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This report vas p r e p a r e d  by P. R. Schroeder ,  A. C. Gibson, and Y. D. 
SmoLen of  t h e  U.S. Army Engineer  Watervays Experiment S t a t i o n ,  Vicksburg,  
N l s s i s s i p p i  unde r  I n t e r a g e n c y  Agreement AD-96-F-Z-Al00. The EPA P r o j e c t  
Officer vas D .  C. Ammon of t h e  Municipal  Environmental  Resea rch  Laboratory, 
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This 1s a d r a f t  r e p o r t  t h a t  1s be ing  r e l e a s e d  by EPA for QubLic comment 
on t h e  accuracy and u s e f u l n e s s  o f  t h e  In fo rma t ion  In  It. The r e p o r t  has 
r e c e i v e d  e x t e n s i v e  t e c h n i c a l  rwiev b u t  t h e  Agency's peer and a d m i n i s t r a t i v e  
revfev precess has not  y e t  been completed.  T h e r e f o r e ,  it does not neces- 
s a r i l y  re f lec t  :he v i e v s  or p o l i c i e s  of  t h e  Agency. Yen t ion  of  t r a d e  names 
o r  commercial  p r o d u c t s  does  not c o n s t i t u t e  endor senen t  a r  r e c o m e n d a t l o n  for 
use. 

Ii 



c 

MREUORD 

The Envlronmental  P r o t e c t i o n  Agency vas created because  of i n c r e a s i n q  
p u b l i c  and governmental  concern about  t h e  dangers  of p o l l u t i o n  t o  the  h e a l t h  
and w e l f a r e  of t he  American people .  Noxious a i r ,  f o u l  water, and s p o i l e d  Land 
a re  tragic tes t imony t o  t h e  d e t e r i o r a t i o n  of our n a t u r a l  environment.  
complexi ty  of t h e  environment and t h e  i n t e r p l a y  between i t s  components requf re 
a c o n c e n t r a t e d  and i n t e g r a t e d  a t t a c k  'on t h e  problem. 

The 

Research and development is t h e  f irst  necessa ry  s t e p  in problem s o l u t i o n ;  
i t  i n v o l v e s  d e f i n i n g  t h e  problem, measuring i t s  impact, and s e a r c h i n g  f o r  
s o l u t i o n s .  The Municipal  Envlronmental  Research Labora to ry  deve lops  new and 
Fsproved technology and systems t o  p r e v e n t ,  t reat ,  and manage wastewater  and 
the  solid and hazardous waste  poLlu tan t  d i s c h a r g e s  from munic ipa l  and commun- 
i t y  sources ;  t o  p r e s e r v e  and treat p u b l i c  d r h k l n g  water suoo l i e s ;  and to  , d n -  
Frnize the  adverse economic, social, health and a e s t h e t i c  e f f ec t s  of  p o l l u t i o n ,  
T h i s  p u b l i c a t i o n  is one of t he  p r o d u c t s  or' t h a t  research--a v i t a l  communlca-.. 
tfons Link betveen t h e  r e s e a r c h e r  and t h e  user c o w u n i t y .  

The Yydrologic  Ey_al&ation of Landfill-1 _P_erfonnance (HELP] program v a s  
developed t o  f a c i . L i t a t e  rapid, economical e s t b n a t i o n s .  o f  t h e  water aovement 
a c r o s s ,  into, through,  and o u t  of l a n d f i l l s .  The prog-ram i s  a p p l l c a o i e  f o r  
e v a l u a t i o n  of open, p a r t i a l l y  c l o s e d ,  aad f u l l y  c l o s e d  s i t e s  by both d e s i d n e r s  

. and permit v r l t e r s .  

mvczs r. HAYO 
b l  rec tor 
! lunicipal  Environmental  Research 

La bo rat o ry 
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. 
T h i s  document i s  a f i r s t  ed i t ion  d r a f t  being nade ava i lab le  f o r  public 

review and comment. 
technical areas  covered, but Agency peer review processing has not yet been 
completed. Public comment is desired on. t h e  accuracy and usefulness of che 
information presented in t h i s  manual. Comments received w i l l  b e  evaluaced, 
before publication of the second ed i t ioa .  
t o  Docket Clerk, mom S-212, O f f i c e  of Solid Uaste (UH-562). U.S. Environmental 
Protection Agency, 401 bf St ree t ,  S.W., Washington, D.C. 20460. 
under dfscussioa should b e  identified by t i t l a  (6 .8 . .  "The Hydrolosic Evaluation 

It has undergone review by recognized experts in the 

Qumuaicatioas should b e  addressed 

The document 

of Landf i l l  Performance (HELP) Hodel"). 
? 

/ .  

_. 

V 



..- m 4 6 1 6  
. .  , 

PREFACE 

S u b t i t l e .  C of  t h e  Resource Conse rva t ion  and Recavery A c t  (RCXA) r e q u i r e s  
t h e  Environmental  P r o t e c t i o n  Agency (€PA) t o  e s t a b l i s h  a F e d e r a l  hazardous . 

waste management program. This program must ensu re  t h a c  haza rdous  wastes a r e  
handled s a f e l y  from g e n e r a t i o n  un t i l  f i n a l  d i s p o s i t i o n .  EPA i s s u e d  a s e r i e s  
of h a z a r d o u  vaste r e g u l a t i o n s  under  S u b t i t l e  C of RCRA t h a t  1s pub l i shed  i n  
40 Code of F e d e r a l  R e g u l a t i o n s  (CFR)  260 through 165 and 122 through 126. .  

Parts 264 and 2 6 5  o f  40  CFR c o n t a i n  s t a n d a r d s  a p p l i c a b l e  t o  ovne.rs and 
o p e r a t o r s  of all f a c i l i t i e s  t h a t .  treat, s t o r e ,  o r  d i s p o s e  of hazardous wastes. 
Wastes are i d e n t i f i e d  ot l i s t e d  as  hazardous under 40 CFR Part 2 6 1 .  The 
p a r t  264 s t a n d a r d s  a re  implemented throu3h persits issued by a u t h o r i z e d  s t a t e s  
o r  t h e  EPA i n  acco rdance  w i t h  60 C F R  Part 1 2 2  and Part 124  regulation's. Land 
t r e a t m e n t ,  s t o r a g e ,  and d i s p o s a l  (LTSD) r eguLa t ions  i n  60 CFR Part 264 l s s u e d  
on J u l y  2 6 ,  1982, e s t a o i i s h  peqformance j t a n a a r d s  for hazardous vaste Land- 
f i l i s ,  s u r f a c e  hpoundrnent3,  Land t r e a t s e n t  units, and mste ?lFles. .- 

The Environmental  P r o t e c t i o n  Agency 1s d e v e l o p i n g  th re2  types  o f  docume3t: 
for p r e p a r e r s  and r e v i e n e r s  of pennit a p p l i c a t i o n s  f o r  hazardous t ras te  LiSD 
f a c i l i t i e s .  These t y p e s  - - l n c l u d e R ~ . ~ T e c h n i c a l  Guidance Documents, P e n i t .  
Guidance Yanuals ,  and T e c h n i c a l  Xesource Documents (TRD's). The RCXA T'echnica. 
Guidance D o c u q n t s  present d e s l g n  and o p e r a t i n g  s p e c i f i c a t i o n s  or d e s i q n  e v a l -  
u a t i o n  t e c h n i q u e s  t h a t  g e n e r a l l y  comply v i t h  o r  demons t r a t e  compliance v i t h  
the Design and O p e r a t i n g  Requirements and t h e  CLosure and Post-CLosu:e Requf re. 
ments of Part 266. The Permit Guidance Manuals a r e  be ing  developed t o  desc r lb l  
t h e  p e r m i t  a p p l i c a t i o n  FnforrPation t h e  Agency seeks and t o  p rov ide  guidance t~ 

a p p i i c a n t s  ana p e s m f t  vrtters i n  a d d r e s s i n g  the h i o m a t i o n  r e q u i i e a e n t s .  
These manuals v i l l  include a d i s c u s s i o n  of each s t e p  fa the p.ermittFng p r c c e s s  
and a d e s c r i p t i o n  of each sat of s p e c i f i c a t i o n s  t h a t  must be c o n s i d e r e d  _Cor 
i n c l u s i o n  in t h e  permit. 

The T e c h n i c a l  Resource 9ocrrments present state-of-the-art summaries o f  
t e c h n o l o g i e s  and e v a l u a t i o n  t e c h n i q u e s  determined by t h e  Agency to c o n s t i t u t e  
good o,nginecr?!g- d e s Q n e ,  ?tacrires, and procedures .  They support t he  3CXA 

(F.e. ,  l iners ,  l e a c h a t e  management, c l o s u r e  cove.rs* wa te r  b a l a n c e )  by des- 
c r i b i n g  c u r r e n t  t e c h n o l o g i e s  and methods f o r  d e s i g n i n g  haza rdous  vaste f a c i l -  
i t i e s  or f o r  evaiuating tne p e r f o m n c e  o i  a t ' a c u i z y  iesisn. .iLc?,ou~jn 
emphasis is g i v e n  to  hazardous waste f ac i l i t i e s ,  t h e  Fnforrnation p resen ted  Fn 
t h e s e  TRD's may be used. i n  d e s i g n i n g  and o p e r a t i n g  non-hazardous s a s t e  LtSn 

Guidance ,uanuais are directiv r e i a t w  to cne r e g u i a r i o n s .  cne L n c o m a c l o n  iil 

t h e  r e q u i r e m e n t s  of t h e  r e g u l a t i o n s .  

. T e c h n i c a l  Guidance Oocuments and Permit Guidance &%nuah tn c e r t a i n  areas 

--e. - . . . . . .  . -  .. - . ----.- - .,...-., m e -  - -  ---: - -=>--:--= -2 :.Zi,, - ' ' l r 2 = Y  ..:= . - . - A  ;La.----- .----A&*-- ..--...-.-- I .--  
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SECTION 1 

PROGRA!! I DEM: IF ICAT I O N  

PROCUM TITLE 

. Hydrulodic Eval.uation of Landf i l l .  Performance. %del  

.- 
. .  

UKITEXS 

Paul R. Schraeder, Anthony C. Gibson, and YLchael D. Smoi.en 

ORGUJIZATIO?i 

U.S. m y  a g i n e e r  Matemays bperiment Statio? (UES) 
L 

. --= - . .... - _ _  . . . .  _ _  .... . 
-- 

. MI& 

august L983 

UPLlAIE ' 

None ., Version No.: ! 

'IBM 360/370 and CDC Extended FORTBAN IV 

AVAI U 8  L LlZ 

A canplcta progran Llstlny is provlded in Appendix A. Source cdras and 
magnetic tap are available froro t h e  O f f i c e  o f  Data 3ase Service ,  ? k t l o n a l  * 

Technical T s f o n a t i o n  Service (NTtS)  . 
bvironmentai  ?TQ ceccioa Agency ,Satlona.i h n p u c a r  Gzncur s y s t m .  
accounts  for the system are avai lable  through NTZS. 

R e  program is addtessahle  an the U.S. 
,:,c?u:zr 



model and t h e  U.S. D e p a r m e n t  o f  Xqricu.Lture CXEX'IS HydroLogic node!. 
model computer r u n o f f  by t h e  S o f l  Conse rva t ion  S e r v i c e  runoff  c u r J e  number 
3e thod .  Evapotransp' iracion fs computed by a nodff  Fed Penman 3echod developed 
by R i t c h i e  and adap ted  f o r  Lixitfng soil m o i s t u r e  Fn the manners of  Shanho l t z  
and Sax ton .  
f l a w  wl th  modif t c a t i o n s  f o r  u n s a t u r a t e d  c o n d i t i o n s .  L a t e r a l  d r a i n a g e  fs com- 
puted a n a l y t i c a l l y  from a L inea r i zed  aoussinesq e q u a t i o n  which Fs c o r r e c t e d  t o  
a g r e e  with n u m e r i c a l  solutions of  t h e  Rousslnesq e q u a t i o n  f o r  t h e  ranqe o f  
desigr!  s p e c i f i c a t i o n s  used i n  hazardous waste L a n d f i l l s .  The mode! uses cllina- 
t o l o g i c  and d e s i g n  Fnput d a t a ' l n  t h e  form of  d a i l y  r a i n f a l l ,  mean monthly 
temperatures, mean monthly soLar  r a d i a t i o n ,  l e a f  a r e a  Fnd ices ,  soil c h a r a c t e r -  
istics,  and d e s i g n  s p e c i f  F c a t i o n s  t o  p e r f o m  a s e q u e n t l a l '  d a i l y  a n a l y s i s  t o  
d e t e r m i n e  r u n o f f ,  e v a p o t r a n s p i r a t i o n ,  percolat ion, ,and la te ra l  d r a i n a g e  € o r  
t h e  Landfill (cap, vaste c e l l ,  Leachate  c o l l e c t i o n  system, and Lfner)  and eo ' 

o b t a i n  d a i l y ,  monthly,  and a n n u a l  uater budgets. 

Tne HELP 

P e r c o l a t i o n  is d e t e m i n e d  by apg ly ing  D a r c y ' s  L a w  f o r  s a t u r a t a d  

. - L -_. . .--a -. . .. - . . . ... .. -- 

. -  

- .. 
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SECTION. 2 

EEJC ZNEER ING 00 CUHR4TXTI ON 

NARRATIVE DESCRIPTION 

The Hydro log ic  E v a l u a t i o n  of  L a n d f i l l  P e r P o d a n c e  (HELP) model vas deve l -  
oped t o  h e l p  hazardous vagte L a n d f i l l  d e s i g n e r s  and e v a l u a t o r s  estimate the  
magnitudes of components of t h e  wa te r  budget  and  t h e  h e i g h t  of water s a t u r a t e d  
SOU above b a r r i e r  soil l a y e r s .  This quaaF- tm- iFmens lona l ,  d e t e d n i s t i c  
computer-based water budget model vas developed and adap ted  from the  U.S. Z r i v t -  
ronmental  P r o t e c t i o n  Agency Hydrologic  S imula t ion  & d e l  f o r  E s t i . a a t i n g  Terco- 
L a t i o a  a t  S o l i d  Waste Disposal S f t e s  (SSS"DS) ( 1 , Z )  and t h e  U.S. Oeoa r t aen t  of 
A g r i c u l t u r e  Chemical Runoff and Eros ion  from A g r i c u l t u r a l  Yanagernent S y w ~  
tms (CREAMS) HydroLogic model (3 ) .  The HELP model p e r t o m s  a s e q u e n t i a l  
d a l l y  a n a l y s i s  t o  d e t a t m i n e  r u n o f f ,  e v a p o t r a n s p i r a t i o n ,  p e r c o l a t i o n ,  and 
lateral  d r a i n a g e  f o r  t h e  Landfill (cap, w s t e  c e l l ,  l e a c h a t e  c o l l e c t i o n  
system, and L ine r )  and o b t a i n  d a i l y ,  monthly, and 'annual  wa te r  budgets .  
model does  not accoun t  

The 
f o r  lateral ipfrov and s u r f a c e  runon. I 

0 

The HELP sodel r e q u i r e s  c i f n a t o l o g l c  d a t a ,  SOU c h a r a c t e r i s t i c s ,  and ' 

d e s i g n  s p e c i f i c a t i o n s  t o  perform the a n a l y s i s .  C l l m a t o l o g i c  input  d a t a  con- 
sist or' d a i l y  p r e c i p i t a t i o n  v a l u e s ,  mean axiuthly temperatures, m a n  zm*,hly 
s o l a r  radfation v a l u e s ,  l e a f  area i n d i c e s ,  e v a p o r a t i v e  zone d e p t h ,  and v t n c e r  
cover  f a c t o r s .  SOU c h a r a c t e r i s t i c s  I n c l u d e  p o r o s i t y ,  f i e l d  c a p a c i t y ,  uti c i n g  
pofnt, h y d r a u i i c  c o n d u c t i v i t y ,  =tar t r a n s m i s s i v i t y  e v a p o r a t i o n  c o e f f i c i e n t  
and Soil C a n s e m a t i o u  Servica (SCS) runoff  cuwe number f o r  a n t e c e d e n t  nois- 
t u r e  c o n d i t i o n  11. Design s p e c i f i c a t i o n s  coasist of the  number of l a y e r 3  and 
t h e i r  d e s c r i p t i o n s  Fncluding type, t h i c k n e s s ,  slope, and maximum L a t e r a l  d i s -  
tance to  a d r a i n ,  lf applicabla,  and whether  s y o t h e t t c  membranes are to be 
used i n  t h e  cover and /o r  l iner .  The RELP aodel maintains r'fve years of 
d e f a u l t  cllmatologic data f o r  102 c i t i e s  throughout  t h e  United States.  
seven default options f o r  v e g e t a t i o n  aay be s p e c i f i e d .  The aodel also stores 
d e f a u l t  s o i l  characteristics f o r  2 1  so i l  types f o r  u s e  h e n  measurements o r  
s i te  specific estimates are uoc availabie. 

Any or' 
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The d e f i n i t i o n  s k e t c h  o f  a t y p i c a l  c l o s e d  l a n d f i l l  p r o f i l e  is shorn i n  
F i g u r e  1. 
t h e  v a s t e ,  d r a i n ,  and l i n e r  system. 'cvo s u ' b p r o i i l e s  o r  modeling u n i c s  f o r  
v a t e r  r o u t i n g  a re  shown. X s u b p r o t i l e  c o n s i s t s  ,of all l a y e r s  between (and 
i n c l u d i n g )  t h e  l a n d f i l l  s u r f a c e  and t h e  bottom of t h e  cop b a r r i e r  soii iayer, 
b e t v e e n  t h e  bottom of a barr ier  soil l a y e r  and t h e  bot tom o f  t h e  n e x t  lower 
barrier s o i l  Layet, or bet*,Jeen t h e  bottom of  t h e  Lovest ba r r i e r  s o i l  layer and 
t h e  bot tom of t h e  l o v e s t  s o i l  l a y e r  c o n s i d e r e d .  I n  t h e  s k e t c h .  t h e  top sub- 
p r o f i l e  c o n t a i n s  t h e  l a y e r s  of t h e  c o v e r ,  and t h e  bottom s u b p r o t i l e  is 
composed of  t h e  v a s t e *  d r a i n ,  and l i n e r  system at  t h e  base of  t h e  L a n d f i l l .  
Four types of  l a y e r s  are  shown i n  t h e  s k e t c h :  v e r t i c a l  p e r c o l a t i o n ;  l a t e r a l  
d r a i n a g e ,  vas te ,  and b a r r i e r .  

The s k e t c h  silcvs s ix  l a y e r s - - t h r e e  i n  t h e  co.ver o r  cap and :hree i n  

Vertical p e r c o l a t i o n  l a y e r s  (e.g., layer. 1 on F i g u r e  1) a r e  assumed to 
have g r e a t  enough h y d r a u l i c  c o n d u c t i v l t y  t h a t  v e r t i c a l  f l ow in t h e ' d o v n v a r d  
d i r e c t i o n  ( i . e . ,  p e r c o l a t i o n )  is n o t - s i g n i f i c a n t l y  res t r ic ted .  L a t e r a l  
d r a i n a g e  i s  not permitted, b u t  water can  move upward and be lost to evapo t ran -  
s p i r a t i o n ,  depending upon t h e  s p e c i f i e d  d e p t h  of t h e  e v a p o r a t i v e  zone. .  Per- 
c o l a t i o n  is modeied a s  b e i n g  independent  of t h e  depch of water s a t u r a t e d  s o f l  

shou ld  g e n e r a l l y  be d e s i g n a t e d  a s  v e r t i c a l  ? e r c o l a t i o n  l a y e r s .  
" ( i . e . ,  t h e  head)  above t h e  l a y e r .  Laye= des igned  t o  s u p p o r t  ' vegeca t ion  

Lataral d r a i n a g e  layers a r e  assumed t o  have h y d r a u i i c  c o n d u c t i v l t y  h i g h  
enough t h a t  l i t t l e  resistance t o  flov is o f f e r e d .  The h y d r a u l i c  c o n d u c t i v i t y  
of d r a l n a g e  l a y e r s  shou ld  b e . g r e a c e r  t h a n  o r  equal t o  the h y d r a u l i c  conduct iv-  
'it9 of t h e  o v e r l y i n g  l a y e r .  
f o r  a v e r t i c a l  p e r c o l a t i o n  l a y e r ;  hoveve r ,  l a t e r a l o u t f l o w  is al lowed.  This . 
l a t e ra l  d r a i n a g e  is cons ide r%d t o  b e  a f u n c f i o n  of the s l o p e  a i  the bottom o f  
t h e  l a y e r ,  the maximum horizontal d i s t a n c e  t h a t  v a t e r  a u s f  traverse t o  d r v i r ,  
from t h e  l a y e r ,  and t h e  depch of water s a t u r a t e d  s o i l  above, t h e  top of t h e  

' u n d e r l y i n g  b a r r i e r  s o i l  l a y e r .  (Note.:. a l a t e r a l  d r a i n a g e  l a y e r  may b e  under-- 
l a i n  by only a n o t h e r  l a te ra l  d r a i n a g e  l a y e r  or a barrier s o i l  l a y e r . )  The 
s l o p e  a t  t h e  bo t tom.o f  the layer may vary from 0 t o  10 p e r c e n t ,  and t h e  saxisurn 
d r a i n a g e  d i s t a n c e  may range becweeu 25 and 200 r'eet. Layer s  2 and 5 on 
Figure 1 ara  la te ra l  d r o h a q a  layers. 

Vertical frob is modeled in -:!I> same manmt as  

Barrier soil layers septe the purpose  o f  r e s t r i c t i n g  v e r t i c a l  flov. 
Thus, such layers s h o u l d  have h y d r a u l i c  c o n d u c t i v i t y  substantially lover t h a n  

. f o r  v e r t i c a l  ptrtolatiou, lateral  d r a i n a g e ,  or vaate layers.. The program - l M t s  the d i r e c t l o o  o f  flow in b a r r i e r  s o i l  layers to dovnvard. Thus, any 
vatar  moving into a b a r r l r r  layer vilL svenr t t a l ly  p c r c o l a t a  through. Perca- 
lation is madeied as a f u n c t i o n  of t h e  d e p t h  of water saturated s o i l  (head) 
above t h e  b a s e  of t h e  l a y e r .  The program recognizes tvo t y p e s  of b a r r i e r  
Layers;  thoye composed of  s o i l  a l o n e  and :hose comDosed of s o i l  o v e r l a i n  3v an 
i m p e c e a b i e  syothetlc mezabrana. In t h e  laccer c a e e , . c h e  user must specify some 
membrane l e a k a g e  f r a c f i o a .  mfs f a c t o r  may be t hough t  of s imply  as  t h e  frac- 
tion ( r a n q e  0 to  1) of tbe mix4- daily ? o t a n t i d  ? e r r o l a t i o n  ( i .  e. , :he ? e r -  
. _  : h c :  . :nu~z.  .:E===. 1, ::E -iasenc=. .:f I:=. :xm.=;ao! :z.=.s-gz : z z  ---.;zr 
inac is s q e c z e a  t o  aczuaiip  ac==Jr o n  a i a v  wits ?fie ae=lnrans <z 2 l i r z  -22 *:;-+ . -.. 
::.I) .:=e .-.csc := :32. ;zzz:~r ,aver. ,;e :el: -.i:xt JZ i p e c r r y x q  ;.?e ? z z 3 e x z  
of a membrane i s . t o  r educe  t h e  e f f e c t i v e  h y d r a u l i c  c o n d u c t i v i t y  of t.Le l a v e r .  

. .  
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The program does  n o t  model a g i n g  dF che membrane. 
F i g u r e  1 are  b a r r i e r  l a y e r s .  

Layers  3 and 6 shown on 

0 

Water movement ihrough a v a s t e  l a y e r  is aode led  in t h e  same nanner as f o r  
a v e r t i c a l  p e r c o l a t i o n  l a y e r .  Hovever, i d e n t i i y i n g  a l a y e r  a s  a v a s t s  Layer 
i n d i c a t e s  co t h e  program v h i c n  layers should b e  c o n s i d e r e d  part  or' t h e  Landfiil 
cap  o r  cove r  (see F i g u r e  I), and which l a y e r  shou ld  b e  c o n s i d e r e d  as part of  
t h e  l i n e r i d r a i n a g e  system. Layer 4 shovn on F i g u r e  1 is  a v a s t e  layer .  

If t h e  topmost l a y e r  of  a l a n d f i l l  p r o f i l e  i s . i d e n t i f i e d  as a v a s t e  l a y e r ,  
t h e  program assumes t h a t  t h e  l a n d f i l l  is open. I n  t h i s  case, t h e  u s e r  must 
spec i r ' y  an  SCS runof f  c u r v e  number and che f r a c t i o n  (a f a c t o r  c h a t  may v a r y  
from 0 t o  1) of t h e  p o t e n t i a l  s u r f a c e  runoff  t h a t  1s a c t u a l l y  c o l l e c t e d  and 
removed from the l a n d f i l l  s u r f a c e .  

METHOD OF SOLUTION 

The HELP model vas developed t o  estimate d a i l y  water movement on t h e  s u r -  
face and th rough  the l a n d f i l l .  P r e c i p i e a c i o n  is p a r t i t i o n e d  into r u n o f f ,  
e v a p o t r a n s p i r a t i o n ,  p e r c o l a t i o n ,  and s u b s u r f a c e  l a t e r a l  d r a i n a g e  e o  s a i n t a i n  a 
c o n t i n u o u s  v a t e r  b a l a n c e .  The HELP sodel computes runof? by the S o i l  C z n s e r - ,  
v a t i o n  S e r v i c e  (SCS) runoff c u m e  number mechod ( 6 )  and p e r c o l a t i o n  by D a r c y ' ~ . .  
Lau f o r  s a t u r a t e d  f low (j w i t h  m o d i f i c a t i o n s  f o r  u n s a t u r a t e d  c o n d i t i o n s .  
Lateral d r a i n a g e  is computed a n a l y t i c a l l y  from 'a l i n e a r i z e d  Boussinesq equa- 
t i o n ,  c o r r e c t e d  t o  a g r e e  v l t h  n u m e r i c a l  s o l u t i o n s  of t h e  n o n - l i n e a r i z e d  
Boussinesq e q u a t i o n  f o r  t h e  r ange  of d e s i g n  s p e c i f  i c a t i o n s  used'  in hazardous 
waste l a n d f i l l s  ( 6 ) .  E v a p o t r a n s p i r a t i o n  is  d c t e r s i n e d  by a modif ied ?enman ' 

mechod developed by 2 i t c h i e  ( 7 )  and adap ted  l o r  l i m i t i n g  soil m o i s t u r e  condi-  
t i o n s  i n  t h e  manner or' Shanho l t z  e t  a l .  ( 8 )  and Saxton e t  a l .  ( 9 ) .  S o l u t i o n  
p r inc ip l e s  a r e  desc r4bed  in d e c a i l  below. 

- - 
H a t h e m a t i c a l  modeling may d e a l  v l t h  d e t e r s i n i s t i c  and s t o c h a s t i c  v a r i -  

a b l e s .  
random-cime e v e n t s  and s e q u e n t i a l  r e l a t i o n s  as vel1 as f u n c t i o n a l  r e l a t i o n s  
v i t h  o c h e r  h y d r a l o g i c  ~ a r i a b i e s .  
poral and s p a t i a l  p r o p e r t i e s  a re  bm; i .e . ,  it is assumed t h a t  t h e  b e h a v i o r  
of  s u c h  a v a r i a b l e  is d e f i n i t e  and its c h a r a c t e r i s t i c s  can be p r e d i c t e d .  The 
HELP model is d e t e r m i n i s t i c  i n  coocept i n s o f a r  as t h e  model t r e a t s  a l l  v a r l -  
a b l e s  and t h e i r  r e l a t i o n s h i p s  as be ing  d e f i n i t e l y  known, a l t h o u g h  o f t e n  v i t h  
e m p i r i c a l  r e l a t i o a s h i p s .  
n o t  oe c o n s i d e r e d  as simulation th rougn  a 20-year ?eriod s i n c e  che elfec:s o f  
a g i n g  of the l a n d f i l l  are not  modeled. The s i m u l a t i o n  r e s u l t s  should be used 
t o  d e m o n s t r a t e  t h e  p r o b a b i l i t i e s  of v a r i o u s  outcomes for t h e  g iven  c h a r a c c e r -  
i s t i c s  or' the landfili. 

X s t o c h a s t i c  v a r i a b l e  is  one vhose p r o p e r t i e s  a r e  governed by  p r e i j r  

.A d e c e r m i n l s c i c  v a r i a b l e  is  m e  vhose ten- 

Hovever, t h e  r e s u l t s  of 20 years of s i m u l a t i o n  shou ld  

Runo f f 



ful fil.l .ed, n a t u r a l  d e p r e s s i o n s  c o l l e c t  t h e  e x c e s s  r a i n  i o  .:urn snal 1 ?uddlas. 
in a d d i t i o n ,  a fila o,f h a t e r  beg ins  t o  b u i l d  u p  on p e r x a i l e  and : ~ o a r ~ a ~ l ~  
s u r f d c e s  v i t h i n  t h e  p a s t e  d i s p o s a l  s i t e .  T h i s  stored v a t e r  c o l l e c t s  i n  m a l  1 
r r v u l a t s  and is  hence conveyed i n t o  small c h a n n e l s ,  and,  t h u s ,  s u r f a c e  r u n o f f  
i s  produced. 

The SCS C U N ~  number t echn ique  p resen ted  i n  S e c t i o n  4 of t h e  Nat ional  . 

Engineering Handbook (4) was sel .ecced t o  model. t h e  runoff  p rocess  because ( L O ) :  

a. It is a -1.1 e s t a b l i s h e d  rcliahle procedure.  

b. It is c o m p u t a t i o n a l l y  e f f l c i e n t .  

c. The r e q u i r e d  inpu t  ts genetal.1.y a v a i l a b l e ;  and 

d. Various soil types, land u s e  and management p r a c t i c e s  can  be c m -  
v e n i e n t l  y hand 'led. 

The p rocedures  v e r e  davel oped f r a n  observed runof f - r a i n f a l  I re1 a t i o n s h i ? s  f o r  
iarae scams on small * a t e r s h e d s ,  a s  p re sen ted  LT t h e  f o l l o v i n g  2aragrashs : & ) ,  

Runoff m s  p l o t t e d  as a f u n c t i o n  of r a i n f a l l  on a r i t h e t i c  g rap i  paper ' 

havr;y e q u a l  s c a l e s ,  y i e l d i n g  a c n m e  t h a t  becomrs a s y m p t o t i c  to  a s t r a i g h t  * 

Line v l t h  d lr5" slope a t  high rainfaLl as shown in F i g u r e  2. The e q u a t i o n  o €  
t h e  s t r a i g h t  lfne port-fon o €  t h e  r u n o f f - c u r v e ,  assuming no initial a b s t r a c t r o n  
o r  Lay Seraen  che t b e s  vheg runof f  and r a i n f a l  1 s ta r t s ,  t s  

Q = e o  - s '  ( 1 )  

vhere  

Q - a c z u a i  runof t ,  Laches 

P '  1 aaxfmum p o t e n t i a l  runoff o r  actual .  rainr'a1.L a f t o r  rzcor'r' s t a r t s ,  
inches  

S '  = y t t g n t i a l  maximum r e t e n t i o n  by  any means a f t e r  runof f  s t a r t s ,  
i n c h e s  

S '  is a constant f o r  a p a r t i c u l a r  s torm because i t  2s :ne maximum r e t e n t i o n  
that can occur  under existing c o n d i  t l o n s  of ua t e r shed  c h a r a c t e r l s t  Fcs and r3 Fn- 
f a l l  i n t e n s i t y  i f  t h e  s t o m  c o n t i n u e s  i n d e f i n i t e l y .  The r e l a t i o n  betveon Dre- 
c i p i s : i o n ,  x n o r 5 ,  ana c= : in t i cn  (:,le a i l f r r anco-  ' xc~ ieen ::e r a i n l t l  
r u n o f f )  a t  any po tn t  on the runoff  c u r v e  m s  found tn be 
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Figure 2. Relationship between runoff,  precipitation, and r e t e n t i o n .  

where 

F - actual retention after runoff starts, inches  

P' - Q 
Subst i t i t t tng  f o r  F ,  

. .  

h e m  P' fs t h e  ac tua l  r a i n f a l l  when tnltial abs trac t ion  does not occur.  

.. 

. .  
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If i n i t i a l  a b s t r a c t i o n  were c o n s l d e r e d ,  the runoff curve w o u ~ d  b e  trans- 
l a t e d  t o  t h e  r i g h t ,  as shovn in Figure  1,  by the amount of p t e c i 7 i t a t i o n  
which occur red  p r i o z  t o  t h e  s t a r t  o f  r u n o f f .  T h i s  amount o f  p r e c i p i t a t i o n  is 
t he  Fnftial a b s t r a c t i o n .  The re fo re ,  t o  f o n  the r e l a t i o n s h l p  w i t h  initial 
a b s t r a c t i o n  'analogous t o  Equation 3 ,  t h e  i n i t i a l  a b s t r a c t i o n  uouLd b e  sub- 
t r a c t e d  from t h e  p r e c i p i t a t i o n .  

Equat ion 3 becomes- P - f  * Q  Q 
" a 

a S' P - I  
. .  

where 

P = a c t u a l  r a i n f a l l ,  i n c h e s  - i n i t i a l  a b s t r a c t i o n ,  i n c h e s  'a 

.In the  SCS d e r i v a t i o n  ( 4 ) ,  t h e  maximum r e t e n t i o n  pa rame te r ,  S', i n  E c u a t i o n  5 
1s termed S, but both pa rame te r s  a r e  e q u a l .  

s - S' (6 J .. 
Equat ion 6 has been c o r r e c t e d  from t h e  SCS d e r i v a t i o n  (41.. 

R a i n f a l l  and n tnof f  d a t a  € t o m  a l a r g e  number of  e x p e r t n e n t a l  u a c e r -  __ 
. sheds e m p i r i c a l l y  i n d i c a t e d  r h a t  ( G )  

I = 0 . 2 s  a 

S u b s t i t u t i n g  Equa t ions  6 and 7 i n t o  Equa t ion  5 and solving f o r  Q ,  

Performing polynomial d i v i s i o n  on Equat ion 8 and d i v i d i n g  b o t $  s i d e s  o f  
t h e  e q u a t i o n  by S, 

9 . : -  1 . 2 -  . 1 . 0  
P a +  0 . a  s s  ( 9 )  

Equation 9 is t h e  normalized '  r u n o f f - r a i n f a l l  r e l a t i o n s h i p  f o r  any S and is - - 7 - . . , - -  - __----.. _-. _--- - . -  

9 
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Figure 3 .  SCS r a f n f a l  L-runof f r e l a  t i o n  n o m a l .  ired on r e t e n t i a n  parame cer S .  

L 000 
c ? I * s * i o  

The retention parmeter, S, for a 3iven s o i l  varies as a .%unction of  t i e  
s o i l  amlsuare Fn the following manner which d i f fers  sl Fyht ly  from the CREAYS 
documentation ( 3 )  in that  the clater content beLov t h e  vll t i n 3  point clas n o t  

. h c l u d e d  '3 :.heir io11 =iscure tern: 



. '  
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where 

D - d e p t h  t o  b c t m  of segment j ,  i n c h e s  

VD = v e g e t a t i v e  o r  e v a p o r a t f v e  d e p t h ,  i n c h e s  
1 

T h e r e f o r e ,  t h e  we igh t ing  f a c t o r s  f o r  segments 1,  2 ,  3 ,  4 ,  5 ,  6 ,  and 7 a r e  
0.111, 0.397, 0.254, 0.127, 0 . 0 6 3 ,  0.032, and 0.016, r e s p e c t i v e l y .  

The maximum v a l u e  of S, S , i s  t h e  v a l u e  of S a t  t h e  Lowest s o i l  xo i s -  
t u r e  c o n t e n t  vh ich  c o r r e s p o n d s y o  a n t e c e d e n t  moi s tu re  c o n d i t i o n  I ( A 3 C - I )  i n  
t h e  SCS method (4). 
f 0 l lovs  : . Sax Fs related' t o  t h e  cu rve  number f o r  AX-I, 0 1  as I' 

1000 
'm CNI = - -  10 

G e n e r a l l y ,  t h e  cume number f o r  a clwtershed is  determined f o r  average 2 0 F s r ~ r 2  
c o n d i t i o n s  ( A X - 1 1 )  i n  t h e  SCS method and t h e  c u m e  number is t e r n e d  C!iII. 
CN can be estimated .from F i g u r e  4 u h l c h  -8 developed from the relationship 
befween s o i l  h y d r o l o g i c  group and minlmum i n f i l t r a t i o n  ra te  (4  , 1 :> p r e s e n t e d  
i n ' l l a b l e  6 and from t h e  CX v a l u e s  fo r  v a r i o u s  combinat ions of sail type and! 
v e g e t a t i o n  type  (4) .  
by t h e  fo l lowing  polynomial : 

In t h i  C M S  developnrent ( 3 ) ,  CNI vaa related to CNII * 

(!4) 3- - -- 
C N ~  - -16.91 + t.36a(m11) - o.oi379(cxI,)* + O . O O O ~ L ~ ~ ( C Y ~ ~ )  

Summarizing t h e  p rocedures  used i n  t h e  HELP model t o  d e t e r n i n e  d a i l y  run- 
o f f ,  t h e  approach is: 

a .  Knowing CXII f o r  t he  s i t e ,  compute CY and S using Equations LS I mx and 15, r e s p e c t i v e l y .  

SF: b .  Compute t h e  d a i l y  depth-wcighted r e t e n t i o n  parameter, 

c. Compute the d a i l y  r u n o f f ,  Q,, by Equat ion 8. 

I n f i l t r a t i o n  

Infiltration is e q u a l  t o  t h e  d l f  f e r e n c e  between t h e  d a i l y  p r e c i p i t a t l o n ,  
t h e  sum of t h e  change Fn s u r f a c e  s t o r a g e  o €  p r e c i p i t a t i o n  ( snov) ,  t h e  d a i l y  
r u n o f f ,  and the surface evapora t ion .  If t h e  mean d a i l y  :eaueratura,  i 3  k l o v  
jZ*P, p r e c i p i c a t i m  is stored on the s u r f a c e  as snow a n d ' d o e s  not Cont iZbuCa  
t o  Fnf l l t ra t lon  o r  runoff un t i l  t h e  man d a i l y  c e s p a r a t u r e  exceeds 32'F.  
The d a i l y  snowmelt is computed aa f o l l o w s  ( 4 )  : 

= {0.06(Ti - 32) f o r  Ti r 3 2  and S30, - >0.06(Ti  - 32) (1 7) 



. .  

vhere 

S = maximum Value of S, inches mx 

SM = s o i l  vater content i n  the vegetative or evaporative zone, inches 

ut * upper Limit of soil water storage and defined as the storage 
capacity at saturation, inches 

Wp = vilting point of the soil o r  the lowest naturally occurring soil 
wafer coatent, inches 

Since s o i l  water is  aot distributed uniformly thraughout che soil profile 
and since the s o i l  moisture near the surf ace inf laences inf ilrration more 
strongly than that located elsevhere, the retention parameter should be d e p c n -  
veighted. The s o i l  profile of the vegetative o r  evaporative depth is, chere- 
fore, divided into seven segments. The thickness of che top segment is set 
to equal one-thirtysixth of the thickness of che vegetative or evaporative 
depth and the thickness of the second segment is  flve-tSittysixths of the 
thickness of che vegetative o r  evaporacive depth. The chic-kness o i  aacn of 
tho bottom f i v e  sepents is defined as ooe-sixth of the thickness of the' 
vegetatkcc or evaporative depth. The evaporative depth is specified by che 
user and is  the maximum depth f rom vhich moisture can be removed by evapo- 
transpiration, but this depth cannot exceed the depch to chc top of che upper- 

with the following equation (3): . 

' 

.most barrier soil layer. The depth-weighted - retention parameter - -  is computed 

1 
vhere 

U 1 

1 

1 .  

1 

= weighting factor for segment j 

SM = s o i l  water content of segment j ,  inches 

UL saturated capacity of segment j ,  inches 

We = w i l t i n g  point of segmant j, inches 

The veighting factnra decreanc r f th  the depth of the segment i n  accordance 
-3iz.i 11.0. f z L L x i 2 z  a q u a t i o n  From ?he C B M  develooment I ?! * 

r i 

. - .  
* 
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The d a i l y  r u n o f f ,  0 is computed from Equat ion 8 u s i n g  t h e  n e t  rainfal! i n  
i n c h e s ,  Pi, where 'i' 

# 

e i  - e x i  + S N O ~ _ ~  - SNOi - ESSi ( 1 9 )  

The re fo re ,  t h e  n e t  d a i l y  l n f i l t r a t i o n  I s  computed as fo l lows :  

INi = P i  - Q, 
where 

E v a p o t r a n s p i r a t i o n  

I X i  = i n f f l t r a t i o n  on day F, Fnches 

The e v a p o t r a n s p l r a t i o n  from a L a n d f i l l  c o v e r  I s  a f u n c t i o n  of t h e  energy 
available, t h e  v e g e t a t i o n ,  t h e  s o i l  vatef t r a n s m i s s i v i t y ,  and t he  soil v a i e r  
c o n t e n t .  The p o t e n t i a l  e v a p o t r a n s p l r a t i o n  is computed by a m d i f i e d  Penman 
method developed by R i t c h f e  (?I and used i n  C R W S  ( 3 ) .  

1.28  hFHF 

(hi + G 1 2 5 . 4  
= 

- i EO 

where - p o t e n t i a l  w a p o t r a n s p i r a t f o n  on day i, i n c h e s  
i Eo 

Ai - s l o p e  of s a t u r a t i o n  vapor  p r e s s u r e  c u m e  - on day i _ _  - - _  

Hi - n e t  solar r a d i a t i o n  on day i, l a n g l e y s  

C - psychromet r i c  c o n s t a n t  which is assumed t o  remain consiant at 
0.68 

A Ls c m p u t e 4  wlzh the fol lcwing aquat ion:  I 
' (21.255 - 5304 / r< i )  5 304 A 4 = 7  e 

Tx; ( 2 2 )  ' ' 

where TI< - man tempera tu re  In  O X  on  day 1. H I s  computed by t h e  folloving 
equa t  f on : F I 

1 

Hi - 58.3 ( 2 3 )  

where 

R i  = solar r a d i a t i o n  on day i, l a n g l e y s  

14 
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Ftgure 4 .  Relationship between SCS cur i e  number 3nd n i n h u m  
Fnf f l t r a t i o n ,  rate  (%Xi) for various vege ta t ive  covers.  

where 

Y = amount of  snowe.Lt o n  day' i, inches i - meen temperature on day 1 ,  'F L i  
SNOi-l = amount of  snowater a t  end of day F-L,  inches 

SNOi_l  + ??E - F,SS l o r  T ~ 3 2  I 1 I 
SNOFO1 - Hi f o r  TF ~ 3 2  and ESSi sHi + P R E t  

. vhere PREF - actua l  prec lp t ta t lon  on day I, inches 

.. 



where ESi = a c t u a l  s o i l  e v a p o r a t i o n  on day i, i n c h e s  

EP = a c t u a l  p l a n t  t r a n s p l r a t l o n  on day F ,  . i n c h e s  

' 

i 

The m d e l  cmputes  s o i l  e v a p o r a t i o n  and plant t r a n s o i r a c l o n  separately. 
The p o t e n t i a l  s o i l  e v a p o r a t t o n  through the  s u r f a c e  fs predicted by t h e  €oLlov- 
i n 3  e q u a t i o n  when e v a p o r a t l o n  ts not  Lfmfted by t r a n s m i s s i o n  of k a t e t  t a  che 
surf ace : 

-0.4 UI1 
ESo = Eo e ( 2 9 )  

I i 

u h e r e  

ES = po ten t i a l  soil e v a p o t a t l o n  on day i, i n c h e s  
0 ,  

L 

UIl = Leaf area index ,  on day l* of a c t i v e l y  t r a n s p l r h g  plants 
measured on a scale of 0 t o  3 

During t h e  nongrowfng o r  d o m a n t  pe r iod ,  t h e  U T ,  which is based on :he 
l e a f  area of  a c t l v e l y  t r a n s p l r i n g  p l a n t s ,  -auld b e  e q u a l  t n  zero .  However, 
t h e  a c t u a l  v t n t e r  cove r  t u u l d  n o t  b e  bareground as a LA1 Fndax as used L.? 
Equat ion  29 implies. 
h e a t l n g  of t h e  soil s u r f a c e  In t h e  same cnanner a s  a c t i v e l y  t r a n s p l r i n g  p l a n t s - '  
and, t h e r e f o r e ,  w u l d  simllarLy reduce  the  p o t e n t i a l  soil evapora t lon .  i 5e  
poten t ia l  SOU e v a p o t a t i o a  for v tn te r  cover  is computed a s  f o l l o w s >  

This dead o r  do rnan t  v e g e t a t i v e  c o v e r  ~ u l d  reduce  t h e  ' 

- -- -_ _ _ _ _ _  _-_______ - - 
( 3 0 )  

-0A WCF - - -  . --- --- 
?So = F, e 

1 0 1 
&ere GICF = v in tc r  cove r  f a c t o r  

= 0 for bareground and € o r  rov c r o p s  

' = 1 .a' for an excellent g r a s s  stand 

= 1.2 for a good grass stand 

= 0.6 f o r  a f a i r  grans stadd 

= 0.3 f o r  a poor graes s t a n d  

Soil evaporation o c c u r s  in tw s t a g e r .  S t a g e  one e v a p o r a t i o n  Is con- 
t r o l l e d  only by t h e  enetgy available, vhile stage NO e v a p o r a t i o n  is Lfni ted  
also by sacas :xnamiseFsn sSr:ugh c.Se s o i l .  Ir. s t a g e  5nc, 

mi = ES 
O1, 

, .  
.) .- 



- 0 4616  
D a i l y  mean t e n p e r a t u r e s  and s o l a r  r a d i a t i o n  v a l u e s  a r e  i n t e r y o l a c e d  Ern;! 

mean m n t h l y  t e m p e r a t u r e s  and s o l a r  radiation tlalues by c'.Fttial: t h e  - o n t S l y  
v a l u e s  t o  a simple h a m o n i c  cume v f t h  an annual  p e r i o d  u s i n g  F o u r i e r  analy- 
sis ( 1 2 ) .  The forn 'of  t h e  e q u a t i o n  is  

V i  i n t e r p o l a t e d  v a l u e  o €  day i 

v' * a v e r a g e  a n n u a l  v a l u e  

A = c o e f f i c i e n t  of the c o s i n e  term 

B = c o e f f i c i e n t  of t h e  s i n e  t e rn  

. N D  = nuqber of days i n  a year 

R e  c o e f f i c i e n t s  of t h e  e q u a t i o n  a r e  computed as f o l l o w s :  

v h e r e  

V i  - mean monthly v a l u e  € o r  m n t h  h 

The d a i l y  potent ia l  e v a p o t r a n a p l r a t i v e  demand as c a l c u l a t e d  i n  Equa- 
t i o n  2 1  ls exerted f i r s t  ou water a v a i l a b l e  on t h e  surface, e i t h e r  snov or 
p r e c i p i t a t i o n .  If a d e q u a t e  vater is  p r e s e n t  on t h e  s u r f a c e  t o  s a t i s f y  t h e  
demand, ?a.ter Fa n o t  t aken  from t h e  s o i l  column € o r  e v a p o t r a n s p i r a t i o n .  Any 
demand in excess of the s u r f a c e  water is e x e r t e d  on the soil column in  t h e  
fo r sa  af s o i l  e v a p o r a t i o n  and j l an r  t r a n s p i r a t i o n  h e n  above freezing. That  
p o r t i o n  of the potential  e v a p o r a t i v e  demand that is met by e v a p o r a t i o n  o f  
surface aninturs, ESS, i s  g i v e n  f o r  day i by 

1.5 
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:, - 

E S i  * 

ESli € o r  ESLTi c U  and ESSi + '  Esti c Eo i 

i € o r  E S L T F  2II and ESSi + ESZi s E  0 

L 
E - ESSF f o r  ESLTi c U  and ESSi + ESL i EO 

O F  

1 E - E S S F  f o r  ES t f l  2U and E S S l  + E S Z i  - E  0 
. O F  

( 3 5 )  

The p o t e n t i a l  p l a n t  t r a n s p i r a t l o n  Is computed a s  €ollovs: . .  
E o  L 

3 
a E P  

. O F  

( 3 6 )  

*ere EPo * p o t e n t i a l  p l a n t  t r a n s p i r a t i o n  on day t ,  i n c h e s  
c L '  

The a c t u a l  p l a n t  t y a n s p i r a t i o n  Ls equa l  to  t h e  p o t e n t i a l  p l a n t  t r a n s p i r a t i o n  

face e v a p o r a t i o n ,  soi l  e v a p o r a t i o n ,  and p l a n t  t r a n s p i r a t i o n  exceeds t h e  d a i l y  
po ten t  i a ~  evap:, t . r a n s p i  r a t i o n .  

except  * h e n  L h l t e d  by l o v  sot1 m o l s t u t e  o r  when the  d a i l y  t o t a l  of t he  s u r -  .. 

. EPDi 

+ ES $ E o  EP € o r  EPo + ESSl 
1 - -  i 

F 1 0 
0 

E - ESSF - ES f o r  EP0 + ESSF.+ ES ) E o  
1'. I 

F F 
i 0 

( 3 7 )  

where EPD 1s t h e  a c t u a l  p l a n t  t r a n s p i r a t i o n  demand i n  i n c h e s  on. day t .  The 
a c t u a l  e v a p o t r a n s p i r a t i o n  v a r i e s  as  a f u n c t l o n  of t he  sol1 m o i s t u r e  and the 
?Lant transpizacim demand as 3hos;n by 3anhoL:z snd LiLLzrd ( 8 ) ;  Caxtsn. 
Johnson, and Shav ( 9 ) ;  and Suda r ,  Sa r ton , ,  and Spomer ( 1 3 ) .  Usln.3 t h e  r a l a t i v e  
s v a p o t r a n s p l r a t i o n  rate c u m e a  f o r  no-cillage areas g iven  b y  Snannol tz  and  
L f l l a t d  (8 )  , t h e  fo l lowing  r e l a t i o n s h i p  was developed.  

F 

h e r e  EP is the actual p l a n t  t r a n s p i r a t f o n  Fn i n c h e s  on day F. If E? a s  
-computedFby Equa t ion  38 is less than z e r o ,  Lt Is set t o  equa l  z e r o ;  ani Ff 
a r a a t e r  :3an EP3 , it '-5 3et : 3  e q u a l  Z ? 9  . 
and v f l t i n g  pol114 v a l u e s  used Fn Equat ion 38 are  dep th  weighted a s  follows: 

The soil n o l s t u r e .  f i e i d  caoac:z-T 
L 

0 2 3  



where ESLt = s tage  one evaporation f rom soil on day i ,  inches. 

Staye one evaporation occurs when the to ta l - to-da te  of the s o i l  evaootat i jn  
Less the i n f l l t r a t i d n  is Less than the upper L i m i t  f o r  s tage one eva?ora- 
t i o n ,  11. The Lini t  represents the quantity o f  ;rater that  can be eeadLL;r crans-  
mitted t o  the surface.  m e  t o t a l  o f  s o i l  evaporation l e s s  i n f i l t r a t i o n ,  Z . j L i ,  
is computed as  foilous: 

. i  
ESITi  9 E S k  - INk 

where 

9 soil evaporation on Ray k, as  computed i n  Equation 3 5 ,  inches 
ESk 

a - Last day when ESlT equalled zero 

The upper l i m i t  o f  stage one evaporation i n  inches, U ,  i s  ( 3 )  

u 9 [1 (as  - 3 1 q 1 5 . i  

( 3 2 )  

( 3 3 )  

where 

a = s o i l  tr n rnisslvity parameter for evaporation g i v e n  i n  Table 6 ,  a. J mm/ day 9 

-- -- - 
hien ESlT is grea te r  t h a n  the.upper L i r n i t  ?or  accumulated stage one  S O : ~  

r a t i o n  s ta r t s .  Stage tvo evaporation from the SOU is computed b:. Equatio.1 34 
(3)  

I - evaporation (U), ln inches,  s tage  one evaporation s t o p s  and s tage   is;^ evapo- 

&ere 

tSZF = stage tvo s o u  evaporation for  day i, inches 

t - days since s tage  one evaporation ended i 

5 h c a  the d a i l y  t o t a l  o f  s o i l  evauoration, surface evaporation, 2nd Ylant 
transpirat ion cannot exceed the d a i l y  po ten t ia l  evapotransplrat ion,  the da i ly  
soil evaporation is 

,: 1. . -024  
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. L 09 + D u l l l o  = UI M x l 1 0  
( 2 . 3  - L . 7 )  
(120 - LOO) - 1.60 + 

- 1.63 

The t o t a l  w a p o t r a n s p i r a t i o n  (ET) is  equal t o  the  sum of t h e  evapora t ion  
from the  soil  (ES) and t h e  p l a n t  t r a n s p i r a t i o n  (EP): 

ESi + EPI when (ESi + EPi) s (Eo - ESSt) 
1 ( 6 3 )  

= U S i  vhen (ESi + EPF) > (Eo - ESSI) - 
I 1 EO 

ETi = 1 
The e v a p o t r a n s p i r a t i o n  Is d i s t r l b u t e d '  throughout .  t& evapora t ive  toae of  t h e  
s o t 1  cover  by tha  f u l l o w i n g  equa t ion  ( 3 ) :  

whet e 

ETi( j - evape t r aPwpl ra t ion  frun segment 1 on day i, inches 

U(f)  - (AQht in ( :  f a c t o r  f o r  segment j fran Equat ion I!, 
.. 

T h i s  mter e x t r a c t i o n  p r o f i l e  p red ic t ed  by Equat lon 64 ag rees  very 'cRL1 
A t h  p r o f i l e s  meayurui fo r  permanent g r a s s e s  by Saxton, 'Johnson and Shav (9). 
The dep th  of t h e  e x t r a c t i o n  is t h e  specified e v a p o r a t i v e  dep th  described prwi- 
ously. TSe c h i c h e s s a s  ot' che segments are the  samr as t hose  used t o  d e t e r n i n e  
:he d e p t b c p i g h t e d  r e t m t i o a  parmeter for the  SCS runoff curve number nethod. 

Soil amiscurs  s t o r a g e  

As vater e n t e r s  the soil ,  i t  contributes Lts volume to  either mapotran- 
s p i r a t i o a ,  s t o r a g e ,  o r a i n a g e ,  o r  pe rco la t ioa .  In the EL? mcde?, a d a i l y  t l z e  
m c e r v a i  is used :a a a l u a t a  :Sa components of :!?e Sater balance  squation. In 
g e n e r a l  terms, s o l l  amiscure s t o r a g e  is computed as f 0 1 . l . o ~ :  

h e r  e 
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U I  on day 110 vould be: 

- 

, I ;7 -., 

u h e r e  j re fe rs  t o  t h e  number oE a segment and W,J) is t h e  w i l g h t i n g  f a c t o r  a s  
used i n  Equat ion 13 and computed i n  Equat ion Lb.  

The l e a f  a r e a  i n d i c e s  used i n  t h e  mdel are  typ ica l  va lue?  f o r  a year 
wi thou t  severe d r y  p e r i o d s . d u r i n g  the  growth season.  
i n d i c e s  f o r  t h i r t e e n  d a t e s  throughout  the  year t o  sonpuce twelve r a t e s  oE 
change i n  t h e  Leaf area index  a s  follows: 

The model uses Leaf a r e a  

where O U I ( m  t o  n) - the daFLy r a t e  o f  change i n  the t y p l c a l  Leaf a r e a  
index betveen day a and day n 

L A I ( n )  = t y p i c a l  Leaf area index  on day n 

The d a i l y  Leaf area i n d i c e s  a r e  computed as  follows: 
.. 

where WIi = Leaf a r e a  index computed €or day 1 

9WIL = daily r a t e  of change i n  the Leaf a r e a  index  f o r  day L as cam- 
puted in Equat ion  60 f o r  i between m and n 

. CRITS = c r i t i c a l  soil vater con ten t  below vhich  plant growth is 
s topped  due t o  i nadequa te  soil vater 

1 UP + O.l(FC .. UP) ( 6 2 )  

Example: Given t he  €ollowLng t y p i c a l  U I  v a l u e s ,  a UI o n  day 109 of 1 .60,  
and a soil vacer c o n t e n t  g r e a t e r  than the c r i t i c a l  s o i l  v a t e r  con- 
t e n t  f o r '  p l a n t  growth: 

. 1.0. 
' 1 1  

- .  -. d 
.. . 
. . .. 
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The model assumes t h a t  the sof1 moi s tu re  s t o r a g e  o r  c o n c e i t  oc' a Sa r rFe r  !aver' 
always remains a t  .f.Fe!.d c a p a c f t y  but t r e a t s  t h e  layer a s  being s a t u r a t e d  t'gr 
computiny p e r c o l a t f o n .  

A f t e r  d i s t r i b u t i n g  t h e  water from t h e  t o p  to  the  bottom, t h e  node1 checks 
t h e  seven segments above the b a r r i e r  s o i l  to  i n s u r e  t h a t  the  soiL mois:ute 
s t o r a g e  of each segment does no t  exceed t h e  s a t u r a t e d  c a p a c i t y  o r  p o r o s f t y .  
If it does ,  the  s t o t a g e  i s  set e q u a l  t o  the  s a t u r a t e d  c a p a c i t y  and the excess 
i s  added t o  the  s o i l  mo i s tu re  s t o r a g e  of  t h e  segment d i r e c t l y  above. Any 

* excess s t o r a g e  i n  the  top segment is added t o  the s u r f a c e  runof f .  

Ve r t  i ca l  f l o v  

The v e r t i c a l  f l o v  submodel assumes t h a t  t h e  soil p r o f i l e  c o n s f s t s  of d f s -  
Crete segments t h a t  are homogeneous v i t h  r e s p e c t  t o  h y d r a u l f c  coaduc t fv i ey ,  
t o t a l  p o r o s i t y ,  and f i e l d  c a p a c i t y .  The s o i l  p r o f i l e  is broken i n t o  a s  mny 
as  t h r e e  s u b p r o f i l e s  o r  modelfng u n i t s .  The top subproEi l e  fs composed o f  t h e  
seven segments of the evapora t ive  zone, a s  d i scussed  p rev ious ly  i n  :he s e c c i o n s  
on runoff  and soil mois ture  s t o r a g e ,  p l u s  one segment f o r , e a c h  s o t 1  Layer 
be tveen  the  evapora t ive  zone and the  top b a r r i e r  s o i l  Layer ,  and oce segment 
f o r  t h e  top b a r r f e r  soil Layer. The second s u b p r o f i l e  c o n s i s t s  of one sel-grnent 
f o r  each s o i l  l a y e r  becveen t h e  top barrier sol l  l a y e r  and the  Tecond barr ier  
soil l a y e r  p l u s  one segmenlc f o r  the  second b a r r i e r  s o i l  Layer. The t h f r d  sub- 
p r o f j l e  is composed of  one segment f o r  each Layer be lov  t h e  second barr ier  s o i l  
l a y e r .  The v e r t i c a l  f l o v  submodel s i m u l a t e s  v e r t ' i c a l  v a t e r  rou t ing  and perco- 
l a t i o n  through t h e  top subprof=& o r  moae-Lrfig-unft- be € o r e  r e p e a t € n g - e ~ e p r o c e s s - -  -- 
f o r  :he second and t h i r d  s u b p r o f i l e s .  

The ra te  of flow dovnvard out  of each segment ts  assumed t o  e o l l o v  Darcy ' s  

dh q * k -  d l  

L d W .  

( 6 7 )  

q = ra te  of f l o v ,  l nches lday  

k - h y d r a u l i c  c o n d u c t i v i t y ,  inches /day  

h - g r a v f t a t i o n a l  head, i nches  



, .  

. y - 1  1 i n f i l t r a t i o n  du r ing  day F-1, i nches  

- Q E i - 1  * p e r c o l a t i o n  and d r a i n a g e  from LandfFLL dur ing  day i-!, inches 

= e v a p o t r a n s p l r a t l o n  du r ing  day 1-1, Fnches ETi- 1 
SOU vater Is d i s t r i b u t e d  among a s  many as  n ine  Layers and among seven 

segments,  in t h e  v e g e t a t i v e  o r  e v a p o r a t i v e  zone. The model t r e a t s  segments and 
Layers  i n  an e q u i v a l e n t  manner, and c o n s i d e r s  t h e  l a n d f i l l  as being composed 
of  a minimum of seven  segments and a maximum of s i x t e e n  segments ( seven  i n  t h e  
v e g e t a t i v e  or e v a p o r a t i v e  p l u s  one for each a d d i t i o n a l  Layer belou this z o n e ) .  

The m d e l  i n i t i a l l y  d i s t r i b u t e s  t h e  s o i l  v a t e r  as foLLovs f o r  a L a n d f i l l  
composed of e i g h t  segments;  seven segments i n  t h e  v e g e t a t i v e  zone plus a b a r -  
r i e r  soil l a y e r :  

For segment 1 ( top)  
r 

where 

D R i ( L )  - i n f i l t r a t i o n  d u r i n g  day i, INi f r a  Equat ion  20,' i nches  
_- - - __ 

DRi(2) - 7 r X . n a g e  out  oM@ne3-t  1 and in to - segmen t  2 d u r i n g  day 1, . 
i n c h e s  

D R  (1) - i n f i l t r a t i o n  du r ing  day i-t, inches  i- I 
DRioL(2) - d r a i n a g e  out of segpeat 1 and i a t o  segaent 2 d u r i n g  d a y  i-!, 

Lnchea 

+ DR,(7) - PE, E T , ( 7 ) /  
A J  A A 

For gegment J (barrier) 

( 4 6 c )  

I .  , .. -*;a J 

2 1  



. ,, 

L2 = i n f l o v '  t o  seqment d u r i n g  p r e s e n t  time s t s o ,  i n c S e s  

O L  = o u t f l o v  frcp segrnent d u r i n g  p r e v l O U S  t tme s t e ? ,  i n c h e s  

O2 = o u t f l o v  from segment d u r i n g  p r e s e n t  t h e  s t e p ,  i n c h e s  

E q u a t i o n  52 may.be r e v r l t t e n  Ln terns o f  soil m o i s t u r e  and d r a l n a g e  rat25 as 
f o l l o w s :  

The o u t f l o v  d r a i n a g e  terns, DR(j + L), of E q u a t i o n  3 3  ' should  each  i n c l u d e  a 
term f o r  e v a p o t r a n s p i r a t i o n .  T h e r e f o r e ,  t h e  change i n  s t o r a g e  Ls w r i t t e n  as 

where 

RALl( j )  - change  In. m i s t u r e  storaqz i n  segment j d u r i n g  t h e  sta:, L, 

ETI(J) - e v a p o t r a n s p i r a t i o n  rate from segment j d u r i n g  time s t e p  F, 

inches 
. -  

i n c h e s / d a y  . .  

DT = time s t e p ,  days 

E q u a t i o n  5 3  amy b e  r e w r i t t e n  a3 follows: 

o r  

. .  E q u a t i b n  55b may be substituted into E q u a t i o n  5 1  t o  s o l v e  s i m u l t a n e o u s l y  €or 
d r a i n a g e  rate and s o l l  moisture. The r e s u l t i n g  d r a i n a g e  is 

24 029 



The h y d r a u l i c  Conduct iv i ty  used i n  Zquatfons G 7  and h 9  is a Eunc ' t ion  a f  
soil n o i s t u r e  and v a r i e s  from zero t o  tSe,  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v l r g  
v a l u e ,  ks. 
Eol louing  Linear  f u n c t i o n  oE s o i l  mo i s tu re :  

The uns3 tu ra t ed  h y d r a u l i c  c o n d u c t i v i t y ,  kU is def ined  b y  :?.e 

where 

XDC 9 minimum sof1 v a t e r  c o n t e n t ,  v o l / v o l ,  f o r  d r a i n a g e  t o  occur  

The minimum s o i l  water c o n t e n t  f o r  d r a i n a g e  t o  occur  is t he  t i e l d  c a p a c i t y  f o r  
a l l  soils be lov  t h e  evapora t fve  d e p t h  'and f o r  a l l + s a n d s  and g r a v e l s  i n  the  
e v a p o r a t i v e  zone. 
f.IDC is set t o  e q u a l .  the  f i e l d  c a p a c i t y  vhen t h e  p r o f i l e  is dry ing  and t o  equal  
y e s t e r d a y ' s  s o i l  water c o n t e n t  bu t  not g r e a t e r  t h a n  the  f i e l d  c a p a c i t y  vhen 
t h e  p r o f i l e  is v e t t i n g .  

For a g r i c u l t u r a l  so i l s  and clws i n  t h e  e v a p o r a t i v e  zone, 

Routing o f  mo i s tu re  Erom segment t o  segment 1s accomplished by  a s t g r a g e  
r o u t i n g  ?roc.edure computed a t  :Se aid-polnt of the  tiroe i n t e r v a l .  !?id-?oin.t 
t o u t i n g  vas s e l e c t e d  t o  o b t a i n  an  a c c u r a t e  and e f f i c i e n t  s i m u l a t i o n  or' s i n u l -  
t aneous  incoming and outgoing  d r a i n a g e  p rocesses .  The mid-polnt r o u t i n g  ?roT 
c e d u r e  tends  t o  provide  r e l a t i v e l y  Smooth, g r a d u a l  changes t h a t  resemble t h e  .. 
actual  f l o v  process .  This procedure avo ids  t h e  more a b r u p t  changes that result 
from app ly ing  t h e  f u l l  amount of moisture to  a segment a t  t h e  beginning  or' t h e  
time s t e p .  The ?recess is smoothed f u r t h e r  by us ing  time s teps  t h a t  a r e  . 
s h o r t e r  than t h e  pe r iod  o €  i n t e r e s t .  

3 i d - o o l n t  s t o r a g e  r o u t i n g  proceeds  a s  f o l l o v s .  The d r a i n a g e  r a t e  from 
segment j can  be vtitten as  

SHi(f) = soil mois tu re  c o n t e n t  of segment j a t  mid-point o f  . .  the  
time step L, i n c h e s  

This drai ; lage rate can be computed €ran tSe equation of  continuity. 

2 0 + o  5 + I 2  1 
+ - 2  
L 

A5 - 
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v h e r a  . 

E = d i m e n s t o n l e s s  d r a i n a b l e  p o r o s i t y  
t = t i m e ,  d a y s  
n = g r a v i t a t i o n a l  head ,  i n c h e s  
K = e f  f r c t i v e  s a t u r a t e d  l a t e r a l  h y d r a u l i c  c o n d u c t i v i t y ,  i n c h e s / d a y  
x = L a t e r a l  p o s i t i o n ’ f n  t h e  d L r e c t i o n  o f  d r a i n a g e ,  t n c h e s ’  
a - d i a e n s i o n l e s s  s l o p e  
R = r e c h a r g e  f l u x  p e r p e n d i c u l a r  t o  Lateral f l o w ,  f n c h e s / d a y  

The r e c h a r g e  flux is e q u a l  t o  t h e  f n f t l t r a t i o n  ra te  less t h e  e v a p o t r a n s p t r a -  
t i o n  r.ata. 

For a p p l i c a t i o n  fn t h e  Lateral d r a i n a g e  submodd, a s t e a d y - s t a t e  . 

assumpefon,  

d h  - = o  a t  
. .  

i s  used. This a s s u m p t i o n  fs j u s t i f i e d  if t h e  tine step 1s s e l a c t a d  s u f f t -  
c i a n t l y  s h o r t  so t h a t  :here is Li t t l e  change in head. Uf th  t h e  s t e a d y - s c a r e  
assumpt ion ,  Equation 60  reduces t a  

.. 

v h e r e  0 

y = t h i c k n e s s  of  water p r o f f l e  a t  x ,  i n c h e s  

a h  - a x ‘  

R e  Soi:ndar]r c o n d i t i o n s  a re  . 

h = 0 a t  x = O  

dh 
- 9  0 a t  x d x  

v h e r e  

L - Lateral d i s t a n c e  from the c res t  

- L  

to  t h e  d r a i n ,  l n c h e s  

e. 

t -  
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mois tu re  than i t  can  hold, 
tSan i t s  coca1  p o r o s i t y ,  :Se excess  moi s tu re  is added i o  cne s a g e n t  a'scve r:. 
I n  t h i s  vay, the .moirs tute  c o n t e n t s  o f  segments are  c o r t e c t e a  b y  backing  up 
water from bot tom EO cop. IF cne e n t i r e  p r o r ' l l r  becomes s a t u r a t e d ,  acy excess  
m o i s t u r e  ac :he s u r f a c e  is acded to the runoff  €or t h e  day. 

Lr' t h e  n o i s c u r e  c o n t e n t  o f  a segnen: is j r e a c c r  

After t h e  m o i s t u r e  c o n t e n t  or. each  segment is c o r r e c t e d  f o r  e x c e s s  v a t e r  
c o n t e n t ,  t h e  t o t a l  head o r  t h i c k n e s s  of  t h e  water column i n  t h e  p r o f i l e  is 
computed by comparing segment moi s tu re  c o n t e n t s  v i t h  t h e i r  co r re spond ing  t o t a l  
p o r o s i t i e s .  Total 
head (TH) i n  i n c h e s  is  computed as 

The head computat ion b e g i n s  a t  t h e  bottom or' the p r o f i l e .  

vdhere 

X( j )  = ch ickness  of t h e  segment j , i nches  

a e  heads  computed v i t h i n  c o n s e c x t i v e  s e q e n t s  a r e  ac tumula tad  from t h e  Lowest 
segment above t h e  b a r r i e r  soil Layer ,  n, of t h e  r u b p t o i i l e .  
m ,  t h a t  i s . n o t  s a t u r a t e d  is encountered  v h l l e  moving up t h e  s u b p r o f i l e ,  TH is. 
set  e q u a l  t o  t h e  accumulated head. ' . 

The pe rco lac ion* th rough  a barr ier  soil l a y e r  is alsoocomputed using 

When a s e g m e n t , ,  

- - -_ - 

a a r c y '  s Lav as  given i n  Equat ion  G 7  where 

and 

TS(n+L) = eh ickness  o f  t h e  b a r r i e r  soil l a y e r ,  i nches  

ThereLore ,  

uhe re  

QPERC * p e r c o l a t i o n  r a t e  through the  barrier s o i l  l a y e r ,  i r x n e s i d a y  

L a t e r a l  flov 
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MSTUCT 

The Hydrologic  Evalua t ion  of  & a n d f i l l  Performance (HELP) program vas 
developed t o  f a c i l i t a t e  r a p i d ,  economical e s t k n a t i o n  of  t h e  amounts of s u r f a c e  
r u n o f f ,  subsu r face  d ra inage ,  and Leachate t h a t  may be expected t o  r e s u l t  from 
t h e  o p e r a t i o n  o f  a v ide  v a r i e t y  of p o s s i b l e  l a n d f l l l  des igns .  
models. t h e  e f f e c t s  of hydro log ic  p rocesses  Fncluding p t e c i p l t a t i o n ,  s u r f a c e  
s t o r a g e ,  r u n o f f ,  i n f i l t r a t i o n ,  p e r c o l a t i o n ,  e v a p g t r a n s p i r a t i o n ,  soil mois tu re  
s t o r a g e ,  and L a t e r a l  d r a i n a g e  using a q u a s i - t w d i m e n s i o n a l  approach.  
document, t h e  t h e o r i e s  and assumpt ions  upon which t h e  HELP model Fs based,  
s o l u t i o n  techniques  employed, and the internal  l o g i c  of t h e  computer program 
ase presented  and d i scussed  Fn d e t a i l .  

. 
' 

The program 

. 
In t h i s  

che 

T h i s  r e p o r t  was submi t ted  fn  partial  f u l f i l l m e n t  of In t e ragency  Agreement 
Yumber .AD-96-F-2-Xl-40 between t h e  U. S Environmental  P r o t e c t i o n  Agency and  t h e  
U.S. Army Engineer  Watervays Experiment S t a t i o n .  
from A p r i l  1982 t o  August 1983, and vork  vas completed as  of  August !983. 

- 
T h i s  r e p o r t  covers  a pe r iod  
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'e 
* I  

I ,  

n o d a l  and t h e  U.S. D e p a r t z e n t  0:' A g r i c u l t u r e  C3Ex'.!S iIy!.roLogic modeL. 
model computes r u n o f f  by tSe S o l 1  Canservation Servic? runoEf c u r r e  nunocr  
2e tSod.  E v a p o t r a n s < i r a t i o n  is  computed 5 y  a n o d i f i e d  ?enman i le thod developed 
by S i t c h i e  and a d a p t e d  f o r  L h i t i n g  s o i l  i n o l s t u r e  l n  the nanners o f  S'nan?o!tz 
and Saxton. P e r c o l a t i o n  i s  d e t e m i n e d  b y  a p o l y i n g  D a r c y ' s  Lav € o r  saturated- 
flov v f t h  m o d i f t c a t i o n s  f o r  u n s a t u r a t e d  c o n d i t i o n s .  L a t e r a l  C r a l n a g e  is com- 
puted  a n a l y t i c a l l y  from 'a l i n e a r i z e d  Bouss inesq  e q u a t l o n  vhFch is c o r r e c t e d  t o  
a g r e e  w i t h  nurner lca l  s o l u t i o n s  of t h e  Rouss inesq  e q u a t i o n  f o r  t h e  range of  
d e s i g n  s p e c i f i c a t i o n s  used Ln hazardous  waste L a n d f i l l s .  
to . tog ic  and d e s i g n  i n p u t  d a t a  in t h e  form of  d a i l y  r a i n f a l l ,  mean :onchly 
t e m p e r a t u r e s ,  mean monthly solar r a d i a t i o n ,  Leaf a.rea i n d i c e s ,  s o i l  charac :e r -  
l s f l c s ,  and d e s i g n  s p e c i f i c a t i o n s  t o  per form a s e q u e n t i a l  d a i l y  a n a l y s i s  t o  
d e t e r n i n e  runoff, e v a p o t r a n s p i r a t l b n ,  p e r c o l a t i o n ,  and l a t e r a l  d ra ina 'ge  Cor 
t h e  l a n d f i l l  ( c a p ,  vaste c e l l ,  Leachate  c o l l e c t i o n  s y s t e n ,  and l i n e r )  and t o  
obtain d a i l y ,  morithly,  and a n n u a l  u a t e r  b u d g e t s .  

T:e YET-? 

. 

The model uses  c l h a -  

t 
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0 -  . 

The d e f i n i t i o n  s k e t c h  or' a t y p i c a l  c losed  l a n d f i l l  p r o f i l e  is s h o v n - i n  
.Figure 1. The s k e t c h  stlovs s i x  layers--chree i n  che cover  o r  cap and C ; ? ~ S S  in 
che was te ,  d r a i n ,  and l i n e r  syscen .  Tvo s u b p t o i i l e s  o r  nodel ing  unics t s r  
v a t e r  r o u t i n g  a r e  shown. X subpror ' i l e  c o n s i s t s  o f  a l l  l a y e r s  between (and 
including);  t h e  l a n d f i l l  s u r f a c e  and che bottom o f  t h e  cop  b a r r i e r  s o i i  l a y e r ,  
betveen t h e  bottom of a b a r r i e r  s o i l  l a y e r  and t h e  bottom o f  t he  n s x t  i oue r  
b a r r i e r  soil l a y e r ,  o r  betyeen t h e  bot:om of t h e  lowes t  b a r r i e r  soii l a y e r ' a n d  
the  bottom ut' t h e  l o v e s t  soil l a y e r  cons idered .  
p r o f i l e  con ta ins  t h e  l a y e r s  of t h e  cove r ,  and t h e  bottom s u b p r o f i l e  is 
composed of t he  v a s t c ,  d r a i n ,  and l i n e r  system a t  t h e  base o f  t h e  l a n d f i l l .  
Four types  of Layers ar'e s h o w  in che ske tch :  
d r a i n a g e ,  v a s t e ,  and b a r r i e r .  

;n t h e  s k e t c h ,  t h e  cop sub- 

v e r t i c a l  p e r c o l a t i o n ,  l a ~ e r a l  

. Vertical  p e r c o l a t i o n  l a y e r s  (e .g . ,  .layer 1 on f i g u r e  1)  a r e  assumed t o  
have g r e a t  enough h y d r a u l i c  c o n d u c t i v i t y  t h a t  v e r t i c a l  flov i n  t h e  dovnward 
d i r e c t i o n  ( i . e . ,  p e r c o l a t i o n )  is no t  s i g n i f i c a n t l y  r e s t r i c t e d .  L a t e r a l  
d ra inage  is  not  p e r m i t t e d ,  bu t  vater  can move upvard and be l o s t  t o  evapot tan-  
s p i r a t i o n ,  depending upon t h e  s p e c i f i e d  depth  of che e v a p o r a t i v e  zone. Per -  
c o l a t i o n  is modeied as being independent  of t h e  depth  of water  s a t u r a t e d  s o i l  
( i . e . ,  t h e  head) above t h e  l a y e r .  LayeLs designed t o  suppor t  v e g e t a t i o n  
should g e n e r a l l y  b e  des igna tad  a s  v e r t i c a l  ?erco la t ion  l a y e r s .  

enough t h a t  l i t t l e  r e s i s t a n c e  to f l o v  is o f f e r e d .  
of d r a i n a g e  l a y e r s  should  be  g r e a t e r  than  o r  equa l  t o  t h e  h y d r a u l i c  conduct iv-  
i t y  ~Lth o v a d y i n g  l a y e r .  Vertical f 1 o v - h  modeled In t h e  same s a n c e r  a s  
f o r  a v e r t i c a l  p e r c o l a t i o n  l a y e r ;  hovever ,  l a t e ra l  ou t f low is al lowed.  T 3 i s  
l a t e r a l  d r a i n a g e  is cons ide red  t o  b e  a function of t h e  slope of the  bottom o f  
t he  l a y e r ,  t h e  maxfsum horizontal d i s t a n c e  t h a t  water must t r a v e r s e  t o  d r a i n  
from the Layer,  and the  depth  of water s a t u r a t e d  soil above t h e  top  o f  thf! 
unae r ly ing  b a r r i e r  s o i l  l a y e r .  ( l iote:  a l a t e r a l  d r a i n a g e  l a y e r  may b e  under- * 

l a i n  by only  ano the r  l a t e r a l  d ra inage  l a y e r  o r  a b a r r i e r  soil l a y e r . )  the 

o r a m a g e  d i s t a n c e  may rang. between 25 and 200 feet .  Layers  2 and 5 on 
c igu ro  L are imta ta l  drarnaga Iaycts.  

L a t a r a l  d r a i n a g e  l a y e r s  a r e  assumed t o  have h y d r a u l i c  c o n d u c t i v i t y  h tgh  * 

The h y d r a u l i c  c o n d u c t i v i t y  

I s l o p e  a t  the botzcm o f  cSe Layer nay var,r frsm 0 t c  !O ?et=zcc,  azd :he l ax i7uz  

0 

Barrier soil l n y e r r  a e w e  the putpose  of  r e s t r i c t i n g  v e r t i c a l  flow. 
Thus, such l a y e r s  s h o u l d  have h y d r a u l i c  c o n d u c t i v i t y  s u b a t a n t i a l l y  lover than. 
f o r  v e r t i c a l  p e r c o l a t i o n ,  Lateral d ra inage ,  o r  waste  *Layers. The program 
liPllts the  d i r a c t i o n  of f l o v  in b e r t f c r  soil l a y e r s  to dovnvard. Th.18. any 
v a t t r  aovbg i n t o  a barrier l a y e r  w i l l  e v e n t u a l l y  p e r c o l a t e  chrougn. 
lation is modalad ad a f u n c t i o n  of t h e  dep th  o f  vater s a t u r a t e d  s o i l  (head)  
above t h e  b u e  of t h e  l a y e r .  The program recogn izes  two t ypes  o f  b a r r i e r  
l a y e r s ;  :So38 composed o f  soil alone ana tSoae camposed o f  s o i l  overla::: 3 y  zn 

membrane leakage  f r a c t i o n .  
tion ( range  r3 L O  1) y f  :5t T a x a  4ai1-7 :at=nr:',d i e r = 3 l z t % x  ' 1 . 2 . .  : o r -  
I=LS.E;;T: -ZPG iou-o Jceur -z -ze insencs JI :ne =eaDrl;I;ei ::rx~gn ::e -ayer 
-..ac ,s ixoecraa :g I C ~ ~ ~ L - Y  f c z * ~ z  -E - I ~ V  '-?'C-f: ? ~ ~ " , E t = z ? z  2 -*-,;2 - z =  - - -  -.. 
:ne same Jeaa Jn :zr ;arz:as layer. &'he Jet  as i rc t  af 3pec i sy ing  cae presence  
of a membrane is t o  raduca t h e  e f f e c t i v e  h y d r a u l i c  c o n d u c t i v i t y  of  t he  l a v e r .  

?e tco-  

. Impermeable a p t h e t i c  membrane. In t h e  l a t t e r  c a a e , . t h e  user must s p e c i f y  some 
This f a c t o r  may be thought  of simply as t h e  frac- 

.. - I .  

I 



The program does not  model ag ing  of t he  membrane. Layers  3 and 6 shovn 3 3  

Figure  I are barrier Layers.  . 
Water movement through a v a s t e  layer is modeled i n  t h e  same aanner  as f a r  

a v e r t i c a l  p e r c o l a t i o n  layer ,  However, i d e n t i f y i n g  a l a y e r  as a v a s t e  l a y e r  
i n d i c a t s s  t o  t h e  program vh ich  l a y e r s  should b e  cons ide red  p a r t  o f  che l a n d f i l l  
cap o r  cover  ( s e e  F lgure  11, and vh ich  l a y e r  should b e  cons ide red  a s  p a r r  ut' 
t h e  l i n e r / d r a i n a g e  system. Layer 4 shovn on Figure  I is a waste  layer .  

I f  t h e  topmost layer of  a l a n d f i l l  p r o f i l e  is i d e n t i f i e d  a s  a v a s t e  l a y e r ,  
t h e  program assumes t h a t  t he  l a n d f i l l  is open. I n  t h i s  case, che user must 
s p e c i f y  an SCS runoff curve  number and t h e  f r a c t i o n  (a f a c t o r  c h a t  may vary 
from 0 t o  1) of t he  p o t e n t i a l  s u r f a c e  runoff t h a t  F s . a c t u a l l y  c o l l e c t e d  and 
removed from t h e  l a n d f i l l  s u r f a c e .  

HEMOD OF SOLUTION 

The HELP model was developed t o  e s t i m a t e  d a i l y  wa te r  movement on the  sur- 

e v a p o t r a n s p i r a t i o n ,  p e r c o l a t i o n ,  and subsu r face  l a t e r a l  d ra inage  i o  a a i n t a i n  a 
con t inuous  water  ba lance .  The dEL2 ;node1 comqutes runoff  by the Soil Conser- 
v a t i o n  S e r v i c e  (SCS) runoff curve  Dumber method ( 4 )  and p e r c o l a t i o n  by Darcy's.. 
Law f o r  s a t u r a t e d  f l o v  ( 5  v l t h  m o d i f i c a t i o n s  f o r  u n s a t u r a t e d  c o n d i t i o n s .  
Lateral d r a i n a g e  is computed a n a l y t i c a l l y  from a l i n e a r i z e d  Boussinesq. equa- 
t l o n ,  c o r r e c t e d  t o  a g r e e  v l t h  numer ica l  s o l u t i o n s  of t h e  non- l inear ized  
Boussinesq equa t ion  for t h e  range  of des ign  s p e c i f  i c a t i o n s  used in hazardous 
waste l a n d f i l l s  ( 6 ) .  E v a p o t r a n s p i r a t i o n  is d c c e m i n e d  by a modified Penman 
method developed by R i t c h l e  ( 7 )  and adapted  f o r  limiting soil morscure conar -  
t i o n s  in t h e  manner of Shanhol tz  e t  a l .  ( 8 )  and Saxton e t  al. (?!. Sol sc ion  
p r i n c i p l e s  a r e  d e s c r i b e d  In  d e t a i l  belov.  

face and through t h e  l a n d f i l l .  P r e c i p i t a t i o n  I s  p a r t i t i o n e d  i n t o  r u n o f f ,  - 

- - 
Mathemati-cal modeling may d e a l  w i th  d e t e r s i n i s t i c  and s t o c h a s t l r  v a z l -  

a b l e s .  A s t o c h a s t i c  v a t z a b l e  is one vhose p r o p e r t i e s  a r e  governed by pu re ly  
:andom-cAe :venfs and 3equantlal ralacions as v e i l  as i u a c z l o n a i  r e l a c - c z s  
v f c h  ocher  hydro logic  v a r i a b l e s .  A d e t e r m i n i s t i c  v a r i a b l e  i s  one whose tem- 
poral and s p a t i a l  p r o p e r x i e s  are known; i . e . ,  I t  is assumed t h a t  t h e  behavior  
of such a v a r i a b l e  is d e f i n i t e  and its c h a r a c t e r i s t i c s  can be p r e d i c t e d .  The 
BELF model is d e t e n n l n i s x l c  in coacept  i n s o f a r  as t h e  model t r e a t s  all v a r l -  
a b l e s  and t h e i r  r e l a t i o n s h i p s  as  be ing  d e f i n i t e l y  knovn, a l though ofcen  v l t S  
e m p i r i c a l  r a l a t l o n s h i p a .  Yovevor, t h e  r e s u l t s  of 20 years af  s1sulat ;on should 
not  be c o n s i d e t c d  as s i m u l a t i o n  through a 20-year pe r iod  s i n c e  t h e  e f f e c t s  or' 
ag ing  of t h e  l a n d f i l l  a r e  not modeled. The s i m u l a t i o n  r e s u l t s  should be 'used  
t o  dmonstzace :he ?robabiLL:ies af ' r a r ious  mtcomes  :JZ t he  gi*ra:: :?xiric:sz- 
i s t i c s  of t h e  l a n d f i l l .  

Runo f f 

6 
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Figure 2. Relarionship between runoff,  ptecipfcation, and r e e a n t f o n .  

h e r e  

F - actual r e t e n t f o n  after runoff starts,  tnches 

- P ' - q  

'Suostiaittng f o r  F ,  

where P '  Fs the actu,qL r a i n f a l l  h e n  F n l t l a l  abstraction does noc occur .  

8 
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f igure  3 .  SCS ra in ia l l - runo i i  r e l a t i o n  nomai.irea on  r e c e n t i z z  ?aranecer 3. 

1000 
CN -s+Io 

’ 1000 . s  - - -  10 a ’  

(10) 

(It) 

me rataatioa parameter, S, f o r  a’ given S O ~ I  varies  as a f u n c t i o n  o~ the 
soil .unisara ‘a :he f~Llowin3 axinner bhicS d i f f e r s  sl i i h c l y  ,Cr=.rc :k.e C?.S.LYS 
documentation ( 3 )  Fn that the v a t e r  content balov the  vll crng p w c  * a s  a o t  
Fncluded In their soil. misnrre term: 

10 P44 



where 

D = d e p t h  t o  b t t m  of segment j ,  inches 

M * v e g e t a t i v e  o r  e v a p o r a t i v e  dep th ,  Inches  
1 

There fo re ,  t h e  weight ing f a c t o r s  f o r  segments 1 ,  2 ,  3 ,  6 ,  5 ,  6 ,  and 7 a r e  
9.111. 0.397, 0.254, 0.127, 0.063, 0.032.  and 0,016,  r e s p e c t i v e l y .  

The maximum va lue  of S, S , is t h e  v a l u e  of S a t  t h e  Lowest s o t 1  xois- 
ture con ten t  which c o r r e s p o n d s y o  an teceden t  mois ture  c o n d i t i o n  I (AYC-I) i n  
t h e  SCS method ( 4 ) .  S fs r e l a t e d  t o  the  curve rrrmber for AYC-I, c?1 as  
f 0 llovs : mX 1' 

1000 - - -  10 smx CS1 ( 1 5 )  

G e n e r a l l y ,  t h e  curve number f o r  a v a t e r s h e d ' l s  determined for average T o i s c u t s  
conditions (AX-11) in t h e  SCS method and the  curve  number is t e n e d  C?I, , .  
ClTT can  be estimated .from F i g u r e  k whicb MS developed frw the r e i a r id f i sh ig  
between soil hydrologfc  group and ruinhum i n f i l t r a t i o n  rate (4  , 11)  p tgsen ted  
in Table 6 and from t h e  CN v a l u e s  €o r  va r ious  c u u b i n a t i o n s  of s o i l  type  and: 
v e g e t a t i o n  type (4). In t h i  C W S  developraent ( 3 ) ,  CNI vas related t o  CYII - 

. by the fo l lov lng  pol-momial: 

o f f ,  

a. Knoving 
and !3, 

b. .Compute 

c. Compute 

I n f i l t r a t i o n  

- . r  CIII f a r  the s i te ,  cnnputa  CY 
rrspeczively.  

and Smx :sing ;quat',i7ns ,.y I 

t h e  d a i l y  depth-vcighted r e t e n t i o n  parameter ,  . 
the d a i l p  ruzoff, Q,, by Equation 8 .  

I n f i l t r a t i o n  is equal  t o  the d i f f e r e n c e  between the  d a i l y  p r e c i ? l t a t i . o n ,  
t h e  sum of the change in s u r f a c e  s t o r a g e  of precipitation (snow),  the  d a i l - r  
runof f ,  and t h e  s u r f a c e  evapora t ion .  I f  t h e  mean d a i l y  t empera ture  is r)eiov 
32.F. p r e c i p l t a t i o a  is s t o r e d  on the  s u r f a c e  as snau and does not c o n t r i h u t e  
to Infiltration o r  runoff  u n t i l  the man daily t empera ture  exceeds 32OF. .~ , .  - 
..:Z T 2 . L . -  ?.ZLmt!tZ - Z  :===2;7= -1 - 2 A - 3 . . 3  - : 



The d a i l y  r u n o f f ,  Q , ,  is computed from E q u a t t o n  8 usixg t h e  n e t  ra i r . faLi  in 
i n c h e s ,  P i ,  h e r e  . 

pi - PREi  + SNOi-L - SNO i - ESSi ( 1 9 )  

The re fo re ,  t h e  net d a i l y  i n f i l t r a t i o n  is computed a s  fol lovs ' :  

1 - Ql 
INl - P 

*ere INi - i n f i l t r a t i o n  on day f, l nches  

Evapo trans p i r a t  f on.  

The e v a p o t r a n s p i r a t i o n  from a l a n d f i l l  cover  is a f u n c t i o n  of  t h e  e n e r g y  
a v a i l a b i e ,  t h e  vege ta t fon ,  t h e  soil v a t e r  t r a n s m i s s l v l t y ,  and the soil vater'  
c o n t e n t .  
method deveLoped by R i t c S i e  ( 7 )  and used in CRLL'IS ( 3 ) .  

The p o t e n t i a l  e v a p o t r a n s p i r a t i o n  1s computed by a m o d i f i e d  P e m a n  

h e r e  

- E - potential-eyapotra-nspiratlon on day i, inches - -  

Ai = s l o p e  of s a t u r a t i o n  yapor  p r e s s u r e  cume on day 1 

Hi - n e t  s o l a r  r a d i a t i o n  on day i, Langleys 

1 0 
0 0 

G = psychrometric c o n s t a n t  A i c S  is qssumed t o  rernatn corkitant a t  
0.68 

Ai is computed v l t h  the following equat ion:  

(21,255 - 5304/TXi) 
' 5304 A .  = - - e  

vhere  TXl - mean tempera ture  i n  *K on  day 1. 
equat  i o n  : 

H is computed by the f o l l o v i n g  i 

(I - L ) R i  

Hi - 58.3 ( 2 3 )  

14 



I 
P - -4616 

a 
0 

* .  

, I  I . .  , . -  where ' L S ~  = a c t u a l  soil evapora t ion  on' day L ,  i nches  . '  

E P i  = a c t u a l  2Lant t r a n s p l r a t l o n  on  day i ,  inches  
0 

The rmdel c m p u t e s  soil e v a p o r a t i o n  and .  p l an t  transpiration separa :e ly .  
The p o t e n t i a l  s o i l  evapora t ion  through the s u r f a c e  fs pred ic t ed  by the  Eo l lov -  
i n 3  equa t ion  vhen evapora t ion  ts not limited by t r ansmiss ion  o f  v a t e r  t a  t h e  
su r f  a c e  : 

4 . 4  L A X ,  
ES = Eo e 

i i 0 

vhere  

p.s0 
Ufi - l ea f  area Fndex, on day i, oE a c t i v e l y  transpirlng p l a n t s  

p o t e n t i a l  soil e v a p o r a t i o n  on day i, i n c h e s .  
i 

measured on a s c a l e  of 0 t o  3 

During t h e  n o n g r o d n g  or dor=nt  per iod ,  t h e  U I ,  whlch is  5ased an t h e  
leaf  area of a c t i v e l y  t r a n s p i r i n g  p l a n t s ,  w u l d  be equal  t o  zero .  However, ' 

t he  a c t u a l  w ln te r  cover  vould no t  be bareground a s  a L A 1  Fnddx as used in 
Equat ion 29 b p l l e s .  This dead o r  do raan t  v e g e t a t i v e  cover  ~ u l d  reduce  :Se 
heating of t h e  SOU s u r f a c e  in t he  same manner as a c t i v e l y  t r a n s p i r i n g  plant9.' 
andr t h e r e f o r e ,  w u l d  s i m + l a t l y  reduce the  p o t e n t i a l  s o l 1  evapora t ion .  
potent ia l .  SOU evapo td t ion  f o r  wfnter  cover  is computed a s  f o l l o v s :  

T5e 

-- .- --.. . .-. 
. - 4 . 4  wcr. 

i i 

.- 0 f o r  bareground and f o r  row c rops  

so 
t r o  1 l e d  
a l a 0  by 

= 1.8 f o r  an excellent g r a s s  s t and  - 1.2 for a - 0 . 6  for a - 0 . 3  f o r  a 

good g r a a s  s t a n d  

fair grams s t a n d  

p o t  gtaoa stand 

1 evrporation o curs in t'm stages. 
oaly by the energy available ,  vh i l e  s t a g e  tvo evapora t ion  is l h l t e c !  
3af.r transmiasion :nraugh t h e  s o i l .  13 3tagc m e ,  

Stage one evaporation is con- 

ESIF - ES 
0 ,  



4 .  

ES 1 i, 

.. 
- L .  

€or E S l f ,  *L‘  and ESS.  + FlSl 5 E  
L i -0 

- i s  i 

i = EO f o r  ESlT 21J and FSSi + E S l i  
i .  

E - ESSi f o r  ESITi < U  and ESSi * E S 1  > E o  

- ESSi f o r  ESITi 2U and ESSi + ES2i ) E o  

i i 
i 0 

E 
O F  1 

ESi = 

73e p o t e n t i a l  p l a n t  t r a n s p i r a t l o n  is computed a s  fo l lows :  

where ETo 

m e  i c t u a l  p l a n t  t r a n s p i r a t i o n  is equal  t i  t h e  p o t e n t i a l  p l a n t  t r a n s p i r p t F o n  
except  &en LLnited by law sot1 mois ture  o r  when t h e  d a i l y  total o l  :he s u r -  
f a c e  evapora t ion ,  s04-1 evapora t ion ,  and p l a n t  c r a n s p i r a f i o n  exceec!s t h e  d a l l y  
po ten t  l a1  evap? t ransp  F r a t i o n .  

= p o t e n t i a l  p l a n t  t r a n s p i r a t i o n  on day C, i nches  
t 

where E?Qi  is *.he a c t u a l  p l a n t  t r a c s p t r a t i o n  demand i n  inches  on day i. 
a c t u a l  e v a o o t r a n s p i r a t i o n  v a r i e s  a s  a f u n c t i o n  of  t h e  so i l  moi s tu re  and the  

‘ p l a n t  t r a n s p i r a t i o n  demand a s  s h o w  by ShanhoLtz and LiLlard ( 8 ) ;  Saxton, 
I z k s n n ,  and Skav f a )  ; acd Sudar ,  Saxzon, and Sponer ( 1 - 3 ) .  Vsing +.5e : e 1 3 + - l v e  
e v a p o t r a n s o i r a t l o n  rate cumcs € o r  n o - t i l t a g e  a r e a s  given by Shanhol tz  and 
SLllard (3)  , :ne f o l h v i ? l g  :dac:onshlp a s  davelopes .  

?Se 

*&ere ZPl l a  t h e  actual p i a n t  c r a n s p i r a t i o n  in inches  an day i. If Z ? ,  a s  
computed by Equat ion  3.8 is Lees than ze ro ,  i t  is sef t o  equal  zero; and if 
g r e a t e r  t han  EPb it is set  t o  equa l  EPDl.  
and w i l t i n g  poink’va lues  used ir! Equat lon 38 a r e  depth ve iqhted  as EoLLovs: 

The soil mois ture ,  f i e i d  c a p a c i t y  

. .  



( 2 . 3  - L . 7 )  
(120 - LOO) - 1.60 * 

- 1.63 

The t o t a l  e v a p o t r a n s p i r a t i o n  (ET) Is equal  t o  the  sum of t h e  evapo ta t lon  
from the  sor l  (ES) and t he  p l a n t  t r a n s p i r a t i o n  (EP): 

when (ESl  EPl) s (E; - ESSl) 
ET. = I ( 4 3 )  - ESSl when (ESi  + EPl) > (Eo - ESSl) 

I i 
The e v a p o t r a n s p i r a t i o n  i s  d i s t r i b u t s d  throughout  t h e  evapora t ive  zoae of  t h e  
s s r l  cover  by thct ful lowing equa t ion  ( 3 ) :  

vher  e 

ET1(j) - e v a p e t r d M p l r a t i o n  fran segment j on d a y  I, Inches  

W(j) = ; e F g h t i . q  f a c t a r  for  segment j .  frm S q u t i o n  1 L  

This water e x t r a c t i o n  p r o i l 1 e  p r d i c t e d  by Equation Li agrees  very  i p L l  
v i t h  p r o f i l e s  masued fo r  pemanent g r a s s e s  by Sdxton, Johnson and Shav (9). 
The depch of t h e  e x t r a c t i o n  is t h e  spec i f , l ed  evapora t ive  d e p t h  desc r ibed  previ- 
ous ly .  The t h i c k n e s s e s  of t h e  segments a r e  t h e  sa= a s  those  used t o  d e t e r n i n e  
the  d e p c b u e i g h t e d  r e t e n t i o n  parameter for the  SCS - rundff  C U N ~  number method. 

> o r i  c n i s u r a  s t o r a g e  

As uater e n t e r s  t h e  sail ,  1 c . c o n t r l b u t e s  i t s  volume t o  e l t n e r  s a p o t r a n -  
s p i r a t l o a ,  s t o r a g e ,  d r a b a g e ,  o r  percota t ion .  In t h e  HEL? model,  a daily tine 
interval is used to evaluate the canponents  of  the m:er &lance equa:ion. 21 
g e n e r a l  terms, so i l  amlsure stotage is compurd  a8 r'oi io-: 

where 

Si, - s a f l  moisture s t o r a g e  a t  midday F, Fnches - soil  amlsture s t o r a g e  a t  midday 1-L, Inches  %-L 
M i  = I n f i l t r a t i o n  dur ing  day I, Inches  

' 

PEL - percol.at1on and d ra inage  fran 1andff lL  d u r i n g  day 1, inches 

. l--=yaz;z--- - -  -..---- - -  - - .  - - - - a ,  __-_.. 5 A\- _ .  lf.700 -- 
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The mdel  a s s u m e s ' t h a t  the s o i l  3 o i s t u r e  s t o r a g e  o r  c o n t e n t  or' a S a t r F a t  :ays: 
always remains a t  f ie !d  c a p a c i t y  buc t r e a t s  the Layer as b e i n g  s a t u r a t e d  f a r  
computiny p e r c o l a t i o n .  

A f t e r  d i s t r i b u t i n g  the water  from t h e  top . t o  the bottom, t h e  model checks 
t h e  seven segments above the b a r r i e r  s o i l  t o  i n su re  t h a t  the s o i l  n o i s c u r e  
s t o r a g e  of each segment does not  exceed t h e  s a t u r a t e d  c a p a c i t y  o r  p o r o s i t y .  
If it d o e s ,  the  s t o r a g e  i s  set e q u a l  t o  t h e  s a t u r a t e d  c a p a c i t y  and t h e  excess  
is added t o  the  sol1 mois ture  s r o r a q e  of t h e  segment d i r e c t l y  above. Any 
excess  s t o r a g e  i n  t h e  top segment is  added t o  the s u r f a c e  r u n o f f .  

V e r t i c a l  f l o v  

The ver t ica l  f l o v  submodel assumes t h a t  the  s o i l  p r o f i l e  c o n s i s t s  of  dis- 
c r e t e  segments t h a t  are homogeneous wi th  r e s p e c t  t o  h y d r a u l i c  c o a d u c t f v l t y ,  
t o t a l  p o r o s i t y ,  and f l e l d  c a p a c i t y .  The s o i l  p r o f i l e  i s  broken f n t o  a s  m n y  
a s  three s u b p r o f i l e s  o r  modeling u n i t s .  The top s u b p r o f i l e  is composed o f  the  
seven seqments of the evapora t ive  zone, as d i scussed  p rev ious ly  i n  t h e  sec:tons 
on runoff  and s o i l  mois ture  s t o r a g e ,  p l u s  one segment f o r  each s o i l  l a y e r  

. betveen  tSe evapora t ive  zone a d  :he t o o  b a r r l e t  soil Laver, and one s e ~ n e n c  
f o r  t h e  t o p  b a r r f e r  s o i l  Layer. The second s u b p r o f i l e  c o n s i s t s  of o n e  segment 
f o r  each s o i l  l a y e r  between t h e  top b a r r i e r  sol1 l a y e r  and the  second barr ier  
soil l a y e r  p l u s  one s e g m n t  f o r  the second b a r r i e r  s o i l  Layer. The third s u b - .  

. p r o f i l e  is composed of  one segment f o r  each l a y e r  be lou  t h e  second b a r r i e r  soil 
l a y e r .  The v e r t i c a l  flow submodel simu Lates v e r t i c a l  water  r o u t i n g  and perco- 
l a t i o n  through ttrr top s u b p r o f i l e  o r  modeling u n i t  helero r e p e a t i n g  the  3 r a c e s s  
f o r  t h e  second and t h i r d  s u b p r o f i l e s .  

The r a t e  of f?ou ,dovnvard ou t  of aach segment Is assumed ro  f o l l o v  Qarcv's 
Law. 

< & 7 1  

vhere  

q * r a t e  of f l ov ,  inches /dap  

k = h y d r a u l f c  c o n d u c t i v i t y  * inches /day  

h = g r a v i t a t i o n a l  head, i nches  

L = l eng th  F a  the d i r e c t i o n  o f  Elav,  i aches  

Free out f low is assumed from each segment above the  b a r r i e r  s o l 1  Layer and, 
t h e r e  f o r e ,  

22 



12- = ' F n f l o v  t o  segment dur ing  prcsent  t h e  s t e p ,  i i c h e s  

O 1  = o u t f l o v  f r 9  segment dur ing  previous  t h e  s t e p ,  inches  

0; = o u t f l o v  from segment dur ing  p r e s e n t  t i x e  s t e n ,  inches 

Equation 5 2  nay be r e w r i t t e n  Fn t e r n  o f  soil mois ture  and d ra inage  r a t e s  a s  
f o l l o v s :  . . 

' 

K a  o u t f l o v  d r a i n a g e  terms,  DR(j + 11,  of Equat ion 53 should  each Fncluce a 
term for e v a p o t r a n s p i r a t i o n .  Therefore ,  t he  change i n  s t o r a g e  is w r i t t e n  a s  

BALi(j) [DRI(j) - DRi(j + 1 )  - ETi(j)l DT ( 5 L )  

where 

BALi(j)  = c h a n s e . i n  m o i s t u r e  storage i n  segment j dur ing  t h e  step !., 
Fncnes 

c 

ETl(j) - e v a p o t r a n s p i r a t i o n  ra te  frm segment j d u r i n g  time s t e p  F, 
i nches /day  

- . _ _  - - _  - ---_ -I -- DT-- time s i e p ,  days .- - 

Equat ion 5 3  may be rewritten as f o l l o v s :  

o r  

Equat ion 5Sb may be s u b s t i t u t e d  into Equat ion  S t  t o  s o l v e  s imul taneous ly  € o r  
d ra inage  rate and s o i l  solsture.  The r e s u l t i n g  d ra inage  is 

~ 
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E = d i m e n s l o n l e s s  d r a l n a b l e  p o r o s i t y  
t = t i ae ,  d a y s  
'n = g r a v i t a t i o n a l  head ,  i n c h e s  
K = e f f e c t l v e  s a t u r a t e d  l a t e r a l  h y d r a u l i c  c o n d u c t i v i t y ,  inches /Cay 
x = L a t e r a l  p o s i t i o n  i n  t h e  d i r e c t l o n  o f  d r a i n a g e ,  i n c h e s  
4 - d i m e n s i o n l e s s  s l o p e  
R - r e c h a r g e  f l u x  p e r p e n d i c u l - a r  t o  l a t e r a l  f l o v ,  i n c h e s / d a y  

. The r e c h a r g e  f l u x  is e q u a l  t o  t h e  i n f C L t t a t i o n  ra te  less  t h e  e v a p o t r a n s p i r a -  
t i o n  rate.  

Q 

For a p p l i c a t i o n  Fn t h e  Lateral d r a i n a g e  submodel ,  a s t e a d y - s t a  ee 
assump t F o n , 

d h  - = o  a t  
is usad.  This a s s u m p t i o n  is j u s t i f i e d  l f  t h e  tine step is s e l o c t o d  s u I f i -  
c f e n t l y  s h o r t .  so t h a t  t h e r e  is L i t t l e  change i n  head.  Gfch t h e  s t e a d y - $ t a t e  
assumpt ion .  E q u a t i o n  60 r e d u c e s  t o  

. - d ( y  dx' dh * - - R / K  ( 6 2 )  
- ~ _ _  __ _ _  ._ - - --- dx 

where 

y - t h i c k n e s s  of  w t e r  o r o f l l e  a t  x ,  b c h e s  

= h - a x  

The tmllndary c o n d i t i o n s  a re  

h - 0 a t  x - 0 

dh -- 0 a t ' x  - L 
dx 

where 

L - Lateral d i s t a n c e  from t h e  c r e s t  i o  t h e  d r a i n ,  I n c h e s  

Equat ion  6 2  vas L i n e a r i z e d  by Skaggs ( 6 )  to  t h e  folLowing f o r m :  

26 ' 



I ,  

. .  

. - , - - * c  p i c  : o i s t u r e  c o n t e n t  ot' each segment is c o .  :.A. I f o r  excess  vz:et 

:ad b! comparing segment moi s tu re  c o n t e n t s  w i t h  I ' e .  
1 ,  ~ ~ ? t .  f L . 1 -  : . :al.head o r  thickness or' c h e  water colt..!:. t h e  p r o i i i e  is 
ii 
- 1  - - -  - + a <  --- t h o  ' !  * !  ' computar ion begins  a t  che bot:oa * '  ;e p r o f i l e .  T o t a l  

~ o t t e s p o n d i n g  t o i a l  

. ,.: .. . . :  .... .- - : compured as . ,  

! = 2 T S ( j )  ( ( S M ( j )  - FC(j))/(LZ. ; ;  1 ) )  1 ( 5 i )  

j =m 

. .  
T C ' , ; ,  - . . c h e s s  ai cne seglcenc j ,  Lzches 

. .  id w i t h i n  c o n s e c u t i v e  segmenct a r e  act ' i t 8  d f.:om tile Lowest 
e barr ier  s o i l  l a y e r ,  n, of  t h e  subprr 7 '  klen  a segmenc, . 

.{curaced Zs encountered  whi le  moving :. i b p r o f i l e ,  TH is. 
. _  

- .  . . - -  . - -  - = -__ -. - accumulated head. __ ~ - 

ion through a bar r ie r  soil Laver is .:' ' .uuced us ing  
,.ven i n  Equat ion 47 where , 

dh TH + TS(n+L) 
- a  
d l  iS ( n - i )  

cn i sxnass  of cne  barrier s i i  Layer, i , - c  

. c o l a t l o n  r a t e  :hrougn :he b a r r i e r  s o i l  1- .t, i n c h e s / d t v  

25 



vhere  

(59) 

T h e r e f o r e ,  t h e  f i n a l  f o r s  o f  Equation 6 k  is 

2 (0.510 + 0 . 0 0 2 0 5  aL) K3 + aL 
QUI - 9 

L' 

Linkage Becveen V e r t i c a l  and Lateral  F l o v  Submodels 

Two assumptions a r e  used to l i n k  the  v e r c i c a l  and l a t e r a l  flow submodels: 

1) The s t e a d y - s t a t e  assumption t h a t  change i n  head is  no t  a func t ion .  
of time and 

That t h e  d r a i n a g e  r a t e  estimated-at  t he  mid-point of t he  c ine  i n t e r -  
v a l  i s  e f f e c t i v e  throughout  t h e  time i n t e r v a l .  

2)  

For t h e s e  assumptions t o  h o l d ,  t h e  computa t iona l  tiae i n t e r i a i  m s c  b e  s u i f r -  
c i e n t l y  small so t h e r e  i s  l i t t l e  change i n  head. 
change i n  head v i t h  t l m e  ( a h / a t )  i n c r e a s e s  w i t h  i n c r e a s i n g  head ,  as shovn i n  
F i g u r e  S,.the c q u t a t i o n a l  time s t e p  i n  t h e  model i s  set t o  provide  accopt -  
ahle accuracy  f o r  most of  t h e  expec ted  va lues-of  head. The accuracy  or' e s t i -  
mat ing p e r c o l a t i o n  Fs n o t  v e r y  sensitive t o  t h e  sire of tine s t e p  because :ne 
p e r c o l a t i o n  rates a t  h i g h e r  heads are  sma l l e r  t han  the- l a t e r a l  d ra inage  r a c e s  
and because t h e  h i g h e r  neads last f o r  auch s h o r t e r  p e r i o d s  of  time than :he 
l o v e r  heads.  
a c c e p t a b l e  f o r  p e r c o l a t i o n .  
day y i e l d  a c c e p t a b l e  accuracy  f o r  heads less than 30 inches .  

Because t h e  s a g n i t u d e  of 
. 

T h e r e f o r e ,  a c c e p t a b l e  t i ze  s t e p s  f o r  l a t e r a l  d r a i n a g e  a r e  a l s o  
As shovu i n  F igu re  5 ,  f o u r  cqua1,cime s t e p s  per 

The second assumpt ion ,  t h a t  tha d r a i n a g e  r a t e  a t  t h e  midpoint  of t h e  t i m e  
s t e p  is a p p l i c a o l e  :arcugccut :ze :-e s t q ,  is 3130 de?enden: m seAxc:.-.; 3. 

t i m e  s t e p  t h a t  is s u f f i c i e n t l y  small. 
not a problem when the t h e  s t e p  is less than one day. 

Convergence Schcme 

As shown i n  F i g u r e  6 ,  n o n l i n e a r l t y  is  

The dra lnaga  r a c e  from t h e  bottom of  t h e  p r o f i l e  must b e  equa l  t o  tne sum 
of  l a t e ra l  f l o v  and v e r t i c a l  p e r c o l a t i o n .  
by an  i t e r a t i v e  procedure  t h a t  works as follovs: 

The cvo f l o v  submodels a r e  a l i g n e d  

1) Xn : p r i o r i  e s t i m a t e  of the dra inage  r a t e  from t h e  bottom p r o f i l e  
s e p x ~ t  i s  ob ta ined ;  oa the first  i t e r a t i o n  t h i s  is es t ima ted  t o  be 
-..e itaizize -=e2 ! x x  -f?e w a v i o u s  tine 4 ~ 0 3 .  rL. 

c 

. -  - -  
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where 

yo - t h i c k n e s s  o f  w a t e r  ? t o f i l e  ahove j a r r l z r  

y * a v e r a g e  . t h i c k n e s s  o f  v a t e t  ? t o E i i e  above 
- 

between x - 0 and x - L ,  i n c h e s ,  

QLAT - l a t e r a l  d r a i n a g e  r a t e ,  l n c h e s / d a y  

The L a t e r a l  h y d r a u l i c  c o n d u c t t v i c y  of a m . i L t i L ;  
0 

puted  as foilous: 

vhe re 

d ( j )  - t h i c k n e s s  o €  saturated soil in s e g m n t  

n - number of segment  d i r e c t l y  above b a r r i e  

m - number of segment c o n t a i n i n g  t h e  s u r f a c  
o r  t o p  of t h e  vaier p r o f i l e  In t h e  s o i l  

X I t h 0 ~ 3 h  Skaggs ( 6 )  used an elliptical Y r o f L l e  
E q u a t i o n  6 2 , .  t h e  s h a p e  of  the prof  lle deviates  from 
vary .  To p r o v i d e  a c c u r a t e  o,styhatas of  l a t e r a l  C r a  
r a n g e  o f  0 t o  10 percent, L f rom 25 ft t o  200 ft, a 
a correcclon f a c t o r  vas developed  t o  adjust  Zquatic 
cal, s o l u t i o n s  of  tt.e S o u s s i n e s q  equat ion  !t.quation 
factor, E q u a t i o n  6i, m y  % v r i r t e n  as 

. -- 

2 C 1  K? ' ( y o  +.I!-) 
. QIAT.9 

L? 

where 

and 

L - d r a i n a g e  d i s t a n c e ,  i n c h e s  

- -  
& I  
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v a l u e s  may be q u i t e  d i f f e r e n t  Erom a c t u a l  d a i l y  v a l u e s . .  However, computed and 
a c t u a l  monthly and annual  t o t a l s  or' che d a i l y  e v a p o t r a n s p i r a t i o n  shouid be 
s imi la r  . 

The v e r t i c a l  v a c e r  r o u t i n g ,  p e r c o l a t i o n ,  and l a t e r a l  d r a i n a g e  submodels 
c o n t a i n  s e v e r a l  assumpt ions .  Dra inab le  volume of wa te r  i n  s o i l  can b e  d e f i n e d  
by an e s t i m a t e  o f  f i e l d  c a p a c i t y  and t o t a l  p o r o s i t y .  Dra inable  soil vacsr ,  
t hae  i n  excess  of f i e l d  C a p a c i c y , ' d r a i n s  f r ee ly  through t h e  s o i l  p r o f i l a  a t  a 
rate de f ined  by Darcyls  Law wi th  a h y d r a u l i c  g r a d i e n t  e q u a l  t o  one and a 
h y d r a u l i c  c o n d u c t i v i t y  chac is a f u n c t i o n  o f  s o i l  mo i s tu re  c o n t e n t .  The unsac- 
u r a t o d  h y d r a u l i c  c o n d u c t i v i t y  is  assumed t o  be a l i n e a r  f u n c t i o n  of  s o i l  mois- 
t u r e  between t o t a l  p o r o s i t y  and minimum s t o r a g e  c a p a c i t y  f o r  d ra inage .  
Because Darcy ' s  Law is assumed, t h e r e  can b e  no d i r x t  channels  t o  q u i c k l y  
rou:e water v e r t i c a l l y  f r o =  t h e  s u r f a c e  co t h e  v a t e r  t a b l e .  Water i n  excess  
of t he  t o t a l  p o r o s i t y  o f  a segment is assumed t o  belong t o  t h e  segment above. 
Excess wa te r  from t h e  top  segment is added t o  t h e  s u r f a c e  runoff  f o r  t h e  t i m e  
s t e p .  Vertical r o u t i n g ,  Lateral d r a i n a g e ,  and p e r c o l a t i o n  through a b a r r i e r  
s o i l  l a y e r  occur  a t  a uniform r a c e  through t h e  time s t e p .  
i n f i l t r a t i o n  and e v a p o t r a n s p i r a t i o n  occur  i n  each  t i m e  s t e p  w i t h i n  a day.  
l aeera l  d r a i n a g e  and v e r c i c a l  p e r c o l a t i o n  a r e  assumed t o  b e  a t  s t e a d y - s t a t e ,  
i . e . ,  nead is c o n s t a n t  d u r i n g  a time scep .  The approximat ion  :a :he 3ouss lnesq  
equdt ion  developed by Skaggs (6) f o r  t h e  range o f  des ign  s p e c i f i c a t i o n s  f o r  
l a n d f i l l s  is assumed t o  e s t i m a t e  L a t e r a l  d r a i n a g e  adequa te ly  when used with 
a p p r o p r i a t e  c o r r e c t i o n  f a c t o r s .  B a r r i e r  s o i l  l a y e r s  r e m a i n . s a t u r a t e d  and 
p s r c o l a c i o n  through b a r r i e r  s o i l ' l a y e r s  is n o t  res t r ic ted o r  a ided  by segments 

Equal amouncs of 
i h e  

. -  

b e l o u - t h e  barrier soil. - ---- -- . . - 

The model u s e s  s e v e r a l  simplifying assumptions and a s s i g n s  cons t an t2  f o r  
s e v e r a l  v a r i a b l e s .  Table  I c o n t a i n s  t h e  c o n s t a n t s  used In modeling t h e  hydro- 
l o g i c  p rocesses .  
d e f a u l t  soil data Input  is used. C o r r e c t i o n  f a c t o r s ,  vh ich  a d j u s t  t h e  d e f a u l t  
n y d r a u l i c  conduc:ivity of che cop 'Layer for t h e  v a r i o u s  vege tac lc r ,  :;rpes, a r e  
also i i j c a d  i n  Table  2. Tabla 2 a i s 0  c o n t a i a s  :he caeiiiciencs ;hac d r z  csad 
t o  c a l c u l a t e  t h e  default mnoff curre aumbezs as a Function of  v s g e c i c i m .  
i h e  model assumes t h a t  vegeca t ioa  h a s  no o t h e r  a f z e c c s  on che soil c h a r a c t e r -  
i s t i c s ,  such as porosity, f i e l d  c a p a c i t y ,  and v i l c i n g  po in t .  The model a l s o  
assumes t h a t  s u r f a c e  mnon does not occur<, arid t h a t  t h e  water c a b l e  is below 
t h e  l a n d f i l l .  
system and,  t h e r e f  drc, t h e  simulation run demons t r a t e s  t h e  range and frequency 
of r e s u l t s  f o r  a given c o n d i t i o n  of t h e  l+ndflll. m e n  u s i n y  an impermeable 
L i n e r ,  a l e a l u g e  f r a c t i o n  Is used by p e r m i t t i n g  only  t h a t  f r a c t i o n  or' t h e  .' 

p o t e n t i a l  d a i l y  p e r c o l a t i o n  through a barrier s o i l  layer  t o  a c t u a l l y  p e r c o l a t e  
on thac  day. This u s e  o s  leakage  f r a c t i o n  is i d e n t i c a l  c o  :he e f f e c t  of 
reducing  cne h y d r a u l i c  c o n d u c t i v i t y  of cne bar r ie r  s o i i .  Typ ica l  ieai a r e a  
i n d i c e s  used i n  t h e  d e f a u i t  c l i m a t o l o g i c a l  d a t a  f o r  e x c e l l e n t  g r a s s  and a good 
row c rop  are  Listed i n  Table 3. Winter cover  f a c t o r s  and c o r r e c t i o n  factors 

Tab le  2 lists the  v a r i a b l e s  gh ich  a r e  a s s igned  'Jalues ahen 

?he a o d e l  does got  s l m u l a t e  t h e  e f f e c c s  o f  agin3 on rhe L a n d f i l l  

- - -  - - -  ----e- - " d & - -  <czT*iz ;: '-c!se<l2ilF*. - : r 2  l l s a  ;i-:m '-I: . - . , - ' ,  .;i.-- - , _  
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3 )  The ave taye  head €or the ? t o E i l e  ( y )  and t he  e t ' t 2 c t i v e  !a:cra! c x -  

d u c t i v i t y  K a r e  computed. 

A) Lateral  fLov'and p e r c o l a t i o n  chrocgn t he  barr ier ,  l a y e r  a r e  computed, 
and 

5 )  If ;ha sim of l a t e r a l  f low and v e r t i c a l  p e r c o l a t i o n  is not accep t -  
a b l y  c l o s e  (: 5 percen t )  to the  i n i t i a l  e s t k n a c e  O E  d r a i n a g e  r a t e  
used in s tep  L ,  a new estimate is o b t a i n e d ,  and the  clew e s t i m a t e  oc' 
d r a i n a g e  ra te  is r e t u r n e d  to s t e p  1. If t h e  convergence c r i t e r i o n  
LS mat, .summaries a r e  obcained and computat ion begins  on t h e  nexc 
t t w  seep. 

* 

The new astimate of d r a i n a g e  r a t e ,  r e f e r r e d  t o  ln s t e p  5 ,  1s obtained by 
canpa r ing  the prev ious  e s t i m t e  v i t h  t h e  computed va lue  f o r  the sum or' l a t e r a l  
f low and p e r c o l a t i o n .  If the  computed rate is too  h igh ,  i t  is used a s  t h e  coo 
o f  dc1 acceptab1.e r ange  or' v a l u e s ,  and t t  i s  averaged v F t h  the previous  l a w  
e s t b a t e .  I€ t ! ~  caaputed v a l u e  is too  LOV, it 1s taken as t h e  Sottorn of  tne 
ran8e and i s  averaged l a t h  t h e  p rev ious  $iSh e s t i m a t e .  In t h i s  vav,  t n e  ' = S i  

e s t i m a t e  is a p p r m c h d € r a ; !  one s i d e  at- time. When consecu t ive  r s t ina :eq  
are acce3tabLy cl.ose (4 p e t r e n t ) ,  t h e  i t e r a t i o n  is ended. 

The HELP inodeL is a d s : a n i n i s t F c  , g u a s i - t w  d inens iona l  rnodei : h a t  dcvei - 
ups a long-cera  u a t e r  balanco- k s e d  .on h i s t o r i c a l .  .3r ; h u ? a c e c i  dai!.y c a A f a !  1 
r e c o r d s .  The HELP model. '1s no more complex than  a manual t a b u l a t i o n  of aois- 
cure ba l ance ,  but t h e  HELP model. maker a v a f l a b l e  a sore comple te  data h s e  a n d  
a s ta te-of- the-ar t  system € o r  c m p u t i n g  an a c c u r a i e  mtrr budget over  a dx!e  
v a r i e t y  of .  , c l . d t l c ,  s o i l ,  and v e g e t a t i v e  c o n d i t i o n s .  h f l l  t r a t i o n  of q-ater 
th rough the  s o i l  surface is c a l c u l a t e d  using the SZS ixnor'f cc:Ne aumoer :zck- 
nique. n e  SCS :ec.kIque .-ol.ates runoi5 :3 soi! zyps,  lacd -se, S O L ! .  jloce,, 
and management pract ices  using d a l l  y ralnfal.1. records.  The ac tua l  ra inr 'a l  1 
i n t e n s i t y ,  duration, and dis tr ibut ion  are R O C  cons idered .  Factors wcn a s  
s lops  and a r r f u c e  roughness, uhlch w u l d  be F m p r t a n t  i f  fnd ivId&l  ralnfal 1 
o r  s t o m  evencs were used, are  cons lde red  in t h e  c o n t e x t  O P  t h e  land u s e / l a n a  
saniigemant f a c t o r s  used i n  the selection of t h e  SCS r u n o f f  c u n e  number. The 
SCS t e c h i q u e  developed f o r  watersheds and l a r g e  ? l o t s  of land Ls assumed to  
2rcwIde 3 0 4  e s t l m a t e u  of f n f i l . t r a t i o n  f o r  l a n d f i l  Ls. 
S ,  used EO c a l c u l a t e  the  runoff  cume number ,  can be computed' from a depth-  
q e y h t e d  aver%e o f  soil n o l s t u r e  in the sofl. p r o f i l e .  

The retention parameter, 
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TARLE 2 .  SOIL VARL48LES FOR DEFAULT S O I L  DAi.4 I\I?fJT 

Var i ab le s  Func t Ions  

XRC(KS0ILn) 
XPOROS (KSOILn) 
XCON(KS0fLn) selected f o r  Layer n 
XFC (KSOILn) Where 
X.IIR (KSOILn) ‘ XRC = h y d r a u l i c  c o n d u c t i v i t y  
XWP (KSOIL) 

These sFX v a r l a b l e s  a re  taken d i r e c t l y  from 
Table  10 accord ing  t o  t h e  soil type ( X S O ? t n )  

XPOROS * p o r o s i t y  
XCON = evapora t ion  c o e f f i c l e n t  
XFC = f i e l d  c a p a c i t y  
XHIR = minimum . i n f i l t r a t i o n  r a t e  
XUP = wilting point 

RC(n) = XRC(KS0ILn) / 20  These f o u r  v a r i a b l e s  are a f f e c t e d  vhen soil 
CON(n) - 3.1 l a y e r  n is compacted 
PORO(n) = 0 . 7 5  XPOROS(KS0ILn) Where 
FC(n) = 0.75 XPC(KSO1Ln) + R C ( d  - h y d r a u l i c  c o n d u c t i v i t y  of Layer n 

CON(n) = e v a p o r a t i o n  c o e f f i c i e n t  o f  Layer n 
PORO(n) t p o r o a i t y  of  Layer n 
FC(n) - f i e l d  c a p a c i t y  of  Layer n 

0 . 2 5  XUP(KS0ILn) 

I D  

CORECT (KVEC) 

Iuo (x’lec) 
u1 (xvec) 
xA2 (KVEC) 

This  factor corrects R C ( 1 )  f o r  v e g e t a t i o n  in 
the vegetative Layer of t he  soil cover .  The 
hydrauLic c o n d u c t i v i t y  2C (1) becomes t h e  

--=- af f ec rlve - hyd r a u l  l c  conduct lTi%y ‘&en mu 1 t 1- 
plied by the a p p r o p r i a t e  c o e € € i c i e n t  for t h e  
v e g e t a t i o n  type, KVEC, uh ich  :s 1.0 ,  5 . 0 ,  A . 2 ,  
3.0, 1.8* 1.9, and 1 . 5  f o r  bareground,  *xceL- 
l en t  g r a s s ,  good g r a s s ,  f a i r  g r a s s r  poor g r a s s ,  
good row crop,  and f a i r  rov croo ,  r e s p e c t i v e l y ,  

Tnese t h r e e  v a r i a b l e s  a re  c o e f f i c i e n t s  used t o  
ca l cuLa t=  :he SCS curve ?umber as foliovs: 

- 

- XAO XA1 xA2 KVEG - 
1 97.14 -23.57 -jO.OO 
2 8 1 . 4 9  -58.96 - 1 4 4 . 7 6  
3 8 9 . 9 0  -32.92 - 4 8 .  o s  
4 90.01 -43 .12  -8 .23  
5 92.18 -25 .11  - 5 8 . 9 3  
6 8 4 . 7 5  . - 3 6 . 4 5  -1 56 .30  
7 9 3 . 3 6  - 1 9 . 2 1  -47 .96  

34 060 .. . 
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TABLE 1. CONSTANTS USED IS H€L2 XODEL 

Constant Value Uged Func t Ions 

- 4616 
~~ 

An 0.2 s The i n i t i a l  abs t racc ion  for SCS c u m e  number method 
accounts f o r  l o s s e s  of vacer  ( i n t e r c e p t i o n )  before  
i n f i l t r a t i o n  or runoff occurs ,  vhere S is the  

* r e t e n t i o n  parameter. 

SuuE(f) =(.I) + FC(j) The i n i t i a l  soil v a t e r  content  of t h e  t o p  seven . 
2 sements i s  assumed to be  halfvay between t h e  vllc-- 

ini polat. and the f i e l d  capacity;  

capac i ty .  

The s o i l  v a t e r  
. for  j s 7 contancl  of  dfl Other segments s tar t  a t  f i e l d  

F C ( j )  for f > 7 

CRXTS 

GHA 

W p  + 0.1 AUC The soil water content  belov which plant grovtS is 
stopped i s  assumed t o  be the v F l t i n g  point plus 
one-tenth of the plant a v a i l a b l e  v a t e r  capac i ty .  

O.*& -- The p8ychromeTric coastanc is used in c o m p ~ t l n g  
evapotranspirat ion.  

ALB 0.23 The albedo f o r  solar r a d i a t i o n  is uned i n  computing' 

- .. 
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UI or‘ Active1 y Transpf r fnn  V a g e c a t l o n  
Excel. 1 en t Grass h o d  Xov Crop  

Portion of Growlny 
Season , 

0.0 

0. 1 

0 . 2  

0.3 

0.4 

‘ 0 . 5  

0.6 

0.7 

0. 8 

0.00 

1.84 

3.00 

3.00 

3 *  00 

3.00 ’ 

3.00 

2..70 

. 1.96 

0.96 

- 0.50 

0.00 

0.15 

0. LO 

2.18 

2 . 9 7  

3.00 

2 .96  

2.92 

2 . 3 0  

1.15 

0.50 
0 

Winter Cover Factors, GI 
h e  el. Lenr c a d  Fair Poor Row 

Crass Grass Grass Crass Crops Bar eq round 

0.6 0.3 0.0 0.0 %inter 1.8 1.2 . 

Note: XGR I s  a factor to curfect the LA1 values for poorer stands of vegeta- 
tion. The above values are multiptied by 1.0, 0.67, 0.33, 0.17, 1.0, 
0.5 ,  and 0.0 for excettent grass, good grasa, f a i r  grass, poor grass, 
goat ‘rov crop, poor row crop, and @reground, respect ive ly .  

.. 
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- Figure  7. Genera l  r e l a t i o n  between s o i l - u a t e r , - - s o i l  t e x t u r e ,  _ -  
and h y d r a u l i c  c o n d u c t i v i t y  ( 1 4 ) .  

c 

The h y d r a u l i c  c o n d u c t l v l t f e s  of t h e  Layers of a s u b p r o f i l e  above a barrier s o i l  
l a y e r  should Fncrease v i t h  i n c r e a s i n g  depth  o r  a t  worsz be similar ( w l t h i n  an 
o r d e r  of magnitude) t o  t h e  l a y e r s  above. 0 2 e  e v a p o r a t i o n  o r  v a t e r  tranumis- 
s f v l t y  c o e f f i c i e a t  ranges  from 3.1 =/day f o r  compacted s o i l s  of L o w  t r a n s -  
sisslvl:-/  t o  3.3 $ 3 ~  3ands :o  bout 5 . 5  ’ r highly  o r g a n i c  s o i l s  ( 3 *  7 ) .  The 
c o e f f i c i e n t  m u s t  be g r e a t e r  than  3 t ~ m l d a ; ~ ’ ~ .  Several O P  t he  s o i i  c h a r a c t e r -  
i s t i c s  far some l a y e r s  are not used by the  mdel; these fnc lude  t h e  porosity, 
w i l t i n g  point, and e v a p o r a t i o a  c o e f f i c i e n t  of b a r r i e r  s o i l  Layersr  and the  
v i l t i n g  point and e v a p o r a t i o n  c a e L f l c i e n r a  of all Layers below t h e  evapora t ive  
zone . 

I 

The only d i n u r t n l o g i c  v a r i a b l e s  that have Limfted ranges  of v a l u e s  are 
. t h e  l e a f  area index and d n t e r  cover  f a c t o r .  Leaf area i n d i c e s  may range from 

0 t o  3 where z a r o  Fs bareground and t h r e e  r e p r e s e n t s  t he  maximum possible vege- 
t a t i v e  covet. The lea€ a r e a  index is the  r a t i o  of the Leaf a r e a  of  v e g e t a t i o n  
t o  the  soil s u r f a c e  area. Typica l  leaf a r e a  l n d i c e s  f o r  v a r i o u s  v e g e t a t i v e  
cove r s  are Listed in Tab les  3 and 4 ( 3 ) .  The a n n u a h ’ l e a f  area index d f s t r i b u -  
t iona in t h e  t a b l e s  are nonnalirad by t he  g r w i n g  season a t  the  Locat ion of  
‘2t2129t- “ ~ i z i l  TZL<C? -o_ssonz -.E.? :-zailz5 is -=ir-‘_sas -2f2rnncz:: ::--; - 
u g  cne J.2. Deparuacnc oc AqrlcuLture  p l a L l c a t i o n ,  “Climate and Man. Year- 

area index. 
-. - -. - 4 5 -  . ;a  .YZ=,t,‘ -2VE‘ =2=3‘ _ _  -_---_-- _.. _--  _ .  . - =-s . -.aK ;: ---I... -..--J ‘ 3 L  _ C U I  -e.- 
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SECTION 3 

PROGRAM DOCUMENTATION 

PROGRAM CAPAB'ILITIES AND DATA INPUT 

The BEL2 model i s  a quasi-euodimensional ,  d d e r m i n i s t i c  ,. computer-based 
vater budget f o r  l a n d f i l l s .  
estimate runoff, evapocranspirat iou,  lateral  drainage,  percola t ion ,  and v a t e r  
s t o r a g e  from d a i l y  p r e c i p i t a t i o n  data. 
through o r  s t o r a g e  in up t o  n ine  soil o r  v a s t e  layers ;  as many as three of  the 
l a y e r s  may b e  barr ier  s o i l  o r  r e s t r i c t i v e  layers .  
range from 2 t o  20 years. 

Tha model performs a d a i l y  s e q u e n t i a l  a n a l y s i s  t o  

The w d e l  can handle v a t e r  rou t ing  

The.simulation perioa can 

The model h a s  l i m i t s  on che order  t h a t  l a y e r s  can b e  arranged In t h e  Lanc- 
As discussed i n  Sect ion 2 ,  each l a y e r  must b e  descr ibed a s  being f i l l  p r o f i l e .  

one of f o u r  types: v e r f i c a l  percola t ion .  l a te ra l  drainage,  waste, and b a r r i e r  
s o i l .  The model does a o t  p e r m i t  a v e r t i c a l  percola t ion  l a y e r  o r  a vagce l a y e r  
t o  b e  placed belov a l a t e r d l - d ~ ~ ~ - ~ ~ ~ r . - - - A  barrier s o i l  layer may not be 
placed d i r e c t l y  belov another  barrier soil l a y e r .  The top l a y e r  may not be a 
barrier soil l a y e r .  If  a barrier s o i l  l ayer  is not  placed d i r e c t l y  belov cne 
l o w e s t  Lateral drainage l a y e r ,  the l a c e r a l  drainage l a y e r s  i n  che l o w e s t  SU'P 
p r o f i l e  a r e  t r e a t e d  by the  model as ver t ical  percola t ion  layers .  
r e s t r i c t i o n s  are placed on t h e  order  o f  the  l a y e r s .  

No ocher 

The la teral  drainage equation vas  developed f o r  the expeczed range of  
hazardous waste landfill desfqn s p e c i f i c a t i o n s .  Permissible  ranges f o r  s lope  
and maximum dra inage  length  of t h e  drainage l a y e r  arc 0 to 10 percent  and 2.5 
t o  200 f e e t .  Accurate e a t b a t e s  of t h e  la teral  drainage race v e r e  obtained 
for  heads up t o  5 feat on the base of  the drainage layer o r  on t h e  top of the 
barrier l a y e r .  

Severa l  o t h e r  deaign variables  have l i m i t s  f o r  t h e  v a l u e s  vhich may be 
The SCS -off c u m e  number for AK-11 can range between 20 ana ' s p e c i f i e d .  

100. SCS maoff  curve numbers may be s e l e c t e d  by the procedures outlined in  
the National Engineering 'dandbook ( 4 ) .  
f r a c t i o n  of  potential nrnoff for open s i te3 can range betveen 0 and i. 

The l i n e r  leakage fraction and the 

Severa l  relationshins must exise between the s u i 1  c h a r a c t e r i s t i c s  of  a 
a .  'aver sna ~f -38 jorl s u n n r S ' -  -.&-- 3 .  ?.e :or=si::?, ::?Id ==aacr:-:- xi3 : - - i z : zz  

c3n : x o r a r r c a i l - T  :an39 f z n  9 :a ! :n m i r s  O S  17oiurnt 3er voAume. ~ D U C  cne 
p r o s i c y  m ~ a c  pa.  o,reatai  :can c,ze zieia  cauac:r7 m a  :ne : , j ia  :auzc::-; z i s c  
b e  g r e a t e r  than t h e  w i l t i n g  poin t .  The r e l a t i o n  becveea soil type and soil 
cnarac:er=sc;cs & 3  j n o v n  ~ i :  :&sura 7 .  T:rpical eralues 53r varigus s o i l s   to, 

~ ; s t e o  ~2 Z2oi.e ,o ;-ntcl= :=ncai=s :.le- XIZUA: s o r i  ;~arac:=r~3~~:3 , .-, - 2 ,  

-. 
- .  

1.16) .  
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Sources  f o r  o t h e r '  c l i m a t o l o g i c  v a r i a b l e s  a r e  r e a d i l y  a v a i l a h  Le. ? t e c i ? i -  
t a t i o n  and tempera ture  d a t a  a r e  a v a i l a b l e  from l o c a l  L i b r a r i e s  and from the  
Nat iona l  Weather Sef l ice  through t h e  D i r e c t o r  of tSe National C l i a a t i c  C e n t s r ,  
NOAA, Federa l  n u i l d i n g ,  A s h e v i l l e ,  N.C. 2 8 8 Q l .  Yean monthly s o i a r  r a d i a t i o n  
( i n s o l a t i o n )  v a l u e s  can be obta ined  f r o m  the  "Climatic Atlas o f  the 
United S t a t e s "  (18) and from T a b l e  2 of t h e  HSSWDS User's Suide  ( t )  € o r  
s e l e c t e d  c i t i e s  . 
P R O W  OPTIONS 

The program has  options only i n  t h e  input  and ou tpu t  r o u t i n e s .  CLimato- 
l o g i c  d a t a  and SOU c h a r a c t e r i s t i c s  may be s p e c i f i e d  by t h e  user o r  s e l e c t e d  
from d e f a u l t  data bases .  Seve ra l  o t h e r  options are also avai lab le  i n  t h e  
i npu t  r o u t i n e s  as w i l l  be d i scussed  b e l o v .  Design d a t a  must b e  s p e c i f i e d  by  
t h e  user . ,  The o p t i o n a l  ou tpu t  r o u t i n e s  p r w i d e  summaries of d a i l y  v a l u e s ,  
moathly t o t a l s  .and annua l  t o t a l s  of v a r i o u s  s i m u l a t i o n  v a r i a b l e s .  Average 
monthly and annual  t o t a l s ,  and peak d a i l y  v a l u e s  are  produced f o r  a l l  s h u l a -  
t i ons .  

Input  Opt i ons  

C l ima to log ic  d a t a  may be s p e c i f i e d  by e i t h e r  m n u a l  o r  d e f a u l t  o p t i o n s .  - 
Five  yea r s  of defauLt  p r e c i p i t a t i o n  d a t a  are available f o r  102 c i t i e s ,  a s  a r e  
one set of monthly mean tempera tures  and s o l a r  r a d i a t i o n ,  v t n t e r  cover  f a c t o r ,  
and leaf area i n d i c e s  for each c i ty .  This s e t  of c l f m a t o l o g l c  d a t a ,  o t h e r  ___ - t han  p r e c i p i t a t i o n ,  is use&€g: e a c h o f  the  f i v e  y e a r s  of p r e c i p i t a t i o n  d a m .  
If t h e  manual o p t i o n  is used, t h e  user has  t h e  o p t i u n  o f  supply ing  one set o f  
any d i m a t o l o g i c  v a r i a b l e  exceut p r e c i p i t a t i o n  which u m l d  b e  used f o r  a l l  
years o f  s i m u l a t i o n ,  o r  t h e  user can s p e c i f y  a s e p a r a t e  set of va lues  f o r  -eacn 
year of s imula t ion .  The manual o p t i o n  a l s o  p rov ides  t h e  aset wfth o p t i o n a l  
r o u t i n e s  t o  check o r  c o r r e c t  t he  va lues  p rev ious ly  s p e c i f i e d .  The user d o e s  
no t  need t o  e n t e r  t h e  y e a r s  of p r e c i p i t a t i o n  d a t a  in chrono log ica l  o r d e r  s i n c e  
the  program sorts t h e  years and a r r anges  then in Fncro-asiag chronoLcgiciL 
o r d e r .  The program s k i p s  Over yea r s  v i t h o u t  data dur ing  t h e  s imula t ion .  

Soil c h a r a c t e r i s t i c s  may a l s o  be s p e c i f i e d  by e i t h e r  manual o r  d e f a u l t  
op t ions .  With both o p t i o n s  t h e  des ign  data are  s p e c i f i e d  by t h e  user. I n  t h e  
d e f a u l t  o p t i o n  t h e  user may o v e r r i d e  the  d e f a u l t  runoff  curve  number by speci-  
f y i n g  a c u m e  number. 
t he  user v f t h  r o u t i n e s  t o  check o r  c o r r e c t  p rev ious ly  s p e c i f i e d  v a l u e s  o r  ore- 
v i o u s l y  s e l e c t e d  v a l u e s  from the  d e f a u l t  data base. 

The manual soil c h a r a c t e r i s t i c s  i npu t  o p t i o n  p rov ides  

Out pu t Op t i ons  

Four types of o u t p u t  can be  ob ta ined  from t h e  program: d a i l y  v a l u e s ,  
monthly t o t a l s ,  annua l  t o t a l s ,  and a summary of t he  s imula t ion .  Output o f  
d a i l v  va lues  ts 90 t i o n a l  m d  tgc ludes  d a t ~ .  t n d i c a t g r  F3r Ct*+ezizo - z m e ? z -  
;ares, ;recq ;caz;on, a n c r z ,  ;vapoczanspiraz:an, ,;'c;i~ Ldcarai  ~ra;zz3e - zzm - 1=.79_'.  - - - - -  z - - -  *-a - - - - - _  <-- -_--.- -EP z-:F?r= ..'. --:= '== - -  - 
cover ,  nead on top os  tne  barrier SOU l a y e r  a t  the  base of the cover ,  t o t a l  
l a t e ra l  d ra inage  from a l l  d ra inage  l a y e r s  in t h e  vaste c e l l  and L i n e r l d r a i n  

. .  . ---  - - -_ -.. - -... .- .;=c - - - I  -I---,.- 

2 9  . G65 ~ 



P I )  4616 
CB 

' . ,  

T a L E  4. N P T C c U ,  LEAF .U&4 INDEX DISTRIBUTIONS FOK VARIOUS VEGETATIVE COVERS 

. P o r t i o n  of Growing U I *  
Season co m . Oats khea t Crass Soy beans 

0.0 0.00 0.00 0.00 0.00 0.00 

0, L 0.09 0.42 0.47 1.84 0.15 

0.2 0.19 0.84 0.90 3.00 0.40 

0.3 0.23 0.90 0.90 3.00 2.18 

u. 4 0.49 0.90 0.90 3.00 2.97 

u. 5 

0.6 

0.7  

u. Y 

I. 16 

2.97 

3.00 . 

2.72 

0.98 0.90 

2.62 1.62 

3.00 3.00 

3.00 3.00 

U e Y  l e  83 3.00 0.96 

3. 00 

3.00 

2.70 

1.96 

3.00 

2.96 

2.92 

2.30 

1.0 - . 0.00 00 00 0. OQ 0.50 0.50 
- . . . . .. . . . ._ -. . . dbps:.: - ... .- 

0 

* WI values f o r  good crops  and e x c e l l e n t  grass stands. 
Extracted: € r u m  b i s e 1  ( 3 ) .  

0.96 1.15 

-,966: 

. .  
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system a t  t h e  base o f  tSe Landf iLt ,  p e r c o l a t i o n  from t h e  b a s e  o €  the  l a n d f i l ! ,  
head on top  of  t h e  b a r r i e r  soiL Layer a t  t h e  base o f  c5e L a n d f i l l .  and s o i l  
w a t e r  c o n t e n t  o €  t h e . e v a p o r a t i v e  zone. Out7ut  o f  nontLLv t o t a l s  is a l s a  
o p t i o n a l .  me t o t a l s  o f  t h e  d a i l y  v d l u e s  f o r  each month a r e  g i v e n  f a r  the 
€0 Llowing v a r i a b l e s :  p r e c i p i t a t i o n ,  runof  f , evaoo t r a n s p  Fra t i o n  , L a t e r a l  
d r a i n a g e  from each s u b p r o f f l e ,  and p e r c o l a t i o n  t h r o u s h  t h e  bottom o f  sac5 sub- 
3 r o f t l e .  Output  O F  d a i l y  v a l u e s  and monthly t o t a l s  a r e  oucput  o n t i o n s  o n l y  
vhen d e t a i l e d  o u t p u t  is r e q u e s t e d .  Detailed ouput  a l v a y s  f n c l u d e s  annua  t 
t o t a l s  of the  v a r i a b l e s  Listed €or  monthly o u t p u t  and a s u m m a r y .  3 e  summary 
of t h e  s i m u l a t i o n  is a lways  produced,  and i n c l u d e s  monthly and a n n u a l  a v e r -  
a g e s ,  and peak d a i l y  v a l u e s  for t h e  v a r i a b l e s  L i s t e d  for t h e  o p t f o n a l  o u i n u t  
a long  v i t h  s e v e r a l  o t h e r  v a r i a b l e s .  The v a r i a b l e s  a r e  d e s c r i b e d  L a t e r  i n  c n f s  
section oE t h e  documenta t ion .  

INPUT VARIABLES 

Three  t y p e s  of i n p u t  a re  used in t h e  model: c l i r n a t o l o g i c ,  soil, and 
d e s i g n  d a t a .  T a b l e s  5 and 7 List t h e  cL1rPatologic i n p u t  v a r i a b l e s  f o r  t h e  
manual and d e f a u l t  o p t i o n s ,  r e s p e c t i v e l y .  The manual and d e f a u l t  i n p u t  v a r i -  
a b l e s  f o r  soil c fa racce r i s t l c s  a r e  g i v e n  I n  T a b l e s  8 and 9 ,  r e s p e c t i v e l y ,  and 
Table 10 Lists t h e  ciesiqn v a r i a b l e s .  The X E L P  User's Guide ( ! 9 )  p r o v i d z s  a I 

n o r e  comple te  d i s c u s s i o n  of i n p u t  r e q u i r e m e n t s .  .. 

YanuaL C l l m a t o l o q f c  I n p u t  

- -  C l i m a t o l o j i c  v a r i a b l e s  a r e  shovn i n  T a b l e  5 .  The u g e r  nay s p e c i f v  €torn. 1. 
t o  20 years o f  d a i l y  p r e c i p i t a t i o n  vQlues,  one  year for eacS year of  s t m u l a -  

. t i o n  d e s i r e d .  Twelve monthly mean t e m p e r a t u r e s  and tveLve n o n t h l y  mean s o l a r  
r a d i a t i o n  v a l u e s  may b e  s p e c i f f e d  f o r  one y e a r  o r  e a c h  y e a r  o f  s i m u l a t i o n .  
T h i r t e e n  Leaf area l n d i c e s ,  t h e  c o r r e s p o n d i n g  J u l i a n  d a t e s ,  and a v i n t e r  c w e r  
f a c t o r  may a l s o  b e  s p e c i f i e d  f o r  one  y e a r  or e a c h  y e a r  of  s i m u l a t i o n .  Only 
one e v a p o r a t i v e  zone d e p t h  m y  be s p e c i f i e d  € o r  t n e  s i m u l a t i o n .  

D e f a u l t  CLimato loqic  I n p u t  

The model s t o r e s  d e f a u l t  c l i m a t o l o g i c  d a t a  €or 102 c i t i e s .  fly s p e c i f y i n g  
t h e  d e s i r e d  s ta te  and  c i t y  from T a b l e  6,  t h e  u s e r  is s u p p l i e d  d a i l y  precipl ta-  
t i o n  d a t a  for y e a r s  1974 through 1978, one set of monthly mean t e n p e r a t u r e  and 
solar c a d i a t i o n  va lues ,  and sets of l e a f  area i n d i c e s  and v l n t e r  c o v e t  f a c t o r s  
€ 0 ~  a good row c r o p  and an e x c e l l e n t  s t a n d  of g r a s s .  A c t u a l  leaf a r e a  i n d i c e s  
and v i n t e r  cuver f a c t o r  used d u r i n g  t h e  s i m u l a t i o n  a r e  s e l e c t g d  D r  c o r r e c c e d  
from t h e  d e f a u l t  sets a f t e r  t h e  v e g e t a t i o n  t y p e  Is s p e c i f i e d ;  t he  c o r r e c t i o n  
f a c t o r s  are given i n  Table 3. The i n p u t  v a r i a b l e s  a r e  summarized in Table 7 .  

Yanual S o i l  Data I n p u t  



3 e f a u l t  Data'is Provided  Only €or  t h e  f o l l o w i n y  C t t i e s  and S c a t e s  

Alas !a 
Xnnett  e 
Rethel 
F a t  r banks 

FLaqstaf  f 
Phoenix 
ucson 

Arkansas  
tittle Rock 

Cal i f o  rnia 
Fr e sno 
Los  Angeles  
Sacra.w,nto 
San Dieqo 
S a n t a  Haria 

co 1 o r ado 
Denver 
Grand J u n c t i o n  

Co nnec  t Lcut 
Rr i d  gepor  t 
Ha rt r'o rd 
New Haven 

F l o r i d a  
J a c k s o n v i l l e  
!?jl_Mi 
0 tlando 
Tal Lahassee  
Tampa 
U. P a l m  Reach 

G e o r g i a  
A t  Lanta 
Wa tkinsvll le 

Honolulu 

Boise 
Pocatel l o  

Ar izona  

* 

Hawaii 

I d a h o  

I L Lino is 
Chicago 
E. S t .  Loufs  

I n d i a n a p o l i s  

Des Yoines 

Dodge City 
Topeka 

Kentucky 
L e x i n g t o n  

T.ouisiana 
Lake C h a r l e s  
yew O r l e a n s  
Shreve p o r  t 

~ u g u s  t a  
Bangor 
Ca rfbo u 
Portland 

Hassachuse  t t s 
Roston 
p Lainf t a l d  
Vorcester 

E. Lans ing  
Sault Ste.  Marie 

S t .  Cloud 

I n d i a n a  

Iova 

Kansas 

& ine 

%ch Lqan 

Minnesota 

Yi ssour i  
. Columbia 

Montana 
Glasgou 
Great Fa l l s  

*.'t:d - 2 k i l d  
Norm h n a  

Nebraska 

?revada 
ElY 
Las Vegas 

Veu' Yampshire 
Concord 

Yew J e r s e y  
E d i s o n ,  
Seahrook 

Yew !iexico . 
Albuquerque 

New Yo rk 
C e n t r a l  Park 
I t Saca  
Yew Yo rk CF t y  
S ch ene c t a d  y 
S y r a c u s e  

- North C a r o l i n a  
i: r e e n s  bo ro  

North Dakota 
Sismarck 

Oh i o  
C i n c i n n a t i  
C Leve Land 
Columbus 
Put - i n  - a a y 

Oklahoma City 

:Iashua . 

Oklahoaa 

, Tulsa 
Oregon 

Astorfa 
!fed f o rd 
Po r t l a n d  

pennsy Lvania 
P h t l a d e  Lpnia  
P l t  t s b u r g h  

Rhode I s l a n d  
? rov Id  e n c e  

South C a r o l i n a  
Char Leston 

sot it!^ nako til 
Q a p i d  C i t v  

Tennessee  
Enoxvi l  Le 
?TashviL I e 

R r o w n s v i l l e  
T)a Llas 
51 ?as0 
Yid land 
San  .-\nconio , 

Cedar  City 
Sal t  Lakc C f t y  

SurtFngton ' 

Yio n t pe 1 I e r 
Rut !and 

Lynch bur 3 
Yo r f o  1 k 

Ga s h i n g  t o n  
P u L  1.wn 
Sea t t l e  
Yakima 

Viscons in 
'fad i son  

Texas 

.. Utah 

Ve n o n  t 

V i r g  Fnia  

Wvominy 
. C5evenne  
Lander 

Puerto Rico 
San l uan  
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D e f a u l t  S o i l  Data Inpu t  ' ' 

, 

The der ' au l t  s o i l , c h a r a c t e r i s t i c s  a r e  l i s t e d  i n  Table. 9 .  The only  v a r i -  
a b l e  used to o b t a i n  d e f a u l t  s o i l  c h a r a c t e r i s t i c s  is t h e  number of t h e  s o i l  
t ype  o r  t e x t u r e .  Defau l t  s o i l  c h a r a c t e r i s t i c s  a r e  provided  f o r  2 1  t e x t u r e s . '  
The numbered s o i l  t e x t u r e s ,  l a b e l e d  KSOLL i n  t h e  program, and t h e i r  cor re-  
sponding s o i l  c h a r a c t e r i s t i c s  a r e  l i s t e d  i n  Table  10. S o i l  t e x t u r e  numbers 22 
and 23 a r e  used t o  s p e c i f y  c h a r a c t e r i s t i c s  manually.  

- Design Data Input  

The d e s i g n  v a r i a b l e s  g iven  in Tab le  11 d e s c r i b e  t h e  l a n d f i l l  system. 
These . v a r i a b l e s  inc lude  t h e  number of  l a y e r s ,  t h e  t h i c k n e s s  of each l a y e r ,  a 
d e s c r i p t o r  f o r  each l a y e r ,  t h e  slope and maximum d r a i n a g e  d i s t a n c e  a t  t h e  base 
of each  d r a i n a g e  system, and t h e  t o t a l  s u r f a c e  a r e a  of t h e  l a n d f i l l .  Three 
ocher  d e s i g n  v a r i a b l e s  may also be r equ i r ed :  
an teceden t  moi s tu re  c o n d i t i o n  11, t h e  l i n e r  leakage  f r a c t i o n ,  and t h e  open 
vaste c e l l  p o t e n t i a l  runoff f r a c t i o n .  The SCS runoff c u n e  number is  o p t i o n a l  
f o r  d e f a u l t  s o i l  c h a r a c t e r i s t i c s  i n p u t  except  vhen t h e  vaste c e l l  is open; t h e  
cu rve  number is r equ i r ed  f o r  manual i npu t  of s o i l  c h a r a c t e r i s t i c s .  The l i n e r  
leakage  f r a c t i o n  must be s p e c i f i e d  v h e n s w r  a s y n t h e t i c  l i n e r  is used i n  t h e  
des ign .  The p o t e n t i a l  runoff  f r a c t i o n  f o r ' o p c n  s i tes  is used vhen t h e  t o p  
l a y e r  is a v a s t e  l a y e r .  

t h e  SCS runoff  curve  number f o r  

OUTPUT VARIABLES 

-The o u t p u t  is-CompOSed of C n p u r  in fo rma t ion  and s i m u l a t i o n  r e s u l t s .  A11 
of  t h e  i n p u t  d a i a  except  d a i l y  p r e c i p i t a t i o n  v a l u e s  a re  a l u a y s  r epor t ed ;  d a i l y  
p r e c i ? i t a t i o n  v a l u e s  are p r i n t e d  only when che d a i l y  o u t p u t  o p t i o n  is used. 
Th i s  s e c t i o n  p r e s e n t s  on ly  a d i s c u s s i o n  or' o u t p u t  v a r i a b l e s  f o r  s i m u l a t i o n  
r e s u l t s .  

i ) a i l y  Output 

The v a r i a b l e s  fcrr d a i l y  o u t ~ u t  a t 2  l i s t e d  in Table  !2. All of t h e s e  var -  
i a b l e s ,  except  p r e c i p i t a t i o n ,  are computed d a i l y .  Da l ly  v a l u e s  for p t e c i p i t a -  
t i on ,  r u n o f f ,  e v a p o t r a n s p i r a t i o n ,  p e r c o l a t i o n ,  and d r a i n a g e  a r e  used to com- 
p u t e  t h e  monthly and annual  totals. Due t o  t h e  l imited number of v a r i a b l e s  
which can b e  p r i n t e d  a c r o s s  a page, d a i l y  v a l u e s  of d r a i n a g e  and p e r c o l a t i o n  
from each s u b p r o f i l e  a r e  not a l v a y s  p r i n t e d  f o r  each s imula t ion .  
d r a i n a g e  values fcq! a l l  s u b p r o f i l e s  completely above t h e  top  v a s t e  l a y e r  a r e  
t o t a l e d  and c a l l e d  cover  d ra inage ;  l a t e r a l  d ra inage  v a l u e s  from a l l  o t h e r  sub- 
p r o f i l e s  are a l so  t o t a l e d  and r e p o r t e d  a s  base d ra inage .  P e r c o l a t i o n  v a l u e s  
a r e  given only for s u b p r o f i l e s  c o n t a i n i n g  e i t h e r  t h e  base  o f  the  cover  o r  t he  
base  of  t ne  i a n d r ' i l l .  These tno p e r c o l a t i o n  v a l u e s  r e p r e s e n t  cne d a i l y  
amounts of p e r c o l a t i o n  through t h e  base of t h e  cover  and through t h e  base of 
t h e  l a n d i i l l .  Only tvo heads a re  r epor t ed ;  t he  heads on b a r r i e r  l a y e r s  a t  t h e  
- a s e  IT *:E c z v e z  xx :: --:z -;=e -f :.-..g .~ixz:--. 

L a t e r a l  

- . . ,  



_ -  

, 

Var iab le  Func t ion 

KSOIL (IWY) The s o i l  t e x t u r e  number (between I and 23) f o r  soil Layer 
I U Y  h e r e  ILAY is t h e  number of the  Layer from t h e  top . 
(be tveen  I and 9 ) .  

The use r - spec i f i ed  . po ros i ty  of  s o i l  l a y e r  I W Y  i n  vol/voL 
f o r  s o i l  t e x t u r e s  22 and 23. 

PORO (ILAY) 

FC ( fLAY) The user -spec i f ied  f i e l d  c a p a c i t y  of soil l a y e r  ILXY i n  
vol/vol  f o r  so i l  t e x t u r e s  22.and 23. 

WP(1LAY) . The use r - spec i f i ed  wilting point of so i l  l a y e r  IUY i n  
vol/vol f o r  soil t e x t u r e s  22 and 23; 

RC(IL4Y) The use r - spec i f i ed  hydrau l i c  conduc t iv i ty  of soil l a y e r  I U Y  
in i nches /h r  for soil t e x t u r e s  22 and 23. 

CON ( X L A Y )  . The uaer-speciJ i5d evapora t ion  c o e f f i c i e n t  of soil Layer 
ILAY in a d d a y  f o r  s o i l  t e x t u r e s  22  and 23. 
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TABLE 10. nEfAULT SOIL CHARACTERISTICS 

S o i l  texture Class !413* P o r o s i  cy Capacity P o i n t  C o n d u c t i v i t y  CON*;, 
HELP USDA USCS i n l h r  VoLIVol TJollVoL ‘loLlVo1 i n l h r  mmlriav 

1 cos GS 0.500 0.351 0.174 0.107 11.95 3 . 3  

2 COSL GP 0.450 0.376 0.218 0.131 7.090 3 . 3  

3 S SW 0.400 0.389 0.199 0.066 6.620 3 .3  

4 FS SEI 0.390 0.371 0.172 0.050 5.400 3 . 3  

5 Ls SM 0.380 0.430 0.160 0,060 2.780 3 . 4  

6 .  LFS SM 0 .340  0..401 0.129 0.075 1. 000 3 .3  

7 LVFS SM 0.320 0.421 0.176 0.090 0.910 3.4 

8 SL SM 0.300 0.442 0.256 0.133 0.670 3 . 8  

9 FSL SH 0.250 0.458 0.223 0 .092 0.550 4 .5  

- 10 VFSL I% 0.250 0.511 0.301 0.184 0.330 . 5 .0  

11 L YL 0.200 0.521 0.377 0.221 0.21r) 4 . 5  

12 S I L .  5L 0.170 0.535 0.421 0.222 0.110 5 . 0  . 

1 3 S C L  sc 0.110 0.453 0.319 0.200 0.0% 1 . 7  

14 CL CL 0.090 0.582 0.452 - 0.325 0 .065 3.9 
- 

15 SICL CL ?.(I70 0.588 0 504 0-;3 5 5 . 0.041 %7 ’ 

16 sc ‘CH . 0.060 0.572 0.456 0.378 0.065 3 .6  

1 7  s I C  CH 0.020 0,592 0.501 0.378 0.033 3.8 

18 C CH . 0.010 0.680 0.607 0.492 0.022 3.5 

19 Vaste 0.230 0.520 0.320 0,190 0.233 3 . 3  

20 Rarrier Soil 0.002 0.520 0.450 0.360 ‘ 0;OOO 142 3 . 1  

‘ 2 1  3 a r r i e r  S o i l  0.001 3.520 0.480 0. io0 0.0000 14 2 3.1 

* P!IR = 3inimurn Infiltration Xate 

** CON - Evaporation Coefficient 

-i 

i . ,  . .  , , 
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TABLE 11. DESIGN DATA INPUT 

Variable F.unc t i o n  
# 

LAY The number .of s o i l  layers. 

THICK( IUY) The thickness of soil layer I U Y  in inches vhere I U Y  
is the number of the layer from ehe top (betveen 1 . 
and 9. 

FRUNOF 

m2 

The descriptor of soil layer ILAY (between 1 and 5). 

.. The leakage fraction through the synthetic liner 
(between 0 and 1).  

The potential runoff fraction for open sites (betveen 
O'and 1) .  

The SCS runoff curve number for antecedent mots ture  
condition I1 (betveen 20 and LOO). (optional if default' 
soil characteristics are used). 

rxm The surface area of the landfill in square feet. 

SLOPE(1LAY) 

XLENG ( LLAY 1. 

The s l o p e  a t  the base of soil layer I U Y  in percent. 

The maximum draLnage distance at the base-of-soil layer 
Z U Y  in feet. 

I ., 1; !. I 
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' ,  TABLE 12. DAILY OUTPUT VARIARLES 

V a r i a b l e  . e F u n c t i o n  
I D A  . The J u l i a n  d a t e .  

NSTAR .4n i n d i c a t o r  t h a t  t h e  mean t e m p e r a t u r e  is beLow 3 2 ° F .  

PRE( I D A )  . -  The d a i l y  p r e c i p i t a t i o n  v a l u e  Cn i n c h e s .  

RUN 

ETT 

CHED 

CPRC 

The daily runoff i n  i n c h e s .  

The' d a i l y  e v a p o t r a n s p i r a t i o n  i n  inches.. 

The head on t h e  base of t h e  c o v e r  i n  i n c h e s .  

The p e r c o l a t i o n  through t h e  base of t h e  c o v e r  i n  
i n c h e s .  . 

CDRN The Lateral d r a i n a g e  €rom t h e  c o v e r  in i n c h e s .  
e. -- .- ~ 

B H D  "he head on t h e  base of  t h e  LandEiLl  i n  i n c h e s .  

B *RC The p e r c o l a t i o n  through t h e  base oE t h e  landfill i n  
i n c h e s .  

BORN . The L a t e r a l  d r a i n a g e  h e n e a t h  t h e  c o v e r  of t h e  Land f F l  L 
-- - - -.- in i n c h e s . '  -- 

sw 
0 

The s o i l  water c o n t e n t  in the e v a p o r a t i v e  zone i n  
vo l /vo  L.  

-. . 
0 7 3  
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Y o n t h l y  Totals 

D a i l y  v a l u e s  f o r  the  v a r i a b l e s  L i s t e d  i n  T a b l e  13  &e tocaler i  € o r  each 
month i o  show monthly e € € e c t s  on t h e  watat  budget .  rhese v a l u e s  a r e  a v e r a g e d  
b y  month f o r  a l l  y e a r s  O C  s h u l a t i n n .  The o u t p u t  of  each  year oE n o n t S l y  
t o t a L s  is o p t i o n a l .  

Annual T o t a l s  

D a i l y  v a l u e s  €or t h e  v a r i a b l e s  L i s t e d  i n  T a b l e  14 a r e  t o t a l e d  € o r  each  
year to show y e a r l y  e f f e c t s  on t h e  water budget .  S e v e r a l  v a r i a b l e s  a r e  a ? s o  
r e p o r t e d  t o  p e r m i t  c o m p u t a t i o n  of t h e  change l n  va t e r  s t o r a q e  l n  t h e  L a n d f i l l  
p r o f i l e  and t o  c h e c k  t h a t  a l l  of t h e  water added to t h e  profile h a s  been  
a c c o u n t e d .  The water b u d g e t  check  s h o u l d  e q u a l  z e r o  tf a l l  cornouta t ions  were 
p e r f o r n e d  p r e c i s e l y .  The p e r c e n t ' v a l u e s  are computed a s  t h e  p e r c e n t  of t h e  
a n n u a l  p r e c f p i t a t i o n ,  The r e p o r t e d  a n n u a l  totals are  a v e r a g e d  w i t h  t h e  totals 
of t h e  o t h e r  y e a r s  of sirnuLatFon t o  o b t a i n  t h e  a v e r a g e  r e s u l t s  of . t h e  
sLai iLat ian .  

Averayes  

The averaged monthly and annual  t o c a l s  3f mter  b u d z e t  c o n m n e i t s  
r e p o r t e d  hy t h e  program are L f s t e d  tn T a b l e  15 .  The v a l u e s  a r e  o b t a i n e d  by 
comput inz  t h e  arithmetic mean of t o t a l s  frrim t h e  v a r i o u s  y e a r s  of s i m u l a t i o n .  

Peak D a i l y  'Jalues - - -_ - - -  -__ - - 
0 

Peak d a f l y  v a l u e s  a r e  r e p o r t e d  ' for t h e  v a r i a b l e s  l i s t e d  in T a b l e  I6 to 
p r o v i d e  t n f o n a t t o n  €o r  s t z i n g  c o l i e c t i o n  a n d - t r e a t m e n t  fac t!tttes f o r  r u n o f f  
and d r a i n a q e ,  and €or  e v a l u a t i n g  t h e  Landfill d e s i g n .  

. .  . 

. 
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TABLE .13. OUTPUT OF MONTHLY TOTALS 

. V a r i a b l e  # Funct ion  

?REM(J) The t o t a l  p r e c i p i t a t i o n ,  i n  i n c h e s ,  du r ing  month J where J 
is  t h e  number of t h e  month (between 1 and 2 4 0 ) .  

R u m ( ; ] )  The coca1 r u n o f f ,  i n  inches ,  d u r i n g  month J .  

ER1(J) The t o r a l  e v a p o t r a n s p i r a t i o n ,  in i n c h e s ,  du r ing  month J .  

PRC3M (J) The t o t a l  p e r c o l a t i o n ,  i n  i n c h e s ,  th rough t h e  base of t h e  
top  s u b p r o f i l e  d u r i n g  month J.. 

DRN3M(J) The total lateral  d r a i n a g e ,  i n  i n c h e s s  from t h e  top  sub- 
p r o f i l e  d u r i n g  month J. 

PRCZM ( J ) The t o t a l  p e r c o l a t i o n ,  i n  i n c h e s ,  through t h e  base of t h e  
second s u b p r o f i l e  from the  top  d u r i n g  month J .  

D R N 2 M (  J) The t o t a l  l a t e r a l  d r a i n a g e ,  i n  i n c h e s ,  f r o m  t h e  second sub- 
profile from t h e  t o p  dur ing  month J .  

PRClM(J) The t o t a l  p e r c o l a t i o n ,  i n  i n c h e s ,  through t h e  Sase o f  t h e  
t h i r d  s u b p r o f i l e  from t h e  top  d u r i n g  month J .  

D R N L M ~ J )  . The lateral  d ra inage , ’  i n  i k h e s ,  from t h e  t h i r d  s u b p r o f i l e  
from t h e  top -dur ing  month J. -. a --- _. -_ ._ 
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TABLE 16. OUTPUT OF MNUAL TOTALS 

V a r i a b l e  . Func c i o n  

PREA ( IYR) 

TPREA 

FPREA 

RUNA ( IYR) 

TBUNA 

FRUNA 

TPRC3A 

. FPRC3A 

DRN3A( IYR) 

TDRN3A 

The t o t a l  p r e c i p i t a t i o n ,  in I n c h e s ,  d u r i n g  year IYR v h e r e  
IYR is che number of . the  y e a r  (between I and 2 0 ) .  

'Fhe t o t a l  p r e c i p i e a t i o n ,  i n  cu. f t . ,  d u r i n g  year LYR. 

The t o t a l  p r e c i p i t a t i o n ;  in p e r c e n t  of t h e  t o t a l  p r e c i p i t a -  
t i on .  

The t o c a l . r u n o f f ,  in i n c h e s ,  d u r i n g  y e a r  IYR. 

The t o t a l  r u n o f f ,  in cu. ft,, d u r i n g  y e a r  IYX. 

The t o t a l  runof f  d u r i n g  y e a r  IYR, i n  p e r c e n t  of t h e  t o t a l  
p r e c i p i t a t i o n  d u r i n g  y e a r  ER. 

The t o t a l  e v a p o t r a n s p i r a t i o n ,  i n  I n c h e s ,  d u r i n g  year IYR. 

The t o t a l  e v a p o t r a n s p i r a t i o n ,  in  cu. it., d u r i n g  year IYR. 

The total e v a p o t r a n s p i r a t i o n  d u r i n g  y e a r  I n ,  i n  percent of 
the total p r e c i p i t a t i o n  d u r i n g  y e a r  IYB. 

Tha- t o t a l  p e r c o l a t i o n ,  in i n c h e s ,  th rough t h e  base  o f  t h e  . 
t o p  s u b p r o f i l e  d u r i n g  y e a r  LYX, 

The t o e a l  p e r c o l a t i o a ,  i n  CU. ft., th rough t h e  base  of t h e  
t o p  s u b p r o f i l e  d u r i n g  y e a r  Z Y X .  

The t o t a l  p e r c o l a t i o a  through t h e  base or' t he  top s u b p r o f i i e  
dur'ing y e a t  IYR, in percent of t h e  t o t a l  ? r s c i ? i t a t i o n  
d u r i n g  y e a r  IYR. 

The t o t a l  lateral d r a i n a g e  from t h e  t o p  s u b p r o f k l e ,  I n  
inchas, d u r i n g  y e a r  IYB, 

The t o t a l  lateral  d r a i n a g e  from t h e  t o p  s u b p r o f i l e ,  i n  
cu. ft,, d u r i n g  year IYX. 

The t o t a l  la teral  d r a i n a g e  from t h e  top  s u b p r o f i l e  d u r i n g  
y e a r  IYX, in p e r c e n t  of t h e  t o t a l  p r e c i p i t a t i o n  d u r l n g  year 
i72. 

The t o t a l  p e r c o l a t i o n ,  i n  i n c h e s ,  th rough t h e  base  of t h e  
:ec,ond subnrof i l s  f x m  :he ?on dur5.T-z -year YT?. 

4 
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TABLE 14.  (Continued) 

V a r i a b l e  ' Funct ion  . 

TP RC 2A The t o t a l  p e r c o l a t i o n ,  i n  cu. i t . ,  through the  base  of c h e  
second s u b p r o f i l e  from the  top d u r i n g  yea r  IYR. 

FP RC 2A 

. t o t a l  

The t o t a l  p e r c o l a t i o n  through t h e  base  or' t h e  second sub- 
p r o f i l e , f r o m  t h e  top  du r ing  year IYR, i n  p e r c e n t  of t h e  

p r e c i p i t a t i o n  d u r i n g  y e a r  IYB. 

DRN 2A ( IYR) The t o t a l  l a te ra l  d r a i n a g e  from t h e  second s u b p r o f i l e  from 
t h e  top ,  i n  i n c h e s ,  dur fng  year In. 

TDRN2A The e o t a l  l a t e ra l  d r a i n a g e  from t h e  second s u b p r o f i l e  from 
t h e  top ,  in cu. f t . ,  d u r i n g  y e a r  IYR. 

FDRNZA The t o t a l ,  l a t e r a l  d ra inage  from t h e  second s u b p r o f i l e  from 
t h e  top  d u r i n g  y e a r  IYX, in p e r c e n t  of t h e  t o t a l  p r e c i p i t a -  
t i o n  d u r i n g  y e a r  IYR. 

PRClA( IYR)  

TPRC 1A 

DRN LA ( IYR) 

T9m LA 

FDRN LA 

OSUULE 

TOSW 

The t o t a l  p e r c o l a t i o n ,  in i n c h e s ,  through t h e  base o f  che 
t h i r d  s u b p r o f i l e  from t h e  cop d u r i n g  y e a r  IYR. 

The t o t a l  p e r c o l a t i o n ,  in cu. f t . ,  through t h e  base  of t h e  
third s u b p r o f i l e  from t h e  top  d u r i n g  year IYR. 

The t o t a l  p e r c o l a t i o n  through t h e  base o f  t h e  t h i r d  suopro -  
f i l e  from :he t o p  du r ing  year I=, 511 percen t  3f :he t o t a l  
p r e c i p i t a t i o n  d u r i n g  year IYR. 

-- - ~- _ _  

The t o t a l  l a t e ra l  d r a i n a g e  from t h e  t h i r d  s u b p r o f i l e  f r o m  
t h e  top ,  i n  i n c h e s ,  du r ing  year IYR. 

>e total Lateral drainage f r o m  tSe third s u b p r o f i l a  f r m  
che t o p ,  in cu. f t ,  , d u r i n g  year IYR, 

The t o t a l  lateral  d ra inage  from t h e  t h i r d  s u b p r o f i l e  from 
t h e  top d u r i n g  year I n ,  Fa perczn t  of t h e  :oca1 p r e c i ? i -  
t a t i o n  d u r i n g  y e a r  IYR. 

The t o t a l  s o i l  vater s t o r a g e  i n  t h e  l a n d r ' i l l  a t  the begin- , 

ning .of year IYB, in inches .  

The t o t a l  s o i l  water s t o r a g e  f n  t h e  l a n d f i l l  a t  t h e  oegin- 
n ing  of y e a r  I n ,  in cu. f t .  

(Continued) 
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TABLE 'I 4 .  (Concluded) 

V a r i a b l e  
~ 

Func c i o n  
~~ 

TPSW The t o t a l  s o i l  water s t o r a g e  i n  t h e  l a n d f i l l  a t  t h e  end o f  
y e a r  LYX, i n  cu. f t .  

OLDSNO The t o t a l  snow vater present a t  t h e  beginning  of year IYB, 
i n  i n c h e s .  

TOSNO 

SNO 

TSNO 

The t o t a l  snow vater  p r e s e n t  a t  t h e  beginning  of  year IYR, 
i n  cu. ft. 

The t o t a l  snow vater present a t  t h e  end of y e a r  IYR, i n  
i nches .  

The t o t a l  snow vater present a t  t h e  end of year IYR, i n  
cu. ft. 

BAL ( IYR) The vater budget  ba l ance  f o r  y e a r  IYR, i n  inches. 

TBAL 

FBAL 

The waeer budget  b a l a n a e  f o r  y e a r  IYR, i n  cu. f t .  

The vatar budget  b a l a n c e  f o r  y e a r  Z Y R ,  i n  p e r c e n t  of t h e  
total p r e c i p i t a t i o n  during y e a r  IYR. . 

078 
. . . .  
i : .  . . - 1  
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---T?UIT OF AVERAGE VALUES 

Var iab le  Func c ion  

APREM( J 

APRC3M (J') 

. -  

ADRN3M (J ) 

ADRNW( Ji 
. --  

APRCLM(J) 

.URN 1M( J) 

The average  monthly p r e c i p i t a t i o n ,  i n  i n c h e s ,  f o r  month J of 
t he  s i s u l a c i o n  pe r iod  where J is one o f  t h e  t v e l v e  months of 
a year. 

The average  monthly r u n o f f ,  i n  i n c h e s ,  f o r  month J o t  t h e  
s imu l a  t i o n  per iod  . 
The average  monthly e v a p o t r a n s p i r a t i o n ,  i n  i n c h e s ,  f o r  month 
.I of t h e  s i m u l a t i o n  per iod .  

The average  monthly p e r c o l a t i o n ,  i n  i n c h e s ,  ehrough t h e  base 
of t h e  top  s u b p r o f i l e  du r ing  month J of t h e  s i m u l a t i o n  
pe r iod .  

The ave rage  monthly l a t e r a l  d r a i n a g e ,  in i n c h e s ,  from t h e  
_. t o p - q u b p r o f i l e  . f o r  m m h  J of t h e  s i s u l a c i o n  pe r iod .  - .- 
The average  monthly ? e r c o l a t i o n ,  in i n c h e s ,  through cke base 
of t h e  second s u b p r o f i l e  from t h e  t o p > d u r i n g  month J or' the 
s i m u l a t i o n  pe r iod .  

The average  monthly l a t ' e r a l  d r a i n a g e ,  in i n c h e s ,  f rom t h e  
second s u b p r o f i l e  f ro? the.  t op  d u r i n g  month J of t h e  s imula-  
t i o n  pe r iod .  

The ave rage  monthly p e r c o l a t i o n ,  i n  i n c n e s ,  through the  base 
of t h e  t h i r d  s u b p r o f i l e  from t h e  cop d u r i n g  month J of  t h e  
s i m u l a t i o n  pe r iod .  

The ave rage  monthly l a t e r a l  d r a i n a g e ,  i n  i n c h e s ,  f r o m  the  
third s u b p r o f i l e  f rom t h e  top d u r i n g  moarh J o i  t n e  simuia- 
c i o n  perfod.  

UREA The ave rage  a n n u a l . p r e c i p i t a t i o n ,  i n  i n c h e s ,  f o r  t h e  simula- 
cion per iod .  

TMREA The ave rage  annua l  p r e c i p i t a t i o n ,  i n  cu. f t . ,  f o r  t h e  simu- 
l a t i o n  per iod .  

FAPREA The ave rage  annua l  p r e c i p i t a t i o n  f o r  t h e  s i m u l a t i o n  p e r i o d ,  
i n  p e r c e n t  of t h e  averaqe annual ? r e c i p i c a c i o n  f o r  cke s i m -  
l a t i o n ,  pe r iod .  

3.e average  annual  runoff ,  in i n c h e s ,  f o r  t h e  s imula t ion  
- r r=oa .  
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Irr 

Var i a b  le 
~~~ 

Funct ion  

TXRUNA 

FARUNA 

AETA 

TAETA 

FAETA 

APRC3A 

TX2C3A 

-. FAPC . 3A 

~~ 

Th.e ave rage  annual  r u n o f f ,  i n  cu.  f t . ,  f o r  t h e  s i m u l a t i o n  
p e r i o d .  

The ave rage  annua l  runoff  f o r  t h e  s i m u l a t i o n  p e r i o d ,  i n  per- 
.cent  of t h e  ave rage  annua l  p r e c i p i t a t i o n .  

The ave rage  annua l  e v a p o t r a n s p i r a t i o n ,  i n  i n c h e s ,  for t h e  
s i m u l a t i o n  pe r iod .  

The ave rage  annua l  e v a p o c r a n s p i r a c i o n ,  i n  cu. i t . ,  f o r  t he  
s i m u l a t i o n  pe r iod .  

The ave rage  a n n u a l  e v a p o t r a n s p i r a t i o n  f o r  t h e  ' s imu1at io . i  
p e r i o d ,  i n  p e r c e n t  of  t h e  ave rage  annual  p r e c i p i t a t i o n .  

The ave rage  a n n u a l  p e r c o l a t i o n ,  i n  i n c h e s ,  through t h e  base 
or' t h e  top  s u b p r o f i l e  f o r  t h e  s i m u l a t i o n  pe r iod .  

The ave rage  annua l  p e r c o l a t i o n ,  i n  cu. ft., through t h e  base 
of t h e  top  s u b p r o f i l e  f o r  t h e  s i m u l a t i o n  per iod .  

The ave rage  a n n u a l  p e r c o l a t i o n  through t h e  base o f  t h e  top 
s u b p r o f i l e  for t h e  s i m u l a t i o n  p e r i o d ,  i n  p e r c e n t  or' t h e  
ave rage  annua l  p r e c i p i t a t i o n .  

ADRN3A The ave rage  annua l  la-teral d r a i n a g e ,  i n  i n c h e s ,  from che top 
s u b p r o f i l e  f o r  che simulation per iod .  

TADN3A The average  annua l  l a t e ra l  d r a i n a g e ,  i n  cu. f c . ,  f r o m  the 
t o p  s u b p r o f i l e  fo r  t h e  s i s u l a c i o n  pe r iod .  

FADN3A The ave rage  annua i  la teral  d r a i n a g e  from t h e  cop s u b p r o f i l e  
f o r  t h e  s i m u l a t i o n  p e r i o d ,  i n  p e r c e n t  of t h e  average  annua l  
p r e c i p i t a t i o n . -  

APRC2A The ave rage  annua l  p e r c o l a t i o n ,  i n  i n c h e s ,  through che base  
of t h e  second s u b p r o f i l e  Trom t h e  top  f o r  t h e  s i m u l a t i o n  
pe r iod .  

The average  annua l  p e r c o l a t i o n ,  In cu. ft., through t h e  base 
or' t h e  second subpro r ' i l a  from cne cop f o r  cne s i m u l a t i o n  
pe r iod .  

-n - 5  ----.---e 2nn.2ai ; e z = 2 ~ z c ~ z a  ----..--. - -*  - - - . _ I  - ---l 

zeccna s u o p r s i i l e  irza cne c ~ p  i z r  :ne ;i.nui.at=sn 3 e r i z c .  
LP ? e r c a n t  oi cae z.ver3ge dnnuzi. ~rzcijicac:on. 

- .  . . .  
.__- >>--.A+ --.- . & Z &  - -  ..-- 



TABLE 15. Concluded 

Var i ab le  Func c ion  

AD IL"J 2A 

TADNZA 

FADN 2A 

APRC 1A 

TXPC LA 

The average  annual  Lateral  d r a i n a g e ,  in i n c h e s ,  from t h e  
second s u b p r o f i l e  from t h e  top  for t h e  s imula t ion  p e r i o d .  

The average  annual  l a t e r a l . d r a i n a g e ,  i n  cu. f c . ,  f.rom t h e  
second s u b p r o f i l e  from t h e  top  f o r  t h e  s i m u l a t i o n  p e r i o d .  

The average  annual  Lateral d r a i n a g e  from t h e  second subpro- 
f i l e  from t h e  top  f o r  t h e  s i m u l a t i o n  p e r i o d ,  i n  p e r c e n t  o f  

' 

t h e  average  annual  p r e c i p i t a t i o n .  

The average  a n n u a l ' p e r c o l a t i o n ,  i n  i n c h e s ,  through t h e  base 
of t h e  t h i r d  s u b p r o f i f e  from t h e  top  f o r  t h e  s i m u l a t i o n  
pe r iod .  

The average  annual  p e r c o l a t i o n ,  i n  cu. f t . ,  through t h e  base  
of t h e  t h i r d  s u b p r o f i l e  from. t h e  t o p  f o r  t he  siinu! ,scion 
per iod .  

FAPC LA The average  annual  p e r c o l a t i o n  through the 'base o f  t h e  t h i r d  
s u b p r o f i l e  from t h e  top  f o r  t h e  s i m u l a t i o n  p e r i o d ,  l n  
p e r c e n t  of t h e  average  annua l  p r e c i p i t a t i o n .  

ADRN 1A The average  annual  l a te ra l  d r a i n a g e ,  in i r iches ,  from tire 
t h i r d  s u b p t o f i l e  from t h e  top  f o r  t h e  s i m u l a t i o n  pe r iod .  . 

T U N  LA The average  annual  l a t e r a l  d r a i n a g e ,  i n  cu. it., f rcm [.?e 
t h i r d  S u b p r O f i h  from t h e  top  For t h e  s imula t ion  pe r iod .  

FADN LA The average  annual  L a t e r a l  d r a i n a g e  from t h e  third subpro- 
f i l e  from the  t o p  f o r  t h e  s i m u l a t i o n  p e r i o d ,  i n  percenc  of  
the average  annuai p r e c i p i t a t i o n .  
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TABLE 16.  OUTPVT OF .PEAK D A I L Y  VALUES 

V a r i a b l e  Func c ion  

PPRE The peak d a i l y  p r e c i p i t a t i o n  v a l u e ,  i n  i n c h e s ,  t o r  t h e  s i n -  
u l a t i o n  pe r iod .  

TPPRE The peak d a l l y  p r e c i p i e a t i o n  v a l u e ,  i n  cu.  e t . ,  f o r  ehe 
s i m u l a t i o n  pe r iod .  

PPRC3 

TPPRC3 

PPRCZ 

PRUN The peak d a l l y  runof f  v a l u e ,  i n  i n c h e s ,  for t h e  s i m u i a t i o n  
p e r i o d .  

TPRLTN The peak d a i l y  runoff  v a l u e ,  i n  cu. f t . ,  f o r  t h e  s i m u l a t i o n  
p e r i o d .  

The peak d a i l y  p e r c o l a t i o n ,  i n  i n c h e s ,  th rough t h e  base of  
t h e  top  s u b p r o f i l e  f o r  t h e  s i m u l a t i o n  pe r iod .  

The peak d a i l y  p e r c o l a t i o n ,  in cu.  ft., ehrough the  base o f  
t h e  top  s u b p r o f i l s  f o r  ehe s i s u l a t . A n  pe r iod .  

TPPRC 2 

PPRC 1 

TPPRC 1 

PSNO 

TPSNO 

PSW 

DSW 

The peak d a i l y  p e r c o l a t l o n ,  i n  i n c h e s ,  th rough t h e  base of 
the second s u b p r o f i l e  from t h e  top  f o r  t h e  s i m u l a t i o n  
pe r iod .  

The-peak d a i l y  p e r c o l a t i o n ,  i n  cu. f t . ,  through c h a  base or' 
t h e  second s u b p r o f i l e  from t h e  top  f o r  t h e  s i m u l a t i o n  
p e r i o d .  

The peak d a i l y  p e r c o l a t i o n ,  in i n c h e s ,  th rough t h e  base o f  . 
t h e  t h i r d  s u b p r o f i l e  f r o m  t h e  t ~ p  f o r  che s x i u l a t i o n  per:o.?. 

The peak dally p e r c o l a t i o n ,  in cu. f t . ,  through t h e  base of 
che third s u b p r o f i l e  from t h e  t a p  f o r  che s u m l a c i o n  pe r iod .  

The peak d a i l y  snov water, i n  inches, p r e s e n t  d u r i n g  t h e  
s i m u l a t i o n  pe r iod .  

The peak d a l l y  snov water, in cu. f t . ,  p r e s e n t  du r ing  t h e  
s i m u l a t i o n  pe r iod .  

. 

The peak s o i l  water c o n t e n t  in t h e  e v a p o r a t i v e  zone,  in 
v o l / v o l ,  d u r i n g  t h e  s i m u l a t i o n  pe r iod .  

The minimum s o i l  water con ten t  i n  t h e  e v a p o r a t i v e  zone,  i n  
- r o l / v o l ,  turlzg :he s i n u l a t i o n  y e r b a .  

082 
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SECTION 4 

SYSTM DOCUHEYTATION 

COMPUTER EQUXPZNT 

The HELP m d e l . c o n s i s t s  of approximately 5,000 c a r d s  v i t h  80-column card 
l eng th .  
360/370 Extended FORTRAN IV computer systems. 

The m d e l  is equipped t o  run on IBM ( I n t e r n a t i o n a l  Rusiness  ‘fachlnes) 

The d e f a u l t  c l i m a t o l o g i c  d a t a  f‘ile is approximate ly  24,300 c a r d s  with 
80 column ca rd  Length. The model is des igned  t o  run wi th  o r  wfthout t h e  
d e f a u l t  c l i m a t o l o g i c  d a t a  a t t a c h e d .  .L 

PERL P H E W  EQUIPMEXT 

The following equipment Cs necessary  t o  run t h e  model in t he  t h e - s h a r i n g  
mode : 

- -- -- - - A e p h e n e -  - 
. 120 v o l t a g e  e l e c t r i c a l  o u t l e t  

p o r t a b l e  computer t e r m i n a l  

The f o l l o v i n g  equigment .Is necessary  to tun t h e  model in tSe ha tch  m d e :  

keypunch machine 029 
card  r eade r /punche r  
l i n e  p r in t e r  

SOURCE PROGRAM 

The source program l i s t i n g s  of t h e  main program and e a c h . s u b r o u t i n e  a r e  
given i n  Appendix A. 

VARIABLES AND SUBROUTINES 

The v a r i a b l e s  used in t he  program, the  s u b r o u t i n e s  i n  which the  v a r i a b l e s  
are used. and t h e  d e f i n i t i o n s  of t he  v a r i a b l e s  a re  presented  in Appendix 0 .  



e 

e -  . - 4616 - -  
V DATA STRUCTURES 

, 

The d a t a  f i l e s  used by t h e  program and t h e  d e v i c e  numbers, vh ich  a r e  used 
t o - r e a d  o r  wr i t e  info*macion ,  a r e  L i s t e d  i n  Table  1 7 .  

The d e f a u l t  d a t a  f i l e  c a l l e d  PRE3 s t o r e s  f i v e  y e a r s  O C  d a i l y  p r e c i p  
i t a t i o n  v a l u e s ,  12 monthly mean t empera tu re  v a l u e s ,  12 monthly mean 
solar r a d i a t i o n  v a l u e s ,  13 l e a f  a r e a  index  v a l u e s  f o r  e x c e l l e n t  
g r a s s ,  and 13 l e a f  area index  v a l u e s  f o r  good row c r o p s  f o r  
102 c i t i e s  a c r o s s  t h e  United S t a t e s .  The  format  f o r  t h e  p r e c i p i -  
t a t i o n  d a t a  is  10 v a l u e s  per r eco rd  w i t h  37 r e c o r d s  per year .  The 
fo rma t s  f o r  t empera tu re  and s o l a r  r a d i a t i o n  a r e  12 v a l u e s  per 
r e c o r d .  The fo rma t s  f o r  t h e  LA1 v a l u e s  are tvo  dace  v a l u e s  and t.40 

leaf area v a l u e s  p e r  r e c o r d  f o r . 1 3  r eco rds .  

The d a t a  f i l e  cal led TAPE4 s t o r e s  t h e  d a i l y  p r e c i p i t a t i o n  d a t a  t o  be 
used i n  s i m u l a t i o n .  The maximum s t o r a g e  f o r  t h e  d e f a u l t  o p t i o n  is 
f i v e  y e a r s ,  and t h e  maximum s t o r a g e  f o r  t h e  manual o p t i o n  is 
20 y e a r s .  

- .  

The d a t a  f i l e  c a l l e d  TAPES s t o r e s  t h e  s o i l  c h a r a c t e r i s t i c s . a n d  
d e s i a n  daea i n p u t  from t h e  user. 

The d a t a  i i l e  called TAPE7 s t o r e s  monthly mean t empera tu res  t o  b e  
used i n  t h e  s i m u l a t i o n .  

( 5 )  T h e ' d a t a  f i l e  cal led TAPE8 s-t-ores - the name of  t h e  c i t i e s  and s t a c e s  
a v a i l a b l e  f o r  t h e  d e f a u l t  c l i m a t o l o g l s  i n p u t  o p t i o n .  

- - -- 

( 6 )  The data i i l e  c a l l e d  TAPE11 s t o r e s  che name of t h e  s e l e c t e d  c i t y  and 
s ta te  vhen u s i n g  t h e  d e f a u l t  c l i m a t o l o g i c  i n p u t  op t ion .  

( 7 )  The d e f a u l t  d a t a  f i l e  c a l l z d  TAPE12 s t o r e s  t h e  s o i l  c h a r a c c e r i s t i c s  
g iven  i n  Tab le  LO, seven  sets of  t h r e e  c o e f f i c i e n t s  t o  cornpuce t h e  
SCS runoff c u m e  number f o r  t h e  seven v e g e t a t i o n  types, and seven  
c o e i f i c l e n c s  eo a d j u s t  t h e  h y d r a u l i c  c m a u c t i v i t 7  f o r  :he J r e s e n c e  
of r o o t s  i n  t h e  t o p  layer f o r  t h e  d e f a u l t  soil c h a r a c t e r i s t i c s  i n p u t '  
op t i o n .  

(8)  The d a t a  f i l e  called TAPE13 s t o r e s  monthly mean s o l a r  r a d i a t i o n  v a l -  
u e s  t o  be used in the s imula t ion .  

( 9 )  The d a t a  f i l e  cal led TAPE10 s t o r e s  t h e  leaf area i n d i c e s  t o  b e  used 
i n  the s imula t ion .  

(10) The d a t a  f i l e  cal led TAPE15 s t o r e s  t h e  viqier cove r  f a c t o r s  t o  be 
used i n  t h e  s imula t ion .  



TABLE 1 7  . DATA FILES ATln DEVICE NUMBERS 

Data Files Device Yo. 

(1) PRE3 
(2) TAPE4 
( 3 )  TAPES . 
(4) TAPE7 

(5) TAPE8 
(6) TAPE11 
(7) TAPE12 
(8) TAPE13 
( 9 )  TAPE14 

(10) TAPE15 
(11) TAPE16 

Input 

Output 

a .  
L I  
L2 
L3 

14 

15 

LS 
t o *  

6 ** 

~ 

- * Device number LO reads data input from t h e  terminal h e n  t h e  in terac t ive  
method is used and it .reads data input from cards h e n  h e  batch Terhod is 
used. I- -___ . .  -- ... ._ - ---= -- . . .___ .. ~. .- - _ _  .. :- __. - 

** Device number 6 pr in t s  output to  t h e  t e r m i n a l  vhen  the interact ive  method 
is used and I t  prints  output to the  highspeed printer d e n  t h e  S a t c n  aethod 
:s *ssed. 
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STORAGE REQUIR mENT S 

The ent i re  program requires 240K characters or bytes of storage and tSe 
de fau l t  climatologic’data file ( P R E 3 )  requires L520K bytes o f  s t o r a g e  o n  the 
3 6 0 / 3 7 0  configuration of  13M WS/QS system. 

MAINTENANCE AND UPDATE 

Maintenance and updates dlL be provided by authors a s  needed. There 
have n o t  .been any updates t o  date. 

. 
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SECTION 5 

OPERATING DOCUMENTAT ION 

OPERATOR INSTRUCT I ON S 

The program is s t o r e d  on t h e  33501350 d i s k  d r i v e  and is opera t ed  under  
t h e  3601370 c o n f i g u r a t i o n  of IBM WSIOS system of t h e  National Computer Cen te r .  

._ 
OPERATIHG MESSAGES 

There a r e  EYO forms of messages:  s y s t e m  and program. The systecn 3es- 
sages  a re  produced by che IBM 3601370 Computer System. 
messages a r e  produced. 
tact t h e  a u t h o r s .  

No s p e c i a l  pr0grammir.q 
If any messages occttr v h i l e  o p e r a t i n g  t h e  system,  con- 

ERROR RECOVEXY 
-- 

.The u s e r  must r e r u n  t h e  p r o g r G  when a ma l func t ioa  occur s .  -If d i f f i c u l c y  
is encountered ,  c o n t a c t  t h e  a u t h o r s  f o r  a d d i t i o n a l  he lp .  

. For t h e  i n t e r a c t i v e  method, execu t ion  should  occur  v i t h i n  seconds o f  
i s s u i n g  a command. Bovever, t h e  nan time for t h e  ba tch  sechod Jepenas on t h e  
number of  y e a r s  of d a l l y  p r e c i p i t a t i o n  en te red .  
should  be provided f o r  20 y e a r s  of manual c l i m a t o l o g i c  i n p u t .  
years of s i m u l a t i o n  v i t h  d e f a u l t  c l i m a t o l o g i c  i n p u t ,  t h e  run  t i m e  should  no t  
exceed 30 seconds.  

X :an : h e  or' F x r  s i n u t d s  
To run f i v e  

J O B  CONTXOL CARDS 

The HELP model can b e  run  i n  t h e  ba t ch  and remote ba t ch  modes t o  reduce 
computer c o s t s .  
3601370 computer system, t h e  user must p repa re  a punched c a r a  decic of c o n c r o i  
c a r d s  and s e q u e n t i a l  i npuc  c a r d s .  
;tous. .In 3xanDle &:zrd deck f o r  runninq t h e  HELP model v i t h  d e f a u l t  d a t a  is 
trver. -L= ,zoic? - 0 .  -2 :=e :zmoc~ 4zc:z =sa$. - ;:iczea : z z z  - 2 ~ : :  -: -17 
r e a u i r e o  > u t  :RE Lser =usi s r3auc8  i :=,e ~r m - - x e  f;t; 32s 3 :  :.;e I Z Z T Z ~ L  

a r a s  zna iapu: iaca 13 5equer.r:ai 3rc=r. 

To run che X E L ?  model in  :he bacch mode on t h e  SCC Z 3 M  

The c o n t r o l  c a r d s  are separated i n t o  two 

e . .  

o i  



TABLE !8. JOE CCNTXOL CX-XIS 

0 Control Cards S t e p  1 
(1) //userid J O B  (accuidM,Huserid), lastname ,P%TY=t , T I X = 4 ,  PXSS~ORD=passvord 
( 2 )  /*ROUTE PRINT M x x x  
( 3 )  //STEP 1 EXEC PGM=IEBGENER 
( 4 )  //SYSIH DD D M  
( 5 )  //SYSPRINT DD SYSOUT=A 
( 6 )  //SYSUT2 DD DSN=useridacc.AFZLE, 

/ /  DISP=(NEWJPASS,DELETE),SPACE=(T~,(l0,5)), 
/ /  DCB=(LRECL=80 ,RECFM=FB ,BLKSItE=3120), 
/ /  UNfTaDISK 

( 7 )  / /SYSuTl DD *. 

-. . 

- -  

Sequential I n p u t  Cards 

(1) 1 
( 2 )  YES 
( 3 )  NO 
( 4 )  CALIFORNIA 
(5) LOS ANGUES 
( 6 )  4 
( 7 )  10 
(8 )  2 
(9) YES 

(10) BATCH S A M P L L -  -m 

(12) 20 OCTOBER 1982 
(13) 1 
( 1 4 )  NO 
(15 )  2 4  
( 1 6 )  i 
(17)  7 
(18) NO 
(19) 30 
(20) 10000 
(21)  3 

- (22) 5 
(23) NO 
( 2 4 )  YES 
(25) 4 

( 11) DEFAULT CASE DATA 

C o n t r o l  Cards S t e p  2 

(1) /* 
( 2 )  //STEP2 EXEC PGM-tel3 
1 3 )  / /SfE?LI3 3D 3 S N ~ a s t i d ~ s t a c c . ~ R O . L O A D . D I ~ P - 5 ~  

63 



c ,  T O L E  18. (Concluded) 

, Control Cards S t e p  2 (Continued) 
( 4 )  //FTlBF001 DD DSN=useridacc.~FZL~,UNZT1DISK, 

/ 0 IS P= ( OLD , D ELETE , D ELETE 1 
/ /  S P A C E = ( C Y L ,  (10,211 , D C B P ( R E CFH~F~.LRECL=~~,BL~SXZE=~~ 26)  
/ /FT06F00 1 
/ /FT04F00 1 
/ /FT05F00 1 
/ /FT07F00 1 
/ m 0 8 F 0 0  1 
/ /FT09F001 
/ /FT11F001 
/ /FT 12F00 1 
/ /FT 13F00 1 
//FT14F001 
/ /FT 1SF00 1 
//FT16F001 

DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 

SY SOUT=A 
DSS=useridacc.TXPEG,DISP=SHR 
DSN=useridacc.TAPES,DISP=SHR 
DSN=useridacc.TAPE7,DISP=Sm 
DSN=mastidmastacc,TUE8,DZSP=SHR 
DSS=mastidmastacc,PRE3,DISP=SHR . 
DSNluseridacc.T~Ell,DISP=SHR 
DSNsmastidmastac~.T~E12,DISP=SHR 
DSN=useridacc.TAPE13,DISP=SHR 
DSN=userldacc.TAPEl4,DISP=SHR 
DSN=useridacc.TMElS,DISP=SHR 
DSN=useridacc.TAPE16,DISP=SHR 

.. . 
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b a t c h  ca rd  d e c k ' f o r  running t h e  HELP model is f o r  a very  s i n -  a 

ple  case u s i n g  d e f a u l t  c l i m a t o l o g i c  and s o i l  c h a r a c t e r i s t i c s  i n p u t  opcions. 
C l i m a t o l o g i c  d a t a  from Los Angeles ,  C a l i f o r n i a ,  u s ing  d e f a u l t  v e g e t a t i o n  
type  4 ( f a i r  g r a s s )  w i t h  a root zone dep th  of 10 inches  were used .  Lines  LO, 
11, and 12 a r e  t h e  t i t l e  of t h e  s i m u l a t i o n  run. The d e s i g n  has  one l a y e r ;  
24 i n c h e s  t h i c k ,  l a y e r  type  1 ( v e r t i c a l  p e r c o l a t i o n  l a y e r )  and composed or' 
soil t e x t u r e  7 C h a r a c t e r i s t i c s  (loam and v e r y  f i n e  sand', LVFS). 
n o t  compacted and t h e  d e f a u l t  runoff  cume number is no t  o v e r r i d d e n .  The 
s u r f a c e  area is 10,000 sq f e .  Output of  monthly totals and a summary a r e  
r e q u e s t e d  f o r  5 years of s i m u l a t i o n .  In fo rma t ion  on u s e r  i n p u t  is provided  i n  
t h e  User's Guide f o r  t h e  HELP Hodel (19) .  

The l a y e r  i s  

The 

Card (1) 

a .  

b. 

C.  

. d. 

e .  

f .  

g *  

Card ( 2 )  

i n s t r u c f i o n s  f o r  p r e p d r i n g  t h e  ca rd  deck are as f o l l o w  (20 ) :  

C o n t r o l  Cards S t e p  1 

/ /userid--The u s e r ' s  i d e n t i f i c a t i o n  name. 

Job-The word J O B  i n d i c a t e s  t h a t  i t . i s  t h e  j o b  c a r d .  

(accuidM, Xuserid)--The account  name p l u s  t h e  u t i l i z a t i o n  i d e n t i f i e r  
plus t h e  l e t t e r  M and t h e  l e t t e r  l4 fol lowed by t h e  u s e r ' s  
i d e n t i f i c a t i o n .  

lastname-The u s e r ' s  last name. 

?RTY--Re p r i o r i t y  o f  t h e  j o b  v h e r e  

1 = o v e r n i g h t  p r o c e s s i n g  time 

2 = 4 hour s  p rocess ing  time 

3 = 2 hours p r o c e s s i n g  time 

4 = 1 / 2  hour p r o c e s s i n g  t ime 

5 - 1 / 4  hour p r o c e s s i n g  time 

TME-The maxlmum c o r e  t ime t o  be used in minutes .  

PASSWORD-The u s e r ' s  password. 

G9O 



a 
0 . .  

Card ( 3 )  

a.  

b.  

STEPl-Pr?cesses the  s t e p  1 c a r d s  f i r s t .  

EXEC PGM=IEBCENER--Specifies t h a t  the  system program named 
IEBGENER e n t e r s  t h e  d a t a  found in t he  f i l e  c a l l e d  XPILE. 

Card (4) 

/ /SYSIN DD DUMMY-A dummy d a t a  d e f i n f t i o n  s t a t emen t  is used t o  
s p e c i f y  t h e  i n p u t  f a c i l i t i e s .  

Card ( 5 )  

//SYSPRINT DD S Y S O U T - A - n e  s p e c i f i c  o u t p u t  from t h e  program is t o  
be on dev ice  6 .  

(shown as 4 lines in Table  18) Card ( 6 )  

a. //SYSUTZ DD DSt+useridacc.APILE,-~ILE is  t h e  name of t he  d a t a  s e t  
o r  t i l e  c o n r a i n i n g  che s e q u e n r i a l  Input  c a r d s  and u s e r i d a c c  is che 

' u s e r  i d e n t i f i c a t i o n  fol lowed by t h e  account  name. 

b. 

. 

c. 

/ /  DISP=(NEY,PASS,DELETE),--me d i s p o s i t i o n  of  t h e  U I L €  is a nev 
d a t a  set to be passed  t o  STEP2 f o r  more p rocess ing  and t o  b e  d e l e t e d  
vhen t h e  program is f i n i s h e d .  

SPACE=(TRK, (10,5).) ,--Requests space  f o r  t h e  d a t a  set (AFILE.) . The 
type and s i z e  o f - t h i s  space  a r e  10 primary and 5 secondary t r a c k s .  

/ /  DCS=(LRECL=8B,.PECFM=FB,BLKSIZE=3120),--The daca ca rd  block has 

s i re  is 3120. 

/ /  ISNIT=DISK-AFILE is t o  be s t o r e d  on a DISK dev ice .  

d. 
' 80 column r e c o r d s ,  t h e  r eco rds  have f i x e d  blocks, and t h e  block 

e.  

//SYSUTl DD *--This i n d i c a t e s  t o  t h e  system t h a t  d a t a  a r e  on the  
next card.  

Con t ro l  Cards S tep  2 

Card (1) 

/*--This i n d i c a t e s  a comment card.  

Card ( 2 )  

- --- 0 d. ; I ~ L ; - L - - ? Z G C = S S S S  :;le ; is? x r d  i 2 ~ 2 ~ a -  

. -  
:0 . .  . .  
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b. EXEC PGM=LM3--Specifies t h a t  t h e  e x e c u t a b l e  module o f  t h e  HELP 

model (LFM3) b e  run. 
0 

Card (3 )  

a. //STEPLIB DD--The program e x i s t s  i n  a p r i v a t e  l i b r a r y .  

b. DSN~astidmastacc.HYDRO.LOAD,DISglSHR--The d a t a  set name is HYDRO 
and l o a d s  it i n  a sha red  p r i v a t e  l i b r a r y .  
t i o n  name and account  are  mas t id  and mastacc, r e spec t ive ' l y .  

The a u t h o r ' s  i d e n c i f i c a -  

Card (4) (shown as 3 l i nes  i n  Tab le  18) 

a, / /FTt0FWl DD D S N ~ u s e r i d a c c . A F I L E , U N I T I D I S K , ~ ~ e  system reads  da ta  
from a d a t a  set cal led AFILE vith d e v i c e  10 from the u s e r ' s  account  
and s t o r e s  d a t a  on a d i s k  dev ice .  

b. / /  DfSP=(OLD, DELETE, DELETE),-The disposition of AFILE i s  o l d ,  and 
is t o  be d e l e t e d  from p r o c e s s i n g  and t o  be d e l e t e d  when t h e  program 
is f i n i s h e d  execu t ing .  

c . / / SPACE- (CYL ( 10,2)  , DCl= (RECFM- FB , LRECL-80, SLXS I Z E =  3 1 20)  -- Zecp es t s 
space f o r  data set AFILE. 
LO primary c y l i n d e r s  and 2 secondarp  c y l i n d e r s .  

s i z e  is 3120. 

The tme and s ize  of t h i s  space a r e  
The d a t a  ca rd  b lock  

' h a s  80 column r e c o r d s r  t h e  r e c o r d s  have f i x e d  blocks, and t h e  b l o c k  

.- 
Card ( 5 )  

//FT06F001 DI) SYSOLPT-A-The output is  p r i n t e d  on d e v i c e  6 .  

Card ( 6 )  

//FTBbF801 DD DSN=useridacc.TAPE4,DISP=S?IR-Reads o r  v t i t e s  t o  the  
d a t a  set TAPE4 on the given account in a sha red  private l i b r a r y .  

Card ( 7 )  

//PT85FB01. DD DSX-usetfdacc.TAPHS ,DTSP=SHR-Reads or v t i t e s  t o  t h e  
d a t a  see TAPES on the glven  account  in a shared  p r i v a t e  l i b r a r y .  

Card ( 8 )  . 

//FT97P001 DD DSN-useridacc.TGE7 ,DISP=SHR-Reads o r  w r i t e s  t o  t h e  
d a t a  set TAPE7 on t h e  given account in a sha red  p r i v a t e  l i b r a r y .  

Card (9) 



Card ( 109 

//FT09FQ01 DD DSN=mastidmastacc,PBE3,DISP=SHR--Reads o r  writes to 
the data se‘t PRE3 on the given account I n  a shared private library. 

//Fr11F001 DD DSN=useridacc.TAPEll,DTSP=5HR--Reads or wrlces to the 
data set TAPE11 on the given account in a shared prlvace library. 

Card (12) 
//FT19FQ01 DD DSN=mastidmastacc,TAE12,DISP=SHR--Reads or writes t o  
the data set TAPE12 on the given account in a shared private 
library. 

’ 

Card (13) 
//Fr13F081 DD’ DSN=useridacc,TAPEl3,DfSPISHR--Reads or vrites to the 
data set TAPE14 on the given account I n  a shared private library. 

Card (14) . 

//FT14F081 DD DSK=userldacc.TUE14,DISP=SHR--Reads or writes to the 
data sec TAPE13 on the given account in a shared private Library. 

c 

Card (15 )  

//Fr15F001 DD DSN=useridacc.T~El5,DISP=5~-Xeads o r  vrites to the 
data set TAPEl5’-an the given account in a - -  shared private - .  

- 
library. 

Card (16) 

//FTl6FQQL DD DSE=userldacc.TAPE16,DISP=5HR-Reads or vrites to the 
data set TAPE16 on the given account I n  a shared private library. 
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APPENDIX B 

PROGRAM VARIABLES 

Variab  le Subroutine/Comman D e f i n i t i o n  

A COMPUT , DATFIT The c o e f f l c i e n t  of t h e  c o s i n e  tern for 
computing t h e  d g i l y  v a l u e s  of t e m p e r a t u r e  
o r  solar r a d i a t i o n .  

A .  QOTFT Re s l o p e  of t h e  vapor  p r e s s u r e  cume. 

AB 

AC 

RUNOFF The l n l t l a l  a b s t r a c t i o n  of p r e c i p i t a t i o n ,  
In i n c h e s .  

cDMPrJT, D A P I T  The annual  average  of  :he nean lonc,h',y 
t e m p e r a t u r e  or solar r a d i a t i o n  v a l u e s .  c 

ADDRUN DRAIN, SIHULA, The excess I n f i l t r a t i o n  u h i c h  I s  added t o  
SNW r u n o f f ,  In Inches .  

ADRNlA 

ADRNlM (11) 

A D R H U  

ADRNM(12) 

A D R N M  

ADRN3Ht 12 

X i 3 A  

OUTAVC 

OUTAVC 

OUTAVC 

OUTAVC 

OUTAVC 

OUTAVC 

GIITAVG 

The a v e r a g e  annual  Lateral d r a l n a q e  €r& ' 

t h e  t h i r d  s u b p r o f F l e  f r m  t h e  top ,  I n  
Inches .  

The average  m n t h l y  Lateral d r a i n a g e  v a l -  
u e s  f r a e  t h e  t h i r d  s u b p r o f i l e  frcrn the 
top, In Inches .  

The a v e r a g e  annual Lateral d r a i n a g e  €ran 
the second s u b p r o f i l e  from t h e  top,  Fn. 
i n c h r a .  

The average  m n t h l y  l a t e r a l  d r a i n a g e  v a l -  
uca from t h e  second s u b p r o f i l e  from the 
top ,  In i n c h e s .  

The average  annual  l a t e ra l  d r a i n a g e  from 
t h e  top  s u b p r o f i l e ,  In  i n c h e s .  

The a v e r a g e  annuaf e v a p o t r a n s p i r a c l o n ,  Fn 
lnchas 

,227 
. _  204 



V a t  l a b  le S u b r o u t l n e / C o m o n  
XEM 

Af 

U I  

ALE 

AH 

AN 

.VI 

APRC 1A 

OUTAVG 

COMPUT 

EVAPOT 

POT= 

DATPIT 

COWVT 

? A T 5 1  

COMPUT 

OUTAVC 

XPRCZA OUTAVC 

APRCZH ( 12) OUTAVC 

A PRC 3A OUTAVC 

APRC3H( 12) OUTAVC 

PROC&Y VARIABLES (Continued)  

O e f f n l t i o n  

The a v e r a g e  m n t h l y  e v a p o t r a n s p i r a t i o n  
v a l u e % ,  f n  i n c h e s .  

The midpoin t  of  t h e  month or day. 

The d a i l y  e f f e c t i v e  Leaf a r e a  fndex.  

OUTAVG 

The albedo f o r  solar  r a d i a t i o n ,  set t o  
e q u a l  0 ..23. 

The number of f t e r a t l o n s  i n  an a n n u a l  
p e r i o d ,  12 for  monthly v a l u e s .  

The number of  i t e r a t i o n s  i n  an a n n u a l  
p e r i o d ,  365 o r  366 for d a l l y  v a l u e s .  

The ngnber  of  years Fn :ha period or' the 
harmonic f .Jnct ion,  set t o  %z ! .O. 

The argument o f  t h e  s i n e  and c o s i n e  terms 
of . the  harmonic e q u a t i o n .  

The a v e r a g e  a n n u a l  p e r c o  Lat ion  from t h e  
third s u b p r o f i l e  from t i e  top,  i n  i n c h e s .  

The a v e r a g e  m n t h l y  p e r c o l a t i c  n v a l u e s  
from t h e  t h i r d  s u b p r o f l l e  from t h e  top, 
i n  i n c h e s .  

The a v e r a g e  annual  p e r c o l a t i o n  from t h e  
second ' s u b p r o f i l e  from t h e  :OF, in 
i n c h e s .  

The a v e r a g e  m n t h l y  p e r c o l a t i o n  v a l u e s  
f r w  t h e  second s u b p r o f i l e  from t h e  t o p ,  
Fn i n c h e s .  

The a v e r a g e  a n n u a l  p e r c o l a t i o n  from t h e  
t o p  subprof  1 le, i n  i n c h e s .  

The average mnthly p e r c o l a t i o n  v a l u e s  
from the t o p  w b p t o f i l e ,  f n  i n c h e s .  

n e  a v e r a g e  a n n u a l  ; reciDitat :on,  tn 
' - r * o a  _-.-..--. 
The averaqe a a n t h l p  precinitation v a l u e s .  
. .  
-1 ..1CZ'99. 

I .  
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0 - 
, PROGRAM VARIABLES (C0,ntinued) , 

Sub r o u t  i n e /  Common nef i n i t  i o n  Vat fable 

AREAG ( L 3 1 DCDATX The l e a f  a r e a s  o f  t h e  d e f a u l t  U I  for 
e x c e l l e n t  g r a s s .  

X R U R  ( 1 3 1 DCDATX me l e a f  a r e a s  o f  t h e  d e f a u l t  U I  for 
good row c r o p s .  

A RUNA OUTAVC The a v e r a g e  annual  r u n o f f  , I n  inches .  

ARUNM(12) OUTAVG 

8 

The a v e r a g e  monthly runoff  v a l u e s ,  i n  
i n c h e s .  

COMPUT , DATFIT The c o e f t i c i e n t  of  t h e  s i n e  term f o r  com- 
p u t i n g  t h e  d a i l y  v a l u e s  of solar t a d l a -  
tion o r  t e m p e r a t u r e  e 

BLKl3 The a n n u a l  water budget  b a l a n c e  check,  l n  
fnches .  

ixtr ( L 6 I AVROUT,- DRAIN, 
ETCHK , PRO FTL , today ,  fn Inches .  
SXHULA c 

The change .in water s t o r a g e  f o r  a segment 

BALY ( 16) AVROUT, DRAIN,  The change. f n  water s t o r a g e  for a segment 
PROFIL , S Z.WL.4 y e s t e r d a y ,  fn inches. 

BDRN OUTDAY. The d a i l y  L a t e r a l  d r a i n a g e  from t h e  base. 
o f  t h e  l a n d f i l l ,  fn l n c h e s .  

SHED OUTDAY The d a i l y  head on t h e  barrier s o i l  l a y e r  
a t  t h e  base of the l a n d f i l l ,  fn i n c h e s .  

BLK 1 DCDATA, DSDATA, A cOmmOn b l o c k  of v a r i a b l e s  t o  store and 
,%IN, HCDATA, . pass i n f o r m a t i o n .  
WDATA, MaLYR, 
ReAM=D, SIl lUlA 

BLKZ 

ALX3 

B LK4 

OUTSD, READSD, A cdmmOn b l o c k  of v a r i a b l e s  t o  s t o r e  and 
. SEG?QiT pass in format ion .  

DRAIN, LATPLO, A common b l o c k  of v a r i a b l e s  t o  store and 
OUTSD, READSD pass fnformat ion .  

CNTRLD, DRAIN, A common b l o c k  o f  v a r i a b l e s  t o  s t o r e  and 
LATFLO, OUTSD, pasr i n f o r m a t i o n .  
READCD, READSD, 
SECMNT, SMULA 



- 0  4616 
P 

Var iab le  

B LK5 

BLK 6 

8LK 7 

BLK8 

BLK 9 

BLKlO 

Bull 

BLK 12 

4LK 13 

BLK 14 

BLKLS 

BOT 

BPRC 

PROGRAH VARI.4BLES (Cont inued)  

Subrout ine /Comon 

OUTAYG , OUTPEK , 
OIJTSD, OIJTYX, 
READSD , RUNOFF , 
s I r n  

AVROUT, DRAIN, 
ETCHK, HEAD, 
L A T R O ,  LAms., 
PROFIL , RUNOFF , 
SECHNT, SIHULA 

EVAPOT, POTET, 
READCD, STMITLA, 
SNW 

ETCOEP, SFI;HNT 

DLAIS, READCIY 

EVAPOT, S M U U  

OUTAVC, OUTHO, 
s IMJU 

OUTPEX, smu 

OUTDAY, SII4UI.A * 

CONVRC, DRAIN 

O m A Y  

?mmi 

D e f i n l t t o n  
A cornwn block o f  v a r i a b l e s  t o  s t o r e  and 
pass Lnf o m a t  ion. 

A common block of v a r i a b l e s  t o  s t o r e  and 
pass i n f o m a t i o n .  

A common block of v a r i a b l e s  to s t o r e  and 
pas8 information. . 

A cOmmOn block of v a r i a b l e s  t o  s t o r e  and 
pass information. . 

A cumwn block of v a r i a b l e s  to  store and 
pass in fo  na t rou .  

A common block of v a r i a b l e s  t o  s t o r e  and 
pas8 in format ion .  

A comnmn block of v a r i a b l e s  ' t o  s t o r e  and. 
paaa in format ion .  

A cOmmOn block of v a r i a b l e s  to  store and 
pass i n f o  mat Ion. 

A common block of v a r i a b i e s  co s t o r e  and 
pass inf omat ion .  

A cmnon block  of v a r i a b l e s  to  s t o r e  and 
p888 1IAfOmtioU. 

A common block of v a r i a b l e s  t o  store and 
pa88 information.  

The lower limit of t he  L t e r a t i v e  s o l u t i o n  
i n  the  convergence techniqua .  

The d a l l y  p . r c o l a t f o n  from the base  of 
t h e  L o a d f i l l ,  in lnchea .  

The Julfan datz of  t5a last 4av o f  2acS 
m n t n  J Z  i ,zap ,fear. 
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PROGRAM VARLARLES (Continued)  

V a r i a b l e  

CDRN 

S u b r o u t F n e / C o m n  

OmDAY 

nef i n F t  i o n  
The d a i l y  Lateral d r a i n a g e  from t h e  cover  
of  t h e  LandfiLL, i n  i n c h e s .  

CF UTFLO The c o r r e c t i o n  f a c t o r  f o r  t h e  Lateral 
d r a i n a g e  e q u a t i o n .  

The head on t h e  b a r r i e r  l a y e r  a t  [he base 
o f  t h e  c o v e r ,  in i n c h e s .  

cnm OUTDAY 

The SCS r u n o f f  curve  number f o r  t h e  s l t e  
u n d e r  M C - 1 .  

CNl s I H U U  

. CN2 0LK5, DSDATA , 
USDATA, OPm 
SDCHK 

The SCS r u n o f f  curve  number f o r  t h e  site 
u n d e r  AHC-It. 

CON (9) ELK2 , IISDATA, 
XSIJATX, SDCHK 

The szil e v a p o r a t i o n  ( t 6 a y m i s s i v i t y ) .  
c o e f f i c i e n t s ,  i n  mm/day . 
The ef  f e s t i v a  s o i l  e v a p o r a t i o n  :rar.amis- b 

s i v i t y b  S o e f t i c l e n t  f o r  t h e  L a n d f i l l ,  i n  
mm/day . 

CONA 9LX 1 I * ETC3 Lv , 
OUTSD 

CONUL (1 6) 

CORECT ( 7 )  

CPRC 

ETCOEF * SECMNT ne product  of .the segmwt-thickness  and 
t h e  e v a p o r a t i o n  c o e f f i c i e n t  uhFch is used 
t o  compute CONA. 

DSDATA C o r r e c t i o n  f a c t o r s  to adjust  t h e  
h y d r a u l i c  c o n d u c t i v l t y  of  s o i l  f o r  d f f -  
f e r c n t  t y p e s  of vegetat ion.  

OUTDAY The d a i l y  p e r c o l a t i o n  through t h e  bottom 
of t h e  l a n d f i l l  cover, in i n c h e s .  

S M m A  Tha SOU vater c o n t e n t  belov u h i c h  plant 
grovth stopn, in i n c h e s .  

The f a c t o r  to c o n v e r t  t h e  average  t h i c k -  
ncsa of vater p r o f i l e  to t h e  t h l c h e s s  
of  mter  p r o f l l a  at cres t .  

CRITS 

CY BAR 

c2 

c3 

- \  
i- ,  

S I r n  The s q u a r e  of the.SCS r u n o f f  c u w e  
number. 

s 1mT.A n e  cube gf t h e  SCS tunoff CLIPIC number. 

1 

2.3 1. 



V a t  f a b l e  

DEAL1 

DEAL2 

DEAL3 

DELIA1 

DEPSEC 

DEPTXL 

DEPTHS 

D l A f  (367 ) 

DLDAY 
-. . 

DOUTl 

Dour2 

DOvP3 . 

DUN( 1 7)  

PROGRAM VARIABLES (Continued) 

SubtoutinelCommon D e f i n i t i o n  
SWLA 

D LAIS 

S M m A  

S M U U  

AVROVP, DRAfN 

The d a l l y  water  budget check f o r  the top 
subprof i l e ,  i n  inches.  

The d a i l y  water budget check f o r  t h e  
second s u b p r o f i l e  f r c m t h e  top, in 
Inches.  

The d a l l y  water budget check f o r  t h e  
t h i r d  s u b p r o f i l e  from the top, i n  inches.  

The d a l l y  rate 04 change in t h e  l ea f  area 
index. 

Depth t o  the top of a segment, i n  inches .  

Depth to the  bottun of a Layer, i n  
i n c h e a ,  

Depth :a :he t a t t a u  a €  3 3agmnt. in  
Inches . 
The d a i l y  changes In lcmf area index. 

The d i f f e r e n c e  in J u l l a n  d a t e s  between 
tvo a d j a c e n t  specified LA1 v a l u e s .  

& -_ _ _ _  

The sum of the  d a i l y  ou t f low from v:hc top 
subprof Fte * i n  inches.  

me sua of the  d a i l y  o u t f l m  from t h e  
secoad s u b p r o f i l e  frum t h e  top, i n  
lache. . 
Tha am of  the d a i l y  outflov from t h e  
t h i r d ' r u b p t o f i l e  frca t h e  top, i n  i nches .  

The vmrtical drolnrrga into 8 segment, i n  
inch.. 

Tha d a l l y  l a te ra l  drainage from a sub- 
p r o f i l e ,  in inches.  

The mxlmraa d r a i M g o  from a s e g m n t ,  in 
inchar .  

232 
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. .  
' PROCRAM 'VARIABLES (Con't tnued) 

D e f i n i t i o n  

The dally L a t e r a l  d r a i n a g e  Erom the 
second s u b p r o f l l e  from t h e  top ,  In 
Inches .  

Subtoutine/Common 

BLXl5 

Var iab  Le 

9RN 2 

The d a i l y  la teral  d r a i n a g e  from t h e  t o p  
s u b p r o t i l e ,  in i n c h e s .  

DRN3 BLK 15 

me a n n u a l  L a t e r a l  d r a i n a g e  v a l u e s  from 
t h e  t h i r d  s u b p r o f i l e  from t h e  top ,  i n  
i n c h e s .  

DRNlA(20) . ELK 13 

The m n t h l y  l a t e r a l  drainasje  v a l u e s  from 
t h e  t h i r d  s u b p r o f i l e  from t h e  t o p ,  in 
inches .  

DRNlH(240) BLK 1 2 

DRN2A (240 ELK 13 The annuaL la teral  d r a i n a g e  v a l u e s  f r o m  
t h e  second s u b p r o f u e  from t h e  top ,  Fn 
L n a e s .  . .- 

BLK 1 2 

BLK 13 

The monthly Lateral d r a i n a g e  aralues from 
t h e  second s u b p r o f f l e . f r o m  t h e  top ,  in. *. 
i n c h e s .  

DRN2H(240) 

%e a n n u a l  la teral  d r a i n a g e  v a l u e s  from 
t h e  top s u b p r o f i l e . ,  In i n c h e s .  

DRN3A ( 20) 
.- .-. 

The m n t h l y  Lateral d r a i n a g e  v a l u e s  from 
t h e  top s u b p r o f i l e ,  in Inches .  

BLK 12 

The partial th ickness  of a seqment,  i n  
l a c h e s .  

S E C r n  DSU; 

Tha d a i l y  change in snow, I n  i n c h e s .  smu, SNCU 
SIMJU 

DSNO 

The d a i l y  change ' i n  s t o r a g e  in t h e  top 
s u b p r o f i l e ,  fn Fnche8. 

The d a l l y  change i n  s t o r a g e  from t h e  
second subprof  iLe, f n  i n c h e s .  

The d a i l y  change I n  s t o r a g e  from t h e  
t h i r d  subprof  ILe, i n  i n c h e s .  

DSTO 1 

DSM2 

DSM3 S P N U  

The minimum v e g e t a t i v e  soil vater c o n t e n t  
4 u r i n q  the simulation. i n  v o l l v o l .  

DSU BLX14 
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PROGRAY VARLqRLES (Continued) 

Variable Subrou tinelCornmon 

DXUI m a s  
Qe f i n 1  t i o n  

The. d i f f e r e n c e  i n  l ea f  a r e a  betveen two 
a d j a c e n t ,  s p e c l f i e d  UT. va lues .  

E ( L h )  AVROLIT , DRAIN , 
HEAD, PROFIL 

The e v a p o t r a n s p f r a t i o n  va lues  € t o m  t h e  
segments f o r  a tlm per iod ,  t n  inches .  

EDEPTH S ECWT 

ELKS DRAIN, L A I F L O ,  
' urns 

The evapora t ive  zone dep th ,  i n  inches .  

The effective l a t e r a l  h y d r a u l i c  conduc- 
t i v i t y ,  l n  inches lday ,  

The d a i l y  p o t e n t  i r l  p Lant t ransp i r a t i o n  , 
i n  inches.  

EP ETCHK , EVAPOT, 
SIXULA 

EPS CONVRC, DRAIN The convergence c r i te r ia  t o l e r a n c e .  

ES ETCHK , EVAPOT, 
s IWW 

The d a i l y  sol1 evapora t ion ,  l n  inches .  

\ 

€SAT HEAD 'the e v a p o t r a n s p i r a t i o n  from the  s a t u r a t e d  
zone, l n  inches .  

The d a l l y  potential soil evapora t ion ,  i n  
i nches .  

ESS ETCHK, EVAPQT, 
s 1 m  

The d a i l y  evapora t ion  a t  the  s u r f a c e ,  t n  
inches .  

E ST CONVRC, DWfN The e s t i m a t e  of  the  combined p e r c o l a t i o n .  
and Lateral d r a i n a g e  from a s u b p r o f i l e ,  
i n  inches.  

ES 1 EVAPOT The d a i l y  s t a g e  one soLl evapora t ion ,  i n  
inches.  

ES IT EVAPOT, S I H U  The accumulative sum of S O I L  evapora t ion  
les8 i n f i l t r a t i o n ,  i n  inches.  

ES2 EVAPOT The d a i l y  stage tuo so i l  evapora t ion ,  in 
inches .  

The d a i l y  e v a p o t r a n s p i r a t i o n  va lues  from 
the segments, in inches.  

DRAIN, ETCHK 
EVAPOT, SIMULA 

>,e average 2vapotranspi:acicn vaiues,  -I: 
'ncbes.' 

The nwnthly e v a p o t r a n s p i r a t i o n  va lues ,  i n  
inches. 

2 1  1 
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P R O G M  VARIABLES (Continued).  

De f i z l  t ton S u 5 r o u t  i n e /  Commcn 

BLKLL, POTET 

Var iab  Le 

ET0 ( 3  66 1 
~ ~~~ 

The d a i l y  po t e n t  ial evapo t r a n s p  i r a  t fon  
v a l u e s ,  i n  i n c h e s .  

BLKLS, ETCM The d a l l y  t o t a l  e v a p o t r a n s p i r a t f o n ,  in 
i n c h e s .  

E r r  
1 .  

EXC E PROFIL Q u a n t i t y  of  uater above s a t a r a t f o n  in t h e  
segment d i r e c t l y  below t h e  segment under  
c o n s i d e r a t i o n  i n  i n c h e s .  

D R A I Y  , PROFTT. 

ETCHK 

? u a n t i t y  of vater above s a t u r a t l o n  in t h e  
top segment of  a p r o f l l e ,  i n  i n c h e s .  

E v a p o t r a n s p i r a t i o n  f rom a segment i n  
excess of t5e p l a n t  a v a i l a b l e  v a t e r ,  Fn 
i n c h e s .  c 

LYCESS 

EXTRA 

S I Y U U  Q u a n t i t y  of  -tar above s a t u r a t i o n  i n  the 
top segment of  tSe second subprof%Le,  Fn 
i n c h e s .  

q u a n t i t y  of vater above s a t u r a t l o n  Ln t h e  
top segment a €  the . .- t h i r d  __ & b p t o f t l e  - from 
t h e  top i -  i n  i n c h e s .  

E.WATZ 
-. 

The i n f  F L t r a t i o n  d u r i n g  t h e  tltns p e r i o d  , 
Fn l n c h e s .  

DRAIN 

om.4vC; 

F 

F M N 1 A  The average  annual l a t e ra l  d r a i n a g e  Erom 
tSe  third w b p r o f t l e  from che top, fn 
p e r c e n t  of t h e  a v e r a g e  a n n u a l  
pracip i tation. 

FADN2A OUTAVG The average  a n n u a l  Lateral d r a i n a g e  Erom 
tEe second s u b p r o f t l e  from t h e  top, i n  
p e r c e n t  of t h e  a v e r a g e  a n n u a l  
ptecip i t a  t i o n .  

F U N 3 A  

FAETA 

' FAPCLA 

OUTAVG The average  a n n u a l  l a t e r a l  d r a l n a g e  f r o m  
t h e  t o p  s i ibpro€iLe,  i n  p e r c e n t  o f  t h e  
a v e r a g e  a n n u a l  p r e c i p i t a t i o n .  

The a v e r a g e  a n n u a l  e v a p o t r a n s p i r a t i o n ,  in 
-etco,fit q €  ??e mcraqe annual  x o - c i D t t a -  
tron. 

OUTAVG 

The a v e r a g e  a n n u a l  p e r c o L a t i o n  from cne 
t h i r d  s u b p r o f i l e  from t h e  top ,  I n  p e r c e n t  
,&' ::= -.verzije ~ i ? n ' ~ a l  ;r2c22--:z.-.:2r. _ c  

OUTAVC 
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FAPCZA 

FAPC3A 

FAPREA 

FARUNA 

F BAL 

FC(9)  

FCOS 

FCUL(16) 

FCULE 

FT)RNIA 

FDRNU 

OUTAVC 

OUTAVG 

OUTAVC 

PROCIMH VARIABLES (Continued) 

Va r la  b l e  Subraut ideICooMn ne f i n i  t i on  
The average annual  p e r c o l a t i o n  from t h e  
second s u b p r o f i l e  from the t o p ,  Ln per- 
c e n t  of the  average annual  p r e c i p l t a t i o n .  

The average annual  p e r c o l a t i o n  from t h e  
top subprofFLe, i n  percent  o €  the average  
annual  ptac i p  1 t a t  i o n .  

. OUTAVC 

0- 

DATFIT 

BLX 7 

SpfiJLA 

OVTYR 

OUTYR 

FnRNU OVTtR 

. FETA O u T n t  

The average annual.  p r e c i p i t a t i o n ,  in p e t -  
cent of t he  average  annual  p r e c i p i t a t i o n .  

The average  annual  runoff ,  i n  pe rcen t  of  
t he  average  annual  p r e c i p i t a t i o n .  

The mter budget check, Fn percent  of  t h e  
average annual  p r e c i p i t a t i o n .  

The f i e l d  c a p a c i t i a s  of tne  Layers, i n  
vol/vol. 

& 

The c o r i n a  of t he  add-taonthly f r a c t i o n a l  
part-of-arr-anrnral- periad. 

The fieLd c a p a c i t i e s  of the segments,  in 
inches .  

* 

The f i e l d  c a p a c i t y  o f  the  evapora t ive  
zone* in Fnches. 

The annual lateral d ra inaqe  €rum t h e  
third s u b p r o f i l e  from the top, i n  pe rcen t  
of t h e  annual  p r e c i p i t a t i o n .  

‘me rnnuai l a t e ra l  d ra inage  from t h e  
second s u b p r o f i l e  from the top,  l n  per- 
cant  of the  annual  p r e c i p i t a t i o n .  

The annual l a t e ra l  d ra inage  €tom t h e  top 
s u b p r o f i l e ,  l n  percent of  t he  annual  
p t e c i p i t a t  ton. 

The annual  evapot ranrpf  r a t i o n ,  in percen t  
..S 7.42 ; r . n u i  ----e*-+---- .- ---?--dL-Za. . A .  
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pR0GRA.Y VXRXXALES (Cont h u e d )  
/ 

Variab Le SuhroutFne/Common D e f t n t t F o n  
FTY2 s t ? W u  The d a l l y  pe rco la t ion  i n t o  che second 

s u b p r o f l l e  from the cop, i n  i n c h e s .  

FLEAK 

. .  

FPRCLA 

FPRC2A 

LI'AP, YONTX Used to  c o n v e r t  t h e  numher of  day t o  366 
f o r  a leap y e a r ,  set  t g  0 for a :zap year 
and t o  1 € o r  o t h e r  years. 

RLKS, D R A I N ,  The Liner Leakage f r a c t i o n .  
DS DATA * Win0 , 
NSTIATA-, SDCHR 

O U n R  

OUTYR 

FPRC3A o m  

- -  FPREA 

The annual p e r c o l a t i o n  lrom t h e  ttzlrd 
s u b p r o f i l e  €ran the top ,  t n  percent  of  
the annual p r e c i p i t a t i o n .  

The annual  p e r c o l a t i o n  from the  second 
s u b p r o f l l e  from t h e  top,  I n  percent  o f  
the  annual  p t e c t p l t a t l o n .  

The- annual p e r c o l a t i o n  from the top sub- b 

p r o f i l e ,  fn percent  O C  the  annual preclp- 
t tii t i on .  

. .  
o m  The annual  p r e c i p i t a t i o n ,  In percent  of 

t h e  a n n u a l  prec Fp t tat ion .  

FRUYA OUTYR The annual  runoff, tn percent  o f  t h e  
annildl p r e c i p l t a t l o n .  

FRUNOF ELK5 * DSDAT.4, The f r a c t i o n  of p o t e n t i a l  runoff vhich 
*DATA, OPEN, runs o f €  an opan waste s i t e .  
SDCRK 

F S W  

c 

GR 

The sine of the dd-monthlp fractional 
part , of an annual  per iod .  

POTET The payehtometric cons t an t ,  set t o  equal  
0 . 6 8 .  

BLK8, DCDATA, The vinter c o v e r  f a c t o r .  
PZPUYR 

CRWAT HEAD 

... 
V W  

ii 

The g r a v i t y  water  t n  t h e  subpr .of i le ,  i n  
inches. 



Variab le S u b r o u t i n e / C o m o n  

WTE'P The n e t  s o l a r  r a d i a t i o n ,  l a n g l e y s .  - 
De f i n  i t i o n  

H 

H ED 

HED1 

DRAIN The d a i l y  head on t h e  base of  t h e  draln-  
a g e  Layer, i n  lnches .  

RLK t 9 The d a i l y  head on' t h e  base of t h e  t h i r d  
s u b p r o f i l e  tram t h e  t o p ,  i n  Lnches. 

HED2 

Hm3 

f 

ELK I5 The d a i l y  head on t h e  base o f  t h e  second 
s u b p r o f i l e  from t h e  top,  i n  Lnches. 

The d a i l y  head Q. t h e  base of  t h e  t o p  
s u b p r o f i l e ,  i n  inches .  

ELK 15 

ANSWER, CNTRLD, 
CQUPVT, DA'iFIT,  
DCDATA, D U P S  , 
DSDATA, WHm, 
HC!?ATA ; YSDATA, 
S R L Y R ,  OUTAVC, 
OUTSD, POTR, 
PRECXK, READCD, 

SCAN, SDCHK, 
SIMJLA, SORTYR ' 

READSD, RUNOFF, . 

Used as a counter. 

CADD A c o n t r o l  v a r l a b l e  t o  show w h e t h e r  a d d i -  
tional y e a r s  of p r a c i p l t a t i o n  data vere 
entered. 

LAVS ANSWER, QCMTA, 
QSDATA, WIH, 

Set e q u a l  t o  0 for an i n p u t  of  yes and t o  
1 f o r  an l n p u t  of no. 

I 

AVROUT, OWN * A c o n t r o l  v a r i a b l e  t o  indicate v h e t h e r  a 
b8rrirr l a y e r  is used i n  the s u b p r o f i l e .  . 

I BAR 

I C I n ( t 8 )  DCbATA U s e d  t o  r e d  and v r l t a  t h e  d e f a u l t  c i t i e s  
and s ta tes  f r m  a d a t a  f i l a  of 3 7  l i n e s  
v i t h  18 sets of fou r  a l p h a n u m a t i c  c h a r a c -  
ters. 

I rnUP SCAN 

XBATX,  ..fOATA, 
SORTYR i t a t i o n  data. 

iha c o u n t  of a l i n e  o r  record of p r e c i p  

-. c --- 
I' , . ;;; . 
J . .,.. . . 



. .  , 

PROGRAY VXRI.4BLES (Continued) 

Su br o; t I ne / Common 

EVAPOT, OUTDAY * 
SZWW, SNOW 

n e i t n i t  i o n  

Counter f o r  t h e  J u l i a n  d a t e  of  a year 1 7 €  

s lmula t ion .  

'la r i a  b Le 

C OA 

SIXULA A c o n t r o l  v a r i a b l e  t o  i n d i c a t e  whether 
d a l l y  output  is d e s i r e d .  

I DAILY 

A c o n t r o l  v a r i a b l e  used t o  compute d a i l y  
Leaf area ind ices .  

I DAY 

A c o n t r o l  v a r i a M e  t o  i n d i c a t e  t h a t  the . 
v e g e t a t i o n  type has been ass igned  . BLK 1 IFLAC 

Counter f o r  s o r t i n g  the  years of  da t a .  SORTYR . 

YCDATA 

DSDATA, XSDATA, 
SITE 

OSDATA YSDATA 

11 

IKOUNT Control variabLe f o r  r ep lac ing  a year o f  
t h e  e x i s t i n g  p r e c f p l t a t l o n  d a t a .  

Counter for the  number of  Layers. CLAY 

i h e  number of t h e  l aye r  above the l a y e r  
belng cons idered .  

.. 

The number of t h e  Layer belov ttie Layer 
helng cons idered .  

SITE ZLAYPL 

Counter €or the  month o f  the s1111uLatlorl 
per iod .  

SIYULA ZHO 

h c o n t r o l  v a r i a b l e  t o  l n d i c a t e  h e t h e r  
moathly output  t s  d e s i r e d .  

SIMULA 

The years of s imula t ion .  

A c o n t r o l  v a r i a b l e  to I n d i c a t e  whether a 
completely new p r e c i p i t a t i o n  d a t a  set  is 
he lng  en tered .  

PRECHK, SORTYR 

MCDATA 

A concro l  v a r i a b l e  t o  i n d i c a t e  vhe ther  
l i n e s  of sou d a t a  ve re  changed. 

A c o n t r o l  var iabLe t h a t  i n d i c a t e s  whether 
t o  prlnt  only summary of input  and 
nut3ut .  

sncm 

8LK I IO 1 



. .Ae , 

P R O C W  VARIABLES (Cont inued)  

Va r lab Le 

IO 3 

Sub t o u r  h e /  Coarmon 

BLK 1 
De fin 1 t i o n  

A c o n t r o l  v a r i a b l e  t h a t  FndFcates  vhether 
t o  p r i n t  only summary o f  o u t p u t .  

I 0 4  8LK 1 A c o n t r o l  V a r i a b l e  that  l n d l c a t e s  vhether 
t o  p r i n t  only i n p u t  and o u t p u t  vlthout 
summary* 

105 

IPLUS 

IPOLNT 

1 SAND 

[SET 

1 SET 

ISOIL 

I TZR 

RLK 1 

SCAN 

SCAN 

AVROUT, DRAIN, 
DS3ATA , HSDATA , 
OUTSD. READSTI, 
SDCHK, SMULA, 
S ZTE 

PR E r n  

READCD, SIXULA 

DSDATX 

SMU 

SfMUtA, sum 

DRAIN, S1!4UU 

DSDATA , USDATA , 
READSD, SDCHK 

A c o n t r o l  v a r i a b l e  t h a t  i n d i c a t e s  v h e t h e r  
t o  p t l n t  o n l y  o u t p u t  w l thou t  I n p u t  and 
SUrmaaW. 

The c h a r a c t e r ,  +. 

The c h a r a c t e r ,  . . 
X c o n t r o l  v a r f a b L e  that i n d t c a t e s  & e t h e r  
t h e  top  Layer is an u n v e g e r a t e d  sand c .  
g r a v e l  l a y e r .  

C o u n t e r  € o r  year of p m x l p l t a t l o n  d a t a  t o  
b e  checked.  

Cont ro l  v a r i a b l e  t o  t n d f c a t e  v h e t h e r  
m u l t i p l e  years of t e m p e r a t u r e  data a r e  
used .  

Soil texzure number f o r  a Layer. . 

C h a r a c t e r  a r r a y  used t o  i n d i c a t e  f r e e z i n g  
t e m p e r a t u r e s .  

C o n t r o l  v a r l a b l e  t o  indicate  w h e t h e r  the 
t e m p e r a t u r e  Is below 32'1. 

f h c  number of i t e r a t i o n s  used t o  mdel 
d r a i n a g e  per day.  

The t i t l e  c o n s i s t i n g  oE 3 records v l t h  
40 c h a r a c t e r s  per r e c o r d  € o r  t h e  name of 
the s l t e ,  t h e  L o c a t i o n  of t h e  site, and 
0% 4at2 7f 'Le om- 

2 4.0 
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Va r iab  Le Suh tmt ine ICommon 

CXTRLD , OUTDAY, 
s :mu 

3efinition 

The number of subprofiles 'nelow t h e  c o v e r  
o f  t h e  Landfill. 

CZJTRLD, OUTAVG, 
OUTDAY, O U b l O  , 
O U i P E K ,  OUTYR, 
S IWLA 

The number o f  s u b p r o f i l e s  i n  t h e  c o v e r  of  
t h e  Landf Ill. 

I VEG 

IWB 

DCDATA The d e f a u l t  v e g e t a t l o n  t y p e .  

The number of ti(e b o t t o m  vaste l a y e r .  . 

The number of t h e  top uaste l a y e r .  

CNTRLD 

En 

I YR 

J 

CNTRLO 

8LK15, OU'RO,  
OUTY R 

The c o u n t e r  f o r  t h e  y e a r s  of s i a u l a t i o n .  

- 
AVROUT , DCDATA , 
DWIS, DRAIN, 
DSDATA , ETCHK , 
ETCOEF , EVAPOT, 
HEAD; WTKS, 

HSDATA, .TRLYX , 
OPEN, OUTAVG, 
OU'BO, P R E C H K ,  
P R O F I L ,  READCD, 
READSD, SDCKK, 
SECIYNT, S'IWW, 
SITE, SORTYR 

,yAIr; , HCQATA , 

A c o u n t e r .  

Y 

JCOUNT 

J DAY 

OS DATA EISDATA 
SDCHK, SITE 

Line number f o r  t h e  soi l  and d e s l g n  d a t a .  

n u x s  A c o n t r o l  v a r i a b l e  used t o  compute d a i l y  
Leaf area f n d i c e s .  

JDAY . 

.{SET 

MINTH The J u l i a n  d a t e  o €  a y e a r  o €  sFmuLat lan .  

PRECHK Coun te r  f o r .  l lne  of p r e c l p l t a t l o n  d a t a  t o  
be corrected. 

.rsn READCI), SWUIA 

JTHP The J u l i a n  d a t e  of a y e a r  of s i m u l a t i o n .  

2 41.1. ' 



Variab le 
U T  

LAY 

LAY R 

L X y b  

LAYE 

L A Y E R (  LO) 

LAYS 

LAY 1 

LAY 1 s 

LAY1 E 

LAYtMl  

LAY2 

LAY20 

LAYZB 

LAYZE 

Subrou tine/Common 

DRAIN 
De f Cni t f on 

A c o n t r o l  v a r i a b l e  t o  lndfcate vhether a 
l a t e r a l  d ra inage  Layer is used i n  the 
subptof Fie. 

BLK4, DSDATA, 
*DATA, S X H K ,  
SITE 

DRAIN 

DRAIN, LATFLO 

DRAIN, LATFLO 

BLK4 , DSDATA, 
HSDATA, SbcHR, 
SITE 

SECHNT 

The number of l a y e r s  Fn the Landf i l l  
prof i l e r  

The number of the top Layer of t h e  sub- 
p r o f i l e .  
The number of the w bottw l a t e r a l  d ra inage  

l a y e r  of a subpro f i l e .  

The number of t h e  bottam Layer of a sub- 
p r o f i l e .  

R e  l aye r  typa descriptor n u b e r s  3f the 
l a y e r s  in t he  l d o d f i l l .  

The number of t h e  bottan l a y e r  of t h e  
second subpru f i l e  fraa the top. 

4 

The number of l a y e r s  in the  top subpro- 
€ i le .  

The number of the top Layer of t h e  top 
subpro f i l e .  . 

The number of the boctw l a y e r  of the top 
rubprof i le .  

The number of the  h y a r  above the bottom 
lap.? of tha top  aubpro f i l e .  

h e  number of the top h y e t  of the second 
8ubprof i i8  fram the  top. 

Counter f o r  the l a y e r s  in t h e  second sub- 
p r o f i l e  fram the top.  

The nuanbar of the .top Layer of t h e  second 
subp to f f l .  from the top. 

'2 42 
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PRoCECAH VARIABLES (Continued)  

Va r i a b  Le Subroutlne/Common 

LAY 3 SU;MNT 

LAY 38 S E r n T  

LAY 3B SINUL4 

LAY3E S'LMILA 

L C I n  DCDATA 

LDATEC ( 1 3  ) CCDATA 

LDATER(13) CCDATA 

LDAY 1 3 ( 13 ) BW(10, DCDATA, 
WRLYR 

L U S T  SORTYR 
- - 

LFLACl SIMTLA 

LFLAGZ S I M J U  

LFZAG3 SfpaTu 

LIYER BLK5, DSMTA, 
=DATA, S D C X  

LISTA(2) AN- 

LISTC (99) DCDATA 

LISTS(4 1) DCDATA 

T e f l n l t i o n  
The number of t h e  top Layer o f  t h e  third 
s u b p r o f l l e  from t h e  t o p .  

Coun te r  f c r  t h e  Layers In t h e  t h i r d  sub- 
p r o € F l e  from t h e  top. 

The number of t h e  top Layer of t h e  t h l r d  
s u b p r o f i l e  from t h e  t o p .  

The number of t h e  bott'om Layer of  the 
t h i r d  s u b p r o f i l i  from the t op .  

The f o u r  c h a r a c t e r  name of t h e  c l t y  read 
from t h e  d e f a u l t  cllmatologic d a t a  f l l e .  

The J u l i a n  dates of t h e  13 d e f a u l t  U I  
v a l u e s  f o r  e x c e l l e n t  g r a s s .  

The J u l i a n  dates of t h e  13  d e f a u l t  Ui 

-. 

v a l u e s  f o r  good c 3 v  c r o p s .  & 

The J u l f a n , d a t e s  of  t h e  13 UT v a l u e s  
usad in the s t m u l a t i o n .  

The last year t h a t  WBS a r r a n g e d  Fn o r d e r .  

A c o n t r o l  v a r i a b l e  f o r  I n i t I a L i z i n g  t h e  
top s u b p r o f F l e .  

A c o n t r o l  v a r i a b l e  for I n I t i a L i z l n g  t h e  
second s u b p r o f i l e  from t h e  top. 

A c o n t r o l  v a r i a b l e  for FnitiaLLzlng the 
t h i r d  s u b p r o f i l e  f rom t h e  top. 

The number of synthetic  liners used i n  
t h e  deslgn. 

Keyword ' s t o r a g e  f o r  t h e  words yes and no. 

Kaywrd s t o r a g e  f o r  tne f irst  f o u r  cha r -  
acters of  a l l  d e f a u l t  cities. 

K e p r d  storage for the f i r r t  f o u r  cha r -  
1 C " X  :? ::!. :25L:: 1tzz2e. 

c 
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P R O G U Y  V X R L U L E S  (Continued) 

YarIabLe - Suhroutine!Common Qe E inF t i o n  
LS ET READCT), S I H U U  Contro l  v a r i a b l e  t o  i n d i c a t e  vhecSer nul-  . 

t i p l e  yea r s  of v f n t e r  cover  f a c t o r s  a r e  
used.  

LSTATE nCDATA The four  c h a r a c t e r  name of the s t a t e  r e a d '  
€ram t he  d e f a u l t  c l h a t o l o g f c  d a t a  f f l e .  

LYFAR DCDATA, ?CRLYR, Cont ro l  v a r i a b l e  t o  i n d i c a t e  vhe ther  mul- 
YEACD t iplc  years of cl fmatologFc v a r i a b l e s  * 

other' than p r e c f p $ t a t i o n ,  are used. 

YINUS 

!W 

DATFIT The number of w n t h l y  d i v i s i o n s  i n  an 
annual  p e r i o d ,  12. 

YCDATA, XRTLYX, X coun te r .  
OUT+VC, READCE) 

CCDATA The number which corresponds t o  the 
selected d a f a u l c  c i t y l s t a t e .  

Cont ro l  v a r i a b l e  t o  ' i n d i c a t e  v h e t h e r  the 
d r a i n a g e  s a t i s f  Led the convergence 
cr l ter la .  

& 

CDNVRC, DRAIN 
- 

SCAN The c h a r a c t e r ,  -. 
S I X U U  'Zhe number of t h e  m n t h  f o r  t h e  d a t e .  

MONTHE o u m  The number of t h e  f i rs t  m n t h  of  a year 
of almu Lat Loa. 

8WNTHE O m  The number of t h e  Last month of a year of 
s ~ l a t i o n .  

YO I s 1.wu Tha number of the month o €  a year for 
p r t e r d a g .  

MSET READCO, s'Lm Cont ro l  v a r l a b  le 'to indicate vhe the r  
muLtt+Lc years of tempera ture  o r  solar 
r a d l a t i o a  v a l u e s  are used. 

Ml MIRLYR A counter. . *  

'4 7 .. 

N COUPVT Uumbet of div is ions in an annual  pe r iod ,  
' *  - f2r -r.rt..s. ??=, 
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P R O C W  VkRIABLES (Cont  Fnued) 

Subrou t ine !  Common 

X u D C D ,  SCAN 
SORTYR 

Vat t a b  Le 

!l 

De E Fn.i t i o n  
.A c o u n t e r .  

NCO I. 

m 
SCAN A c o u n t e r .  

READCD, S L m  The number o f  days i n  t h e  y e a r  o f  s lmula -  
tion. 

NDA R&AL)cn The number of d a y s  i n  a Leap year. 

CCDATA , DSDATA , 
WIN, UCDATA, 
XSDATA, mRLYR, 
O P E N  PRECHK, 
SCAN, SDCHK, 
SIW.U, SITE 

The number of numerlc v a l u e s  e n t e r e d  on a 
Line of  record  ‘ . n t e r p r e t e d  by s u b r o u t i n e  
SCAN 0 

NO 

:IOYF;AR 

NSU; 

YCDATA The year of the  p r e c l p l t a t i o n  d a t a  .to be 
r e p  Laced. 

s I X U U  The number of s e g m n r s .  

AVROUT, D R A I N ,  
HEAD, LATKS, 
PROFIL 

The number of t h e  t o p  s e g m n t  of  a sub- 
prof  tle. 

0 

The number of t h e  bottom segment  o f  a 
s u b p r o f  I Le. 

;IS ECB 
, .  

NSECE 

YSEGL 

DRAIN, WT-0 

AVROUT, D R A I N ,  
HEAD, U T X S ,  
PROFIL 

BLKh 

The number of  t h e  L o u e s t  segment  o f  a 
s u b p r o f l l e ,  which is n o t  a b a r r i e r  Layer .  

NSEGL The number of seglaants in t h e  tap sub- 
profile. 

Tha‘number  of t h e  top s e g w n t  l n  t h e  top 
s u b p r o f  Flc. 

SLWLA TISEGlB 

The number of t h e  Loves t  segment of t h e  top  
s u b p r o f i l e ,  which Is n o t  a b a r r i e r  Layer .  

NSEGlD smuu 

The number of t h e  b o t t o m  segment  t n  t h e  
top s u b p r o f i l e . ‘  

NSEClE smuu 
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p R O G U , H  VARIABLES (Cont inued)  ; 
V a r i a b  Le 

NSEGZB 

N SECZD 

XSECZE 

Subroutine/Common n e f i n f t i o n  
- The number of t h e  top segment tn t h e  

second s u b p r o f t i e  from t h e  t o p .  

The Rumbee of t h e  Lovest segment a €  tSe 
second s u b p r o f f i e  from t h e  t o p ,  vhFch fs 
not a b a r r i e r  Layer. 

The number o f  t h e  bot tom segment f n  t h e  
second s u b p r o f u e  from t h e  top .  

The number o f  sogments i n  t h e  t h f r d  sub- 
p r o f f l e  f r m  the top.  

&e number of  t h e  top segment f n  t h e  
t h i r d  s u b p r o f i l e  from the top.  

The number of  t h e  Lowst segment of  t h e  
t h l d  s u b p r o f f l e  from t h e  too ,  v h i c h  Fs 
n o t  a Garrfer Layer. 

NSEC3 

NSEC3B 

' NSEC3D 

N SEC3 E 

NSTAR 

NT 

SECHNT, S I H U U  

e BLK15 

REMCD, S L r n  

SCAN 

The number of t h e  bottom segment fn  t h e  
& 

t h i r d  s u b p r o f i l e  froq! che top.  

C o n t r o l  v a r i a b l e  t o  i n d i c a t e  v h e t h e r  t h e  
year is a Leap y e a r .  

The ten numeric  c h a r a c t e r s .  

DCQATA , UCDATA, 
READCD, s m  
PRECRK 

The year of simulation. 

The year of  p r e c i p f t a t i o n  d a t a  - t o  be 
checked. . 

' OLDSNO r S  The snow water a t  t h e  s tart  of the y e a r  
of s i m u l a t i o a ,  fn  i n c h e s .  

O s t n J L E  BLX13 "he soil water s t o r a g e  throughout  t h e  
L a n d f i l l  a t  t h e  start  of t h e  y e a r  of  s i m -  
u l a t i o n ,  in i n c h e s .  

Rre plant  a v a i l a b l e  water c.aneclc_-* 15 2 

Layer, i n  VOI/VOI. 

PAW DSDATA 

.= AziC ;-r. 
riLrii( Zhe piant available water c a p a c i t y  of  t h e  

, e v a p o r a t i v e  zone, i n  inches. 
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. V a r i a b l e  

P.\UCUL 

P D R 3 1  

P DRN2 

PDRN3 

PEFF 

PHED 1 

PHEnZ 

Sub roil t i n e /  Common ' J e f i n l t t o n  

ETC'HK 

ELK 14 

ELK 14 

RLK 14 

ETenK 

E L K  14 

BLK 14 

PORO ( 9) BLK2, DSDATA, ' 

MSDATA, sxax 

P PRCl U I 4  

P?RC2 BLK I4 

P PRc3 

e P R E  

?%C 

BLK14 

8LK 14 

bUAIN. t A T - 0  

The p l a n t  avaFLabLe v a t e r  s t o r a q e  of  a 
segment, t n  i n c h e s .  

The peak d a i l y  Lateral d r a i n a g e  € r a n  t h e  
t h i r d  s u b p r o f l l e  from t h e  top ,  Fn i n c h e s .  

-The peak d a f l y  Lateral d r a i n a g e  frmn t h e  
second s u b p r o f i l e  from t h e  top ,  in 
i n c h e s .  

The peak d a i l y  lateral d r a i n a g e  lrom t h e  
top  s u b p r o f i l e ,  tn Cnches. 

The p l a n t  t r a n s p l r a t i o n  e f f i c i e n c y  for 
Limittng SOU water c o n d i t i o n s .  

The peak d a i l y  head on bottom of  t h e  
t h i r d  s u b p r o f l l e  from t h e  top ,  in Fncnes. 

'ihe peak d a l l y  head on t h e  5ottom of  t h e  
second s u b p t o f t l e  from t h e  top, l n  
i n c h e s .  

Thd peak-daily head on t h e  b o t t n  of  t h e  
top subprof  i l e ,  , l n  t n c h e s .  

A v a r i a b l e  set  t o  equal  r, 3.14159.  

The d a i l y  i n f i l t r a t i o n ,  in inches.  

The p o r o s i t y  of  a Layer,  i n  v o L / v ~ L .  

The peak d a i l y  p e r c o l a t i o n  from t h e  base 
of the t h i r d  s u b p r o f i l e  from t h e  top,  i n  
inches .  

The peak d a i l y  p e r c o l a t i o n  from t h e  b a s e  
of t h e  second s u b p r o f l l e  €rum t h e  t o p ,  i n  
i n c h e s .  

The peak d a i l y  p e r c o l a t i o n  from the base 
of t h e  top s u b p r o f i l e ,  in i n c h e s .  

The peak d a l l y  r a i n f a l l ,  i n  inches .  

- ,. , - ...., 
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V a r i a b l e  

P R C t  . 

P R C l A (  20 ) 

P R C L Y ( 2 4 0 )  

P R C 2  

P R C 2 A  (20) 

PRC2; .1(20)  

PRC 3A (20) 

. P 9 C 3 M ( 2 4 0 )  

P R E ( 3 7 0 )  

PREA(2d) 

. PREC ( IO) 

P R m ( 2 4 0 )  

PRUN 

DSNO 

PSW 

PROCRAY VARIABLES ( C o n t f n u e d )  . . 

RLK 15 

ELK 1 3 

.BLK 1 2 

BLK 15 

RLX 13 

a t ~ i  2 

13LKL5 

RLK 13 

RLK 12 

8 L K 8 ,  OUTDAY 

B t K  13 

DCDATA 

8LK 12 

RLK 14 

6 L K 1 4  

BLX 14 

Sub rou t h e  / Commo n ne f ln 4 t Lon 

The d a l l y  p e c c o l a t t o n  from the t h i r i  sun- 
p r o f f l e  from t h e  top, l n  t n c h e s .  

The a n n u a l  v a l u e s  of p e e c o l a t f o n  from t he  
t h i r d  s u b p r o f t l e  from t h e  t o p ,  l n  I n c h e s .  

The m n t h l y  v a l u e s  of  p e r c o l a t f o n  from 
t h e  t h i r d  s u b p r o f i l e  €rom t h e  top, in 
i n c h e s .  

. 
The d a i l y  p e r c o l & i o n  from t h e  second  
s u b p r o f i l e  from t h e  top ,  f n  f n c h e s .  

The a n n u a l  v a l u e s  of p e r c o l a t i o n  from the 
second s u b p r o f i l e  from t h e  top ,  t n  
i n c h e s .  

The m n t h l y  v a l u e s  of p e r c o l a t i o n  from 
t h e  second s u b p r o f i l e  from the top, f a  
i n c h e s .  b 

' The d a l l y  p e r c o l a t i o n  from the t o p  sub- 
proff le ,  l n  i n c h e s .  

The a n n u a l  - v a l u e s  of p e r c o l a t i o n  from t h e  
top s u b p r o f i l e ,  l n  Inches .  I 

The monthly v a l u e s  of p e r c o i a t l o n  from 
the top s u b p r o f l L e ,  f n  Inches .  

The d a i l y  p r e c l p t t a t t o n  v a l u e s  for o year 
of sirmrlatlon, i n  Fnches. 

The a q n u a l  p t e c i p l t a t l o n  values-, i n  
Inches ; 

';he p r e c l p i t a t l o n  v a l u e s  on a l i n e  of  
input d a t a ,  i n  l n c h e s .  

"he monthly p r e c i p i t a t i o n  v a l u e s ,  I n  
i n c h e s .  

The peak d a l l y  runoft, fn fnches .  

The beak d a i l y  snow water. i n  Cnches. 

Rra peak so i l  water c o n t e n t  in the evap- 
9rat27e :3ne, '.2 *ml . l*~a~. ,  
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'?a r i a  b Le 
~ 

PSUULE 

Q DR 

'7 DRN 

QDRNL 

QDRNZ 

. Q D R N ~  

quN3 

pBOCRA'4 VARIABLES (Cgntinued)  . . 

Su b rou t i n e  / Carno n 
8 L f l 3  

D R A I N  

AVROIJT, D R A I N  

s IXUTA 

S z m  

s IMIU 

DRAIN 

AVROUT, DRAIN 

S I M U U  

s I m  

s I Y U U  

?e f Fni  t i o n  

The s o i l  v a t e r  s t o r a g e  tSroughouc che . 
L a n d f i l l  a t  the  end o f  a year  o €  s i n u l a -  
t i o n - ,  in inches .  

The sum o f  the  computed L a t e r a l  d r a i n a g e  
and p e r c o l a t i o n  r a t e s  d u r i n g  a t h e  
in te rva l ,  in i n c h e s /  d a y .  

The sum of t h e  e s t i m a t e d  L a t e r a l  drainasp_ 
and p e r c o l a t i o n  r a t e s  d u r i n g  a t i n e  
i n t e rva l ,  I n  b c h e s / d a y .  

The sum of  t h e  estlmated l a t e ra l  d r a i n a g e  
and p e r c o l a t i o n  ra tes  f o r  t h e  t h i r d  s u b -  
p r o f i l e  from t h e  t o p  f o r  a t ine t n t e r v a L ,  
i n  inches lday  . 
The-sum of  thc e s t l m a t e d  l a t e r a l  dralnaqe 
and p e r c o l a t i o n  races fo r  t h e  second sub- 
p r o f l l e  from t h e  top  f o r  a t i : T e  in :a r ra i ,  , 
in i n c h e s l d a y  . 

F 

The sum of t h e  e s t i m a t e d  L a t e r a l  drai2ap;e 
and percolation rates  f o r  tSe top suhpro- 
f i l e  for a time I n t e r v a l ,  Ln i n c h e s l d a y .  

The computed L a t e r a l  d r a i n a g e  r a t e  for a 
t F m e  Lnterva 1, i n  t n c h e s l d a y  . 
The estfmatet i  L a t e r a l  d r a i n a g e  r a t e  f o r  a 
t lrne L n t e w a  I, Fn t n c h e d d a y  . 
The Lararal d r a i n a g e  frcm t h e -  : h l r d  sub-  
profile from the top  for t h e  p r e v i o u s  
time p e r l o d  i n  i n c h e d d a y .  

The Lateral d r a i n a g e  from t h e  second sub- 
p r o f i l e  from t h e  t o p  for t h e  prevloi is  
time p e r i o d ,  in Fncheslday.  

The '  L a t e r a l  d r a i n a g e  from tSe  top suboro-  
€ l l e  f o r  the p r e v i o u s  time p e r i o d ,  in 
i n c h e d d a y  . 

:' . 
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I .  -- 
PROGXUI VARIABLES ( C o n t  Fnued) 

Va r fab  Le 

q o m  
Subroutfne/Common 

D l w I f l :  H E A D ,  . 

urn0 

?e Ptn i  t i o n  

The mxfrnun drafnage r a c e  f o r  a time 
l n t e r v a  L ,  tn i n c h e s / d a y  . 

QPERC DRAIN The computed p e r c o l a t l n n  r a c e  €o r  a c h e  
l n t e r v a  I, l n  l n c h e s / d a y  . 

PERCY AVROUT, D R A I N  The e s t i m a t e d  p e r c o l a t t o n  rate € o r  a t fmc 
i n t e r v a l ,  l n  Fnches/day.  

Q P R C Y l  

QPRCY2 

S T M U U  The p a r c o l a t i o n  from t h e  t h i r d  subpro€ 1Le 
from t h e  top for- the p r e v l o u s  t t , ~  
p e r i o d ,  i n  i n c h e d d a y .  

s IXUW The p e r c o l a t i o n  from t h e  second subpro- 
f i l e  from t h e  top € o r  t h e  prevfous t h e  
p e r i o d ,  Ln i n c h e s / d a y .  

T)\c p e F c o i a t i n n  from t h e  top s u b p r o f i l e  
f a r  t h e  p r e v l o u s  tlme p e r i o d ,  in t n c h e s /  
day. 6 

STWU - 

IZAD (366) The d a i l y  solar radiation values f o r  a 
year o €  simftlatFt)n, ln LanSLeys. 

The monthly s o l a r  t a d f a t i o n  v a l u e s  for a 
year o t  s i m u l a t i o n ,  t n  Langleys.  

RAUI (12) DCDATX , iYTRLYR , 
R W D  

R E A O  The curve-Cl t ted  computed montnly solar 
radiation v a l u e s ,  l n  Lang Leys. 

RAIN . The sum of t h e  d a i l y  r a i n f a l l  lninus t h e  
change Cn snow water s t o r a g e ,  Fn i n c h e s .  

The r a i n f a l l  v a l u e s  f o r  the stmulation 
period, l n  inches .  

RAIN(20.37.10) 

RATIO 1 Tha r a t i o  of the o u t f l o w  t o  t h e  computed 
o u t f l o v  used t o  b a l a n c e  t h e  water budget  
ln t h e  top s u b p r o f l l e .  

RATIO2 

U T f O 3  

The ratio of t h e  o u t f l o v  to t h e  c m p u t e d  
outflow used t o  b a l a n c e  t h e  vater hudgct  
I n  the second s u b o r o € i l e  from t h e  COP. 

>e r a t i o  3E :he outflsw !a :he cmnuted 
a u t f i o w  :IS- :o 2aLance izp, saarttt tuag=r- 
ln the third s u b p r o t l l e  from the top. 
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QRoGRAhi V A R I A B L E S  (Cont  inued) 

' l a t i a b l e  Su b r o u ti ne ! C ommo n De E FnF t i on 

R C ( 9 )  B L X 2 ,  DSDATA, The h y d r a u l i c  c o n d u c t l v l t i r s  of  t h e  . 
. XSUATX , SDCHK Layers, f n  f n c h e s / h r .  

R C U L  ( 1 6 9 L K  7 The h y d r a u l i c  c o n d u c t f v i t i e s  oE t h e  seg- 
ment.s, in i n c h e d d a y  . 

RCULS (1 h 1 SEGXNT The product  o f  t h e  h y d r a u i i c  c n n d u c t i v l t y  
and segment t h i c k n e s s  t o  compute t h e  . 
h y d r a u t i c  c o n d u c t i v l t y  o f  t h e  segment,  i n  
i n c h e s  / h r .  

RDEPTH RLK6, OCDAX,  The e v a p o r a t i v e  zone d e p t h ,  I n  i n c h e s ,  
MTRLYR, OUTSD, 
READCD 

R Uti EVXWT, O K D A Y ,  The d a i l y  runoff, i n  i n c h e s .  
RUNOFF, SL'NL4 

RUNA (2') ) 8LKl3 

R'J!J?1(240) RLK 12 

._ 
RO 

R1 

K2 

s 

S 

'SCN 

SLOPE ( 9 )  

RCADCD 

REAIJCII 

PRO Y U  

. W N O F P  

SCAN 

The annual  runoEE value.s, I n  inches .  

The monthty runoff  v a l u e s ,  In i n c h e s .  
w 

'me average  annual  solar  r a d i a t i o n ,  in _ _  - -  -_  Lang 1eqTs;- - - 

The c o e f f i c i e n t  of  t h e  c o s i n e  term f o r  
computing t h e  d a l l y  so tar r a d i a t i o n  
v a l u e s .  

The c o e f f l c l e n t  of t h e  s l n e  term f a r  com- 
p u t i n g  t h e  d a i l y  solar r a d i a t F o n  v a l u e s .  

The s o i l  vater c o n t e n t  of a segment,  in 
inches .  

'ihc SCS soil v a t e r  r e t e n t i o n  parameter, 
i n  inches .  

The mult ipt iers  f o r  t h e  s ign of t h e  d a t a  
be ing  used. 

8 L K 3 ,  SCDHK, The s l o p e s  a t  t h e  i n t e r f a c e  be tveen  a 
S l T 5  barrier s o i l  Layer and a l a te ra l  d r a f n a g e  

Layer . 



Vattab Le 
SNO . 

Subroutifie!Cornnon 

EVAPO'T , 0 UTY R , 
S T ! a U *  SNOW 

?eftnition . 
The d a i l y  snow water s t o r a g e ,  i n  inches. 

s SLOPE 

STAGE1 

BLK5, SITE 
0 

The s u r f a c e  s l o p e ,  i n  peecent .  

ETCO EF * EVAPOT , 
S'CYUU 

The upper limit of  s t a g e  one soil evap- 
o r a t i o n ,  i n  Inches .  

8LK7, ETCOEF The t h i c k n e s s  o f  t h e  segments ,  i n  Lnches. 

The sum of t h e  G o d u c t s  of t h e  v a l u e s  t o  
be f i t t e d  t o  a c u m e  and t h e  c o s i n e  of 
its i o c a t l o n  l n  t h e  a n n u a l  p e r i o d .  

DATF LT 

S tm DAT FIT 

DATFIT 

EVAPOT 

The sum of t h e  products '  of t h e  v a l u e s  to 
be f i t t e d  t o  a cume and t h e  s i n e  o f  i t s  
Locat ion i n  t h e  annual perLod. 

The a v e r a g e  of t h e  v a l u e s  t o  be f i t t e d  t o  
a cume. * 

SUMD 

The water a v a i l a b l e  a t  t h e  s u r f a c e ,  i n  
i n c h e s .  

- -  - _  .- -_ - 

SU 

S t i  

Sin M 

RLK 15 The soil u a t e r  c u n t e n t  of t h e  e v a p o r a t i v e  
zone, i n  vol /voL.  

The sol1 vater c o n t e n t  of segments of t h e  
e v a p o r a t i v e  t o n e ,  h ',riches. 

AVROUT The Lower L i m i t  of SOU watar c o n t e n t  
that can d r a i n  on a g i v e n  day, i n  I n c h e s .  

Strut ( l6 )  BLK 7 The soil water c o n t e n t s  of t h e  segments ,  
fn Lnches. 

SWLE 

s WULE 1 

SUUL22 

EVAPOT, OVCSD, The SOU u a t e r  c o n t e n t  of t h e  e v a p o r a t i v e  
SIMTtA , zone, Ln i n c h e s .  

SIHULA The sol1 vater  c o n t e n t  of  t h e  top  subpro- 
flle, l n  i n c h e s .  

me soil vater  c o n t e n t  of the second'  mb- 
sro i l i e  i rm :ne cop, i r 7  rncnes. 

Z'he soil uafer c o n c e a t  of t h e  c h l r d  s o -  
p r o f l l e  from t h e  top, In  i n c h e s .  

. *  
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P R O G U Y  VARIABLES (Continued)  

Vat iab  Le 

SWULY(l6) 
Subrputine/Comnon 

AVROUT; D U N ,  
PRO FZL 

')e€ I n i t  ion 
The so i l  vater c o n t e n t s  of  t h e  segments 
for t h e  prev lous  time p e r i o d ,  i n  inches. 

SUULYE (1 6 )  AVROUT The soil water c o n t e n t s  of  the segments a t  
the end of t h e  p t e v l o u s  t h e  p e r i o d ,  i n  
fncheg . 
The number of days  since s t a g e  one soil 
e v a p o r a t i o n  s topped.  

EVAPOT, SIFIUIA T 

OUTAVG The average  anrnal l a t e ra l  d r a f n a g e  from 
t h e  t h i r d . s u b p r o f i l e  from t h e  top ,  in 
cu. f t .  

TADN 1A 

TADN2A OUTAVG The average  annual  l a t e r a l  d r a i n a g e  from 
t h e  second s u b p r o f l l e  from t he  top ,  i n  
cu.  k .  . .. 

TADN 3A OUTAVC 'The average  a n n u a l  lateral  d r a i n a g e  €rum 
the top s u b p r o f i l e ,  I n  CU. Et. * 

OUTAVC TAETA The average  a n n u a l  e v a p o c r a n s p l r a t i o n ,  in 
cu. Et. 

The average  a n n u a l  p e r c o l a t i o n  from the 
base of t h e  t h i r d  s u b p r o f f l e  from the 
top ,  in CU. f t .  

TAPC LA 

TXPCZA . 

T A P C M  

TAPREA 

mReA 

OUTAVC 

OlJTAVC The average  a n n u a l  p e r c o l a t i o n  from t h e  
b a s e  of the second s u b p r o f f l e  frm :be 
tOQ, i n  CU. e t .  

OUTAVG . The average  a n n u a l  p e r c o l a t i o n  'from the 
base of the top w r b p r o f i l e ,  Fn CU. f t .  

Tha average  a n n u a l  p r e c i p i t a i i o n ,  in 
CU. f t .  

OUTAVG 

B U S ,  S D C t l K ,  
SITE 

The s u r f a c e  a r e a  of t h e  l a n d f i l l ,  ln 
sq. f t .  

TARUNA 

TSAL 

OUTAVC The average  a n n u a l  r u n o f f ,  I n  cu. E t .  

The average v a t e t  h d g e t  ba lance .  i n  
CU. LZ. 

21. annual  Lateral d r a i n a g e  i rm ine 
third s u b p r o f l l e  f r a n  the top, fn CU. ft. 

3 l K N  1A OUTYR 
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Variable 

T D R N 2 4  

TEMP ( 12) 

T r r  

TETA 

TH 

TH 

THICK (9) . 
I 

r n m  I 

TI 

Tom0 

"OSU 

PROGRAM VARIABLES (Cont h u e d )  . 

Subroutine/Comrnon D e f i n i t i o n  

OUTYR The annual l a t e ra l  d ra inage  from t h e  
second subproflle from the  top, in CU. 
e t .  

OUTYR The annual  l a t e ra l  d ra inage  from t h e  top 
s u b p r o f i l e ,  Ln CU. f t .  

The mean monthly t empera tures  f o r  a year 

.The e v a p o t r a n s p i r a t i o n  vhen not Lirnfted 
by Low soil moisture, i n  Inches. 

DCDATA, WrRtYR, 
READCD of s imula t ion ,  in degrees  Fahrenhei t .  

EVAPOT, smu 

OUTKR The annual  e v a p o t r a n s p l r a t i o a ,  i n  CU. ft. 

OATPIT . The d a t e  i n  terms of f r a c t i o n  of an 

WAIN, ' H E A D  
U T F L O ,  urns 

8 ~ x 4 ,  DSDATA, 
FSDATA, SDCHK 

5 ECMNT 

DATFIT 

POTET 

BLK8 

OONVRG, DRAIN 

OUTYR 

annual  pe r iod .  

The head on the base of a u b p r o f i l e ,  in 
inches. 

The t h i cknesses  of t h e  hyars,  i n  inches.  

A v a r i a b l e  used to compute the  thiciureqs 
of the evapora t ive  zoue. 

The midpoint of a d i v i s i o u  of the 
h a m o n i c  period. 

The d a i l y  tempetatura ,  in degrees  Kelvin.  

The d a i l y  t empera tures  f o r  y e a r  of 
simulation, in degree8  Fahrenhei t .  

The canputed aman mmthly t empera tures ,  
in degrees  Fahrenhei t .  

The upper Limit of t h e  i t e r a t i v e  s o h t i o a  
in t he  converganca techniquo.  

Tha saw u t e r  a t  . t h e  atart .of t he  year 
of sku la t ion .  i n  cu. ft. 



V a r i a b l e  

TP DRN 1 

TPDRNZ 

TP DRN3 

TPQRCl 

TP?RC2 

TPQRC3 

TPRC u 

TPRCZA 

T P R C U  

TPReA 

TPRIJN 

TPSNO 

TPSW 

TRUNA 

TSNO 

-a 

pR0GxAl-t VARIABLES (Continued)  

Subroutlne/Common 

OUTPER 

OUTPEK 

OUTPM 

O U T P M  

OIJTPEK 

OUTPEK 

OUTYR 

OUTYR 

OUTYR 

OUTYR 

OUTPEX 

OUTPPX 

0- 

OUTYR 

?‘F?. 

READ0 

3e E in i t i o n  

The peak d a i l y  L a t e r a l  d r a i n a g e  Erom t h e  
t h i r d  s u b p r o f i l e  from t h e  top,  i n  cu. ft. 

The peak d a i l y  L a t e r a l  d r a i n a g e  €ram t h e  
second s u b p r o f i l e  from t h e  top ,  i n  cu.  
f t .  

The peak d a i l y  Lateral d r a i n a g e  from t h e  
top subproEilr  , i n  cu. ft. 

The peak d a i l y  T e r c o l a t i o n  from t h e  t h i r d  
s u b p r o f i l e  from t h e  top, In cu. E t .  

The peak d a i l y  p e r c o l a t i o n  from t h e  
second s u b p r o f i l e  Erm t h e  top ,  In cu. 
It. 

The peak d a i l y  p e r c o l a t i o n  from t h e  t op  
subprof  tLe, i n  cu. f t. 

The peak d a l l y  p r e c i p i t a t i o n ,  ln cu. e t .  
e 

The a n n u a l  p e r c o l a t i o n  from t h e  t h i r d  
s u b p r o f f l e  from the top ,  i n  cu. f t .  

The annual p e r c o l a t l o n  from t h e  second 
s u b p r o f i l e  from t h e  cop, in cu. Et. 

0 

The a n n u a l  p e r c o l a t i o n  from t h e  top  sub- 
p r o f i l e ,  i n  cu. E t .  

Tha a n n u a l  p r e c i p i t a t i o n ,  In cu. ft. 

The peak d a i l y  runoff, In cu. E t .  

The peak d a l l y  snov water s t o r a g e ,  i n  
CU. ft. - 
The soil vater storage th roughout  t h e  
L a n d f i l l  a t  t h e  end of t h e  y e a r  of  s h u -  
Lation, i n  cu. E t .  

The a n n u a l  r u n o f f ,  in cu. ft. 

The a n n u a l  a v e r a g e  of wnth1.y mean tan- 
p e r a t u r e s ,  i n  d e g r e e s  F a h r e n h e i t .  

r: .. 
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T1 

P R O G U t l  VARIABLES (Continued) . 

Var iab le  S u b r o u t i n e / C o m n  9ef I n l t i o n  
The c o e f f i c i e n t  o €  t h e  cos ine  tern € o r  
computing the d a i l y  mean temperatures ,  
deg rees  Fahrenhei t .  

Ln 

T2 

Ut( 16)  

UTA 

VALUE (10) 

v OEPT21 

VI 

v2 

READcD' 

REXOCSI 

BLK7 

omsn, smuu 

IXDATA , DSDATA , 

HSDATA, MTRLYR, 

SCAN, SDC'XK, 
SIMJlA, SITE 

&%IN 9 YCDATA, 

OPE%, PRECHK, 

8LK6 

AVROUT 

AVROUT 

AVROUT 

DCDATA 

mHK, RCOEP, 
EVAPOT , RUNOFF , 
S InUU 

The c o e f f i c i e n t  of  the  s i n e  term f o r  com- 
pJting t he  d a i l y  mean temperatures, 
deg rees  Fahrenhei t .  

l n  

The p o r o s i t i e s  o r  s a t u r a t e d  capacit ies of 
the segments,  l n  inches .  

The muximum SOU water s t o r a g e  I n  the 
evapora t ive  zone, i n  inches.  

. 

Numeric v a l u e s  of lnput  read b y  use of 
subroutine SCAN. 

- 

The t h i c k n e s s  of the  evaporative zone, l n  
lnches 

A partial s o l u t l o n  of t5e  vertical vate .  
r o u t i n g  equa t ion .  

A partial  s o l u t i o n  of the ver t ica l  water 
r o u t i n g  equa t ion  

A partial  s o l u t i o n  of the v e r t i c a l  water 
r o u t i n g  equat ion.  

The v l q t e t  cover €actors for the seven 
d e f a u l t '  v e g e t a t i v e  typas, in u n i t s  of  
-leaf area index. 

Weighting f a c t o r s  for propor t ion ing  t h e  
e v a p o t r a n u p t t a t l o n  anong the  7 segwnt:, 
and f o r  d e t e n i n i n g  ve lghted  averaga o o t l  
mt er con t e n t  . 
The v i l t i n g  points 'of t h e  l ape tu ,  i n  
' 1 0  L / .?a !. 

*- -..e . -6:: :-- 
i nches  . -..3 ,701aK3 ~f ;.tc segmcnr3, ;A 

4 .. . 
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P ~ O G F L W  !IXXIXBLES !Cant inued)  
Vat l a b  le Subroutine/Common . I e f i n i t i o n  

GPULLE SIXULX The w i l t i n y  p o i n t  of t h e  e v a p o r a t i v e  
zone, fn Fnches. 

UT sE.1 RGYOFF The depth-weighted s o i l  v a t e r  t3n :~n t  ~f 
' t h e  e v a p o r a t i v e  zone, i n  v o l l v o l .  

U l ( 7 )  DSDATA 

A c o e f f i c t e n t  used t o  compute che SCS 
run-o.ff curve  number f o r  XMC-I:I.as a 
f u n c t i o n  of d e f a u l t  v e q e t a t i o n  and s o i l  
t y p e  

A c o e f f i c i e n t  used t o  compute t h e  SCS 
run-of f  c u r v e  number for M C - I 1  a s  a 
f u n c t i o n  of d e f a u l t  v e g e t a t t o n  and s o i l  
t y p e -  

XX2(7) DSDATA A c o e f f i c i e n t  used t o  c m p u t e  che  SCS . 
run-off c u m e  number f o r  LYC-II 2s a 
f u n c t i o n  of d e f a u l t  v e y c c a t l o n  and s o i l  
type  b 

XCC)FJA ( 2  I 1 DSDATA The soil e v a p o r a t i o n  ( t r a n s m i s s i v i t y )  
_ _  -. c o e f f i c i e n t s  f o r  e 21  d e f a u l t  -. . soil - 

ljrt . . .  w e s  ;'..-Frr-mmlda~y . . . . . . . . __ . . . . -- . - .  
e 

XFC ( 2  L) DSDATA The f ieLd capaci t ies  of t h e  2 1  d e f a u l t  
s o i l  t y p e s ,  i n  v o l / v o l .  

XGR (7) DCUATA The E a c t o r s  t o  a d j u s t  t h e  d e f a u l t  Leaf 
. a r e a  I n d i c e s  €or  Lesser s t a n d s  of  

vegeca t  ion .  

XHEAD HEAD 

X L A I  BLK 1 1 

YLAI 1 SLK8, D U I S  

XTAZ 1 3  (1 3 )  BLKLC), DCDATA, 
MTRLYR 

B L K 3 ,  SDCHK, 
.-- 

I- 

XT.I.:NC (9) 

The Fncremental  head of  a segment,  i n  
i n c h e s .  

The d a l l y  Leaf area index .  

'me l e a f  area fndex o f  t h e  f i r s t  day of a 
year of s i m u l a t i o n .  

The leaf a r e a  Fndices  f o r  a y e a r  of  s b u -  
Lat ion .  

The daily snowmelt, i n  inches .  

. .  . .  1 3 h  . .  . 
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P R O G U Y  V A R L A  BL E S ( C o n c 1 u d ed ) 

Var l a b  le S u b r o u t i k e l  C o m n  Deflnition 

DSDATX The minfmum infiltration r a t e s  of the 
2 1  d e f a u l t  soil types ,  in i n c h e s l h t .  

DSQATA 

DSDATA 

The p o r o s i t i e s  of t h e  2 1  d e f a u l t  so i l  
types ,  i n  vol/voL. 

The h y d r a u l i c  c o n d u c t f v l t l e s  of the  
2 1  d e f a u l t  s o i l  t ypes ,  In . t nches /h r .  

s IMJU The d a i l y  excess sui1 v a t e r  in t h e  top  
subprofile I n  Cnches. 

XSWl 

s I W U  The d a l l y  excess s o i l  vater In the second 
s u b p r o f i l e  from the top,  in Inches. 

xsm 

s :mu ;he d a i l y  excess  s o l 1  wato-r ' 3  the third 
s u b p r o f l l e  frun the top. ln Inches.  

XSG3 

DSnATA The wilting p o i n t s  of t h e  2 1  c.efaul t  soil 
types, in vo l /vo l .  

Tha-computed vaLue--to be checked by the 
convergence procedure.  

- -  __ - 
c o r n  

c o r n  The previous  estimate of the t:omputed 
value that cas produced by t h e  conver- 
gence procedure.  

- 
i x1 

. .  

x2 

OUTAVG The number of y e a r s  of s imula t ion .  XYR 

YEAR LEAP The year of simulation. 

s IMJU The 8nov water s t o r a g e  of yes t e rday ,  i n  
Ferchas . Y SNO 

Y W L l  

Y r n 2  

IS'JUW 

S M D U  The s o u  vater s t o r a g e  of yes te rday  i n  
t h e  top s u b p r o f i l e ,  in inches.  

. s1mu The s o l 1  vater storage of yes te rday  in 
t h e  second s u b p r o f i l e  from t h e  top, i n  
lnches . .  

3 i X J L i  
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APPENDIX C 

ORGANIZATION OF TKE YELP XODEL 

The HELP program c o n s i s t s  of a h i e r a r c h i a l  ser les  of s u b r o u t i n e s .  Tlle 
main program d i r e c t s  t h e  l n p u t  o p t i o n s ,  starts t h e  s i m u l a t i o n ,  and stops t h e  
program as shown fn F l g u r e  C-1. 
and o u t p u t  by s e q u e n t i a l l y  c a l l i n g  a series of w b r o u t i n e s  a s  shown in FF3- 
u r e  C-2. C a l c u l a t i o n  of d a i l y  v a l u e s  f o r  t e m p e r a t u r e ,  l n s o l a t i o n ,  and Leaf 
area index  Is c o n t r o l l e d  by w h r o u t i n e  R E A N D  as shown in Ffgure C - 3 .  The 
tjater r o u t i n g  t e c h n i q u e s  used € o r  s l m u l a t l o n  are conducted by s u b r o u t i n e  D R A I N  
a s  shown i n  F l g u r e  C-4.  me € u n c t i o n s  of each of t h e  s u b r o u t i n e s  a r e  des- 

S u b r o u t l n e  S W U L h c o n t r o L s  t h e  s lmula t l t rn  run 

c r i b e d  b r i e f l y  be lov .  c 

%IN 

n%IN Is the main program t h a t  d i r ec t s  c o n t r o l  t o  v a r l o u s  s u b t o u t l n e s  f o r  
' e n t e r i n g  c l f m a t o l o g l c  d a t a ,  9a.U c h a r a c t e r l s t l c s  and d e s i g n  i n f o r m a t i o n ,  and . - -- runrilng tfie s k n u l a t l o n .  

. ANSWER 

S u b t m i t i n e  AUSUER reads a r e c o r d  of input  t h a t  r e q u i r e s  an  fnput  of  
e i t h e r  YES o r  '40, and t h e n  sets t h e  v a r i a b l e  IANS t o  a q u a l  0 Cf t h e  i n p u t  Is 
YES, and t o  e q u a l  I it the i n p u t  FY YO. 

S u b r o u t l n e  '.'?ROUT c o n t a i n s  a cater rou t ing  and storage algorfttun t+a t  
allovs vater t o  drain v o r t i c a l l y  from upper t o  Lover segments. Darcy ' s  Lav, 
c o n a e r v a t i o n  of m a s  and t h e  assumpt lon  of free d r a i n a g e  o u t  of each segment 
are i n c o r p o r a t e d  i n t o  t h e  method of s o l u t i o n .  
for each segment at t h e  midpoln t  of t h e  r o u t i n g  time i n t e r v a l  (DT). 
prior i  estimate of t h e  d r a i n a g e  rate from t h e  bottocn segment of the p r o € T l e  is 
used to  compute t h e  moisture balance l n  t h e  bottan segment.  The f i r s t  e s t l -  
mate of t h e  d r a i n a g e  rate from t h e  bottom segnrent is t h a t  computed l n  t h e  pre- 
v i o u s  t ime s t e p ,  If c h a t  estimate t s  not a c c e p t a b l y  c l o s e  t o  t h e  subsequent  
-sz;.tacs r - 3 ~  ,L=;ZUZ=ZY _ _  , x .~3r=-?ea ?zz:.-=cz -3 : E Z Z L Z ~ G  -I ;IL:Y*:- 

:<ne 'I3NVQC. 

A mois tura  b a l a n c e  Is computed 
An a 

-e. 
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Subrout ine  CKRL!J s e t s  c o n t t 9 1  v a r i a b l e s  CescrL5 i n q  :he IscarLon o f  the  
s u b p r o f i l e s  as  be ing  part  of c h e  cover  o r  che v a s t s ,  iix:, and drai:.aae 5ys- 
cem. These c o n t r o l  v a r i a b l e s  a r e  used Fn the  ou tpu t  r o u c i n e s ' c s  i c e z t i f y  
s i m u l a t i o n  r e s u l t s .  

COHPUT 

The f u n c t i o n  subprogram COMPUT computes va lues  from t he  equat ions  o l  
smooth harmonic cu rves  de r ived  from a curve f i c c i n g  method. The equa t ions  f i t  
mean mont'hly va lues  of temperature  and i n s o l a t i o n  u i e h  smooth curves having 
annual.  p e r i o d s .  These equa t lons  are used t o  determine mean d a i l y  temperature  
and i n s o l a t i o n .  

. 

CONVRG 

Subrout i2e  CONVRG compares the  ?reviaas esc imate  o f  d ra inaqe  r a t s  u i t h  
t he  c u r r e n t  e s t i m a t e  or' d r a inage  race. If consecu t ive  e s t i m a t e s  a r e  n o t  
v t t h l n  a preset t o l e r a n c e ,  a new estimate 1s computed and re turned  t o  subtou- 
t ine  AVROUT. 

DATFIT 

Subrou t ine  DATFIT de termines  cbe equat ions .  or' smooth haraonic  cu rves ,  
vhich pass through t h e  12 mean monthly va lues  of tempera ture  and i n s o l a t i o n  
For each year of ' s imula t ion .  
compute d a i l y  v a l u e s  f o r  t empera ture  and i n s o l a t i o n .  

These equa t ions  are used in subrou t ine  COHPUT t o  

DCDATA 

Subrou t ine  DCDATA reads t h e  data f o r  d e f a u l t  c l lmaco log ic  inpu t .  

DLAIS 

Subroutin.  DLAIS computes d a l l y  p o t e n t l a l  changes i n  tha  l e a f  a r e a  index 
f o r  a year of s b u l r t i o n .  

DRAIN 
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*- 

3 i d p o i n t  of  the Last t h e  s t ep  fo r  each day. Computations a r e  pe t fomed i v  
calling subrout ines  x V R O U T ,  PROFIL,  HEAD, U T K S ,  rATFL0, and COYV9C fn  a Loop 
t h a t  termfnates  when 3 convergence c r i t e r l o n  is s a t l s i f e d .  

Suhrout ine DSDATX reads  s o i l  t e x t u r e s ,  l a y e r  d e s c r i p t t o n s ,  and Layer 
th icknesses  fo r  t he  d e f a u l t  sol1 c h a r a c t e r i s t i c s  lnput  opclon. 

Subrout lne ETCHK examines the  d a i l y  soil water con ten t  of ehe evapotactve 
zone and r e c a l c u l a t e s  d a i l y  p Lant t r a n s p l r a t i o n  uhen p lan t  evaporat Fve demand 
i s  high and sofl  vater con ten t  i s  low. 

ETCOEF - 
Subroritine STCOCF computes the e f f e c t i v e  evapora t ion  o r  t r ansmiss iv t ty  

coeEi i c i en t  of t h e  evapora t ive  zone and the u p p e r  L L r n i t  for stage one sol1 
evapo r a t  fon.  r 

. .  
EVA POT 

Subr'outfne EVAPOT computes d a i l y  su r f ace  evaporaclon,  soil evapora t ion ,  
and p o t e n t i a l  p l an t  t r a n s p i r a t i o n .  The subrout ine  then d e t e r n i n e s  haw the  
total e v a p o t r a n s p i r a t l v e  demand is d l s t r l h u t e d  among tSe seven segments of 
t h e  evapora t ive  zone. 

H E A D  

Subrout lne HEAD computes tne g r a v i t a t i o n a l  head available i n  t h e  p t o f l l e  
to d r f v e  l a t e ra l  flow and p e r c o l a t i o n  through the  barrier. The computatlon 
proceeds from t h e  top of t h e  barrier layer accumulating head from s a t u r a t e d  
segments. ;*hen a segraant i s . ancoun te red  i n  which the  moisture conten t  is 
l o v e r  than t h e  total porosity,  the  a p p r o p r i a t e  f r a c t i o n  of * t h e  s.gment thick-  
ness 1s added t o  t h e  estimate of head and the procedure ends.  

U r F L O  

1 Subrout ine  LATFLO computes the  Lateral flow rate based on a l l n e a r l z a t i o n  
of the Boussinesq equation. 
:.?.e :Lye ::=?. 

All computations are performed a t  the  midpoint o f  

244 I '  



U i K S  

S u b r o u t f n e  U T K 8  computes t h e  e f f e c t i v e  Lateral h y d r a u l i c  c o n d u c t i v i t y  
€or t h e  s a t u r a t e d  p o r t i o n  of t h e  p r o f i l e .  
t h i c k n e s s - u e i g h t e d  a v e r a g e  of t h e  h y d r a u l i c  c o n d u c t t v i t i e s  o f  the  segments  o r  
f r a c t i o n  of  segments  used i n  t h e  head cornpueation. 

The e f f e c t i v e  c o n d u c t i v i t y  Fs a 

The i n t e g e r  € u n c t i o n  subprogram LEAP d e t e r m i n e s  v h e t h e r  t h e  year be ing  
s t m u t a t e d  is a Leap y e a r .  

S u b r o u t i n e  ?ICDATA reads p r e c F p F t a t i o n  i n p u t  f o r  t h e  manual clLmatolog Fc 
i n p u t  option. 

The integer f u n c t t o n  subprogram XONTH d e t e r m i n e s  t h e  m n t h  of a year for 

r 

a .Tullan d a t e  given a n  indicator as t o  whether  t h e  y e a r  is a .  l e a p  year .  

HS DATA 

S u b r o u t i n e  WDATA reads u s e r  i n p u t  f o r  t u n o f €  cume number, soil c h a r a c -  
t e r i s t i c s ,  l a y e r  d e s c r i p t o r s ,  and Layer t h i c k n e s s e s .  

S u b r o u t i n a  m Y R  reads user input f o r  man m n t h l y  t e m p e r a t u r e  and ’ 
. i n s o l a t i o n ,  l e a f  area Index, winter cover factor, a d  root zone depth. 

OPEN 

S u b r o u t i n e  OPEN reads wer i n p u t  f o r  SCS runoff c u m e  number and d a i l y  
po ten t ia l  r u n o f f  fraction vhen t h e  waste c e l l  of t h e  l a n d f i l l  is open. 

O1lrAVC 

e 
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OUTDAY 

Subrout ine  OUTDRI  prlnts d a i l y  r e s u l t s  of the s h u t a t L o n .  

ou>o 

Subrout ine  O U n O  prlnts m n t h l y  t o t a l s  of t h e  s h u l a t l o n  r e s u l t s .  

OUTPEK 

Subrout ine  OUTPEX prlnts- peak d a i l y  r e s u l t s  of t h e  s imula t ion .  

OUTSD 

Subrout ine  OUTSD p r i n t s  t h e  Lnput soil c h a r a c t e r i s t i c s  and des iqn  Lnfo r -  
mat i on .  

OUTYR 
. .  

Subrou t ine  OUTYR prints annual  to t i i l .~  of t h e  s imula t ion  r e s u l t s .  
- 

- . .  2 -_  - - -  - ._ -_ FQTET - 

Subrout ine  POTET computes d a i l y  p t e n t i a l  evapoc ransp l r a t ion  values Co c a 
year of s imula t ion .  

PRECHK 

Subrout ine  PRECXK i s  used $0 check and c o r r e c t  p r e c i p i t a t i o n  va lues  f o r  
nanual  c l h a t o l o g i c  Lnput. 

PROFIL 

Subrout ine  PROPIL checka each p r o f i l e  segment, beglnnlng a t  the  h t t m  o €  
the  ptof l la ,  foe nmis ture  c o ~ f a n t  g r e a t e r  than the  pore space a v a i l a b l e  l n  the 
segment. mea excess amis tu re  is encountered in a segment, t h e  segment  noi is- 
cure con ten t  im set equa l  to  the  t o t a l  porosity of  the  segment and t h e  excess 
mois ture  la d i s t r i b u t e d  t o  the  segment above. 

READCD 
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S u b r w t l n e  REMSD. reads  t h e  data  f i l e  con ta in ing  t h e  so i l  c h a r a c t e r i s t i c s  
and des ign  I n f o n a t i o n .  

RUN0 F F 

S u b r o u t h e  RUNOFF determines  t h e  d a i l y  s t t i rage r e t e n t l o n  parameter and 
cqmputes t h e  d a i l y  runof f .  

s CAN 

Subrou t ine  SCAN examines an a r r a y  of 76 alphanumeric c h a r a c t e r s ,  which 
are read trom i n t e r a c t i v e  inpu t ,  and conve r t s  t he  a r r a y  I n t o  an a r r a y  o t  t en  
f l o a t i n g  p o i n t  v a l u e s .  SCAN is used €or reading all, numeric inputs  from t h e  
user. 

SDCYK 

Subrou t ine  SDCHK is used t o  check and c o r r e c t  s o i l  c h a r a c t e r i s t i c s  and 
des ign  t n f o n a t i o n  for the  manual l npu t  o p t i o n .  

Subrou t ine  SEGXNT d i v i d e s  the  LandfFll  prof i l e  l n t o  segments and a s s lgns  
soil c h a r a c t e r i s t i c s  to  the  segments. 
tial s o i l  u a t e c  c o n t e n t s  o€ the  segments. 

This subrou t ine  also asslgns t he  ini- 

s IMTLA 

Subrou t ine  S'ZHUU d i r e c t s  t h e  s imula t ion ,  c a l l l n g  s u b r o u t i n e s  t o  read 
The d a t a ,  p r i n t  i n p u t ,  compute water budget c m p o n c n t s , '  and p r i n t  o u t p u t .  

accoun t ing  procedures  f o r  the water t x l d g e t  are  pe r fomed  in t h l s ' s u h r o u t l n e .  . 

SITE 

Subrou t ine  STTE reads user Inpu t  € o r  s u r f a c e  area, d r a i n a g e  s l o p e s ,  and 
rnaximum d r a i n a g e  d i s t a n c e s .  

i u a r c u c n e  S i O U  cornpuce.u c i a L y  s o w  s t o r a g e  and d a i l y  snouneL:. 

2E8 
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SORTIR 

Subrouthe  SORTYR s o r t s  the years of precipltatfon data t n t o  C h r O n O ~ J ~ -  
LcaL order. 
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APPENDIX D 

COMPARISON rJITH W U L T S  OF DUINFIL XODEL 

Both t h e  HELP and DRAINPIL‘ models vere developed t o  s imula t e  t h e  hydro- 
l o g i c  performance of l a n d f i l l s .  The tvo models a r e  similar v i ch  r e spec t  t o  
t he  amnner in vhich l a t e r a l  d ra inage  is es t ima ted ,  but are o therwise  quite d i f -  
f e r e n t  with r e s p e c t  t o  t h e  solution t echniques  employed. Data requirements  
o r a  g e n e r a l l y  similar, except  t h a t  DRAINFIL u s e s  hourly p r e c i p i t a t i o n  d a t a  
while HELP r e q u i r e s  only d a i l y  t o t a l  p r e c i p i t a t i o n .  
resu l t s  produced by t h e  models, s imu la t ion8  vere performed f o r  bo th  a l a n d f i l l  
cap (cover )  system and a l i ne r /d ra$n  system. The des igns  s e l e c t e d  v e r e  based 
on d r a f t  des ign  guidance documents prepared by the U.S. Environmental Protec- 
tion Agency. H i s t o r i c a l  p r e c i p i t a t i o n  d a t a  f o r  S e a t t l e ,  Washington v e r e  used 

In o r d e r  to compare 

f o r  a l l  the s imula t ions .  - 

INPUT .. 
Three t y p e s  of input  are used by t h e  HELP model: c l i m a t o l o g i c  and vege- 

‘ t a t i o n  d a t a ,  des ign  informrrtioa; and soil c h a r a c t e r i s t i c a .  Input  daca a r e  _- - - - _- - - 
8 m r i t e d  below. 

Cl lmato logic  Input  

Tha c l i m a t o l o g i c  and v e g e t a t i o n  inpu t  a r e  desc r ibed  below and p a r t i a l l y  
l i s t e d  i n  Tables  D-1 , and D-2. 

P r e c i p l t a t l o a :  25 years os  d a i l y  va lues  (1951 t o  
1975) f o r  the open landfill and 
2 1  y e a r s  or‘ d a i l y  v a l u e s  (1955 t o  
1975) f o r  t he  landfill cap 

one 5et of ‘12 mean monthly -talues 
(see Table  D-1) 

Temperatura: 

Solu Radiat ion : One se t  of  12 mean monthly va lues  
(see T a b l e  D-1) 
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i X B L E  9-L . TMPfXiXRE .4l:n S O U R  UDIXTION DATA 

Yean Yonchly 'lean Uonc+ly 
Tempe ta cure So la r RadFa c i o n  

* \!onth (degrees Fahrenheit) ( L m g  Levs/dav) 
January 

' February 

'larch 

' Xpril 

Yay 

June. 

. July 

xugus t 

Sep cember 

Oc to b e .r 
' loveo be r 
De c embe r 

4 0 . 1 3  

41.08 

45 .08  

51 .r)7 

5 7 . 4 5  

6 2 . 4 9  

64.87 

6 3 . 9 2  ' 

5 9 . 9 2  

5 3 . 9 3  

4 7 . 5 5  

4 2 . 5 0  

69.811 

144.61 

2 6 7 . 8 6  

395'. 5 7 

$ 9 7 . 5 5  

546 

529 

450 

3 3  1 

Crh 

20 
39 

I& ' 

2 0 3 . 0 2  

10 1 .A5 
52.54 * .  

. .  
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- 0  

Leaf Area Index: 
. ,  , .  I 

V h t e  r Cover Factor:  

Evaporat ive lone  Depth: 

One set of  13  va lues  desc r th inp  4 

season: t y l c a l  of a ?oar qrass 
f o r  the cap and of  bar’egtound 5 3 ~  

t h e  open waste cel!  ( s ee  T a b l e  p-2) 

I year, p a r t i c u l a r l y  the z r w i n q  

One value desc r lb ing  t h e  Leaf a r e a  
index of dormant ; r t n t e t  cover ( see  
T a b l e  D-2) 

6 fnches fo r  a poor g r a s s  ( f o r  Land- 
fill cap) and 2 inches f o r  bareground 
( f o r  open s l t e ) ,  

Design I n f o m i t i o n  

The des ign  Information f o r  t h e  Landf i l l  cap and L ine r /d ra in  system a r e  
summa r ized  be Low. 

L a n d f i l l  Cap: 
Thfckness  of v e g e t a t i v e  l a y e r  
Thickness of d r a i n  l a y e r  
Thickness  of barrier SOU l a y e r  
Slope of barrier SOU l a y e r  
:4aximum dra inage  distance 
SCS runoff c u m e  number 

Thickness  a€ waste l a y e r  
- Thickness .of d r a i n  Layer 

Thickness  o f  barrier soil l a y e r  
Slope of b a r r i e r  s 0 - U  l aye r  
Maximum dra inage  d f s t a n c e  
SCS run0 f f curve number 

L i n e r / b r a f n  System: 

S o i l  C h a r a c t e r i s t i c s  

2 E t  
I f t  
9, ft 
3% 

;is f: .. 
50, poor runoff  p o t e n t i a l  

9 ft . 
I f t  . 
2 f t  
2 x  

2 5  f t  
20, no runoff  p e n i t t e d  

The so i l  properties of the v a r i o w  l a y e r s  a r e  as follovs: 
Top Foot of  Vegeta t ive  Layer: 

P o r o s i t y  0.5 voL/vol 
F ie ld  c a p a c i t y  0.47 voL/voL 

0.15 v o l / v o l  
Hydtoul ic  c o n d u c t i v i t y  1.417 X ’  10g:5in./hr 
Evaporation ( t r a n s m i s s i v i t y )  c o e f f i c i e n t  4.8 mm/day 

Wil t ing point 

Rottom Foot of  Vegeta t ive  Layer: 

same as  above except 
F i e l d  capac f ty  0.45 v o l / v o l  

?rat!! .‘dVt?r3 ! 

c 
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Y 461 
WINTER COVER FACT9 R S  

.. 

c 

L a n d f i l l  Cap %en Yasta ZsL! 
Date Leaf  Area Index !.ea€ Area I n d e x  

0.00 0.00 

0 .oo 0 .00  

0.30 0.00 

0.50 0.00 

0.50 0.00 

0.50 0.00 

1 52 0.50 0.00 

I64 0.50 r) .OO 
176 0 . 4 5  0.00 

0 . 3 3  0.00  

200 0.16 0.00 

2 1 3  0T08 0 .oo 
366 0.00 

I 
92 

I Ofb 

L 16 

I28 

140 

I88 

0.00 .. 
0.30 . 0.00 GIFnfer Covet Factor 
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W i l t i n 1  p o i n t  
Hydraul ic  c o n d u c t l v l t y  
Evapora cion ( t r a n s m i s s l v i t  € € I C 1  

Rarrier S o l 1  Layers: 
P o r o s i t y  
F i e l d  c a p a c i t y  
Hydraul ic  c o n d u c t i v i t y  

Yaste Layer:  
P o r o s i t y  
F i e l d  capac 1 t y  
U i l t i n g  p o i n t  
Hydraul ic  c o n d u c t i v i t y  
Evapora t ion  ( t r a n s m i s s i v i t y )  c o e f f i c i e n t  

0 

RESULTS AND DISCUSSION 

0.15 vol./voL I 

S f j  
' ~ h . t 7  i n . /  
3 . 3  s m / d a y  

0.50 vol /voL 

L.617 X 10 i n . / h r  
0.69 vol/vo_t 

0.50 v o l ~ v o l  
0 .45 vol /voL 
0.15 voL/vo) 
1.417 X LO~.jin./hr 
3.8 m d d a y  

Yonthly and a n n u a l  t o t a l s  were g e n e r a t e d  f o r  t h e  f o l l o v l n g  v a i e r  budget 
components: prec i p  i ta t l on ,  run0 f f , evapo t r a n s p  F c a t i o n  * Lateral s u b s u r f a c e  
d r a i n a g e ,  and p e r c o l a t i o n  through t h e  bottom of t h e  b a r r i e r  soil l a y e r .  
Annual t o t a l s  of each component €or the  s i m u l a t i o n  p e r i o d  were averaged t o  
o b t a i n  t h e  average  annual  va te r  budget .  Table 1)-3 shovs average  a n n u a l  v a t e r  
budgets  produced by t h e  HELP and DRAINFIL models for b o t h  t h e  L a n d f i l i  cap arid 
t h e  open uaste c e l L / L i n e r / d r a f n  system. :. 
l a n d f i l l  area) and in p e r c e n t  of  t h e  a v e r a g e  a n n u a l  p r e c i p i t a t i o n .  

. me r e s u l t s  produced by t h e  ma models a r e  v e r y  s i m i l a r ;  though,  t h e  YE%P 
model t e n d s  to  p r e d i c t  somewhat h i g h e r  e v a p o t r a n s p i r a t i o n  t h a n  t h e  DRAINFIL 
midel .  Consequent ly ,  t h e  e s t i m a t e s  of l a te ra l  d r a i n a g e  and seepage produced 
by t h e  HELP model a r e  somevhat smaller than  estlmates from' t h e  DRAINFTL n o d e l .  
Two c a u s e s  f o r  t h e  d i f f e r e n c e  Cn t h e  e s t i m a t e  o€  e v a p o t r a n s p i r a t i o n  a r e  
a p p a r e n t  : 

1) The HELP model estimates e v a p o t r a n s p i r a t i o n  by a modif ied Penman 
r e l a t i o n s h i p  v h i l e  t he  DRAfNFIL model u s e s  a T h o r n m i t h e  r e l a t i o n s h i p  a d j u s t d  
v i t h  pan e v a p o t r a n s p i r a t i o n  d a t a .  

2 )  'ihe JUXNFIL =del r o u t e s  mter  v e r t i c a l l y  dovn t h e  s o i l  p r o f i l e  co 
t h e  water t a b l e  much faster t h a n  t h e  HELP =del; th is removes water frm the 
e v a p o t r a n s p i r a t i o n  zone of t h e  s o i l  p r o f i l e  b e f o r e  t h e  mter can be used t o  
s a t i s f y  t h e  e v a p o t r a n r p f r a t i v e  demand. Consequent ly ,  less e v a p o t r a n s p i r a t i o n  
is predicted by DRAINFIL. 

- The seepage ( p e r c o l a t i o n )  e s t i m a t e  produced by the HELP model is l ess  
than t h e  secpago p r a d f c t e d ' b y  t h e  DRAINFIL model. As noted  above,  t h i s  i s  
caused ,  a t  Leaat i n  part, by the cmbFnatCon of t h e  s l o w e r  v e r t i c a l  d r a i n a g e  
rates down and h i g h e r  e v a p o t r a n s p i r a t i o n  p r e d i c t e d  by t h e  HELP model. 
c a u s e  of the smaller seepage  e s t i m a t e s  is t h e  assumpt ion  used Fn the HELP 
model t h a t  b 8 r r f e r  s o i l  l a y e r s  always r e m i n  a t  s a t u r a t i o n *  t h a t  l s ,  t h a t  t h e  
d r a i n a b l c  p o r o s i t y  o f  barrier s o i l  l a y e r s  Cs always z e r o .  The DRAImIL model 
assumes a d r a f n a b l e  p o r o s i t y  o f  one  p e r c e n t .  
s e e p  from a b a r r f e r  soil l a y e r  a f t e r  d r a i n a g e  into t h e  l a y e r  ceases, t h u s  

seeoaqe  ( p e r c o l a t i o n )  from b a r r i e r  Soil lavers.  

Results are  g i v e n  i n  Fnches ( v o i /  

Another 

This' assumpt ion  p e n i t s  vater t o  

* .  .--.,$--.- - -- -.. -----*-  - - - -L - -  , - - - . - - - 7 . y  _ _  L-..YI.-- .: .& ieacage.  3c: ' O U C L i  *3c -23p.f- -3 -- -2nr.-2 
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TABLE OS?. A V E U G E  zuV.\n'AL YATER SUDCZTS PREDICTED 8Y ?E HEL? .LW 
DRAIYFIL YODELS 

Average Annual Water HELP 0 R A I  NF I L 

For  the Landf i l l  Cap 
Budget Compo nen f (Inches) ( P e t c e n  tal ( I n c h e s )  (?e  r c e n  :=I 

Pr ecip i tat l on  b 37 .70  

Runoff 7 .04  
Evapo trans p 1 rat  i o n  16.59  

. 100.00 

18 .66  

4 3 . 9 9  

3 7 . 7 0  

6 . 8 7  

15 .74  

100.90 

18.27, 

G 1 . 7 5  

Lateral Drainage 12 .77  33.88 13 .78  36 .55  

Seepage' 1 . 3 1  3.48 1 .39  3 . 5 9  

Total Account'ed For d 3 7 . 7 1  100.01 37 .78  !00.21 

For  t h e  Open Landf i l l  

Prec ipi tat ione  37 .05  LOO. 00 3 7 . 0 5  L O O .  90 - 
0.00 0.00 0.00 Runoff 0 . 3 0  

Evapo ttanspira t i o n  14 .42  38.91 12.64 34.12' 

t t e r a l  btainage 21 .58  58 .25  23.57 63 .6  2:. 
Sc epag e 1.04 

. .  
f 

2 .89  1 .  1 1  2 . 9 9  

Total Accounted For ' 3 7 . 0 4  99.96  37 .32  100.73 

a 
b For Seattle, UA, 1955-75. 
c Percolatfoo frca t ) a ~  of tuver. 
d 
e Fur Seattle, WA, 19S1-7S. 
f 

Percent of average annual precipi tat ion.  

Excluding differeacs in i n i t i a l  and f i n a l  soil molstura storage. 

Percolat ion from b.8. of l a n d f i l l .  
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*e 
The est imace cE evapo t ransp i r a t ion  is somewhat sensicivc:  t o  the  specif;ra 

Tn che s imula t ions  r e p o r t s d  n e r e i n ,  sv3a- 
o r a t i v e  zone depths  ware se t  ta equal t he  ainimum th ickness  reasonaoie  i o r  cne 
s p e c i f l e d  vegcca t ive  c a n d i t i c n s  i n  o r d e r  to asc i saca  the maximum Likely see?- 
age  and l a t e r a l  dra inage .  AS a r e s u l t ,  evapo t ransp i t ae ion  e s t ima tes  were,  
p e r h a p s ,  small  f o r  che des ign .  Lncreasing evaporacivz aepchs vould i n c r e a s e  
es t lmaces  f o r  evapotrAnspiracion,  and decrease  e s t i m a t e s  o i  seepage,  l a t e r a l  
d ra inage  and ,  p e r h a p s ,  runoff .  To i l l u s t r a c e  t h i s  p o i n t ,  t he  inpuc evapora- 
t i v e  zone depths  v e r e  increased  fram 6 inches  f o r  :ne cap and 2 inches  € o r  cne 
open s i t e  t o  8 inches and 6 i n c h e s ,  r e s p e c t i v e l y .  The L a t t e r  va lues  a r e  
thought  t o  b e  more t y p i c a l .  
depths  are shown i n  T a b l e  D-h. 
i nc reased  by about 1.7 inches and consequent ly ,  L a t e r a l  d ra inage  decreased  by 
about 1.5 inches .  Seepage decreased  by about 0.2 inches .  For the  L a n d f i l l  
cap ,  e v a p o t r a n s p i r a t i o n  increased  by about 0.7 inches wh i l e  l a t e r a l  d r a i n a g e ,  
seepage ana runoff  decreased by about  0.5,  0.1 a n b 0 . 1  i n c h e s ,  r e s p e c t i v e l y .  
Lateral d ra inage  and seepage dec rease  because l e s s  vace r  reaches  t h e  d ra inage  
and b a r r i e r  s o i l  Layers when e v a p o t r a n s p i r a t i o n  increases. I n c r e a s i n g  the  
evapo t ransp ixa t lon  a l so  dec reases  t h e  s o i l  mois ture  con ten t  near  che s u r f a c e  
which i n c r e a s e s  in f  i l t r a c i o n  and reduces t h e  runoff  s l i g h t l y  . 

The runoff p o t e n t i a l  of t h e  l a n d f i l l  cap ,used i n  t h e  s imula t ions  vas  v e r y  
small, t y p i c a l  of v e i l - c u l t i v a t e d  a g r i c u l c u r a l  f i e l d s .  Host l a n d f i l l s  uould  
have cons ida rab ly  g r e a t e r  runoff pocencia l .  A SCS runoff curie number of 80 . 
vould g e n e r a l l y  be more r e p r e s e n t a t i v e  ehan the  50 used i n  che s imula t ion  v i e &  
<he HELP model. The curve number o f  50 vas  used co s a t c h  che runoff  p o t a n t i a ~ .  
u s e d ' i n  t h e  s imula t ion  v i t h  t h e  DRAINFIL model. A small runoff p o t e n t i a l  vas; 
used t o  e s t i m a t e  t h e  auximum likely seepage and l a t e r a l  d ra inage  a s  small 

depths  f o r  t h e  landf  Ill cap,  s i m u l a t i o n s  vere .run._us.ing;-a_runoff..cu~~e number 
of 80 t o  compare wi th  the  r e s u l t s  &OM in  T a b h s  D-3 and D-4. Resu l t s  for 

. t h e s e  s i m u l a t i o n s  are presented  i n  Table  D-5. The runoff  i nc reased  by about  
2.1 i nches  v h i l e  l a t e ra l  d r a i a a g e ,  e v a p o t r a n s p i r a t i o n  and seepage decreased  by 
about  1. 8 ,  0.2 and 0 .1  inches ,  r e s p e c t i v e l y ,  Changes i n  t h e  evapocraiispira- 
c ion  on runoff  mainly a f f e c t  t h e  e s t i m a t e s  o f  L a t e r a l  d ra inage  In t h i s  des ign .  

- t h i ckness  or' . t h e  evaporative zone. 

Resul t s -  f o r  s imulacions v i t h  c h e s s  evapora t ive  
For clie open s i t e ,  evapoc ransp i r a t lon  

. e v a p o r a t i v e  depths  vera used. Using both 6- and 8-Inch evapora t ive  zone 

'CONCLUSIONS 

S h u l a s i o n  r e s u l t s  produced by t h e  HELP and DRAINFIL models v e r e  found to 
be very similar, alchough t h e  HELP w d c l  p red ic t ed  somewhat h ighe r  evapo- 
t r a n s p i r a t i o n  and lowar lateral  drains* and seepage t o r  t h e  two c a s e s  inves-  
t i g a t e d .  Seepage, lateral  d ra inage ,  and e v a p o t r a n s p i r a t i o n  es t lmaces  produced 
by t h e  HELP model v e r e  found t o  b e  somewhat s e n s i t i v e  to che evapora t ive  zone 
dep th ,  a parameter vhich is d i f f i c u l t  t o  e s t ima te  v i t h  :onffdence, and the  SCS 
runof f cum. number. ' 

a Schroedcr ,  P. R . ,  J. M. Morgan, T. M. Walski,  and A. C. Gibson. Hydrologic 
Evalua t ion  of L a n d f i l l  Performance (HELP) Hodel: Volume I. User's Guide 
f o r  Version 1 ,  Dra f t  Report ,  Municipal Environmental Research Labora torv ,  
d. j . Znvrzormentzi i:3czr-=x3 :.genc;r , 3iz~i;zzit:~ 33,  1383. I -  

. .  . . .. 



TABLE D-4. XVE-UGE ANNUAL WATER BUDGETS PREDICTED BY THE HELP ZODEL LXEY 
iYpICAL EVAPORATIVE (ROOT) ZONE DEPTHS ARE U S E j  

Average Annual Water For t h e  L a n d f i l l  Cap For t h e  Open LandflLa 
Budget Comuonen t ( I n c h e s )  ( P e r c e n t  1 ( I n c h e s )  ( P e r c e n t  

Pr ec ip  i ta t t o n  3 7 .  70b LOO.00 37.05' 100.00 ' 

Runo f f 6.93 18.38 0.00 0.00 

Evapo trans plra t i o n  17 .30  4s .  83 16.06  4 3 . 3 4  

Seepage 1 .24d 3 .29  0. a7= 
Lateral nrainage 12.23 32.45 20 .10  54 .25  

2 .36  

37.70 lO0.0P 37 .03  99.95 
f Total Accounted For 

a Percent of average annual prec ipi tat ion.  
b For Seattle, UA, 1955-75. 
c For Seattle, MA, 1951-75. 
d Percolat ion from base of c o v e r .  
e Percolation from base of Landfi l l .  
f Excluding d i f f e r m c e  Fn i n i t i a l  and final soil mIstu&~ storage. 8 .. . 

TAELP, b5. AVERAGE rwNvAL WATER BUDGETS-FREDICTED BY-THE HELP %DEL WEN 
A TYPICAL RUNOFF CURVE HWeR IS USED MR THE U N T ) P T U  CAP 

I- - 
Average Annual Water h-inch Evaporatlve Depth 8-inch Evaporative DeptS 

Budget Component (Inches) (Petcant') . (Tnchcs)  (Pe r c en t '1 
P t e c i p  i ta t ion 100.00 3 7 . 7 0  !90.!30 

2 4 . h l  

Evapotranspitatioa 16.41 43 .52  17.08 45.32  

Lateral ntainage 11.04 29 .28  10.28 27 .26  
1 b20 3.18 1 . 1 1  2 .94  Seepage 

37 .70  b 

. Runoffc 9 . 0 3  23.95 9 . 2 0  

d 

Total Accouutad Pot' . 37.68 99 93 37 .68  99 .93  

a Petcaat of average annual praclpltat ion.  
b For Saattlr, UA, 1955-75. 
c SCS rundtf curve a u d r  of 80. 
d Qetcol8tion trm bra0 of  cnver. 
e Zxciuoing ;r2:3rancr 23 xitiri Ana L ~ = P A  JOG ;oolaturr Atorage. 
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