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‘oy1vt ~ r s j o .~ Yt ” ors1 U. i. Custom ary t. Metric (SI)

Units of Measurement

U. S. ~u.;tomary unt t~~~ t measurement used im. t h i s  report  can be con- —

ve rto t to metric (SI) units as follows:

~~ it i ~~’.y i~y To Obtain —

acr• .~ . :i~6.856 square metres

cubic feet t~~r seccnJ 0. ~~. ~~~ t~ - cut  to  r~.- ’ r~~ per second

feet 0. 3-~I~ ~ res

tnches  .~~~~~ . .

~ ile~ ( U .  S. ‘ t o O e) ~~~~~~~~
a -ma re ~ t l e :~ 2. -.~~ :-~-.;ar e ~t 1or t r e g

~~~~~~~~~~
_ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _
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PLANNING MAW~AL FOR SYST~ 4ATIC

R I V F ~ !~A~t I N FtA1ODPLA IN S’1~JDI ~~

ntr - - j u t i ’:.

1. F’.- d~ lair ~ management h~: become a topic ef h i g h  national

p r i o r i t y  in t h e  ~a~~t ~~~~~~~ tn -I  1 illiuno of .1 - i a r ~; wil l  probably !e

~~~~~ in t ?~e near fu! ur~ on flood; iit~ n delineat i ons ~uo~ f1 ~: level
- r :  . ionn .

2. Hy drolog ic and hydraulic r r o c c i u  s imula t i-  :. u t r  rograr:;

~— uc ~ . as HEC-! I }LEC — . 1 t v ’  - great  !ncreas. : !.he efficiency with

- - t . i c h  -u! :: •; ~~cr:r can ~~ ~~
- ‘.‘tU -t~~- I.’ At present , ? . ~~~~~~~ r. St

laIn -
~ :ies are being cvnduvted In ; ar s , i-y f I r :  ~-. r f r : u g  the hy —

t r o - g :c  a n a !y : i s , t h e : .  ~iI~ win~ 
-
~ ; ~ I t I  the :.ylrr ,:c cor~ -~ta~ ior r .

‘ ! - . c - . ‘ :rr c is  .U-.- nt , t n t  U : : :  bly ~. t : ~~ r t , in c ilectIn~ :~~t a  f r - r , scat—

ter.~d ~7 u r c • S , rum :c  he hydrologic ‘t: t y :~ h on processing the - -u ~ —

-
~~~ of his ~naly :- ~s lm . 

. . ~ij-: r - r - r i~~ e i:~ 
-~ t for  . ‘ ~:y I r ~-i u i i c  -~~r~—

- it at n . .  ~urv evir~g ‘tn t ; i:tt jn,~ of - t  rear ~~~~~ r e t  ior,s and

r~ r:v’~r in~ 
* . 0 :  e ~~ ~r ir~ - t  fc rriat f o r  t a c k w a t . r  ° # r t r - ~ is

amy t.~ r hi,.:. .v * 
~ : - -

~~~ ~oh :; ;i 0 ” to man;. pon~~ible human :,; err rn —

3. T~:o ‘ 1  r: cb~ cv ly e  of ~~. manual I e’ r’ :- c :.~ gui I d i  I n c

f r n y t ’y 1
~~ ’~~ I ~ing vater n - i  s- :i d: vision and ccl~ ’~’t 1mg and : r -

~~~~ ‘ -  coing

-~~ 
•. -~ti~t- i ~-un  - :-~-r.n .n • can te c nv r ed a’;’ r- ‘; cal ly I m .

In ~ : S I.- :-: - computer ;— r ogr an r H~ C—! and ~~~~~ The cr ’ ‘. cb~~ect1ve I r

~0 ~~‘t ~~j~~ 
‘ne ease t.i~~n w~~ ch t o r e  u~- pr gr’utr ‘ftfl t e  in ’ erfaced

so : a a rti rirur~ ‘~~~
‘ inj-ut data nerd :: to t~ In troduced manually once

he raln - !u  tapes vP. Information on basin ~ -g ra: hy , soils , land
- :

~~~ •‘ , ~r. ‘ ~ cr . -~~c ~~o - !  I o n r  have “~ r complied . A -un I form treatment

of br 4 
~~‘r ,.-~er - mp ~ r;, V ii 1 also be s t ~ g”r ted , wi - .~~~: . whi le  not necessarily

::ing t I e  ~ oc a~-~ - ‘ ~ c i a t e hydraulic ‘ -~~t -ut at Ional  proc edure in every

• HF ° — HyJr o ic~~1c P~ gineeri : g Center .

14
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cau t , should provi de water surface p ro f Iles commensurate in precision

with ; :r ec er ;t . ly  used backwater computat1~ r: procedure::.

Organisationai Ste:ii i equence

14. A systematic hylrologic-tydraullc floodplain analysis should

in v - lv e t I;t :‘- l  Lc~ ing ~.teps :

Se! cot ion of ‘~a er o  0 t tu - ; ed

1. ~ I~ :o’ PU i : ot~~~rim.try and Secondary  Areas in the
or :  t est

~ f~Z O~ 1~~~ Cross—Sec t I - .:. L~ cat~~- :. and I r :gt h

~~. .~u t d t v i t i -  :. of Wat r: nc I and fut ar ea ~urd ’r ing

e .  ‘oi l - ’’ Lv : , -
- t~~ng , r o . : U i g P i z a t : :. of Cross—Sect ion and

~r i d g o  : - t t ~ t

‘ . . - 1  L o - t ~~ -:: of So;’.:., :c ;- -:gra phy , :r ~nd ce , and other ~P .Ai O ff—
. ‘ I’ t ’ ’rr : :: I m. ~ :~~‘ ~
I - n:i: ::: of a p i g i :: :~~m Ban k

I. . Col ’.’ ~~- : o’ ~-!e:t::.;r, Uainfn1l— !’:n- : ff Dt! rt

I.. t~’ - :‘ Ca’. i :  ra I -
, . Choice

k. ‘
~‘- n’:~~ ion c-f :‘•.~-n~ t l v r t r -  ~ r a ;  ha

I. Sa ckvt t  or Cc ..; :.’

A: a i  D e l . n ’ a ’ i : ;  o f ~l - o  :tc

Yl v - I  ‘tr ’t ’ 
- — :  iv:.

of v ,t t . - : —
: .te - i3 - t e

5. Tn’- selec~ i- -n - • v vat ’-rsi e ta f r  which  f . n 1; la in r t u d I e ~
:;ho u - 1  t~e ~a I c  I - : ~ - : . I ; r t m a r i y on - urgency -f ~i ’  s i tuat ion . ~t v I —

- - u s ’ . ; - , a t~ n :~~’.y dev ” i s -r ed wa *-r s t ~e.i v i t h  a history -f costly floods

r~e r i  t r ;r e f er e n ’o  v c r  a v i i  i”r n r c : ;  Itr r- ,t  in w h i  ct:  f i - ~o d - i n g  is an en—

I r” y acc e ;-t a t -  1 -  -v en t

There ig n - l w ’r  l imit  for a watershe~ s i r e , although it  may

hr . -
~ - . - . r s me t ~ 

- * r at — u t  an “I at ~-rat e cyst. ema t i c  cc t: o~~e tot a

~a e r shed -~ f re :- ; ;‘tr’- mile ~r less. T h - - ; : :r : -  l im i t  of a watershed

t o  1-” handled in a single e f for t  depends ~~~
- st ’. ;  c r computer

5 
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storage capacity and available time to complete the project .

7. Whatever the s i ze  of the  area to to modeled , i t  should corn- -

- - pri .e an entm re watershed . N5 streams :-ho’ui i cross the boundary except -
at the  o u t l e t  section . For example , the  method outl ined should not be -

used t o  st u dy  riv~-r l e v e l s  betw een ; -  u:t :: A and B in Figure 1 unless
reliable ::: flow hy-tr ’gra;h:; 1. sr p in t  A have t e e m  ger ler l i t ed i n  a pre— -

v io u: ; ; : u ;Iy

t I e : . ’ i f i c at i o n  of ; r imary  and
s c  - : -da r v  areas In the vatershe j

SI v - n  ~ u ffic •-n fun-I:; , ‘ : ‘ o r :f . ire Vat  * - r s n e I can be considered -

A

B

Fi,’urc 1. Partial vatershed with : e ; - nr a t e i y -

determined in flow 
-

6
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of primary ::- :;- - r~ance and desi~ r.atcd f :  rio- tailed - IR ta a c q u i s i t i o n  and

~o5telin g . Even areas which are - :r~ e t e  w:t ~-rm ;o -ss or : ~ ‘t.’r: r5:  present

:rri,y at some f: ure date bee -~~e & • ‘~~~;~ ir e  f- r leve l  o; ~ t- m. t

in pract .  - ‘ - , i t  ~ i l  usually 1’ -  foun d t t a t .  a detailed

hy drolc gi c— !;y  Ira ~l to  model1n~ ~ ff  - rt  ~ f an en t i re  w a t e r c - - t x - ’. of 1000

5 - l U f t S P  m . i e .  or so ~~~u ,  I t o  ~~e ~r o h ib i ’  ~oi y •-x i - -en::i ye. mu: - , o ’rsf -

area c na,~ t o  -
. n ‘-r e . f 5 ’ v c - m :  t a r . i r . ; -~ r t ance  and given a more sup er—

flc;’d ro~ ’•lln,r . r , - a t n - n  . Sul otr ’- -oo : may be na te larger t han in the

tO t : ; . I ’  I : : t  -:dy area and cross ce-’ ions nay I ~ s; aced fart her n:- rtr’.. It

is ;nps - rta : ’ * I ; v- - .’ *-r , -c leave ; r ,  -. i : : I : : :  t r 
j
. .- .: ~- r  - ; : :vor :  ion

t h e  oe seoc try areas - ;-r I nary - :.~~ ‘- c ’- . • ‘ t : ’ ~t :  vi : . ::t c i u: I :.,~ a r a ~’ or

disrupt. 1 - -:. i~ n mode. organi.~ation. This  ir.vc’1’s~- c a f lexib le  c- o - i l r g

of t o ’ -  -;::asj:.s ~-uch ::;~ f - , t - .r ’. - - . l - i i lon of :-ut-tasin s wi l l •

~uire ‘he :;equen ’ ia l  r’- ’.-~-iing of the ‘o.~ ire cv: - en.

Plan :  i:.~ cr055—
See’ ,0 : .  

_____

IS . :-ce 1 I n  :‘- ‘e°’~ ~ ‘ j s ’~; on :: of t I p -  w:.~~er r I ;e - i  are

t o  cla s s i fied  as ;r ina : -;.- and sec .-:. :ar; inter’ s’ areas , he locations

and len~~ . cf • : cross nec ’ io n;; . 1. - ul  I t- ~ Ia ’ d . S- 1 I ght chan, .e -3

~ : ; :rOS, ; — c o . ” i 1 -cot 1 -n , or :.~ a l  l I t  I :: f a ~ -~~
- 

~rf- cS 8’ - i - nc , can

0 ft ~~~~~~~~~~~~~~~~~~~~~~ t t i ; ’ a .o~~- - -

11. FI r;~ , all s :- - - r u o ;- an I r i t u ’ ar ir :-  of i - .~~~~. o- : : -

c :.; ; I . -  i len i t ’ :ed . These ‘i:- ’- rh -  :-~~r ’8~US for -~- :  - :  . :s of

I n ’ p - r e s t  an I ass oc : ; ‘ ‘- : fl~~el  levels are : o  comr~ ut ed . Tn: S Clam :8i—

f l o a t ion maity l e come  a : t 1 . o r  - :1 .’ .- - •  I r e  ta :-~:, - :- - n ~~ly d’ en :-- : on

he f u n t s  avai lable  “ ‘c rhe flood st- ;-ty . ~o f er r i n g  U0 Figure 2, a:- . .:me

- reana a • P . c , and e :‘ 5 v -  -j o : :  i gn a t  c i  as hydrologica!ly

important .

At. a ll J i n  - t i - -n c  of ;n;~ c~~’t: ’ strea~~:~ t w o  :‘-e ’ c of c ross—

sect l a t  a n u s t  be aIn~~t : one c - e c - t ion :~t coil-l t~’ . ‘d ;l -u t  :. -

n r’-an wi  - . cv the J u m i r t  I on , another sect , : on betwe’-:: -n ’- an-I

~ A - ; :  ‘
~~“ Of f a c tor s  f - r  - - : - . v- - r ing U. f~. --;ntomary uni ts  of measure—

me:. ’- .0 r” r i o  ( i ~I )  can be fouxi i -on page
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~~. •0. I*~~ - 5 * S s

- r ~~: r — . e ct 1 o n l . - c a t i - - n  o:. a
small I r r t  : nat ’’ - 1 a:

- reaia w; t t .hs  at~ -v r -  t I ; ’  ‘u~ o jun . TI;” upst r omn cr ~ : 5  :- q-~cti - r: ; : ‘

spi lt  at t : - , - -  d i v i d e , as c hown in ~ I gum -r ’  S a ’. ‘ i . - ~ - .r - t  i on : -’ of ct.rcamr

a an -I b , t- itr. l c , t::d a a:; : ‘- . This c ’-p-a r~t ’ ~~- :. “f da ’ r; ~:.o + v m dc—

penden t ::‘ ro n..— . c-or” i fl: ; is abc ’lu ~ :~ - n ec o ’ccary  for the c’-rrr- ” o xecu—

1c’n ~ }~~T_ 5 t’r;ckw’t ’er computat i - ma. The or ’ s~ c,- - - I . :. shr -uj d C X’  “rd

¶ hr ~~~~ he fI ‘oiplain -n hot : . rf l i o n  of the 5t r o-~w alrn~ a - - - u r : e nor—

nal ¶ .; the flow l i ne s  ( i . e .  • appr xlrtnt °ly perpendicular ~1:” topo-

graphic c--:: ’ - -  
~r li::o’:), exc°; ’ at a bridg e cr c - ss ln ~ w~. o-r r  the  cross ~ ‘c—

- Ion may f’-l -v the road bed.

l~~. °r°s:; 5” ” I s  are requ i red at all I-r id ges . The n~~her and

s~~~c - i n~ of t. hc’ s r- crc-’si se ct i n ;; w i l l  be discussed in more detail in the

bri :lge data tns ’ r u - i ; -n r , step e. Cross sections shoul d a lso  he pro-

v id e d at all ‘~~n trol locat ions , like we irs ‘r other abrupt flow con—

s r .ctlons , ‘~~ v h l - -h  c r i t i ca l  flow is expec --rl to occur for c”-~~° or

all of the lis char~ r- s of Interest . The ca~~r’ h old s for locations of

stream gag”:: which mig ht be used for t b , ’  c a l i t -r r t t l rn of backwater corn—

~uta 
j~~fl5 , TO’ well as hose points st which the channel and/c’r overbenk

B
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t g0¼-ne t r v  - : . r : . o - - o tt l l y .  - 
: . t r - :: t-Ot - :.: art - - f t . ” . p ;  par ’ -r . t  *

• cc r - : , - : --i ; : .: :- . a ; - ; r h e refo:- ,. - , : ~~~ : t.- €- t•y.t ro ’m~- l ’ ,- useful if a

hydro logi.- . -r hy d r au l i c  ‘- :g ; : , r - e:  accompanIes t h & : , ~r V o - y cr t -w , ; :o : t  ly

a - : - -
~~ 

: -  ; ‘ - - -
, or sO l i - a :  :-erf rn.: a f~ ’-:.d 5r;~- ~alsm st: ,ct- ¶ -  ~ o o f t t * -

all :r~ c;. - o - t : - 5 .

‘ -. . ~~~~
- .c . - - ’ - - t~ t t o -  at - re  - ‘ -  of g- .~~lei1nes f r - c  : -  : . — . ‘ ‘ - O f l

lOCftt iLmr or a . : — . - sr cot  r- -’;t to- ~ ty H~ C 1’ w :st . , ,- result Ar.

c , t t : - - :  c lose spacing - r -  : - ~;e& -: ~un: - : r :  1 ’- -f e ; ; - e - :  areas a~d large

s: a - ng: : ~~:. t : : :: developed ai. h~ :r u i o - g i c a l i y  ~ s - 5 : -  . ;  :“ : s n t  50 ’  08 .

Thi :: 15 ;r .g : - .4 ~~.s- l-ro- 1 - ICn c-f nax ;nur-. al lcvat lo - rot . -n .-ngt n , a:. -
~~

I Pt~~
1.~ ; :-c :-t t : . t :-~~ . ‘ e O t , 0; n i e I a i .V ~n rc ari -sa-iy na. - , s S .  . o -  ‘ S o rtS.

r’-a ~~ : . ‘- :- ‘- cr- - :- : . — n t l c o . : - - - ar’-

15 . :- - t s r  nn~
- -

- 
- :.,. .~~~ . c- - ¶ a r ..~ - - c r ;  g no ’ ; :,~~ r. ‘-

~~~ :.r:er’ota
• ..‘v makes t h ’-  m~~ .rn~n c ’ a - ;  . a f-.::,-:- - : :- remt~ 

- 
~~~~~~ ‘- S

~ l j,~~~~~~~n i I t -  “
~~~~~~~

-
~~~
- ~~-a~~~~j o - ’ . ’~~~~ ~~

. 2 , -.

- - -.3
_._3 - 1 .

This r u l e , w - - :. a i r - 2 ’ ert - - - n - -  - ‘ ream la ’ s . V P , :  :~~
-j  - . - - :- .

- • 
•S~~~p~~SO oh ly  In  - dc -vol ~~; ;c . r iv er : ;  11k ’- ‘ho ‘-‘:seissippl ~~~-~~‘ S

s ea ’ :  r f  2 n.. ’- . ::r~ 1 :~~~ e:- - ~-bt be - • s-

~I ’ :‘-r performed an ana~ -.-tj cal - - . -
. - u •

- c r . er r  r - I:: : . - -  ;c - ;~ 
- 5e’o~ ct.ar.n o’ls.  w’. icI; c’ . .. • e-: n ‘o. o - ~~~~f , t  mi

f r ‘~~~~~~s rt’aoh lengt.h a:; a fu’ - r .  - ~~ t h e  - : ‘ a n  g r f r  .Cn t , - 10’

:- :- o’~~i ’ - ~-;n i - - r , v ’- ‘ -  : cross—aec I - s r ’- -a , an I v’ “ ‘ : : ‘ - : -  n . ’ • r , as veIl

as ‘hr  - -; v :  :t.l . of ~~~ . ‘-  rea r. rt a n y  : e — - t I c r ~. Ar- n mod I~ 
- - :0 on ani r~vr r ’e I S~ t a n on.  ~~r r t ~ .0 : - , -

~~~ :. — t : c  18 le ss •

t o  de r l - . v’. iootn • no’ ~ TO--” n”r  o’lua - :. ansi t.~~e A ; ~~. : - : ~~~;~~~, ~~~

r - ’ ~~
.‘ tin”:;: I orc wh Ich ar e n t  knovn ..n ’ .1 a i  or f1~~d r - - -  have

: - -“:, I — ’ t € ’ nn. . n - -- I .  tl.e r’tf - -re , t-o h - f  . ; o 5::~5 n e ~~~; - : ; ;  ar e  s- ; i t . e . i  chiefly :.

f l 0 - ’k ~~~~P ’ ~~~~~ a oh -c-con c r - o s- .- - : :  spac ing wa: a ; ’-  . a t o - . Appendix P

: r e . - ”nt ; ;  f - - r ’n-has f~~r : a - k w r t : . ’ :- c :np - .~t o O i - - r . .

~~~~~~~~ ~~~~~~~~~~~~~~~~~
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1 .  As str~ of ° n~- research I • a l ; r i g  t - - $ 
~.js manual • backwater o’ mr—

run :. S hypothetical u. r s r . r : o - . - rr ar oth~- i i c  cross see’ . :

and ran .1 ‘rh vary  :: . ‘ . . .  ~~‘ i . and ci - po -  - ~‘haxn:e I .. - dth V a :  var: e I I -o- Veer.

..l) and 100 f , sie~-t h t - v e ’ - n  1.5 ~tr ; t - .  f’ , slope I r v  0 .0006 a r :

- . J. • and ~t ; ; c I ; a r , t- 1 o • -~~-em; 100 and 1S-~u C t :  . a:. ,- combinat~ cn of 

i.r iables , rests I; I of l e r ! I ; v’s v-sri ed be ’ we.-r , 5 - )  a r : .1 •.t’ ft. Us - r5g

- — t ~~’ ro ’’t - - h  le-ngt 1: r o - s : h t s  a:: a .- “ Si: : I t i r I f -  r o.ctr ~ arison , -.- ‘  ‘ p’- ‘
- - 

-s occurred sporadically , a m :  :. o ~Ofl8 I , ! . ,-rc? f- - :-’~ - r -~ t . ~~ max imun

r .’acl: l o ’n g t h  -‘ oul I be found . This v-s  l- ’ - ,’a~~-c’ • - : - r - 5 - :uo - • ‘- , : : - Stn : i c r ,

‘t n-I  - ra- ion los- - c:; ~nt ’-rf ”rc - -: randomly -b-
- • 0 e r ’ s -  cc d -~e ‘ - f r i c ! I ’ o .

Exam i r:ing only r .’- a :- ,.’e-  * - ‘ I n  oor~j - .~’ ‘-1 -..- - ‘  . - ;- ‘ - or f r t e e

‘ - , .‘y ’t  j  ~ ; , 
• c ’ :  ‘ ‘ o n e  I - he r ’- ’s o -  ‘ ‘ :- :- ‘-

~~ . - ; - ‘ : r s  I’ the  - : 0:--

nd s lope . The ‘- : - . ‘t r  o n  1. - ’ .’ ’- - -; ‘- from t h e  1 c ’- rv t O  ions i s

(~ )
max

I’ •

wher e

S ‘ s.c ‘m. ~. - ;5 rt . t v i s a t  I ”  ~‘-o - ; ,  ;cr,-” 1.. or

e ~ So lv’,- .’c ’ t i - i c -  error In — : o~- - s,- . ’ ‘- r’ :
S , t ’

T a • - . . - av erage channel s: ; -o -’ , ‘

• e 
~~

r
~~~~~’- cha:;:.c I - - - 

*

I : :  • - -.‘ i . - j n t ’ .- of  ‘ I c  ~ n o- :: : “ i  . *8 -
~~~~ : : : - - ~~~~ ~~

* :- sr ’t : : n’s r ~‘~~~~; c--  : . s: -- .- - - :r - .-~-y cs~ w v - . - - - -

Toe ;0 r~~a~ i -T - -i 1 - , may have local : -  - - ~. ‘- ‘sn l :5’ - ,. 

r : . t - - :- ?~~ve !i” ,r l I g i P ) ’ -’ .-~~~~~ ‘“ rn . c -  
~~~~~~~~ . ‘ - -  f -  - - d  ;r ‘S.lea.

l~~. ~-~ - r a c- a.--: ’- appl. - ’o H-: . ta~~ a : rcam - ‘0 a:. a\ ”-r cv~r ’- r ’I a t —

n-cl . ; c ’ r ” of 2 ‘~~~n i b c  —v er - - I vt’s ‘ r i l e s .  7- ’ - c’rd i ng the Barr

rule , cross ~e c t I o n c  tthould Ic ‘a~. ’-:-. -0 a t  -u ’ - ~ s I . -- In tervals.

:x’ t :~ naxi n;n a.1 v - 5  
~~~

- “r r -  r v-ac 0.. f an~ t I e  : I — ~~ ’- v a r I c - -~. ‘-~~~‘ - n

1 a.r - l ~ f’~~ni~~e , Y~~- ;’- 0 - -n l. v- -a l l give t. r- mar’- a ’ ;’ ‘- ‘- a - -  l”n ~ t I -  of

one hal f ni le . If , n ‘ “ ~~;. ‘- r hand , a ] .  -..f. “r r-r  van rs - - , - : at . c

anI ? ‘ -  s l - -p e  -.rtr l’- l only ht”vec’r. 1.5 a: 2.5 n e , reach ~c- r.~ t h r  Re

iarg-’ as 1. —I .“s w a l  I to ’ accept oilcl e . The U:~” of ~~r~ acs Ion I ~s:~ t

10
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: . - s , - o , - : - , t o -  : - O t ~~ e ’ t ‘o : t . ’ - ; : ’ - v  - , . ,. :,t ate -i ~~~~~~~~~~
-. for C: ’ -: : — :~~~~~~~:,

Iot’ a t i - r . . ‘ cho .h .1 also be ~ct-~ - t  ‘5 r . n i i . : t ; .~st :he -:- ; ~~~~~ - : , .

- . - o : : . j  ~~c” , -  :~s,, to ’ excl..: ;v’- .- for sul~’r i : i c & l  : , — conditions .

I - . Under certaIn - :~~o ;.:. - , ri- a,” ubed na’,- , -o ;ems :

55r : - t t  l y ,  _ t e; -vmd ‘i ; * t ’ : ~u~, c- l. H i v ’  ‘; s~. ’ no ’ - I :.o’ I o ’o tr d ; tL.c

t - -~~ _ : 15 . Ij : c : . . : c- t ? . c-:’ o ’ ’, r : .  A : . :, - ’: - : - ‘ f . - l_ :a t ;  t o o — n ;r . ;-’ :c- ’.

- i ,  - . 0  n.- frict ion I - . e: , f - -u: - 1 -t , or - c -  ;-tic ;n :: ;n • - -  5 ;

- ‘ o~ ;~t to - :- pr- ..gra~ . The::,- f r-~’ :a t~ : . : -  are _ i .  -

• :(: _
~~ .) 

C a )  

- 
* - 

- ‘ — - 
~~~~ - - - - ‘

c~~~ _ :_.,s co ~~,sc i_ -

• :. 
-

- (.

________ ~r ict 1on Slope l~~- . . r t t ic : .

~c. ( J ,  ‘~ 
‘~~~ (2c )

1~trmOni ’ea - . . r ’” : n

i f : .  • ( 2 d )

HL ~ fri - 1  - : -
. loss f. - ’-  reach

I d . a r o - - — - . ’ - j - - - - a  - : ,  - - :  1.

‘t~ d i s ” h a rg” a u~ -“ sea.” c-nd ot’ reach

~ t t otl -i ; - : : a . ~~~” a : v: rean ~~‘ 
— - f  sea s:

a • - -. - c- -:. ‘. e-canco’ a ’ . ;  - ~5 end of reach

K2 
• ~~~~ crnvo’ya.~ce a - lc~n:s~r”a~ end of co ’~t 

— f r j - :  - :  ~~o a ~~o ’ n ”~tc ‘-r I of

• f r i . ’” ion s b ; - ” a’ : ~~
‘ s ’ rear ‘-n : - f ‘- - - ‘so:

\ _ _ _  
- l
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~~u:tt.ofl - a. is —o el i~ all }{Fc ..2 u s e  .: ‘- - k .  - Imt t ’- -I t ,a~ u: ’

I - ? ‘ 1 ‘. h u t  - n t r t : . ’: M - l i  f cat icr :  56. I j~~ ~ 
:0-sor t ~~~,

‘ - -
~~~~~~ ‘ :. ~~~~~ 

j : .y H~~
r all flsjs~ c on-dI  t i ons u n t i l  r e - - c - t s r . - :, :st:ow: - t h a t ot2; -t  n or  equst~ o!. iS

clearly nor-’ a; l I - -at Ic- •

. c ;-o n ,‘t r c~ ro- :rt-ntc - :.o ar .t)~~et tc ,t v c - : -t t 1 ’- -f the f r i ’t I

elopes S
1 

an - I i~, and hut s l eer : recommended ly T- s ’.’ c ’n ’ - :” as ‘ t o -

ab le - - cO n r ~
-‘~~~; urv e : : . Re -o- .t a:; - ‘~ . . -  - - :,f — r~~c- -I : rs -.’’- : . c - r ’ 

- - • ~‘ .~ - ; -O ;._ :- ‘- . 0 - : ’. :  ‘ , ,0’ - -S.o : !  c - - aver ss~,o  f tl:c fri’t i

slope s S
1 

a n - I  H and is ; r ’-oo ’ : . - u se-i 1:: t o . - U .  :‘,

:ur - .- ”v (U~ ;~i’) computer :r - -grrsr 1’ - ‘tt . - .. stt ing : r : - f . l c : : .

.‘ ~~ . ;.. ‘s ’ i - n - I i t  e ’ a i  vales’ t o  csv - r ss~ I :~~- • .~~
- inverse values f

sb-c se:; S1 
and I’ . .. and han t- ~’o-r : n’-- - :. : o -  I ~- l’ Tavener for ~-t- .

~t I , f ’ rt ’ - :. 50 “ ho- compu ter ;: .-.~:-oi-. !~~~~
- — . , c ’ - :  N -ven ter

I ‘ -  - M i .  -
~ ‘ -  cho Ice  a.c. : . ,— ~ .-O : . R  . 1  1-:,- :-;-- t - c - f y i r;~ a w i t s : —

u t t I r  l }HEQ In 1’:’l  ‘. 1 -f :n; .! oar- ’. . 0  , Si: : 1 1 1 ’ - . v :

v~, : - .2~- ~,f

___ 
Y r i c t i o n  L~~ss F . j .’-.~~72~_ _ ,

0 - -~~:‘O i - -n 2* is used

I r- grw ~~ ‘-  I t ’ .- ’ :~ ‘-  ;- .~‘0 : : 1- st eed :. f l - -v
condi ’ I

2 ~quat I -:’n 2b Is used

I n . ;‘ I s  - . 1

- - Equation ~ r l is :sei

f ~~~~~ is -
~~

- o -
~- :a .1  1, ~~~~~~ program - e ’, ’- ’ : a ‘n c , -’ lo’’- “ b ’ s —

-n a reach is ;  a :~an- e ~H.- :r I ~~c - r I a  t~c . - w :

Is Friction 1-j c’ at Iurr er ; !
Crosss I’-r st .  I c-n rer , “r • 5-i : .

~‘r I c ’ 1 °-n I, 1 po- a ‘ ‘- “‘- - ‘-  : :.o F~ - ;’0 I — s
C - ,-. 1g . , -. -‘ - -- — . .  - - ,~ ‘ - —- • - - ______ ,_1 L £5 .s ~.

- C ~~~~~~~~~~~~~~~~~ ,. .. - .~ L

lub<r r . .  - a l  (~~ , : )  Y er  . 1

I — st I (‘ - ‘- 1

I “ tI i~2) Yes 2b 

o’rcri ’lcal 
~~~~~,-

‘ 

~) N- -
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I
‘ . ,~t pro: .’:.’ , H~~~’s s tc t r; I tr- - -  

- ; slope av ’-rci~ :n~- is h at

‘ no c ho i c e  of a : : -s : ’ .-  .‘oj  ,a~, , ’:: 1::’,;c - :::f.’r-ems -t— Ir; ‘ t;o’ . ‘~~~~~ —

. 0’ - :  :3 Urface ; r- t’:I.-:; , a:: ,‘‘,:c-:’- - ’~ ~ “l  -w .
s , - 5 I c - n c e * -l s t t”  indicates h u t :  o: n of 

- 0 i: ~l’ ust t o  1 r - - t aO o: ‘- s ou r  face r- fi lt~
s.c • or : ly s - a r c - i  ~-

- ; ~‘~~ y c-  r - ’ t han 0.. I c - c -  fr or .
: , r : l c - :t ~~t o : r s : n e d  v : ’ :. . ‘ ‘ I . : .  (2a ) .  Is :  a few irs — 

-0 5 5 ,  of - r ’ - ‘ ° - r i a  I : -  Ta~ - l c -  1
I c ’ ’ -. rn I nut —   :‘ ‘ s a: - - - - : * v-  :- c:::” ’, I i ’ , ‘ it  I - -n
at ‘c s :.eo ’S ro~~~f : ’~~ , s ’  : . c . I :. (2*) c c - u l j  s.

ft - - , ; ‘ 5 - :  - cc -  t - : . ” s . ’ ’ - ; cO : - ‘ . ,‘- s v  of
• So- ut ,  -

• s: - 
- : - : I - c - - pc, t  ~: - 5 : - v  - 1 l . ; z -  s I -j o ’ ’

: c  j : : f ot ” ‘: m ust es : :- - v ; d c - i ‘ c :o-u ~ I ; leng : 1.:
are :, • ¶. c-c’ I mg . :~ .‘, ‘ .: ~,-

‘ ‘‘ ct ’ Is  s -u ,-:. ’ I
a • - - : ‘ :  a ’ j ’,’ c— frI - ‘ ; : . 1 — ’~:: - — :‘r’:-3I c0 j~ ‘,- 1 c- sit l o -

c - t x . ’- r c - a - - i - , . ’ - : , o ’ : .  S t , - sacri f , ‘i: ,~- :rcf I’-

‘vc: o ; ’ec i f :  - ei:-.ct’ I- :::- , - - r , ~tre I1l. : : 0 -  : I:. F’isart- :- - and - - in

‘ - ‘ im;: roper : ‘ h c j - c -  I a sl~~~.- — ct - - - ’r cs. ~ ing c; u ~O iOn t iS ,  e-ad t-

- :- •- r r  , - r s  - :. ‘ - r ~ .~ :2~~t’ .l - -‘t ‘r  ::urfssc’c’ -- , - - v ’ t ’ I - -n

‘ . , ~
‘- ‘r the a n ’ - , - . : c1a;- e-a’.- era~’Ir~ method ( F 1 : c i t l -  r. . t — ) ,  the

nost - r : ’ I c a i  - n : ~~~~- -:: i~ I .::o” r a: .- : 1 5 -  ‘ o -- 3 ‘ 5’ - lovnstream

sulo;-e is ahno’s’  a ’ ‘ ic , tue perna; o • a combln a ’ : :. 0°’ -a n - arc  -w

s~n t  h I gh  oS-anne l :- .~~ - - . a. If i:. - - s - 
-~~ ‘ 1 .

a ‘ - -. -n c r ’  a rc’ . - - :  o ’ u ; : * r . -s ~~- ‘ _ . c -  -
- - ‘ : , ‘50

t ’ r; - ’--s. . -  r, “ ,. :‘‘t taut I y r-- Ia- ’ : - ‘ a va I at ’ w’sicI . tO :‘ - )  S S t i  •

r”c~s , I  f l - - ’,i C - n or:s sr ‘ - ch ’u.r5eI . ‘o ” • : ,  a I ’ r ~ r e a - ’ t , .  - : ,  * Icr

an : , : ‘‘ I cs - .:’ , v ’i ’ ‘ - - ‘ I - - :‘ ‘O s- -:. v.- r~?” ‘ - ‘~~‘r , ’ : r~~~rc- - ; : :-  •

- - I eca u: ;P cc ’ s i n  .n-sr  ‘: ‘. ‘r o ~’ -  °‘r~i - • - S 1 - : e  ‘0 ’ -  1 for ‘ -

- - be :rstt ~~I .s half r ’f  t h e  I - -w n - ’  roar , f r i c - t . I c-r. niope , w h i c h

I’ -  ‘i. ;. --5 as 0.02 ‘0 - r r ear  ‘r i ical °‘. r orsdi’  c-no ¶ : ,-‘halI v

l o ss - , : s ’”s”n ~~~v : s’— f ’- :- :- -’ I t v -  -
• ; r - l u : - o r  c - ; ‘ ‘ - I ’ ’

ac ‘ - .c’O - ‘  f~ - - I r r  
- 
~ i : r - . ‘155 ‘ he  ‘1, f l ”  si’ u’s ’ i cr, - t r s - ’r I l o ’ - i  a tov e

‘-von -,‘ O S  re*t :’l’, PS ’ f neveral ta n Ini- -i fee~ I : ,  lor: gt  5 , but can cause
i n  ‘h e  I-I l r - ‘ s • e si’ sa ’ - - 5 .  - ‘ . vr: In :~‘ure -‘ - ;:s v h i c h  1. ”

~~ flood v-~’ er , backed ‘~r by a l r i h ”  or c’t.hc ~ I r a -  - - 
. - ‘ . -‘:; iso ft

-. c i I s ’  ‘tn t Ic” ;- I tv’s-sntrc-,tj,-, - ‘-  - : - - - : - - : H  I S S . ’ 1: , ~t -- u’ ’- , i ’t r~ ” - : .  -.- ‘- c a:. - - -
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Coaputed Wd ter Su rtmc e

kea li.t tc Wet er Surtøci
with P42 Profil.

Fj ,.rare ~~. ‘o”o ‘-r  : r :fi l~ e5~ r -Ia” to  use -f i::-’ ;O:’es’, - -  - s - c ’ —
av- -r a ,.’ .a:1 squat . r- used - -rs !~~‘ pro:’ ile 

. ~‘0 ”r  : r . - f H c -  “r r  r —I :: t ’  * : 5 : - c ’  of ,n , :-rrect s~
:-

~~‘ ‘ ‘  s - s o ’ :, ‘,o ’ o’ on Ml : :‘ - ‘ -

ThI s  i~~c~ t~ to a -c -n i i ’, i - - n  - .: 5 ’- ’~ v-  . c)’s , s-t o ‘-sal * “: how narrow o ’- ::J s tr . - f tj t

- ‘ — :, iS • ‘ --  av ” r a~~-- - : : -,- o - ’ ,’ 51,nse S t i n s ,  - 1 “ I - -w” r ha: :, ‘- r:,slf

I v s . ‘ re -ar -
- - : ;vc’yr tn-e . Tho: consequer,- ’-’ c-f . ; ~~s a aI~~’j r s I j . ’n Ig  as-s is,—

r- .:crt ;tslly -v f r  - • I : . ;:1o’e vhl c-t: S : - - u }W’— •’ : r - -cr a r  ~s. a

- ‘ - -t ’-~ ~~~
-, le fault . j~ ’ - c ’ - reach ‘ e~-,,0 1-. 18 - -

.
‘ -“ . - e - ’ ~~~: , -  o f . : - -  - l ; ’ rrv a ~~~~~r ;: made ;n r -r ~~Ir’t;--hs - ‘ u t s . i  27, i t

IS rc .’ .:~r’- n :”  I ‘ c’O 1 n;-a t  card , t  I” -c- I v . ‘h ~t’a.r iuit-bc ’ I~f - ~I~ set equal
1.

‘ -. I  I , v s i o n  of ‘r’t - ’ r —
“ ‘ L’ i  St~bSJ’P,j n - c- .; ‘. r i ~~~

- ‘- The ::~~ ‘-r. ’-n - ation “r ‘-il : i v ,  - : cf a wus t c— r c - I ;r~ is a c~~~on
f ’- a ’ :r ~- - f all major - :‘—. ~~ter s-sn “f n~-I ’- I :- . I de a l~~~’ , it  ~‘u ~ -d he

-St

______________ -- ~~~~~~~~~~~~~~~~~~~~ 

—
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co::-~’o ’n : r r : t  to have all waters hed ;;ut-aroit~ of t- -p ;al s ize , but. , as shown
In Figure 5, the - .- ‘ t t t  ~ n and -i t-s: : st y  of ~ut-s ,i I v 1 ~~i :, S-c ’jnda:’ I c’:: are
5 - r :::,,’t r ’ : Lv fo- ;-essio:: ’ on the densI~~- i t ’ t r~ uir.s irnporta.nt t-ncu ~ h for
I’l i - ’ -~i 1evt~l :~.srspu ’ 0’ 5 05 : 5 .

~U . I s ;  the w:i to -rsI;t~d : ;u l .Ij v i , :i :: s’s- -cs , a hierarchal :, ‘,ot en  may

be s.::ed . The ufl c’ :- hic-rarchy 18 ubv i u: s ly ’t:c watershe .s tc be modeled .

H
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_ ‘- \ ‘~~3 / . - ,, 
;~~~~~~~ q ~~~~~~ ‘

~~~~ “-~i~~- -~: ~~~~~ 
-
~~:. 

2 ~~~~-~~~~~~~~~~-~~‘“  -

~~‘ar ’- 5. ~ ‘- . --~ cv”1 watershed s u b - t i v i ~~i : n  into
nubbas in:; a-n - I m in it -asin a , u n i r ~s’ :. - : r t e n l : - ,c ~~~

~4 :aofl cc a l t er n a ’  - v~ ‘ ; — . 1
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‘:‘ho watershed nay i-c - d I v I d e d  m t  s su l : t -u tc - In : ;  and thes~e f ar t h e r  in to  min i— - -

I - as: . f lS , t, r :  ~s~~aj1 t -  me<Lj u m — t 3j z e  watersheds ~s: w h i ch  ‘h e  number of : 5 , 5 -

dlv .alosn; is cuf fjc ‘‘:, ‘I ~.- small t~~: 1” l S ’ o o r :’ : c  :n s o - s i n ~~I c ’  tl ~~C—l  run ,

va tc - r st :e ,I nay to d i v i d e d  dl rt- -- ’tly - so - m i n i  I sic ins I: whuit.  w i l l  1 ‘-
l ef t  r :c ’~i hereafter cc a one— level :u~ - . t :v I c-ion - ‘ c - s . .  ~~,c’ - - . -r ;\ - . -n Ic ’r : c c•

1’ v ~l i  r~~ a lar ,-’c.- r vcs ’ - ‘  s’s -h ”  I is ;  us l v - . — I c - t i - i  s r ’occ-:- ~ -~:0 -il 1 as i ns

and miniba s in t s  v , - - i-c’ . slacu,ssed 1 o l o w  is-s c’cs:n ’- s’tj -us v s  t I  the : ,.sI-iir’-a

: -tr.t ’~r codin,- . ~I se ‘ ‘-si’ subarea v : I  be used is: -i c - ; : c r i I l r , ,~ ;s’~- r- erties 

s ~~ - ~ubbasins and r. : ; i s a : : : , :

‘~h~- f ;s: l ru o j:, ;:;~ I It - v i  dir; 5-’ a v’s 1 - -  :‘:‘ :‘ ‘ sac:: ’ 1 • -  ‘ 5:0 ’ 50 * Vs

- f  :,y .Ir oI.~~~ic ss~’ortanCe c~~; be 1.  - ‘ c i t e - : In  ‘ ho : sc’s- - m in i ’t-c t : -  is..

;~ 1 ~ ica1 r t u n e  :, ‘..‘‘st _ er:’hed s :’. c - is-t I: t~ .’ - - It , ’- mai n

I’ ~~ t~~ s c s I , 5 Ot5 ’ ’~~~~~c ’ ‘0 ‘ . ‘‘ - 5 • ’~~~’- - : ;c ’ . ’ I - _ r: i s , - r ; s ’ :’ot’ding

s’ ‘“ - “L~~, - u I ini: ,o the vatershc’ t:~ 0 .1 ‘5- 1 :- ;butarj cs - - -

‘iso- c- si: defi:.’- I ; r o ’ v i -  :;‘ly . Th t :: Involve s ; i”-c. ~n~— 1 - - :o. :u t rv  l ines

along ~he 1’.-,- : - - . I ‘- ‘ - us I,’ si ’”:: • 0 ’ rc ’s ’aass I’ r~.- i i - - I c - h ’ I C  is; rI ‘i.SCt’ -

If ‘t :ut.s t rc ’’t - :- .‘-ftjflS a reco’r’,n-I r ~o 5:-c -  c~ R ’uu ” . 1-c ’ j : , ’ ’,~~~~ c - - : i s ,

I’- , - ; ; c - r a t i n , I’ - 55 ’ , :~ a~ ’- si r s’S S~. ‘ . 1 - 1  t t j S -  be : ‘- ; a r n t c t  —

as a subarea. ‘
~~~,

- :  -. ‘a ’, s a I n i b~~~-.:- 
~
‘-~~ :- l ine ::  uts ’- st w5’ j 5  r ,-;~~r , ’  I -

. A: : a ~es:,- rol  su I t- , a m i s s i t  s i : - : s .  st: a i d  :;nI to I’sr 5.’c-r ‘ - so. ( 5:0

8~~’i’ s:’ ’ ’ ~~I i ’s  ~:: _le n: :.-iy t ’’v ’ . 1- - ; ” I  0:’c” s :  , 1- ~t ’~ n ‘s - sI - sr -- s ar ”us : - which

are highly ‘ o , i f r” . -r for which ui’:I- twir l- ,:‘i~ 1st ’- c--c-,’ i- ;, i~ avai l—

sit i” , :5 -~bit5 ’ct~ ‘as be -‘is ’ las,’’’ a: 10 - - ;-.~aro s . t I c ’ : ’- . If at’ ~ c II  ‘ -r - —

- : , S’ o’ rv i  ‘‘ ( :~ - . ‘~ ‘)  -,:n~~. -0;  I s - c r ’s ; :  cc ’s ’- i’ ’ ’ i n ~ ; r c~’’- : .  i’ is to  be
:,~ s ’ I , - - v ’ - - - r , saLr,ibaslns shoul I :. ‘ I  ‘- “xc ’  :si’:c’ly I s is , ”- , ; ert~’t’, - r less

‘ h’t,’s f t - ,’~- r lac t r o  mj - - , - 5~-oa -u:’e t t : o .I; ’I~ ha, ‘ed •.‘:‘-:r r- -o:-: r o only

s s a I , I - ’r t h -’us 2000 ‘ic-.r”s . ‘ i: — ‘0 o adv isable - ru l - c i iv i - te

-i rt”t.: -- f :-,Ic ;: s,’ :o-:,. ‘ ,‘rc” n c  shape for w h i c h  • s’av o in’-, - I ’ .t i f f er c r t

r’ I : : . : we- a ., I ‘tL”rw I~~c’ vary ,-‘r--cO I .’ . When us siubbasir s- sc ’ t”e ‘al —

divided , :11 v ls i r ,,: :5 ’ - u I I 1-c’ sss-1~- c ’ - ‘crvr :,’ o’ I or - ’s~~n — : ’ c-c  : lo c a t i o n s

i f  possIble. A br i - Igi’ is a good -s~c s s I : - :  f- - n  a :-su I i i v I s t c s s  : r ’ - , fs:s r

‘-xa,.’- ’, . - - .

33. iso 1abeli;,,~ 
- ‘ - -  oat - a rea : ‘tn t ‘r- :’ssr cc — --’ ’ 1- oS , a ntmse r lcal

s -sO - - - :‘  ‘ ‘r a n  a1 ;hutt- otic c-I ’c-I c’r s)~oui d e u s”  : , I ‘- - - a - . ‘- c-s-iss; -ut “r ~ rcs~’rarr

- - _

- . - .  - . - - - - ‘—-—- ---

‘-rn-- - ~~~~~—~~‘ ‘— ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- - 
~~~~~~~~~~~~~~
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FIgur e - - . - ne-level watershed subdivis-i.-’n
In t o  n i s s i t a c - I n s

can ;s- r’ n’.’- ’-s ’icai I n f : rssst t ion wIth rssach mor’e c’nge. Subareas say be

nuri-”i-ed in sir; -u; ::‘ ru- an or dovnstrc-a~ : “~~a c -- :- - ’c ’ . The a; .- ‘ s- c— sc’s number in .i

has the ci Ivan I ,u,~’- I sost ’ - c- I vssotrean I Irssi’, of a drainage basin

is usually hr r -o- I so t  -f - s O f i - -w I n t - — s t,~ receiving va-tsr body and thus

is vc’1l I v - ’ f - ; , c’ 1, A ’ • I: .-  upatresa - - so t , so the  o t t er  han d , a stream :,s-s u~
a-Ill,’ fa tes is-s c- a ‘ s ”—c--k a-nd finally Ir - ’ a gully, utn~t the u~-ctream cx—

t res , l, y of a stream is t t-ius often difficult - - ‘  d e f i n e .  Purin#t ‘-he 

:Ie ’. in ~ o f f - - r t  the  hy I r sic ’s~t i s t .  may dec i to cc - I - I  Or : t u’l”e  one or more

r u -sir 5~~:” i s.c or t a : : i n c  ; it  so , fewer  c or r e ’t i; - n r  I s -  the n~~bering

would be nc~’c’osary I f  an ups t ream ::e-j uence Is used.

~~s . The n’zrtc”ring sequence ru s t  fcllov a logic wh ich ca-n he under-

stood by a s’ ’srss; -~• cr -r . -~~raoss. In - -ne-level s--sbdivision processes a

17
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I

t- sequenc e of numbers may 1 ’ - -u: :c ’ -t  as i I I U .  ru t . c’d Is :  ~‘ s . -u r - -  ( - , Thi-

lar ’, c ’ : :t  of the sc-s ru -am :: Is chosen as t ? c -~ ma in cte~~, I c ! ; , 1  the niirs j basin 

s:,’ ,- L - w:: • ‘. sequence 1 t~~ ~4 to the  upper r , S s , . s s t c i : ,  f t h ’ s

stream , ‘ ;I ;,- . 5 . 1 ‘ , ~~~~~~ stream is ::-,‘su:ne-i I’, r t r ibu ta r i e s , star t i :, ,r

sa S s: ’5 i s s : - s n , r,u tmc ’ i ’,’ — and sin -v t : , 5 - ’ 1- -vfl : ’ c - c - sc;, . At ; -  m t  ,,~

the f i s t tnil.: ’a:-I, is- foun d , c c -ns i - - -~~t :, ,~ - only one m in ibasin , w t , ; c t ,  I 

-

i~ lis t u -l ed 5. Continuing fa r the r  Is -vs5 - - ; - i i , ’ b , a ‘ s ’ , I  a S s — c - ,’ f l o w i n g

- I;:’- ~‘,c c - c ’vc ’ru: l s i s sn ib ag in~ is foun d and the s s r ~ e r : s .g 5-r , -ct - : :c is r -- —

minibasis:s - ~s , t h s ’~~~ : ’I ’,J ,5,  . f l~- -w s:s ‘ 5s’Sj .’5

p ick u~- os -- s’:. :’ c ’ t r Ibutary at i -c- , : , ’ • -  v :, ch r .- ~u ,  cc ’s only - - - no sso i r. I~
‘j . so , s ; - _.irt s- sc- i

‘ it - . V ’  tc ’ss - r i l  “d s; -ur , I ‘~~‘ ,~
_‘ : .5 ’ .~ 5 5 ’ - 5 , -. ’ c- S5  : 5- 5 ssO I i  lu -  v i ’  5 :  —

ccs~ ; - ,s t ss1: - - nst~ sse~1-sensc’ f ~i~ C— _ s~~, 1  t ’ r , .- I n t - u ’ r ’-~~u : rc’r , ’r , ’ 5  ‘

a ;r’ - -gram I - S :  ,5511 ,1 In A ; 1 — o r - t i x  :- , v s , .  ‘‘r’ c’ -r : v er s s _ ,- d r - - l -  :~~ j ’ , t - :pt - —

so . I Ian--I - :ss e lst t i is .~ - as , h t  ‘ — I  i n ;  ~t I ’- ’~ . .

~~~
- . Is ;  ss- _ -Je I i s ;~ I - s o- ,-’er .-n c - r : : ? , c ’ ; : , _ ‘ may s c  ad ’,’ ’ ‘it l c - IC ’ t t - .- : d ”

the ‘~ ‘~~~ t or : :hc ’-I ~ ::‘ ,: - - s , , ’~~~:-, -- , ~i :  : :.: - . The s’ s-a s- s , ,  t’- r -• 
- ; n~’ a

- - . - . s  h , ’ s , - 5: ma’,- be the l I r . 1 . : ,  j : - -  n-sr ’r -- -s ’ of , - - s l - s :” -a:  a

:~ O5’cS can :,ai, - j i ’ -  In - n c -  r . ; . ,  or ‘ho loss In - L v i : , . : .  ,~~ibiii~~,

s - s ~ I;- a I’s r,c’ nunl-c’r I’ c-  ; s . - - : :: : - -. , ~~~~~
- ; ,  :s, : , nj r : : t - a ; ’ s s , :’ , ~~o- - refer—

“5;5 s - ‘ hu’ , ‘t ’. ’ ’-r , ‘t:s ::- .sr,e , f—’sr example , that ‘~~ .“ ‘.“sO. c~~s - s , u’ I shown in

* ~‘I. ’- :r ’c- ‘ wa:: tI\’: : 1  int,- - - :, ‘ : s , I s - o - i :  I’ min l t . r s s s i r : s  and I L ’ s ;  ‘ I ’ -  :; ; c’rn - - . - t

— : : , , ‘ ‘s : :s .  (5f t h e  s~s : n  - s -~ va: labeled t- . I ‘ . After numbering a-nd

::, ‘ all , ‘ . O 1 S L I s . , -’ s’- :s .’- :, ’ 1 5 5 1, O ,  p was f, und nec -s’ ss ut rv

I : - .- i I” ss~I r . i t  -sic- I n  19 ir .? o ‘v - parts v :, : - ;  shuul-:I I . — ,’ - - ‘i I l y  1—c’ rc’r:ursl er e d

1 • a~s .t - , S ‘ : ‘s .  I v , This :;n ’i 11 -‘ ::-‘trs,’e 1 hen :~ uir~ a a cascade s- f

s : r :  i- ,~ s i n  n s s rber  St ~~ ‘ - ; : -~~~~~ :~- which c’s:: tp c’or c’ a rather ‘ “ I i  - ‘asd’, and

I - - - c-or ;“uoion 1 e w.-~c-, old and soc-v s- ssrl -ori n~’ sequences. Figures 5
‘in-i “ il lu st rsiO ” cases of vs ss— levr ’ I c-u1 --~ i v i  sian a-nd nasa l “r i ng  by out- —

1-as Ins: a-nd s i n , ’s - a ; - s n s .
“

~ , r’ s’uhtcs;:in c’.smi’er:ng may be made h- tol l--v “ h c ’  car--’ 1o~~ic

as ; ru ’ -s ‘ r 5  1 : 5 :  t- ’ ~csr r’ c- for ~.t t -  - n o —  I e’,’c’~i ‘ :1 i i  v - - -  ‘ - ‘ 5, .  ThIs nc’ rcsl ¶

In a n~~~u-en1ng 5- ”  ; - : ~-- uo ’r- as ~-h s ’v r-. . 5 ,  - ; ; -c ’  , I”- l l s w i n g  t h e  main s ’ ream

:s ’ em oaj-vsir- I - - the  uppe rmost - ‘ : 1 1 -  - i s  - then nar - 1 -er ing  all drainage area-s

/ ~18 
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of t h e  tn t-ut -sin s’: in downstream sequence. This nursot.- c - r ing  sequence for

suIs t sic - inS ~- : - i ch  are fur the r  subdiv ided  looka awkward;  therefore , an a-i—
¶ u ’ rna t ~~Vt- se4uence is suggested . In Ys~~ur e 7, drainage areas of’ tribu-

tary :,r eams and areas draining directly into S t e  main utem rece ive

e~ usi 1 subarea ::tat ~u , ; arid are r: uml -c ’r e-i c :-nses ’ut ively in upstream order .

No t r ibutary  will occupy more thsts ,  one :;ubt ’si:; I :: , 1-ut an~,- subbasin can be

c-ut-dI’ii -t ’-i : s , t - m InIhas1r~s.

~n , ‘I’he mir ,:bast:, numbers:,.’ ~
‘ , , ~ s , ‘ 5 , ~. rul es ; l c t i .~ out In ~

‘iguru’ ~
-
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sri’ “ . , v - I ‘-v ”  watershed subdivision I n t o
ss’ ;s ? q  i s  : a:, : m l n l s a r - . s . . - , - : ;  . : ..~ ; - sr- :~ - r . : .~ se—

qu~ nce ‘c l t e r n a t i v . ’  N - . 2
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for single—level subdivi.c- ic-n . Is: this mariner *‘ctct : — u l t - a :- :j s ,  can 1.’

;-rs’ ce :’: i’d i n d i v i , 1 u u t ~, 1~.- or as part of a ~ rou~ t- y program }{YDPAR2 Into an

sn ~-u ’. deck r ¶ l s t -  hydrologic program HEC— l . ~‘ - -ux’ dsi gP: ac-c ’ reserved

for ninit a:!n numbers ; I” first t v  of whI 5-h -le n t  i fy the : - it i t t sj Irs , if

a-ny , ‘ s c ’  i ss : :s  S w -  - t i c ’S I :  I d e n ti ty  thu “ , i l c - t c - t n  v~~’. i ; i n  : t.

Yt n a l ly  he cross Sect  5 : - I , ; v S this ; t?. u ’ s . i s .  t a : ;  In s  r u s t. be num—

tse r c ’ - This s.-,s:r. s ‘-s - :, 1 -~t 1 o 1.s’ c - s - c -’ I c- c - s : .u j ss t - ’ ’  s ’ I ’i- ’N (- u - n t  • r c - :  - is fi e l d

1 , “ t h e  ). - sir I. o ’ :, - ‘  H~1t’—2 jn: -~’ t o - k .  S}X~N0 is s”: r S - ’ u- I I s ;  six

dIg:ts , L’~ - I’i :’ ;’ of -~ I ch sass ,, i - c - s;e ’- --li’~I r a mis: _ s a’ i~-’n.  1, 5 - 5 - ’’

t I c- - - - -  ~•,Ion  ::ssrs t i’s ;. consist of t he  four :1g. - 
- - Lic ’n ’ if’, Ing ‘s Ic - ’ mini—

basin , fall  -
~~ ‘‘ by s: ’ - I I ; :  t w h i c h  I . I c ’ s . t l  I’i u -s Lc’ cross c-c ’ - c - nc -  v I ’  t : i n

the s a I n i b a z~~s , .  There v : I I  r a r e l~- 5 ”  more than 10 es ’ - c - n  sect I ons  i n  a

Ins t-ss; is: , .- .~ 
‘‘- ;  ‘ wh ’ -ns -  s’’v’ ’rcsi 1 s’ I.’’ - - - r r,-~ a he is , ci -~ s-c c - o x —

imi ‘y - pers:st~ :5 s’ ’- ;u : ring a ‘- - ‘ sd nur t - o 5 of: - ’’ ~‘‘~s , 5~ r plus ss ’u,xil iary c - t C —
s . D  large:’ ‘ han 1 -

~. - . Fl ,,‘ur v ’ 8 Is sn ‘‘:,l a rg ”r:- ‘ - - - f • 5 ’  1 c ’S ’ t r t  - 5~ 01 soi l t a - c -  I s :

its F1c- .r~ 7. :‘ wars f :sn conven~ ’-n ’ * u l a t e - i any - r - - .-~ : sse ’ ’ ion imme—

d : ’u c - ’ - I y  sit v’ a- I ‘.ss:- - rear, ~ : .  Iba:s I:; L- - sso d sss-y ‘—‘ ‘ h  • Sc - ’  .:i gi~ 
‘‘ “ as. I

hoc-c :—~— e l  - a ’” I below ‘he u: : ‘ s’ as- .s: t a ,~: ~‘ :t s. - Sc -’ Ij ~5 I t  “ 
‘
“ 1 -  —

vi’.’:. • he: - ’’ t’-;us; i s t r i ea  an,,.’ t i~’i between and 8 r-’c.- 1 - ” ass i~ ned ,

rcv i sea • - . - flc-xi I ilit .‘ °‘ Iss t ”  r i s .: “r ’, : .  of  a-tdi 4 •~~ j  C r -  :~~

-n::. ‘‘-P 1 .- s the s - s’ - -g n utrs ~~ - ‘— , s - r XSEC—PROC , ‘~i ’ i .’h~~”- n.-rss s-c -

~~~~~~~~~~~ i’.: dec-ks from :ror- s ;— . c-  - . S - n s i l  :l ’ - s ’ t , c - c - : si re:: ‘in u.nS c-c-ks’s. s e —

-‘~
- ..‘s e of cross sc’ s’’ i s :  n-sr i or:- s’~~1s~ .’ , to ‘~‘evc ’ r , so c- s pss i lu ’ : on~ y ‘1

s e c- : i o n  r-~mt ”r  ‘ - s . 5  s:~’ w i t s .  as I - - ~~I t s,”- ’ ” p0 .:’ a ’ v t I - ’ t ;  ¶ 1 ’ -

f r or: ‘ - ; :  - s”- .ar r i h ;sas ’ ie :;  c- FL’S be combin’-:.

A :xilIary ‘ c ’ ’ ’ -r io  occur at I r idge s  as, c - ’ I c— n I c - - a ’ 1 s’s:’ ’~’

a surveyed :— ‘-cti - —:: In :‘s’pe n ” i ups’s- s c -  or d- wno rear , “ ‘ c- - se

- s . x i ]  i ’is ’v sectl - -:: :  are I ’d—o le I ‘U:-: :::~ t h e  surveyed sect-I s, n:i”sI-u - r vP

OL. he n-a ba is: r.urd -er’ , fo -w i- -s by ‘i I r c  i s’s’sl ; - -  t n t  and I i ’ : -  sac-is  1,

2,... in :; - ‘ s- c-ar  s’-’-~uc--::-s-r . Ar ar. exampl e , second auxiliary sc-- c- —
‘ 4, - -’so at a Sec 1 s , - . 3 “ i . c - - : - ’ui cI be s , ’urd i’rc-’ d lc- ’~.2.

• 1 o c’ Append ix A , 
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Fl guru ’  8. - r os ;s~ ::e-’ti - - : ,  number In g w t t ,’:i so m I s 5 I  1

~~~~ 
-. ion , - - - t i n , ’, i n S  

- ‘ ion -~~~~ cr o s - :~—
::ec- ’i o r .  and br,,~J,~” irs ’

,,
a

: f lq- — 1 ’ ‘1:” purposes - s- f  ‘ h i s  manual I c -  ‘ ; : 5 5 : . - : , ’- a ;: ‘i - da r e ’

f--s the a’,’ s-”s’ i - s  ‘ - - n v q ’r r - i - s - r ,  c-f cross— sect I - -n survey data into ~~1~—

I sp ’ s ’ In • ‘i - .a :’ :I ss . To accomplish 11:1 :’ , a 55~~ : - ~‘n’.’ ic - ‘ c - l i s . g  s , - only i-f

‘ s, - survey data , t a t  l i k c ’w i r ’c’ of other Information and in s t r u c t I -n : ,

wa-s -t’-veloped . Some ot these ~~~~~ a-ru ’ s c - s ; s i ” r ’  : t a  pi5 ’~’siee.l measure—

“ c ’ O t B  or en ’ i~~a-t ’- : while others a-re indices of - -- ;- - t i - r , s  available for

‘onvr ’rting the survey and hydraulic data into HEC—2 in; -at cards.

i-L The va r ious  physical measurements or ~uafl I . i t 1 ’ - c- supp~ ernental

- - - ::‘a.ndard cross—section survey - l r s t a  to be Included on the cross see—

t i o n  data f i l e  a-re as follow s :
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a .  c, ’aS Ion 01’ c - s - - a : ;  - ‘ - - ‘ ‘  Ic!: , g’-n’’s ’utIl y r ,  - - I ct: h’’
an - c-’ al s,g ‘, 1, ” ::‘_ sc-sic- . -5 5, ,  ‘inn’- 1 t’ rc ’s r the ’ ‘ :‘ ‘-sc’ • a c ‘at f l o w

pc’ ~’ . This I l : t ~L’, ‘o may s - ’ -  meas is’ ’- in S ’c-e’1 , sr i  I u ’ : : , or
kU s ,c ’tS’ c- :: .

As ,~.’le by V t , ’, , s ’ t s  a- -s’:  c- c- :- v c - t  Ic- ::  - t ” v i a t c ~ from ~. Li - s,c-r rrc -5I
S S he 1 t : ’ c - S L’5 , channel , e-x i - rc ’ s  :‘e~~1 ,r: do,~’ :‘ c ’o ’,i , I f  h is ’
a:,u? i - -  j~ Is’ ::sj than 20 tc ~ ,’, it may is-i - i.-~:. ‘- .- d .

~~~
. : 1  sex :-,’e I -- ‘..‘t . ich ‘ he 1*-ft and r igh t  overba-nk sc-a- -h

I •- t ~ - u ’ ’ ’ s ,  : : s -  - t i o s s d i  f:’.— r !~r s~~, t h e -  :‘ c ’a . - :  g ’
s —c ’ st , . - ss ’, ’j  a l -  n c-’ ‘ I, -’ s’hax :r :*’l . May i-c mea: ::ss- c ’ :t ma-ps
a-nd exps- t’sssed in :“- ‘ - -s

‘— ‘es- s I - - ‘55 ’ t o n  - - 1’ c i ’.; s, : Fer -  as- :s sec-t  - - s o : ’ ‘‘a ’ ‘ -s
i -y I r ~ec- ; fi- sr-s’.g surveyed cr05:- secti- s o  a - ‘ a ’ ” :  - : 1 :  t a-rice

s - - i s  (~ ) or 5 -“ ‘ s - - c- ( — ) .

a-u they vary wsth ~ I c - t s~s,c~- from s t . - ‘ rear, - -i s —
.°‘ . These e st f ~sci ’ ’-~ c , t~ I y  come f r- sr separate hydro—
1 ‘-‘ -c s i : a l ’ ,’ : 0 :: as. S arc ‘ - x i  5 ’- :  :- c’d - ‘ ‘c I’c’e- or ‘ ‘ii i~ ’ 

r s’- - ’- -s ,t . A :-:et ot ’ l  t c - . 11. -sc - s ign  .I :~~ - ; , sss ’~~~ - is
s;- e -~- i  f led ~~I . , ’ u t , t  of ‘nc-’ fI:- - ‘  Cs ’ : - ‘ - c - I  : s : , ass - I — c - :  • I I  5 —

charges v s  ,l remain - - - so :  I l if lt  sn ’ -1 : : : : - c - - r : ’-  ie:: ~~
- ‘.‘ a ~~~

Ii :~c’l;s.s’c’5’c- ‘-s.’ ‘ s’ ’

r ,  :- — c - s i~~~ :- , u..s; t is c - i g s , ’ of real or s~5 ’ i f :  - ‘ia-i I ‘- ‘,‘u ’c :  - Whe ther
l’- ’.”-’- is, ‘ :‘uct 1~c-o ,s shoui~ : i s - ’ - :.  ‘ “ - ‘ ‘ - 1  ‘ r fl~”- ’—: s~- s ” s  sa
on ‘he eas e w~~h whi ch ‘ hc ’  w’s ’ . -

~~~ ‘u. 1’l- - w is. ’o rn - I - :;1 of
- ~‘ ‘ . I - - j s :~ ‘.‘‘- r i  -‘in k -‘cs ’-a :  - (; a . - p i’iC_ - c- s i : ’ :’ ~-‘ar ; ’ : re  S
i’v c’.’ ’c ~ 5 ’ 5  : 5 :  ‘ “a- ’ ’ i on s ,

— 
- I~~ se:: - I right r,ai:, ‘hctso:, ’’~ t - ’~ ,k a ’ ‘i~ ~~ - ‘ s r .  These’ ci : ’ . -  -

11 ml’ ;s ‘~
- ‘ h I s  k-:, I c-h - 5 ,  “ ‘ “- ‘c-r ‘ I -w i s  C u r s p u t  o I v i  h ‘ c’

1: — i — ink s- - -:,-~I ,rc- - :- s  - a • O s ’ ,

~ r I h,”- vi I ’ so -as: - t 1, ” 1 ,. :tc-’ ot’ ra i i i  :sga c - ,~ Sa  • a are Ire—
quu- so ’ 

~I” 
- s-i’ ‘~-‘.t in -s - — - - ‘  - c :  sa ’’e . The l i ’ ’ i . - ’~ I - - I ’ ‘ he

r a i l in g s  ot ,o’sld I’ - - - -: : ‘-
~~

- “ - I  as ‘ c’ solid hel - - - . ’ . ~‘or
‘-xa,’t’ - ~~ .— • ~

‘ y , .’ ra uj ::c~ c-05’~5i - of ‘ hr’-c’ s— In. hon I -
ta-i  Si ;-c’r- , ‘he hri~tht of ‘h e -  railing csl,os:Id be gi’i’c’so -a:-
1.0 1” ,

i, . :‘~~~~~- -~~c- a ’s:~ a I c - ic c’ :~‘-c- ’. i ~ -n w i ’ i . : n  w ”~j ch vein f l - v
Is  c - - x T e c t e d  ~~ - - “-cc - ar wI ”:: * I ’ -  vat ’- r s -u r f a c s ’  elevation cx—

h-as, f the  ridge lock. ~so” . e are s :o c ’I i - d  - nly
when ‘ : ‘ -  I~pec- 1ai Br c-,” - r  ; i so” ~~ 5 ~ c i-u’ ; - c - ’ t , S ’- -’rs e - I i m i - - ;’ ,
a 1 a , ;:” cross : “ ‘ so may i--u” a c-. ~~‘ long . : - - ‘  , - . 

- -s-ic
n’~~~: - ’  wu ’ I l s- r e v u-s .  the’ f l a w  fr - -c- f r i - ’ - l ~ sc- v : nss ’ S a
as- ’-- 1:aif mil e from ‘ a. - :: ‘ s- i-ar and :‘a :- c a d l n g  a- - c -  - - the
r - a t .  The er.~~i neer sssac - l ‘s-1s~~r’ a- jud,~ nen t -1cc -i: 1 0 :  :‘s’~’ a r i —

‘ so ’ ‘o- . - t r t i  w I - I t :  c- f ’  the wi- c- t’ -c-v . This w i - I l l ,  may be
expressed a-s ‘1; ” fls ’-’ uu-J Ia~ ’ : ‘f s ’ - - c - :  for which BT
card s :ch ” :Ii I-u ’ cr r ’a -1 q- l , or s - I n n .- ‘is a wid th , in “pc’s or

be e s o ’ e - s ’ ’ -t in f:’- I t~~ f ‘ bc-- ~~ c-asH of }lFf ’— ’,
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‘ . I -~: e : : r i : ~,~’ ’ 8 s s~,’s ,s: i’ :; :- factor:: ri , a-~ Vi’ I a-s f l u ~ c-i t :trti O t 1(0;
aS:.1 expansion - - o r ’s ’ :: i o n s : ’ . Wherever a change in

:1 - t ’ ’ ’’sr:e ’ -l d r’ :  c - c i t  I i ’ , ‘ ;  5~ .- ~ ’ ’  5T ’ t ’ . -  : -‘ - - v a - I  :~c ’;  , f a r  I i_’t ’ t .

overbank , n i g i, . sv ia , utr.k , and ct , ct z: ne ’ s- i-, , - t~e l i s t e d , -r
more ’ ‘ I tt-n lire’’ va.l U ”: f t J ,  1 . 13’ :‘s- ,’ - : ’ ’ ’’ :v ’- ’- 5 , 1 51 Itt - - s , :

- : 15 1, . 
~~5 w s ,  ~~~~~ , . -a, ’i u s c - i  - Lsi ’,’~~:.~ all

~r 4 t:’ t ’ t ’t ::~5 s , t e ~ I ,. , - I’ a I . l i r s ~,’ “~i r a  c - - sas- ’- s , ’ 115 .- :: t i c -  :‘, , :~~~ ,

s--f sa t ::, ’ f.’ - ’ , sso1~_ e c-: , - 5  kIl -sr,~~t r ’ ’-: as a- T’ . ’ - ’ t ,- : . , s ’ c ’  O’ ’t , .- - c - ’ ’ t s c r s a ’ I ts—

- is ,  - ; -  h r  s’ S 5 : ’ ’ V r t ’ ‘r .  h’ ~i , :Ut l c ’t .

A c :‘-~~- : ‘ ‘-s s s  c -s- s i r: , X , ’i - ‘ —~~ :‘. ‘
, ‘..- ‘ .,-~ 

s_ - : ’ i ’’ ’ - s .  ‘ - : , . ‘as ’ the cc: —

of a . ‘ :‘o , :— , - ’’~”_ :  so t t t ; i’ f I l s ’  1: ’ - c - S : c , t i t : - i i~ 
_ , . ,~~ ::.,‘ ‘ ‘ft c - I s’ , The

processes t’olioved 1 v t ? , c’ r ,-‘s’i s ‘ire ‘ 5 , - vs . I!, Figure ;~~~. : - c - ’ a - I ’ - .: Is: —

- , ‘ in: :’ :- ..’’ ona t- ~ ‘.,~~~ ‘—u ’ ~~, as v . 1 ,  a- - r i ; r - e ’rar :a’ c , S ’ ’m c ’ s , ’ ~::‘tir.g ,

‘t 11 :5 c - f  di ’fi~s 1’ i c -n c - of :r , ‘ .“rt,”: ,‘~i c - : ’t ,’ I ’ ’: • and a : a.”.: ,‘‘ ;-r o I  1~ ’sr, v : ’  1,

sn; aI, ant :5 1::’’:- , ar c ’ 1s , ’ : : ts ’ t i n  A r ; ’ ’r s I i x  A,

I - : , of :;clls ,
;~~~‘ :“ -, : l . ~~, i t - n t ‘-~se , a-rid 

- ‘f • hy ’ i ‘c’i~ ‘—- ‘i ’. ‘- s ’. r , , ’’, ‘s,:: l ~t~t - -a:’ ’- r t  dr ~ ’ :t Ij k i ’  1cc:, : a - I —  ‘ ‘‘: , : 5  r ’- ’ -j”,

‘-::~~“ I::: , s’~ :- f ’ i-  ‘‘ ‘ 5~~~~~~~’ , 5 , ’’: S ha - ‘ - 5’:’ , sin-I 8011 : s : c - c - ’ - c -  - a fl’ s - . ‘ ne.’ s— un —

are ::c’ c - t ’- -l for the s - -
‘ ‘ - I : “ . ‘ ‘.1. of , t s ’ : : c -’n t , ,~Ir ,s~~sa~ in ’ •

:,“ , , , - , t s - - t - ,• ,, . --  maps ~~~~
- ~~:i’ , ~- ‘iI s o it h  ‘is : land . , c ’ “ ‘0  ,

‘i- - c - - ; I  ar-.1 : a • c - s ’ - - or i~,ftas’u’ I ss --,:c~’.’:’, as’ s-r im s- , : - ,  r f ‘l ’is :lc

:s: I’ s’s”,’i s — I’ sr- Ic’ I I s:g sae..l1 V a  ‘ - r 1. • a — sic- ; - 5 - I - .r’- - “ ‘‘x — 

- :r  ‘-“ ‘ 1 ’ - :  ‘ a-nd ‘ -:, \‘ ‘-r ’ is:g ‘ o’r’ i : , t - - h~’’— I :s ,;-s

Is so -’. - t  f f 1  u~~ - ‘ic -k , 1 :~ I’or i 5 ’ ,’(’5’ ’,.’’i ’ ‘ - s ’ ’  :8 a s r - c - ’ -  c i ; ’ a’ ‘— -I r- —

s’ c - ’ s s  l’ :s 1 . - i s - i - ’ ’ - - - r a !h . ’r v - l a rH: :  ,: ~i ” c - — I  i n ;  ,:‘ I c c - k r  is :,”’-

I s a - s I .  ‘ar t seq’4u~ncu ’ ir h s . ’hly :- *--; u” “ ri .s. I s’ : i ; - o . ’~ 
- human

“rr’r if Fr - - I ’ .;,’u ’- I ::, ar, c’ I - - ’t-~~’• 1’ - ‘- a , lut i follows a simp le ‘&n~1

s i c -~~- ’s , ’ I cic ‘t,’ss e r, ’cI I r * c(- c-~ ::s,c’r ;-r -~- .-‘ :: s 

- ; ‘ c - a ’ - - i n  ‘ ‘- r ’ -- - a • S - s c-f r ‘-‘me- ’ c ’ : c ’ : : ,’c so ~r s” a,’ ‘- r ,.- s— rr,s, - Ic’

- s o . . tc ’r ’it ” ; r c -~~re : s- v”r  ‘ ‘-  ;-‘i ’ ‘ v l’ s ’s .  The ‘‘ , I~, A rr, . ~~; ç i —

neer ‘-.- a’ o r ’.”t~’ - Y x ;  ‘- ‘c- I m en “, , ‘ ‘it I or . ‘u. ’ , ’) ,  ‘
~
‘ • as w’- , - i ts  ssost::y ur,: vc ’: —

ha’ ; ” ir~.~dl~~~~’ i “ -hn :~~- :es ‘ sc - -a r ,  ir,a~rrr y an-I ‘ i r i s - l I ’:,’ ‘ he  r o n —

‘ s ’s ’ s by i r t vt a-rid ‘s- ;-<s ..’ra’~-hic ;-arrt-r- ’- c’r . .
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I. ~~, A r:-gr~czs: ~l :  I Al- 1551 : 3 1 ‘ s .  - I c -  ‘.a’iu; tat I so ’  for I lie’ s -

- I ’ I :y s t s ’et I 5 , ’ ’, and for ; c--c-lu - 
m i -’ r. ’s s , ’ f - : , ’ cit  ve i - t - ’s ri~’t’ v ’~ _

- - I’ ~i~ C—l I s.;::’ ;-i-triira’t e rr .  The ;-r ~ ,~:’scm ~- a ,  , -  ~ ; r t l , c - ’ -  : by .~‘id inS , - t li t ’

so }~YN Al~ , for ws , s - h  a l c ’s i crj ;  t ion ‘ i s .  1 it - i - S  — f inpu t ins’ s-- • - - ’  I -

ar e ’ - ‘,v en s s .  A; j - c ’ r , t i x  F’ . C l-o s p’ . - i--~s:tr: : : - . ‘ t lj ; : - a- ti i -’:tal : a t a  aso y,

- ‘ .1 cis ~ - ’ : b~-:s :, t cts’  ;‘-s and -
~ ct ‘ ‘ 5  .1 ,i: ’L’s’,’’ S c ’  r.- c r a g  v s  1— s -‘ —i -s r : I b as is ,

c - c -  s r . S ’ . :-c-~~ ’ : ‘ -n  I - ‘ : 1.1 1 t t : i  15: 0?. s - .’ . : 1 c ~ - s.  , a-nd ; r S . c - c - ,: an ~~ s- -

-r ‘~ ‘ r ’ Iii’d,’—l ‘i s:: ’,;’ deck S’u r  cc v ’s ‘ - 1 : 5 . ’- 1 or : :51 t a :  ~:. -

~~~~~ of
-
‘ s . c .  I ~t, -I~i’ ci b~c-

5O~ A - l : c . s ’ t , - l a l a  bank 5’ - S’ 5’ii.’ all : , ccso ’ l ’ at jve s - ,Th rc~

r- - ’ ’ r , ’ , soil , and i n,.’;t a . -  18 lr:: s :’’ :- . ii:1c I:: a:: , - —

c - s i t  :c lsy ,.t r-~ I -  - i--ic ~u: 1 5, ,, ‘, s  ‘i1 i 1 ’ ~~- -Ic ’ I i r.g ; s- c . -

5-1 . ::c ’ r s -  :“ ‘ c m - Ia-rd c-’ n’ ’ c - I C  .-‘:‘ - : c - i : ’  - a - s o ,

I’ s -h ” t ’c ’ ’ , l ’ n . c’: , s , s r  ‘ l v  s,*.s .s,,.’ r,’: .-’ c:’sh ftt Wi’l’, f t , U~~~ l ,

-
- —s -s. g5~ -~t s ,~’ ’’, ” c ,i’, .‘:O a I I~ :;hcd - ..r i-’ ‘- soc - - a ,  - - . - - I: ’ : data , as , .: a

- — i - i  ‘ -0—n network ‘ ‘ o s- , . ’ ’t ’l l~ . - - s  fr-s ti’t ’i,led land -,• ‘-  :‘o ,a . i s~ . , s

c- :. ‘ -  a-rCa-S.

52. A a’ - - c . c’- ~-‘r - ’m; t . : c - : ’  5 l s ? c ’ C . , : ‘ ‘- ‘ss a -  . - : - ‘ - ‘l . . s.,s-: c , s , 5

‘c -.- c c i I a -b l e  maps :- “ - ‘ . f I e  s ‘ icc-re-” v i ’h  1’ . fl 1’ : c-” l - s c - , ~~~ ‘ r i

a-Jr; ’’- t ‘he ‘‘slyer a’ -- c i s : : . ’ s - - c ’  V , - s - ’ :’ s ’ (‘ I’’ ,- 1.-c - , . A i r  : s , ‘08 an — I

her ir,rmç”r.’ - c- i - I  a. os ’ I t l O r -  ‘ c’ r- - - . t. S ’i- ’- -t  - r~ s’ ’ - ’- - ‘1, - h i S  coordl:.ri ’

. : - ,‘ : t c - -s-s 50 t : , -~r “:‘ - . I’r- . -m~~ ’i; : - - “-so s 1c-a,-”r , can 5 ”  s’- ’or” I so ’ - F-roT-or

cc - i ! spa-c ’s .  - , : c -  an- -I t t - r i c a -  are Si ,.- t- ’lse - I a:.t ‘iS$OC . - ’ u- - t : ‘-r ’ l f - —

s - sc-5 sp e c i f i c ’  I .

A ; r ,‘:‘c ~”, r, s g: ’ c’ v s  ‘ ‘ - - - o scan ‘ hr~- ’.;~ h ‘ a’- i-’r I I a ’ ‘ - s’u -

I tc’ so ’ ’:f”y ‘-‘ i ’ , c c - I d  ~~r ’t- - ‘ a’ - ru~ b’i::I:. -r — ‘i: ‘. ‘ wh ich I’ i - c ’—

I nc - c - , ce-i -i re ;-rr”IU- ’c ’ , ‘ 0 -  s : s -c -  ~ur’ - ’  , a c-ri;- ‘f a-li ‘is’’’ , : -  ‘cr 1 : ~t- ’ir ’-”ir v i

s , t ;~ ; c- c’r,’.’i s - s c - ’ - : ,’ ‘ti j :, fc - rm ’i t  :on . Th’-s” mars sho ., -~ • ‘ -s .  be-

; - ‘r f : ed  by vlaual c -c-; a c - i n c - n v Y  ‘ . ‘ - - - origis-:~c
’. -‘a; -~ ‘t:. : t1o~r i c - a c - ’  s’;’ ,

5’-.. A f ’ er ver i” - -ri . I - - n , ‘h’- iut’a- b~mnk is read ’, ‘‘ be a ‘ -c ’ s - .r c - I  by

r ‘,-‘r a.’s: ii~ ~AF ’- , whic h ce-r i iso:’ ‘ h”  v-a ’ c ’s -  heist - let ’ -t ‘ms - I som e :‘cpa —

r-t ’ ely l i - S  c t ”  I s-cu ’ I :si-’ 1~~~•~~~~ c- . ‘ I - s-ia • a- i-’r’r, .’ ra ’ ~ ‘ ‘ i i  - ‘ ~~
‘ • !‘ * Introduc—

1- -r y  t s , r - t ’ , ‘ ‘c r - t r  f s fl’EC—l,

21.
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~‘ol :ec -t  , C 5 S  5
ne~c::ur’t-d rr o,s”,. I-s ,: : :a’.a

55. C’h c- :‘ : n c i I  : ‘ ‘ -  - I’.’ ” of a }.y- 1r c~ o~-’; c-  - s .  I hI,- -ls’ftu l Ic - 5’! - - - d s i rs -u—

I ct ’, s. rs~ -do 1. sa- ‘, s  .- :  s - ‘ 1:: - ‘ I ,‘:c- ’.ot! c’s’ : I c - - i  s- c’ - - -5 :  ‘‘ t i, : S o  c -r n  5’ vs  c - ,’ - sc -
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* -tr ’ms:su.” area upstream fs- ir. ‘ -  is point

c ~ a -c- cs-isO sin ’ c- I’ , - ’rs 10 va-lu ’- :-  i ’- ’ yr -cc-s z ”r - - ’ and a value s-e:c-i -

ifl ‘ 5 ”  ~~~~~ts’sus-i S” lc -- ’ -l p c s s ’ i t ly  e x p e c ” I  at th e  wcc ’c ’r: 1 0 1  outlet ,
as detersssisse -I by s-n’sc-c’ c ’I: : : p s ,  ‘ s - s nie c- ’,’sc ’s -,‘.‘ ‘s ’j I s- i  c-cc~ f- r’c-,’,f, si or
a -vailciu l” b~~ -’ -I frequency -~ c i - ’c.

1-6 . Program Hi- ~
’— , is thers ran v i  1 , these- c - n . ’ ‘ ,“ :e ‘s’ , -,,a I ; c- —

duce a table of :st cr uc -~- — ’- ’s ’ f l - - w  values for HF(’-’,. :‘-a1s:e~ aes ’’s’,- )~YDP~ H,

Is c-’t ’. li ’-I -J;~ --rs o generate the H~~—l 1:5 1- al - I s - ok , I {EC —l is ran , and i . -
, -u t ~~ -O ~, :e- I ‘ - -  make ‘c-se bI c -ci l run - c -f  I U T C — 2 ,

~ ‘T . In calitrcit i ssc hi’ is’s -dc’ c- , the hydrographs grnc’ra!c’d by HF(’— I

j  
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Si~~~Imt .d Tl .d KU-, $L~~ lat.d Lb -ad
1 Nyd r .sv.p~. - c Laa 5) I1...tuna .

si,g Y~ oC4 ?,la s

LI-aol ~~~~~ . ?s.,.,d D.asg. l.mLs.t.d Mr.,. Z
~~ Votst $.r pc i Pi’i4.bt uc’ “ c . ~~r s t i ~~~ fl ood Dasap..
Lb.~.t too C,.rv..

Y i c - ’ s s - e -  12. i l  ‘has ’ 5’ s- ’,’ c - S ’- c- i i ’ , i c  -
~ 

‘- - .  ‘~~ : and iz~~ic-” :
(~~c- t I c -  I; ‘ as  ss: -~- . ’ h  na ,’ - s -  c- s - c - ’ -

a s  ~I be cc ’srs-n’~~c- ” - t  v i  - c- c -c c - rs e -~ I s - - c - c - s c ;  so, vhs  - s -e  v - -s th e  1St ’ ter are

a-vat I’d ic .  ~- ‘ : ‘ - . ~ ‘t r as-,c’ l cc -s i  may be ‘i s , ’ ’ .. ‘- a: 5’- ~.~~- ‘w -, : if ‘c-he cc-ri —

I s ,  Is’ - ,.‘s ’ -c~ 5 , V . 5,555’- , ’ ‘us-” cons - “ ‘ s ’c: ’. Iy  : :s- a ,  Ic- s- or larger than - 5 ’

s-cc- r-~.e - t Icy Ic-nc-ret ; Irs: , ‘s. ” “rr~ r rca’,’ i ’ -- in  - :~- c-~c 1 s s 5’~.I  I I s c t a  cc -c- • c-c ’ s— s c:, —

srl ’f loa n ;-as’c,’s’s r’ ’ “ s- ,  ‘ac-cc- I ~n ~ i~’_ ’ . The r aIss5 ’rc , j .  - ; r . ’ a - - - ld be exam-
i ned 5cr, I s - sssib ly the c - ’ t ! s’; amounts 5’s-- s- cc .~ i l’S’c’-rc-n ’ w e i c - h I  i i i ,’ routine-

- -a l l he ‘ ic - ” S  i f • 1. ’-  recorded r a - is.fall  s:hcsvc I ‘tT ~’r’ ’.’cir j a - t i c ’ ? 5 8  ‘5 ‘- ‘we-c’s:

c-age:’ . The a.I , ’c-cs ’ r, .’nS ic - i  lo8g parameters is c-, - i j s € ’ l more effec t lye

in  c-l .cur .c-Inc- the hydrogr a-ph v”iarsse .  For s-xscra , - - , changing ‘ ‘ - SCS curve

nc -csst - ’- c- f r  a-n area fc - -”-r. ‘5 to - 
, 

• ~~ , , rur . a - f f  from a 1. _ l b ,  rainfall

v - u I  lssc -re~c::e S’s ’ s - . , ‘ : 1.33  i n . ,  or by ‘ u l c a s ! 75 percent .
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t o . Changin~’ th e -  at re am bed or c-vt-s -t a-n h :‘ -ug I::~esn I’actc ,-rs ~ r i t he-

U1’IC—: input vi. 1 s~ I’:’ect  the floodplain sc t c- i ’ itge whic h f r i  t urn will modify

the hydrograph attenuation during routing l~ ’ HEC—l. Use c ! ~ t h .’ rough—

ness factors for lsydrcc-~sra-ph st-,t,lu-stsnc’r:’ , hovever , rt’c l u d t s ~‘ l5 t ’  l id  i i ’ Use

c -f  s-c-ughnens: s’uc t c -r , ’ ’  - ca-li’s- c -it t ’- the c- t,age—discha rge s’c-lationships s-or -

; at e-:l b y HEC — ., i 5’ I , c- : - c ’  dc not Ft~rr e e  w it h  - h ’ relat i- r .s 1, I p between re —

,i ’s-i’ t r’ci 5’ i:s ,ol peak :; an I  - :i-s;csrve-i high -.- -
~ 

‘

Ch~c-iee of c- vent $tQ!’riss

-
~~~. 

‘ “ s sc ’ t - x S - ’  - .  ‘~ cI s - - l u - : ’  t s of a- c - , Ic-n 1 - c- iC—h I , ’ ’l c - a s  l i e  5 ’Io od— ,i v~ I

r’,c-ds ’ i i s s c -  ::tud ,y a-ri- t l c ’: ~ - :c -f i i ,’ s- wa- c ’ s’ 1- s- c - f l  i c : :  a-r , c1 1 s s - s  s ib ly  , s ’c - c ’  f l  - -

Js i!c,~’cO; resu,1’ :r.~ S ’s- - is’, it sic’ r s e’; cc-f I~l c - c ’ 0: c-- f 515 ci 5’. t- - s ‘s’s-c ’ ;‘ ;‘ s-ICy (i’ s’ —

c ’s~r s ” c - c - e c - ’, s j lj Y , ’ or return p~’ s - l O i ) .

T1~. 15’ :,I, :s:c l~’-s s~I ”  ,Icc- lIng is ii;;’iI ~ d , s ’  s ’ c : I  ‘ 5 s -  ces ’ ’c - —

si ’ s c - I  s’rnrr ap ; -r cs  s’ - ‘~~
‘ ‘‘ f :’c’ques s- -;.’ ’ - ’ - rs’r: . 1-lve-n -sac- S . 1’ is recc-csa i zed

‘ ha ’s — , 100—year ‘s’ ,’c’cI c’ v i ” r : ’, , f c - r  i - x  , ‘- , may I ’ ’  ; s - - t c - ’ ’’ f :- - a - ‘ nc-ri

of las -c -c-s cc- - s - s m i l er  r ”’ ac-i s e r i c -  i , I: ’ -  hydroli c ’c- I - hs t s -  11- ‘1” chcice

in the ‘ - s-u--t  1cr: - 5 ’ h i s  rn i ’ck ’l ~s u ’s ‘o ass- uric- ‘ I n ’ t h e  c- ’- ’surn ; er t  18

c-f a ~~‘iOc isi ’ ly e  : s-s’i ‘cc--I ‘he resuJO,~~r :c - f lood are idero ical . Tb . ’ basic

r a - i s s l ”ml],  I - c ’ - . ssc-cc - led ets: hyd rO l c s s - - s n ;  a-re 1,~~:, ‘ 5 . . ~ r.~~’n~ - -ar~’- . Os ’

,h es ’e n tor r i , ’ - s ap eci5 ’sect  ret urn : “ r io c: , th e  ar ; -r’c~~r i n t e ’  r aI n f a l l c a r e t —

Ic -s n , and ‘ irne i n ’ s e s - ’.’a, :: I b” ’-s-s: I - c - v e t  Is’. ‘he b’.y.Is-s-gra;—?, synthesis- as: I

-‘ s ’ I ng ~- rc- esse-” .

1 5 ’ ’  s ’ — ’  of r’-’’surr ;- c ’r 5~ I :  is ‘:::un ly at ”- ’iI’ir--t ‘S i - ’ ‘s , , so ’- client

-c-c- , he ‘u~ c s r  ~y 5” : :’ ’ 1s,c the s’~- ‘ - - - - t .  ~‘r ” a- ;c ’ nt 1y , hcvev”r , “c-, as nec—

-‘::sarl, y las- c- :,:c-s”s er OS ’ s-e ’u rrc - - s’ : .  s ,  is - p e cj fj ” - i . ‘ c- . u ls  isic in sin —

s: ccr.ac-ec l’-l , y larc-” ‘a ’,”,: ‘f  - - - ~r i;--u ’er coo ;- : ’ v S I c - b ,  - I c .’ more - c - ’ s : f u : ’ e S

t :  clari fy Irc m o d r l i s r g results. The reqUesting a-pe r l e ;  s’-.,c’,’ be more in—

‘srecO ”’i in s:’.:- examining c-ur~~i~r tables v l , i c ’h ‘as: be - ‘i ’; : : ’ user ’s

c-~~ ’:ic-e-r,en’9 - r may choose to exet,rs’.inc al ternative s-iic -fl.c -Is - Of analyzing

mult iple  r” - : s - : ,  per lod~ based on ‘I si ’s n c’t st al n ed 5’s-c-ri a- pre scribe d set of

return ç’riods. For example , L’lo’- I ;-e-ak s , crest e l c~v a i  sin , and damages

ri ’s chosse-r, ;— . i c - s ’s  e-r . the watershed ‘c - a I d  veil be c & i ’ a i ~~t~ d fc r return

;- “r lods of ; , 10 , 25.  and IO-”s years r~:s-S plotted on I- g ’cr i ’ sh z s s i c  or proba—

ts~ 1i’y graph papers an -I the result s ‘. r  a-n.y n ’s .c-rmedia -t e return p e r i . ’d

L. - ~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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read from the gsu j Sc-: vi ’s: , as nuch s - c- , s c,t s l i t ’ .- itss whe n t h e  ~~ , c 1t’l 1~~~

~‘,uai es are repeated i ’- . c- all return ‘-~‘ i - - -sI s,- .  0cs-as~i - - r ca l  ~~~~~~ a c c-t - or
‘‘ ‘,‘ ei: s-I ce  h a ,  5 ’ ,‘ c ’S~ i’ 5’, s-~ _I and ;  :r  ‘.l. c- - S s• :, Jbr a I s - c  es- I  I’l cc -- -d may bcs aac its d

s ’ s , c -  ;t Lc , ’,’ cc- l ist  of I’ sc - ba sic c’ s ’ s  - c - - s .  c’ri~~hc. A - c - ’ O — y i - c~r e ’V ent  f l U-c- cl

is -s -’ s’,en gene rated 5 , - c - s ’ l c - , d ii.s’u c - ’ .c-- -e - t ’, , I s c ~~~, I ’. s- h c . - u i  I l,cc ’ ~- I e ’ e t s - l y

- - s , - I c - : i p ’l~ , that re sult s- a rt - - - ~‘ss-iy . s u s j  s - c t  because rid ss5 ’a,1 I s ,

5~~c- s- c’ s-ur l ’C: s-.’ c ’ c c- ’ ‘ - s ” ,’i ~ , - c ’ X Ot ’c ’i i T , es IC - U year s a-re sut , - ,~e c -t  t-c - - - i s -c - . ’

is ’ ~
- . , ‘ i s -  • s - c  s - e s ’ c - , s_ , S . - ‘ c-f - i~&’ c-b c’:’ ‘ s -.. s c - I  es -’t a :;t- t c- f

s- ’ ’t ur’ s. I e r j - , , t:: rtxc -i ‘ c r , ,.’, ; ’ ,ct ‘s ’ s— is , ; -, ’ so t S ’ e s  l it .,, 5’ coa t , t~~ rs’t’ , s w :

.‘ ‘.- .‘ of  tic

‘
I. ’. The rai n fal l  cL ~ 5as’  5, ,, c5s~. ~ t,s s ,  - ‘ , , ‘sc-c’ i t ’s  c-’Lc c- I as long as

‘ 5 , ’- - -  ‘ isssas ’ c ’ I ‘ s . ’.’ ’ - ‘ , “ - - r - ’’i~.”h ‘ 1st- v’’o c’r s s ‘ - , - : s (- f l ’ s-ct : ’ ’ ’  -

st st ’, j -  c- s t i  ~‘s”rrsiula f c c -  vS i - s o  t l c -  , - ‘, , : -“ , , ‘ i  s ‘s.  i c -  ‘ ‘ ; s . i’i ‘ . ‘ s I r s ’

c - . ; -  . ‘ s i” - -  -‘c- I s-.: : , t -  : ‘, , c - , S’ -s’s , s o t  — :s ly ~v ’’r Ssc  drainag e arect ‘ s a l

‘m I s c  -- .‘‘‘s~ 5 5 - -  ‘ . cm ~~~~:, ,  ‘ ‘ s ’  s - u i :  ‘s ’ ’ .~~~~ is ,  a ?:s’: _ 1s 5 ,. :c--c -~7s-liI 5s - “ - —

.; ‘ :,- l ~ 0 ’ s. i r:i’ i s tc’ r v’ .~~s , ’s : . :, l l ’,’ a -~~~a : ’ s ’r’. - ’ f

“3 , ,‘‘ s-’s~s’, Of a -I .‘s - s r ~’’ : c- ’ ’ os-, i - ~
-
~
-i : as, - I — i -ir a ’ : , c:. ‘ S — ‘. 5 , . ’

- ‘., - - c- so~ s’ ‘ s i c ; r c ’~5c- ~- 1 . , c -c ’, ’ : s. - ‘ - or ‘,s s- sc - v •i , ’ - : fc-c-sr ,

~
_
~s-e ,l’s’’ ’ts : “sap:’ s - e - ; a s --- I for s ’ s ’ c - , c — s : s c  r a i s , 5 ’’~ , 5  : I c - i i ’- : , To - S t a i r ,

a ’ — ‘,‘ - : c - - iss ,’ ra l r c S ’sm l,l s c - O  1’ 1:’ . ‘ ‘ - ‘ ‘ - ‘ S c ’ ‘ - : ‘ ,‘s’’c - s~, ‘s ’  c.’~~ :, —

:s-’,. ’ ’, . . s i c , c -  ‘ soc ’ :1rrc’’: ss ’ i c~.I ss : ’~~ ‘ c-s-s , ; - c-r ’cc.i

‘ c-” 51 ‘ 5 1 5  , ‘ i - s-, i c , ’’ c - ; c ” d  I ,’ - 
‘
,

‘ or s- i s -  S I - .s- s- r . f r i ~~1 c I ’, ; s’ij ’s~~Qn_

S c - ’ c ’s: - 1’ - - s ‘,‘ - ‘ : S ’ - ’;’’ , : - ‘  : ‘t - , ’ ’ s. . : - a.genc I “ a .
‘-
~~~~

• :5’ ‘ s s ,’ ’ls’ sc-:’-c ; ’b: . : a-rn — - - - s-c s- - -’ ’ c ’ :  5’- s ’ !ar’c-’’~~ ‘- -.r c- - t’c~c — . r- ’’a’s

I may •- c~ S ’dt  ,,c-s ’  ‘ : - c - c ’ s- ri i r s  5’sc I I  sic - ~1 ~
‘ - - I or, - 5’ wn t’’ s - ‘ - 5 f e c - ’ - ’ .

‘iS 5’ .’: : , ’ r l  : ‘ - sc - s Is’, S. s,’.’~c ’ sc’ s- ~tUrcsc -,: TP -• a’ ‘i s  ~~~ ‘Is, ‘ i t ; ’ c ’ i i  
-

- ‘ c - ,  . : • - 5 , ; ‘ - “~ its t - c-p~ ‘c-~~~sc’ c ’s by - c I I , l~. A rs’s~,- ~- ,:,~-- : s , ’” c-c- ’

5’ ~~~~~~ s; ’c-ts, s - c ’ -: ps- ‘c ’ s ’ :‘ -‘s’s . I f  the  1s’, v e- s- , ’- - I s r ,I ’,, ss ” rainfall wc’: g h t —

i r s’ : c- -c-c-si ’- ’ “c ‘- :, s , C) is; ‘ .. ‘ - i i s ,  ‘ s ’ -  “ s’ 1 cal 5 ‘ ‘ c ’ - , c - ,  . - ‘ ‘ : - ‘‘ - ‘orded

soy” ’ ‘s -c- ‘ - 
, ‘ so” elI  5 ‘ ‘al : ‘ - 5 ’T55 ~~ n - r  : . - s can S c -  -c-i ; ~-r i sss; s - i c e ’s - - s’s

- s -  ‘.i ’ . -” . ’ s , - - : s’sa~ ac - s - I  a rais ,f ’u , I ,i~ ~ ic-n ” i  ‘ eac h ra , ‘ ~‘smc- ” , wh i ch i c

‘ 5 ’ s :  conver ’”- ; - - su nysc -’c ~-c-aph f- -r ‘- - i s -  . c - ’ ,c-s’, Th’- we i ghs! s-c- program

can her: be ~~~- ‘ - .1 t~ - ’ cs’t; - c t  e a wei~ Sst ’c-a ‘s ,,.’.ts-~ s-n~ ’, f-s s ’ eac h min ibas in .

_ _  
_  I

- -‘ 
~~c: .. .5. , - - - — —-——,--—-—---“--—— —.-———

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~ 

-‘ ‘ - “
~~~~~~~

“ - - --“ -‘— —‘ ---~~ —~ ‘— - -



-:
~~~~~~~ ‘- -‘- -~~~~~~~~~~

.-
~~~~~~~~~ - - “ - ‘- 

I
i s - c :  - 5’ event hydro~~a~h

75 . Af ’~ -r adjustment  of watershed parameters b y mc-de ca libration

and t h e ’ c.- :s::’ssu-ct Ion s-I ’ input hyetographs by pr- c edu r e s-  described ear—

~‘r sss . ,Ser “ -,‘hns -lc e OS ’ Eve:,t Storms ” associates event hydrographs can be

generated w i t h  the  c-sc’ c t  the HE C— I ~-r c gram . As described earlier 1 the

stora-ge-cu ’sS’ l c - v  relat i~ n s sh i p s  I’ c.-’r the ?-car d l i d -u t .  may have ‘ c - be

c - e rc t ’c - c t t e d  ‘L I ,’ a j r e~~:i ssnary  run of’ HEC—2 , but t h a r  w i l l  I r c - .t c i tb l y  I-c ’ ‘sc -n e

i tj c -e ’adv -i ur i r: c ss’ ‘ s h e  model c a - l i hr at l c -n c s - -~’ ( s - 5,

• The 5 {~~ ’— 1  I r s ; ’at  Is - c -k  suppl i i - d S y b Y S ’l A~- . ’ ‘.c-d SU’ I’ — : 1 . t : l c~

checked ar: , t  :cuc-1-ll:’rser,’sed v s s ” c - ’ -  necessary . c- s. , 5 .~’ ’ :s c’ 510 : ‘ 
~T -— ~ - s — - S a l  i-

5i~~C’— l  s 5 s ~s ’Jt ~ 5 , c  t r u ’ s  ion:- . 

- s .  r -x nr -  s n i n c -  he }iY ( ~— I ~~~~~ I sc ’s hy Ic -c -c -r ap s :, the earlic s- s ac--

c-c ’ - ’ , r.  - - keep ‘5 , . - s , , s - s - - s’ -~f s - c c  I - I c - I  s ’- ’ ur s ,  ; - e ’ c - l ods sma l l  may c- e g i r :

to make 5” ::. e. Thi-’ ‘— S -) u ’s  j u t . is -  r iO S , ’’r s’ - . even 5’- s- ,~ us ’, s,e

subba-sin v i ’  h ‘s.U s r s -,j ’s i t : , 5 : : : ’  ; the c s S ’ ;-c - ’s  5’ -r a larg e was ’ “c- : Sci- . and 10

c-’ turn ‘-s-iod s - -s--sc-I I fill ass - :. ‘ I r e - c - - ” .,  ‘75 - HEC— l o p t i on  ! :  pri : . ’

: 1 ;.’ t h e  s-~- ‘ ess- ’- s : ’ 1st 1 isO’ - s- s - . ’ 5 -  s~ , S se_’ss’- V S I c’ ‘s’lo-c ci p-c-a)’, :- , may h--cs

-as:c ’ fc- ’, is, r” :- - :,c- 0 - ‘ volume a: y r - I l . ‘I:s p-rc-vi- )I:5 - - - ‘ . ‘ -  i s:; s t  - 
- the

5’ : s , sm III ” ,’— .

: ft , ’~~’.c9O c’r c’ iflj ~~’ ’t ’ i ’ . : :c

-55 . ‘ss. - s’i w e t t ” r , r fl ’s--st s s -  -- 5 ’ - ‘ c s—~ c- ’ -t t , i r c -nrs  * can c- r r ’ r ” -“ ' i - :

~ :~
‘ ‘ s ’ ’ ~~~~~~

‘— or a simi ar  : - r ’” -c- s’ s~’sr . T~:e s c - s’ ’ -,” .7’.~~(’_~~j -5 - ‘cii.  ;-rc’vi I.-

‘ ‘ s t i r - ’ s o ; u~ deck “A. ’ ’U - f- -c- ‘ - c ’  l i l c- cards , ‘h i ’  ~
‘ c isc- -Ic -  “ r i s i —

I i ’ - S c -  s-Si” ; : ‘ ‘ c-s - arc m s .  I c ’s-’ ’. - - n op’ - - s , ,  
* 

- c- . S ~ c-. ,~ob - - s ’,  — r c -  eard i s  ~‘;

ilCrscc- ssp~ cial ; - : - - c - u I cs nc- I: -‘s ’ s  as’ ~5’. -s - C c-a c - Ic - v i i  soo t. S

I”d S ’ ~- ’ :- ’ - — ’ - ’~~- i ’ ’ s - c ’ r .

7’) , A f a i r  ‘u ,- - “ -.‘isual - ‘~.‘-- ‘ kOc -c- ass-i - - “s;‘n s - ir,c - of the MEC—

a ’ ‘uI  is c-c ’ ‘e5s’t s,- - - remove c’s-a-si -c-, ri S 15: ’ - - , c ’5~ 
-
~~ i - :  l ike  - l ’ - - c-” ,ic -—

i c-c fl ood levels v i ’ s i s ,  - c - ” a s  S c - c -  -discharges,  T ic - s sr : ‘ ; :  — ‘- - — Sr i ’

‘iers i -c - and I s - c a ’ s  i s o .  s’- , -~- ’s s - c -  : c ’s , c ’O I I - -  used .

-s s” ’i 1 t ” Iic -’-’c ’ion of f5 . - c . 5 ~~

‘- - , The flcc-od ‘ - v - - I , computed 1-;.- ‘s~~~
’(’ — ’ muss!  be c’ x I’ , ’-c -cjpc 5 later al ly

- ;- ,l ’ ~ t I sis f l -c -c-I bou ,ndari ’-n . As i s-t ic - ass the -~‘ s-”ssr as ‘,.- - ‘l l  as 5 - ”

topographic -c n t o ar  l i n e s  a-re reaøonabiy smcr - ’ s b , the fl ood i~ ’v.’

~

- - - , ,‘~~,‘ ,~~~~,_ , , , ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



“H

Lu cizc ,I ’.c -v r!c-’tu s sc-c-  ~h~.,-ul d be a relative ly easy tuck , even for a computer—

iced plosting ;r’ ,c~~’s - 8  u s - r d  i n  con ,~wcct S , :, w Ith a ,:ic-itized t j - - ’ c - r ’ u j h i c

.:s i t a  is-is:, ’ , C,,’-sss- :derab le t ’cbs r s j s - a I  ‘ s-cc-re. - : S is necessary , howeve r , to

t 575 ,,c ,, I e’’,’.’ S 1 -un -ian es aS up’ channel, ‘s-c -c - is- ~t s .  as- c’sc:c ’c road or
c - -~ s.c

- Fc-r — w > :;“‘~-uc -al sc-a s- icc it is  strongly suc-gc’:ctc’d that the

. ‘ : , , -r ,,’~,,, l i n e  be c-s  “ rs ~- t t - a c  5’ the COrS d :c ’ c,~ water :-  cc - t ” Ic ’ ’ ’ for I ’S c - c - c i

1_ ’ t t j r c ~~. ~~1t ~:- ’ ‘ 5: ’ ’  i ’,’rs-~ ’- U t r d  ‘-.‘s t S u - s ’  surface r - 5 c - v ’ ,’s ion fluc ’s usitec- c, . ’

ve l- - ‘ c ,  ~~~~~ s~ s, - ’ ‘ - t e ~ l v i :  s w ’ s  5” flow :-eaches c- f  5 5 , . :1 r ’- s~~

- - - — s ’ - ‘
~ reaches. ‘:‘bce e usc-I-a I’ .’ ions d O  c s’ c , c - t r l y  r ’ -j  re: ‘‘so t

- Vc -S’t 5, : : ) ’,  c- so h t ions  ‘.‘S, c-r ’ ’  w at e r  Sc - c - S’itc’c ;- r of l les  S ‘ a s -c  - - be sr,ueh

s - - c - ,  ‘:~~c- ‘- - ‘ s ’ s . . c-,- , 11 :,’’ ‘S — c - c- c - : ’s s S c - ,  more c-s-~id ’ua1lv - S,u s ,

‘he : c - s r ; ur ’ - :  v’O, ’- : ’ surface. Secos S , ‘ s ’  -c - - r’~ ,, ‘ ‘ - I  w- t ’ c- c - sur face repre—

B ’ - : .  — S ‘ 5 , - - st ’,’ c ’rsm ,-’ ’ - ‘~‘a5 ‘‘r :c’s.r face Ss t t ’ , s - ’ 515, d : ‘:~.-c:~ ,“ i s s , ,: ’mn ~,’ w a v e s

w ’ s . i  eSs may ‘s-c Cs - ’-a ’s~’J 1’ ,’ - ‘ s i -  a ’ rca-ia ve l.soi ‘- I’ asc-I carried - v t ’s-  I s O  - - -

f , ,- - - S c-i a ls .  , 75soc ’ ~‘r:- ’:’ c~, 1 i::~~ :‘‘ -: r’-:- ’’s, ’ - s~~ average wa~ er : ‘‘ c-”’a ’ ’ - c ’ .

v.0 ions Su s  t s~i - k isse S : c-- enerc-y or vr-loc i t,y s , ”s, I The c ’ r , c-r ’gy line

‘ - c c - s c ’ s  j ”  sstes ‘he -
~~~ “c -  Us-it 0 5l:~ w r i v i ’  ‘ s c e s c - 5 5 w - I c - c -  can I - ’:’ ~‘~‘s - “ ‘ -0

‘ s~~’ s0 r- ’rt,~s and sc. ’: ’ -0 atro: ;s; l 5 , u ’ v’ s-S icc-KS.

~‘ic ,”c5’d J ’ t ~ -~ ‘ ‘- s -
- s ’ 

~~-

s-- s I’ . T5 -- ~
- ‘ ima ’ - of pc ’ ‘a -O 1a3. 5 ’ I c s - c -i 5 ’L” ’Sc i ’ ’ , is c 4

~ ‘- so  5 ,’, ’- ic--

l i f f i s - ’ s I S .  SlId cc~0 s- ‘;~-‘s-,:ja~ t.a,si~ in a ~‘ -‘s-<I s tudy . -r es’- ’c~”- :  suffered

c t ur t n ~ ;c s-e’’,’i - - s , - fl ’s- k’ s - c ; i - ’ ; ’ s - : - S “' -i’ ’’ :  ‘ c 51510 -5 ’ 5’ advan ce w’i : - s : s l s , c -

: . the  ss ’sac-e s-I’ ~~, s ’  f T.c ’c’ I Cr ec- ’ . 1’ is  also very  d j f f l - ’ s ’, S ‘ -c-

e - ’  IrrO . e s - ’-’ c-’’ ’oc ’ I s c - b : ;  Le c v~ c~s: fl ood -Ie ~~S ? ,  ass-i 5 ’c,” Sc, ’ c ’ S , j it 5’’ ~cl~
_ sc c-1;”

:s , co~~ erc 1al - ‘cr ’ Os t o : ’ s-Oil S c s  S l S - .c-: , S’Sses:st~,’cs’s ‘c- ws. ’r’ :’ “f

0:-Isis - ’ s’ i . m ,~~crcrrses’ - I ’ m en’ ’ c - s c- ses ‘cs-c- a •sr ’- s  r u - ” cs. ’ ‘ s o ’  alk about

I’, : dama~”- : :5 ’f” s-” I , --r - - ‘I- may exa~s’c-erz1r -e ‘ c - s c -  - - ‘ -‘s i n  ~-r t ’-r

c lrep r ”-v c- - S c ’  l ikel ihood of having I’I s- -’ - r s t r - I  prc~~s - c - ’ rq

8’ - . I I ’  several s u b s t u m s O l a l  f l , c c - d c -  have t e c ’ i ,  experienced -v ’c-r the

i’ s ” i’s~’.- years , a fl — c - I di - - : -c c- .- ” - f , ,ood dazr.age cu:”,- ’ can be 5” nc-c-’O “1.

I n  a sy sc-’ c’rs- ri t ic modeli:.g p- r r ,’ c’cs ’ , discharge i asr,n~ ” wou,ld b e ’  ‘- ‘- -‘mt -u-

1st- - 1 or ds ” c’.sr f - -r each is- i n i ’t - rm s : i t s  s-epftr a ‘- l y .  

:y ,  however , too few floods have been experienced to
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*‘ctuL~~ish a !‘O l i S i i e  curve , and potent i a l  damages are estimated by tab—

c-O ttt~ ng the cumulative value of perishable p roI-e-rty located at or below

g i ven S c -~~, p ’c- 5) ” s5i , s- r l.’vatsoni , This- met icc -cd rescu5 ’ ss ~rc a curve of cuslula—

tive d amages versu s f lood elevation which is not very useful because

‘, : :e pe ak wa ter s’ur !’ scc c ’ el evation 5’ c~:sy fi c--u~i c-vent  varies with its lo—

c - s m t j . c n :  s’ts la ’s i v e  tc -  the stream (see paragraph 5~l). ‘75ius the potential

- : esctits -atc’S ‘st,~ ’a1d be s - -,, m~’~~t e - :  ~cd iv i~ uci ly by esr - I ’d sc smal l enough

‘ hem ’s t he ’ t’i , - d l e v e l  w i th in  th e  c-n’ s ,i may be considered t s-s-r i::- r s ’ s a ,l.

:~~~~ht~.c-b c-as. then be re il ated tc’ diac -isicts-ges bc.- ir,terI-~. u~ing between water

surface e ,~’va’s ‘scn:s ,ss- e’:s”,-cy grade l I s -.”c at ‘Sc ’ nearest - cs  so s- ’- ass: and

-I- . w: : ‘ :- c’ sj,m cross acet ic-sc-s  ~ccc4 sctcd wI th ~lC— ,. The ~~~ a, :.- , r - : ’u tt lng

from a c - s ’,”: r ’ - c - ’ c may f s n al y be a Ide- .I for ~l blocks wS ’,h I:s a

l tts -

~s5 ,  O s :on~ ur:c -t i :s ~‘s t n  fj , c c -,s f requency analyses t h c -  dischar ge—

damage r~e ,a ’s sc r : s h i ; :- can Ic - con’,’er t f ’ c~ s I c - to ccc -c-ve ’s c-f dsL’s:j tc-e versu s f l - -c- -,5,

t - x c- ec ’ie nce probab i s t y ,  as d .c-w i ,  I n  F t c - - a r c -  1- . , ‘ a-i u:,:, - sa , expected

damages are h ’ s i’c-s-s ,ned by integrata c-c- ‘shc’ cia.s-ac-e5 of ‘he I’-~i,lj c ’x c - ee , I~
c ’s -c ’ ~-rc- - tsat, s i l t y  rsms: ,” . i c-ui- c- l ’~ l i l :;s-’  rates ‘sh i s  5 : , ’ ’ ,~c-a ’s - or. ~ra~-h~ —

s-al l y .  The ‘ - ‘ a-i ~‘c-~’~c-” c-  T’

TD~~~~[D  ( 5)

are :‘e~ r ” sented by ‘s h e  area ~r s :Ie c- ‘so ”  sss-ss ’t gc-—pr oba bi 11’ ;-’ ,-urvc. tic

~‘aa Ln 5, tc I s~ the damage ~‘m - , by a- f l — c d  of exceedence proba-bil—

i’ s ’.’ P d j
o 

j~ ‘he  exceed enc e jr I s O  I l i ’ v of t h e -  largest 175

w I ’ , -c’s ; causes zero s’c-’!sc-”c-.

‘ -
~ . In FI gure 13 l’s wI - il be r., ’ice : hat the fl ood damages cor —

r-’s p ” : s i i c-~ ‘ s c -  ass exceedence probabili y close - cer  - nc-” 1 arc-c and un—

knovn , This is a -‘-s’r~or, t~~l c’rc ,cm I r s  f l ood  damage analyses. ~lo-c- d peak s

f a r 500— sr  l ’ s - ’- —y ear ret ’crn p er le -Is ‘ - --a l.d be a- - rs-; si ’~ 1 . l u ’ s  results

wc-c u,,l sI he 1: l ’ ’lxc- - - ” s- ’ a , :-, ;  a manual s-’,: rvs ’ extens i n ‘-“ u l d  be made , but
5 , ’  v s - s I  S probably 1-” “ - ‘~a a T l y  u n r ei ia t ’I ”  ( See paragraph 71)-  Thu s-c , bc -tb
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exceeic’n ,s -t ’ 1n ’ .-~~a f l h i ’ s y  and damage estimates s~rt- hig~Oy unreliab le f-~r

extremely large S’S cods. This , in u r n , also res , I e x’ sc- t h~- determinat s s-c-

c- f a’,’ ’- c - c -c - c -  ‘u:s , ’sal, f l~~c-i damages a ‘s.~ c-h ’~y ~pc’~’ulc - !  Iv ’  i -x ’~-ce sgi .

______________________________ — ~~~
,
~~

‘,,,,
~

c - , -- - -’,- -- _______________________________________



- - ----
~~~~~

- 
~

- ‘- -‘- -‘
~~

- -  - -- ‘ .‘
~
-‘---—,-- - - -

~~~
‘ .  —

~
- -‘---— -- - - ----- 

~
- ---—--‘s—- ‘— --— - -

‘4e
30

.

12~~~~~~~~~ 1
’
O~~~~~ 8 ,: , ~ ‘ ‘~~ 

‘
‘~~

D. m$.s 0 , DoU*ts IO~ Ezc.sd sac. Pr oba b %11t ~~,
Pv.c .nt

12
Manual Cu rve
Lzt rspolst l on

2

t*c•.dencs Probability , P.rsunt

Figure 1 : , -‘us~age—probablll ty r sirv” gei’cc- s- ’~ “-I f rom 575 -‘c-I - tnr - n~~’
and flood-probabliPy - ‘s~rv’- s



F7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
‘
~~~~~~‘ ~~~~- “-~~~~~

Re fere nces

1. c- F- ’ , “ O’~~: : , s : , . ’ Course on FIc - ’! } Oi ’.:c !iy-Ir- .--c -~,’ , ” i - I ( ’ T .

2. HEC , ‘‘ n a ’ i ’ : ’  -
- ,s’ S’t c t - ’’ r - - fi Se’ -- ,

“ I~~ ‘~r o~ 6 . : s’ i f-’s , i s ’  

:\‘t c-r s- c -c - .c-~’.- c- ::. ,,,‘ ‘ ‘i , , “ O, e F ‘s ’ t’e’ ‘ of ~I r c  c- s  S e - c t  - - s. 5 ;a- ’ In . , :  tin ,
-
~~~~~ ~‘ 

‘ ‘  j s -, -’m t’m ‘ s c - ” :  on Wa’sc’n’ ‘-ss’fsi ’’- Pr- -file :-.- ‘s”s--rs 5 : ,n ’s  5 5 , , ”

- I- -- - - ‘ s- ’ 5’ - c- ‘s Is ’— Y’t : s , s ’ ,~- ’ss - ‘ s  a l ‘ ‘ : c ~ c-’’ s- e-: :  OS ’ ~~‘t ’, - ,s’et _ R e—
- - c c - - C s , -‘, , S’t ’, ss:s’- s ’ - 5 -  -c  , 

:, 1. i- . ,  “ ‘ ‘ aic- I l s t y  rt s , 5, ~- ‘ - t - s .  - ‘ ,c- ” ’ I S ,  W- -n ’ s ’-r  5 . S ’ SSm ’c- P r o—
f’i l~ - ~‘ ‘ -‘-~s-~ s-c-~ ~ 5 -s , , ” AW’s- A ‘,‘~‘~‘ ‘‘c- i~ ’sc ‘- ~r ’” c -  ‘ ,, , ‘- ‘ - ‘ - .  

_ _
c _ _-’’s I

pp ~~ - —~~~‘ - -

S . A: ’ : , ,  . ,  “ -~~~i sssaS Fsse rg ,y  -75 s ’ -  A- .’ ’’~’ectc - , ssc - - c - s  I-’ c - c - - S c  ~~~~~~ s-is ,.. l a c  
- ‘ ~~~~

“ 5 ’ -” - - - ‘ - c-c- :-s , Fl- c-cd Pla-in H~.’—
i~~s -m s - i ‘ Sr - c’ -f  HF’ — ’ , - 

-
‘ , ‘—,,sos ’v ’, ’t’ :a ‘‘it ’” Sn I- v e r s i ’ ,- .

‘ - . ‘-“.‘ 1 , ~
‘ . R .  a c - I -  “~ “.s l.  ~~~~~~~~~~~~~~~ ‘s - I’ t”s : - ’ i - --c- ~~~~ °!-° 

1~is c 5 ~~~~~
Pi’c ’ , ’ ’’c, ~‘, s , , ,’s , ‘ ‘~-s-; ‘ — ,sc- - ’s - -, i n S  .tr~~’s ~. -o ‘-,‘~~~

-
~~~,

‘ ‘s
’ - r  ~

. - .- 
- - - sc s . - 1 FIc- ,cc-d

Cos,’ ” I , “ 
-
- 1 2, A:sc- - 

- - , s s -  1. 5 ‘
~ ~— l  l I ’ -’ , Cob s-st 1 - -ac- ’s ‘‘ s a i v c ’ r c t ’s,y .

7. ~~~~~- ‘, ‘‘~~y :c-j ,’~ -- , - s  t~~i:c’~stS ,“ 1’ , 575 ;‘,ris,~ -P. ’ - t r - I c c - i c  ~ s c - I s o ’ -c - r 5 r s c-

~~ ‘:,
‘ - - ‘~~, 

1 ) ’t- . : -s t ~’ i c - , ‘smitf,

‘3, “‘i ’s , J .  : - ‘ic- I , ‘s. ,- t”r , ii . ~ l , ,  “ O - s s - t - c r s t S  , - a:, : Areal ly Di s t r i bu t ed
I- ’ t , c - ’ s’’ m ,  I , ” ~‘~ ‘ - ‘Y -

‘ c-’s , ’il  , ‘,~~
- 103. ‘ 5 - . I R ~~. ,‘,~~ l~~’’’ . - - : — .~ 

~
.

) , 5 ’ . 515 . .‘, ‘ c • ’ s ,’’~ ~~~~~~~~ “: I n f a l  1 ‘— -- - - -a A ia-s of ‘ Is ” ‘ ‘ c - O “ 1
-
‘ ‘ ‘~~

‘ c ’s: ,” 5 ’ ’ — ’ : ‘ is - ‘ r 5 , ” ‘-‘Se,’ 5 ~~~- S

10. ~
‘ . ~~. n ” ’ c ’ - - ‘- ‘ ,r ”’t . , “ ‘

~~~~~ — ‘o - .~~~--- -
~~ , r ’- ’ , r - -. ’ ii ’ ion f - 

“ r t - -- I s  of 2 ‘ ~O15’ ,’ ’ -~ - - c  I-n ‘h” - -c - ,-’ 5 S’ic ’ ‘ - : 1 ’ ’ cm ’ ‘ - ‘ s .
”

— p - - s ’-  s- -. , I ~‘ -.

11. ~ ‘. S. ~“a ’h’s ’r - - ss ” ’ t - c , “ F i v e —  - 
- ‘ ~V, I - r -s : ‘s ø  1 “c- ‘ - 5  , t a t 5 , n r c  Frc ’-l-u e ’flcy

f - c -  ‘ - r s o ans1 ’ , -: , ’ - a l ’~:;I’ e’ I , ” a ’ c- ” F ,Y DRO — ’- ’- , - -- .’s. l~~’ ’ ,

12.  575 S. Soil ‘ s c - ” :’ - c- crc Servics’ e” , “ A “- ‘ ‘ . s ‘ :‘ Fr -c t -‘ ‘c- s c  , -

ans I- Rate o ” ~‘ -c - :  f ’  s , , ’s- i ’mI i .~-c ’ ’ - s-  - “ 1 : ’ , ” — — - - . ;~~~
- i°” ~~ .

1~~~. 51’ . ~1 5 ,  :‘~—p t , ‘5’ ‘ Is” - -“- v . ‘15c-r;-’ ~
‘ 

~~‘:t ’ I ’ ~~’s ” S’ , “ I t n s ; I a r - I
I : -‘- -—s’- s c ’ I ss , “ - - Ru S ‘‘‘-Os - — ‘ 



AYPF2~DIX A: Cc-,Mi’L’l~I ss I t ’  ,,c-i’j J’~ X 5 5 F C 1 J ~~ c ’

1, A c- ,o:s~ s : te -: - program was w r i t t e n  to convert -in ’s i~ from a cross—

- - i t i t  ~t f I l e  ‘s - - s tandard  HZC—2 I n j - u t  cards . The program nsa ws’ s ’ s  t i-i-

‘sakes i ’  c s -sic - c t 5’z’~n a ‘.i q e a-nd p:- c-du~’e’s ui.che’J cards n:. ~ut~ u’s

im ~ I - c  control c-:.’s c - s s - ’ s  S .  : , z ~ , ‘scc-wev ’-’r , c-n : ,  be Us -c- -5 , c h n i s jc’e t Lc ic - I  ut

s - - c- s ’ ‘ y p ’ - . The, prc - a-c’sses followed Ii ~ ‘ s t e  ~~‘F ‘—~ h i -  - 
~-r ~ c-r~uc-

are : 5 ’ s , W n  - c -  Fsc - ’,cx’ c- A l ,

5’c T I . ’ ,—r-s- ’ ages of u m ’± r , c -  th t ’  sa- rcj u t i - c -  r r  c- x’Ii ,rss ‘:H~~ —75 - - ’ over

conv en tS :. ‘tS :‘- .c~~~e ’ i ’ 5 5 ’vcj are :
a , ~j e’’.d -s :’ - .s ; ec — : - :c ’ - ’ c ’ s s , , c- J& ’ ei (i,e. , r~- -i c-en c i s c - c - c -’)  can “ n s - S s I -,-

be a -, :.v~- rt e I - - HF51I — , ss. ; .. dat a  decks (1~~”~ 5”. hc -c5,
:-st r- -:~~) ~s ’cv ; - tc ’-.i f i e ld  c - s- i ’wa- n: - ’ aware’s or ’ a sc- i - s i i c s I I e  .- : o .c-

t .  5 1 c - - i l : c -  f -. r  eit:cer :;co’c-jt I ,, r sa~ ’- s - 1a t : n - . sc - ’ c - , ’,o , , ’,
La:ce by ‘, ‘ s . s- ; -r- :c - ra~~; h~’ r~~~-r n s  -r  has c s s y ‘ - . .  - ‘, ‘ - c s s. which 

‘ is c ’s applicable for • g s v r - n -

‘ - ‘ ic c-, S I - , ’ - ‘~‘r r I c i t ~~ c- .’s r - -,~’-cir .sI o, ~~~~~ 513 card ( I . - - .,
‘ s’ -’l I-e : I Stct l area , s ’ ’  c-- —‘ t’s~i5 , sI :‘- slaps . etc.) used
I- :’, ’ : , s e ’ ’ s I t s - s ,:” :’ - s ’ , ’ ac e — c c - r s c ’ e’ I - .~ O :  s o ’ - pro—
cc- a.sis and c - c-  : - . “- ‘sh e  ‘~~ne :“- ;- c - .” - - 1 5’ c- ‘ - - ‘ ‘ a - ‘ - - I - - ’ ’

S c ’  Zi55 . c- ”  ,I- manual I:-

--a ’ ’- sec t - - s- ~ are ii,.’ ~~~~ ,c aL iy  ra ise - : - ~ ‘ “ c-
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~
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each 1i:, , are :. - sc -’ is, I nSc - s ’y , s - c ’ ‘ s , ’-v make I’ s ,‘ccc- j c - r :-“n I- S 5sc ’  coded
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[GROUND SE CTION DATA BRIDG E SECTION DATA J
[CHICK EON INCREASING STA T IO N SEQUE NCE

AND CORR E C T IF NE CESSARY

PR EPARE A RRA Y o~ 1 SEARCH FOR BEGINNING AND END
GROUND SECTION S T A T IONS I L OF BRIDGE OPENINGS

AND E L E V A T I O N S  J
1~t NORMAL BRIDGE ROUT INE SPE S A ;  BRIDG E ROUTIN E

R I G s S ~ E R ST CARD DATA WITHIN R E G I S T E R  ST C A R D  D A T A  W I T H I N

BRI DGE OPENING LIMI T S WH ENE V ER ~~ICIFIID W E IP  L IMIT  STATIONS .
S L OW CHORD AND TO P QF ROADWAY UNLESS L EN GTH OF HORIZONTAL

SURV EY DA T A POINT S WI RE lA P S E S  W E I R  IS PRIDIIERMINEO
MOD IFY S T R E A M  BED SECTION BY COMPUTE BRI DGE OPINING AREA

INCLUDING PIERS AS SOLID BOUNDARIES AND [ ‘1  A S  P I E R  WI DT H 

,
~,,,,J COMPUTE RI A CM L E ’ ,I, ’~ Ai45 -  

- -

ST RE AM BID S OPE B ET W E EN  S E C T I O N S

1DM TAPE S MIC 2 INPUT S T A R T I N G  WITH
T R A N S F E R  S E C T IO N  W H E R E  A P PL I C A B L E

-~~~~~
PUNCH Dl C A R D  II 50 >0

NC C A R D  - I  P 4 5 ’  3
NM C A R D  IF SF4 >3

?‘t~~’srs’ Al ( ‘shc ’ e’s 3 of 1~)

— -~~~ -

•‘,
_ 

- • -‘- . -—- - - -

—‘ ‘ ‘ “ “ ‘~~~~~~“ “ ‘ ‘“ ‘- “—‘- - - ‘— — ,~~~ . . ~~~~~~~~~ -— 

—————-- ----— --‘--‘ . —‘- ,—--—‘,- , , .
~~~, ~~~~ , - — —  - -



_________ 
~-‘-.--—- - —~~~~~~ ----- - - .- -----,- —---

r 1RO~~~~\
~~~ S HEET 3J

_ _ _ _ _ _ _

F 
Is s-~ ‘ c - S N  A REPEAT TRANSFERRED FRO M DOW NST RIM~ J

Y E S ~ 150

[
PUNCH X I  R E P E A T  CARS] ~~~~~~~~~~~ X l  AND GR I A P ) S S

J-i-
P U N C H  ‘ c  CARDS WH ER E

R EAL OR ARTI F IC IA L  L E V E E S
ARE C A L L E D  I O R

A BRI DGE OIL  OW THE GR O U NS ) SECIIO!j

_______ 
Y E S

F ~~~~~~~~~~~~~~~~~~~~~~
SP ECIAL B R I D GE  R O U’ ; N I  

NO RM AL  B R I D G E  ROUT NI S

PUNCH SB CA R D  PLJ NL H Ni OR NH CARDS

PUNCH 5’ ’ A ½? C A R D  PUNCH B R I U~ ,I ‘ ‘ CARD

___________ 
PUF,c14 P~i-DGI CR CARDS

S A ND  PUNCH ST CA R D S

PUNCH ST C A R D S  A L O N G  I
F I J I I * I - P I , I N G T H  I REP EA T XT CARO A P4 D XZ CAAO

TO INDICATE ST R E P E A T

REP R O D U CE  GROUND SECT I ON

FROM DOW NSTREAM OF BRIDGE
T O UPSTR EAM INCL UDING

X l  AN D S R  CAR DS

L J  RETURN TO PROCESS NEW SIC TIO N
I ’ 4 T I I  E N D  OF F I L E  IS REACHED

Fiec”xrs” Al (5 ,~- ’- ’ 1, o s’ c - )

A5

-

~~~~~
‘ 
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Line B. — Printizig and Units Codes . Format (A.l, 13 , 1l~)

Columns Variable Va.,lue 
- Description

1 A (2 )  B

2—~ IPRI 0 or + I’ r ’ i n t i n g  inst ru ct ion.  If I?R1> O ,
~~~S 5~’ _ 1 - .L~OC in 1-u t  data are pr in ted
out .

5—8 DiN 0, ],, or 2 Measurement smi t sc  index :‘, - c- d ia—
- 

tnt~~~’;; between ‘c - t l o r ,u  and water—
shed -

f ‘
~~~~~~~ . - dista.tcce is in feet .

I t  : , - - - 5 ~~~~~~, ’~~ ic~ ifl ~i:’-s .
If - - S. -- - . U tc t n’ , ’e is in ~ i l c -~~~tr e s

I I5S. I -  al l  ~.
° )~~ - :- dI ssi~- s o s j -  -so s Is:

c - leST-es ,

S Li nes C’ t 4c- K , ~hS ’ re Sij-~ I I-~~at 75- , and survey data lines nrc’ repeated

f a r  each sect ion.  5
Line - ‘ . — I-nItial izing ‘u: s ercd— ’c f ’ - f i I & -  l i s t e .  Forma t (A ’! , 811 , - .X , A - ,

:-.vc- . -s )

ColTazna V -ac - cabS ’ - Vit -ce !~‘-s- - r ,: ‘

1 A ( 3 )  C

- S M1 ac . s ~ nc-k ‘~‘qc-. i O U  5 -  i n ’ s  •— c -’ ’”—~ - S - h c-cc be c - i - ’

‘ 0 s - i - c - :  p r i o r  - - ~r-T ’c-” :so;ng U
1 so .

A ~, 1-1 fink }~ead ‘5 , ’  ,
~ 5 ~~ ~4~c- a,

~S - ’-Y End - - 5 ’  t1~~e is :“n -L” -- t .  ~1 x c t ,

~ ‘ — 7 2 “ c ac , blank Var !  cu ss c - c - r i  - var  1 ab s  ~‘s wh ich  is -sc-s ’s
be Set t i”  7,or s ~ r - ~r ‘ - proce ss—

a :,~‘~~~~st ~’ - - I - - : , ,

l,i soe 1”, — ~-cnc’rri1 Secti-”n f l f C - T’Tf l ~~t i  -r s , Format (Al , 17, -i 1~~, .F(,2• -

Co1-os-:’c--~ V a r t r ~b lp Value t)~””.’1j’ i nn

1 A (i )  D

, ‘ -~~‘ s - c -  ( j )  + Cross.- - - ‘S S . c - s  I - ” s o’ f c c - r i ’ i - s n  n unlher .
— Ident I- 1’ - - ‘Si ’ i - c - n i s  ~j s s l - ” s - - - I’ f s r a ’

‘r ~~sis section - - 5 ’  a ‘ r i t ’utary .
CFC r — s s o ~ he 5 1 ’ -  ~- ‘tc-S ( ’ ‘t f s  I:~Er ~ f

‘V- i- -sc ’ - ’ ion .lust l’s’ S - w he ’
j I n - ’’ ion ,

A6 
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Line I). (Continued~
Column s Variable Value I ’c ’U cr ipLion

N~T1~ + Number s f  copied cro ss sections
tr aiic5 ’ert-J downstream . Minimum
- 5 ’  1 at a bridge .

13—lb N~”:’U + Number ~-f copied cross sections
transfered upstream . Minimum of
2 at a bridge .

0 No bridge at t i s is c t ’ ’ t i v - s ; .

1 Normal bridge .

2 Special bridge .

IT?. 0 At all  t j 5 ~~s , t r X C t - j - t i f  lc - c -t  tran el—

1 ~‘es ’~’~c cross sect l -n is located
~‘uc~t below a ‘sr~~

’i u t T t s ’ y .  S : ’~- -~5
w I S I  ‘a.’ ‘~s,~’ri’ase t for thi s 4 rans—
t’~’r :~~- .‘t ion .

25—30 XBIV + Distnri s - ’ -  f r c -ra  sec t i -s n t -~ uIt ’st’rS hi’-si

I s ;  V i - i - t  , rs -i l ’ c , r kilo—
metres , th-; ’er.sling . r .  ‘ s I c -  valus ’ - -5 ’

line B.

c-”~’i-~ (i~- ‘ — ‘ + ~.,e’ s ’’ ~‘tn.i r~ ,~t;’s ‘:s’c :. ’-],_ I 
- — - . - :~TCH (2 )  ss i ti  n a .

S. - _ - .
~~~ 

S - ~:’~:;t + Ar~ -~1’’ ~
- vS - -

~~ 
‘ h ’ :~~~~t 1 -on c - ’~- iat es

- 
~,s ’ so :‘ -‘ ‘i - - ‘. hC - ‘hiirsnc ’l ,

Sc -  t . - ~’, rc ” ’ .5

‘2 -~
‘ 0 5 r  5 If I ’ .. an A — L i : ”  is  ren i a ” er

t h 5 s  l i ne , - i. ning y e s - S - nI
d e s c r sp t t -  - r -c s .

: ines , F , F , G , ~, and I are re;” -a t ’ -l , where it; 51 ‘ i t t - S c’ , ~

5’ t:~ ”: ”’,-,i&1 S~’TP + N 5 ’~ . ’ + 1 .

: s ~~- F. :‘i-’~c-sf .~r s ~”i’ t i  sic’ . F c r rscri ’s ( A s , ~~, - - Y~ . 0 )

Variable Val ue ~~~r s ’ r i t ’1  ‘is

1 A (5)

- - ‘- — S.  ~~ ( 1 )  0 S~ :;“v r ~~: ce-s for r a n g 5 ” - c -
ss c ’ - ’ s -S c - I .

3 new n values an -I possibly new
c - : ; S r it I ‘so a c - I  expansion coe ”—
fici ” so ’ s vlSi be read c -n F line
for N- ~ card .

A7
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Line F, (.,~ont intLed)

Column s Variable Value l ’eucr ipt ion

>~~ N N new values w~i i be read on ‘
l i T c I ’  5’s ’s- N1~ card.

~~ ( 1  0 N - -.
‘
~~ card needed.

+ N., discharge valu ’-s ’. be read on
H lix. ’,- 5’. r ,‘! card.

7_ 7  1X3 ( I )  0 N - X 4 card : , ‘ , - - c ’ d .

1 ~ ‘ nn Inr’ -1 X3 ,‘nr  to be j--c j :ched .

2 “v ’- - v a i u” s ;  w:il be r eaj  - -c-n I u n’-
for  X 3 card .

:‘:‘:‘~ ( I )  — or s-~ - nc-c~’ o f t r ansfe r  s e c t i -  is frcc-c
,U rv’s’,’e-S 5c ’’.Scc -  ( —  5’ s : vs. — - :

+ I’ - c- : ; : ‘- i -cnn ‘ c- ar; s S f - c -

5 : -  .

lso—~~ DYTR ( I )  — or + r~ c or 155”- ~f t:’ !~5.c - !’ s-c - c ’c : t ion  S —

5: r ’-spect to . s , : rV ( ’v i s- cS  ,-f’ -s tion ,
f-a r e:,S r.- St f1e 5

, 5  - 5’ y,u car d .
Sf  I’Y’S’R 0 , - i r a - ; -  - - r 515 ” vsSS I.-
c- . ~~‘s “ .1 ‘ s c - :s $1 ; - .  ac - - s  reach

YTh must s~~- ’s. be 0 in
i ’ ’ ‘ .

XW ( I )  0 N. sst- 5s 1 5 . .s ; w id th  n . . S i I 1 , e r  T~~r’;~~~’c - .

+ ‘c’sS ’ ’, c ’c-, v S - I ’ s 5  c-s’ . ’ c-- S I ’- : -  f r  5’. e l -i
-~ - f  ~~ oar s .

- 
‘— S’XI. ( i )  0 - ‘.‘ i’ c- : -nc - i ’. c-c- n- - I: 1~~c-~~S S - , e’

- ‘ ,~t s , , ’ ’  1 ‘:,~~ 
-

DXB ( : )  + - r  — ‘,~ r f ’. -an i ‘-Igh’ overbank
len~z’ I Inc rerse ’n ’ ; -

. rPs- :-c- ”.. I ye

_____ 
NN ( 5 )  

~~ 
3) — S I ’  ‘ar-i -~~‘ r-es. - s - ’ a ’ ‘A S , F’ - . , l,FI- .0)

.‘o5 ’ -~rs-~ Va riab le VnSc-~~ ________ - 
)~‘;r s ’ r 5~~t ! i- 

S

1 A (i’ ) F
‘“; U, ~s) 0 - r + I~n ’ r i - s  -fso’ NC c a r t .

7— 12 1S = 1, 5

i s — -.

- “c .

S S r c p . (15’ SiN (I) > 3) — ~H Card Entries, Format ‘&1 , F5, l S , ’6.0)

Coit~~ns Variable  V a S — ~~ — 
De~ crir ScTi

— 
S A ( 7 )

A8
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Line G. (Continued)

Columns Variable Vi,lue Description

2—6 VIlE (i , i) + First n value for NH card .
‘
~~~~~

‘
~~~ ~,w; (~ ~,) + End statiss. of f I r ~st n value , for

NH card.

u~~::- - VIlE ( u , 2) + 2ecoxcd n val ue .

19— Sc )~IH ( I , .
~~) + Fc -- i  station of second n val ue .

etc.

et ,‘.

repeat NN ( i )  t imes

Li ne IL ( If N ., ( I)  > o)  — QT CarJ Ent~’- I ’-a , ~ -.r rn r:t (Al , F5.O , 11F6.0)
— ‘zalunsns Variable Value .~scriptio s;

A (S)

2— ’ ~ ‘i’ ( I , u )  4 w 1 for ~,T card Is .  A u x il i a r y
S , e c t j , ,~-c I ,

‘— : 2  ‘~ ‘: ( I , 2) Ic-S w 2 for ., S’ car - I  in ;.ssx 5
~uiary

Se ’ .on :.
~ T ( I , ~) 3 for ~ T car - s in Auxi liary

S’e
_
-tI :,

i -S i-. . etc .  ‘ - ‘ a .

Lj::s~~~. (Sf X3 2) — X3 .a r t  :-: ‘ r le ’s .  ~
‘ ‘c-a ’. /,

S~~~ y’* , c F ~~~O)
c-c — s s cr . p t i o n

1 ;
~ (-a )

‘ -8 X 3 t , ] )  O r +
- - -  , ,  1~EC—2 En ries in  X3 cards for 5 .-ye” --3 ~~- ,  2, 

an-st encroa chmen ’ :n ’~~
_

X3 ( : , ~)

t ic - c -  .‘ . :r :~~ > 0) — S-r idge  L)rt ’ a .  -‘~~r -eat t A5 , P5. - , l~~~” - 0 )
,~- - - 5 r xs-r-cs ; V a r i ’~~I c ’  Value  Descri,j,’ s

I A ( 10) J

+ BrI i~
p wS t ’ h , 1~ fc-” . c r  —e ” :-c’s.

+ SS ’ -r w4 tth . S n  fs—c’5 ‘r risc ’trc -s .

S ~— 1 ’  S H 1~ 
4 s~<d i-i he- .,’s’, ’ of c - s i ’  :~~ :,

,1.- , S. STCHB ( 5 )  + c ’S ’  channel bank c - t r i S t a n  in bri -ti”
L q.-,c t i sn ,

A9
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Line  ~
‘. ( Continued)

C’s ’1ui~j ;s Var iable Value Description

STCHB (2 )  + ~sj g h t  channel bank station i-n
bridge cs-ctI ~ ic .

L In e  K. ( : f  IBE 2)  — Additional ~S~~cciai  1-r id ~~’ : - a ’ s a .  Forma t (Al ,

F’ .0 , llFb.0)

Columns Var iable Value 
_____ ~~‘s~- - r ipt ior,  

______

1 A (11 ) K

~L U) 
3 ~~ - c C S i t i  bridge coeffie;~~’-,’’~

£~ (2 )  + S’ :elds 1—3 1:, SB s-:~r-I . - : c .c-

1 ~— 1~ SB ( - ~4~ t~St~d v a 5 u e a , )

l9— 2~ ~l, 0 ~.-: r l e ngt h  w i l l  be -:o ’ c- s- r rs is , ecl  t-5.-
1isn~ t~- V .5”, , WSTTI ’. c-f BT card:

+ ~; ‘- - -ia. l  L - r ; - 1 ~’(- effe ctiv . wei r
I .-s ,_ ’’ I,, ~~

‘
~~‘ r ;;~~ ;, -i be

• + 

+ 

0 ~ - bed
by !~T - a r t - s .

- 
. 

. - 
• :“‘4 ~~ + F n L n ~ ‘ a ’ - - n  cf  w ’ ’:r  i ’ - c - - ’ -  

~Y 

a:: I S’S n c -c u l t  bs’ S c - ’’ blank If ..5 0 , and vice verra ,

Cross—Se -~ it ’s: , - o”,”v •i ’,a — Po’sn’i’ ~~~~~~~~~~~~ 3X , A ’ , 2 Ft— .0 )

These llr : ’-s  1 - : , ’ c-i ’,—’ . i t ,’n llf t ca c ion ‘. .‘° ‘‘- -‘ in column I.

~ -,- 5 u ru,:’ V ct r i r i l s ”s 1c-t , ” — _____ _________ _____

—~ 05’ 0 sr + “ a ’ S — so , feet or is-c-’ r .- c- , 5’ a
a .:- ‘,‘c -’-’ t ’ c - ” r v r t t S c  -

110 0 Ps- i- v S  ,- ‘ , ‘ of I n c - t rument S i c - c -
05’ s_ i~I. ’ vi  1 be - : 5  - -  S -

+ New he ight - c - f  i c - c -’ rument l i n e  c - f
s; i gb’ .

i ~—~~- -~ s~:s-~ + P-” -~ reading at ground or r ‘a-i .

- -. , S. AA A ;~~t- -h abc - ’ic ro le w~>r1 , 5 5--” — a ’ ‘ s c - I
against r” .-’i :!r’rc- t c’ ,oi. ’s; which
- t i re- - ’ , s’ s ’F ~3s- iii ’ ’’ --Ii f f c - r . - c - ’

— l - r ans ’ l ; c - ss of - - -ps- rn ’s i - ’nr
below for   i”  v r L .

AlO

L_ _ _ _ _ _  

-

_ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~‘-~~~~~~~~~
-— - - --.-

~~~~~~~~~~‘
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C1’ ’sx— ~’ect isc -so Survey Data ( C , ’nt i r , ’ued )

~~~ ~u.~’.nc- Variable Value ___________________________________

25—30 YLCD + h0 - t  reading at low ‘t ~cr ~: of bridge .

U — -a,- I-WI~L + i~~- I readin g at tLcJa ~- i ’ roadway
above bridge c’p (-scix~g.

* Codes COPE (i) a~’u I r :~~t which readings AA will be is-a t -atc ed.

j COPE S i) Description 
________________

1 3. bl ank c- Nc-c-s-nil ground station .

2 BPR S~r i - Ige p i er  s tat ion ,

3 BSB :‘ tr . ’nnbeu stat i - .’x~ us. I t - i -  br idge , n’. j — ! e r .

-‘ CL? - ‘.-t,Scr line c’:’ road -juts ide bc-S

5 E~1ge 5’ 5 s-I-sc.’ . ?~~re that : one hr  : 1g.- p i n  Sx: g  is a- -c” ;
it t- ,’,’, i c - I  an YbF. line should to- coded s. ’. th~ t e g in n i r c g ,
and e s - s  of s- s. c -Ic t : ’ j - s g e .

Fx’,~t - 5 ’  ,a’ -,- t j c - zc 3ta

7 EW : s, ’. of water surface at :: s-n’sO ( S ’a i r I ’ ,- t r y — w e a t h e r  f l i - w ) .
c - n ’  ‘~~gt’ ~- 5 ’  ::e ~trearn : .‘t ’ - Ic-  ‘ b’ coded ‘5 : 1  1’ -

read i s :g -.i~~~, be used ¶ , _  est~ c-ij’ ’- a i’s-n c ,

EOF : ‘;:. S 0 5
’ 5 ’ : 5” - C - ~- - s i e s  ar- ,,cgr ais- ‘ ‘rtSna ’s si.’ a s” ‘. s h g

I ps- -‘cc -c - I c-i’

‘f Va -- a ‘.s - c -

A ( )  Arc - ’.-,’ a’s’ ,~~c’:, ’ i f S - r i ’ i-:n 5- ’ - ’ ’ ’ -’ s ( f r a n  A ‘ - o) be
- - :0 ‘ - r ’ - .t i n t o  ‘ ‘Suns, 1 ‘5’ X2’5~’—S’

Al~~I c~ br’! S c  --ri :’ S r i h S ” -  ‘ - 5-” :’c- aI ass c’s- -i” from c c - i _ s c - c - —
30c ’. S o:: ‘c ’ a i i n e~ S c- 5: ,: :‘ • -‘ - ,.nc-s 22 ‘0

A : , A ( 2 ),  = Arrays c ’S’ 1, 0, -ric - I 3 C - c-~~~~~~F1c- ’8  - - - ‘ ‘  c- e r a , ‘ - I- ”
A (~

) - nSled on when ‘.-an .---I “ - r  on ’s p s ’

-‘.5’ ~~ ‘Ss- ’-a - - f 5 - c -  a 1~~’— - --~“-s; S s:g , ‘-n s-pn ’s c-I ic- -— r i ’. I 1; ‘is the
survc y i ’ c ’ ’s by ‘ Sc -’— ‘ r~ r” c - i  I n ,

Si — Oon ’~t ’ tn ’ 9 ’- ’ e’~’sit I ‘0 1. t ’c- be - - r ij e t  on wher, wa nt s- -i
for 0

ST ( s , I I )  ~‘a r i x  of ;‘ c - 0  va - :~~ f s r  P5’ c-a r t s , for s; ‘ ‘ 5 0

S a c - c s  pc-i’ :0’ - ’

BT2 . BT = ‘.• ‘~r c~tc c- ;: “ -r  temporary i t s - s I  gs:ris.-r : ’ of  BT (i, 2) and
PT ( 1 ,  3 )  values.

All

~~~
.—•

.

b~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



CODE ( I )  AIl~ ’~:at.c~’t i ~ ’ code en tered i n data block. Variables A.A
read from t ape ttr e compared w i t h  CODE U ) t~ i dentify
croa~ — sect iom stat ions as roadbed , t - r S 1 , ?.’ pier , and
other feat ures. C’ I-~ ( I )  f rom S • i c , S ~~ Is c - : S r - i  f r  - -

wri t  j u g  HEC— .I’ c~~1~~c Xl , 5’. , etc . , an - I for pr a r.’ ing out
~~ 6Bftg e8.

CO*4 ( 1)  a Array of 57 -, a ,~s - r t - - : ’ s, w:r - I~c ( a , . ; h c - s . - t . : -c)  read 1% . c-’ubrou—
I x~.’ -‘ ‘t~1’T and s r  : c - S ’~ 1 sc ’ t ‘-0 not : uncSss -I  j u s t  — ‘

i54 sct .

: ‘x :, (: ) ;~c-r~ y — di ‘ s a t ,-. .- , 5;. ~‘z , - s . , - L a x .  r:~’I :‘ea-t~ 1 ‘‘sog ’s 555 ~ t :c c-S -I
5 - . ’ 5.’t.g ’.::~’so’ t : c-t..r’~’iss-d V t ’  t -5 ’ ’, ,~r.ci r i~ h’s -

DXTR ( I )  Ar r ay :‘ ~t~~c ,t at~ -~’ i ’ s  ( —  a ,i~ - v-c- : tr . -t~~,, ups tream ) 5 ;,’
w I- claSs nur vey . ’  crc s cc sect - - 5 ,55 :cn- ,, u 5 - :  be ‘ c - f - : , :  ‘ ‘- s’ ’ ’ -  I

- ‘ s- i - a ’ s ,’ art it icia, ,5 ~- - ‘‘h s c - .

PYTH ( )  Arc-a;- y— lu c c- rcn~ nt9 S y w:,Sc~ a ~ rsts-, c feu -r . -  : ‘:‘

section c - Isca ’ c S  .1 be s-sc -.‘ . -  S c-~ cr 5 . w:. s-’ I sO lye ‘ -

c- S-C- c -; sic -c ’ ’ -

5 5 ’  — :~.-r’ ~ -- : cc -. ’s tae i~’S, ’ - s - ‘-ac h ‘ c-a; .- a Suc-’ - - ‘ s l:-r. 5’
.‘z: : : :g.  Uu.,’~s ‘,. c ss- . -.5~~- area ABC 5’

- . : ; ‘ : 5 s~~~. ~
‘ee I’ i gur ’- A 0 . —

~ ?~~~~r;~: y -SI’~,

L

STE
Fi ’-”,::”- AS ’ , Bri-i.~o’ ~- . ‘c - Ss -~g s” r’-s’cu-O ’.’ S,,so

EL ( )  Array 5’ “ S s ’ v c t i c r ’ .a ~‘ ‘s’ GR car-Ic- gr- -c-n : ss ’o~ - n s,

( 5 )  Array c- f  s-5e’vation s- f _ c- “?  cards “ br 1-5c~’ :- ‘- ‘- ‘ t ’ t s r .

NI Sux ’veying ‘s . ” -, g5.~. of ‘ rument .

— 511 re -cr ted ir . surveying note9. At long as IS . ’ —
p r — VS - -u s HI prevails. ~~~

- NJ > • 151 is c - ”
~ c- HJ.

= S’ r S- ,Igs- ty’pe S” :o S s ’i c aS  :, (i n’ - rr-i~, , 0 a special)
input :la’a.

~BT a - -usa ’ “r  ‘ - ir , ’~S c - a ’ae  -c.- ’ ’ ‘ t , ”r a ‘- a ’ S : -  ~ies vI hI r , I I sisits
— or BT s ” - ’ ”-r: ’ s in u s p e ” i r t S  br1-t~c’ r- u 4 5c - s’ ,

-~ I’cs’unter f r  bridge sbu ’nrn - sta t ions .
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10 , 110 C onc s t axc t s  set equal t0 0 and lu , respectively , S’~ r use
in - - s,st p~cS

— ~ c- L,, op parameter I’~.-r total :. ‘~cnsLi- r  c-I ’ transfer sections ,
an .t several other do 1oo~ s.

— Miic ~-r lb 
~~
,- 

~ 
parameter.

= IC • Indication that input s tuite meuc t w i l l  L .- f- - i S -  wed by a
~c s -~~e r , t  statement (it so  > 0) .

I SEC ( i )  — 1 , 5  , scuit5 ’t ’c- - f  Cr-. suc—st ’ -a t ion I .

I N’? — r,tica ’s r to send s ’ ut .c- .- t-u cc -~ s’ ’sstt .-ni-: ’, ~~~- t-
ate so- v NC or NH -:ards before or afte r bri dge ;— e n i r ,~~.

5 . 1  c ’ , ’:ic ’,er for - ‘ s ’.’h.  :.:; ::. s - S , t e  bridge ~~‘eic5c -g 13 .
a Is: .,, c- ’ t i or .  t .  p r i n t  t -a~-k I r c ~, c- S Sli t !, if 1~ RI ~
— ‘5~~n~- -rary sect~~- r :  5 , 5 - . :,u~ssbr: ’. 15’ an h ’1~- .5 < 0  is found ,

S:cg ‘s h e  start 5’ a ‘ r i bu ’- a r , ’ , , ‘ON is sse ’~ = — I F E C
so ‘: ‘ a ’s ‘s he a ’ c -r r e c - ; - o r , : s s c g  L w s t c - . ’ i a r ,  s~ “ 5 c r. 5’ 1 . 5 .
s~, . :,‘c~

; ,-t u, it - located .

IT? • Indicator - s:’so a t r l i - sc ’, -.:‘a - ,‘ s c - s  a5-~ vi- an upstream r a t , c—
f’er af ‘Sa k s

SX1 — s - sc ’ c-n f-ar 5 ’ :e I d  I in  X,l ,‘stc -- :.

, , - t ,~~ ( s )  — :5 , ’, 5 ~~SC ’ I c-c t~ s ;-r t- ,c- - i -  -.,‘. X -  c’ .u- -I f _ c- ‘s: ’ as,~~5 ’ c -  : ‘- “ i c - i .
I S ’  I X ~~ — I produce s’5 ’as , lard X3 card , 5’ X ’  - produce
X ‘ ac-- I as ’ r i - a - I fr-~~ in; 0. a; ‘ ‘

— c- c s - c - ’ 1 :‘, f c -  d i”’  a:, - - ‘ -  -- ‘ n v e r c - I c - r ,  S ’-  s-a n i l c - c -  ‘--0 5’ ’-”
j f ‘~~ = l•  t j . - css~’-- ’ s- ’ - c -  ‘ - - s~r- ’ res i f  5 ‘St 2.

J — Co ,’r , ’ ’-r f - c -  - - r -- -ss ’s’ ~i ’ ‘ ‘ 1  - c -~” , ~~c--I as ’ s- ac t s - n c ’ 5 ’ -r  see—
- 5 ,  Ia ’ s 5f~.

“5 — ‘ - , ‘ ‘ ‘-r f r  a ’a’, i ’ - s s -  isa .‘s - - is . : :s” ’t ic ’n.

‘ ‘  = ‘~~:::‘‘-r f- -c - O a’Ionc- isa ~s-S :c” scc - - ’j  
~~~~

a ‘ ‘ s . ’ c- c- for 5’ ’ “~r S ‘si ’s i~ ’ Soc - c - -.

NN ( I )  — St ir’s ”, - ‘s - ‘ - - w  r ’i2~~’s y c ’ s s s -  ‘c -;it 5  ~~~~ ( a t ’ a:, ;)  f~~r ‘ c - ass :  S
j
’-’:’

-sa I 5”  psc: - - hc --1 s . ’ NO -c - N: S ‘ t — : c - . N ”w n
va.lues mity 5a.- ~i ” a ’ ”: f r - c c -  l0 ’ :-as ,s-5”r c-i’- ’ s i c - n 5

;-~‘r - --.rvi-’ys’l 

~NT • T ”rsr— c-ar ,’ c - - cbs ’ it s ;’~~ for ‘itS (
~~~~~~ .

~~ ( t )  a S t :”’ -- ’ - - f  Q ’:aI - ‘ -“ t”c- rn ri, s a ’ transf ’-r c- i - r ,  I fr om
a ,tn I ; - s c n c ’hr  I o n t o  QT ‘ar

- Temporary -- -~b s~’ 1 ’cte f - c -  N - , ( I ) .

- :  — 5, - c s-S -c -  f ‘.‘- c-- ’ r’- a r-. ‘ r’t ’, ”-f”  :~~‘-
‘ S s , - .

Si ’S” ‘iunS-”r of cps-’ rr’ar ‘ ran ss fer  st” ’ l o r i s.

‘- -
~~~ 

—
~~~~~~——- -‘- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘-- ‘- - - - ‘- “ —



i i , , _  S ‘ -• ‘ - , , + N J + 1 a t o ’ a s ~~~u~ber ‘s X,l cuts-~ sc ’ - b e gt s,t ’ :’-
a’se , l  for cross-sec ’ s 0 ,

a 11c r  w i d t h .

Q’r (i , :s )  • s~’s-~w~ ‘ t~- ~ c-t~~- - -~ 5 r c t ~ .~~~
‘ .‘ar~S.

KDG 1’,’a -,t reading in suc-’.’ -;.- r , ,t t ’s .

h- :. ( : ) = Reach It ’~:~~t Sa- .c s S a f t  i-ac-k , r~~-~r .t bank , ‘is. - .: ;‘1ii~iic-e I

• 5SriJ~e deck r- -1 r,-at~ :,1 .

Ri , R2 . R3 • Standard :‘~ - ‘t .’:, Ses.~- t hc - used ‘ - t i  i rj , i~rt ’ .o-” .~~c - - : .

CR ( )  • ~t s ’s c - S t~ti f- -r Cl’ card .

a S S - I l . S  S, t ’l ,sht cf  5- t - idic e

5~~, (: • ,‘ ‘s ri-as- s Ipi- CS t~t~ct1cs a ,‘.

* 0 1 5~’ c - S  -~ es ,- f 5 r _ :.z’- s c - s r i - o s :- ( f r  5S}~ ‘arc-).

ST - ‘ - : , distances 5:: feet -c-c - ts-~-c ’, I - r n )  read 5 - -  :- survey
sa ’ a ,

OTA (K) ST val .‘ at c- ’,a ,i -~s, K In gr~- -c c - -~ ,- e c t i :. .
.~s- ( Kx) • - ‘,-,~ 5 :.~ a ’ 0 5 : . ~~ 55 -  ~‘t’ - c-~. I sect Ic - us .

a 5 s c g l : , s c i n g  as. e n d s : , ~s st at i c-c-s - S t r a ; . -~ oid~ 1 e- - r - -

s’ . s~’c e : s c - g  , Oei ’s Fj~~siri.’ AC.

-
, 

~~~ • :‘c- f ’s  as -, S rj,-’Sa ’s :h,a,:a uii - 5 stat s - r XS ‘ard .
.‘TI1~ c o )

‘~ - ‘s,csc
= : . - s ’’s -cc- ’. r :~sS ; ’ ‘ h - a s c s -cr . ss ’ r , t l -  :a- ’ f ’r  bri s. ’’ c - i ’ ’ ’s :

src~~ (2)
— ,‘-~s~ ’ - - of ~“ ‘ t  i cs - , and ‘-~~~

‘ s.  respeet ‘ a nor~~ l Stream .

;s~’ (: . :1). 
— S’~C S r ies 5 - , fi ’- , I SI 5’ N ’  or StS~

YWfl (1. : 1 )

,‘Sc a W 5 l ’s Si c- f 5 : - I ha” - -— ;‘- ‘— rs c . ~~ , . -
~~ 

,. ‘,‘ .‘ -- ‘~c- ( ‘, )
— ~~c - 5 ”  “:‘,~‘h (e s-vs ry - “  ;‘i~ ( 5 ) ) .

• S’- ’~’, a S  ~ Ic - r  .rs - I’S ~ ‘ - - c - s  f ; c -  SB ( t c - ) ) .

a ‘,j’1’ c-5’ s t s r 5 ’ a -~’ “ , “ v ’t ’ i s a  at normal - ‘ s -  ,“ 5’S -v .

‘d’ S’~., VSTR — - - “ ‘c c - S  s- s~~~ ’ sta t ions ‘ - ‘ be used f— ’ r v’- . ’s length In
ss pec ’ S r t S h c- igc -  ross’ ir,~s if ~~ — 0 and B’!’ cards are used.

— :~~,~~~~ -
- -

~ ‘ r of vh” s , c ’r * c- ’ a ’ a i~~ j n *lde  - - -r - - sc t ~~5de  ~
l ’ s ’ - 5.”

— c,’ a ’ S i - ,-’ ; - - Isa ’ defiscl I s a  I’ ~sRT .

‘ ‘ S t  a 5~I - ’ a t i n ~ poS nt t e f S s s i ’  i c-- c- - 5 ’  N t S .

— 
- _

~~~~
_ . .— ———

k. - ’ - ~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—



i- -,, at 1zc~s point de f l n  S u l  N~ ’0.

XN}{ (I , J) — ~St a t  ion  in NB card.

XBIV — H i v . ’ r  m i l e or k l l o m e : r” :; f r s ~ survey notes f r  c - e a t S - n  J.

XN ( i )  • XRIV ‘ - c -v i ’ rti ’ - t to  feet -or m et r ’- sc .

XX c- ( I )  = Xl’s s a i - .~’s f r  ‘s c - a s. :  S ’ s - c -  - iO u : 8 .

XX , X X - .  • Entr ies  f r  S’ a e S - l c -  B arc - S is-s ‘H - ‘as- - I wsc-’-tream fr ;r~
br l-:.ci’ .

X3 ( 5 , s i )  = 1-Sc -trie s 5’ r X3 -car -: s , if speci:’ s i - i  In isc ; -ac t  150 sc .

‘ :- ‘ , X • 1-Sn’s r’ ,’,c 5’ c c - f i e l d s  ‘s~ aiH -d j~, Xi ‘ac- t- .
YY ’ s~, YY - ~ — ~‘~cr ” is-s X X ” . ‘ 1 ’ - ~~, S .‘ up st s- ’-soi fr os lc s - i~~~ s- ,

~
‘ ( - s )  a ~~~ ta s 1  i - i e V ~~t i - u , In t r s - 1~ i’ , -;- ~’:: i: ,~’.

-: • ~, 
- t-~- - s- -S c - c - i  s- ca s s s , ~—
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5 r >:55 m j r s s t : a : 5  2 , :s. s l e st  ion I’~C- ’s - s  is required .

L ? I L ’  ;-r’J ~s’ rs~.rs can handle — s ; t -, ~) s o t  I !I5’ ’ ..5 5 ’ , -~p 50 m ini—

ba~ ir’.s ’ ’ ’ t ’ r : .  It v s l ::, c a :s ‘,~s’ . ma:;’er data !ile !- - r  ~ri-i areaa s ’ I

‘ - any -isv ’ - 55 ’ t t IS ’  de~ i~sss ’t’ .s,t st,sbbasino , s;t- r*’ a-l i s’ . . s . ’- 15 ’. t iC . ’. 5 5 S  I t s -

~ proce~sa 5 ’ s -  t~~! 15- fr each 7 -~~~ t , I ts ’ 111  separately

7 5  rs ’- s 1  ‘1,5, ~- u r , ’  -~~:‘ ‘ -1 -,:-- ss ; - ss ’ , it : . 1, ’~ ’ - 7 j ’t , ’  I below .

. ~: A!~:.’ C ft.fl ~~-rt’ or ~ ‘ w- 7- ss’ iu~’: , 1lt ~ 4? ’ , 5. Ih~
-’ = It!~ t 2 , respec—

:1, • I * ~~~~ ‘‘ p rs ’ 5,’ram ~‘s S t  s; ~5 ’ ’~ I j ’  S! . ’. r  ‘~~- 7I~’lfl~ ‘

- - s . ’t ’ ed it ::’,si 1”terminen . ‘ :,~ v t ts” areas - - :‘ • s , -‘ . z, —

- s. - , ‘, , ! i t C~ ’ - 
~~~ tr~~S sM,g~’ area 5” OS~ r I  t ..s . ~.g t -s  ea, -~s .5si ‘5- s ~15 - 555 ’

Ir, ~ ‘. ‘-‘ s ” ~~~~~~ f - 7  “ - ‘5-5” ,; . - - , ‘ 1’- 1r ’ i : u ’t~ ’ - bI ts is ,  ‘ 55 ’ ; t i ’ s  ~~~r 1SY. 5 -. : t S t S S n  3

I :s -s : ~ ttus bc -‘t rs ’,t .- - r sri! basins ’ , ’. * 5, • - 7.  Frt m ,~ . ‘--s r a s slat -’’-

areas a ~)( 5”. of ;-r . - , 7 5 5 5 . ’LY ’ , t s :  - ‘ h i~ ’- .’ t - , are ~ by t ’ -’ f

— ‘~~
“ 5 (: A ; ’ 7  (~ )

5 - 4 5 5 5 - 7 ’ ,

~~7” . S 55S57 ’ t2 ’ ~ t i S~’ 5s5Lrg ” S

C • ~~:. ‘trt - i rary - s .  ‘ ‘~ 5: ’ be ‘ 5 , : s - - : , ‘5’. ~~~~.“ t s ’ s s~~~ of ~~~~~- -
r ’tr~.~’’ ‘

— ~ , ~~~~~~~~ ‘s - .;:, ‘ ‘- r - - ~’ . ‘ . produces ~~~~~~ ~~~ 
- w r ’it ’ ’- . - up ~o a

‘-‘. .. -- of s.t: ’- r -

:;, 1 , : 5 t ? 7t1 s , *cres

Th-’ J . 5  . ‘vs ;~~-’ -s ” : .  • ,‘r ’- s’s t c— s “s “sr ’ t t t - ~ - , : .s-n 1y r, ‘ 7 f ’ f A : ; 5 . ~5’ ‘ - ‘ ~
‘ , -~~

- ra t ’: ,

allow ing “ s u .~- s ,  ‘,:fl er s:: - I ,  n tse Wolf ~‘ 5 v ’ - 7 ~~5’: ,‘ ‘- ‘ ‘  C made

“~~~~c - t .  - 2. . • ‘ t. ~hese va) :1 ’- ~~, for exa~ p l’- . a c’ —a cr ’ 4:- :.t r x i ~~o

‘in -‘t n b’- ~s s1 , ’ s - ” r ’- r~ ~rsa r ~ d 4, : - ’s , a rp s ’- s  ‘nar .’ . s . ~’ ‘- ‘ ~~ ‘ -‘ - ‘ : ,  ‘. - -

.
“ .

5 c~
’ s ’ .t-~~ . , , ‘ -r r r ’ , :’1l Irsi ’.r,~ ¶ 5 ’  5 5 ‘ 5 . . , ‘ 5 ’  ~

‘ 7 5 7 :  ~‘ , :Th’-s’ ” 

nary f~ - wr1 l’sr .’ -.s . s y  HF~~— . ‘ produce a : - ‘ 7?I ~~ 5 ’ - - i ’ f. . -~ ~at ~~ ’

7 s : m i n s t i t : z t n .  ~ 5’ ‘ I t  t i  • - rs to • s, ” ~‘T - ‘ t ~- -t : which d i - . 
‘. ‘ - - ‘, “ d ia—

c s ’ ~r~’- ‘,s s; ” -i by ~~~~~~ , “~~~‘A~ - st~ s ” — ‘~ 5 5 -  - . t ,~ . ’i5 ’ r1 5’ ts ” ‘ -‘ ‘ a T - ’ ~i t i  - 5 .  3” : :  .~~ r,t5-~~”

all  m~ nt b a z s i n o  1-7  V 5 , i C ’ t ,  : ‘ ?ra,~P - ‘ .s~ f - ’~’ it ’us are s- ’- .’- -:’ ’ - : ,

5. ‘ . s- - - s ’ j n e  IRD 2, Th”  i r . ; s A  vs t r i c ’s t i ”s ’  f r’ ~~ - ar’- reid tr~~
5’ 2 ” t f l  - ‘ i tS ’  - 5’ O01~~-U ’ “-1 °..55 t ~‘5’5tI ’ t-,” u! ~s’.i ’ ~ rs the s” ~‘- I ”r i -: ”- requir ed

by }IEC—l. As ‘in ’ ~‘s’:~sible - ; ‘ ‘:., rca s s;1it~~ - ‘ca r~~ s’:•rnjrtHng a - i c-’r s ig r .
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tsy sgr t t j - t :  can be read and t i~~i l e d  by o~ s~, 10 factors t~ ~-r~ duct ’

mul i : I - I ~~’:I .,,- r ’ t h t ~s s. :,rt -~s’ r 1ti-t. . ~‘r . - !s. lan d us~r , t 5 \’ -. t 5 ’L -~~ ,~~,’ 1 s ’ soil group and

land slope s read in t t -  master dti ’, t s ’ i ~s’ , weighted aver age Soil, Conserva—

s . i . ,~ :~ ‘r v i ~~e (s ’C ;~ ~-urvt -  numbers , and ur it  hy drograph lag t 13,rB are

~‘~~‘4 ~~te’j .

1 . ‘:~
-se hydrologic e f f - ~~ of ‘N , s t ~~~- y  75.1 . - f~’ or r ui1~.5fl peak , is

:5.-. t ~
‘, - - :‘5 ’ :~~~, ~: ~~~~ . ~~~~ t - ~~~b ~

‘ 
~~~~~ . !3~~’ ,5 . : , r , tll ~1 ar i-  : 7 3 , 5 ’  j -.’ average

5’ur l.’t’ numbe r , Th , an be s 5 . ..~~’7 t(  -,.sx, -J,’s- , ’ sss  5 :705 .‘ ‘~ n~.’!’f , especia.lly fL . r

smal l 7t :7 ls, , : . A more acceptabi’- and o- -~~~ .i” -i t ”  me 5’ t . - f aver aging

~ va~ u~ c ,~ f g r ids  ~~~. a s- us . .  f r ’ a-rca ( a i r s s b c s s ~ :- , in th i s  case )

- 5 1 !5’,’ - ’2, ‘~~“ 5 , ” 5’ 7~ ’ ~- %5 t ) t . I S  - 5’~~7. f ’  (
~~

‘
~
‘I ’ C t . 5 - . A . 5 ’  5 1 , t~ to

accompi sab ‘ - - ,s  v~~: . jr ~: S r pc r ateLt - r .  H1 AH. .

‘o he 2 ’ . ’ fo rmulas:

~~~•~~~~~~
‘- - l0  (2)

• — -- --- - - -  ~:f ~ -x:i’ , c.~o)

s , t . .  5 ’ s .s - ,.-u . an - - x ’ b ~t :’..’ .- oS ‘ ,- rr- s , t~ - - n’ s -

$ • -‘- - 

~
-±--

~
- -- ‘- H ;  (3 )

wSSc ’ r s

S • storage - s l ’ s~~c-tc Y5’y .~f ~~ se soil (~~i’.ct’, c - : . ) .

P — ~~~~~~ ~vc -~ u c a : : . f ~~ . s inc”  ‘ ‘. 5 - ’ ‘- I  “ s ’ s r , ’ ( in che is )

* ~~n - La t i ve  5’ . fI since :; ‘ s’s~ ’ ’ Of “ v .’ ; S ( , r . r ! . .’ s; ) .

— 5 ’ S . S .  7 1  s ’ c-” capa c Y’ y S ~s be urs c-’ -i ~~ ; : h ta ,~ abstrac—
~, i - : rs of rainfai F ( sCf usc ? x — 

~s s 7 ” : 5  f r  c -— .~ - ;’ ing runcff—we.,’s: r- I “
~ vIt uc’s.are ~~~~

foi l ~w s .  ~-‘r a run - f f  c~r~ a containIng :. vaiues of ~~ fr - -rs gr i d s  f

e .~
- s a :  ‘5-7( ’f5- and the ‘s ; ; r  x , s”.n • ” 5 - .55 ,s, t , ’. f c a . l  P , Q is  t ’- ’ 5’7. :~~,ed

p -~ 

— “—_---‘-— -~~~- --- - -  -~ .—“-— -- , ___.
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for each .s t ’ the  n , .r t J s  and an a r it hj ~~ t i c  avera~se v41~ ur , Q , compu ted .

A runoff—ve i~rbse J -,- :sr v s ’  number , CN , is then -1~” s’rmI ~se I ‘ Lr ’ .s ,.’t , an

iterative ~‘~~1’,15~~~- :s - 1’ Equat i , : s  ~, ‘lie Iterative ~-r’’c~’s-.i is ini tiated

by ~~~~~~~~~~~ 
- 

~~~~ - 10 - - :. ‘ hi’ s’i~s’, ht  side and solving for
.rs t t . ” ef ~ o: tv’ . If IS ? — 

~~~~~~~ 
0.01 , 5’~, is accep ted 117 f t . ’-

sol:, r~ . 5’ ss~ - ’ , r~ new Is set equal ~~ + and solution

of ~~ uat L-n 3 s :  r~’:ea° ect .  ~ Ls-~s an acceptable S has been f , ur d , a

run-,--ff—vr i~ h~e’i average ssurve :sunt’-r IS .5’- ’~~~~.~ tt’ cI , .s . • •

‘3 . A r: :u5 ~:se was added tL’ reccLt’- the .‘Ct ~ erosion—slop e loLtex ,

l s: - ’.-I in ~-~~~~:s ~ - -~ 5’ ‘ t ~~- rii:s ’ er .:atii 5’ : Is ’  - u S -  separate er--sion a:..:

t’- - r  HF~’ irs~ o’ . ‘ - s -  ‘i ‘u — -lope i r . l ex  is

“ ‘ ‘ s - S e t ‘ 5 7 5,’,’ 5 - j , is .:-.’es by ~: ‘ ‘ s’ - : . - .t-- L’ S ’ S

‘ . .  ‘L” S’ s s ’ - ‘ I .  - ‘ Is : ‘ - ‘ - s- - - 1  - . :s  nd~-x -

, The I’.s’ t5b ~j ’  is the Slope ir . s’-x , -~~- ‘ ‘- ; ‘ ‘ .ss . ’’ r. ‘ 5 , s - - - r L s - I C T ,

~~~t ,’ x j
~~ ; r ’ ’ - , ’, ~-r  S ~~~~~~~ I:. -.‘‘ ., -

- ~I::~~
- ‘ ‘s ’ - : - I c ; ’  ind ex :s

‘ h s ’~ .. st :  • 
; ..‘ .  1 ,

~~~~ 
‘ t ”  slo; e . n S e x  i s ~ f- sr ’, .  r ” - - : ’ ~~ -“ -- r - r ’ -u ’ :‘ -~~~~ ‘

5’ - , :5,, , : ,  ~~~~~
Is x 1 

~ 0 0 

—

I. Th’- Ins ‘ ‘ the M~~~~~— l  K ‘ ‘ i ,s - 3s ig :- ‘ - - t , w!: , t : ; r~. 
‘-h r  - - ; ‘ ‘ s - ’t S r: ’1, . t :  re. ’. ’ li -n 5 0 ‘ 5 , ’ -  }fl-’. _. : 5 ’  ~~~~~~ ‘ - -2t, S cu r.
- - ‘ ~~~ — -- ‘ca r t  I:. ~he 1ro ~ ”r 5s- :- .’r , : ’-  , th. ’ 1~.. ’. ’ ,‘

- “ s  - 1, be I

( 1)  s’Ssar~ ir~g v i ’. ”. th”  - u,.- ’- .’’ • reanbed , r, - .~rs~l “ s - ’ --
l1t :5 ’ir’,5 ’ ‘ - r r s r - -u ’iv e ’.y in u r s - ’. r,- ”,,r-, L:- ’- ’ ’  “ 5  in

( 2 )  P ick :s ; “ h r  srs - ’s ’ u ; s - ’ r ’, ar ’. r i ’t o ~~ary and label ‘hr
t ’ a s tr ; ;  again irs u~-r-~~rs-an - -r ’ I rr  (s ’  ‘ 7 ,~~ - ,.- ,..s ’ - ’

( L ’~~~~~- - ’r it 1 s- ’ r
~ 2 

— ‘ :‘-, ‘he  7” .X ’ ~ - r  t ributary , s,~~— t~ ’1’in~’
hn be.~ inn ao tc-’fcx”- (8 ‘. 10 I s ;  ~~~ ‘:r ’— s’). I f  the

‘ s”i hu ’.ar,,’ ha~ s u t ’ f r s ’t aZt ftrieR 1t ~ e1f , “ - ‘t ’ i s ’s”



!~~~~~~~ ~~~~~~~~“ 
— ‘ ‘ 

‘ 
~~~~~~~~~~~

_ _

s:;.:r.b~- i ’ss :~ these basin:3 on the- subtr t.,stax’i en (11 and
1 ’  in ~ i~~urr Bi )  be fore rs. v in g  down t s  th e  next

: ‘ ib ’ . . t rL ry  o f  the’ ~~ in stream .

i~~j U t  I s  re~~~~~ . r. :

10, For run 1, the Inpu t must ~‘ nsI~~t .1 ~~se’ Al , i i , ~~~ and .11

card ~~~~~ 5’-~ 2’ ~~~‘- y an A ’ , H , si u,t .:-rs ~,’ or s - .’rs ’ K - - ‘k r  5 , - for s -L1 ,~~,

:- .- s -  run , , Su e -  t ’-_ s i i  s~’~~s~’s s ’ ’’ “ i: ’u5’ ‘1175: s1.cwr,: -n ‘ - ,‘ fol—

~~~~~~ ~~~~~~ ~w t . i . ’s. - s ’ .  ~~~~ -~ 5 Th’- s-u: . 3, i u j .s . ‘s~r::- ) I 5 , . : -

1~’ . • l t . 5 5 ’- : ’ rue , 1’- . - : , er ed is . I s’ 5’ : ~~ “x c’-: w s ’ -’.re I - :- ‘~~ ~‘

spec i s ’ . cally s s - t i  - ‘oS” i under “Va. s’ .”

A . ’.’ it:~~ Ti’ ~~~- ‘or ’ I , F . s’55’oS (2x , A.. , UA -
-

1- . A : 55 I5 -~ ’ t e  ; - . s n ’ I . .- .1 ( . - ; t ~~- - :, ’t : I ,’)  ~~:. - ‘
~~:. . 1, 2. 5’. 1- ~- ‘-u by a

5. 5 5 ’  ‘ ‘ -  - 15-Is 5 , lt . ,5555s ’ 55 S y ”  is - ,  ColUmn 8 3—7 ’ .

,- o r l  .~~~~I - ? ’ ,t ’ ~ :s. ’ s-’.s.’ ons, s-s-se ’ ( . . ‘ , F . ’ ’ , ~-~ i- .o)

~
‘ :, -- “,-,‘. ‘ o—.: .‘t rt~’sI Is’ ~c’t I,. ,s .- tI’ . - r , r t , ion _________________

o ~ — :  ~~ ‘ 5’:’ 5 -- ls’

3 6  • . .~~~ • 5 ’ , , r : ’ ’ ‘ - ,l I a na ri~uy 5)
2 -

~~— : ~~ ‘‘ + s- .: ‘ - 5’ - os -s - - I 0 Se: - - - rtr..x
-~ _ - , ‘ i ’ , • ~ .s-- ’s ’ - : ’  5’ ‘ s’ ’s, s -  —.~~‘,‘o ’Issc ’ s- (ma~~9)

-‘ 25— ~~. :- ;F ~~~ .IrI ‘~~
-
~~ I sIze

5 33— ’.’. lI,’.’~”.1~7 — 5 ; rs:. ’ u’ r . in i tos~~r s i rr s ’
sl.~~’—s . -~~~~ ‘~‘a ,~~”; , ‘- ‘ , *

~ ‘- 5 - s . ’ ‘ -

0 or • 5 -  - rsr,a.I ~ s-i : : .  ‘u s” .‘ 5 ’ í’

6 ~. : — - . - :~ 0 ~. ,“u:. “ “ .1 - ‘ ~s - t - -  r” :‘ ss ’ ‘ “ d

1 i’ ,S , - ’I ,~’ cardn fs’ . -~s-. run 1 (~s~~~- . .~T
‘tLr:t ) ‘-s - frori s- ’. , s .  2 -‘ HFC—l

I ~- -ss ; 1 r - -~~’,5 - - - ’ r i

2 ~- -..r. 2 rr l ssr . - 5ss ’ ,.l

8 5~ — ’- ’~ !.:.~ 0 .‘l~ vR :s ’ S wIll be c ”rs IuS “.1 t v
HYDPAI~
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Ji - ‘ard ( Contiz,ue.I ’I

Field Column s Variable Value Description 
______

1 CN -.‘tL:ues are read fro m L-n t ~ Base
9 ~ ‘ -- 7, - NRNG 0 No rainfal l W Il l hr read

+ N - . of :syetographn to be read

10 7~~~
— ” .,- NX .RN 0 I f  NHNG 0

+ 1~ ’.- . k . : ’ o s . ’ :~ - i s  e s- :. te be read in
k-Is cor. :  - Also No , - f le w
hy’”- ographs o be creat’-d

Ct : ’i I’at~ Base AL- . 5 , - : ; ls , Y~ s-ma ’. ‘X , ~“t.0, -~F ’.s-,0)

1-, . Th. - va lue : :  In the J. car d are •~~~~ 
r . ,  -~ s- In U.’- st ’ cc Base

.:::3.. ’:’ ‘whi ch t h I -  I n - t i - a t  s-d variabl”:- can be 5’ -u:, -.s.
— 

,
~~~~~~~

, .  ~~-lu. , ,z.s ‘.‘ o s-Ist~ , - -  Val u c- . escr~~ 5 Ion

0 l — ~ J2 - c a rd  - ‘ U , ’

‘ 
1 3—8 I~~L + ~~~~ ~t .  s - n number
2 -‘ — It I ~‘-2 + 5-5 n I t  scs in number

3 : - , - 5
~ ~5 ’ ., • So il ~.sr ’u~

2’~— 3 2  IH Y O + }I~-~~r - logic 1-51 1 group

5 ~~~~~~~~ 15LP + I’5’Iope’—ero sion In dex

• ~. — - . -- ::~ + I. ’e: , : u: ” . . ‘ .se S e g . — ry

-‘ 
-‘ ~ — ‘ I . ’5~ 0 ‘. —

~~ Vcc ~~ U.”I w , Il I s ”  t’’’a-3 frc -s

data base

• ~~~~~~ base “ te l l where N values
,tr” l is ted

?‘s-~rir.cc5 t . ’X , k’t .O . FS. -~, 5I~3)

F -,r .l Colt~mn s- Vo:- i c e s le Valor ’ -‘_____ :rs - - ’ .r,~,j~ ion

o ~~
- , J ~ ‘ca rd - - I - -

I. ~-c ’ 4’ .. ‘ “ 5 ’S’ ci s ’u?  for preliminary ~l c ’ : - i C r,
f ows ( g e  Y~~

..5 ce s. 1)

2 ‘—  . t’ P + Prec1pI’~e s — is-. in ’ .’s~r- s u : ed in
weighted ‘N averaging; recom—

~ s ” n - i rd  value •

3 V”— ..’~ Is~’,.!P( ~~) 1 F l r r ” -.sI : ~~~. in r,wis i. ’-r

25— 32 ISUB(2) I 2r ’r - c. -i ruhtccsl n number

a6

_____________  
~
— - _________



~3~ Card ( Continued)

Fleul d s,’ l  u - c . s  Variable Value t~-scrIptIc.n

“ — 7  Repeat for t .stcd of N ’ .5’U~’ , ~s ven in Ji card
5 ~~~~~~~~~~ :i- , ’:lI .u ’ I Rainfal l I,u.: routing S ime L I s t  erv a~

:~

~~ fl NRN I Ns- . - “ rid n fal l intervals In each
t~y ” t  - -g:’cu~-h

~- I s .,’eL,rJ ~:ul y used ‘..‘h~’s: ,~~~~
- • 2 ~~~~~~~~~ 2 ) ~,r,-d Nh~~

’. , 0 (.J I ..9)

______ 
V ari ab le Value Vescr~j  t ion

0 1-.’ -

~~~~~~ ~~~~~~~ 
:) F ~Isr::’ ‘s-,~:tt ~ ~

.‘,‘ -~- s- .-~,•

I r ’C’ C’fld nuIs  I i ’ s -
5’ ~~~~- 1 L ’ ~~~~~

~‘- - ‘~~t s - i  : 5 ’ ” - : .~~ * ‘s: Fl c”t :’d: or” -,~, - ed

F i e l d  ,‘ s—u - ~ o r’ i .’ ct- le V i~~’,1,- 
________________ _____

0 2 ie s-’ : ~‘-sd,-’ , ( s~.- - ’~ - ‘ ‘
~~~ :.‘,‘,

1 iS -.s ’ - : f L . r  ¶ l . ” ’c ~~~ ‘,

.1’ - : ’ t o  p 5 - 1  .Is-w t t , s’ 3 7 5 -  5 ’

: a r ’ -  riu~ s,S’ol 1 ,Ist ’ ct ‘i ’ U : - S c ,

inI .~’ ‘ 5-) : “  -~~~‘ c .  1 1 7 — 1 )

F 5, c~~ , 5 ’ 1 L l 1 . in . ‘ i t a  to 1” u-,- r~i 
1 . -

R~~ — 1 ( s - c a l l ,- , s-, ‘ f . ’- , : ) -~!l Is-.g

5’ — I ’  ~~‘~-“.‘( 2) ‘ R a i u f r t ’.l i~ . :‘.“c- - .r. d 1s,’ ’- r’:rd

~~~~~~~~ ‘ is ,, ’a :- ~—- ‘)

;~~~~~rd- 1.e,nd “ r ” - , ~“ - -rs . - ~u ’ (~A6 , ..::~ .O)
1’ - . ~s’.l’,’ -j:’ ’- -t  ‘~‘~‘.“‘ s-. TR ~:- • 2 (r-.s- . 1) ~‘ ‘‘ :“ - ~~‘ ~~~~~~~~ 

‘ Sr’ s’ as g:v’-:,

s; Ji ‘ a s - I ,

leLi Column s ‘.‘ ses’ ’Isct I”’ Val~ c Descr i~ los . 
______

1-3 .- -‘ I ..~. A-N S o : ,  I use nam e
- ‘  2” .— 4 , “. N~-5 1) + s-’N 5’ - r ~~‘d. g rcu~ A

5 ~~~~ “‘-I 
~‘) • 1. tThr s,’,- i . vs-’~-~ r

6 ‘. ‘
,~~~~ . ‘ ‘ V

. 3 )  + ‘N 5’ - h~’1, gr -u~ 1’

., ) — ‘,(, -;,,“, ‘,‘ •

87

- ‘~ ‘ 
- -~~~ 



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

- ‘-_ -
~~

_ -w-..-~~~~~
_
~~~~~~~~~ 

- - ~~~~~~ __ -_ ‘—w-~
______ 

-

u s - . The fol lowing set of cards , A2 to K , wil l  have t~ - be repeated

for e auh subbasin.

A2 Card t’itle Card for aubba~ in desc ribed same forma t ~s Al card

Hi Card Specific Isu ;tr ’ .sction for HEC—1 Is ;j -,1s , Format (2X., I,.’ . ~ I I u ,

Field Colu~~ a Var iable Value- ________________________

0 1— ,? Ri -,o x’ -d —,‘~sd,,-

I ‘ — “ N~’I N I N s-imt,-s’r -. 5’ m i s ,  51-15 - ; ,:‘,s

2 5—8 N~’.F I Nu~~I ’ - r  s

3 ‘— N” . I Nun t :e s-  ,:‘f sections f,,:’ ’,:h; ‘h
- 5 ’  rog ’ - — s ’fl - card:’. axe

gen ~-r -’t “ ..j k - v ~ F,C- - 
-

3, ’— , ’ ,V,~ ~u’r~- : ’ r kk1~7— 1 - ca rd  ‘5 , l’ :~ - ,s I

17—20 ~5, I

• If fC~ k ,y as’ - ~rsu r k : .  are

- 1— . .. I :-‘s-:tr~ 5’ ‘- H ’— ’! - ‘ u s-u .,, lIs -  Id

0 I f  S’Is ~
— ~~~~ ‘-s - of -:.rr’~

’.. :‘ , -r ~g •‘a in  ,.“ue~”.
:5 ’  ws ’igl :5Is ~~ f ’~~’ - s -  are - ‘- n—
: ‘ Pd. ’ ‘,‘“r ‘ he : b-a : i s ;

• S~.5 .5-,l ‘ r 0’ r : - ”': ’.rr-: ’ s- -.1~~r.g : ‘, , ~ a 7 s ’
1’ ‘.~ ,s ’ : ‘ . - ,,‘ ‘ ‘.. - - s-ru I s ’ . ‘

read s ’ - all s,,Is. , I a :  ‘s -us - -

.75- ,~~ S~~, I ~~try for H 1l”-l card ‘~~ . field 2
.7 a.’s-. ’ - as ~ i , I ;s ’ f r  s’ , , ’u  S

rrjir , ga,~ ’- :’
- — 3:’ -

‘ -‘ : i - ns ry f.~-s- !IKC— I car d 1, S’i ’- IU

33.-~~’. ‘III 1u~’:’~. -- r R~X—1 ‘‘t s-d ‘i’l . field 3,

1-3 ~~“~~~ ‘.‘ .~ii ’~ I Es ’ry 5’ s’ HF~~— 1 ‘‘un ~ l , f I s - ’,. .i -

11 -“~~
- - . - .  1 F ~~ try for 111)-i card X , f~ s”ld

1’ “ u - s- v 5’ - ‘  u1’C~ d ), , field 3

13 ‘.‘-  - Ti F -s ’ r:- for ~V-’’ — I  c ar d  ~ , 5~~e1d 1

Y2 F E: ’ s-: ~‘ , r  H~~~— 1 “c :- .i T . f i e l d  2

-
- 

-‘ or. t s ’ :~‘- -a b ros 5’ -r  , ‘ .-ra~ c’-Ju ’ f ’ ., -w

* ‘-.~~~-‘ 
- .5-. - — - —‘— - ________

_ _ _ _ _ _  -~~~~~~~~~~~~ ~~~~~~ ~~~~
--

~~~~~~~
-— 

-‘

~~~

‘ - ‘  



~
‘ ‘ ‘

~~~
‘ T !

17. This is t i ~~’ st~me card , or ca rds , w h i o b  are subvsitt~,’d as HEC — 2

input . ‘1’h&~ f i r s t  t hree 5’s-elds on he f i r o t  . 1. card contain :u ’ c.

I f i ed  by HF C — . ,  and the’ f o l l ow i n g  f ields i s ;  a i (~
’
~ .0 format con tain

N J .  ue .’t io f l  numbers , on a:- many cards as nee lt’U .

7- t -.- :’~~~~—0ut f1 j w Car,i~
1-s . When N~’-. section numbers.I are :~-.“ ,:i S’is ’ : ‘s the  .‘-~o car ds , :L’—

w~~lI ~ :‘ ,i- , :cv rags ’s f,,:r all reaches be’ twt ’~’:; s. ,;. ’ -~’ e i s j v ~- : ,c-75,  : - . n s j  and

- ~~t 5’ - w o  at • s e  c . r r e~~~~t :.i in g  ~. ‘ws , ,  ,o’’-s c’., S v - ’t i on:’.. 1 :g~ t S,t’ !’ w ’i 5 ’  ~ . ¶, t , t,’

Y a:, ,S ~‘I cards , wk , . - : , ore not related to th e  :5 -. -rog -: ‘.s,-J ou t  l’ - -w~ -c r ,

the ‘~2 oz , ,S Y~ ‘ ‘ 5 - 7 4 , : , H~- 2— 2 w i l l  ‘~~ - ‘‘.ss:e (~ -‘-.— i )  :‘- s or 5’ -us ’ c~I5’ 1:~
be punched -u ’ . Th is “s:tire deck is ‘-s , ”re : is , ’~o HYV~-A!~ a:’ ‘r ’ I ’ -  .7’.

car-I ,  . kiY Is AF, ’ w ij  ‘sb” s- s reproduce t h e  storage—- - - .~~5 :  - ‘ar.~:;,

:es’. - ‘.‘st~~’,:~ ’ ’ .  1n 5’ :’- 1. 1 1, sc :,.1 i - l a c e  5 k ~e - -:,r~~.: , : 5  ‘ 4 . ~~- 
~.r. -;~~r ;Iace is,

th e k k 1 I C — l  i n s - u t  t ” - - rc .

________ ~~~~~~~~ i s ’ ~: Q , - :~~ica t ing  :~~ ‘.r~’cc s-ding ga~~- - . vi t ’ , . ‘ . .,,

— ‘ ~ ‘‘ . t I : ,g  f,ca:” - ‘ V s - ’’u~’ ( . X , ,~~~~~~‘. ,C , 7( 1’., Fi. . 0 ) )

-
‘ : ,s-,~ . . ‘.‘ c a : ’ j a k  I” -~1 ’u ’ -  Dc. cr1~~tIon

o 1— . .,‘S Card C- de

I 3—~ , .7:-NP(1) 1 1.2. 5. 5’ 5’ . r :  nor,re;: . gage

2 — - - -
‘ . V (~ 

) F ~~ ‘ -  :~~S , ’ 1n~ !~
ac, - s- 5’- - r gage

3 ‘— ‘ “ - ‘ u’~~( ” )- , ‘ ‘ ‘ ‘  ‘ :‘ .‘u’~ ’- ses above , for - - - s.~ gage
l~~— 1 -  ‘.‘ :‘;~~(2)

-: r, s - s - ,.:’- f o r  ~~ I

C :~ .1’ ~ca :’d - I y ’ u ’ -  1 5 ’ 1 ~~ C 0

- . , “ L ’s -’ -  “,~~‘ J’ S ‘.ar l , :~~‘ f~ r rc’cu:’di:,,-’. ga,~,”-:..

-
‘ ‘ -

~~~~~: :1~, If :~.I > 0 (Variabl e  w ” i g b t i : , ~’ )

usc,.: ‘,‘ or i a I l r- ‘.‘ ‘t lu ” -  : esc:’.iptioi
0 1— . 2 ” J ’ts - ’~ - - -di’.

:‘u-.I ”r of ronrec . r a i n  ga ~”

blank

B9
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Unlabeled cards following J7 card

Field Columns Variable Value Descript ion

1 l~~I. WTNR( 1 ,I )  F weighting factor f0r gage IDNB (1)
applicable on minibasin 1

2 r,_ t  WTNR (2,1) F w e I g h tin g  factor for some gage
but msinibasln 2

e ” -c,, for all minibasina , even If weighting factor Is zero .

Repeat JI’ and weighting factor cards for all nu-r .recor ding gages.

Cards J8 ~‘ss - v if  1Q2 > 0 (Variable weightis;~ )

: . .  Same as C” card(s), t’ut “ .-r re c rr I t n g  gages.

C5’5- rL l  F’ ow Path es;g’ k :s 1 Format ( . x , ~‘t .0 , ‘)F°.Q)

2 1.  These card:; ~r ovide the f l ow pa t? .  lengths f r  a],l ,:s-, Ibasins

w s - t : . i : :  the ;‘ . s -~Ib.ca ; : i rs - - s - s; 5~’r consideratIon . These I cr,g hs are us~’,-d ti

compute tI: ’- ag ~ lnt ’  f r  ‘s Ist’ unP h,,’ ::- - ,- r rc ; - k ,  deriv ’at i . ’r . in ei~ - h z tj r , 1—

basin and shc’uI 1 tb -u: 1-,’ es’s m ates of 5:’: longs- - S ; -as h f r . .’~ t s-e r t j n i —

s - s  . - ‘ut is: ’ ‘ 0 any poInt - 5: ks - c ha:; 5:: exos’ ; 5. ba ’s narrow a: endS ‘s - S  of

a miniba,sin sh:’.’.:l.I he iv’. - r ed ( see sketch).
-
‘ For minibas ins I to  ~~~~I N , ‘he

f low ~~c tb  I”n~,t , in f”~’’ , ~~~~~~~ be

c:u’,e s-ed in fields 1 to l~) (8 columns

each) s; ‘cc many cards as :~s” :“ .-J .

K Cas’ t , s :‘— ... ut i ng n: ’.’ s-:.s:tlons ‘so pro— ,~
duce }~~C-~l K ‘ar ia , F:rma t (2011.)

Theu’- cardo C on t a in  min i—

basin n-u~ s’s’n: arran d in branch ord”r

requi re d to generate ‘hc proper se-

5’ K cards 5’ - - r hydrograph , ~ s’n-

e ra tt - .-s - ., rout ing , and combining is’. REC—1 .
2g . . Consider ‘he stream vi tb  ‘rj’s uticr ’ I:; the s~ c ’ ch be low . HF2—i

w i l l  proceed gener a ’ing and routing hy kr o g :-a ;hs ’  from r I n i b a si s  . to the

to~ of’ baair ; 2, then from basin 5 to the top of basin 2, combin e hydro—
graphs as-id con ’- inu e down to the bottom of basin 1 (or top of t~sin 0),

‘ 
- 

- -
“—“- — —- —~~~~~~~“~~~--- “~~~“ —“ -‘ ~~“~“ “~~~



“ — “--~~ - -~~~~~~~~~~~~ - — — - -~~~~~~ ‘“-~~~~-‘-—- - --‘—--

C - . The tree of branches is

1. ~ 2 , 5 2 , 2 0 whIch  s-s

entered In the K car I ;t : : 
/ 3

n e  1- - t~ ~ t’ four

Ml 

~~~~~~~~~~~~ ~
‘
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APPENDIX C: C0I~ff’UTER PROGRAM RAINWEIGWr

Weighting Techni Ques

1. Typ ical conventional rainfall w e ig nt in g  techniques are averag—

Ing , ‘2t ;iesses: , and Isohyetal contours .

2.  Recen t ly,  it has become popt~lar t - . wei ght  r a in fa ll  readings at

neigh boring stat ions by the inverse of the -distance to any ;~~i r.t u:~Ier

coz:sidera’sl on . If we have , for exam ple , t4,;:’et’ rainfal l readings ~ at

gages I ‘s .  3 and wan t a wei ghted rainfall  as p o in t  P t h i s  ra infall Is

Rn I

i~~1 i ( 1)

i~ l I
where D

1 
Is tb€ -  d i st a n c e  from pc i r.t i - ~‘.rc~ c I. f hers ort’ ~~re

cc : , hree ~‘cge:: • 5” en c:;,~~ 5;~’ three closest ‘- c’ s are con s~~ :- ’ s’s - s

(Fi g’s-re -::).

:r a w ’- I k’:, ’ ‘ -  5 avera ge s’a - nf ’sc l l  IS w;c :, ’ ‘ - -: 5’ r an or,’ ire wo ’ “r—

s . ’  s- , ‘ k-s- c w ’5 -t e s - ::h(’- i is SI’d-le-l In ’ - a ,~ :‘; r’ ’ w s’k 5’ 0 1 ’ - ’.: ’ 50
- - , -a:; 55 , ‘s’: , is P lo

----r - ,

S 

. 
~~~~ 

. * . — - —

S • • 5 . . .
• I •p 3,

/ 

_

~ V ~~~~~~~~~~~~~~~~~~

‘- -

~~~~ ~~~~~~~~~~~~~~~~

Ft .”:r ’-’ C l .  Wa ’ ”s-~~i - .~ i ‘.ts ’!; Fi~~.re C2. ‘
~a ershed dlvi ic~

t’s-r” ra ’ir, ,‘.—a~~os in gri .- ’ ” w . -s ’)’

Cl

L ~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~ - - ,,~~ ~~~
.. ~~~~~~~~ ~~~~~~~ ~~~~~

—— -

~~~

-

~~ 
. .

~~~~

. 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5. :‘ss-~- w. ’s - g r :’ - - t  ra1 r~ ’s tll s’~~- —~~ -~ g:’ i - s : - ~~~~t 4 - I s ’  ; . ‘ . • :

~~~urt ion 1 -. and ‘he w~- l g io s’~ s” t . : : f ’c , .  c-~ .: ‘S f r  &1l ~r: spaces ~t r.-

avera ged .  Any g r i  s- : - c ’e is; ‘~s~~- -
~ gage 15 -0 ’- i s ’ ,’ :’ ’

- - : 1 -C-~ p— r- :s’ : : S s - s . f ’ rt ;- - r 5’ ’ht c ‘tg ’- and a;l ‘ b r r  gag.-s ar.-

c s ,  I - 
- - - - : -~~ gr~~’ 5: , 5 ; j~ the  I n v . : r s t - ’ - - 5 ’  -jj,~s t s , ’.’ s;- ;-ot re

(~~ , e . ,  k — 2) as a w ”igh tlng sa - ’ - , 1, . ‘ d i5’ -- .” -s - ”-: s - s. ‘I ng

- : rain falls ar e - .:.stC I ’ , c n ’c , l  .

:‘b~- ~ r _ -~~— i - ~~
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1. s - ‘ - - 5’ k , . ss’a,~ — -s’ source : - 5’ error is ~‘ 5 ç  - s;st :,n’- I i t t - ’ rc.s,ct’’r cam—

u t a ’

~ 

s - , n :~ 1[, -’:t is ; ‘ :, . - 5 ’ - ’ .-r r , i : s -s.  - - : . 5’ - , ‘.‘ . - :- - s~~~~~~~~, i’ s-’ ,’ g r a I s - . - n t s  - v”r

s - c I a ’ s - v s ’ ly  I- -ng S’ - ’’c ’kc ’ :-  - 5 ’ r’ I Ve 2’ ,~s ,az ,s : . •1 ,  ~‘L.- .- - ~:s - s- . ‘1  - 5 ; .  b’ h’,’ t l r s ’ a n —

1 ,‘ t’:s-g 1 ::cs’ :’ j ~ - : . 5 : ’  ‘ t ’J w , , 5 s- I~; t k s -~ rs’g:trd , r , -

~, What :- ‘- ‘ t - ~e :s -s -’’ ho c s .  u i~ U- ‘ s - ;

~~~ , :11 . - - :  ‘0 -- : w , ’ :” as’ u . s -  s - 5 s -- ’ s- ”scr. .-s s-t ’r s -’y slopes w : t ’  
, v -

‘ - s -  I ‘ - - - . .- s i ~ -1i’c S-c c v s ’ ra s -’s- - s * : - - ‘ ‘ - s r ; : . -

h.” c i  losses?

2. :~ al l likelihood , ‘ ‘  - - n ’  c ’ - -  5’ n ’ ~~’.’ ’-r  - -r . ’1~ .’ a j :-:s~ I S , —

- - s ’ t - a O  .‘O .. ’ ’  - 0. ‘ ! “ - ‘ t -, I - •‘s’ Q - 5 8,’ ’ 1 c-r,:: - - -r  I.- -reas ing reach

The ,,‘ r s s 5 — c ’son’ j~~ us 0 ‘ - ‘ ‘ S ’ 5’-~~
- ’ I-, s - ’ - ; Oc ’ .’ ; , ‘ . we ’, , ‘_ k, t*~

‘ : c -  ::‘.s-rYeyinp’ of t~ro~~S 8’ ‘ i o s ~s- Is a 5’~c~~r~~:, 
- - ‘ l.y ‘ r.:~ :s~~-~ ~~ ‘s ’ t~ I5~ 

“ re • test rat- Ic 5’ - r’t ,~ :. ‘ ‘ ‘ ‘ - r ’ - ’ t ’’ I “ s’, s-’S ‘ us- S :. a ‘I , arc ’-

Is : s’ In- ’ I ng ex& ’”s s 1 Yr ‘- - r- - 1:, 1 be w n ’ . -- “ ‘ s - - -  s 5’ : 1’- — - . ‘ ‘ - ‘ - ons
- 5: - 

- , -ss -~ :: ‘ ‘ - g  - ‘ - ‘ s -,’ ’ - ’t ’ s -- s ; ”  • r:.’ - -r ’u ’ ’ - ’ - ’ ’ : ,

“: , t , - 5 ’ s ’ t ,  ,‘- : ,,-‘ s- ’ ’, :-~ - -. - :- , “ 5 ’ - ’ “ ‘ ,- a ; r r ’-~- ’r ’ 5s j r t - 1~- , ‘ —

-- - ‘ - ‘c t ”  ra,s s - : ; g  - :5 ’  ,: - . ‘- c~ a , - t~~~~~~ ’ ’ :” :ir, ,‘r ~~~ ’gv .‘ r ’ 5 I ‘ 5 , :  , S and

• :“ ~--e -c t I vely , a - - - - r I i  :;g ‘ - s’ “- s’r-:s Ia

( i )

C is ‘ so’ averag e -n ’ s - c :  o - - ’ t : ; ’ - : . ’ ~l- -s -e . ‘ ‘ . ‘ so advocate

- : -~~
‘ by ‘ - - ‘ 5’ s’s - ;.

T • (2)

-r  ¶ h e  averaging ‘ - - - - ss -’~”;.’ ’-cr - ’”: , j , .. c s ;  AF
l~~ v L I ” h  is ~~~~~~~~~~~~~~~~~~~~~

aver agin g ‘, .— slopes ‘~ s~s’o’s . - ‘ k ’ - (~~~~1 
‘ ,‘) pc’v”r ~ • cs - n :  c — r e - - ’

t n”. , R ‘ - - :na , - - raâius).
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-. , :-~~ -.- .-~ , .-~ - 
~~S - , - ;o- 5; S .  ::~~r s~ analy ’ - - a .  answers to t l .’s-ce ~~- ; ‘ - :

- s . : -  :‘ , s’ :- t  place - - ~ —~,‘ :s t 8  1: - t  s - r ~~-’ s - .  s- s I , .  s , ~’ h e twt ’ r r .  p” — - lUss - M— ,

S ’ ~~ ’ .- ~- r-o 5’i 1,:;s , ‘..‘~ -. ‘s, ~~~~~~ c _ -s ;  wk , . ’’5 k ;t- ! t L , - ener~~~ : 3 5 ’pe is f’,a ’ .-:‘ or

-
- c ,’ ;  - c  5’ ’ : :, .cO’, s- v~ - ,~ , s ; -a :s -  ‘ ‘ ,- c l a r s - r ; ,  3 :s lop. - s-, ’~~ . the :

I :  observa t t en t bstt ‘ s ’-  M— l curve s ’ , - : - , ’ s ’l .es a parabola w 5 s  5; a ~
‘ ‘:“ :  -

- c .. ‘s .: • .‘ ‘. 5; ,’ M— , ‘us’’,’,’ s ’ , ’ o est : I . - . - a parabola wI s . a horizOntal

S t x i u .  On ‘, s, .’ ~ ‘k : - i  5 ’ t , t ;j : ;  ~,t u c r v s t t , i -- s , ,  Tavener ~~s’o :: to :Oc- w ’ :. :c ’

5 ’ s’ an ~.‘~— I  - s r . ’e T h -  - . : ‘ ‘ s s ’ : - - ’ : c c - -~-.’ ~~~~~~~~~~~~~~ ~~~~~~~~~~~ ; - - s, (Equat!-rs 1) to

‘-hr  s’~~- o t  - ‘- -r~ ,~’t one, -~i ; 1.~ 5’~-s’ as, ?‘~~— . - s - s- V . ’ ‘ i ’

2 S S
- u d

- - ; _  d S .‘ ‘s - : : . - I.

f:: . ? s , :’ - - 5~-’s ’ a :.‘5 , IL’, a 1 3 — t I - - a l  ‘ct -_I “x Te r i r ~ -n ’’cI j r-:- - .--:c Tc ’t’”~c - -s ’ ’
t. ’ s - t ’ ,- ” 5  a 5’ c rs-s -,~,a - - ‘ b - .’ ~ - ‘t~~ , ” :0” , S,1 , ‘~‘~s H” :‘ ‘ -r * ’ . 3 e:;~— ’ s ,  I, •

L • —  —

0 / - - . - -

} • ‘s’ 5 5 . ’ ‘.~~~5:~ er , -IIss ~.’~ :;! s c . ’’ - c

• s-I~’-~s” .s- i~ C ~-‘s” .II’’r.’ ,

“ ‘ w ’  - 5 ’  ‘ ‘ ‘ -  - ‘ ‘ ‘ ed ‘,,‘-“a .

A ‘~ ~r-~ s c n— c , ’  ‘ ‘ - :  a1 ~~‘- ‘ ‘ ~- -~ as - ’ -  • 
5 ’ ’  -

• w r’” .’- I - - - - , -

B • - ‘!;as- ,a ’s’ Is: P vItO -t s’ .—r - ’; ’~:’ ’ ‘ : : -  , 5’. 5”
‘ : - -  , - - -~~- :‘ i ; ’ I Vs ,  ‘ “: ha t 5 h ”  at -v ’- I : s ’ - s , ; : I ’ - r - s ’ ,  correspond

t , k s-’ s’ I - r r , u r’-a,— :‘- - ‘  s - f  a s - c ’s ’ b - ,

. 1~y comparU;:. 5 ‘ h e  resul~,s 5’s- ‘ss -
~~~A ’ ‘ — s -  Is w 3 ~~ , his exp er i—

~“s: a-~ s ” s - - s , ’ -- , Tavens’r found ‘ 5 ” ’  hr  ~~u*tIon n i t g b ~~~ y v~-r ’ -- t 1m ted

‘ ‘

~~~

- 
~~~. - -waS ‘- reach ~~~~~~~~~~ ~~ .~: as — I a - .~~s ’ .” - - ’ e S  ? k s - e Ir :: I gr ; 5’

, ‘~ “ 5’er.r’.~ i a’ t b - c  “5; of ‘hs r’.a s; ~~~‘I ’

1)2

— —‘s ‘ ‘—a ~~~~~~~~~~~~~ 
- -

-5-. ’- -~~~~~~ ~~~c---- -’-~~~~ -- --~~~~- 
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( 5 )

in ‘~h s - :n c t-s -~s-~ala - .0 tar M— l .rt- ’-: ’~:,.1 1.2 for M - I  - r v ’- :

7, Equation 5 - s t r • : s - o t  U- apç lied ck , anne l :s  p r i o r  - the S . tcy ~ ”c t  . r

so~s-~ ut at ions because all uS’ I - .- - s,a-su --ions .s ’t ’  S s- s. ‘ ~o -  5’- rs~ u l  a - ic ’p . !oi On

0 r ’ .’,a.’s 5 - :  ‘ S. .  ‘h.- equation is r at .k . . -z -  T5s ’~~~~ s t ,  a check ~ 5’t . -s -  each

s-See ~~S , ’-~ 5 , , ’ : -  , t , I s 5 c l L ~~ ~~~‘ s - c _ I  or i :;ttri—u l ated cross
: , ‘ u ’ ~. !;:‘ ;sksou l-1 1” i s . -  , - c t . ’  -i ~r s S - k : . -  ‘ - - - ~w S n ~ reach.

8. I t  ~ ,ay he :, ‘ .-  s ~k s - a t  ~~~~~~~~~~ ion - . is : - ss-.’-ws s - aS.  C s-s’i .’r;- s-c So

form a f ’ .’ r eac~ 5 ’ . - ~ ‘.n ’ .- :‘  s - t . ’ t  . ~~
‘
k ; I  le A~ , 2 , C ,~ as’.- usually

l i s t ed  I s .  ‘ :o- backw at er t~tbu1~~t t c s ~~ an d lc ’’ t s 1  w l d t k , :sc’,, U’ easily u S - —

~.o , . 1 , }‘
~ sis .  S i’- , ~

‘- s - I  S 5 , I t V .~ ‘ C t . - ’ -usss-; s5~ ’ -S o r; .tr sc ’ e ly , ‘-~ s-c5 T

• 3 ’ ‘ 0 ’ ~~h ttt ,,’~~
. is. I’ ~~~~ delsth , could . s - - o - s - :.s~’ ,:. n ,-a ;- , ‘ 4 5

k; s-~~ s. ‘.‘ ‘cI ~~ ‘ . 1 5 ’ • 5; ’- l - r s z . s ’ , s l os ; e changes a t -ru ~ 13s’ w - ~’ k5 S .- ’, ‘ :,, 1~v ‘ ‘ - s -  ‘ i n g

a l ar ge s- a s , ” --  05 ’ -5 5 - 5 t 5 -  - lie :‘r - O S  a”ct  ~ r s - s • ‘h .  ‘,‘a ’ s- s-  - r 2B/3P was

f - s -n t  to vs ’s -- : ‘ ‘- ‘ -. 12 PL ’-S,S 20 s . o ’~’.’n5 of ,‘r- ~ ;. . 
:- :‘ . . -  v s- i ’ s , tt :s’ r c—

fo rt ’ , 5 e - .’ 3 J ~ ’ t - - el:s’- a’ the ‘ST C ’ 3  ~~ ~Y “‘ ~~ ‘~‘ ‘~~~~ ? R~~

5 T/A and - 
- - r ’- : I a c e  F’ 5 , ’ ~~~ 

‘
~,gJ 

- 
, - ‘ S ‘ 5

~ ’ ce s’’ul Itut -

5 is -s ‘? as :~-s ” 5 ‘0

“ A

(6)

~
- 

-

i s; ch ,-s is ‘ ‘- “ ,,~rav;’ a’ , : a I  su ’s.s, (~~~ .;: s’ ,/sec2 ) ‘ c s S  c c- s - ’ 5~~ s’

1.5 f-cr ‘-‘-1 -- s:”,’es and LO f - cr  “— . ‘- .s”.-” s,

~~
. . -. - s 5- 1- c -’ ks - s - “•“- s .  more - - :r’ l i C ’ ’~~ - k ‘ os, Equat l -s ; s- . i-s-f

le nds - 1’ :~ ‘‘~ 5
- ‘Irs’:,’ . - 1 ‘ nossograph S T - I ‘s - i  I - n .  Th e n-nsrse~~raph : 5-, in

I~i gus”- 3. vs.:: constructed and ta - s - - s as

f t .  Fj 5s - ’~ ~/,\ 5J)(j J, ’ 5’ - thp 5 - ‘ : , ~~~~s c e - ’ j . - s ,  “ a new
~~~~~~ and tray i t r,~ I “r r ‘s. ’, ” • ~ ‘ r ’- u~-5 . s - - a l e  3 ‘ r-

scale Is5, vS-c’s-” ~~~~~‘- - - s real .

- . : ‘ s- ’s ‘ F2 frn sss ‘mity f 1 . c . i  draw a line C tram l-!” on
s - s -al.’ s S  - A ‘T - s ’  S C a l e  2.

L
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Us in g  S ir e 
~~~ ; : r t  }- wb , - r , -  i s- Si , ’ I’ -ase~ S a l . -  ~‘ ‘i s -  ~p 1 v ’ s  ;.o I at  , ss’aw a l ine ~

‘
~s- ’t  C , - a scale I, ‘ s t}~ to obt~ j~ ~ S.t’ al  ~~~~~ Ic  : - ‘ s ’~ - ‘ . length L The:os-’aU’ - :~ or IS- are chosen dependl~~ on vk rS Ss-~~:- ~~~~~~ w s ’i’ . - rprotjle I s - s  that ~-f an M—i us- M—~-’ curve , or , ir~ p-r ’t~ L-5., s-terms , v ’ ..’ ~~~ i~ s’:~~’, or steeper th&n ‘~~~,‘ average5 ‘ - 1 slope ~~~~~~ 5’ ~~~ ‘ e. ’- ,-~~~’
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for each of the n grids and an arithmetic average value , Q , computed.

A runoff-weighted curve number, CN*, is then determined through an

iterative solution of Equation 3. The iterative process is initiated

by substituting S
1 

= (1000/~~) - 10 on the right side and solving for

S
2 

on the left side . If (S
2 

- S1)/S1 < 0.01 , S
2 

is accepted as the

solution. If not, a new S
1 is set equal to (S

2 
+ S

1
)/2 and solution

of Equation 3 is repeated . When an acceptable S has been found , a

runoff-weighted average curve number is computed , i.e., CN* = 1000/(S÷l0).

9. A routine was added to recode the SCS erosion-slope index,

listed in column 6 of the master data file, into separate erosion and

slope parameters for HEC input. The SCS erosion-slope index is con-

verted to individual indices by the following code:

a. The first digit is the erosion index .

b. The last digit is the slope index , except when the erosion
index is greater than 2, in which case the slope index is
the last digit plus 1.

c. The slope index is further converted to a percent slope
according to the following code:

Slope index: 1 2 3 4 5 6 7

Percent Slope: 1.0 4.0 8.0 12.5 20.0 35.0 8.0

Example:

SCS Erosion- Erosion Slope
Slope Index Index Index Slope Percent

201 2 1 1
302 3 3 8

d. The input to the HEC-1 K cards is produced , which provides
the operational direction in the HEC-1 program . To obtain
these K-cards in the proper sequence, the following rules
should be observed :

(1) Starting with the longest streambed , number the sub-
basins consecutively in upstream direction (1 to 5 in
Figure B!).

(2) Pick up the most upstream tributary and label the
basins again in upstream order (6 to 7 in Figure Bi).

(3) Repeat step 2 with the next lower tributary , numbering
the basins as before (8 to 10 in Figure Bi). If the
tributary has subtributaries itself, continue
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