as one looks downstream at the profile line. Hence, the first 
x position is located I'Ll 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) wirh the input file name PROFILE.2D. The 3-D cross sections are 
critical to th ~ second and fir.~: ~tage of the extraction process and must be imported to MOSS. The 
input file which is named PRCFILE.:iu, 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 wh4!ther the file is for a subcritic:al or supercritical H EC-2 input da.ta file. The program will not 
overwrite an existing file name unless specified by the user. The example given below illustrates 
this procedure. 

EXHec2 --Invoke t.he HEC-2 reform.~tt~r program option. 
Enter active data set ID to reformat to HEC-2 standard 
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jCll = Exit! 
·tn 
Fc;r I.OSAI.A:m , EXIJfo:(':l fil"" u:uu" [EXtH:<':tJ 
Sr BLOSA 1.:\ f.'ilt- ua1ut> fur Los Alan to:. Canyo11 suhait i<-al ruu 
Is this i\ Sl"B· or Sl'PEU- rritiral ruu (Sl"B/Sl"PEH) [Sl"B] 
srn 
:\l"~l Hl·:H OF J>AT:\ rn:~IS TO liE IHJ'OIOIATn:l>::. PH 
EXECTTI\C. PLEASE \\":\IT ... 

This f"Xaruplt> us:os art in- II> -10 :t.'> th .. :S-D lllil[l of tilt' ('(().,'):0. /tt"('J it>U. Tlw u~:c·-~ iupul d;U:\ m~ 
will he callt>cl sr III.OSA LA and is a suhrrit ira) run. Tht~ pw~ra111 iufc•ruJs th..- u:-;c-:r t h:tt llH :\- D 
rro!ls M"r.t ious wi 11 hi" iu t lw final II EC'' :.! iuput tlat a fil~- S t:tU,OS,\ I.,\ i~o sullst>qtJ~"IIIIy I r;utsferretl to 
a :).:lrl-ill. um~uetir clisk in ,\Sf' II f<'TIIHLt for tlirt'rt liSt' hy t hi" III·:C-:l pro~mm. This data I r:u&sff"r 
pror~clurt• ouly rrl"i\tt-S 'fl. Tl. XI. X:S, ~tnd fiJi t:ards, as St"l"ll in 'hhl.- t:t Jlt'JI~~". thl" IIJ•:C-2 m>~~r 
must sl iII ~"l.ltl"r :ulclit ioual input pamiiJt'l t'J'S i ut u 1 hi.s fil,. be for,. a suc·n-s.sful II Ef'-1 .sinuJat ion c:au 
h,. ltt"tfOrlllt"tl. 

'I' hi~ sertion docunwuts t h,. pror.edurt' U5t'tl to t\utonmticz•lly rt'illsPrl II EC'-2 floodplain houudaries 
into LA;\(, ·s graph ir information !;}'Sle-111 for final map gi'!IWI 'lliou. B.raclt!ts who arf! not familiar 
with th~ pror·edm,. r.au skip lo tht: llt'Xl .settion without loss in continuity. The ~lOSS KOUtce code 
u~tl to reitu;~rr llr•:C-2 Oot,,l plan houudari.-s into ~lOSS i'l listf!cl ou Disli :\o. 1 in rhis rt:port. 

OucP. the IIEC-2 simulation hn.~ bet'n 1111cr~srully r.mnpl~tetl ror a giveu stream chann~lsegment, 
tlu~ IIF:C-2 floodplaiu hotmdarit!S 111ust ht! nmd hack into ~-lOSS. This procedure is described below. 
I:Jerort" thh; sc:cout.l t ra.nsfer. howe\'er, t Of! tmC-2 user UJUlit tail or 111odt-l output for this floodplain 
boundary-insertion procP.S.~. ll.t>quired Jlf.C-~ output inclucl .. s the cros.o; :;ection 's number; the left
and righH;trltion numbers where the computed water surface intersect!. the ground; and tlu~ com
put~d watP.t·surfli.ce ~le"·ation, flooc.lpll\in top width, floodplain depth, 1\lld cross-sectional flow area. 
The IIJ.i:C-2 output rile mtme must correspond to an original ~lOSS data-extraction output file, and 
:til cros.<;-st'ction numbers must b~ identical in both files. The MOSS insertion program u.ses this 
HEC-:l filP. name and <:ross-section-numbering scheme to translate Aoodpla.in boundary da.ta into 
uniqu~. geographically refert>nced ~ew ~lexica state plain coordinate~;. The HEC-2 input data files 
listed on Disk ~o. 2 or this report are set up to provide the proper output tu the ~fOSS insertion 
program. The first J3 card shown in Table I a for each file actually pro\'id~s this required output for 
the ~lOSS insertion procedure. All remaining JIEC-2 output is extraneous and must he stripped 
from the lmC-:l outpt•t file. Hence, Lite lli~C-2 user must edit output riles with an independent 
file editor or word proces..c;or and remove all unueces.~ary information from an m•;C-2 output file. 
This modified II EC-2 output file is now lramsferred back to the MOSS system in ASCI! format on 
a. 5.25-in magnetic disk. ThP. actual insertion procedure can now begin. 

To insert If F.C-2 floodplain ele\·arions into the MOSS system at known cross sections, 1\ series of 
user-activated steps is performed on pre-existing ~tOSS data sets. These data sets correspond to the 
modified JIF;C-2 output filf!S that were described above. Th~ actual ~lOSS insertion procedure is 
briefly described here. The SC•Jrce program U!ied to complf~te this task was developed by Autometric. 
Inc., under contra.ct to LA~ L, anJ is maintained on the Al!TOGIS-l\lOSS system by E~G-2; this 
source program is listed or. Disk r.;o. 1 of this report. The sample MOSS session listed below details 
all necessary interacti"·e user re.:;ponses in a typical floodplain boundary-insertion procP.ss. 

FPHEC2 is the ACTOGIS-MOSS data-reformatting program, or command, and is the third and 
fina.l step in the floodplain-modeling process. As mentioned above. this step makes use of data files 
generated from thP. actual HEC-2 modeling process and MOSS data files created with EXHEC2. 
The EXHEC2 command was described abo'ie; this command generrt.les a 3-D floodplain MOSS 
imparl file. 'fhe FPHEC2 commllnd format is specified as follows: 



FPHec2 (active data set) (outpul flle name). 

The following dialog illustrates the use of this MOSS command iu a typical floodplain data 
reinsertion procedure. Nott> that user responses are in bold letters. 

Enter Command'? FPHec2 
Enter HEC-2 model results filen&me [CR = EXIT] 
CANADA.OAT 
Enter HEC-2 model Geo-Reference filename [CR = EXIT] 
SUBCANA.REF 
Enter resultant MOSS 1!\-IPORT floodplain name fCR = EXJT] 
CANAFP.EXP 
HEC RECORDS 158 REF RECORDS 156 CORDS 313 

This example matches the HEC-2 output file named CA~ADA.DAT with the MOSS EXHE.C2-
generated Geo-Refe,ence file named SUBCAl'::\.REF and produces a MOSS import file named 
CANAFP.EXP. For ~ach complete stream channel profile in both the MOSS Geo-Reference and 
the HEC-2 files, a pair of coordinate triplets (x,y.z) are generated. Once these triplets have been 
calculated, they are ordered by section number to form a 3-D polygon and written to the MOSS 
export file speci.ied by the Utier. 'fhe HEC-2 output file must include each ~tream channel cross 
section number and the computed water-surface elevation. The Geo-Reference file's section numbers 
are checked tv ir.~ure that they match. This is the only way to determine tbe actual New Mexico state 
plane ground coordinates that delineate the floodplain. The resulting MOSS import file should then 
be imported into MOSS as a Type 13 (3·D polygon) file. Finally, it should be noted that any HEC-2 
sections that are not exactly matched with corres;>onding sections in the MOSS Geo-Reference file 
are not inclnded in thP. final MOSS export file. 
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APPENDIX D 
TADULATED HEC·l INPUT PARAMETERS 

GUAJB CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS ut:'!T HYDROGRAPH LAG TIME DEFINITIONS 
==~--==========·-======;=======~================================= 
T = (L0.8) (S+l)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-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y • lOOX/L = GROSS WATERSHED SLOPE (%) 
A = SOB-BASIN DRAINAGE AREA (sq. miles) 
==============~~====:=====·====·================================== 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
==========~===-=========-·======--~=========~~==================-

1 
2 
3 
4 
5 

34000 
24000 
46000 
12750 

9000 

3277 
947 

3600 
355 
215 

55 
68 
69 
75 
7t1 

8.18 
4.71 
4.49 
3.33 
4.29 

9.64 
3.95 
7.83 
2.78 
2.39 

11.30 
3.25 
9.59 
2.13 
1.45 

3.38 
2.86 
3.33 
1.69 
1.59 

=======·=-=============================~========================= 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGOM ROUTING PARAMETER DEFINI~IONS 
=·."'!========-=====-============================================ 
0.1 < X < 0 3 
Vel = 1.49R0.6?g0.5;n (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< 1/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
2.50 

========--======-================================================= 
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK 
=========-·======--==============- -====~====~~=================== 

1 34000 7.3 1.29 5.14 5 1.03 1.29 
2. 24000 4.7 .!..42 5.67 6 0.95 1.42 
3 46000 6.6 1.93 7.72 8 0.97 1.93 
4 12750 3.9 0.90 3.59 4 0.90 0.90 
5 9000 3.7 0.68 2.73 3 0.91 0.68 

=~~=======--============--m============:=========================== 
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BAIUtANCAS CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH ~.G TIME DEFINITIONS 
===========================~=====================~====~========== 
T = (L0.8) (S+1)0· 7/(1900YO . .S) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = 100X/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BASIN DRAINAGE AREA (sq. miles) 
================================================================= 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
================================================================= 

1 
2 
3 
4 

25500 
7250 

23000 
3250 

1245 
750 

1267 
365 

72 
76 
72 
76 

3.89 4.88 
3.16 10.34 
3.89 5.51 
3.16 11.23 

1.79 
0.33 
2.52 
0.21 

2.42 
0.54 
2.10 
0.27 

================================~================================ 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
================================================================= 
0.1 < X < 0 3 
Vel = 1.49R0.67g0.5/n (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< l/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
2.50 

=======================~========================================= 
BASIN NO. L (ft) Vel K Nstps Z.TSTPS CHECK AMSI<K 

=============~=================================================== 

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 PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYOROGRAPH LAG TIME DEFINITIONS 
=----========;==~-=~==============;-===========================Q= 
T = (LO.a) (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-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = 100X/L = GROSS WATERSHED SLOPE (%) 
A = SOB-BASIN DRAINAGE AREA (sq. miles) 
=========-===-===========-=======·======-=======================~ 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
======••===~=========•==z=====================================~== 

1 
2 
3 

16750 
15250 
12750 

745 
535 
945 

65 
74 
15 

5.38 
3.51 
3.33 

4.45 
3.51 
7.41 

1.57 
1.16 
1.19 

2.19 
1.79 
1.04 

===========---------~=================·======================~=== 
HEC-1 INPUT DA'l'A FILE PARAMETER CALCULATION 
SEE RH DATA CARD FOR MOSKINGUM ROUTING PARAMETER DEFINITIONS 
======·===·-============~============--=====-=================·== 
0.1 <X< 0 3 
Vel= 1.49R0.67s0 ·5/r (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< l/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN :; 
1/[2(1-x)) = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
2.50 

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

1 
2 
3 

======== 

16750 
15250 
12750 

5.0 
4.4 
6.4 

0.93 
0.96 
0.55 

3.73 
3.82 
2.20 

4 
4 
2 

0.93 
0.96 
1.10 

0.93 
0.96 
0.55 

==================--================================= 
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PUBBLO CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
====•======m•=====-===-=============•==========a============~=Q-= 

T = (L0.8) (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-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = 100X/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BAS IN DRAINAGE AREA (sq. miles) 
=~=====•==================================a==•=================•• 

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

1 
2 
3 

15000 
24000 
14000 

1930 
694 
246 

56 
65 
74 

7.86 
5.38 
3.51 

12.87 
2.89 
1.76 

2.24 
.•. 61 
1.55 

1.48 
3.62 
2.37 

======================================================;========== 
P.EC-1 INPUT DATA FILE PARAMETER CALCULATIC·N 
SEE RM DATA CARD FOR MOSKINGUM ROUTING PAR~TER DEFINITIONS 
================================================================= 
0.1 < X < 0 3 
Vel = 1.49R0.67g0.5/n {ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< 1/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN = 
l/(~(1-x)] = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
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 4.0 1.66 6.63 7 0.95 1.66 
3 14000 3.1 1.24 4.96 5 0.99 1.24 

=====================================a=========================== 
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LOS AT.·"' ~OS CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME D~FINITIONS 
=======~============·=========--========·=,====================== 
T = (L0.8) (S+l)0· 7 /(1900Y0.5) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X a BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = 100X/L = GROSS WATERSH~D SLOPE (%) 
A = SUB-BASIN DRAINAGE AREA (sq. miles) 
===--==========·================================================= 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
=====;m==•••===c===================a=======================•===== 

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 PARAMETER CALCULATION 
SE~ RM OAT~ CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
====== -- :=======================-=============~===:========= 

0.1 < • ' A.j 

Ve, , Rv.67s0 · 5 /n (ft/sec) 
,.. !../ \ ..J ouO*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS • INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< 1/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X ::: 
R(ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
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 2.013 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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SANDXA CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
====================~==-========================================= 
T = (LO.B) (S+l)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-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = 100X/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BASIN DRAINAGE AREA (sq. mi~es) 
====-=================~========================================== 

BASIN NO. L (ft) X (ft) CN s Y <'> A (sm) T (hrs) 
================================================================= 

1 
2 
3 
4 

36750 
11750 
10000 

9000 

1000 
370 
300 
635 

68 
75 
76 
79 

4.71 
3.33 
3.16 
2.66 

2.72 
3.15 
3.00 
7.06 

2.65 
0.85 
1.32 
0.75 

4.85 
1.49 
1.31 
0.72 

==================================-===================~===~====== 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFIN~TIONS 
================================================================= 
0.1 <X< 0 3 
Vel = 1.49R0· 67s0.5;n (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< 1/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R~ft) = 
n = 

NMIN = 
1/[2(1-x)] ~~o: 

l/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
2.50 

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

1 36750 3.9 2.62 10.46 10 1.05 2. 62 
2 11750 4.2 0.78 3.11 3 1.04 0.78 
3 10000 4.1 0.68 2.71 3 0.90 0.68 
4 9000 6.3 0.40 1.59 2 0.80 0.40 

==~=-=========================================--================== 
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KOR'l'AND.AD CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
==================================~=~==~========~================ 

T = (LO ·B) (S+l) 0 • 7 1 (1900YO · 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 JU~C-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = PO'l:ENTIAL RAINFALL RETENTION (in) 
Y = lOOX/L • GROSS WATERSHED SLOPE (%) 
A = Stffl-BASIN DRAINAGE AREA (sq. milea) 
===-================---=·=========-============================== 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
==;======-=-======-=·====~=====-=========~=======-~~============ 

1 9000 390 65 5.38 4.33 0.55 1.35 
2 10500 277 67 4. 93 2.64 0.81 1.86 
3 6000 125 72 3.89 2.08 0.36 1.17 
4 12250 203 72 3.89 1.66 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-l INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
===~=====~=========~==========================~==~============~= 

0.1 < X < 0
0

3 X = 0.20 
Vel = 1.49R .67g0.5;n (ft/ sec) R(ft) :;; 2.00 
K = L/(3600*Vel) (hour.s) n = 0.10 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR N3tps 
NMIN = MINUTES FROM CARD IT NMIN = 15.00 
1/[2(1-x)] ·.:. CHECK < 1/ (2x) 1/[2(1-x)] = 0.63 
CHECK = (60K)/(NMIN*NSTPS) 1/(2x) = 2.50 
===--=========-~=======-=======================================~== 
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSI<K 
===s•=================•==============================-=========== 

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 ;).98 0.49 
4 12250 3.0 1.12 4.47 4 1.12 1 . .L2 
5 16000 4.0 1.10 4.41 4 1.10 1. ·. n 
6 13500 6.0 0.63 2.52 3 0.84 0."' .J 

===========---~~================================================= .; 
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CAH&nA J)BL BtJBY 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
==========-===========-=================-~g===================·== 
T = (L~·8) (S+l)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-II 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 (t) A (sm) T (hrs) 
==========~~-=================================================z 

1 
2 

29500 
14750 

836 
1345 

69 
72 

4.49 
3.89 

2.83 
9.12 

2.10 
2.42 

3.88 
1.14 

================================================================= 
HEC-1 INrUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
==============•===============================================z=a 
0.1 < X < 003 X = 0.20 
Vel = 1.49R .67s0.5;n (ft/sec) R(ft) = 2.00 
K = L/(3600*Vel) (hours) n = 0.10 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT NMIN = 15.00 
1/[2(1-x)) <CHECK< l/(2x) 1/[2(1-x)] = 0.63 
CHECK = (60K)/(N.MIN*NSTPS) 1/(2x) = 2.50 
=====~=========================================================== 
BASIN NO. L (ft) Vel K Nstps NST~S CHECK AMSKK 
=========================~=====~~=============================·== 

1 
2 

29500 
14750 

4.0 
7.1 

2.06 
0.57 

8.23 
2.29 

8 
2 

1.03 
1.15 

2.06 
0.57 

================================================================= 



PAJARITO CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
-======g==================m================================~===== 
T = (L0.8) (S+1)0.7/(1900YO.S) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = lOOX/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BASIN DRAINAGE AREA (sq. miles) 
=•======••m•=======••====================•=========-==========•== 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
==============•===~=a===:===============•=••••==~=====•========• 

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 

============a===•======•========================================= 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROOTING PARAMETER DEFINITIONS 
=======================================================~========= 
0.1 < X < 0 3 
Vel = 1.49R0.67s0.5/n (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS • INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< 1/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
2.50 

=============--======-=~============================~===-=====--· 
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSKK 
====·=·==·========·============================================== 

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 4.8('1 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 

========================================-=============~====~aa•== 
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POTR:Z:LLO CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
===============================================================·= 
T = (LO.B) (S+1)0.7/(1900YO.S) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = lOOX/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BASIN DRAINAGE AREA (sq. miles) 
==============================================================g== 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
================================================================~ 

1 
2 
3 

28500 
18000 

9750 

875 
630 
620 

70 
71 
75 

4.29 
4.08 
3.33 

3.07 
3.50 
6.36 

2.78 
1.03 
0.96 

3.53 
2.23 
0.90 

============================~~-==•====================c=======•== 

HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
==~===============-============================================== 
O.l < X < 0 3 X = 0.20 
'"al = l.49R0.67s0.5/n (ft/sec) R(ft) = 2.00 
K = L/(3600*Vel) (hours) n = 0.10 
Nstps = 60~/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT NMIN = 15.00 
1/[2(1-x)] < CHECK < 1/ (2x) 1/[2(1-x)] = 0.63 
CHECK = (60K)/(NMIN*NSTPS) 1/ (2x) = 2.50 
================================================================= 
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSU 
================================================================~ 

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 

~====~====-====================================================== 
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WA'l'Bil CANYON 
HEC-1 INfUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
====·===·======================================================== 
T ~ (L0 · 8) (S+l) 0 • 7/(l900Y0 · 5) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (d~) 
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 (sm) T (hra) 
•====••=2•========•====•a••==========•===========•======~======== 

1 
2 
3 
4 
5 

18000 
17750 
19000 
13750 

5000 

2305 
705 
405 
615 
405 

54 
62 
72 
72 
77 

8.52 
6.13 
3.89 
3.89 
2.99 

12.81 
3.97 
2.13 
4.47 
8.10 

4.07 
2.63 
1.42 
1.97 
0.32 

1.81 
2.62 
2.90 
1.55 
0.44 

================================-•===z•================~=======~ 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
=============================c=================================== 
0.1 < X < 0 3 X = 0.20 
Vel= 1.49R0.67s0.5/n (ft/sec) R(ft) = 2.00 
K ~ L/(3600*Vel) (i1ours) n = 0.10 
Nstps = 60K/NMIN (dim ens ionles s) 
NSTPS = IN~EGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT NMIN = 15.00 
1/[2(1-x)] <CHECK C:: 1/(2x) 1/[2(1-x)J ·- 0.63 
CHECK = (60K)/(NMIN*NSTPS) 1/ (2x) - 2.50 
=========·======================================================= 
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSRK 
===============================================================~a 

1 
2 
3 
4 
5 

18000 
17750 
19000 
13750 

5000 

8.5 
4.7 
3.5 
5.0 
6.7 

0.59 
1.05 
1.53 
0.76 
0.21 

2 • .:6 
4.19 
6.11 
3.05 
0.83 

2 
4 
6 
3 
1 

1.18 
l.OS 
1.02 
1.02 
0.83 

0.59 
1.05 
1.53 
0.76 
0.21 

================================~~========~================~==~== 
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CANON DB VALLI: 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNI'r HYDROGRAPH LAG TIME DEFINITIONS 
==========:g~==============~======================~============= 
T = (L0.8) (S+l)0.7/(1900Y0.5) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DI~JIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = 100X/L = GROSS WATERSHED SLOPE (%) 
A = SOB-BASIN DRAINAGE AREA (sq. miles) 
========~======================================================== 

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

1 
2 
3 

22500 
7500 

12500 

2756 
393 
477 

53 
63 
64 

6.87 
5.87 
5.63 

12.25 
5.24 
3.82 

2.33 
0.78 
1.17 

2.26 
1.12 
1.92 

========================================~=======================~ 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
================================================================= 
0.1 < X < 0 3 
Vel= 1.49R0.67sO.S/n (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD !T 
l/[2(1-x)] <CHECK< l/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

l/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
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 0.39 
~ 12500 4.6 0.75 3.01 3 1.00 0.75 

================================================================= 
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ARCHO CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CJI/D FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
===============~==e======================:======================= 

T = (LO.B) (S+l)J· 7 /(1900YO.S) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN• SCS CURVE NUMBER FOR AMC-II MOISTURE CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = lOOX/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BASIN DRAINAGE AREA (sq. miles) 
=======~=-:=====~-====================:========================== 
BASIN NO. L (ft) X (ft) CN s Y (%) A (sm) T (hrs) 
=a====•a===•=====~=~==========;==•==============================r. 

l 
2 
3 
4 
5 

25750 
22000 
13000 
10000 

2500 

1044 
1035 
1102 

688 
l68 

68 
69 
74 
75 
75 

4.71 
4.49 
3.51 
3.33 
3.33 

4.05 
4.70 
8.48 
6.88 
6.72 

2.19 
2.48 
1.11 
1.04 
0.19 

2.99 
2.38 
1.01 
0.89 
0.30 

==================================~==========-===========~======= 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
====================================··=========================== 
0.1 < X < 0 3 
Vel~ 1.49R0.6?s0· 5 /n (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< 1/(2x) 
CHECK= (60K)/(~MIN*NSTPS) 

X = 
R (ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

l/ (2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
2.50 

=================-=============================================== 
BASIN NO. L (ft) vel K Nstps NSTPS CHECK AMSKK 
=========~=====================================~================= 

1 25750 4.8 1.50 6.01 6 1.00 1.50 
2 22000 5.1 1.19 4.76 5 0.95 1.19 
3 13000 6.9 0.52 2.10 2 1.05 0.52 
4 10000 6.2 0.45 1.79 2 0.90 0.45 
5 2500 6.1 0.11 0.45 l 0.45 0.11 

===================================================--===========--= 
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CHAQOBHUI CANYON 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE UD DATA CARD FOR SCS UNIT HYDROGRAPH LAG TIME DEFINITIONS 
========================·======================================== 
T = (LO.B) (S+l)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-II MOISTURR CONDITIONS (dim) 
S = 1000/CN - 10 = POTENTIAL RAINFALL RETENTION (in) 
Y = lJOX/L = GROSS WATERSHED SLOPE (%) 
A = SUB-BASIN DRAINAGE AR!:A (sq. miles) 
==========================================================A:===== 
BASIN NO. L (ft) X (ft) CN 5 Y (%) A (sm) T (hrs) 

================================================================= 
1 16500 1292 73 3.70 7.83 1.50 1.31 

================================================================= 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
================================================================= 
0.1 < X < 0 3 X = 0.20 
Vel = 1.49R0.67g0.5/n (ft/sec) R(ft) = 2.00 
K = L/(3600*Vel) (hours) n = 0.10 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT NMIN = 15.00 
1/ [2 (1-x)] <CHECK< 1/(2x) 1/[2(1-x)] = 0.63 
CHECK = (60K)/(NMIN*NSTPS) 1/ (2x) = 2.50 
==--============================================================== 
BASIN NO. L (ft) Vel K Nstps NSTPS CHECK AMSU 
================================================================= 

1 16500 6.6 0.69 2.77 3 0.92 0.69 
================================================================= 
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CANON DE LOS FRIJOLES 
HEC-1 !NPUT DATA FILE PARAMSTER CALCULATION 
SEE UO OATA CARD FOR SCS UNIT HYOROGRAPH LAG TIME DEFINITIONS 
=========-=================:=========================c=========== 
T = (L0.8) (S+1)0· 7/(l900Y0.5) = SCS BASIN LAG TIME (hrs) 
L = CHANNEL LENGTH TO WATER DIVIDE (ft) 
X = BASIN ELEVATION CHANGE OVER LENGTH L (ft) 
CN= SCS CURVE ~~-"MBER FOR AMC-II 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 (sm) T (hrw} 
==========•a==================================:================== 

1 
2 
3 

20200 
24400 
24000 

2499 
1030 

633 

50 
70 
68 

10.00 
4.29 
4.71 

12.37 
4.22 
2.64 

4.97 
4.92 
8.13 

2.23 
2.66 
3.50 

=======~==================================·====================== 
HEC-1 INPUT DATA FILE PARAMETER CALCULATION 
SEE RM DATA CARD FOR MUSKINGUM ROUTING PARAMETER DEFINITIONS 
==========m=======•===••==============================~=~~======= 
0.1 < X< 0 3 
Vel = 1.49R0.67s0· 5 tn (ft/sec) 
K = L/(3600*Vel) (hours) 
Nstps = 60K/NMIN (dimensionless) 
NSTPS = INTEGER VALUE FOR Nstps 
NMIN = MINUTES FROM CARD IT 
1/[2(1-x)] <CHECK< l/(2x) 
CHECK= (60K)/(NMIN*NSTPS) 

X = 
R(ft) = 
n = 

NMIN = 
1/[2(1-x)] = 

1/(2x) = 

0.20 
2.00 
0.10 

15.00 
0.63 
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 

~=============================================~=================a 
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