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DISCLAIMER 

This r e p o r t  was prepared by P. R. Schroeder,  J. M. Morgan, T. H. Walski, 
and A. C. Gibson of the U.S. Army Engineer Waterways Experiment S t a t i o n ,  
Vicbburg, M i s s i s s i p p i  under  Interagency Agreement ~D-96-F-2-Al4 0. The EPA 
R o j a c t  Officer was D. C. Amwn of t h e  Municipal Environmental Research Labo- 

' r a t o r y ,  Cinchmat& Ohio. 

Thio I s  a d r a f t  report that i s  being released by EPA f o r  public comment 
JO tha accuracy aad usefulness of t h e  faformation in it. The report has 
received e x t e n s i v e  technical review but t h e  Agency's peer and admins t r a t ive  
review process  has no t  y e t  been completed. Therefore  It does no t  necessarily 
reflect t h e  v i e w  ox pou 'c ies  of t h e  Agerrcy. Mention of trade names o r  c m -  
mercial products  does not c o n s t i t u t e  endorsement o r  recuumendatfon f o r  use. 
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FOREWORD 

The Environmental R o t e c t i o n  Agency a s  c r e a t e d  because of Inc reas ing  
pub l i c  and governmental concern about the  dangers of p o l l u t i o n  to t h e  h e a l t h  
and welfare of t h e  American people. Noxious.air ,  f o u l  water,  and s p o i l e d  land 
are  t r a g i c  testimony t o  the  d e t e r i o r a t i o n  of ou r  n a t u r a l  environment. 
complexity of t h e  envizormeat and t h e  i n t e r p l a y  between its components r e q u i r e  
a concent ra ted  and i n t e g r a t e d  a t t a c k  on t h e  problem. 

The 

Besearch and development Is t h e  first necessa ry  step Fn problem s o l u t i o n ;  
i t  invo lves  d e f i n i n g  the  problem, measuring I t s  impact, and searching f o r  
solutions. The Municipal Environmental Research Laboratory develops new and 
Mprwed technology- and_ systems t o  p r e v w ,  treat, and manage uas tewater  and 
the  so l id  and haza rdoG, - s t e  p o l l u t a n t  d i scha rges  from municipal and cammu- 
n i t y  sources;  t o  preserve  and t r e a t  pub l i c  d r ink ing  water supp l i e s ;  and to  
minimize t h e  adverse economic, s o c i a l ,  h e a l t h  and a e s t h e t i c  e f f e c t s  of pollu- -. 
tion-. 
qnica t ioos  link between t h e  r e s e a r c h e r  and t h e  u s e r  camrmnity. 

developed to f a c i l i t a t e  rapid,-  e c o n o m i c ~ = e s E - ~ s - d . - - ~ ~ ~  movement - 
a c r o s s ,  I n to ,  through, and out  of Landf i l l s .  The program is a p p l i c a b l e  for 
evaluation of open, p a r t i a l l y  c losed,  and f u l l y  closed sites by both des igne r s  
and permit writers. 

! 

This p u b l i c a t i o n  is one of t h e  products  of that research--a v i t a l  can- 

The Wdro log ic  Evaluation of Lahdfi l l  Performance (HELP) program was 

F C I S  T. MAY0 
D l r  ec tor 
pbrnicipal Environmental Research 
La bora t o ry 
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PREFACE 

Subtitle C of the Resource Conservation and Recovery Act (RCRA) requires 
the Environmental Protection Agency (EPA) t o  establish a Federal hazardous 
waste management program. This program must ensure that hazardous mstes are 
handled safely from generation u n t i l  final disposition. EPA issued a series 
o f  hazardous wste regulations under Subtitle C of RCRA that i s  pubLished in 
40 Code of Federal Regulations (CFR) 260 through 265 and 122 through 124. . 

Parts 264 and 265 of 40 CFR contain standards applicable to  owners and 
operators of a l l  f a c i l i t i e s  that treat, store, or dispose of hazardous vastes. 
Wastes are Identified or l isted as hazardous under 4 0  CFR Part 261. The 
Part 264 standards are implemented through pennits issued by authorized states 
or the EPA in accordance wlth 4 0  CFR Part 122 and Part 124 regulations. Land 
treatment, storage, and disposal (LTSD) regulations F n  4 0  CYR Part 264 issued 
011 July 2 6 ,  1982, establish performance standards for hazardous vaste land- 
f i l l s ,  surface Impoundments, land treatment units, and waste piLes. 

.- 
' 

The Environmental Rotectioa Agency is deveLoping three types o f  docu- 
ments for preparers and reviewers of permit applications for hazardous tast_e_: 
LTSD f a c i l i t i e s .  These types Fn'dGde RCRA T e c c C F i d a n c e  Documents, 
Permit Guidance Manuals, and Technical Resource Documents (TRI)'s). The RCRA 
Technical Guidance Documents present design and operating specifications or 
design evaluation techniques that generally comply v i t h  or demonstrate c m ~ l  i- 
ance v i t h  the Design and Operating Requirements and the Closure and Post- 
Closure Requirenents of Part 264. The Permit Guidance Manuals are being 
developed t o  describe the permit application information the Agency seeks and 
t o  provide guidance t o  applicants and permit writers In  addressing the infor- 
mation requirements. Thase manuals vill include a discussion o f  each step i n  
the permitting process, and a description of  each set of specifications that 
must be colraiderd for lnclusiou i n  the permit. 

The Technical Resource Documents present state-of-the-art summaries o f  
teclmologles and evahratiao techniques determined by the Agency t o  constitute 
good engineering designs, practices, and procedures. They support the RCRA 
Technical Guidance Documents and Permit Guidance Manuals In certain areas 
(1.e.; liners, leachate management, closure cavers, water balance) by descrlb- 
ing current technologies and raethods for designing hazardous waste f a c i l i t i e s  
or for evaluating the performance of a f a c i l i t y  design. Although emphasis is 
given t o  hazardous waste f a c l l l t i e s ,  the information presented In these TRD's 
may be used in designiag and operating urn-hazardous waste LTSD f a c i l i t i e s  as 
well. Whereas the RCRA Technical Guidance Documents and Permit Cuidance 
ManuaLs are directly related t o  the regdations, cne lniormatlon UI chese 

. .  
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TRD's covers  a broader  pe r spec t ive  and should not b e  used t o  i n t e r p r e t  t h e  
requirements of t h e  r egu la t ions . .  

This document is a f i r s t  e d i t i o n  d r a f t  being -de a v a i l a b l e  f o r  pub l i c  review 
and comment. It has undergone review by recognized e x p e r t s  in t h e  t e c h n i c a l  
areas covered, but  Agency peer review process ing  has not  been completed y e t .  
Publ ic  comment is  d e s i r e d  on t h e  accuracy and u s e f u l n e s s  of t h e  information 
presented in t h i s  manual. Comments rece ived will be eva lua ted ,  be fo re  pub l i -  
c a t i o u  of t h e  second e d i t i o n .  Communications should be addressed t o  Docket 
Clerk, Room S-212, O f f i c e  of Solid Waste (wH-562), U.S .  Environmental P r o t e c t i o n  
Agency, 401 M Street, S.W., Uashingtou, D.C., 20460. The document under 
d i s c u s s i o n  should be i d e n t  if ied by t i t l e  (e.8. , "The Hydrologic Evalua t ion  of 
Iandf ill Perf o-ce (W) Model") . 

, 

.. - -  - 
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ABSTRACT 

The Hydrologic Evaluation of L a n d f i l l  Performance (HELP) program uds 
developed to f a c i l i t a t e  r a p i d ,  ecooanica l  e s t ima t ion  of the  amounts of s u r f a c e  
maoff, subsu r face  d ra inage ,  and leachate that may be expected to r e s u l t  from 
t h e  o p e r a t i o n  of a vide v a r i e t y  of p o s s i b l e  laadfiLL designs. The program 
models t h e  e f f e c t s  of hydro logic  processes  inc lud ing  p r e c i p i t a t i o n ,  s u r f a c e  
s t o r a g e ,  runof f ,  i n f U t r a t i o n ,  p e r c o l a t i o n ,  e v a p o t r a n s p i r a t i o n ,  so i l  mois ture  
s t o r a g e ,  and Lateral d r a i n a g e  using a quas i - twodimens iona l  approach. In t h i s  
document, some basic dements of t h e  model are b r i e f l y  d e s c r i b e d ,  i npu t /ou tpu t  
o p t i o n s  are d iscussed  in d e t a i l ,  and Fas tn rce ioas  f o r  running the  program on 
t h e  Nat iona l  Computer Center  I B M  Computer System a r e  given.  - -_ . .- 

This r e p o r t  was submitted in partial  fuLf i l lmen t  of Interagency Agreement 
Number  AD-96-F-2-Al40 between the  U.S. Euvfrowental P r o t e c t i o n  Agency and the 
U.S. Army Engineer Waterways Experiment S t a t i o n .  This r e p o r t  cove r s  a per iod 
f r a n  April 1982 t o  August 1983, and work was canple ted  as of August 1983. 
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The Hydrologic Evaluation of Landfill Performance (HELP) computer program 
fs a quasi-nrodimensional hydrologic model of vater movement across, into, 
through, and out of larrdfills. 
design data and utilizes a solution technique that accounts for .the effects of 
surface storage, runoff, infiltration, percolation, evapotranspiration, soil 
moisture storage, and lateral drainage. 
combinations of vegetation, cover soils, vaste cells, special drainage layers, 
and relatively fmpenueable barrier soils, as well as synthetic membrane covers 
and liners, may be modeled. The program was developed to facilitate rapid 
estimation of the amounts of runoff ,  drainage, and ,leachate that may be 
expected to result from the operation of a wide variety of landfill designs.; 
The m o d e l ,  applicable t o  open, partially closed, and fully 'closed sites, is a. 
tool for both designers and permit vriters. 

The model accepts cllmatologic, soil, and 

Landfill systems including various 

- - - BACKGROUND 

The HELP program vas developed by the U.S. Atmy Corps of Engineers Water- 
ways Experiment Station (WES), Vicksburg, MS, for the U.S. Environmental Pro- 
tection Agency (=A) Municipal Environmental Research Laboratory, Cincinnati, 
OH, in response to needs identified by the EPA Office of Solid Waste, Washing- 
ton, DC. 

HELP represents a major advance beyond the Hydrologic Simulation on Solid 
Waste Disposal Sites (HSSUDS) program (1, 2) vhich vas also developed at WES. 
For example, the HSSWDS model did not allow for lateral f l o w  through drainage 
layers, h a n d l e d  saturated vertical flow only in a very rudimentary manner, and 
included infiltration, percolation, and evapotranspiration routines almost 
identical t o  those used in the Chemical, Runoff, and Erosion from Agricultural 
Management Systems (CELEAMS) modelvhich vas developed by the U.S. Department 
of Agriculture (3). The HEL2 model is much improved (in terms of applicabil- 
ity t o  landfills) with respect to these components; hovever, the infiltration 
routine still relies heavily on the Hydrology Section of the National Engi- 
neering Handbook (4), as do both HSSWDS and CREAMS- 

The HELP model is applicable to most landfill applications, but was 
developed specifically to perform hazardous vaste disposal landfill evalua- 
tions as required by the Resource Conservation and Recovery Act. Hazardous 
wasce disposal l a n d f i l l s  generaiiy snouid have a i b e t  :o ?revent migration o f  
vaste out of :he landfill, a final cover to minimize the production at' 

1 
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, 
l e a c h a t e  foLloving c l o s u r e ,  c a r e f u l  controLs of runon and runof f ,  and L F m i  ts 
on t h e  bui ldup  of l eacha te  head over t h e  l i n e r  t o  no more than one foo t .  The 
HELP model Is usefuL f o r  p r e d i c t i n g  the amounts of runof f ,  d ra inage ,  and 
Leachate elcpected for  feasonable  des ign  as w e l l  a s  the  build-up o f  Leachate 
above the Liner ,  b w e v e r ,  t h e  model shouLd not be expected to  produce c red l -  
b l e  results f r o m  inpu t  u n r e p r e s e n t a t i v e  of landf ills. 

OVERVIEW 

The pr incipal  purpose of t h i s  u s e r ' s  gu ide  is t o  provide the bas i c  i n f o t -  
m t ion  needed t o  u s e  t h e  computer program. Thus, while some a t t e n t i o n  must be 
g i v e n  to  d e f i n i t i o n s ,  d e s c r i p t i o n s  of var labLes ,  and i n t e r p r e t a t i o n  of 
results, only a m i a f m a t  amount of such informat ion  is provided. However, 
d e t a i l e d  documentation pravld ing  i n - d e p t h  coverage of t h e  theory and a s s u m p  
t i o n s  on which t h e  model is based, as w e l l  as t h e  internal Logic of  the pro- 
gram, I s  also a v a i l a b l e  ( 5 ) .  P o t e n t i a l  HELP u s e r s  are strongLy encouraged to 
read through t h e  documentation and t h i s  user's gulde  before  a t t empt ing  to  use 
t h e  program to e v a l u a t e  a l a n d f i l l  design. 

Ass i s t ance  in t h e  program c a r +  provided by the  deve lopers  a t  
WES. They can be reached by commercial telephone a t  (601) 634-3710 o r  v i a  t h e  ! 

FTS system a t  5 4 2 - 3 7 1 0 .  .- 

The o u t l i n e  of t h e  remainder of t h i s  manual is presented  below. 

0 S e c t i o n  2 - Basic l a n d f i l l  des ign  concepts  

Sec t ion  3 - Rogtam d e f i n i t i o n s ,  options* and r e s t r i c t i o n s  
- -  - _c - 

*'Section 4 - Rogram inpu t  

* S e c t i o n  5 - Rogram output 

0 S e c t i o n  6 - Examples 

*Appendix A - Detailed exp tana t iuu  of how t o  execute t h e  program on 
EPA'e Natioual Computer C a t e r  system 

.Appendix B = Listing of information needed t o  access t h e  Nat iona l  
h p u z e r  C e n t e r  system 

0 Appendix C = Coat a n a l y s i s  f o r  execut ing  HELP on the National Computer 
Center system 
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BACKGROUND 

. 

SECTION 2 

EASIC LANDFILL DESIGN CONCEPTS 

Over t h e  *s t  30 to 40 y e a r s . t h e  s a n i t a r y  l a n d f i l l  has come to be widely 
recognized a s  an economical and e f f e c t i v e  means f o r  d i s p o s a l  of  municipal and 
i n d u s t r i a l  solid wastes. 
management are s u f f i c i e n t l y  developed to  ensure  t h a t  even Large volumes of 
such materials can be handled and disposed of Fn such a way as t o  p r o t e c t  pub- 
l i c  h e a l t h ,  minimize  adverse e f f e c t s  on t h e  environment,  and, i n  many c a s e s ,  
u l t i m a t e l y  enhance land values .  

Today, modern methods of landfiLL cons t ruc t ion  and 

- 

More r e c e n t l y ,  pub l i c  a t t e n t i o n  has been focused on a s p e c i a l  c l a s s  of 
materials canmonly r e f e r r e d  to as  hazardous wtstes. 
d i v e r s i t y ,  environmental  pe r s i s t ence ,  and a c u t e  and 'long-term de t r imen ta l  

. e f f e c t s  on human, p l a n t ,  and a n h L  h e a l t h  of  many of these  substances are  
such that great care must be exercised in d i spos ing  of them. Hazardous a s t e s  
are produced b i s u c h  l a r g e  q u a n t i t i e s  and are so d i v e r s e  that universaLLy 
accep tab le  d i s p o s a l  methods have y e t  t o  be devised'. b w e v e r ,  It appears  t h a t ,  
fo r  t he  p re sen t ,  d i s p o s a l  ( o r ,  o f t e n  more p r e c i s e l y ,  s t o r a g e )  in secu re  land- 
f i l l s  i s  t h e  prudent  approach I n  many Ins tances .  The c u r r e n t  s ta te -of - the-ar t  
ca l l s  f o r  what may be th0ugh.t of simply as an ex tens ion  of s a n i t a r y  l a n d f l l L  
technology u t i l i z i n g  very  coase rva t ive  des ign  cr i ter ia .  
principLes and concepts  of l a n d f i l l  des ign  are summarized belov. 
emphasis i s  given to d i s p o s a l  of hazardous materials, but  t he  d i s c u s s l o n  is 
a p p l i c a b l e  t o  o rd ina ry  sanl tary landfi l ls  as w e l l .  

! 

The chemical. and p h y s i c d  

- . 

Some  important  b a s i c  
S p e c i f i c  

LEACHATE PRODUCTION ' 

Storage of any tas te  material in a IandfiLL poses  several p o t e n t i a l  ptob- 
l a .  Among these is t h e  poss ib l e  contaminat ion of so i l  and ground and sur- 
face waters that may occur  as l eacha te  produced by water o r  l i q u i d  wastes  
moving into, through, and ou t  of t h e  l andf i l l .  migra tes  i n t o  ad jacent  a r e a s .  
This problem is e s p e c i a l l y  important  &en hazardous wastes  a r e  invoLved s i n c e  
many of these  subs tances  are q u i t e  r e s i s t a n t  t o  bfologicaL o r  chemical. degra- 
d a t i o n  and, thus, may be expected to p e r s i s t  i n  t h e i r  o r i g i n a l  form f o r  many 
years, perhaps even f o r  centuries. Given t h i s  p o s s i b i l i t y  Ft is d e s i r a b l e  for 
hazardous wiste l a n d f f l l s  to be designed t o  prevent  any wste o r  l eacha te  from 
wer moving into adjacent areas.  This  o b j e c t i v e  is beyond the  c a p a b i l i t y  of 
c m r e n t  technology, bu t  does r ep resen t  a g o a l  in  the  des ign  and operation of 
today ' s  landf I l ls .  The Hyaroiogic Zvaiuation oL h n a f i l l  .?eriDmance (EEL?? 
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model has been developed s p e c i f i c a l l y  a s  a tooL that may be.used by d e s i g n e r s  
and r e g u l a t o r y  reviewers to choose des igns  t h a t  minimize p o t e n t i a l  contamina- 
t i o n  problems, bu t  y e t  a r e  practical  given the  s ta te-of- the-ar t .  

0 

In t h e  c o n t e x t  of a l a n d f i l l ,  Leachate amy b e  desc r ibed  a s  l l q u i d  t h a t  
h a s  percola ted  through t h e  l a y e r s  of taste material. Thus, l e a c h a t e  may be 
canposed of l i q u i d s  that o r i g i n a t e  f r w  a amber of sources  inc luding  reac- 
tions associated wl th  decanpos i t i on  of taste materiaLs, p r e c i p i t a t i o n ,  s u r f a c e  
d ra inage ,  and groundwater. The chemical q u a l i t y  of leachate v a r i e s  vldeLy 
depending upon a number of f a c t o r s  i nc lud ing  the  q u a n t i t y  produced, t he  o r i g i -  
aa l  n a t u r e  of  t h e  buried mste materials, and t h e  v a r i o u s  chemical and bio- 
chemical  r e a c t i o n s  that may occur  as the  uaste materials decanpose. In t h e  
absence of  evidence to t h e  c o n t r a r y ,  mst r e g u l a t o r y  agencies  prefer to  assume 
t h a t  any Leachate  produced vi11 b e  contaminated to  such an extent that e n t r y  
i n t o  e i t h e r  ground o r  s u r f a c e  -tars i s .unde ' s l rab le .  
of t h e  p o t e n t i a l  water qudity impact of l e a c h a t e  contaminat ion,  t h i s  approach 
appea r s  r easonab le  . 

Considered in t h e  1.ight 

The q u a n t i t y  of l e a c h a t e  produced is a f f e c t e d  t o  s a m e  e x t e n t  by decanpo- 
s i t i o a  r e a c t i o n s ,  but  i s  l a r g e l y  governed by t h e  amount of e x t e r n a l  water 
e n t e r i n g  t h e  l a n d f i l l .  Thus, a key f i r s t  s t e p  i n  c o n t r o l l i n g  l eacha te  con- 
tamina t ion  i s  t o  limit product ion by prevent ing ,  to  t h e  ex ten t  f e a s i b l e ,  t h e  . 
e n t r y  of  external water into t he  witste l aye r s .  A second,  though e q u a l l y  

treaanent and d i sposa l .  Techniques are c u r r e n t l y  a v a i l a b l e  t o  lhit the  
amount of  leachate that migra t e s  into adjoining areas to  a v i r t u a l l y  Immeasur- 
a b l e  volume so long as the i n t e g r i t y  of t h e  l a n d f i l l  structure and l e a c h a t e  

important ,  s t e p  i s  t o  c o l l e c t  any leachate that is produced f o r  subsequent .- 

- -+roLsystem is maintained. - 
DES161 FOR LEACHATE CONTROL 

A schematic  p r o f i l e  view of a t y p i c a l  hazardoua wste l a n d f i l l  is shown 
in Figure 1. The bottan l a y e r  of  s o i l  may be hauled in ,  placed,  and c m p a c t e d  
t o  s p e c i f i c a t i o n s  fol lowing excavat ion  to a s u i t a b l e  subgrade, o r  may be natu- 
r a l l y  e x i s t i n g  material. In e i t h e r  case, the base o f  t h e  l a n d f i l l .  should a c t  
as a b a r r i e r  layer haring mme minimum th i ckness  and a very  low hydrau l i c  con- 
d u c t i v i t y  ( o r  permeabi l i ty ) .  Chemical treatment may be used e i t h e r  vLth o r  
without caupac t ion  t o  reduce  permeabf i i ty  to  a0 accep tab le  Level. As an  added 
f a c t o r  of safety,  an impenaeable s y n t h e t i c  membrane may be c a r e f u l l y  bedded in 
g r a n u l a r  material and placed a t  t h e  top of t h e  b a r r i e r  soil  l aye r .  
b i n a t i o n  of l o w  pexmeabi l i ty  b a r r i e r  soil and o p t i o n a l  membrane Is often 
referred' to  as the l andf i l l  liner. 

The can- 

Immediately above the liner is a dra inage  l a y e r  c o n s i s t i n g  of s a n d . v i t h  
s u i t a b l y  spaced pe r fo ra t ed  o r  open joint d r a i n  p i p e  embedded a t  the  base. The 
d ra inage  Layer is t y p i c a l l y  a t  least one f o o t  t h i c k  and semes t o  coLlec t  any 
leachate that may pe rco la t e  through t h e  waste l ayers .  The top of t h e  l iner is 
s loped  in such a vay a s  t o  prevent ponding by encouraging Leachate to  flow 
toward t h e  d ra ins .  The n e t  effect  Is such that very  LittLe Leachate should 
p e r c o l a t e  through t h e  liner system t o  the  n a t u r a l  format ions  beLow. Taken as 
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Figure 1. Typical hazardous ' a s t e  Landfill prof i l e  !3ot t o  s c a l e ) .  

5 

! 
.- 



a whole t he  d r a i n a g e  Layer, . op t iona l  membrane, and barrier s o i l  may be 
referr 'ed to  as  t h e  d ra inage /L ine r  system. 

A€ter t h e  l andf iL1  is c losed ,  t h e  dra inage /  Liner  system s e r v e s  basicaLLy 
In a back-up capac i ty .  However, while t h e  l a n d f i l l  Is open and waste is being 
added, t h e s e  components a re  t h e  p r i n c i p a l  de fense  a g a i n s t  contaminat ion of 
a d j a c e n t  areas. Thus, care must be  given to  t h e i r  des ign  and cons t ruc t ion .  

Day-to-day o p e r a t i o n  of a modern s a n i t a r y  IandfILL ca l l s  f o r  wastes t o  be 
placed in r e l a t i v e l y  t h i n  L i f t s ,  compacted, and covered v f t h  compacted sol1 
each day. 
While t h e  &Fly s o i l  cover s e r v e s  e f f e c t i v e l y  t o  h ide  t h e  wastes and 1.lmit t h e  
access of nu i sance  insects and potential d i s e a s e  v e c t o r s ,  i t  Is of Limited 
va lue  f o r  prevent ing  t h e  fonnat ion  of  leachate. Thus, even though a similar 
procedure  may be u t i l i z e d  f o r  hazardous wastes* It I s  Impera t ive  t h a t  t he  
d r a i n a g e / l i n e r  system func t ion  w e l l  throughout t h e  active l i f e  of  t h e  Landf I11 
and beyond. 

Thus, wastes should no t  be Left exposed more than a f e w  hours .  

When t h e  c a p a c i t y  of t h e  l and f i l l  is reached,  t h e  waste ce l l s  may be  
covered wlth a cap, o r  f i n d  cover ,  t y p i c a l l y  composed of t h r e e  d i s t i n c t  Lay- 
ers as  sho,yn in Figure  1. A t  t h e  base of t h e  cap ,  o r  cuver ,  is a dra inage  
l a y e r  and barrier soil l a y e r  similar to  t h a t  used a t  t h e  base of  t h e  1andf iLl .  ; 
Again, an impermeable s y n t h e t i c  menbrane may be used If needed. .. 
t h e  barrier SOU l aye r  I s  graded so that uater pe rco la t ing  i n t o  t h e  d ra inage  - 
l a y e r  vill tend to  move h o r i z o n t a l l y  tovard s o m e  renaval system loca ted  a t  t h e  
edge of t h e  l a n d f i l l  o r  subuni t  t h e r e o f .  

The top of 

- -  A l a y e r  of SOU sultahLe f o r  t h e  support o€ v e g e t a t i v e  growth Is placed 
on top of t h e  upper d ra inage  l aye r  t o  complete the Landf i l l .  h two-foot t h i c k  
l a y e r  of s o l  having a high Loam content  semes t h i s  purpose nice'ly. 
upper su r face  Is graded so that runon i s  minimized and a s  much p r e c i p i t a t i o n  
as p o s s i b l e  Is converted t o  runof f ,  without  caus ing  excess ive  e ros ion  of t he  
cap. The v e g e t a t i o n  used should be selected t o  g rov  r e a d i l y ,  provide a good 
cover  even du r ing  the  v i n t e r  when i t  is  dormant, and have a root s y s t e m  t h a t  
vill not penetrate i n t o  t h e  upper barrier l aye r .  Grasses are u s u a l l y  best f o r  
this purpose. 

The 

The ccmblnat ion of s i t e  s e l e c t i o n *  surface grading ,  t r a n s p i r a t i o n  fran 
v e g e t a t i o n ,  s o i l  evaporation, d ra inage  through t h e  sand, and t h e  low h y d r a u l i c  
c o n d u c t i v i t y  of t h e  b a r r i e r  s o i l  serves e f f e c t i v e l y  to minimize l e a c h a t e  pro- 
d u c t i o n  from external water. 
impermeable synthetic membranes in the  cap and l i n e r .  However, It is lmpor- 
tant that the cap be no more permeable than t h e  Liner; o therwise ,  t h e  L a n d f i l l  
could  g r a d u a l l y  f i l l  d . t h  l i q u i d  and uLtimateLy over f low i n t o  ad jacent  a r e a s .  
This phenomenon is sawtimes r e f e r r e d  t o  as t h e  "bathtub" e f f e c t .  

Added e f f e c t i v e n e s s  I s  gained by t h e  use of 

The HELP model I s  designed to  perform water budget ca lcuLat ions  f o r  land- 
f i l l s  h a v i n g  as  many a s  n i n e  Layers by modeling each of t he  hydroLogic pro- 
cesses t h a t  occur .  Thus, i t  Is poss ib l e  to  des ign  a L a n d f i l l  to  achieve  
speci l ic  s o d s ,  Or evaluate :he 2e r fomance  a i  a a iven  1ancif"ill des ign ,  xL:h 
t h e  a id  of t h e  model. A d e s c r i p t i o n  of t h e  program is presented In t h e  foL- 
Loving sec t ion .  
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SECTION 3 

P R O W  DEFINITIONS, OPTIONS AND RESTRICTIONS 

INTBOD UCT I O N  

The Hydrologic Evaluat ion of L a n d f i l l  Performance (HELP) program was 
developed to  a s s i s t  l a n d f i l l  d e s i g n e r s  and reguLators  by providing a tool t o  
a l l o w  r a p i d ,  e c m a a i c a l  sc reening  of a l t e r n a t i v e  des igns .  S p e c i f i c a l l  y ,  t h e  
program may be used t o  e s t i m a t e  t h e  magnitudes of va r ious  components of t h e  
water budget, incLuding t h e  volume of Leachate produced and the th ickness  o f  

canpare  the  Leachate product ion p o t e n t i a l  of a l t e r n a t i v e  designs,  s e l e c t  and 
si te appropr i a t e  dra inage  and c o l l e c t i o n  systems, and s ize  Leachate treatinent 
f a c U l t l e s .  ! 

water sa tu ra t ed  soil (head) above barrier Layers. The r e s u l t s  may be used t o  
-I..- 

.- 
The model uses c l ima to log ic ,  s o u ,  and des ign  d a t a  t o  produce d a i l y  es t i -  

mates of uater mmenent ac ross ,  i n t o ,  through, and aut o f .  l a n d f i l l s .  To 
acccmpllsh this, da i ly-  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  s u r f a c e  s to rage  
(snov) , runoff , infiltratfoa, s u r f a c e  evaporat ion,  evapo t ransp i r a t ion ,  perco- 
l a t i o n ,  s to red  sou mois ture ,  and subsur face  la teral  dra inage  t o  maintain a 
mter budget. 

- 

Surface runan and subsur face  Lateral. in f low a r e  not  cons idered .  

In t h i s  chap te r  emphasis i s  placed on d a t a  r equ i r enen t s ,  nanencLature,  
impar tan i  asstlmptions, program Limitations, and o t h e r  fundamental in format ion  
needed by a l l  users to f a c l l l t a t e  running the  prograin. 
d e t a i l d  exp lana t ions  of t h e  s o l u t i o n  techniques employed a r e  d i r e c t e d  t o  t h e  
program documentation ( 5 ) .  

Readers d e s i r i n g  

HYDROUGIC PROCESSES 

As noted above, t h e  HELP program models a number of -hydroLogic processes .  
Runoff i s  c a p u t &  using t h e  Soil Consenration Service Runoff Curve Number 
method. Uhea the program is run  f o r  a c losed l a n d f i l l  using the d e f a u l t  s o i l  
data opt ion ,  a d e f a u l t  runoff c u m e  number is s e l e c t e d  au tomat ica l ly .  
ever, t h e  p r o g r m  g ives  t h e  u s e r  an oppor tuni ty  t o  ove r r ide  the defaul. t Val ue .  
When s o i l  data are en te red  manually, and when an open Landf i l l  is being mod- 
eled,  t he  u s e r  must e s t i m a t e  an appropr i a t e  runoff c u m e  number. h c m p l e t e  
d i scuss ion  of t h e  C U N ~  number technique is  availabLe from t h e  Soil Conserva- 
t i o n  Service ( 4 ) .  

‘rlow- 

?ac to r s  such as s u r f a c e  s lope  and roughness a re  no t  considered d i r e c t l y  
in es t ima t ing  runoff, ana hence u a f i i c r a r l o a .  iiowever, :hey s a y  ‘ke laken 3 t r ,  
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account  in t he  manual s e l e c t i o n  of a c u m e  number. This  . .  runoff  
e s t i m a t i o n  is  made poss ib le  by cons ide r ing  on ly  d a i l y  p r e c i p i t a t i o n  t o t a l s ,  . 
and not  t he  intensity,' d u r a t i o n  and d i s t r i b u t i o n  of i nd iv idua l  ra infaL L even t s  
(storms). 

P e r c o l a t i o n  and v e r t i c a l  water rout ing  a r e  modeled using Darcy's L a w  f o r  
s a t u r a t e d  f low u t t h  modi f ica t ions  f o r  unsa tu ra t ed  cond i t ions .  Lateral d ra in -  
age  is  computed a n a l y t i c a l l y  from a l&ear i zed  Boussinesq equat ion  c o r r e c t e d  
to agree  with numerical  s o l u t i o n s  of  t h e  non l lnea r i zed  form 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 i n  hazardous waste LandfiL Ls. Rrapo t r a n s p l r a t i o n  
is estimatd by a modified Penman method ad jus t ed  f o r  L u t i n g  s o i l  mois ture  
cond i t ions .  DetaFLed s o l u t i o n  methods f o r  aL1 hydrologic  processes  are p t e  
sented in t h e  program documentation ( 5 ) .  

U T A  REQUIREMENTS 

The HELP program r e q u i r e s  c l ima to log ic ,  soil., and des ign  da ta .  However, 
s u f f i c i e n t  d e f a u l t  c l imatQLogic and s o i l  d a t a  a r e  i n t e r n a l l y  avaiLabLe to  sat- 
i s f y  t h e  needs of many use r s .  
l og ic  and SOU data; t h e s e  d a t a  should not be  used u n l e s s  they have been 

cases, t h e  u s e r  should a t t e m p t  to  a c q u i r e  d a t a  specific .to t he  s i t e  and u s e  
t h e s e  a v a i l a b l e  d a t a ' b e f o r e  supplementing v i t h  d e f a u l t  da t a .  The basic d a t a  
requi rements  and i n p u t  o p t i o n s  are b r i e f l y  d iscussed  belov. 
i n s t ruc t ions - fo r  e6tering d a t a  into t he  program a r e  .given in Sec t ion  4 ,  and. 
cumplate inpu t /ou tpu t  Listings f o r  three examples are presented in Section 6 .  

Aithough t h e  model con ta ins  d e f a u l t  c l l na to - .  

examined and v e r i f i e d  to be r e p r e s e n t a t i v e  of t h e  s i t e  under s tudy.  In a l l .  .f 

Step-by-step 
. 

C l i s a t o l o g i c  Data 

Climato,Logic d a t a ,  inc luding  d a l l y  p r e c i p i t a t i o n  i n  inches, '  mean monthly 
t-emperatares i n  OF, mean monthly FnsoLation (solar r a d i a t i o n )  In  Langleys, 
leaf a r e a , i n d i c e s ,  and win te r  cover  f a c t o r s ,  may be en tered  manually o r  
selected fran buFLt-Fn d e f a u l t  data f i l e s .  Defaul t  cl imatoLogic d a t a  a r e  
available f o r  o n l y  102 cit ies;  t h e r e f o r e ,  none of t hese  c i t i e s  may be repre- 
sentative of t h e  study site. The p r e c i p i t a t i o n  d a t a  base is also l imi t ed  to  
o a l y  f i v e  y e a r s  of d a i l y  r eco rds  &lch.may not be r e p r e s e n t a t i v e  s i n c e  t h e  
per iod of record  c o d d  have been unusual ly  uet o r  dry.  
ommended t o  ruq t h e  s imula t ion  f o r  more than five yea r s  t o  examine the  des ign  
under t h e  r ange  of posalbLe c l ima to log ic  cond i t ions .  

It i s  a l s o  h igh ly  rec- 

De f aul t Da ta. Op tiou- 
Defau l t  c l imatoLogic data c o n s i s t i n g  of f i v e  years ( u s u a l l y  1974-78) o f  

observed d a i l y  p r e c i p i t a t l b n  and one set of va lues  for.mean monthly tempera- 
t u r e ,  mean monthly i n s o l a t i o n ,  and l e a f  area index f o r  each of  t he  c i t i e s  
l.'.sted in Table- I are b u i l t  into t h e  program. These data may be accessed and 
used simply by g i v i n g  the  a p p r o p r i a t e  responses  t o  s t r a i g h t f o m a r d  program 
queries a s  desc r ibed  i n  Sec t ion  4. 

I t  I s  b p o r t a n t  to understand that, v h i l e  the program requires daiLjr ? r e  
c i p i t a t i o n ,  temperature, and FnsoLation data, I t  I n t e r p o l a t e s  fo r  average 
d a i l y  temperature and i n s o l a t i o n  fran mean monthly d a t a .  Therefore ,  even 

1 8 



'1 . , .  

TABLE 1.' LIST IN^ OF DEFAULT CITIES AND STATES 

Alaska I l l i n o i s  Nevada *ode Is land  
Providence 

Bo the L E. St. Lauis  Las Vegas South Carol i n a  
Fair banks Xndiana New Hampshire Charleston 

F l a g s t a f f  
Pho enlx 
Tucson 

Arkansas 
Little Rock 

C a l i f 0  mla 
Fr e s o  
Los Angeles 
Sacramen to  
San Dlego 
saata Maria 

Colorado 
Denver 
Grand Junc t l o n  

Coanec t l c u t  
Br ldge p o t  t 
Hartford 
New Haven 

F l o r l d a  . 
J ac b o  nv L l  le 
L f i a l l I l  

O r  1 ando 
Tallahassee 
Tampa 
W. P a l m  Beach 

Georgia 
A t l a n t a  
Wa t k i n s v l l l e  

Honolulu 

Boise 
Po ca t e 1 .Lo 

Annette Chicago El Y 

Arizona 

Hawa I1 

Idaho 

Indianapo Lis 

Des Mines 

Dodge C i t y  
Topeka 

Kentucky 
Lexington 

Louis iana  
Lake Char les  
New OrLeans 
Shreveport  

Augusta 
Bangor 
Caribou 
Pot t l a n d  

Boston 
Pla2nfleLd 
Worcester 

E. Lansing 
S a u l t  S t e .  k r i e  

S t .  Cloud 

ColumbFa 

G . l a  sgow 
Great FaL 1s 

Grapd Is land  

roua 

Kansas 

Maine 

Massachuse tts ' 

Mlchlgan 

Mlnneso ta 

M s s o u r l  

Montana 

Nebraska 

Concord 
Nashua 

New J e r s e y  
Edlson 
Seabrook 

New & d c o  
Albuquerque 

New York 
Central Park 
Ithaca 
New York C i t y  
Sc henec t ad y 
Syracuse 

North CaroLina 
Greensboro 

North Dakota 
Bismarck 

Oh i o  
Cine-ianati -- 
C 1  ev e Land . 
Columbus 
Pu t-In- Bay 

0 k l  a homa 
Oklahoma C i t y  
Tulsa  

A s t o r i a  
Med f o r d  
Por t  l and  

Pennsylvania 
Phi 1 ad e 1 p h ia 
P I  t t s bu rg h 

Oregon 

South Dakota 
Rapid C i t y  

Tennessee 
Knowi l l  e 
Nashvi1l.e 

Texas 
B r o w n s i l l  e 
D a L  Las 
El Paso 
Midland 
San Antonio 

Cedar C i t y  
S a l t  Lake C i p  

Bu rLlng t on 
Hon t pe L ier  
Rut Land 

Utah 

.- V e  rmon t 

V i  rg fnla 
Lynch bu rg  
Norfotk 

Wash lng  ton 
Pull man 
Seatt l  e 
Ya kima 

Wl sc ons i n  
Mad1 son 

Wyoming 
Cheyenne 
Lander 

h e r t o  Rico 
San Juan 

North Omaha 
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though the  d e f a u l t  data set con ta ins  a c t u a l  h i s t o r i c a l  obse rva t ions  of pre- 
c i p i t a t i o n ,  no a t t empt  is made to model the  exact weather cond i t ions  e x i s t i n g  
on any g iven  day. 

I 

The d e f a u l t  c l ima to log ic  d a t a  base inc ludes  values  f o r  two v a r i a b l e s  
t h a t  relate t o  t h e  e f f e c t s  of vege ta t ion .on  evapo t ransp i r a t ion ;  Leaf a r e a  
index  (MI) and w i n t e r  cover f a c t o r .  LA1 is def ined  a s  the d imens ionless  
r a t i o  of the l e a f  area of a c t i v e l y  t r a n s p i r i n g  vege ta t ion  to the  nominal sur-  
f a c e  area of land on which the  v e g e t a t i o n  is growing. The HELP program 
assumes t h a t  LA1 may vary from a minimum v a l u e  of  0 t o  a maximum v a l u e  of  3. 
The former is r e p r e s e n t a t i v e  of no a c t i v e l y  growing vege ta t ion  ( i . e . ,  bare . 
ground o r  dormant vege ta t ion )  and t h e  la t ter  r e p r e s e n t s  the most dense s t a n d  
of a c t i v e l y  growing v e g e t a t i o n  considered. Defau l t  LAX data sets c o n s i s t  of 

. t h i r t e e n  J u l i a n  d a t e s  (spaced throughout t h e  e n t i r e  yea r )  and cor responding  
maximum LA1 v a l u e s  f o r  a good raw crop and a n  e x c e l l e n t  s t and  of g ra s s .  A 
d i f f e r e n t  set of  L A X  d a t a  is  provided f o r  each of t h e  LO2 c i t i e s  l i s t e d  i n  
Table  I. 
depending upon the  v e g e t a t i v e  cover s p e c i f i e d ,  and i n t e r p o l a t e s  f o r  d a i l y  v a l -  
u e s  in o r d e r  t o  m d e l  e v a p o t r a n s p i r a t i o n  dur ing  t h e  growing season. For t h e  
remainder of t h e  year, t r a n s p i r a t i o n  is assumed not  t o  occur.  Xowever, even 
dormant v e g e t a t i o n  can s ene  t o  i n s u l a t e  t h e  soil and, thus ,  a f f e c t  evapora- 
tion. Winter cover  f a c t o r s ,  which vary from 0 f o r  row crops t o  1.8 f o r  an 

The program a d j u s t s  t h e s e  maxfmum va lues  downvard i f  necessary,  

e x c e l l e n t  s t a n d  of g r a s s ,  are used to account f o r  t h i s  e f f e c t .  .- 

Manual Data Option- 

provide  d a i l y  p r e c i p i t a t i o n  d i t a  f o r  each year of i n t e r e s t .  The maximum 
a l lowab le  pe r iod  of record is 20 y e a r s  and t h e  minimum i s  2 years: A-sepa ra t e  
set of temperature ,  i n s o l a t i o n ,  MI, and vinter cover f a c t o r  d a t a  nay be  
en te red  f o r  each y e a r ,  o r  a s i n g l e  set of d a t a  may be used f o r  a l l  years. The 
in format ion  needed t o  e n t e r  c l i m a t o l o g i c  d a t a  us ing  the  manual input  o p t i o n  is 
presen ted  in S e c t i o n  4. 

When t h e  manual c l ima to log ic  d a t a  input  op t ion  is u t i l i z e d ,  the u s e r  must - 

For  most l o c a t i o n s ,  obsemed p r e c i p i t a t i o n  and temperature data are 
r e a d i l y  a v a i l a b l e .  Poss ib l e  sou rces  inc lude  l o c a l  vea the r  s t a t i o n s ,  l i b r a r -  
ies, u n l v e r s i t i e s ,  agricultural and c l i m a t o l o g i c  r e sea rch  f a c i l i t i e s ,  and t h e  
Na t iona l  Climatic Center, NOM, Federa l  Building, Ashv i l l e ,  North Caro l ina  
28801. . I n s o l a t i o n  d a t a  may be -re d i f f i c u l t  t o  obtain;  however, average va l -  

. ues are commonly r epor t ed  Fn a r c h i t e c t u r a l  p u b l i c a t i o n s ,  s o l a r  h e a t i n g  hand- 
books, and gene ra l  r e f e r e n c e  wrks. A g e n e r a l  d i s c u s s i o n  p e r t a i n i n g  t o  LA1 
va lues  f o r  d i f f e r e n t  types of v e g e t a t i o n  is presented  i n  the  program documen- 
t a t i o n  ( 5 ) .  

Vegeta t ive  Cover Data 

I f  the  d e f a u l t  c l ima to log ic  o r  s o i l  d a t a  op t ions  a r e  used, the  user must 
s p e c i f y  one of seven types of v e g e t a t i v e  cover.  
v e g e t a t i o n  are b a r e  ground (i.e., no v e g e t a t i o n ) ;  e x c e l l e n t ,  good, f a i r  and 
poor s t a n d s  of g r a s s ;  and good and f a i r  s t a n d s  of raw crops.  
d a t a  sets for a dood ri)v crop and an e x e l l 2 n r - 3 t a n d  of arass a r e  modified :Dr 
lesser s t a n d s  of v e g e t a t i o n  h e n  these  types are s p e c i f i e d  by the u s e r .  The 
va lues  f o r  a good rok crop are m u l t i p l i e d  by 0.5 for a fa i r  row crop and the 

Acceptable d e f a u l t  types of 

The d e f a u l t  LA1 
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va lues  f o r  an e x c e l l e n t  s t and  of grass are m u l t i p l i e d  by 0.17, 0.33, and 0.67 
f o r  poor,  fair and good s tands  of g r a s s ,  r e s p e c t i v e l y .  S i m i l a r l y ,  the hydrau- 
l i c  conduc t iv i ty  of the  t o p  s o i l  l a y e r  i s  co r rec t ed  f o r  t h e  e f f e c t s  o f  r o o t s  
when t h e  user s p e c i f i e s  one of t h e  21 d e f a u l t  s o i l  types f o r  the t o p  l a y e r .  
The hydrau l i c  conduLt iv i ty  of s o i l  without vege ta t ion  is m u l t i p l i e d  by  5 . 0 ,  
4 . 2 , - 3 . 0 ,  1 .8 ,  1.9 and 1.5 f o r  e x c e l l e n t ,  good, f a i r  and poor s t a n d s  of g r a s s ,  
and good and f a i r  rov crops,  r e s p e c t i v e l y .  

The u s e r  must a l s o  s p e c i f y  an evapora t ive  zone depth as one of the  clima- 
t o l o g i c  v a r i a b l e s .  The evapora t ive  t o n e , d e p t h  may be  thought of s i m p l y  a s  t h e  
maximum depth  from which water may be removed from the  l a n d f i l l  by evapotran- 
s p i r a t i o n .  Thus, where v e g e t a t i o n  i s  p r e s e n t ,  t h e  evapora t ive  depth  should a t  
least  equa l  the  expected average depth  of root pene t r a t ion .  In a c t u a l  f a c t ,  
t h e  i n f l u e n c e  of p l a n t  r o o t s  g e n e r a l l y  extends w e l l  beyond the  depth of root 
p e n e t r a t i o n  because of c a p i l l a r y  s u c t i o n  c rea t ed  a s  water is e x t r a c t e d  f r o m  
t h e  s o i l .  
depth  of root p e n e t r a t i o n  may be j u s t i f i e d  as a conse rva t ive  approach t o  land- 
f i l l  e v a l u a t i o n  since t h i s  r e s u l t s  in reduced e s t ima tes  of e v a p o t r a n s p i r a t i o n  
and i nc reased  estimates of la teral  d ra inage  and p e r c o l a t i o n .  Evaporation 
w i l l ,  of course,  occur even i f  no v e g e t a t i o n  is presen t .  Thus, i t  is reason- 
able t h a t  some evapora t ive  depth be s p e c i f i e d  even f o r  the  bare ground (no 
vege ta t ion )  condi t ion.  Suggested conse rva t ive  values  of evapora t ive  depth  
range from 4 inches f o r  ba re  ground, t o  10 inches f o r  a f a i r  s t and  of  g r a s s , , .  
t o  18 inches f o r  an e x c e l l e n t  s t and  of g r a s s .  The program does not p e r m i t  te 
evapora t ive  depth  t o  be g r e a t e r  than the  depth  t o  the top of the  topmost bar- .  
r i e t  soil  l a y e r .  

However, l i m i t i n g  t h e  evapora t ive  depth  t o  t h e  expected average 

Design and S o i l  Data - 
- _ _ _  

The.user must s p e c i f y  d a t a  d e s c r i b i n g  the  va r ious  m a t e r i a l s  conta ined  i n  
the l a n d f i l l  (e .g . ,  top s o i l ,  c l a y ,  saad,  waste) and the phys ica l  l ayou t  
(design)  of t h e  l a n d f i l l  (e.g. ,  s ize ,  th i ckness  of va r ious  l a y e r s ,  s l o p e s ,  . 
e t c . ) .  
d a t a ;  hovever,  des ign  d a t a  must b e  en te red  manua1ly.l 

E i t h e r  t h e  d e f a u l t  o r  manual i npu t  op t ions  may b e  u t i l i z e d  f o r  s o i l  

L a n d f i l l  P ro f i l e -  

d i s t i n c t  l a y e r s .  
the- l a y e r s  may be arranged VU& must be observed i f  meaningful r e s u l t s  a r e  t o  
be obtained.  
l a t i o n ,  lateral d ra inage ,  waste, o r  b a r r i e r  s o i l  layer'. This i d e n t i f i c a t i o n  
is very  important because the program models water f l o w  through the  va r ious  
types  of l a y e r s  in d i f f e r e n t  ways. 
t h a t  each layer is homogeneous wi th  respect t o  hydrau l i c  c o n d u c t i v i t y ,  t r ans -  
m i s s i v i t y ,  wilting p o i n t ,  p o r o s i t y ,  and f i e l d  capac i ty .  A typical.  c losed 
. l a n d f i l l  p r o f i l e  is shown on Figure 2. The c i r c l e d  numbers i n d i c a t e  the layer 
i d e n t i f i c a t i o n  system used by t h e  program. 

The HELP program may b e  used t o  model l a n d f i l l s  composed of up t o  n ine  
However, t h e r e  are some l i m i t a t i o n s  on t h e  o rde r  i n  which 

Also, each l a y e r  must be i d e n t i f i e d  a s  e i t h e r  a v e r t i c a l  perco- 

Bovever, i n  a l l  ca ses ,  'the program assumes 

Vertical p e r c o l a t i o n  l a y e r s  (e:g., l a y e r  1 on Figure  2)  a r e  assumed t o  
have g r e a t  enough hydrau l i c  conduc t iv i ty  t h a t  v e r t i c a l  flow i n  t h e  downward 
d i r e c t i o n  ( i . e . ,  pe rco la t ion )  is n o 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 in -  
age is not  pe rmi t t ed ,  bus water  can move upvard and be l o s t  t o  evapot ranspi ra -  
t i o n  ii the  i a y e r  is v i t h i n  che s p e c l i i e a  +vapora t ive  zone. ? e r a l a t i s n  LS 
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modeled as being independent of t h e l d e p t h  of vater 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 ,  
b e  des igna ted  a s  v e r t i c a l  p e r c o l a t i o n  l a y e r s .  

Layers designed t o  suppor t  vege ta t ion  should g e n e r a l l y  

Lateral dra inage  l a y e r s  a r e  assumed t o  have hydrau l i c  conduc t iv i ty  high 
enough t h a t  l i t t l e  r e s i s t a n c e  t o  flow is of fered . ,  The re fo re , . t he  hydrau l i c  
conduc t iv i ty  of a dra inage  l a y e r  should  b e  equa l  t o  o r  g r e a t e r  than t h a t  of 
t h e  ove r ly ing  l a y e r .  
v e r t i c a l  p e r c o l a t i o n  l a y e r ;  however, l a t e ra l  outf low is allowed. Th i s  l a t e r a l  
d ra inage  is considered t o  be a f u n c t i o n  of t h e  s l o p e  of t h e  bottom of t h e  
l a y e r ,  t h e  maximum h o r i z o n t a l  d i s t a n c e  t h a t  vater must t r a v e r s e  t o  d r a i n  from 
t h e  l a y e r ,  and t h e  depth of vater s a t u r a t e d  s o i l  above t h e  top  of t h e  under- 
l y i n g  b a r r i e r  s o i l  layer. a la te ra l  dra inage  l a y e r  may b e  unde r l a in  
by 'only ano the r  l a te ra l  dra inage  l a y e r  o r  .a b a r r i e r  s o i l  l a y e r . )  
d ra inage  submodel has  been c a l i b r a t e d  f o r  dra inage  s l o p e s  between 0 and 
10 pe rcen t  and f o r  maximum dra inage  d i s t a n c e s  between 25 and 200 f e e t .  
ers 2 and 5 on Figure 2 are l a t e ra l  dra inage  l a y e r s .  

Vertical f low is modeled in t h e  same manner a s  f o r  a 

(Note: 
The l a t e r a l  

Lay- 

Barrier soil l a y e r s  res t r ic t  v e r t i c a l  flow. Thus, such l a y e r s  should 
have hydrau l i c  conduc t iv i ty  s u b s t a n t i a l l y  lower than  f o r  v e r t i c a l  p e r c o l a t i o n ,  

b a r r i e r  soil l ayers . . -  Thus, any v a t e r m n v i n g  i n t o  a barrier l a y e r  vi11 eventu- 
a l l y  p e r c o l a t e  through i t .  P e r c o l a t i o n  is modeled as a f u n c t i o n  of t he  depch 
of vater s a t u r a t e d  soil (head) above t h e  base  of t h e  l a y e r .  The program r e c e  
ognizes  two types  of b a r r i e r  l a y e r s ;  those  composed of soil a l o n e ,  and those- :  
composed of  soil o v e r l a i n  by an impermeable s y n t h e t i c  membrane. 

l a te ra l  d ra inage ,  o r  vaste l a y e r s .  The program only a l lows  downward flow i n  F 

In t h e  l a t t e r  
. case, t h e  u s e r  rmrst s p e c i f y  some membrane leakage f r a c t i o n .  Th i s  f a c t o r  may 
. b e  thought  of simply as t h e  f r a c t i o n  (range 0 t o  1) of t h e  maximum d a i l y  
p o t e n t i a l  p e r c o l a t i o n  ( i . e . ,  t h e  p e r c o l a t i o n  t h a t  vould occur ,  i n  response t o  
some given head, in t h e  absence of t h e  membrane) through t h e  l a y e r  t h a t  is 
expected t o  a c t u a l l y  occur on a day when t h e  membrane is i n  place, assuming 
t h e  b a r r i e r  l a y e r  is sub jec t ed  t o  t h e  same head. The n e t  e f f e c t  of spec i fy ing  
t h e  presence  of a membrane is t o  reduce the  e f f e c t i v e  hydrau l i c  conduc t iv i ty  
of t h e  l a y e r .  The f a c t o r  may also be cons idered  as t h e  f r a c t i o n  of t h e  a r e a  
t h a t  d r a i n s  i n t o  t h e  b a r r i e r  s o i l  l a y e r  through l eaks  in t h e  membrane l i n e r .  
The program does n o t  model aging of t h e  membrane. Layers 3 and 6 shown on 
F igure  2 are b a r r i e r  l aye r s .  

Water movement through a vaste l a y e r  is modeled i n  t h e  same manner a s  f o r  
a vertical  p e r c o l a t i o n  l a y e r .  However, i d e n t i f y i n g  a l a y e r  as a waste l a y e r  
i n d i c a t e s  t o  t h e  program vhich  l a y e r s  should be Considered p a r t  of t h e  land- 
f i l l  cap o r  cover ( see  Figures 1 and Z), and vhich  l a y e r s  should be considered 
as p a r t  of t h e  l f n e r j d r a i n a g e  system. Layer 4 shown on Figure  2 is a waste 
Sayer .  

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  is i d e n t i f i e d  a s  a waste 
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. In  t h i s  case t h e  user 
must s p e c i f y  a runoff c u n e  number (d iscussed  above) and t h e  f r a c t i o n  ( a  
f a c t o r  t h a t  may vary  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  is 
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  su r f ace .  
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The HELP program,can model up to ,  n i n e  l a y e r s  i n . t h e  l a n d f i l l  p r o f i l e .  As 
many as t h r e e  l a y e r s  may be i d e n t i f i e d  a s  b a r r i e r  soil l a y e r s .  While t h e  pro, 
gram is q u i t e  f l e x i b l e ,  t h e r e  a r e  some b a s i c  r u l e s  t h a t  must b e  followed r e l a -  
t i v e  t o  t h e  o r d e r  i n  which t h e  l a y e r s  a r e  a r ranged  in t h e  p r o f i l e .  F i r s t ,  a 
v e r t i c a l  p e r c o l a t i o n  1"ayer o r  a waste l a y e r  may not  be placed d i r e c t l y  below a 
l a t e r a l  d r a i n a g e  l a y e r .  

p laced  d i r e c t l y  below t h e  l o v e s t  d ra inage  l a y e r  a l l  d ra inage  l a y e r s  in the  
lowest s u b p r o f i l e  are t r e a t e d  as v e r t i c a l  p e r c o l a t i o n  l a y e r s .  Thus, no l a t e r a l  
d r a i n a g e  is allowed i n  t h i s  s u b p r o f i l e .  
b a r r i e r  s o i l  l a y e r .  

Second, a b a r r i e r  s o i l  l a y e r  may not b e  placed 
, d i r e c t l y  below ano the r  barrier s o i l  l a y e r .  T h i r d ,  vhen a b a r r i e r  s o i l  is not  

Fourth,  t h e  top l a y e r  may not  b e  a 

Impor tan t  nomenclature used by t h e  program is i n d i c a t e d  on F igure  2.  For 
computa t iona l  purposes t h e  s o i l  p r o f i l e  is p a r t i t i o n e d  i n t o  s u b p r o f i l e s  which 
are d e f i n e d  i n  r e l a t i o n  t o  t h e  l o c a t i o n  of t h e  b a r r i e r  soil l a y e r s .  For exam- - 
p l e ,  t h e  upper s u b p r o f i l e  shown on F igure  2 extends  from t h e  s u r f a c e  t o  t h e  
bottom of t h e  upper b a r r i e r  s o i l  l a y e r  ( l a y e r  3 ) ,  whi le  t h e  lower s u b p r o f i l e  
ex tends  from t h e  top of t h e  waste l a y e r  t o  t h e  base of t h e  lower barrier s o i l  
l a y e r .  If an i n t e r m e d i a t e  b a r r i e r  s o i l  l a y e r  had been s p e c i f i e d ,  a t h i r d  
( i n t e r m e d i a t e )  s u b p r o f i l e  would have been de f ined .  S ince  t h e r e  can b e  no more 
than t h r e e  b a r r i e r  soil l a y e r s  t h e r e  can b e  RO more than t h r e e  s u b p r o f i l e s .  
The program models t h e - f l o w  of water t h r o u m  one s u b p r o f i l e  a t  a t i m e  with the  
p e r c o l a t i o n  from one s u b p r o f i l e  s e r v i n g  as t h e  inf low to  t h e  under ly ing  sub- 
p r o f i l e ,  and so on through t h e  complete p r o f i l e .  .- 
S o i l  Data- 

. The t y p e  of s o i l  present i n  each l a y e r  must be s p e c i f i e d  by t h e  u s e r .  
Th i s  can be accomplished us ing  e i t h e r  t h e  d e f a u l t  o r  manual d a t a  inpu t  
op t ions .  C h a o a c t e r i s t i c s  f o r - 2 1  d e f a u l t  s o i l  types are p resen ted  i n  Table 2. 
The first t h r e e  columns r e p r e s e n t  s o i l  t e x t u r e  des igna t ions  used by the  HELP 
program, and two s t anda rd  c l a s s i f i c a t i o n  systems-the U.S. Department of 
A g r i c u l t u r e  system and t h e  Uni f ied  S o i l  C l a s s i f i c a t i o n  System. 
e n t r i e s  r e p r e s e n t  t y p i c a l  va lues  cor responding  t o  t h e  v a r i o u s  s o i l  types and 
are used by t h e  ?EL2 program, as needed, f o r  computational purposes.  These 
v a l u e s  were ob ta ined  mainly from a g r i c u l t u r a l  s o i l s  which may be  l e s s  dense 
and more a e r a t e d  than t y p i c a l  s o i l s  p laced  i n  l a n d f i l l s  ( 6 ,  7 ,  8 ) .  Clays and 
silts i n  l a n d f i l l s  would g e n e r a l l y  be compacted except f o r  a w e l l  managed 
v e g e t a t i v e  l a y e r  which may be t i l l e d  t o  promote v e g e t a t i v e  grovth.  U n t i l l e d  
v e g e t a t i v e  l a y e r s  would g e n e r a l l y  be more compacted than t h e  loam l i s t e d  in 
Table  2. Soil t e x t u r e  type 19 is r e p r e s e n t a t i v e  of t y p i c a l  munic ipa l  s o l i d  
waste t h a t  has  been compacted. Soil t e x t u r e  types 20 and 21 denote  very  w e l l  
compacted clay soils that.might be  used f o r  b a r r i e r  l a y e r s .  Defau l t  s o i l  data 
may be  accessed and used simply by e n t e r i n g  t h e  a p p r o p r i a t e  s o i l  t e x t u r e  num- 
b e r  in response  t o  a s t r a i g h t f o r v a r d  command from. the  program. 

The numerical  

The u s e r  may also e n t e r  s o i l  c h a r a c t e r i s t i c s  manually. In t h i s  i n s t a n c e ,  
t h e  program vi11 r e q u i r e  t h a t  numerical  va lues  be en te red  f o r  p o r o s i t y ,  f i e l d  
c a p a c i t y ,  w i l t i n g  p o i n t ,  hydrau l i c  c o n d u c t i v i t y  ( i .e. ,  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 i t y )  i n  inches p e r  hour ,  and evapora t ion  c o e f f i c i e n t  i n  m i l l i m e t e r s  
p e r  squa re  r o o t  of day. (Note: p o r o s i t y ,  f i e l d  c a p a c i t y ,  and w i l t i n g  p o i n t  
3re a11 dimens ionless . )  In some c a s e s  these  d a t a  nay r?ot b e  a c t u a l i y  used by 
t h e  program. S p e c i f i c a l l y ,  t h e  p o r o s i t y ,  w i l t i n g  p o i n t ,  and evapora t ion  
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'TABU 2. DEFAULT SOIL CHARACTERISTICS 

Fie ld  WiLting Hydraul ic CONe sou Texture M I R ~  Porosity Capacity P o f n t  Conductivity 
HELP' USDAb USCSc I n / h r  VoLIVol VolJVol VolIVol in/ ht rnm/dayo* ' 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10  

11 

12  

1 3  

14  

15 
16. 

17 
18 

19 
20 
21 

cos  

COSL 

S 

FS 

Ls 
LFS 

LVF S 
SL 

FSL 

VFSL 

0.500 

0.450 

0.400 

0.3 90 

0.380 . 
0.340 

0.320 

0.300 
0.250 

0.250 

. L ML 0.200 

S I L  ML 0,170 

SCL sc 0.110 

C L  CL 0,090 

SICL CL 0.070 

. SC a -0.060 - 

src CH 0.020 
c a 0.010 

k s t e  0.230 

Barrier S o i l  0.00.2 

Barrler Soil 0.001 

0.351 . 

0.376 

0.389 

0.3 7 l  

0.430 

, 0.401 

0.421 

0.442 

0.458 

0.511 

0.174 

0.218 

0.199 

0.172 

0.16 

0.129 

0; 1.76 

0.25 6 

0.223 
0.301 

0.'521 

0.535 
0.453 

0.582 
0.588- 

- 0.5 72 

0.592 
0.680 

0.520 
0.520 

0.520 

0.377 

0.421 

0.319 

0.452 

0.504 

0.45 6 

0. so1 
0.607 

00 320 
0.450 

0.480 

0.107 11.95 

0.131 7.090 

0.066 6.620 

0.050 5.400 

0.060 2.780 

0.075 1.000 

0.090 0.910 

0.133 0.6 70 

0.092 0.550 

0.184 0.330 

3.3 

3.3 
3.3 

3.3 

3.4 

3.3 

3.4 

3. a 
4.5 

5.0 

0.221 

0.222 

0.200 

0.325 

0.355 

0.378 

0.378 
0.492 

0.190 
0.3 60 

0; 400 

0.21.0 4.5 

0.110 5.0 I .  

0.084 4.7 :: 
0.065 3.9 

0.041 . 4.2 

0.0 65 3.6" 

0.033 3. a 
0.022 3.5 

0.283 3.3 

0.000142 3.1 

0.0000142 3.1 

Sou c k s s i f i c a t i o n  system used in the HELP model (see discuss ion in t e x t ) .  a 

bSoF1 d a a a i f i c a t i o a ' s y s t e m  used by the U.S. Department of Agricul.ture. 

%IR - Hinimm I n f i l t r a t i o n  Ute.  

e~~ - Evaporation Coefficient (Transmissivity) .  

The Unified Soil C l a s s i f i c a t i o n  System. C 

. 
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c o e f f i c i e n t  are not used f o r  b a r r i e r  soils, and the  w i l t i n g  p o i n t  and evapora- 
t i o n  c o e f f i c i e n t  are n o t  used f o r  any l a y e r  below the  e f f e c t i v e  evapora t ive  
zone. Brief  d e f i n i t i o p s  f o r  some terns used to desc r ibe  soil mois ture  con- 
t e n t ,  and the  movement of water through soil, a r e  presented below. 

Porosi ty- the r a t i o  of the volume o f  voids  to t h e  t o t a l  volume occupied 
by a soil. 

F i e l d  capac i ty- the  r a t i o  of t h e  volume of water t h a t  a s o i l  r e t a i n s  
a f t e r  g r a v i t y  d r a i n a g e  ceases  to the  t o t a l  vo luueoccup ied  by a s o i l .  

Wi l t i ng  point- the r a t i o  of t h e  volume of water t h a t  a s o i l  r e t a i n s  a f t e r  
plants can uo longer! extract vater ( thus ,  the  p l a n t s  remain w i l t e d )  to t h e  
t o t a l  volume occupied by a SOU. 

A v a i l a b l e  (o r  p l a n t  ' a v a i l a b l e )  water capacity-the d i f f e r e n c e  between t h e  
SOU water con ten t  a t  f i e l d  c a p a c i t y . a n d  a t  t h e  w i l t i n g  p o i n t .  

Hydraul ic  conduct ivi ty- the r a t e  a t  which water  moves through soil i n  
response t o  g r a v i t a f i o n d  f o r c e s .  <- 

Evaporation coef f i c i e n t - - ( a l s o  c a l l e d  t r a n s m i s s i v i t y )  an i n d i c a t o r  of the , 
r e l a t i v e  ease by which water is t r a n s m i t t e d  through s o i l  i n  response t o  c a p i l -  ._ 
l a r y  suc t ion .  - 

. Users op t ing  f o r  man@ soil d a t a  input  should recognize t h a t  c e r t a i n  
l o g i c a l  r e l a t i o n s h i p s  must exist among the s o i l  c h a r a c t e r i s t i c s  of a g iven  

d imens iooless  va lues  vary ing  between 0 and 1, but . the p o r o s i t y  must be  g r e a t e r  
than the  f i e l d  c a p a c i t y  which must, i n  turn, be g r e a t e r - t h a n  t h e  v i l t i n g  
po in t .  
r o o t  of day. 

-- 
i a y e r .  T h e p o r o Z i t y ,  f i e l d  c a p a c i t y ,  and Vi1-g p o i n t  a r e  all r ep resen ted  by . 

e 

The minimum permiss ib l e  evapora t ion  c o e f f i c i e n t  is 3.0 rn per square 

The program is designed t o . a c c e p t  a combination of d e f a u l t  and manual 
soil d a t a  i f  such is des i r ed .  This Ls e s p e c i a l l y  convenient f o r  s p e c i f y i n g  
c h a r a c t e r i s t i c s  of uaste l aye r s .  To use t h i s  op t ion  the  u s e r  simply s p e c i f i e s  
s o i l  t ypes  22 o r  23. The program respoods t o  t h e s e  s o i l  t e x t u r e  types  by ask- 
ing f o r  t h e  soil c h a r a c t e r i s t f c s  d i scussed  above. 

S o i l  Compaction- 
Barrier s o i l ' l a y c r s  and waste l a y e r s  may be compacted to rest r ic t  t h e  

v e r t i c a l  f l o w  of water. When using the  d e f a u l t  SOU d a t a  op t ion ,  t h e  u s e r  may 
s p e c i f y  t h a t  any l a y e r  is to be considered compacted. For a l a y e r  so i d e n t i -  
f i e d ,  t h e  h y d r a u l i c  cooduc t iv i ty  is reduced by a f a c t o r  of  20, and t h e  d r a i n -  
a b l e  water ( i .e . ,  p o r o s i t y  minua f i e l d  capac i ty )  and p l a n t  available water  
(i.e., f i e l d  c a p a c i t y  minus w i l t i n g  p o i n t )  are each reduced by 25 percen t .  
When using t h e  manual soil d a t a  opt ion,  the  u s e r  simply e n t e r s  soil d a t a  rep- 
r e s e n t a t i v e  of compacted s o i l .  Layers t h a t  support  vege ta t ion  a r e  not gen- 
e r a l l y  compacted. 

,I . . 
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Design Data-- , 

one. However, in t h i s  s e c t i o n  the  term des ign  d a t a  r e f e r s  t o  those i t e m  d i s -  
cussed immediately &low.  

The d i s t i n c t i o n  between s o i l  and design data is not always a c l e a r  cut 

The user must e n t e r  the  t o t a l  s u r f a c e  a r e a  of the Landf i l l  t o  be  modeled 
For dra inage  lay-  in square  f e e t ,  and the  th ickness  of each l a y e r  i n  inches.  

ers the  s lope  of t he  bot tcm of the  layer ( i n  percent )  and t h e  maximum horizon- 
t a l  dra inage  d i s t a n c e  (in f e e t )  must a l s o  be  suppl ied.  
submodel has  been c a l i b r a t e d  fo'r s l o p e s  between 0 and 10 pe rcen t  and f o r  maxi- 
mum dra inage  d i s t a n c e s  betveen 25 t o  200 f e e t .  When d r a i n  t i l e s  a r e  t o  be 
used, t h e  appropr i a t e  d i s t a n c e  is one ha l f  t h e  maximum spacing. When d r a i n s  
a r e  not used, the  appropr i a t e  d i s t a n c e  is t h e  maximum h o r i z o n t a l  d i s t a n c e  t h a t  
water must t r a v e l  t o  reach a f r e e  d ischarge .  Depending upon the  Soil p r o f i l e  
chosen and the  inpu t  o p t f o n ' s e l e c t e d ,  o t h e r  d a t a  such as runoff c u m =  number, 
membrane leakage f r a c t i o n ,  and p o t e n t i a l  runoff  f r a c t i o n  may be requested by 
the  program. Each of these  are d iscuased  in t h e  appropr i a t e  paragraphs above. 
Some gene ra l  guidance f o r  s e l e c t i o n  of runoff  curve numbers is provided i n  
Figure 3 (4, 9) .  Typica l  va lues  f o r  minimum i n f i l t r a t i o n  rates a r e  provided 
in Table  2. 

The l a t e r a l  d ra inage  

RAAEGROUNO 

In Q -  a 

z 

0.1 0.2 0 3  a4 0 1  
WII. I N J M  

I ,  . .  .. 

Figure 3.  Rela t ionship  betveen SCS c u m e  number and minimum i n f i l -  
tration rate (XIX) f o r  va r ious  vegetati-Je :mer3 
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SECTION 4 

PROGRAM INPUT 

INTRODUCTION 

Once t h e  p r o g r m  is started, it au tomat i ca l ly  solicits  inpu t  from t h e  
use r .  This chap te r  d e s c r i b e s  t h e  i n p u t  commands g iven  by t h e  program, t h e  
q u e s t i o n s  t h e  program asks, p o s s i b l e  r e spoases  t h e  u s e r  can provide,  and the  
implications of t h e s e  responses.  For convenience, both input commands and 
q u e s t i o n s  are r e f e r r e d  t o  as ''queseiona" i n  t h i s  chapter .  
mands a r e  r e a l l y  s t a t emen t s  and not ques t ions .  FOP r e fe rence ,  each ques t ion  
h a s  been ass igned  an. i d e n t i f i c a t i o n  n m b e t w h i c h  Vi11 enable  the u s e r  t o  f i n d  
a d e s c r i p t i o n  of t h e  ques t ion  in t h i s  chap te r .  A b r i e f  d e s c r i p t i o n  of how t o  . 
o b t a i n  and run t h e  program on t h e  N a t i o a a l  Computer Center  IBM Computer S y s t e m  ! 
is given  in Appendix A. 

Obviously, the  com- 

.- 

. The t e n  types of data which t h e  user can e n t e r  a r e - l l s t e d  belov: 

1. L 

2. 

3.  

4. 

5 .  

6. 

7. 

a. 
9. 

Overall Program Cout ro l  (MAIN), . __ 
e 

Defau l t  Cl imato logic  Data (DCDATA), 

Manual R a i n f a l l  Data (MCDATA), 

Defau l t  S o i l  Data (DSDATA), 

Manual S o i l  Data (ISDATA), 

S i t e  D e s c r i p t i o n  (SITE) , 
C h a r a c t e r i s t i c s  of Open S i t e s  (OPEN), 

Manual Ciimato logic  Data o t h e r  than R a i n f a l l  MRUYR), 

Edit of R a i n f a l l  Data (PRECHK), 

10. E d i t  of Soil Data (SDCBK), 

11. Simula t ion  Output Contro l  (SMDLA) 

The names in paren theses  are the subrou t ines  in .which  t h e  d a t a  are en te red .  
The r e l a t i o n s h i p  between subrou t inea  l a  shown schemat ica l ly  in Figure  4. MIX 
is :Se =in program. 
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RULES 

There are a few fundamental r u l e s  t h a t  a user must keep in mind &en 
us ing  the  program. T h y  a r e  summarized below. 

When the  program r e q u e s t s  a word response (e.g.  YES o r  X O ) ,  t he  response 
must be l e f t  j u s t i f i e d  and t h e  f i r s t  fou r  c h a r a c t e r s  must b e  Spel led  cor- 
r e c t l y .  
i c a l  d a t a ,  t h e r e  must be no stray s i g n s  o r  decimals .  If  fewer va lues  a r e  
e n t e r e d  on a l i n e  than a r e  c a l l e d  f o r ,  t he  program assigns ze ros  to the  
remaining l o c a t i o n s .  For example, i f  10 d a i l y  r a i n f a l l  v a l u e s  a r e  requi red  on 
a l i n e  and t h e  va lues  are 

For example-YES and NO SIR are  not acceptab le .  When e n t e r i n g  numer- 

0. 0.9 0. 0.4 0.. 0. 0.25 0. 0. 0. . 

t h e  u s e r  can e n t e r  

' 0 .9 0 .4 0 0 .25 

But if t h e  u s e r  e n t e r e d  

0 .  . . .9 - 0 .4 0. 0 .  .25 * 

t h e  program would. s t o r e  

0. 0. 0. .9 -0. 0. 0.4 0. 0. 0.25  

The u s e r  should always e n t e r  a t  least  one c h a r a c t e r  on any l i n e .  
slnce most computers regard  a blank l i n e  a s  an end-of-f i le ,  t h e  run may be 
prematurely terminated.  
f o r  a 10 day per iod  v i t h  no r a i n ,  i t  is  permiss ib le  to e n t e r  

Otherwise,  

For exainple, if t he  use r  I s  e n t e r i n g  r a i n f a l l  data  

0 

b u t  not t o  leave t h e  e n t i r e  l i n e  blank. 

T r a i l i n g  decimal points are not requi red  on inpu t  as t h e  program au tomat i ca l ly  
kuovs whether t o  treat a value  as  a n  integer or  f l o a t i n g  p o i n t  v a r i a b l e .  
example, i f  a u s e r  vfshts t o  enter t h e  number n ine ,  e i t h e r  9 ,  9 .  o r  9.00 a r e  
accep tab le .  

For 

The program dec ides  whether to s t o r e  t h e  v a l u e s  a s  9 o r  9.000000. 

If t h e  program is expec t ing  one of s e v e r a l  responses  to a ques t ion  ( e . g .  
1 ,  2,  3 ,  o r  4) a d  the user does not e n t e r  such a response,  t h e  program warns 
t he  u s e r  and provides  ano the r  oppor tun i ty  to  respond. c o r r e c t l y .  I n  most c a s e s  
t h e  e n t i r e  ques t ion  is not repeated.  

The user is discouraged from termina t ing  a run dur ing  input  a s  some of 
t h e  d a t a  may b e  lost. If necessary ,  though, t h e  use r  can t e rmina te  Input  by 

being used. 
. hitting t h e  "ESCAPE" o r  "INTERRUPT" key, depending on the  type of te rmina l  

. .  
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Each ques t ion  (and inpu t  command) has  been ass igned  *an i d e n t i f y i n g  code 
composed of two a r a b i c  numerals separa ted  by a decimal poin t .  The f i r s t  num- 
ber always r e f e r s  t o  t h e  appropr i a t e  sub rou t ine ,  while  t h e  second i n d i c a t e s  
t he  o rde r  of  t h e  ques' t ions (and input  commands) w i th in  the  subrout ine .  These 
i d e n t i f y i n g  codes a s s i s t  t h e  use r  i n  l o c a t i n g  t h e  po r t ion  o f  t h i s  chap te r  t h a t  
may b e  of i n t e r e s t  i n  i n t e r p r e t i n g  the  ques t ions  (and inpu t  commands). 

OVERALL PROGECAM CONTROL (1. MAIN) 

When t h e  program starts,  i t  f i r s t  p r i n t s  a heading in t roducing  t h e  HELP 
Model and then  a sks  t h e  following: 

1.1 DO YOU W A N T  TO ENTER OR CH.€CX DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC INPUT,  
2 FOR SOIL OR DESIGY DATA INPUT, 
3 TO RUN THE S P N L A T I O N  AND OBTAIN DETAILED OUTPUT, 
4 TO STOP THE PROGRAM, AND 
5 TO RUN THE SIMULATION AND OBTAIN ONLY SUMMARY OUTPUT. 

I f  t h e  u s e r  e n t e r s  1, t h e  program will expect  t h e  user t o  e n t e r  e i t h e r  t h e  , 

t i o n  1.2. Xf t h e  u s e r  enters 2,  t h e  program vi11 expec t  t h e  u s e r  t o  e n t e r  
e i t h e r  d e f a u l t  o r  manual s o i l  d a t a ,  depending upon t h e  answer t o  ques t ion  1.3. 
If t h e  u s e r  e n t e r s  3, t h e  s imula t ion  w i l l  begin and d e t a i l e d  output  i nc lud ing  
a summary ~$11 be produced, v h i l e  i f  t h e  u s e r  e n t e r s  4 ,  t h e  run will be  
ha l t ed .  
die si&-lation r e s u l t s  will be produced. 
than 1, 2, 3,  4 ,  or 5 ,  t h e  ques t ion  is repea ted .  The program r e t u r n s  t o  t h i s  
ques t ion  each t i m e  i t  completes a po r t ion  of  t h e  program. . F o r  example, a f t e r  
e n t e r i n g  c l ima to log ic  d a t a ,  t h e  u s e r  must instruct  t h e  program whether s o i l  
d a t a  w i l l  be  en te red ,  t h e  s imula t ion  should begin ,  or t h e  run should end. 

d e f a u l t  o r  manual c l ima to log ic  d a t a ,  depending upon t h e  answer t o  ques- .- 

- If t h e  u s e r  e n t e r s  5 ,  t h e  s imula t ion  w i l l  begin and on ly  a -- summary o'f 
If t h e  u s e r  e n t e r s  a va lue  o t h e r  

If t h e  u s e r  answered 1 t o  ques t ion  1.1, t h e  program asks  the  use r  what 
type of c l lma to log ic  data is t o  be used i n  t h e  run. 

1.2 DO YOU WANT TO USE DEFAULT C L I U T O L O G I C  DATA? 
ENTER YES OR NO. 

The u s e r  answers YES if i t  i s  d e s i r e d  t o  b u i l d  a new f i l e  of c l ima to log ic  d a t a  
from t h e  d e f a u l t  d a t a  t apes ,  and NO if ir is d e s i r e d  t o  e n t e r  c l ima to log ic  
d a t a  manually. If i t  i s  d e s i r e d  t o  modify c l ima to log ic  d a t a  t h a t  were prev i -  
ous ly  en te red ,  a HO answer should be  given. 
sub rou t ine  2. DCDATA (ques t ion  2.1) while  a NO answer t r a n s f e r s  c o n t r o l  t o  
subrout ine  3. MCOATA (ques t ion  3.1). 

A YES answer t r a n s f e r s  c o n t r o l  t o  

I f  t h e  u s e r  answers 2 t o  ques t ion  1.1, t h e  program asks t h e  fol lowing 
quest ion:  

1 . 3  DO YOU WANT TO USE DEFAULT SOIL DATA? 
EYTER YF,S OR YO. 
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The user should e n t e r  YES if it is des i r ed  t o  bGild a neQ d a t a  f i l e  of soil 
d a t a  from the  d e f a u l t  s o i l  t e x t u r e  d a t a ,  and NO if it is d e s i r e d  to  e n t e r  s o i l  
d a t a  manually dur ing  t h e  run o r  e d i t  p rev ious ly  en te red  soil o r  design da ta .  

If the  use r  answers 3 o r  5 t o  ques t ion  1.1, the  programs t r a n s f e r s  con- 
I 

t r o l l s  t o  sub rou t ine  11. Sz?NLA ( q u e s t i o n  11.1) .  

If the  user answers 4 t o  q u e s t i o a  1.1, the run is  h a l t e d  and the follow- 
ing  message is pr in t ed :  

P 

1.4 ENTER RUNHELP TO RERUN PROGRAM OR 
ENTER LOGOFF TO LOGOFF COMPUTER SYSTEM. 

. DEFAULT CLPIATOLOGIC DATA (2. DCDATA) 

If t h e  u s e r  s p e c i f i e d  t h a t  d e f a u l t  c l ima to log ic  d a t a  would be used (a YES 
response t o  q u e s t i o n  1.21, t h e  program f i r s t  asks ff the  u s e r  wants a l i s t  of 
c i t i e s  f o r  which d e f a u l t  climatologic d a t a  are s to red .  

2.1 DO YOU WANT A LIST OF DEFAULT CITIES? 
ENTER YES OR NO; .- 

- 

A YES response  will result in t h e  program printing a . l i s t  (Table  I )  of  t h e  ;. 
102 c i t i e s  f o r  which 5-year c l ima to log ic  d a t a  sets a r e  s t o r e d .  
t h e  ansver to. 2.1, t h e  f o l l o v f n g  ques t ion  1s pr in t ed :  

Regardless of 

, .  * 2.2 ENTER NAME OF*STATZ OF &REST - 

The user need only e n t e r  the  f i r s t  fou r  c h a r a c t e r s  of the  s t a t e  n a m e .  Some - ' 

s t a t e s  have  no c i t i e s  for which c l ima to log ic  d a t a  a r e  s t o r e d .  For these, t h e  
program responds 

2 . 3  THERE ARE NO DEFAULT VALUES RIR 

and c o n t r o l  is r e tu rned  t o  ques t ion  2 . 1 .  In t h a t  case, the u s e r  must e n t e r  
c l i m a t o l o g i c  d a t a  manually o r  use t h e  d e f a u l t  d a t a  f o r  a nearby c i t y  from a 
ne ighbor ing  state. 

Once t h e  state name is  entered,  t h e  use r  must e n t e r  the  name of the c i t y  
f o r  which c l i m a t o l o g i c  d a t a  are t o  be used in response t o  

2 . 4  WTZB HApiE OF CrPI OF INTERZST 

The u s e r  can o u l y  select names from t h e  102 c i t i e s  given in response t o  ques- 
t i o n  2.1. This t a b l e  is reproduced in Sectim 3 a s  Table 1. 

If t h e  name of t h e  c i ty  is not found in the d e f a u l t  c l ima to log ic  d a t a  
base ,  the  program responds v i t h  statement 2 . 3  and a sks  ques t ion  2.1. I f  t h e  
user want9.a listing of the c i t i e s ,  the program produces a l i s t i n g  of the  
c i t i e s  and r e t u r n s  t o  q u e s t i o n  2.2; e l s e ,  the program returns to ques t ion  2 . 5 .  
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maw , ~ 

I f  the  &ne oP. t h e  c i t y  Is i n  t he  list of  c i t i e s  
with t h e .  user s p e c i f i e d  s ta te ,  the program responds 

but does not  correspond 

2 . 5  PITTSBURGH LOUISWNA CANNOT BE FOUNQ ON DEFAULT 
C L M T O L O G I C  DATA FILE. 

and the  program returns t o  ques t ion  2. I. 

Once the  program has  read t h e  d e f a u l t  c l ima to log ic  d a t a  from s t o r a g e ,  i t  
r eques t s  the  use r  t o  s p e c i f y  t h e  type of Vegeta t ive  cover If the  v e g e t a t i v e  
type had not  been p rev ious ly  s p e c i f i e d  during t h i s  run when en te r ing  d e f a u l t  
s o i l  da t a .  If previous ly  s p e c i f i e d ,  con t ro l  is passed t o  ques t ion  2.9; e l s e ,  
t h e  program asks  

. 2.6 SELECT THE TPPE OF VEGETATIVE COVER 
NUMBER 1 FOR BARE GROUND 

2 FOR EXELLENT GRASS 
3 FOR GOOD C U S S  
4 FOR FAIR GXASS 
5 FOR POOR GUSS 
6 FOR GOOD ROW CROPS 
? R R  FAIR ROW CROPS- 

! 
These va lues  set d e f a u l t  va lues  f o r  leaf a r e a  Ind ices  and .win ter  cober f a c t o r s  
which a r e  used In  evapo t ransp i r a t ion  c a l c u l a t i o n s .  If t he  use r  e n t e r s  a v a l u e  
o t h e r  than a number between L and 7, t h e  program responds 

-_ 
2.7 9 INAPPROPRLATE VALUE TRY AGAIN __ - 

and provides  ano the r  ' oppor tun i ty  to  en ter  an a p p r o p r i a t e  response.  

When d e f a u l t  soil d a t a  are u t i l i z e d ,  t he  v e g e t a t i o n  type is a l s o  used i n  
s e l e c t i n g  t h e  SCS runoff  c u m e  number f o r  t he  s i t e  and t o  c o r r e c t  t he  hydrau- 
l i c  conduct iv i ty  of t h e  v e g e t a t i v e  l aye r .  I f  the  va lue  given i n  the  d e f a u l t  
s o i l  d a t a  input  does not  ag ree  with the  va lue  s p e c i f i e d  i n  ques t ion  2 . 6 ,  e r t o -  
neous r e s u l t s  may be obtained.  Therefore,  t h e  program v a n s  

2.8 IF YOU ARE USING DEFAULT SOIL DATA AND THIS VEGETATION 
TYPE IS NOT TRE SAME AS USED IN TEIE DEFAULT SOIL DATA INPUT, 
YOU SHOULD ENTER THE SOIL DATA AGAIN OR CORRECT THE SCS 
RUNOFF CURVE NUMBER. 

The program then a sks  f o r  t he  th ickness  of t he  evapora t ive  zone a s  
fo l lows  : 

2.9 ENTER THE EVAPORATIVE ZONE DEPTH I N  XNCHES, 

CONSERVATIVE VALUES 
4 IN.  FOR 

LO I N .  FOR 
i8 I N .  FOR 

ARE: 
BAREGROUND 
F A I R  CECASS , 

mXLcEM: m s s  
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and t h e  u s e r  must respond wi th  an a p p r o p r i a t e  value.  

- . . . , .. -. . 

MANUAL RAINFALL DATA (3. MCDATA) 

I f  t h e  u s e r  s p e c i f i e d ,  i n  response t o  ques t ion  1 . 2 ,  t h a t  d e f a u l t  cl imato- 
Logic d a t a  would not be used, the  program asks  t h e  u s e r  whether i t  i s  d e s i r e d  
t o  b u i l d  a d i m a t o l o g i c  data file from s c r a t c h  o r  c o r r e c t  p rev ious ly  entered 
da ta .  The q u e s t i o n  posed is  

3 . 1  W YOU W A N T  TO ENTER PRECIPITATION DATA? 
ENTER YES OR NO. 

If t h e  user wishes t o  e n t e r  a completely nev set of p r e c i p i t a t i o n  d a t a  
or t o  add o r  r e p l a c e  yea r s  of p r e c i p i t a t i o n  d a t a  in t h e  e x i s t i n g  p r e c i p i t a -  
t i o n  data f i l e ,  t h e  u s e r  should e n t e r  YES t o  ques t ion  3 . 1 ;  o t h e r v i s e ,  the  
user should enter NO. A NO answer passes  c o n t r o l  t o  sub rou t ine  9. PRECHK 
( q u e s t i o n  9.1) where t h e  user is provided an oppor tun i ty  t o  c o r r e c t  l i n e s  of 
t h e  p r e c i p i t a t i o n  d a t a .  
t i o n s  f o r  e n t e r i n g  p r e c i p i t a t i o n  data and ask ques t ion  3 . 2 .  

A YES answer prompts t h e  program to produce i n s t r u c -  

' 3;2 DO YOU WANT TO CORRECT OR ADD To EXISTING PRECIPITATION DATA? 

.- ENTER YES OR NO. 

The user should enter YES t o  ques t ion  3 . 2  i f  the  user wishes to add, 
r ep lace ,  check o r  c o r r e c t  y e a r s ' o f  p r e c i p i t a t i o n  d a t a  Ln t h e  e x i s t i n g  p r e c i p i -  
t a t i o n  data f i l a .  A.YES ansve r  passes c o n t r o l  to  q u a s t i o n  3.8. An answer of 

and prompts the program to respond 
NO i n d i c a t e s  t h a t  t h e  u s e r  wishes a completely aev s e t  of p r e c i p i t a t i o n  data . - -- 

3 . 3  YOU ARE ENTERING A COMPLETE NEW SET OF PRECIPIT.4TION DATA. 

and t o  i n s t t u c t  t h e  user t o  

3 . 4  ENTER THE YEAR OF PRECIPITATION DATA TO BE ENTERED. 
EwnX 0 (ZERO) To END RAINFALL INPUT. 

I f  t h e  user e n t e r s  0 in response t o  i n s t r u c t i o n  3 . 4 ,  p r e c i p i t a t i o n  input  
is stopped and c o n t r o l  is passed t o  subrou t ine  9. PRECBK (ques t ion  9 .1) .  
t h e  user e n t e r s  a y e a r  f o r  which p r e c i p i t a t i o u  data have been p rev ious ly  
e n t e r e d ,  t h e  program responds 

I f  

3.5 ALREADY EXISTS IN TRE DATA. 
Do YOU WANT TO REPLACE THE EXISTIXG DATA? 
ENTER YES OR NO. 

Otherv i se ,  the  program t r a n s f e r s  c o n t r o l  to ques t ion  3.6 vhere  the u s e r  i s  
reques ted  to e n t e r  the  p r e c i p i t a t i o n  data .  

I f  t h e  u s e r  answers NO t o  ques t ion  3.5,  c o n t r o l  is re turned t o  ques- 
t i o n  3 .4  and a new year must be s p e c i f i e d .  If the  u s e r  ansve r s  YES, the  
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program w i l l  r e p l a c e  t h e  d a t a  f o r  t h e  s p e c i f i e d  yea r  and r eques t s  t he  user t o  
e n t e r  t h e  p r e c i p i t a t i o n  data as fol lows:  

3.6 ENTER TEN DAILY PRECIPITATION VALUES PER LINE 
AND 37 LINES PER YEAR FOR _. 
3.7 ENTER LINE 2. 

T h e u s e r  should enter 10 va lues  f o r  d a i l y  r a i n f a l l  in inches  i n  accordance 
wi th  t h e  guidance presented  previous ly  in t h e  p a r t  of t h i s  s e c t i o n  t i t l e d  
"RULES". After each l i n e  is en te red ,  t h e  program r e p e a t s  i n s t r u c t i o n  3;7 
unt i l  a l l  37 1 i n e s . o f  d a t a  are en tered  f o r  t h e  yea r .  The program then r e t u r n s  
c o n t r o l  t o  ques t ion  3.4 u n t i l  20 y e a r s  of d a t a  have been en tered  i f  t h e  u s e r  
is  e n t e r i n g  a compleeely new d a t a  f i l e  o r  t o  ques t ion  3.8 i f  t h e  u s e r  is work- 
ing  on an e x i s t i n g  d a t a  f i l e .  

If t h e  u s e r  wanted t o  enter p r e c l p i t a t i o n  d a t a  i n  o rde r  t o  add more years 
of d a t a  t o  the e x i s t i n g  d a t a  o r  t o  c o r r e c t  t h e  e x i s t i n g  d a t a  ( i .e. ,  t h e  u s e r  
answered YES t o  ques t ion  3.2), t h e  program asks 

3.8 DO YOU WANT TO ADD OR. REFLACE ADDITIONAL YEARS OF 
PRECIPITATION VALUES I N  THE EXISTING DATA? 
MTER YES OR NO. 

c- 

.- 
If t h e  u s e r  aasvers NO t o  ques t ion  3.8, c o n t r o l  is passed t o  sub rou t ine  

9. PRECEK (ques t ion  9.1) where t h e  u s e r  has  t h e  oppor tun i ty  to c o r r e c t  l i n e s  
of d a t a . i n  the e x i s t i n g  p r e c i p i t a t i o n  d a t a  f i l e .  I f  t h e  u s e r  ansve r s  YES; t h e  

I f  t h e  
u s e r  had p rev ious ly  en te red  data for 1974, 1975, 1976, 1977 and 1978, the pro- 
gram vould respond 

--program 1-ista t h e  yea r s  f o r  which p r e c Q i t a f l o n  data have been s to red .  

3.9 DATA EXIST F O R I Y E A R S :  1974 1975 1976 1977 1978 

If less  than 20 yea r s  of p r e c i p i t a t i o n  d a t a  are s t o r e d ,  t h e  program passes 
c o n t r o l  t o  ques t ion  3.4 t o  allov t h e  u s e r  t o  e n t e r  t h e  year  of  t h e  da ta  t o  
be  added o r  replaced.  
rep laced  w i t h  d a t a  f o r  a d i f f e r e n t  yea r  on ly  i f  20 yea r s  of d a t a  are a l r e a d y  
s to red ;  else, d a t a  can be replaced only w i t h  o t h e r  d a t a  f o r  t h e  same year. 
20 yea r s  of d a t a  are already s t o r e d ,  t h e  program responds 

Data f o r  a given y e a r  s t o r e d  in t h e  d a t a  f i l e  may b e  

If 

3.10 TWENTY YEARS OF PRECIPITATION DATA 
HAVE m Y  B E W  ENT-. 
DO'YOU WISE TO REFLACE M Y  YEARS OF DATA? 
ENTER YES OR NO. 

A NO ansver t o  ques t ion  3.10 prompts t h e  program t o  t r a n s f e r  control t o  
sub rou t ine  9. PREcElK (ques t ion  9.1) v h l l e  a Y E S  ansver produces t h e  following 
ins  t N C  t i o n  : 

3.11 ENTER YEAB TO BE REPLACED. 
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If the user responds with one of the years in the data file, c o n t r o l  is passed 
to question 3 . 4 .  
stored, the program responds 

If data for the year specified by the user is no t  already 

3.12. I S  NOT I N  THE EXISTING DATA. 

and returns control to question 3.10. 
select a year for replacement that presently exists in the data file. 

The user should consult message 3.9 to 

DEFAULT SOIL DATA (4. DSDATA) 

If the user responds YES to question 1.3, the program issues some general 
instructions on entering s o i l  data and then prints 

4.1- ENTER TITLE ON LINE 1, 
ENTER LOCATION OF SOLID WASTE SITE ON LINE 2,  
AND ENTER TODAY'S DATE ON LINE 3 .  

The user enters this information on the following lines in any format desired 
since this information-isonly used for atreading. The program then responds 

d. 

.. 4.2 FOUR TPPES OF LAYERS MAY BE USED IN THE DESIGN: 
VERTICAL PERCOLATION, LATERAL DRAINAGE, BARRIER S O U ,  AND WASTE. 

. - -  -- 
. LATERAL DRAINAGE. IS NOT PERMITTED FROM A VERTICAL PERCOLATION 

LAYER. 
BOTH VERTICAL AND LATERALDRAINAGE ARE PERMITT= FROM A LATERAL 
DRAINAGE LAYER. 
A BARRIER SOIL LAYER SHOULD BE DESI- TO INHIBIT PERCOLATION. 
AN I M P W L E  LINER MAY BE USED ON TOP OF ANY BARRIER SOIL LAYER. 
THE WASTE LAYER SHOULD BE DESIGNED TO PERMIT RAPID DRAINAGE 
FROM THE WASTE LAYER. 

RULES : 

THE TOP LAYER CANNOT BE A BARRIER SOIL LAYER. 
A BARRIER SOIL LAYER MAY NOT BE PLACED ADJACENT TO ANOTIIER 
BARXIEX SOIL LAYES. 
ONLY A BARRIER SOIL LAYER OR AN- LATERAL DRAINAGE LAYER HAY BE 
PLACm DIRECTLY BELOW A L A W  DRALYAGE LAYER. 
YOU HAY USE UP TO 9 LAYERS AND Up TO 3 BARRIER SOIL LAYERS. 

ENTER THE NUMBER OF LAYERS Dl YOUR DESIGN. .. 
If the user enters a value between 2 and 9 for the number of layers 

(e.g., 5 ) ,  the program responds 

035 

4 . 3  T U  LAYERS ARE NUMBE2ED SUCII THAT 
SOIL LAY= 1 IS THE TOP LAYER 
AND SOIL LAYER 2 IS THE BOTTOM LAYER. 
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I f  the u s e r  e n t e r e d  1 ,  t h e  program responds 

4.4 SOIL LAYER 1 IS TRE ONLY SOIL LAYER. . 
I f  the  user en tered  a va lue  which is less than 1 o r  g r e a t e r  than 9 ,  the  pro- 
gram responds 

4.5 YOU MAY HAVE 1 TO 9 LAYERS. 
, ENTER THE NUMBER OF LAYERS I N  YOUR DESIGN. 

and the  use r  must e n t e r  t he  number of l a y e r s  again.  

After the  use r  has  en te red  an  acceptab le  number of l a y e r s ,  the  program 
asks  the  following quest ion:  

4 . 6  IS TEE TOP LAYER AN UNVEGETATED SAND OR =VEL LAYER? 
ENTER YES OR NO. 

The answer t o  t h i s  ques t ion  a f f e c t s  t he  m n n e r  i n  which the  program models 
percola t ion  through the  evapora t ive  zone on days when i n f i l t r a t i o n  occurs.  I f  -- 
YES is answered, the andel  assumes t h a t  *ere is l i t t l e  c a p i l l a r y  suc t ion  t o  
draw water i n t o  lower l a y e r s  and t h a t  p e r c o l a t i o n  does not occur u n t i l  t h e  
s o i l  m i s t u r e  i n  t h e  evapora t ive  zone exceeds t h e  f i e l d  capac i ty .  These con-! 
d i t i o n s  are more t y p i c a l  of unvegetated o r  poorly vege ta ted  sand o r  g s a v e l  
l a y e r s  occas iona l ly  used in semi-arid and a r i d  climates. 
the  model assumes t h a t  water is d r a m  i n t o  t h e  Lower l a y e r s  by c a p i l l a r y  suc- 
t i o n  when i n f i l t r a t i o n  occurs.  This  assumption is a p p l i c a b l e  f o r  t y p i c a l  
l a n d f i l l  des igns  where the  top  l a y e r  is a vegetated-LshalLQv 
water t a b l e  o r  where the top l a y e r  is a c l a y  o r  a loam. . 

- -  
If  NO is answered, 

Af te r  the  user answers  ques t ion  4.6, the  program I n s t r u c t s  the  u s e r  t o  
e n t e r  information desc r ib ing  t h e  soil l a y e r s  by r epea t ing  a loop of ques t ions  
f o r  each layer .  The loop con ta ins  ques t ions  4 .7 ,  4 .9 ,  4 .15  and, in some 
cases ,  4.23. The first i n s t r u c t i o n ,  given h e r e  f o r  l a y e r  1,  i s  

4.7 ENTER THICKNESS OF SOIL LAYER I IN INCHES. 
I f  t h e  user e n t e r s  a value  that is less than o r  equal  t o  zero,  t h e  program 
varns 

4 . 8  rnIcmEss MUST BE GREATER THAN ZERO. 

and r e t u r n s  c o n t r o l  t o  ques t ion  4.7.  

. Afte r  ques t ion  4.7 is  s a t i s f a c t o r i l y  answered, t he  program i n s t r u c t s  the 
user t o  

4.9 ENTER TXE LAYER TPPE mR LAYER 1. 
When d a t a  a r e  being en tered  f o r  t h e  first l a y e r ,  t he  program prints the  f o l -  
lowing l i s t  of poss ib l e  l a y e r  types which is no t  repeated f o r  t he  o t h e r  
layers .  
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4. io  ENTER 1 FOR'  A VERTICAL PERCOLATION LAYER, 
2 FOR A LATERAL DMIYAGE LAYER, 
3 FOR A BARRIER SOIL LAYER, 
4 FOR k WASTE LAYER, AND . 

' 5 FOR A BARRIER SOIL LAYER WITEI 
AN IMPERMEABLE LINER. 

I f  t h e  user enters a n m b e r  o t h e r  than 1 through 5 (e.g. ,  6 1 ,  t h e  program 
respoud s 

4.11 - 6 INAPPROPRUTE VALUE-TRY AGAIN. 

and returns c o n t r o l  to ques t ion  4.9. 

Several' rules governing t h e  o r d e r  of layers in t h e  l a n d f i l l  des ign  vere 
g iven  i n  q u e s t i o n  4.2. If t h e s e  rules are n o t  followed, t h e  program p r i n t s  an 
a p p r o p r i a t e  warning and returns c o n t r o l  t o  ques t ion  4.9 t o  o b t a i n  an accept-  
a b l e  l a y e r  type. The warnings are 

4.12 THE MP L A E R  MAY NOT BE A BARRIER SOIL LAYER. 

! 
4.13 EITHEK A LATERAL DRAINAGE LAYER OR A BARRIER SOIL T.J.YER WST 
FOLLUW A LATERAL D U I N A G E  LAYER.-TRY AGAIN. .- 
4.14 A BARRIER SOIL LAYER HAY NOT BE PLACED DIRECTLY BELOW 
ANOTHER BARRIER SOIL LAYER. 

After an  acceptable- ~ e d - c h q o g r a m - r e q u e s t s  t he  usex 
t o  

4.15  ENTER SOIL OF' SOIL LAYER 1. 
. 

When d a t a  are be ing  en te red  f o r  t h e  f irst  l a y e r ,  t h e  program p r i n t s  t he  fol- 
l ov ing  a d d i t i o n a l  i n s t r u c t i o n s :  

4.16 ENTX A NUWBER (1 TEROUGB 23) FOR m U R E  CLASS OF SOIL HATERIAL. 
**cBEcK USER'S GZTII>E MR NUHBER CORRESPONDING TO SOIL TYPE.** 

If t h e  u s e r  enters a number o t h e r  than 1 through 23 (e.g., 261,  t he  program 
responds 

4.17  - 26 INAPeROPEUATE SOIL TEXTURE NUHBER--TRY AGAIN. 

and r e t u r n s  control t o  ques t ion  4.15. 

Default s o i l  d a t a  exist only f o r  soil texture l . t h r o u g h  2 1  as given in  
. 

Table 2. Soil textures .22 and 23 are a v a i l a b l e  t o  provide  t h e  u s e r  an oppor- 
t u n i t y  t o  d e s c r i b e  t h e  SOU c h a r a c t e r i s t i c s  of some laye r9  manually uhile 
us ing  d e f a u l t  SOU d a t a  f o r  o t h e r  l a y e r s .  
o r  23 are s p e c i f i e d ,  t h e  program asks  ques t ions  4.18 through 4.22 t o  o b t a i n  
the  soil c h a r a c t e r i s t i c s .  
to each of the fol lowing coarmanas. 

Therefore ,  if soil t e x t u r e  types  2 2  

The appropr i a t e  v a l u e  must be en te red  in response 



4 

. 4 . 1 8  ENTER THE POROSITY OF THE LAYER I N  VOL/VOL. 

4 . 1 9  ENTER THE R E L D  CAPACITY OF THE LAYER I N  VOL/VOL. 

4 . 2 0  ENTER THE WILTING POINT OF THE LAYER I N  VOL/VOL. 

. e  

4 . 2 1  ENTER THE HYDRAULIC CONDUCTIVITY OF THE LAYER I N  INCHES/HR. 

4 . 2 2  ENTER THE EVAPORATION COEFFICIENT OF THE LAYER I N  MM/DAY**.5. 

The d e f a u l t  s o i l  d a t a  f o r  soil t e x t u r e  types  1 through 18 a r e  t y p i c a l  
v a l u e s  f o r  uncompacted soils while  d e f a u l t  s o i l  data f o r  s o i l  t e x t u r e  
types 1 9 ,  20 and 21 a r e  t y p i c a l  va lues  f o r  compacted municipal  s o l i d  waste, 
and compacted c l a y  barrier soils. Therefore ,  if so i l  t e x t u r e s  1 through 18 
are spec i f i ed ,  t h e  program provides  t h e  user with a n  oppor tuni ty  t o  c o r r e c t  . 
t h e  d e f a u l t  s o i l  data f o r  compaction by asking (in t h i s  case f o r  s o i l  l a y e r  2 )  

4.23 IS SOIL LAYER - 2 COMPACTED? 
ENTER YES OR NO. 

I f  the  l aye r  under cons ide ra t ion  is the  top l a y e r ,  the  pngram also p r i n t s  

4 . 2 4  THE VEGETATIVE S O I L  LAYER IS GENERALLY NOT COMPACTED. ! 
.. 

I f  t he  l aye r  under cons ide ra t ion  had been des igna ted  t o  be  a barrier s o i l  
l a y e r  ( e i t h e r  l a y e r  t ype  3 o r  S ) ,  t he  program a l s o  p r i n t s  

- -_ 4.25 THE BARRIER SOIL UYER IS GENEKALLY COMPACTED. . __ - 
e 

If ques t ion  4 . 2 3  is answered YES, t he  hydrau l i c  conduc t iv i ty  is reduced by a 
f a c t o r  of 2 0 ,  t he  p o r o s i t y  and p l a n t  available water capac i ty  is red c d b 
25 percent ,  and the  evapora t ion  c o e f f i c i e n t  is reduced t o  3 . 1  =/day 
NO i s  ansvered, t h e  d a t a  from Table  2 a r e  used. 

8.5 ;f . 

Afte r  ques t ion  4 . 2 3  is answered, the  loop of ques t ions  4 . 7  through 4 .23  
After data f o r  all l a y e r s  have been i s  repeated f o r  t h e  rest of t h e  l aye r s .  

spec i f i ed ,  t he  program checks t h e  l a y e r  type of t h e  bottom l aye r .  If t he  bot- 
tom l a y e r  is a lateral  dra inage  l a y e r  and less than 9 l a y e r s  have been used in 
t he  design, t he  program provides  t h e  u s e r  w i t h  an oppor tuni ty  t o  e n t e r  d a t a  
f o r  a b a r r i e r  l a y e r  to be placed under the  bottom l a t e ra l  dra inage  l aye r  by 

. asking  

4 . 2 6  A BARRIER LAYER SHOULD BE USED BELUW THE 
BOTTOM LA= DRAINAGE LAYER. 

DO YOU W A N T  TO ENTER DATA MR A BARRIER LAYER? 
ENTER YES OR NO. 

IF NO IS ENTERED, T B E  MODEL ASSUMES THAT LATERAL 
DRAINAGE DOES NOT OCCUR FROM TRE BOTTOM LAYER. 
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I f  the bottom l a y e r  is a lateral  d ra inage  l a y e r  and 9 l a y e r s  have a l r eady  been 
used i n  the  des ign ,  the program responds 

G.27 -A BARRIER M E R  SHOULD FAVE, BEEX. SPECIFIED. 
TEE MODEL ASSUMES THAT LATERAL DRAINAGE DOES NOT 
OCCUR FROM THE BOTTOM LAYER. 

A barrier s o i l  l a y e r  must be placed below the  bottom la teral  dra inage  layers 
if t h e  program is t o  estimate lateral d ra inage  from t h e  bottom s u b p r o f i l e .  
a b a r r i e r  s b i l  l a y e r  was not  used, t h e  progaam models t h e  l a t e r a l  d ra inage  
l a y e r s  in t h e  bottom s u b p r o f i l e  as if they ve re  v e r t i c a l  p e r c o l a t i o n  l a y e r s .  

If 

If t h e  u s e r  answers YES t o  q u e s t i o a  4 . 2 6 *  c o n t r o l  i s  t r a n s f e r r e d  t o  ques- 
t i o n  4 . 7  where the  loop f o r  enterlng d a t a  f o r  a l a y e r  starts. 
axiswered, t h e  program asks ques t ion  4 . 2 8  i f  a s y n t h e t i c  f l e x i b l e  membrane 
l i n e r  l s  used ln t h e  design.  

If NO is 

4 . 2 8  WHAT FRACTION OF TRE AREA DRAINS THROUGH LEAKS I N  THE MEMBRANE 
OR WHAT FRACTION OF TEE DAILY POTENTIAL PERCOLATION TBROUGH THE 
BARRIER S O I L  LAYER OCCURS ON THE GIVEN DAY? 
ENTER BETWEEN 0 AND 1. 

If t h e  va lue  en te red  f o r  ques t ion  4 . 2 8  is less than 0 o r  g r e a t e r  than 1 ,  : 
the program responds .- 

4 . 2 9  INAPPROPRIATE VALUE--TXY AGAIN. 

and q u e s t i o n  4 . 2 8  is repeated. If an accep tab le  va lue  was en te red ,  control . . 
f o r  most cases  is passea to ques t ion  4 . 3 0  where the  user €s-r-em€Si-to-----. - -  
d e s c r i b e  the  v e g e t a t i v e  cover. If a membrane liner w a s  not used Fn a des ign  
and NO was answered t o  ques t ion  4 . 2 6 ,  c o n t r o l  is also passed to  ques t ion  4.30 . 
f o r  most cases. Cont ro l  is aot passed t o  q u e s t i o a  4.30 ff the  top l a y e r  vas 
des igna ted  to  be a v a s t e  layer .  Spec i fy lng  the top l a y e r  t o  b e  a waste l a y e r  
i n d i c a t e s  t o  t h e  program t h a t  the l a n d f i l l  is open and unvegetated.  Cont ro l  
i n  t h i s  case is  p a s s e d  t o  sub rou t ine  7 .  OPEN ( q u e s t i o a  7 .1 ) .  I f  d e f a u l t  cli- 
matologic d a t a  have been e n t e r e d  du r ing  t h i s  run. ques t ion  4 . 3 0  is not asked 
since t h e  v e g e t a t i o n  was descr ibed  when the c l i m a t o l o g i c  data Here entered.  

The program r e q u e s t s  a d e s c r i p t i o n  of the  v e g e t a t i v e  cover as fol lows:  

4 . 3 0  SZLECT TEE TPPE OF VEGETATIVE COVER. 

ENTEB NUHBEX 1 FOR BARE GROUND 
. 2  FOR EXCELLENT GIZASS 
3 FOR GOOD ' W S S  
4 FOR FAIR CICASS 
5 FOR POOR GRASS 
6 FOR GOOD ROW CXOPS 
7 FOR FAIR ROW CXOPS 

If the  u s e r  e n t e r s  a value t h a t  is less than L o r  g r e a t e r  than 7 (e.g., 9), 
the ?roqram responds 

- 
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4.31 - 9 INAPPROPRIATE VALUE--TRY AGAIN. 

and r epea t s  ques t ion  4.30. Otherwfse, the  program warns 

4 . 3 2  IF YOU M E  USING DEFAULT CLIMATOLOGIC DATA AND 
THIS VEGETATION TYPE I S  NOT THE SAME USED I N  
THE CLIMATOLOGIC DATA INPUT, YOU SHOULD 
ENTER THE CLPfATOLOGIC DATA AGAIN. 

* 

and passes c o a t r o l  t o  ques t ion  4 . 3 3 .  

The program c a l c u l a t e s  t he  SCS runoff  curve number based on the  vegeta- 
t i o n  type and the  soil t e x t u r e  of t he  top l a y e r  i f  one of the  d e f a u l t  soil 
t e x t u r e s  vere used f o r  this l a y e r  (SOU texture types  1 through 2 1 ) .  The 
equat iou used t o  c a l c u l a t e  t h e  c u m e  numbers was developed f o r  l a n d f i l l  wi th  
mild s u r f a c e  s lopes  (2  t o  4 percen t ) .  The program provides  the  user w i t h  an 
oppor tuni ty  t o  e n t e r  a c u m e  number and ove r r ide  t h e  d e f a u l t  va lue  a s  fo l lows :  

. 

4 . 3 3  DO YOU WANT TO ENTER A RUNOFF CURVE 
NUMBER AND OVERRIDE THE DEFAULT VALUE? 
ENTER YES OR NO. 

’ 

--_ 

If NO i s  answered, c o n t r o l  is t r a n s f e r r e d  t o  sub rou t ine  6 .  SITE (ques t ion  6 . 1 )  
*ere t h e  program reques t s  more information d e s c r i b i n g  the  l a n d f i l l  s i t e  and .- 
design.  
22 o r  23 and is not a waste Layer, t he  program asks  the  u s e r  t o  

. 

I f  YES is answered o r  if t he  top l a y e r  has a s o i l  t e x t u r e  number of 

4dW-m CURVE NUHBER (BETWEEN 15 AND L O O ) .  

. Control  is then t r a n s f e r r e d  t o  sub rou t ine  6. SITE (ques t ion  6 . 1 ) .  

’ MANUAL S O I L  DATA ( 5 .  MSDATA) 

. If t he  use r  s p e c i f i e d  In response to  ques t ion  1 . 3  t h a t  t he  d e f a u l t  s o i l  
d a t a  is not t o  be used, then the program e n t e r s  t h e  manual s o i l  d a t a  inpu t  
sub rou t ine  (MSDATA). ‘Many of the ques t lous  are the  same in t h e  d e f a u l t  and 
mauual s o i l  d a t a  subrout ines .  The primary d i f f e r e n c e  is t h a t  in e n t e r i n g  
manual soil da ta ,  t h e  user mat spec i fy  numerical  va lues  f o r  s o i l  p o r o s i t y ,  
f i e l d  capac i ty ,  vilting po in t ,  hydrau l i c  conduc t iv i ty ,  and evapora t ion  c o e f f l -  
c i e n t ,  while,  in t h e  d e f a u l t  s o i l  data subrout ine ,  t he  u s e r  needs t o  mere ly  
spec i fy  a code number f o r  t he  soil type. 

The f i r s t  question is  

5.1 DO YOU WANT TO CORRECT OR CHECK 
THE m I S T I N G  DESIGN AND SOIL DATA? 
ENTER YES OR NO. 

I f  the  user responds YES, t he  urogram assumes t h a t  s o i l  data have a l r eady  been 
entered and c o n t r o l  is  passed t o  subrout ine  10. SDCRK (ques t ion  10.1) where 
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.4 

t h e  soil d a t a  may be  cor rec ted . .  I f  t h e  user answers NO, t h e  program p r i n t s  a 
message and a s k s  t h e  u s e r  t o  begin bui ld ing  a d a t a  f i l e .  

5 . 2  YOU ARE ENTERING A COMPLETE NEW DATA SET. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
USE ONLY EEJGLISH U N I T S  OF INCHES AND DAYS 

UNLESS OTHERWISE INDICATED 

#####!I # # # # 811 # # # ##  /it # I# 81 #ANSWER ALL QUESTIONS # /I # li li I # li # t /I t # # /i d t /i d /i # t i/ 
******************************************************************** 

A VALUE **MUST* BE ENTERED FOR EACH COMMAND 
EVEN WEN TIE VALUE I S  ZERO. 

................................................................... 
ENTER TITLE ON LINE 1, 
ENTER LOCATION OF SOLID WASTE S I T E  ON L I N E  2 
AND ENTER TODAY'S DATE ON LINE 3 .  

After  t h e  u s e r  e n t e r s  t h e  t i t l e ,  the-program p r i n t s  information on , 

d e s c r i b i n g  t h e  l a y e r s  i n  t he  l a n d f i l l  des ign  and r e q u e s t s  t he  u s e r  t o  e n t e r  
t h e  number of layers. 

! 
.- 

5.3 FOUR TYPES OF LAYERS MAY BE USED IN THE DESIGN: 
VERTICAL PERCOLATION, LATERAL DRAINAGE, BARRIER S O I L ,  AND WASTE. . 

--LATERAL3 NOT PERLYI'TTED FROM A VERTTCAL PERCOLATION LAYER. 
BOTH VERTICAL AND LATERAL'DRAINAGE ARE PEXMITTED FROM A LATERAL 
DRAINAGE LAYER. 
A BARRIER S O I L  LAYER SHOULD BE DESIGNED TO I N H I B I T  PERCOLATION. 
AN IMPERMEABLE LINER MAY BE USED ON TOP OF AHY BARRIER SOIL U Y E R .  
THE WASTE LAYER SHOULD BE DESIGNED TO PERMIT R A P I D  DRAINAGE 
FROM THE WASTE U Y E R .  

RULES : 

TEE TOP LAYER CANNOT BE A BARRIER S O I L  LAYER. 
A BARRIER SOIL LAYER MAY NOT BE PLACED ADJACENT TO ANOTHER 
BARRIER SOIL LAYER. 
ONLY A BARRIER S O I L  LAYER OR ANOTHER LATERAL DRAINAGE LAYER MAY RE 
PLACED DIRECTLY BELOW A LXTERAL DRAINACE LAYER. 
YOU MAY USE UP TO 9 LAYERS AND UP TO 3 BARRIER SOIL LAYERS. 

ENTER TRE NUMBER OF LAYERS I N  YOUR DESIGN. 

If t h e  user e n t e r s  a value between 2 and 9 (e .g . ,  3 ) .  t h e  program responds 

5 .4  THE LAYERS ARE NUMBERED SUCY THAT 
SOIL LAYER I IS THE TOP LAYER. 
.IND 5 O I L  L A Y E 3  A IS X E  3 O E i l M  LAYEX. 
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If t h e  u s e r  en tered  .l, the 'p rogram responds 

5.5'SOIL.UYER 1 IS THE ONLY UYER. 

If t h e  u s e r  en tered  a va lue  t h a t  is less than 1 o r  g r e a t e r  than  9 ,  t he  program 
# 

responds 

5.6 YOU MAY HAVE 1 TO 9 LAYERS. 
ENTER THE NUMBER OF LAYERS IN YOUR DESIGN. 

and t h e  u s e r  must e n t e r  t h e  number of l a y e r s  again.  

After t h e  u s e r  has  entered an  accep tab le  number of l a y e r s ,  t he  program 
a s k s . t h e  fo l lowing  quest ion:  

5.7 IS TXE TOP L A Y W  
ENTER YES OR NO. 

UNVEGETATED SAND OR GRAVEL LAYER? 

The u s e r  should refer to t h e  d i s c u s s i o n  f o r  ques t ion  4.6 to understand t h e  
i m p l i c a t i o n  of this ques t ion .  

After t h e  us-er' aiiswers ques t ion  5 3 , .  t h e  program i n s t r u c t s  t h e  use r  t o  
. e n t e r  in format ion  desc r ib ing  t h e  s o i l  l a y e r s  by r epea t ing  a loop of ques t ion?  .. 

f o r  each l aye r .  
5.14, and 5.15. 

The loop con ta ins  ques t ions  5.8,  5.10, 5.11, 5.12, 5.13,  
The f i r s t  I n s t n x t i o n ,  shown h e r e  f o r  l a y e r  1, is 

5.8 ENTER TNICKNESS OF S O I L  LAYER IN. INCIIES. 

If t h e  u s e r  e n t e r s  a va lue  e 
varns , 

cha t  is less t han  u r -equa l  to ze ro ,  t h e  program 0 

5 .9  THICKNESS MUST BE GREATER THAN ZERO, 

and returns c o n t r o l  to ques t ion  5.8. 

A f t e r  ques t ion  5.8 is s a t i s f a c t o r i l y  answered, t h e  program asks  the  f o l -  
lowing q u e s t i o m .  The program does not check t h e  s p e c i f i e d  numerical  va lues  
f o r  chair appropr i a t eness  

' 5.10 mER TELE POROSITP OF S O I L  LAYER 1 M VOL/VOL. 
5;ll ENTZB THE FIELD CAPACITY OF SOIL LAYER 1 I N  VOL/VOL. 

5.12 THE WILTING POZNT OF SOIL LAYER 1 ZN VOL/VOL. - 
5.13 MTER THE HYDRAULIC CONDUCTIVITP OF SOIL LAYER 1. I N  INCBES/EfR. 

5.14 MTER THE EVAPORATION C O E F F I C I E N T  OF SOIL LAYER 1 
IN (MM) / (DAY**O. 5 ) .  - 
After asking ques t ions  5.10 through 5 . 1 4 , , t h e  program i n s t r u c t s  t h e  u s e r  

t o  
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5.15 ENTER THE LAYER TYPE €DR LAYER 1. - 
When d a t a  are be ing  en te red  f o r  t h e  f i r s t  l a y e r ,  the 'program p r i n t s  the  f o l -  
loving l ist  of possihl 'k l a y e r  types.  This l i s t  is not  repeated f o r  t h e  o t h e r  
l a y e r s .  

5.16 ENTER 1 FOR A VERTICAL PERCOLATION LAYER, 
2 FOR A LATERAL DRAINAGE LAYER, 
3 FOR A BARRIER SOIL LAYER, 
4 FOR A WASTE LAYER AND 
5 FOR A BARRIER S O I L  LAYER WITH 

AN IHPERKEABLE LINER. 

If t h e  user enters a va lue  o t h e r  than 1 through 5 (e.g., 7 ) ,  t h e  program 
responds 

5 . 1 7  7 INVALID VALUE--TRY AGAIN - 
and r e p e a t s  q u e s t i o n  5.15 untF1 a n  accep tab le  response is given. 

Several rules s v e r a i n g  t h e  o rde r ing  af l a y e r s  in t h e  l a n d f i l l  des ign  
vere given in q u e s t i o n  5.3. If these  r u l e s  are not  fo l loved ,  t he  program 
p r i n t s  an a p p r o p r i a t e  warning and reprne  c o n t r o l  t o  ques t ion  5.15 t o  o b t a i n  
an a c c e p t a b l e  l a y e r  type. The varnings are 

. 5.18 THE TOP LAYER HAY NOT BE A BARRIER S O I L  IAYER; 
- 

5-?19 EITRW A LATERAI, DRAINACZ LAYER OR --.. 
A BARRIER SOIL LAYER MUST FULLOW 0 

A LATERAL DRAINAGE LAYER.-TRY AGAIN. 

5.20 A BARRIER SOIL LAYER MAY NOT BE PLACED DIXECTLY BELOW 
ANOTHER BARRIER S O I L  LAYER. 

After q u e s t i o n  5.15 is anawered, t h e  loop of ques t ion8  5 . 8  through 5 . 1 5  
After d a t a  f o r  a l l  l a y e r s  have been is repea ted  for t h e  reat of t h e  l a y e r s .  

s p e c i f i e d ,  t h e  program checks t h e  layer type of t ha  bottora layer. If t h e  bot-  
tau l a y e r  is a lateral dra inage  layer and less than 9 l a y e r s  have been used in 
t h e  des ign ,  t h e  program provides  tha  user v i t h  an oppor tuni ty  t o  enter d a t a  . -  

. ' for  a b a r r i e r  layer t o  ba 
aeking  

5.21 A W E B  LAYER 
DRAINAGE LAYER. 

Do YOU W A N T T O  mER 
ENTER YES OR NO. 

placed undar t h e  bottom la teral  d ra inage  l a y e r  by 

SHOULD BE USm BELW THE BOTTOM LATERAL 

DATA FUR A BARRIER LAYER? 

IF NO IS ENTERED, TRE MDDEL ASSUMES THAT 
LA- DRAINAGZ DOES NOT OCCUR E'RCM THE BOTTaM LAYER. 
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I f  t he  bottom Layer is a l a t e r a l  d ra inage  l a y e r  and 9 l a y e r s  have a l ready  been 
used i n  the  design,  t h e  program responds 

5 . 2 2  A BARRIER’WYER SHOULD HAVE BEEN SPECIFIED.  
TRE MODEL ASSUMES THAT LATERAL DRAINAGE DOES NOT OCCUR 
FROM THE BOTTOM LAYER. 

A barrier s o i l  l a y e r  must be used below the  bottom l a t e ra l  dra inage  layers if 
t he  program is t o  estimate lateral dra inage  from t h e  bottom subpro f i l e .  I f  a 
b a r r i e r  s o i l  l a y e r  was not  used, t h e  program models t h e  la teral  dra inage  
l a y e r s  in the  bottom s u b p r o f i l e  a s  i f  they were v e r t i c a l  pe rco la t ion  l a y e r s .  

If t h e  user ansvers YES t o  ques t ion  5.21 ,  c o n t r o l  is t r a n s f e r r e d  to  ques- 
t i o n  5.8 where t h e  loop for e n t e r i n g  d a t a  for a l a y e r  starts. 
answered, the  program asks ques t ion  5.23  if a s y u t h e t i c  f l e x i b l e  membrane 
l i n e r  is used in t h e  des ign .  

If NO is 

t he  

and 

5.23 WHAT FRACTION OF THE AREA DRAINS THROUGH LEAKS I N  THE MEMBRANE 
OR WHAT FRACTXON OF TBE DAILY POTENTIAL PERCOLATION TBROUGH THE 
BARXIER SOIL LAYER OCCURS ON THE GIVEN DAY? 
ENTER BETWEEN 0 AND 1. 

If t h e  va lue  entered f o r  ques t ion  5.23 is less than 0 o r  g r e a t e r  than I .- program responds 

5.24 INAPPROPRIATE pALUE--TRY AGAIN. 
I 

ques t ion  5.23 i s r e p e a t e d .  If an acceptab le  v a l u e  vas entered  o r  if a -  
membrane l i n e r  vas not used in t h e  design,  ques t ion  5 . 2 5  i s  asked next unless 

- t h e  top layer in t he  des ign  is a waste l ayer .  

5.25 ENTER THE SCS RUNOFF CURVE NUMBER FOR THE DESIGN VEGETATIVE SOIL 
AND VEGETATIVE COVER UNDER ANTECEDENT MOISTURE CONDITION 11. 
(BETWEEN 15 AND 100) 

The user mst enter an a p p r v i a t e  runoff curve number s i n c e  t h e  program does 
not check t h e  numetical value.  

If t h e  top layer in t h e  des ign  is a waste l a y e r ,  c o n t r o l  i s  passed t o  
sub rou t ine  7. OPEN (ques t ion  7.1). 
wi l l  enter a runoff cumre number i n  subrout ine  OPEN. 

Question 5.25 is not asked s i n c e  t h e  u s e r  

Control is passed to subrou t ine  6. SITE ( q u e s t i o n  6.1) a f t e r  asking ques- 
In  sub rou t ine  SITE t h e  program t i o n  5.25 o r  t h e  ques t ions  i n  subrout ine  OPEN. 

r eques t s  a d d i t i o n a l  in format ion  desc r ib ing  t h e  l a n d f i l l  design.  

SITE DESCRIPTION ( 6 .  SITE) 

-4fter the user has  completed so i l  d a t a  Input ,  using e i t h e r  t he  d e f a u l t  or 
manual op t ions ,  t he  program asks the  use r  f o r  a d d i t i o n a l  information on the 
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s i t e  design. . I n  o r d e r  t o  compute e s t i m a t e s  of t h e  water  budget components i n  
volume u n i t s ,  the  program needs the s u r f a c e  area of t h e  l and ' f i l l  and i n q u i r e s  

6 . 1  ENTER THE TOTAL AREA OF THE SURFACE, I N  SQUARE FEET. 

The computation of l a te ra l  d ra inage  estimates is a func t ion  of the  s lope  
o f  the s u r f a c e  of t h e  barrier s o i l  l a y e r .  Lateral d ra inage  is a l s o  a func t ion  
of t h e  maximum dra inage  d i s t a n c e  to  the  c o l l e c t o r  a long  the su r face  of the 
b a r r i e r  s o i l  l a y e r .  Therefore,  t h e  program a s k s  f o r  t h e  s lope  and maximum 
dra inage  d i s t a n c e  a t  the base  of ' the bottom lateral d ra inage  l a y e r  i n  each 
la te ra l  d ra inage  s u b p r o f i l e .  

6.2 ENTER TBE SLOPE AT THE BASE OF SOIL LAYER L, IN PERCENT. 
6.3 ENTER THE MAXMupf DRAINAGE DISTANCE ALONG TEE SLOPE 
TO THE COLLECTOR, IN FEET. 

These tu0 q u e s t i o n s  are repeated f o r  each lateral d ra inage  s u b p r o f i l e .  
a sk ing  f o r  t h e  s l o p e  and d ra inage  d i s t a n c e  f o r  each lateral d ra inage  subpro- 
f i l e ,  the program passes c o n t r o l  t o  ques t ion  1.1 i f  the d e f a u l t  soil d a t a  
inpu t  op t ion  w a s  used and t o  sub rou t ine  SDCRK ( q u e s t i o n  10.1) t o  check the  
s o i l  and des ign  d a t a  i f  t h e  manual soil d a t a  inpu t  o p t i o n  was used. 

A f t e r  

.. 
CHAUCTERISTICS OF OPEN SXTES (7. OPEN) 

If t h e  soil d a t a  sub rou t ine  d e t e c t s  that a l a n d f i l l  is to  be simulated as 
being open (i..e.> t h e  top l a y e r  FB a vaste l a y e r ) ,  the f o l l o v i n g  ques t ions  a r e  
asked : 

7. 1 ENTER THE SCS RUNOFF CURVE NUKBER FOR TEE SOIL TEXTURE AND AVERAGE 
MOISTURE C O N D I T I O N  OF THE TOP WASTE LAYER. 
(BETWEEN 15 AND 100) 

The user also has  the  op t ion  of spec i fy ing  the  f r a c t i o n  of the total p o t e n t i a l  
runoff t h a t  a c t u a l l y  d r a i n s  from the s u r f a c e  of the  vaste l aye r .  This is 
e s p e c i a l l y  u s e f u l  when t h e  top of the waste ce l l  is in a pit u i t h o u t  provi- 
s i o n s  f o r  dra inage .  The ques t ion  is 

7.2 WEMT FRACTION OF TEE DAILY POTENTIAL RUNOFF DRAINS FROH'THE 
SURFACE OF TEE WASTE LAYER? 
ENTER BETtTEEN 0 AND 1. 

The us= input fs no t  checked. After this q u e s t i o n  is answered, c o n t r o l  
passes t o  s u b r o u t i n e  6. SITE ( q u e s t i o n  6.1) t o  r eques t  a d d i t i o n a l  des ign  
i n f o  mat ion.  

MANUAL CLIMATOLOGXC DATA EXCEPT RAINFALL 

A f t e r  t h e  u s e r  manually e n t e r s  p r e c i p l t a t l o u  d a t a  using subrou t ine  
!?OAT& t h e  temperature,  s o l a r  r a d i a t i o n ,  v i n t e r  e w e r  f a c t o r ,  evapora t ive  
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zoue depth and l ea f  area Index d a t a  may be entered  manually using t h i s  subrou- 
t i n e .  The program asks  

8.1  W YOU WLlT TO ENTER OR CORRECT 
OTXER CLIMATOLOGIC DATA? 
ENTER YES OR NO. 

I f  the  user answers NO, t h e  program r e t u r n s  c o n t r o l  t o  ques t ion  1.1  and 
assumes t h a t  the  user  w i l l  enter these  d a t a  later or t h a t  t he  u s e r  v i shes  t o  
u se  the  c l lmato loglc  data that was previous ly  en tered  us ing  e i t h e r  manual o r  
d e f a u l t  data input  op t ions .  The program does not a s s i g n  d e f a u l t  va lues  f o r  
t h e s e  c l f i a t o l o g i c  parameters when r a i n f a l l  d a t a  was entered  manually; there-  
fore ,  t h e  use r  should enter t h e s e  d a t a  f o r  t he  I n i t i a l  run to  prevent  unpre- 
d i c t a b l e - r e s u l t s .  The .use r  may e n t e r  d e f a u l t  va lues  f o r  t hese  parameters by 
us ing  t h e  d e f a u l t  c l ima to log ic  d a t a  Input opt ion ,  sub rou t ine  2. DCDATX, and 
then  manually r ep lac ing  the p r e c i p i t a t i o n  d a t a  using t h e  manual c l ima to log ic  
d a t a  Input  op t ion  f o r  rainfall ,  sub rou t ine  3 .  MCDATA. 

~ 

I If the use r  ansuers  YES t o  ques t ion  8.1, t h e  program asks  

8.2 DO YOU WANT TO ENTER TEMPEKATUKE DATA? 
ENTER YES OR NO. 

.- If t he  user aosvers  NO, c o n t r o l  is passed t o  q u e s t i h  8.12. 
entered, t h e  program asks  

If YES is 

8.3  W YOU W A N T  TO m E R  A DIFFERENT SET OF 
_ _ _  MONTliLY TEMPERATURES FOR EACE YEAR? 

ENTER YES OR NO. 

(IF NO IS QITERED, THE PROGRAM WILL USE TIIE 
SAME S f i  OF MONTHLY TEMPERATURES FOR EACE 
YEAR OF SIMULATION.) 

I f  t h e  user enters NO, coatrol I s  t r a n s f e r r e d  to ques t ion  8.10. 

If YES I s  answered in  response t o  ques t ion  8 . 3 ,  t he  program asks  a loop 
o f  ques t ions .  (8.4 through 8.9) t h a t  is repeated f o r  each yea r  f o r  vhich pre- 
c l p l t a t l o P  d a t a  were entered. The program f t r s t  prompts 

8 . 4  ENTER MONTBLY TEMPERATURES FOR 1970. 

If 1970 I 8  not t h e  first year  ( l . e . ,  It is not  the  f i rs t  time through the  
loop) ,  t he  program g ives  the  user an oppor tuni ty  t o  use t h e  same values  t h a t  
vere used during the previous time through the  lodp Ins tead  of en te r idg -new 
va lues .  The program asks  

8.5 DO YOU W A N T  TO USE TEE SAME VALUES AS THE PREVIOUS YEAR? 
ENTER YES OR NO. 
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I f  t h e  u s e r  ansvers YES, t h e  program r e t u r n s  t o  ques t ion  8 . 4  f o r  t he  next year 
of v a l u e s .  

I f  ques t ion  8 . 5  iz answered NO o r  i f  it is t he  f i r s t  time through t h e  
loop of ques t fons  8 . 4  through 8 . 9 ,  t he  program i n s t r u c t s  t h e  u s e r  to 

8 . 6  ENTER HONTHLY VALUES FUR JANUARY THROUGH JUNE - 1970 I N  DEGREES F. 
ENTER ALL 6 VALUES IN THE SAM€ LINE.  

ff fewer than 6 v a l u e s  are en te red ,  t h e  remaining va lues  are assumed t o  be 
zeros .  After t h e  u s e r  responds t o  ques t ion  8 . 6 ,  the  program a s k s  

8.7 ENTER MONTHLY VALUES FOR JULY THROUGH DECFHBER - 1970 I N  DEGREES F. 
. eJTER ALL 6 VALUES IN 'THE SAME LINE. 

After t h e  u s e r  responds,  t h e  program lists t h e  12 v a l u e s  and then a sks  t h e  
u s e r  i f  t h e  v a l u e s  need t o  be cor rec t ed .  For example, 

8 . 8  THESE ARE THE INPUT TMPERATURE VALUES. 
JAN.-JUNE JULY-DEC. 

24.5 68.2 
26.7 66 .1  
31.2 53.9 
45.3 49 .9  
54 .2  41.8 
67 .2  35.0,  . 

- __. 8.9 DO YOU W A N T  TO CHANGE THM? . 
ENTER YES OR NO. 

I f  t he  u s e r  answers YES,  c o n t r o l  returns to ques t ion  8 . 6 .  If the  user answers 
NO, t he  loop is completed and starts aga in  a t  ques t ion  8 . 4  for t he  next yea r  
of data. If all yea r s  of temperature  d a t a  have been en te red ,  t h e  program 
passes c o n t r o l  to ques t ion  8.12.  

If  t h e  u s e r  en te red  NO in response t o  question 8 . 3 ,  t h e  program would 
have responded 

8.10 ENTER THE M0NTEI.Y TMPERATURES I N  DEGREES P. 
T O ' B E  USED FOR ALL YEARS OF SIMULATION. 

ENTER VALUES H)R JANUARY THROUGH JUNE. 
ENTER W. 6 VALUES I N  THE S A K E  LINE.  

After t h e  u s e r  responds,  t h e  program prompts t h e  u s e r  t o  

8.. 11 ENTER MONTHLY VALUES FOR JULY THROUGH DECPIBER I N  DEGREES F. 
ENTER ALL 6 VALUES I N  THE SAME LINE. 

The program then p r i n t s  a List of t h e  12 va lues  as Fn message 8.8 and ask t he  
u s e r  ff they need to be co r rec t ed  (ques t ion  8 . 9 ) .  I f  t he  va lues  need t o  b e  
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changed, c o n t r o l  is re turned t o  ques t ion  8 .lo; else, c o n t r o l  is t r a n s f e r r e d  to  
q u e s t i o n  8 . 1 2 .  

After  the  tempe;ature va lues  have been en te red ,  the  program asks  

8 .12  DO YCU WANT TO ESTER S O W  RADIATION DATA? 
ENTER YES OR NO. 

I f  t h e  user answers NO, controf  i s  passed t o  ques t ion  8 . 2 0 .  
en te red ,  t he  program asks  

I f  YES is 

8.13  DO YOU W A N T  TO FNTER X DIFFERENT SET OF 
MONTHLY SOLAR RADIATION VALUES FOR EACH YEAR? ~- 

ENTER YES OR NO. 

I f  t h e  u s e r  e n t e r s  NO, t h e  program w i l l  use t h e  same set of monthly s o l a r  
r a d i a t i o n  ( i n s o l a t i o n )  va lues  for each year  of s imula t ion  and c o n t r o l  Is 
passed t o  ques t ion  8.18 f o r  t h i s  lnput .  

I f  YES is answered i n  response t o  ques t ion  8 . 1 3 ,  t h e  program asks  a Loop 
c- of ques t ions  ( 8 . 1 4  through 8 .17  and 8.9) t h a t  Is repeated f o r  each year  which 

p r e c i p i t a t i o n  d a t a  were entered .  The program f i r s t  prompts 

.- 8 .14  ENTER MONTHLY SOLAR RADIATION VALUES FOR 1970.  

I f  1970 is not t h e  first year of d a t a ,  t h e  program asks  ques t ion  8.5 to give  
the  u s e r  an oppor tuni ty  t o  use t h e  same. va lues  t h a t  were used during the  Last 
t ime through the-foo-U-enteripg new values,  If t h e  u s e r  wishes to. 
use t h e  same values ,  the  program r e t u r n s  t o  ques t ion  8 . 1 4  f o r  the  next year o f  I v a l u e s  . . 

If t h e  use r  wishes to e n t e r  new va lues  o r  i f  i t  is t h e  f i r s t  time through 
the  loop of  ques t ions  8 . 1 4  through 8 . 1 7 ,  t he  program prompts t h e  user t o  

8 .15  ENTER HONTHLY SOLAR RADUTION VALUES EUR 
JANUARY THROUGH JUNE 1970 I N  LANGLEYS/DAY. 
ENTER ALL 6 VALUES I N  "HE SAME LINE, 

8.16  ENTER MDNTBLY SOLAR RADIATION VALUES FOR 
JULY TBROUGEI DECEMBER 1970 I N  LANGLEYS/DAY. 
ENTER ALL 6 VALUES I N  THE SAME LINE, 

After  t he  user  respouds, t h e  program Lists t h e  12 va lues  as  shown below and 
then  asks ques t ion  8.9 t o  see If t he  va lues  need t 'o be correc ted .  
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8.17 THESE ARE TBE INPUT 
JAN.-JUNE 

220.0 
250 .O 

330 .O 
420.0 
448.0 

285.0 

1 .  

SOLAR RADIATION VALUES. 
JULY-DEC. . 

450.0 
420.0 
395.0 
350.0 
290 .O 
230.0 

If t h e  v a l u e s  need t o  be changed, t h e  program. r e t u r n s  t o  ques t ion  8.15; o the r -  
wise, the  loop of ques t ions  is completed and starts again a t  q u e s t i o n  8.14 f o r  
t h e  next yea r  of d a t a .  If all yea r s  of s o l a r  r a d i a t i o n  data have been 
en te red ,  t h e  program passes c o n t r o l  t o  q u e s t i o n  8.20. 

If t h e  user answered  NO i n  response to ques t ion  8.13, t h e  program would 
have responded 

8.18 ENTER TBE mNTELY SOLAR RADIATION VALUES IN IANGLEYS/DAY 
TO BE USED FOR ALL YEARS OF STHIJUTION. 
ENTER VALUES FOR JANUARY THROUGH JUNE. 
ENTER ALL 4 VAX..UES JN TK€ SAME LINE. - 

After t h e  user responds, the  program i n s t r u c t s  the u s e r  to 

8.19 ENTER MONTEKY SOLAR RADIATION VALUES IN 
WGLEYS/DAY FOR JULY TIIROUGH DECEMBER. 
ENTER ALL 6 VALUES IN TRE SAME LINE. 

. 
-- - - 

The program then prints a l i s t  of t h e  12 v a l u e s  a s  in  message 8.17 and asks  
the  u s e r  if they need t o  be  co r rec t ed  ( q u e s t i o n  8.91, If t h e  va lues  need t o  

f erred t o  q u e s t i o n  8.20. 
* be changed, c o n t r o l  is returned t o  ques t ion  8.18; o t h e d s e ,  c o n t r o l  is t r ans -  

A f t e r  t h e  s o l a r  r a d i a t i o n  va lues  have been en te red ,  t h e  program asks 

8.20 DO YOU W A N T  TO WTER EVAPORATIVE ZONE DEPTES? 
WTER Y E S  OR NO. 

If t h e  user ansuers NO, c o n t r o l  is t r a n s f e r r e d  t o  ques t ion  8.23. If YES fs 
e n t e r e d ,  t h e  program i n s t r u c t s  t h e  u s e r  t o  

8.21 ENTER TRE EVAPORATIVE ZONE DEPTH IN INCHES 
TO BE USED FOR ALL YEARS OF SMULBTION. 

CONSERVATIVE VALUES ABE: 
4 IN. FOR BAREGROUND 
10 IN. FOR FAIR ClaASS 
18 IN. FOX EXCELLENT G U S S  

CTnllke t h e  inpu t  f o r  the o t h e r  c l ima to log ic  Yarameters, a d i f f e r e n t  value f o r  
the  evapora t ive  zone depth may not b e  en te red  f o r  each of the  va r ious  years 
of s imulat ion.  The single zvapora t ive  zone depth antered in response ;o - 
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ques t ion  8 . 2 1  is used to r  each year  of simula 
t h i s  ques t ion ,  the  program responds 

8 .22  THE EVAPORATIVE ZONE DEPTH I S  - 10.00. 
DO YOU W h V  TO CHANCE IT? ENTER YES OR NO. 

ion.  A f t e r  t he  u s e r  answers' 

I f  the user e n t e r s  YES, t h e  program r e p e a t s  ques t ion  8 . 2 1 .  
t h e  program passes c o n t r o l  eo ques t ion  8 . 2 3 .  

I f  NO is en te red ,  

After t h e  user has  en tered  t h e  evapora t ive  zone depth,  t he  program a s k s  

8.23 DO YOU WANT TO ENTER WINTER COVER FACTORS? 
ENTER YES OR NO. 

I f  the  user answers NO, c o u t r o l  is  passed to ques t ion  8 . 2 8 .  
entered ,  t he  program asks  

I f  YES is 

8.24  DO YOU WANT TO ENTER A DIFFERENT WINTER COVER 
FACTOR FOR EACH YEAR? 
ENTER YES OR NO. - _- 

I f  the  use r  e n t e r s  NO, t he  program will use the  same v i n t e r  cover f a c t o r  f o r  
each year  of s imula t ion  and c o n t r o l  .is passed t o  ques t ion  8.27 f o r  this input .  .- 

If PES is answered in response t o  ques t ion  8 . 2 4 ,  t h e  program asks  ques- 
t i o n s  8.25  and 8 - 2 6  f o r  each year  which p r e c i p i t a t i o n  d a t a  were entered .  
p r o g r h  f i r s t  i n s t r u c t s  t he  user t o  

The . 

- 
8.25  ENTER TKE WINTER COVER FACTOR FUR - 1970 (BETWEEN 0 AND 1 . 8 ) .  

After t h e  u s e r  responds, the  program lists the  va lue  and asks  I f  t he  v a l u e  
needs to be. correc ted .  

8 . 2 6  THE WINTER COVER FACTOR ENTERED IS 0.70. 
DO YOU WANT To CgANGE IT? ENTER YES OR NO. 

If t h e  user i n d i c a t e s  t h a t  t h e  va lue  needs t o  be changed, ques t ion  8 .25  is  
repeated;  o t h e r v i s e ,  ques t ion  8.25  is asked t o  o b t a i n  t h e  win ter  cover f a c t o r  
f o r  t h e  fol lowing year  of s imulat iou.  
t h e  program passes  c o n t r o l  t o  ques t ion  8 .28 .  

I f  dl yea r s  of data have been en te red ,  

If t h e  user entered  NO in response t o  ques t ion  8 . 2 4 ,  t h e  program would 
have responded 

8.27 ENTER TBE WINTER COVER FACTOR TO BE USED 
FOR ALL YEARS OF SIHULATION. 

After the  user respoads,  t h e  program, using message 8 . 2 7 ,  Lists the  va lue  and 
asks t h e  u s e r . i f  t h e  va lue  needs t o  be correc ted .  If the  va lue  needs to be 
changed, 'quest iou 8.27 is repeated; o t h e r v i s e ,  c o n t r o l  is t r a n s f e r r e d  t o  ques- 
t i o n  8 .28 .  
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After the vintet 'cover factors have been entered, the program asks 

8.28 DO YOU WANT TO ENTER LEAF ARXA INDEX DATA? 
€?ITER YES OR NO. 

If the user enters N O ,  manual climatologic data input is  concluded and control 
is passed t o  question 1.1. I f  YES is entered, the program responds 

8.29 13 LEAF AREA INDICES MUST BE ENTERED r n ~  A 
YEAR OF SIMULATION. 
EACH INDEX IS COMPOSE3 OF THE DATE OF THE MEASUREMENT 
AND m LEAF AREA MEAsuRpfENT. 
**RPIPIBER TO START WITH DAY 1 AND &ID WITH DAY 366.+* 

DO YOU WANT TU ENTER A DIFFERENT SET OF 
LEAP AREA INDICES' FOR EACH. YEAR? 
FNTER YES OR NO. 

I f  the user ansvers NO, the program w i l l  use the same set  of leaf area indices 
for each year of simulation and control is  passed t o  question 8 . 3 3  for this 
i n p u t .  e. - -. 

I f  YES is answered in response t o  question 8.29,  the program asks ques- ! 
.- tlons 8.30,  8 .31 ,  8.32 and 8.9 that are repeated Fn a loop for each year which 

precipitation data were entered. The program f i r s t  prompts 

* . 8 . 3 0  ENTER LEAF AREA INDICES FOR 1970. - -_ - 
I f  1 5 0  i s  not the first  year of data, the progtau asks question 8 . 5  t o  give 
the user an opportunity t o  use the same indices that were used during the last 
time through the loop instead of entering new values. If the user wishes t o  
use the same indices, the program returns t o  question 8.30 for the next year 
of values. 

If the user vishes t o  enter uew values or i f  it is the f i r s t  time through 
the loop of -questions 8.30 through 8.32,  the program instructs the user t o  

8.31  TWO VALUES PER LINE-THE JULM DATE 
AND THE LEAP llREA IEASURWENT FOR INDEX 1. - 

The leaf area indices are uot mutbly average values as are the temperature 
and solar radiatloa data; instead, the user must select  13 dates of  the year 
(including Julian dates 1 and 366) which describe the vegetative grovth. The 
program interpolatea the leaf area linearly betneen the specified dates. The 
Julian date for index 1 must be 1 and the Julian date for index 13 must be 
366.  

Question 8 . 3 1  is repeated untll  all 1 3  leaf area indices are entered. At 
that time, the program prlnts the leaf area indices (message 8.32) and asks 
the user (question 8 . 9 )  if the values' need to be corrected. 
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8.32 THESE ARE THE INPUT UTES AND LA1 VALUES FOR 1970. 
DATE LA1 

1 0.0 
31 0.10 
66 0.20 

130 1.00 
. 160 1.40 

25 5 1.20 

340 0.10 
366 0.0 

99 0.60 

190 1.70 
222 1 .60  

260 0.80 
3 10 0.30 

, .  

I f  t h e  va lues  need to be changed, t h e  program r e t u r n s  to ques t ion  8 . 3 1 ;  o t h e r -  
wise, the  loop of ques t ions  is completed and starts again a t  ques t ion  8 . 3 0  f o r  
t h e  next year  of indices .  
c l lma to log ic  d a t a  input  is concluded and c o n t r o l  is  passed t o  ques t ion  1.  I. 

If a l l  years of d a t a  have been en te red ,  the manual 

I - 
If the  user answered NO in response t o  ques t ion  8 . 2 9 ,  t h e  program vould 

have responded .* 

8.33 MTER THE W AREA 12TDICES M BE US= 
FOR ALL YEARS OF SIMTLATlON. 

-_  
--s.aPLerln 8.31 u n t i l  a l l  13 leaf. area ind ices  have been en tered .  

The program vould thenoliat  the  leaf area i n d i c e s  as  in message 8 . 3 2  and a sk  
i f  t hese  values  need to ba corrected.  If the  va lues  need t o  be changed, con- 
t r o l  is re turned t o  ques t ion  8.31;  otherwise,  the  manual c l ima to log ic  d a t a  
inpu t  is concluded and c o n t r o l  i s  t r a n s f e r r e d  t o  quest ion 1.1. 

EDITING PRECIPITATION DATA (9. PRECRK) 

This  subrout ine  allovs the user to edit  l i n e s  of the  p t e c i p t t a t i o n  da ta .  
The user.may not enter neu y e a r s  of d a t a  in t h i s  subroutine.  This subrou t ine  
i s  called when the  user has completed e n t e r i n g  p r e c i p i t a t i o n  d a t a  manually o r  
when t h e  u s e r  answer8 NO to ques t ions  3.1 o r  3.8 .  The program starts by 
ask ing  

9.1 DO YOU W A N T  TO CBECK OR COWCT THE PRECIPITATION VALUES ENTERED? 
ENTEEL PES OR NO. 

If the  user answers NO, c o n t r o l  is  passed t o  subrout ine 8. mRLYR (ques- 
t i o n  8.1).  
uhich  p r e c i p i t a t i o n  data have been entered.  

If the user e n t e r s  YES, t h e  program p r i n t s  a L i s t  of  years f o r  
. 

9.2 DATA EXIST FOR - 5 YEARS: 74 7s 76 77 78 

The program then i n s rxczs  the aser t a  
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E . e .  

9.3 ENTER YEAR TO BE CHECKED. 

If the user enters a year other than those listed in message 9.2 (e.g. 
the program responds , 

8 2 ) ,  

. 9.4 DATA FOR YEAR 82 ARE NOT IN THE DATA - 
and question 9.3 is repeated. 

If the user enters a year that is in the 
gram responds 

9 . 5  THE DATA FOR 78 ARE: - 
78 0.01 0.0 0.11 0.0 0.0 0.0 
78 0.0 0.0 0.77 0.0 0.0 0.0 
78 0.0 0.0 0.01 0 . 4 6  4 . 6 0  2.13 
78 0.70 0.27 0 . 5 3 ' 0 . 3 0  0.0 0.0 

and so on until the 37 lines of precipitation 
then asks 

9.6 DO YOU WANT TO CHANGE OR CORRECT ANY 
ENTER YES OR NO. 

F I L E .  

precipitation data set, the pro- 

0.05 0 . 4 0  1.85 0.0 1 

0.0 0.01 0 . 0 6  0.0 3 
0.0 0.0 0.0 0.02 4 

0.25 0.01 1 , 4 4  0.01 2 .  

values are printed. The program 

OF THESE VALUES? 

If the user enters NO, the program passes control to question 9.11. If the 
use= answers YES, the program instructs the user to 

__ - -- _ -  
9.7 ENTER P E R  OF LZNE TO BE m G E D .  

If the user enters a number that is less than 1 or greater than 37 (i.e.J the 
total number of lines per year), the program responds 

9.8 L W E  NUMBERS MUS? RANGE FROM I TO 37. 
TRY AGAIN. 

and repeats question 9.7. 

. If a valid number is answered in response to question 9.7, the program 
responds 

9.9 ENTER TEE TEN DAILY PRECIPITATION VALUES. 

The user must enter all values on the same line. 
cipitation data were described previously in the part of this section entitled 
"RULES". 

The rule: for entering pre- 

After the user enters the precipitation values, the program asks 

9.10 DO YOU WANT TO CIIANGE ANOTHER LINE OF THIS YEAR? 
ENTER YES OR NO. 

If the user answers YES, the program returns to question 9.7. 
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If the  user e n t e r s  NO in response t o  ques t ion  9.10, the  program asks 

9.11 DO YOU WANT TO CHECK OR CORRECT ANOTHER 

ENTER YES OR NO. 
. YEAR OF PRECIPfTATION VALUES? 

I f  t h e  user answers YES, c o n t r o l  is passed to  ques t ion  9.3. 
the program passes c o n t r o l  t o  sub rou t ine  8.  MTRLYR (ques t ion  8.1) where d a t a  
f o r  o t h e r  c l lma to log lc  parameters can be  entered.  

If p r e c i p i t a t i o n  d a t a  have not been en te red  and t h e  u s e r  answers YES t o  

If NO is entered, 

' 

ques t ion  9.1, t h e  program responds 

9.12 THE DATA FILE C O N T A D S  NO PRECIPZTATION VALUES. 

The user must e n t e r  p r e c i p i t a t i o n  d a t a  e i t h e r  by t h e  e n u a l  o r  d e f a u l t  clima- 
t o l o g i c  d a t a  inpu t  o p t i o n s  before  t h e  d a t a  can be e d i t e d .  After message 9.12 
I s  printed, c o n t r o l  I s  passed t o  sub rou t ine  8. MTRLyR (ques t ion  8.1).  

EDITING SOIL AND DESIGN DATA (10. SDCHK) 

When t h e  use r  i n d i c a t e s  t h a t  the manual s o i l  d a t a  inpu t  op t ion  is t o  ber' 

used, the  program g ives  t h e  u s e r  t h e  oppor tun i ty  t o  e d i t  t h e  soil and d e s i g d -  
d a t a  i n  t h i s  subrout ine.  The program c a l l s  t h e  sub rou t ine  a f t e r  the last of.  
t h e  des ign  d a t a  is en te red  manually ( i . e . ,  after ques t ion  6.3) and also when 
t h e  u s e r  answers Y E S  t o  ques t ion  5.1. The program first l i s t s  the  des ign  and 

- s o i l .  d a t a  as follovs: -_ 
10.1 THE.DESIGN AM) SOIL DATA ME: 

. .  
.- -. 

(THE LAST NUMBER OF EACEI LINE OF DATA IS z?iE LINE NUMBER.) 
7 

TITLE: 
DRMNFIL COMPARISON FOR OPEN LANDFILL 

TITLE: 
SEATTLE, WASEINGTON i951-1975 

TITLE: 
AUGUST 31, 1983 

# OF UYERS, # OF LZNERS, LINER LEAKAGE FRACTION, RUNOFF FRACTION 
FOR OPEN SITES, AND (2-11: ' 

3 0 1.000000 0.0 . 20.000000 . .  4 

TXICXNESSES: 
5 108.00 12.00 24.00 0.0 0.0 0.0 0.0 0.0 0.0 

POROSITIES : 
0.5000 0.5000 0.5000 0.0 0.0 0.0 0.0 ' 0.0 0.0 6 

45 



c 

ETELD CAPACITIES: 
0.4500 0.3800 0.4900 0.0 

WILTING POINTS: ' 
0.1500 0.1500 0.1500 0.0 

EVAPORATION COEFFICIENTS : 
3.800 3.300 3.100 0.0 

HYDRAULIC CONDUCTIVITIES :. 
0.14169991 14.1699991 
0.0 . 0.0 

SURFACE AREA: . 

12000. 12 

0.0 0.0 0.0 0 ; o .  0.0 

0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 

0.00014170 0.0 , 0.0 
0.0 0.. 0 11 

7 

8 

9 

. 10 

LAYER TYPES:. 
4 2 3 0 0 0 0 0 0 13 

LAYEX SLOPES: 
0.0 2.00 0.0 0.0 0.0 . o . o  0.0 0.0 0.0 14 

15 
LAYER DRAINACE LENGTBS: 

0.0 25.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 

The program then asks 

- 10.2 w YOU W A N T  To aAK&ANY LINES? 
YES OR NO. 

- -  

If this is the first time that this question is  asked and the user ansvers NO 
( i . e . ,  the user does not  want t o  change any of the original data), the program 
returns control t o  question 1.1. 
changed some lines, the program asks question 10.9. 

If the user ansvers NO and had previously 

The f i r s t  tima that the user -era YES fn response t o  question 10.2, 
the program respond8 

10.3 YOU WANT.TO CBANGZ THE TITLE? 
ENTER YES OR NO. 

If the user axum~rs NO, the program asks question 10.5. If the user enters 
YES, the program instnrcts the user t o  

10.4 WTZB TITLE ON LINE 1, 
ENTER LOCATION OF SOLID WASTE SITE ON LINE 2 
AND WTER TODAY'S DATE ON LINE 3. 

and then repents question 10.2. 
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If t he  user  ansvers  Y E S  i n  response to ques t ion  10.2 and it  i s  not the 
first time t h a t  ques t ioa  10.2 was asked or if’ the  user answers NO to ques- 
t i o n  10.3, t he  program responds 

# .  

10.5 ENTER THE NUMBER OF l73E LIXE. 

After the  u s e r  e n t e r s  t he  number of t he  l i n e  of d a t a  t o  be changed, t he  pro- 
gram responds 

10.6 ENTER THE DATA VALUES FOR L I N E  - 4 .  
DO NOT ENTER THE L I N E  NUMBER. 

A f t e r  t he  u s e r  e n t e r s  t he  va lues ,  t h e  program r e t u r n s  c o n t r o l  to ques- 
t i o n  10.2. but  t h e  program f i r s t  p r i n t s  messages if the  u s e r  changed Lines 4 
o r  13. If t h e  u s e r  changed l i n e  4 ,  t h e  program warns 

t 

10.7 I T  IS RECOMMENDED THAT YOU REENTER ALL S O I L  DATA 
IF YOU WANT TO CBANGE THE NUMBER OF LAYERS; OTBERWISE, 
YOU MUST CfIANGE L I N E S  5 TEIROUGX 11 AND L3 TRROUGH 15. 

If the  u s e r  changed l i n e  13, t h e  program uarns  

10.8 YOU MAY ALSO NEED M CHANGE LINES 4 ,  1 4  AND 15,  
IF YOU CHANCE TKIS LINE. 

If t he  u s e r  has  made some changes and then answers NO t o  ques t ion  10.2 
- I  i n d i c a t i n g  t h a t  all of the  changes have been made, the  program asks 

_ _  10.9 DO YOU WANT M CIiECX TBE DATA SET- AGAIN? - - 
ENTER YES OR NO. 

If t h e  use r  answers YES, c o n t r o l  i s  re turned  t o  message 10.1, I f  t he  user 
answers NO, t he  program r e t u r n s  c o n t r o l  to ques t ion  1.1. 

SIHULATION OUTPUT CONTROL (11. S m )  

When the u s e r  answers 3 o r  5 t o  ques t ion  1.1, t h e  program runs the  s h u -  
l a t i o n  and produces output. 
s imula t ion  and t h e  d e t a i l  of output. 

The program requires informat ion  on t he  Length o f  
The program f i r s t  asks 

11.1 HOW MANY YEARS OF OUTPUT DO YOU WANT? 
(BE’MEW 2 AND - 5 YEARS MAY BE USED. ) 

I f  t h e  u s e r  answers 3 to ques t ion  1.1, the  program also asks the  next two 
ques t ions .  

11.2 W YOU WANT DAILY OUTPUT? 
ENTER YES OR NO. 

If t h e  user ansvets YES, d a i l y  rasults vill b e  printed for each year. X 
response o f  40 suppresses  t h i s  ou tput .  The program then asks 
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1 1 . 3  DO YOU WANT MNTHIiY TOTALS? 
ENTER YES OR NO. 

If t h e  u s e r  answers YES, monthly t o t a l s  of the  water budget components W I L L  be 
p r i n t e d  f o r  each year .  A response of NO suppresses  t h i s  ou tpu t .  

I f  t h e  u s e r  had en te red  5 i n  response t o  ques t ion  1.1, ques t ions  11.2 and 
11.3 are not asked s i n c e  d a i l y  and monthly ou tpu t  a r e  not available for t h i s  
ou tpu t  option. 

The program starts the  s h u l a t i o a  a f t e r  ques t ion  11.3. A f t e r  t h e  program 
produces a l l  of t h e  requested ou tpu t ,  t h e  program r e t u r n s  c o n t r o l  t o  ques- 
t i o n  1.1. 

LOADING PRECIPITATON DATA FROM OFF-LINE MEDIA 

Bui ld ing  p r e c i p i t a t i o n  d a t a  f i l e s  oa- l ine can be time consuming, and 
hence q u i t e  expensive,  e s p e c i a l l y  uhen d a t a  f o r  several y e a r s  must be en tered .  
Thus, i t  may be d e s i r a b l e  t o  bu i ld  f i l e s  o f f - l i n e  (e .g . ,  punch c a r d s ,  magnetic 
t ape ,  f loppy d i s k ,  etc.) and then enter  t h e  e n t i r e  f i l e  into t h e  HELP program. 
Regardless  of t h e  o f f - l i n e  media used, each year  of d a t a  must b e  r ep resen ted  
by 3 7  r eco rds ,  each c o n s i s t i n g  of 12 v a r i a b l e s .  
. T l O )  should c o n t a i n  t h e  year  of t he  d a t a  r i g h t  j u s t i f i e d  (e.g., 1976). The - -  
next  10 v a l u e s  ( format  FS.2) must c o n t a i n  t h e  d a i l y  p r e c i p i t a t i o n  da ta .  The 
last  v a r i a b l e  (forruat 110) is t h e  number of t h e  record ( i .e. ,  1 to 371. 

The f i r s t  v a r i a b l e  ( format  

Once t h e  f i l e  is b u i l t ,  t h e  u s e r  may l o g  on _to t h e  NCC system, read t h e  
. f i l e , . a n d  s t o r e  it under the  d a t a  s e t  name TAPEO. 
RUNHELP, t h e  u s e r  can answer "1" t o  q u e s t i o n  1.1, "NO" t o  ques t ion  1.2,  "NO" 
t o  q u e s t i o n  3.1, "NO" t o  ques t ion  9.1, and "YES" t o  ques t ion  8.1. This 
sequence vi11 a l l o v  t h e  u s e r  to e n t e r  c l ima to log ic  d a t a  ( o t h e r  than  r a i n f a l l )  
manually. If it is d e s i r e d  t o  check t h e  p r e c i p i t a t i o n  d a t a ,  ques t ion  9.1 may 
be answered v i t h  a "PES". 

Then, f o l l o v i n g  t h e  command 

A procedure s i m i l a r  t o  t h a t  descr ibed  above f o r  ra infa l l  may also b e  used 
f o r  o t h e r  t ypes  of da t a ,  a l though ordinarily t h e r e  is no compelling need s i n c e  
o t h e r  data f i l e s  are much less lengthy.  Users vishing to load o t h e r  d a t a  from 
o f f - l i n e  should c o n t a c t  Mr. Anthony Gibson of t h e  U.S. Army Engineer Waterways 
Experiment S t a t i o n  f o r  guidance. 
(601) 634-3710 (commercial) o r  542-3710 (FTS). 

Mr.. Gibson may be reached by te lephone  a t  

SAVING PRECIPITATION DATA FILES 

The HELP program is v r i t t e n  such t h a t  p r e c i p i t a t i b n  d a t a  a r e  s t o r e d  p e r -  
manently. Thus, once a new p r e c i p i t a t i o n  d a t a  f i l e  is c rea t ed  and en te red  i t  
a u t o m a t i c a l l y  r e p l a c e s  any previous ly  s t o r e d  p r e c i p i t a t i o n  da ta .  The fo l low-  
i n g  technique  may b e  used t o  save o l d  p r e c i p i t a t i o n  d a t a  f i l e s  before  e n t e r i n g  
nev p r e c i p i t a t i o n  da ta .  
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For example, assume t h a t  t he  u s e r  h a s  manually en tered  20 y e a r s  of pre- 
c i p l t a t i o n  da ta  f o r  Vicksburg, Miss i ss ippi . ’  Also assume t h a t  the  rest  of t he  
c l ima to log ic ,  soil, and design d a t a  have been en tered  and t h a t  ou tput  has been 
p r in t ed .  A t  t h i s  po’int, the  user  may save the  p r e c i p i t a t i o n  d a t a  s t o r e d  on . 
t h e  f i l e  TAPE4 under another  name by using t h e  EDIT, SAVE, and EXD commands as 
follows a f t e r  the user s t o p s  t h e  HELP program and the  computer system responds 
READY. 

ED I T  TAPE4 
SAVE VXCKS 
END 

The user may also perform the  same t a s k  w i n g  t h e  fol lowing command: 

COPY TAPE4 VICKS 

The 20 y e a r s  of p r e c i p i t a t i o a  f o r  Vicksburg, Miss i s s ipp i ,  are now s to red  on 
t h e  permanent f i l e  named VIcI(S. 
set of p r e c i p i t a t i o a  da t a ,  without losing d a t a  f o r  Vicksburg. To retrieve the  
p r e c i p i t a t i o n  data f i l e  for Vicksburg ( s t o r e d  under the  f i l e  name o f  VICKS), 
t h e  user may e n t e r  t h e  following commands: 

The u s e r  can now run t he  model with ano the r  

c- 

EDIT VICKS 
SAVE TAPE4 
END 

- -  

,The user may also retrieve the  p r e c i p i t a t i o n  d a t a  f i l e - u s i n g  t h e  fol lowing 
connnands : - 

DELETE TAPE4 SCRATCH 
co PY VICKS TAPE4 

This vi11 cause t h e  p r e c i p i t a t i o n  d a t a  f o r  Vicksburg t o  r ep lace  t h e  e x i s t i n g  
p r e c i p i t a t i o n  da ta ,  and the  model may rhen be  run using t h e  Vicksburg p r e c i p i -  
t a t i o a  data. 

c 
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SECTION 5 

P R O G U M  OUTPUT 

INTRODUCTION 

The EELP program always produces output  c o n s i s t i n g  of t h e  l d e n t i f y i n g  
' l a b e l s  and input d a t a  (except  d a i l y  p r e c i p i t a t i o n )  supp l i ed  by t h e  u s e r ,  and a 

summary of t h e  s imula t iou  results. Daily, monthly and y e a r l y  ou tpu t  may be 
ob ta ined  a t  t h e  o p t i o n  of t h e  user. Informat ion  presented in this s e c t i o n  
d e s c r i b e s  t h e  output  data s u f f i c i e n t l y  to allow most u s e r s  to understand and 
i n t e r p r e t  r e s u l t s  ob ta ined  from t y p i c a l  program runs.  More d e t a i l e d  explana- 
t i o n s  are presented  i n  t h e  program documentation ( 5 ) .  Complete inpu t /ou tpu t  
l i s t i n g s  f o r  t h r e e  example runs  are presented in Sec t ion  6. 

.- 
SUMMARY OUTPUT 

Basic program output  composed of all d e f a u l t  and manual i n p u t  in format ion  
- (Lncluding identif ying ' l a b e l s )  except  d a i l y  prec ip- i ta t ion  d a t a ,  and summary . 

results are always repor ted .  Inpu t  d a t a  have been descr ibed  i n  S e c t i o n s  3 and 
4 and v f l l  aot be d i scussed  f u r t h e r  he re in  s i n c e  users should have no d i f f i -  
c u l t y  i n  i n t e r p r e t i n g  this information.  Summary output  d a t a  are descr ibed  
belov. Example ou tpu t  is presented in Sec t ion  6 .  Occasional  r e fe rence  t o  
F igu re  2 may be h e l p f u l  in understanding some of t h e  terminology used i n  
d e s c r i b i n g  program output .  

Folloving t h e  input data summary, t h e  program produces a t a b l e  of t h e  
d a i l y  results, a t a b l e  of t h e  monthly totals and a t a b l e . o f  t h e  annual  t o t a l s  
f o r  each y e a r  of s imula t iou  i f  these o p t i o n s  are wed. If a d i f f e r e n t  set of 
c l i m a t o l o g i c  d a t a  vas used f o r  each year  of s imula t ion ,  t hese  inpu t  v a l u e s  
o t h e r  t han  p r e c i p i t a t i o n  data would be p r i n t e d  b e f o r e  t h e  results of each yea r  
of s imula t ion .  After the results f o r  a l l  years  are p r i n t e d ,  t h e  program pro- 
duces a sununary of t h e  output. The summary Inc ludes  average monthly t o t a l s ,  
average  annual  t o t a l s  and peak d a i l y  v a l u e s  f o r  v a r i o u s  s imula t ion  v a r i a b l e s .  

me program' reports average monthly totals  f o r  p r e c i p i t a t i o n ,  runof f ,  
e v a p o t r a n s p i r a t i o n  ( t o t a l  of evapora t ion  from the suzface  and soil, and p l a n t  
t r a n s p i r a t i o n ) ,  p e r c o l a t i o n  through t h e  base of each s u b p r o f i l e ,  and l a t e ra l  
d ra inage  from each subpro f i l e .  These results are repor ted  In inches.  The 
ou tpu t  va lues  I n d i c a t e  averages of t h e  mnthly t o t a l s  for a p a r t i c u l a r  month 
of a l l  yea r s  of s imulat ion.  For example, Lf 5 yea r s  of s imula t ion  were run, 
t h e  repor ted  average mnth ly  p r e c i p i t a t i o n  t o t a l  f o r  ;sfarch w u l d  be the aver-  
age ot' t h e  5 monthly :otals_ f o r  ?!arch 2 r e c i p i z a t i o n .  

c 59 
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The next  table .  i n  t he  summary output  i s  a l i s t i n g  of the average  annual  
t o t a l s  f o r  t h e  s imula t ion  period. Average annual  va lues  f o r  p r e c i p i t a t i o n ,  
runof f ,  evapo t ransp i r a t ion ,  pe rco la t ion  through the  base of each subprofl l 'e ,  
and l a t e r a l  drainage.from each s u b p r o f i l e  are repor ted  i n  term of Inches ,  
cubic  feet and as a percent  of the  t o t a l  average annual p r e c i p i t a t i o n .  

In  t h e  last summary table, peak d a i l y  va lues  f o r  p r e c i p l t a t l o n ,  runof f ,  
p e r c o l a t i o n  through the  base of each s u b p r o f i l e ,  and p r e c i p l t a t l o n  accumula- 
t i o n  on the  s u r f a c e  in the  form of  snow are repor ted  In te- of Inches and 
cublc  feet. These va lues  r ep resen t  t he  maximum va lues  t h a t  occurred on any 
day dur ing  t h e  s imula t ioa  per iod.  The table also con ta ins  the  maximum head 
on the  barrier s o i l .  l a y e r  of each s u b p r o f i l e  and the  maximum and minimum soil 
moisture  conten t  of t he  evapora t ive  zone. These v a r i a b l e s  a r e  repor ted  i n  
inches.  

The data repor ted  i n  these  summary t a b l e s  are s u f f i c i e n t  f o r  r ap id ly  
screening  alternative des igns  and roughly s i z i n g  dra inage  and l e a c h a t e  c o l l e c -  
t i o n  and t rea tment  systems in most cases. However, more d e t a i l e d  informat ion  
which s h o w  t r ends  and v a r i a b i l i t y  in the .  r e s u l t s  map be obta ined  by reques t -  
ing  annual ,  monthly or d a i l y  output .  

ANNUAL, MONTHLY AND DAILY OUTPUT 1 

.. 
I f  t he  u s e r  r eques t s  d e t a i l e d  ou tpu t ,  t he  program vi11 p r i n t  annual  

t o t a l s  of p r e c i p l t a t i o n ,  runoff ,  evapo t ransp l r a t ion ,  pe rco la t ion  through the  
base of each subpro f f i e ,  and la teral  dra inage  from each s u b p r o f i l e  for each 
year of simulation' .  Each of these  output  v a r i a b l e s  a r e  reported In  t e r n  of 
inches,  c u b l c ' f e e t  and a s  a percent  of the t o t a l  annual p r e c i p i t a t i o n .  The 
program also lists the  soil moisture  con ten t s  and snow accumulations a t  t h e  
s ta r t  and end o f  t he  year in inches  and cubic  feet. Example annual ou tput  is 
shova in Test Cases 1 and 2 of Sec t ion  6. 

I f  the  u s e r  r eques t s  monthly ou tpu t ,  t h e  program produces t a b l e s  which 
r epor t  monthly t o t a l s  in inches  f o r  p r e c i p i t a t i o n ,  runa f f ,  evapo t ransp i r a t ion ,  
pe rco la t ion  through t h e  base of each s u b p r o f i l e ,  and lacera1 dra inage  from 
each s u b p r o f i l e  f o r  each year  of s imula t ion ,  Monthly output  is shown I n  T e s t  
Case 2 of Sec t ion  6. 

I f  d a i l y  output  is requested,  the 'program p r i n t s  a t a b l e  conta in ing  t h e  
J u l i a n  da t e ,  and the  d a i l y  va lues  of p r e c i p i t a t i o n ,  runoff ,  evapot ranspi ra -  
t i o n ,  head on the  soil b a r r i e r  l a y e r  a t  t he  base of the  cover ,  p e r c o l a t i o n  
through t h e  base of t he  cover, t o t a l  Lateral dra inage  from all s u b p r o f i l e s  In 
t h e  cover,  head on the  soil  barrier l a y e r  a t  the  b a s e  of t h e  l a n d f i l l ,  perco- 
l a t i o n  through the  base of the l a n d f i l l ,  t o t a l  l a te ra l  dra inage  from a l l  sub- 
p r o f i l e s  below t he  cover and the  s o i l  mols ture  conten t  of the  evapora t ive  
zone. Where app l i cab le ,  t he  units of  the  v a r i a b l e s  a r e  In Inches,  except for 
t h e  s o i l  moisture  conten t  vhich I s  repor ted  i n  dimensionless  form (volume of 
water/volume of soil). The program p r i n t s  an  a s t e r i s k  a f t e r  t h e  J u l i a n  da t e  
f o r  dates when the  mean temperature I s  below f r eez ing  (32°F). Example daFLy 
output  I s  shown below f o r  the first i 0  days J Z  a year  of s imula t ion .  
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. . ...................................................................... 
DAILY OUTPUT FOR 74 

DAY 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0 

RAIN RUNOFF ET COVER COVER COVER BASE DEEP BASE SOIL 
HEAD PERC. DRAIN HEAD PERC. DRAIN WATER 

IN. IN. IN. IN. IN. I N  IN. I N .  I N .  I N I I N  

0.04 0.0 
0.0 0.0 
0 .43  0.0 
0.0 0.0 
0.0 0 .0  
0.04 0.0 
0.39 0 . 0  
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.083 0.0 0.0 
0.067 0.0 0.0 
0.139 0.1 0.0028 
0.021 0 .3  0.0007 
0.070 0.3 0.0027 

0.131 0 .3  0.0040 
0.026 0.5 0.0010 
0.070 0.4 0.0026 
0.070 0.4 0.0026 

0.091 0.2 0.002.8 

0.0 0.0 0.0 
0.0 0.0 0,O 
0.000 0 .0  0.0020 
0.000 0 . 0  0.0001 
0.001 0 . 0  0.0026 
0.001 0.0 0.0025 
0.002 0.0 0.0034 
0.001 0.0 0.0012 
0.002 0.0 0.0030 
0.002 0.0 0.0024 

0,O 0.3172 
0 .0  0.3105 
0.000 0.3349 
0.000 0.3323 
0.000 0.3253 
0.000 0.3201 
0.000 0.3416 
0.000 0.3385 
0.000 0.3315 
0.000 0.3245 
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SECTION 6 

EXAMPLES 
\ 

In  this section three ccmplete examples ( t e s t  cases) are presented. Test 
Case 1 teptesents a typical open landfi l l ,  Test Case 2 represents a typical 
cap or cover, and Test Case 3 represents a closed landfi l l  composed of the . 
vaste/drainage/liner layers from Test Case 1 and the cover from Test Case 2. 
For each example the input data are qmar-.zed and the complete inputfoutput 
Listing is reproduced. Detailed output without the optional  dally and monthly 
output is presented for Test Case 1. Detailed output with monthly t o t a l s  is 
presented for Test Case ?'and only summary output is  presented for Test 
Case 3 .  . -- - 

TEST CASE 1 

. Test Case 1 represents an opea l a n d f l l l  cmposed of a waste layer, a 
drainage layer, and a lo*permeabllity (barrier) soil liner. No syuthetlc 
membrane Liner vas used. 
type 1) vere used to model the behavior of the vaste layer. 
has a very h i g h  hydraulic conductivity ( 1 1 . 9 5  inches per hour), the ;et effect 
ia t o  prwent the vaste layer, as modeled, from inhibiting drainage. The 
input  data and i n p u t f o u t p u t  Listing are presented belov. 
output vere not requested, but annual totals  vere requested by a s k i n g  for 
detailed output. 

The characteristics of a coarse.sand (default SOU 
Since this soil' 

Hnnthly and daily 

Data for Test Case 1 

tocatiou: Nev Orleans, LA 
Length of rainfall  record wed: 
Vegetative cover: bare ground ( i . e .  w vegetation) 
Evaporative zone depth: 6 inches 
Fraction of area coutributing t o  runoff: 
SCS runoff cume number: 6 5  
Area of  e i te :  231,000 square feet 
Number of layers: 3 

5 years (default data) 

0 . 8  

Layer 1- 
Layer type: 4 (waste material) 
S O U  type: 1 (coarse sand, default) 
Layer thickness: 60 inches 

! .- 

I 

I 
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Layer 2- 
Layer type: ' 2  ( lateral  drainage) 
Soil type: 1 (coarse sand, default) 
Slope  at bottgm of layer: 2X 
Drainage l ength :  25 feet 
Layer t h i c b e s s :  12 inches 

Layer 3- 
Layer type: 
Soil  type: 

Layer thickness: 24 inches 

3 (barrier soil w i t h  no synthetic membrane) 
20 (especially prepared low-permeability barrier soil, 
default) 

TEST CASE 2 

Test Case 2 represents a typical landfi l l  cover (cap) composed o f  a top 
layer o f  soil supporting a f a i r  stand of grass, a drainage layer, and a low- 
permeability (barrier) SOU liner. NO Synthetic membrane vas used. Default 
data describing the growth of the grass, leaf area index, etc.  for the 
New Orleans area were used. 
sented below. 

The input data and input/output l isting are pre- 
Monthly and annual output were requested. 

Data for Test Case 2 

Location: New Orleans, LA 
Length of rainfal l  record used: 
Vegetative cover: 
Evaporative zone depth: 10 inches 
Area of s i t e :  231,000 square feet  
Number of layers: 3 

5 years (default data) 
f a i t  grass (default data) 

Layer 1- 
' Layer type: L (vertical  percolation) 

S o u  type: 12 (silt/loam, default) 
Layer thicbeas:  24 inches 

Layer 2- 
Layer type: 2 ( lateral  drainage) 
S O U  type: 
Slope a t  bottom of  layer: 
Drainage length: 1 7 5  feet  
Layer thickness: 12 inches 

1 (coarse sand, default) 
3% 

Layer 3- 
Layer type: 
S o i l  type: 20 (especially prepared lov-permeability barrier soil, 

Layer thickness: 24 inches 

3 (barrier so i l  with no syntt '- - Ym5rane) 

default) 

.I 
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TEST CASE 3 

Test Case 3 represents a closed landfi l l  coasisting of the c0ve.r (cap) 
used i n  Test Case 2,and the vaste layer, lover drainage layer, and liner used 
I n  Test Case 1. No synthetic membrane was used in either the cover or the 
liner. The input  data and input/output l ist ing are presented belov. Only 
summary output was requested. 

Data for Test Case 3 

Location: New Orleans, LA 
Length of rainfal l  record used: 5 years (default .data) 
Vegetative cover: f a i r  grass (default data) 
Evaporative zone depth: 10 inches 
Area of site:  231,000 square feet 
Number of b y e r s :  6 

Layer 1- 
Layer type: 1 (vertical  percolation) 
Soil type: 12 (silt/loarn, default) 
Layer thlcktess: 24 inches - - -  - 

Layer 2- 
Layer type: 2 (lateral  drainage) 
Soi l  type: 1 (coarse sand, default) 
Slope a t  bottom of layer: 3% 
Drainage length: 175 feet 
Layer t h i c k e s s :  12 inches 

-- -- 
Layer 3- 

Layer type: 3 (ba-trier SOU vith no synthetic membrane) 
S o i l  type: 20 (especially prepared low-permeability barrier soil, 

Layer thickness: 24 inches 
default) 

Layer 4- 
Layer type:, 4 (waste aaterial) 
S o i l  type: 1 (coarse sand, default) 
Layer thlckaess: 60 inches 

Layer 5- 
Layer type: 2 (lateral  drainage) 
S o i l  type: 1 (coarse sand, default) 
Slope a t  bottom of layer: 2% 
Drainage length: 25 feet 
Layer thickness: 12 inches 

Layer 6- 
Layer type: 3 (barrier soil v i t h  no synthetic membrane) 
S O U  type: 20 (especially prepared Lou-permeability barrier soil, 

Layer thickness: 2 4  inches 
default ) 

55 



Input/Output List ing for Test' Case I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
***********************~***************************************************** 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* HYDROUGIC EVALUATION OF LANDFILL PERFORMANCE * HELP VERSION 1 

* WRITTEN BY 
* 
* 
* PAUL R. SCHROEDEB * AUGUST, 1983 

* OFTEE 
* WATER RESOURCES ENGINEERING GXOUP 
* ENVWO NMENTAL LABORATORY 
* USAE WATERUAYS EXPERIMENT STATION 
* P.O. BOX 631 
* VICKSBURC, MS 39180 
* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * 
* !  * USER'S GUIDE AVAILABLE UPON REQUEST 

* (601) 634-3709 OR (601) 634-3710 ' 

* FOR CONSULTATION CONTACT AUTHORS AT * -: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-******************~~~~-********************************** 

* 
* * 

1.1 DO YOU W A N T  TO ENTER OR mECK DATA OR TO OBTAIN OUTPUT? 

E N T m  1 FOR CLIMATOLOGIC INPUT, 
2 FOR S O X  OR DESIQJ DATA INPUT, 
3 TO RUN TEE S ~ I O N  AND OB- DETAILED OVTPUT, 
4 TO STOP TIE PRoc;BAM, AND 
5 TO RUN TEIE SIHULATION AND OB- ONLY SUHMARP OUTPUT. 

1: 

1.2 W YOU W A N T  TO USE DEFAULT CLIMAT0II)GIC DATA? 
ENTE6L YES OR NO. 
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e- 

2.1 DO YOU WANT A LIST OF DEFAULT C I T I E S ?  
ENTER YES OR NO. 

YES . 

ALASKA 
ANNETTE 
B ETIiEL 
FAIRBANKS 

FLAGSTAFF 
WOENIX 
TUCSON 

ARKANSAS 
LITTLE ROCK 

CALIFORNIA 
FRESNO 
LOS ANGELES 
S A C U N T O  
SAN DIEGO 
SANTA MARIA 

C O U R A M )  
D E N m  
W D  JUNCTION 

CONNECTICVT 
E RIDCZPORT 
W T F U R 1 )  
NEW HAVEN 

FLURIDA 
JACKS ONVI LLE 
M I A M I  
ORIANW 
TALIAUASSEE 
TAMPA 
W. PAIM BEACEI 

G E O R G U  
AT- 
W A T X I N S V I U  

HONOLULU 

B O I S E  

ARIZONA 

W A I L  

IDAHO 

ILLINOIS 
CHICAGO 
E. ST. LOUIS  

INDIANAW LIS 

DES NINES 

D O D a  C I T Y  
TOPEXA 

KENTUCICY 
tEXINCTON 

LOUISIANA 
U K E  CHARLES 
NEW O R L U N S  
SHREVEPORT 

AUclJSTA 
BANGOP 
CArUBou 
PORTLAND - 

BOSTON 
P U r n I E L D  

. WORCESTER 
MICHICAN 

IND UNA 

I O U  

KANSAS 

HAWE 

- 
LsAcnus ETTS 

E. LANSING 
SAULT STE. MARIE 

MINNESOTA 

HISSOURI 

MONTANA 

ST. C U U D  

COLUHBIA 

m s a w  
GREAT PALLS 

GRAND ISLAND 
NEBRASKA 

NEVADA 
ELY 
IAS VEGAS 

NEW HAMPSHIRE 
CONCORD 
NAsEiuA 

NEW JERSEY 
ED ISON 
SEAEROOK 

NEW MEXICO 
ALBUQITERQUE 

NEW YORK 
CENTRAL PARK 
IT HAca 
NEW YORK C I T Y  
SCHENIXTADY 
SYXACUS E 

NORTH CAROLINA 
GREENSBORO 

NORTH DAKOTA 
. BISMARCK-- 
OHIO 

C I N C I N N A T I  
CLEVELAND 
COLUMBUS 
P U T - I S B A Y  

OKLAHOHA 
OKLAXcrfA C I T Y  
TUZSIL 

ASTORIA 
MEDPORD 
PORTLAND 

PENNSYLVANIA 
RIIWELWLA 
PITTSBURGH 

-- 

0-N 

POCATELLO NORTH W 

2.2 ENTW NAME OF STATE OF INTEREST 

4 6 1'8 

DEFAULT DATA ARE PROVIDED ONLY FOR THE FOLLOWIXC C I T I E S  AND STATES 

RHODE ISLAND 
PROVIDENCE 

SOUTH CAROLINA 
CHARLESTON 

SOUTH DAKOTA 
RAPID C I T Y  

TENNES S EE 
KNOXVILLE 
N A S W I L U  

BROWNSVI LLE 
TEXAS 

DALIAS 
EL PAS0  

.-- . 

IHIDLWD 
S A N  ANTONIO ! 

CEDAR C I T Y  
S A U  LAKE C I T Y  

BURLINC;rON 
MONTPELIER 
R U T M D  

LYNCHBURG 
NORFOLK 

WASHN CTON 
P U L L r n  
SEATTLE 
UKZMA 

WISCONSIN 
MADISON 

WYOMING 
CmYENNE 
LANDER 

PUERTO RICO 
S M  JUAN 

-. UTAlI 

VERMONT 

- -  

VIRGIN U 
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\ 

2.4 ENTER NAME OF CITY OF INTEREST 

2 . 6  SELECT THE TYPE OF VEGETATIVE COVER 

ENTER NUMBER 1 FOR BARE GXOUND 
2 FOR EXELLENT GRASS 
3 FOR GOOD GRASS 
4 FOR FAIR GRASS 
5 FOR POOR GRASS 
6 FOR GOOD ROW CXOPS 
7 FOR FAIR RCM CROPS 

1 

2.8 IF YOU ARE USING DEFAULT SOIL DATA AND THIS VEGETATION 
TYPE IS NOT TEE SAME AS USED IN TEE DEFAULT SOIL DATA INPUT, 
YOU s B O m 9  B4TER THE SOIL DATA AGAIN OR CORRECT THE SCS 
RUNOFF CURVE NUMBER. - _- . -- 

2.9 ENTER TIE EVAPORATIVE ZONE DEPTE IN INCEIES. 

CONSERVATIVE VALUES ARE: 
- 4 IN. R3R BAREGROUND 

_- LLIN.'FOR FAIR GRASS 
18 IN. FOR ECFLLZNT GXASS 

4 

1.1 DO YOU WANT TO mEB OR CEECX DATA OR M OBTAIN OUTPUT? 

ENTw 1 FOR CLR4ATOLOCIC INPUT, 
2 FOR SOIL OR DESIGN DATA INPUT, 
3 TO RUN TBE SM[JLATTON AND OBTAIN DETAILED OUTPUT, 
4 TO STOP THE. PRocEusn, AND 
5 TO RmJ THZ S-TION AND OBTAIN 0llI.Y SUHMAKY OUTPUT. 

2 

1.3 DO YOU W A N T  TO USE DEFAULT SOIL DATA? 
MTW YZS 'OR NO. 

.- 

YES ' I  
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. U S E  ONLY ENGLISH UNITS OF I N C U S  AND DAYS 
UN&S OTHERWISE INDICATED 

# # # 1) 1) i) # # i# 7) il # #  f # # # # iMl # il # # il # # # M Sd ER ALL QUE S T I 0  tk // !/ # # d # # # i) # # # # # # # # # # # 4 !/ i/ # 4 !/ # 4 

A VALUE * * M U S F *  BE ENTERD FOR . U C H  COMMAND 
EVEN WHEN, THE VALUE IS ZERO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

**************d********f******************************************************* 

4.1 ENTER T I T I E  ON L I N E  1, 
ENTER W C A T I O N  OF SOLID WASTE SITE ON LINE 2, 
AND ENTER T O M ' S  DATE ON 'LINE 3. 

TEST CASE 1 
NM ORLEANS, LOUISIANA 
AUGUST 26, 1983 

4 . 2  FOUR TYPES OF UYERS MAY BE USED IN THE DESIGS: 
=TICAL PERCOLATION, UTERAL D U N A C E ,  BABRIER S O I L ,  AND WASTE. 

LATERAL JXAINAGE IS NOT P E R M I T F 3 l  FROM A VERTICAL P E R C O U T I O N  . 
IAYER. 
BOTB VERTICAI, AND LATERAL DRAINAGE ARE PERMITTED FROM A L A T E W  
DKAINAGE LAYER. 0 

A B k R R l E R  SOIL LAYER SHOULD BE DESImED TO I H U I B I T  PERCOLATION. 
AN IMPERMEABLE L I N E R  MAY BE USED ON TOP OF ANY BARRIEX SOIL UYER. 
THE WASTE LAYER SHOULD BE DESIGSED T O  PERMIT RAPID DRAINAGE 
FRm THE WUTE LAYEEL. 

BULES : 

THE TOP LAYER CANNOT BE A BARRIER SOIL UYER. 
A BARR= S O I L  LAYER MAX NOT BE PLACED ADJACENT T O  ANOTEER 
BAREKEK SOIL LAYER. 
ONLY A BABBIEB S O I L  L A E X  OR A N O m  IATERAL DRAINAGE LAYER MAY BE 
PLACED D I R E T L Y  B E L H  A IATEUL DRAINAGE LAYER. 
YOU MAY U S E  UP T O  9 UYEBS AND UP TO 3 BARRIER S O I L  MYERS. 

ENTER TEIE NUHBER OF LAYERS IN YOUR DESIGN. 

3 
4 . 3  THE LAYERS ARE NUMBERED SUCX TXAT 
S O I L  LAYER 1 IS THE TOP LAYER 
AND S O I L  LAYER 3 IS T I E  BOTTDM UYER. 
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4 . 6  IS THE TOP LAY.= AN UNVEGETATED 
ENTER YES OR NO. 

NO I 

4 . 7  ENTER THICKNESS O F  SOIL LAYER 1 
60 

S A N D  OR GRAVEL LAYER? 

4 . 9  ENTER TEIE LAYER TYPE FOR LAYER 1.  

IN INCHES. 

4 . 1 0  ENTER 

4 

4.15 ENTER 

4.16 ENTER 

**CHECK 

1 
- 

1 FOR A VERTICAL PERCOLATION LAYER, 
2 FOR A LATERAL DWNAGE LAYER, 
3 F O E  A BARRIER SOIL LAYER, 
4 F0R.A WASTE LAYER, AND 
5 FOR A WER SOIL LAYER WITH 

AN IMPERMEABLE LINER. 

SOIL TEXTKWJ OF SOIL LAYER 1. 

A NUMBER (1 THROUGH 2 3 )  FOR TEXTURE CLASS OF SOIL MATERIAL. 

USER'S GTJIDE FOR NUMBER CORRESPONDING TO SOIL TYPE.** 
.. .. 

4 . 2 3  IS SOIL'UYER 1 COMPACTED? 
ENTER YES OR NO'. 

4 . 2 4  THE VEGETATIVE SOIL LAYER IS GENERALLY NOT COMPACTED. 

NO 

4 .7  MTER TIIICmESS OF SOIL LAPER 2 Rl INCHES. 
12 

4 . 9  MTER TEE LAYER TYPE FOE LAYEB 2. 

2 

4.15  ENTER SOIL TEXTURE OF SOIL LAYER 2 .  
1 

4 . 2 3  IS SOIL LA= 2, COMPACTED? 
ENTER YES OR NO. 

YO 
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4.- 

4 . 7  ENTER THICXXESS OF SOIL LAYER 3 I N  INCHES. 
24 

4 . 9  ENTER THE LAYER fYPE FOR LAYER 3 .  

3 

4 . 1 5  ENTER SOIL TEXTURE OF SOIL LAYER 3. 
20 

7 . 1  ENTER THE SCS RUNOFF CURVE NUMBER FOR THE SOIL TEXTURE AND AVERAGE 
MOISTURE CONDITION OF TEE TOP WASTE LAYER. 
(BETWEEN 15 AND 100) 

65 

7.2 WEAT FRACTION OF TEE DAILY POT- RUNOFF DRAINS FROM THE 
SURFACE OF TBE W A S T E  LAYER? 
ENTER BETKEM 0 AND 1. 

P 
.a .  

6 . 1  ENTER TEE TOTAL AREA ‘OF TEE SURFACE, I N  SQUARE FEET. 

. * .  
. _- 231000 

6 . 1  ENTER TEIE SLOPE AT TEE BASE OF SOIL U P E R  2, IN PERCENT. 

2 

6 .3  ENTER TKE MAXINlM DWNAGZ DISTANCE ALONG ‘THE SLOPE 
TO TEE COLLECTOR, IN FEET. 

25 

1.1 DO YOU WANT TO OR CEECX DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLMATOLOGIC INPUT, 
2 FOR SOIL OR D E S I M  DATA INPUT, 
3 M RUN TEE’ SMDLATION AND OBTAIN DETAILED OUTPUT, 
4 TO S M P  THE PROGRAM, AND 
5 M RUN THE SPfiJLATION AND OBTAIN ONLY SUMMARY OUTPUT. 

3 
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0 

, *  
11.1 fIow MANY YEARS OF OUTPUT DO YOU WANT? 
(BETWEEN 2 AND 5 Y E A R S  M Y  BE USED. ) 
5 

11.2 DO YOU WANT DAILY OUTPUT? 
ENTER YES OR 30. 

NO 

c 

11.3  DO YOU WANT MONTHLY TOTALS? 
ENTER YES OR NO. 

NO 

- 
._. . ._ 

TEST CASE 1 
NEW ORLEANS, LOUISIANA 
AUGUST 26, 1983 

.. 

I .  

******#*****~*************************************~?********************** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

BARE GROUND 

LAYER 1 

WASTE LAYER 
TEICXNESS - 60.00 INCHES 
EVAPORATION COEFFICIENT I 3.00  HM/DAY**0.5 - ' 0.3510 VOL/VOL PO ROSITP 
FIELD CAPCITY I 0.1740 VOL/VOL 

= 0. 1070 VOL/VOL WILTING POINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY - 11.9499998 INCHES/HR 
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. 
MTERAL DRAINAGE LAYER 
SLOPE 
DRAINAGE LENGTH - 25.0 FEET 
THICKNESS = 12.00 INCHES 
EVAPORATION COEFFICIENT w 3.300 MM/DAY **0 . 5  
PO RO S In 
FIELD CAPACITY 
WILTING POINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY - 11.9499998 INCHES/HR 

2.00 PERCENT P 

0.35 10 VOL/VOL 
0.1 740 VOL /VOL 
0.1070 VOL/VOL 

w 

= 
I 

LAYER 3 --- 
a .- 

BARRIER SOIL LAYER 
THICKNESS ' 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPAGITP 
WILTING POINT 

- 24.00 IYCHES 
= 3.100 HM/DAY**O.5 

0.5200 VOL/VOL 
0.4500 VOL/VOL . 
3.600 YOL/VOL 

I 

I 

I - 0.00014200 INCHES/HR . 

.. 

, GENERAL SIMULATION DATA --- - 
I 

w 
SCS RUNOFP CURVE NUMBER 
TOTAL AREA OF COVER - 
EVAPORATIVe ZONE DEPTB = 

EFFECTIVE EVAPORATION COEFFICIENT = I 
UPPER LIMIT VEG. STORAGE I 

INTTIAL VEG. STORAGE 

RUNOFF FRACTION 

CLIYATOLOGIC DATA FJR NEW ORLEANS 

65.00 
231000. SQ. ET 

4.00 INCHES 
0.800000 
3.300 MM/DAY**O .5 
1.  4040 INCHES 
0.5620 INCHES 

LOUIS U N A  
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MO-Y MEAN mPERATURES,  DEGREES FAHRENHEIT 

APRIOCT M Y  / NOV -- MAR/ SEP 

53.30 55.00 60.28  67.71 75.31 
83 .37  81.66 76.39 68.95 61 .35  

-- FEBIAUG -- JANIJUL - 
# 

MON'KHLY KEANS S O U R  RADIATION, LANGLEYS PER DAY 

236.64 268.5 2 321.36 381.00 431.47 
456.86 424.98 372.14  312.50 262.03 

LZAP AREA INDEX TABLE 

DATE 
1 

44 
74  

1 os 
135 
165 
196 
226 
25 6 
286 
317 
34 7 
366 

- 

-- 

LA1 - 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 . 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 - 

BARE GROUND 

WINTEB COVER FACTOR - 0.0 

81.01 
5 5 . 6 2 ' -  

459.23 
234.27 

.. 

............................................................................ 

I_- 

ANNUAL TOTALS FOR 74 - - 
PERCENT --- ( INCEES ) (CU. FT. )  

PE1ECIZITATZON 72.79' 1401 194. Loo.: 
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, 
RUNOFF 0.372 7153. 

EVAPOTRANSPIRATION 17.187 330844. 

PERCOLATION FROM BASE OF LANDFILL 1.5299 29450. 

DRAINAGE FROM BASE OF LANDFILL . 53.621 1032197. 

SOIL WATER AT START OF YEAR 23.19 446484. 

SOIL WATER AT END OF YEAR 23.27 ' 448002. 

0. 

0. 

# 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

0.0 

0.0  

0.00 33. 0.00 ANNUAL WATER BUDCET BALANCE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.51 ' 

23.61 

2; 10 

73.67 

73.67 

.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

(INCXES 1 -- 
PRECIPITATION 

RUNOFF 

FfAPOTRANSPfUTION 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF LANDFILL 

SOXI, 'JATER AT START OF YEAR 

80.50 

PERCENT -- (CU. FT.) ---- 
15496 10. 100.00 

2.175 

19. a02 

1.5465 

56 .052  

23.27 

65 

41872. 2.70 

381 196. 2 4 . 6 0  

29770. 1.92 

1078996. 69.63 

448002. 
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SOIL WATER'AT END OF YEAR 24'. I9 465752.  

SNOW WATER AT START OF YEAR 
, 

SNOW WATER AT EMl OF YEAR 

0 .o 
0.0 

1. 0. 

0. 

ANNUAL WATER BUDGET BALANCE 0.0 2 7 .  0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 
- ..- 

PRECIPITATION 47.36 91 1673.  100.0 

RUNOFF 0.0 0. 0.0 

EVAPOTRANSPIRATION 13.500 25 9884.  28.51 

PEkOLATION .=OM BASE OF LANDFILL 1.4087 , 27117.  2.97 

DRAINAGE FROM BASE OF LANDFILL 33.022 635672.  69 .73  

SOIL WATER AT START OF YEAR 24.19 465752. 

SOIL WATER AT WD OF YEAR 23.62 454732. 

SNOW WATER AT START OF YEAR 0.0 0. 

6 6  

075 I .  



. . . .. . . .. . . . . . , . ._ - . 

. .  m 

PRECIPITATION 

RUNOFF 

7 2 . 8 1  . 1 4 0 1 5 7 8 .  100.0 

0 .627  

EVAPOTRANSP I U T I  ON 18.912 

PERCOLATION FRCM BASE OF LANDFILL . 1.5354 

12078.  

364058 .  

2 9 5 5 7 .  

0.86 

25.97  

2.11  

DRAINAGE FROH BASE OF LANDFIU 50 .636  9 7 4 7 3 6 .  69.55 

SOIL WATER AT START OF YEAR 2 3 . 6 2  454 7 3 2 .  

SOIL WATER AT D7D OF YEAR 24 .72  4 7 5 8 5 7 .  
! 
-2 

SNOW WATER AT START OF YEAR 0.0 . 0. 

ANNUAL WATER BmGET BALANCE' - 

0. SNOW WATER AT END OF YEAR -0.0 

- 0.00 25. 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chi. 

PSECXP'ITATION 76 .85  

67  
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RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF LANDFILL 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

. . --._ - 

1.532 

16 .446 .  

1.4951 

58,741 

24.72 

23.35 

0.0  

0.0 

0.00 

. - ._ . ..._. . _. . 

294 92. 

316594. 

28781. 

1130766. 

475857. 

449539. 

0 .  . 

0 .  

32. 0.00 

1.99 

21.40 

1 . 9 5  

7 6 . 4 4  

.............................................................................. 

AVERAGE MONTHLY TOTALS FOR 74 TBROUGB 78 

PRECIPITATION ( IXBES)  6.54 3.66 4.37 
6.58 9 .a4 5.91 

RUNOFF (IXCHES) 

EVAPO TRANS PI RATION 
!IYCEES) 

0.060 0.025 0.047 
0.012 0.153 0.088 

1.098 0,730 1.062 
2,690 2.599 1.505 

APRIOCT MAY/NOV JUNIDEC -- -I- 

4.55  7.01 5.95 
3.16 7.12 5 . 3 7  

0 .033 0.165 0.0 
0.0  0.359 0.000 

0.873 1.595 2.188 
0 .577  1.180 0.370 

.. 
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.PERCOLATION FROM BASE 0.1324' 0.1187 0.1228 0.1216 ' 0.1257 Oi1236. ' 

OF IANDFILL. (INCHES) 0.1288 , 0.1339 0.1201 0 . 1 1 9 7  0.1228 0.1331 

DRAINAGE FROM BASE QF 5.315 3.302 3.010 3.407 5.003 3.332 
UNDFILL (INCHES) 4.157 6.611 4.560 2.277 4.683 4.921 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

............................................................................. 

PERCENT ---- 
PRECIPITATION 

RUNOFF 

-_ 
70.06 1348681. 100.0 

0.941 18119. - 1.34 

EVAPOTRAN S P XRATION' 17.170 

PERCOLATION F R a  BASE OF LANDFILL 1.5031 ' 

3305 15 24.51 

28935. 2.15 

50.414 970473. 71.96 DRAINAGE FROM BASE OF LANDFILL 

............................................................................ 
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e- 
$ .  . . . ........................................................................... 

RUNOFF 1.793 

PERCOLATION FROM BASE OF LANDFILL 0.0072 

,34522.6  . 

139.5 

DWNAGE FRaM BASE OF LANDFILL 1.997 38439.7 

21.2 

0.0 

HEAD ON BASE OF LANDFILL 

SNOW WATER 0.0 

MAXIHUM VEG. SOIL WATER (VOL/VOL) 0 .1553 

0 .1070  . .  !4INIMUH VEG. SOIL WATER (VOL/VOL) 
. .' 

. . .......................................................................... 

............................................................................. 

1 . 1  DO YOU WANT TO BlTEB OR CXECK DATA OR TO OBTAIN OUTFUT? 

ENTER 1 FOR CLDfATOLOGIC INPUT, 
2 FOR SOIL OR DESIGN DATA INPUT, 
3 TO RUN TRE SIMULATION AND OBTAIN DFTAILED OUTPUT, 

5 TO RUN TEE SIMULATION AND OBTAIN ONLY SUMMARY OUTPUT. 
4 To STOP TEE PROGRAM, AND 

4 

1.4 ENTER RUNHELP TO RERUN P R O W  OR 
ENTER LOGOFF TO LOGOFF COMPUTER SYSTEM 
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* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMAIUCE 
HELP VERSION 1 

WRITTEN BY 

PAUL R. SCHROEDER 
AUGUST, 1983 

OF THE 
WATER RESOURCES ENGINEERIXG GROUP 

ENVnONMENTAL LABORATORY 
USAE WATERMAYS MPERIMENIl  STATION 

P.O. BOX 631 
VICKSBLTRG, MS 39180 

* 
* 
* 
* 
* '  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* * 

*************~**************************************************************X * 
* 
* 
* 
* 

USER'S GUIDE AVAIIABLE UPON REQUEST 
FOR CONSULTATION CONTACT AUIHORS AT 
(601) 634-3709 OR (601) 634-3710 

! *  

-* 
* 
* 

. .  

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - _ _  

1.1 DO YOU WANT T O  E N E R  OR CHECK DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC INPUT, 
2 FOR SOIL OR D E S I a  DATA INPUT, 
3 TO RUN 'RiE SIMULATION AND OB- DETAILED OUTPUT, 
4 TO STOP T U  PROGUM, AND 
5 T O  RUN THE S M U L A T I O N  AND OBTAIN ONLY SUMMARY OUTPUT. 

1 

1.2 DO YOU WANT TO USE DEFAULT CLIMATOLOGIC DATA?' 
ENTM YES UK NO. 
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4 

2.1 DO YOU WANT A L I S T  OF DEFAULT C I T I E S ?  
ENTER YES OR NO. 

2.2 ENTER NAME OF STATE OF INTEREST 

2.4 ENTER NAME OF CITY OF INTEREST 

NEW ORLEANS 

2.6 SELECT TRE TYPE OF VEGETATIVE 

ENTER NUMBER 1 FOR BARE GXOUND 
2 FOR EXELLENT m S S  
3 FOR GOOD G U S S  
4 FOR €AIR-GXASS 
5 FOR POOR GRASS 
6 FOR GOOD ROW CROPS 
7 FOR FAIR ROW CROPS 

COVER 

4. 

2.8 I%-YOU ARE USING DEFAULT SOIL DATA'AND TRIS VEGETATION 
TYPE IS NOT THE SAME AS USED IN ';HE DEFAULT SOIL DATA NPUT, 
YOU SHOULD ENTER THE SOIL DATA AGAIN OR CORRECT THE SCS 
RUNOFF CURVE NUMBER. 

2.9 ENTER THE EVAPORATIVE ZONE DEPTH I N  INCEES. 

CONSERVATIVE VALUES ABE: 
4 IN. FOR BAREGROUND 
10 IN. FOR FAIR GRASS 
18 IN. FOR EKELLENT GRASS. 

10 

' 1.1 DO YOU W A N T  TU W T E R  OR CRECX DATA OR TU OBTAIN OUTPUT? 

ENTER 1 FOR CLMATOLOGIC INPUT,  
2 FOR SOIL OR DESIGY DATA INPUT,  
3 TO RUN TEE S Z M T U T I O N  AND OBTAIN DETAILED OUTPUT, 
4 TO STOP TEE PROGUM, AND 
3 20 WN TOXE X24UXATIGN .UD OBTAIN ONLY S i Y  OUTPUT. 
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2 

1.3 DO YOU WANT TO USE DEFAULT SOIL DATA? 
ENTER YES OR NO. 

YES 

USE ONLY ENGL1SH.UNITS OF INCHES AND DAYS 
UNLESS OTIiERtJISE INDICATED 

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # ~ S W  'ALL Q U E S T . I O N S # ~ ~ # # # # # # # # # # # ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

A VALUE **MUST** BE ENTEECED FOR EACII COMMAND 
***************************************************************************** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EVEN WEN THE VALUE IS ZERO. 

4.1 ENTER TITLE ON LINE 1, 
ENTER LOCATION OF SOLID WASTE SITE ON LINE 2 ,  

. AND MTEB TODAY'S DATE ON LINE 3. 

. 
- - - .. 

TEST M E  2 
NEW ORLEANS, L O U I S M A  
AUGUST 26,  1983 

4.2 FOUR TYPES OF LAYERS MAY BE USED LN THE DESIGN: 
VERTICAL PERCOLATION, LATERAL DRAINAGE, BARRIEB SOIL, AND WASTE. 

LATERAL DRAINAGE IS NOT PEBlfITTED FEOH A VERTICAL PEXCOLBTION 
urn. 
BOTE VERTICAL AM) LATERAL DRAINAGE ABE PERMITTED FROM A LATERAL 

- 

DRAINAGE LAYER. 
A BARRIER SOIL LAYER SHOULD BE DESIGNED TO INHIBIT PERCOLATION. 
AN IMP-LE LINER MAY BE USED ON TOP OF AHY BARRIER SOIL LAYER. 
TEE WASTE UYXX SHOULD BE DESIGXED TO PERMIT RAPID DRAINAGE 
FROM THE WASTE LAYER. 

RULES : 

.. 

THE TOP LAYER C M O T  BE A BARRIER SOIL LAYER. 
A BARRIER SOIL LAYEX HAY NOT BE PLACED ADJACENT TO ANOTHER 
3ARXIXX 3G'IL TLA'IEI?. 
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R 

, 
ONLY A BARRIER SOIL WYER OR ANOTHER UTERAL DRAINAGE U Y E R  L A Y  BE 
PLACED DIRECTLY BELOW h LATERAL DRAINAGE MYER. 
YOU MAY USE UP TU 9 U Y E R S  AND UP TO 3 BARRIER SOIL LAYERS. 

ENTER THE NUMBER OF U Y M S  IN YOUR DESIGN. 
v 

3 
4.3 THE LAYERS ARE NUMBERED SUCH THAT 
SOIL LAYER 1 IS THE TOP LAYER 
AND SOIL LAYER 3 IS THE BOTTCH LAYER. 

4 . 6  IS TBE TOP UYER AN UNVEGETATED SAND OR GRAVEL LAYER? 
ENTER YES OK NO; 

No 

4 . 7  ENTER THICKNESS OF SOIL LAYER 1 IN INCHES. 
2 4  

4.9 ENTER TiIE LAYER TYPE FOR U Y E R  1.  

.- 
4.10 ENTER 1 FOR A VERTICAL PEXCOIATION LAYER, 

2 FOR A LATERAL DRAINAGE LAYER, 
3 FOR A BAKRIER SOIL LAYER, 
4 FOR A WASTE WYEK, AND 
5 FOR A BARRIER SOIZ LAYER W I T H  
AN IMPERMEABLE LINER. 

1 

4 . 1 5  EKllEH so I L  TEXTURE OF SOIL LAYER 1 .  

4 . 1 6  ENTER A NUMBER (1 TEWOUQI 23) FOR m U R E  CUSS OF SOIL MATERIAL. 

**CHECK USER'S GUIDE FOR NUMBER CORRESPONDING TO SOIL TYPE.** 

12 

4 . 2 3  IS SOIL IAYEB 1 CCMPACTED? 
ENTER YES OR NO. 

4.24 THE VEGETATIVE SOIL LAYER Is c;ENERALLY NOT COMPACTED. 

NO . 

74  
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1 .  ~. 

4.7 ENTER THICKNESS OF SOIL LAYER 2 IN INCHES. 
1 2  

4.9 ESTER THE LAYER TYPE FOR UYER 2 .  

2 

4 . 1 5  ENTER SOIL TEXTURE OF SOIL LAYER 2.  
1 

4 . 2 3  I S  SOIL LAYER 2 COKPACTD? 
ENTER YES OR NO’. 

NO . . 

4 . 7  ENTER THICKNESS OF SOIL LAYER 3 I N  INCIES. 
24 

4.9 ESTER THE LAYER TYFE FOR UYER 3 .  

3 

4 . 1 5  ENTER SOIL TEXTURE OF SOIL LAm 3.  
20 

- 

- 4.m SELECT WE TYPE OF VEGETATIVE Corn- 
ENTER NUMBER 1 FOR BARE GROUND 

- 

2 FOR EXCELLENT G R A S S  
3 FOR GOOD G R A S S  
4 FOR F A I R ’ G M S  
5 FOR POOR GRASS 
6 FOR GOOD ROW CROPS 
7 FOR F A I R  ROW CROPS 

... 

4 

4 . 3 2  IF YOU ARE USING DEFAULT CLIXATOLOGIC DATA AND 
THIS VEGETATION TYPE IS NOT THE SAME USm Ly 
THE CLIMATOLOGIC DATA RIPUT, YOU SHOULD 
ENTER THE CLIMATOLOGIC DATA AGAIN. 

4 . 3 3  DO YOU WANT TO ENTER A RUNOFF CURVE 
NUMBER AND OVERRIDE TEE DEFAULT VALUE? 
mzx YES 2x !io. 

NO 

75 
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m.4 61% c 

c 

. .  

.. 
, 

* 6.1 ENTER THE TOTAL AREA OF THE SURFACE, IN SQUARE FEET. 

23 1.000 , 

6 . 2  ENTER THE SLOPE AT THE BASE OF SOIL U Y E R  2 ,  I N  PERCENT. 

3 

6.3 ENTER TEIE MAXIMUM DRAINAGE DISTANCE ALONG T?IE SLOPE 
T o  THE COLLECTOR, IN FEET. 

175 

1.1 DO YOU WANT TO ENTER OR CHECK DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC INPUT, 
2 FOR SOIL OR DESIGH DATA INPUT, 
3 TO RUN TBE SZMTLATION AND OBTAIN DETAILED OUTPUT, 
4 TO STOP THE PROGRAM, AND 
5 TO RUN THE SZMLTLATION AND OBTAIN ONLY SUPMABY OUTPUT. 

11.1 HOW MANY YEARS OF OUTPUT DO YOU W A N T ?  
(BETWEEN 
5 

2. AND 5 YEARS MAY BE US=.) 

11.2 DO YOU W A N T  DAILY OUTPUT? 
ENTER YES OR NO. 

NO 

11.3 DO YOU WANT MONTHLY TOTALS? 
ENlZR YES OR NO. 

YES . 

! .. 

............................................................................. 

............................................................................. 
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TEST CASE 2 

AUGUST 2 6 ,  1983 
NEW ORLEANS., LOUISIANA 

# 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

VERTICAL PERCOLATION U Y E R  ' 

EVAPORATION C O E F F I C I m  

FIELO CAPACI?n 
WILTING POINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY--- - 

- 24.00 INCHES -. 

m 0.5350 VOL/VOL 
0 .4  2 10 VOL /VOL 

5 .  ooo 'MM/DAY **o . 5  

0.2220 VoL/VOL 

THICKNESS I 

. WROSITY 
I 

I 

. 0.33000004 INCHES/HR 

LATERAL DRAINACZ 
SLOPE 
DRAINACZ L E N m  
THICKNESS 

LAYER 2 
e- 

LAYER 
3.00 PERCENT 

175.0 FEET 
12.00 INCHES 
3.300 MM/DAY**O.5 
0.3510 VOL/VOL 

0.1070 VOL/VOL 
0.1740 VOL/VOL 

11.9499998 INCHES/HR 
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. _  - . . . . . . , .1* -.:. ..--a*. .a: r.- -_ -- .. - . . . . , .. ~ .- . .. . . . 

-4615 . 
c 

LAYER 3 

BARRIER SOIL LAYER 
THICKNESS = 24.00 INCHES 
EVAPORATION COEFFICIENT I 3,100 MM/DAY**O.S 
POROSITY = 0.5200 VOL/VOL 
FIELD CAPACITY I 0.4500 VOL/VOL 
WILTING POINT 0 3 .600  VOL/VOL 
EFFECTIVE HYDRAULIC CONDUCTIVITY = 0.00014200 INCHES/€IR 

GmERAL SIMULATION DATA 

SCS RUNOFF CURVE NUHBER m 81.28  
TOTAL AREA OF COVER = 231000. SQ. FT 
EVAPORATIVE ZONE DEPTH I 

EFFECTIVE EVAPORATION COEFFICIENT = 5 000 HH/DAY**O .5 
UPPER LIMIT VEG. STORAGE I . 5.3500 INCIIES 

I 3,2150 I N C E  INITIAL VEG. STORAGE 

. 10.00 INCEIES .. 

. .  

CLIMATOLOGIC DATA FOR NEW ORLEANS LOUIS U N A  

MONTHLY HEAN TEMPEICATURES, DEGBEZS PAIIRENHEIT 

JAN/JUL 

53 .'30 
83.37 

JAN/JUL 

236.64  
456.86 

XlN/DEC 
I-- 

-- FEB / AUG MAR/SEP APR/OCT MAY /NOV 

55.00  60 .28  67 .71  75 .31  81 .04  
81.66 76.39 68.95 61.35 55.62 

HONTELY MEANS SOLAR RADIATION, LANGLEYS Pm DAY 
FEB /AUG MAR/SEP A P W O C T  MAY f NOV .SUN/DEC 

268.52 321.36 381.00 431.47 459.23 
,424.98 372.14 312.50 262.03 234.27 

L E U  AREA IM)EX TABLE 
LAI - DATE - 

1 0 .0  
44 0 .0  
74 0.61 

78 
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. .  

105 
135 . 

165 
196 
2 26 
256 
286 
317 . 
34 7 
366 

0.99 
0.99 
0.99 
0.99 
0.99 
0.89 
0.65 
0.32 
0.16 
0.0 

F A I R  W S S  

WINTER COVER FACTOR = 0.60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- -  
EloNTELY TOTALS FOR 74 

FEB / AUG MAR/ SEP -- 
0 

--I- 

o 

6.66 
7.58 

5 . 5 2  
2.26 

9.84 
5.88 

1.508 
0.345 

.5.118 
3.323 

0.1572 
0.1251 

1.677 
0.425 

3.83 
4.89 

PRECIPITATION (INCHES)- 8.46 
5.66 

5.53 
6.70 

1. 088 
0.003 

0.023 
0.648 

. RUNOFF (INCHES) 1.903 
0.005 

2.111 . 
0.135 

1.554 
0.809 

2.809 
4.891 

4.556 
2.497 

EVAPOTRANSPIRATION 2.605 
(IN-) 5.328 

2.297 
5 A02 

4.196 
1.730 

0.1518 
0.1611 

PERCOLATION FRDM BASE 0.1050 
OF COVER (IHCEES) 0.1385 

0.1801 
0.1299 

0.1497 
0.1306 

0.1620 
0.1375 

2.239 
0.406 

1.439 
0.783 

1.953 
0.543 

1.408 
1.868 

DRAINAGE FROM BASE OF 0.590 
COVER (INCEES) . 0.634 
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' 3  * I .  

a- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 10. 131 195030. 13.92 

EVAPOTRANSPIRATION 44.950 865232. 61.75 

PERCOLATION FRCX BASE OF COVER 1.7283 33270. 2.37 

DRAINAGE FROM BASE OF COVER 13.966 268840. 19.19 

SOIL WATW AT START OF YEAR 
.- . -- 

SOIL WATER AT END OF YEAR 

22.00 

24.01 

423442. 

462 181. 
.. 

HDNlElLY MTUS FOR 7 5  
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PRECIPITATION ( I N C H f s )  

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES 

PERCOLATION FROM BASE 
OF COVER (INCUS) 

DRAINAGE FROM BASE OF 
COVER (INCHES) 

JAN / JUL 
--e- 

2.95 
8.35 

0.039 
0.644 

2.139 
6.240 

0.1530 
0.2264 

1.508 
2.689 

FEB / AUG ----- 
3.64 

10.11 

0.226 
3.138 

2.067 
5.485 

0.1258 
0.2149 

0.779 
2.575 

MAR/ SEP _------ 
5.32 
3.97 

0.560 
0.089 

3.701 
3.926 

0.1532 
0.1539 

1.425 
1. 670 

APRIOCT 
u---- 

6.69 
4 .OO 

1. 273 
0.844 

3 . 7 5 3 ,  
1.912 

0.1424 
0.1454 

1.011 
.o .90 1 

.a 

MAY /NOV ------- 
8.03 

11.35 

1.155 
4.980 

5.116 
2.640 

0.1371 
0.1627 

0.690 
1 A43 

12.28 
3.81 

1.355 
0.027 

6.634 
2.413 

0.1745 
0.1424 

1.988 
1 . 0 7 1  

............................................................................... 

............................................................................. 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

. 1549610. 100.00 80.50 

14.330 275858. 17.80 

46.024 885967. 57.17 

81 
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- . .- . ._ . . .. . . . - . . . - .. .. - .- .. - -. . . . . - . - .c -4615 
PERCOLATION FROM BASE OF COVER 

DRAINAGE FROM BASE OF COVER 

SOIL WATER AT START OF YEAR 

1.9313 

18.159 

24.01 

SOIL WATER AT EM) OF YEAR 24.06 

0.0 

0.0 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

37178. 

,349561. 

462 181. 

463198. 

0. 

0. 

" 2.40 

22.56 

P 

0.00 29. ANNUAL WATER BUDGET BALANCE 0.00 

*+******+**********************+********************************************* 

.............................................................................. 
-- _-  

3.85 3.08 0.28 5.58 3 . 3 6  PRECIPITATION (INCHES) 2.61 
5.67 1.69 1 .57 5.08 5.80 8.79 

0.107 0.573 0.0 0.0 0 . 0 7 4  0.000 
0.0 0.028 0.0 0 . 4 1 5  0.712 2.150 

RUNOFF (INCEES) 

EVAPOTRANSPIRATION 2.090 2.260 2.597 1:425 4.862 2.589 
(INCBES) 5.171 2.260 1.502 2.191 2.738 2.535 
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a- 

PERCOLATION FROM BASE 0.'1436 ' 0.1383 0.1379 0.1325 
OF COVER (INCXES) 0.1197 0.1309 0.0893 0 .0722 

DRAINAGE FROM BASE OF 0.821 1.366 0.674 0.302 
COVER (INCHES) 0.195 0.164 0.010 0.054 

0.1246 0.1606 
0.1263 0.1974 

0 . 2 7 4  0.234 
2.388 0.685 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 
- 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM BASE OF COVER 

DRAINAGE FROM BASE OF COVER 

SOIL WATER AT START OF YEAR 

SOIL WATER AT EHD OF YEAR 

SNOW WATZB AT START OF YEAR . 

SNOW WATER AT E'ND OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 

47.36 

-- 
4.059 

32.220 

1..5532 

7.165 

24.06 

26.42 

0.0 

0.0 

0.00 

(CU. FT.) ---- 
91 1673.  

78129. 

620229. 

29900. 

137924. 

4631 98. 

508669. 

0 .  

0. 

20. 

PERCENT 

100.0 

-_---- 

8 .57  

6 8 . 0 3  

3 . 2 8  

15.13 

0.00 

............................................................................ 

. 
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# 

XONTHLY TOTALS FOR 77 

mECIPITATION (INCHES) 5.31 3.08 3.54 6.80 1.87 2.46 
2.91 16.02 13.44 4.47 7.89 5.02 

RUNOFJ? (INCHES) 0.281 0.185 0.106 1.803 0.033 0.0 
0.0 2.947 6.582 0.396 0.600 0.690 

EVAPOTIZANSPIRATION 2.439 1.925 3.475 3.180 2.272 2.323 
(INCHES) 2.772 6.509 5.045 3.304 3.130 2.428 . 

PERCOLATION FROM BASE 0.2362 0.1734 0.1604 0.1386 0.1479 0.1365 4 
OF COVER (INCHES) . 0.1493 0.1379 0.2400 0.1854 0.1562 0.1878 

DRAINAGE FROM BASE OF 2.779 2.152 1.813 1.025 1.122 0.378 
c o r n  (INCHES) 0.120 0.794 2.767 2.327 1.761 2.334 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 

. ............................................................................ 

-- - .ANNUAL TOTALS WR 77 
I 



. . -.-.. . 

PRECIPITATION 

RUNOFF 

EVAPOTICANSPIRATION 

PERCOLATION FROM BASE OF COVER 

DRAINAGE FROM BASE OF COVER 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF 

SNOW WATER AT START OF YEAR 

SNOW UATER AT END OF YEAR 

ANNUAL WATER BUDGm BALANCE 

. .  

(INCRES 1 ------ 
72.81 

13.623 

38.800 

2.0497 

19.371 

26.42 

25.39 

0 .0  

0.0 

0.00 

(CU.  FT.) 

1401578. 

262249. 

746894. 

39457. 

372891 

------- 

508669 

488730 

0. 

0. 

27. 0.00  

PE RC EHT 

100.0 

__---- 

18.71 

53.29 

2 . 8 2  

26.61 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .' -: 

MONTHLY TOTALS FOR 78 

PRECIPITATION (INCEES) 13.37 2.18 3.29 3 .44  9.71 
10.32 . 14.70 2.98 0.0 4.67 
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. .. . .  . .  . ~. - . 

c 

R I ~ O F F  (INCHES) : 5.843 0.468 . 0.113 0.625 3.193 0.801 
1.635 4.073 0.008 0.0 0.913 0.823 

# 

EVAPO'TRMS?IRATION . 2 . 5 6 5  2.289 3.036 2.744 5.010 4 .  544' 
(INCHES) 6.719 5.871 3.769 0.898 0.973 2.473 

PERCOLATION FROM BASE 0.2095 0.2058 0.1616 0.1419 0.1497 0.1388 
OF COVER (INCHES) 0.1492 0.1644 0.1796 0.1449 0.1324 0.1505 

DRAINAGE FROM BASE OF . 2.555 2.445 1.851 0.888 1.131 0.504 
COVER ( INCBES) 1.637 1.753 2.183 0.949 0.324 1.355 

b . 
F 

PRECIPITATION 

. RUNOFF 
k 

EVAPOTRANSPIELATION 

76.85 1479348. 100.00 

18.495 356035.  ' 24.07 

40 889 7871 is. 53.21 

PERCOLATION FROM BASE OF COVER 1.9283 37120. 2.51 

DRAINAGE FROM BASE OF COVER 17.575 338324. 22.87 

SOIL WATER AT START OF YEAR 25.39 488730. 

SOIL WATER .4T END OF 'EAR 23 ..35 449158.  
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. .... .. . .. . - . .. . 

S N W  WATER AT START OF YEAR 0.0 0. 

SNCW WATER AT ENP OF YEAR 0.0 0. 

0.00 28. 0.00 ANNUAL WATER BIJDGT BUANCE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~.-.  
... . - -  

_-  
PRECIPITATION (INCHES) 6.54 

6.58 

RUNOFF (INCHES) 1.635 
0.45 7 

EVAPOTRANSPIIUTION 2,368 
(INCHES 1 5.246 

PEKCOIATION FR(M BASE 0.1695 
OF COVER (INCXES) 0.1566 

DRAINAGE F R M  BASE OF 1.65 1 
COVER (INCHES) 1.055 

74 THROUGH 7 8  

FEB/AUC 

3.66 
9.84 

0.712 
2.0 6 4  

2.168 
5.145 

0.1647 
0.1556 

1.796 
1.138 

MAR/SEP 

4: 37 
5.91 

0.467 
1.498 

3.124 
3.826 

0.1526 
0.1587 

1.440 
1.482 

4E!LFJ 

4.53 
3.16 

0.958 
0.332 

3.060 
2.00 7 

0.1435 
0.13 71 

1.036 
0.955 

MAYINOV --- 
7.01 
7.12 

1. 193 
1.510 

4.476 
2.5 61 

0.1433 
0.1405 

0.979 
1. 008 

.i 

ELDEC 

5 . 9 5  
5.37 

0.436 
0.868 

4.129 
2.469 

0. 1.484 
0.1678 

0.905 
1.803 
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~ . . -, , . .. . ._ ._ . . . . - 

' .  
/ .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EVAPOTRANSPIRATION 40.577 781099. 57.92 

2 . 6 2  

DRAINAGE FROM BASE OF COVER 15.247 293508. 2 1 . 7 6  

PERCOLATION FkaPi BASE OF COVER 1 A382 35385. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t ._ 

.. 

. .  

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PEAK DAILY VALUES FOR 74 TEROUGX 78 

---e ------ 
(INCEES ) .(CU. FT.) 

PRECIPITATION 

RUNOm 

PERCOLATIOX FROM BASE OF COVER 

DRAINAGE FRcbl BASE OF COVER 

HEAD ON BASE OP COVER 

. 

8 .52  

4.818 

0.0122 

0.144 

36.0 

SNOW WATER 0.0 

1640 10.0 

92753.7 

234.6 

2772.9 

0.0 

?9  



. .. .- . -4$% 5 . . - .. . . . . . .  . . -. . - - . . . . . . - . ._ ..- __- .... . . _. . . 

~. 
.. 

. .  
I , ,  

, I  

0.5350 

0.; 2220 

MIMUM VEG. SOIL WATER (VOL/VOL) 

XNMIJM VkG. SOIL WqTER (voL/voL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.1 DO YOU W A N T  TO ENTER OR CHECK DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC I N P m ,  
2 FOR SOIL OR DESIGN DATA INPUT,  
3 TO RUN THE SIMULATION AND OBTAIN DFTAILW) OUTPUT, 
4 TO STOP TRE PROGUM, AND 
5 TO RUN THE SIFfULATION AND OBTAIN ONLY SUMMARY OUTPUT. 

4 

a9 



Input/Output L i s t i n g  f o r  Test  Case 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*******************:******************************************************** 
* * 
* HYDROLOGIC EVALUATION OF LANDFILL PERFORMAXE * 
* HELP VERSION 1 * 

* WRITTEN BY * 
* PAUL R. SCHROEDER * 
* AUGUST, 1 9 8 3  * 
* * 
* OF TRE * 
+ WATER RESOURCES ENGINEERING GXOUP * 
* ENVIRONMENTAL LABORATORY * 
* USAE WATERWAYS . MPERlMENT STATION * 
* P.O. BOX 631 * 

. *  VICRSBURG, MS 39180 * 

* * 
* * 

* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * ?  

* FOR CONSULTATION CONTACT AUTHORS AT 

* * 
.............................................................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* USER'S GUIDE AVAILABLE UPON REQUEST f: 

* (601)  6 3 4 - 3 7 0 9  OR ( 6 0 1 )  6 3 4 - 3 7 1 0  * 
* e: 

- - 
0 

1 . 1  DO YOU W A N T  TO ENTER OR CHECK DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC INPUT, 
- 2 FOR SOIL OR DESIGN DATA INPUT, 

3 T o  
4 TO 
5 TO 

1 

1 . 2  M) You 

RUN TBE SIMUUTION AND OBTAIN DETAILED OUTPUT, 
STOP TEE P R O G ,  AND 
RUN THE SMULATION AND OBTAIN ONLY SUMMARY OUTPUT. 

W A N T  TO USE DEFAULT CLIMATOLOGIC DATA? . -  
ENTER YES OR NO. 

YES 

90 
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. _ _ .  . .  - - .  - . - .. . . . ~ ...... 

.we 

2 .1  DO YOU W A N T  A LIST OF DEFAULT CITIES? 
ENTER YES OR NO. 

NO # 

2 . 2  ENTER NAME OF STATE OF IHTEREST 

LOUISIANA 

2 . 4  ENTER NAME OF CITY OF INTEREST 

NEW ORLEANS 

2.6 SELECT TBE TPPE OF VEG&TATrqE COVER 

ENTER NUMBER 1 FOR BARE GROUND 
2 FOR EXELLENT CllZASS 
3 FOR GOOD GRASS 
4 FOR FAIR GRASS 
5 FOR POOR GRASS 
6 FOR GOOD ROW CROPS 
7 FOR FAIR ROIJ CROPS 

4 

L 

--. 

2e.8 IF YOU ARE USING DEFAULT SOIL DATA AND THIS VEGETATION 

YOU SEIOULD WTER THE SOIL DATA AGAIN OR CORRECT THE SCS 
RUNOFF CURVE NUMBER. 

I S  W TRE SAME AS USED IN THE DEFAULT SOIL DATA INPUT, 

2.9 ENTER THE EVAPORATIVE ZONE DEPTA XI4 INCHES. 

CONSERVATIVE VACUES ARE: 
4 IN. FOR RAREGROUND 

10 IN. FOR FAIR G W d S  
18 IN. FOR ECELLEM: G U S S  

10 

1.1 DO YOU W A N T  TO mER OR CHECK DATA OR TO OBTAIX OUTPUT? 

ENTER 1 FOR CLWTOLOGIC INPUT, 
2 FOR SOIL OR DESIGN DATA INPUT, 
3 M RUN TEE SIMULATION AND OBTAIN DETAILED OUTPUT, 
4 TO STOP THE P R O W ,  AND 
5 M RUN TEE SIHULATION AND OBTAIN ONLY SUMMARY OUTPUT. 



_ -  . . . - . . . . . 

2 

1 . 3  DO YOU WANT TO USE'DEFAULT SOIL DATA? 
ENTER YES OR NO. 

YES 

USE ONLY ENGLISH UNITS OF INCHES AXD DAYS 
UNLESS OTIIERWZSE INDICATED 

#############################tWSlJiB ALL QUESTIONS############################ ............................................................................. 
A VALUE **MUST** BE ENTEBED FOR EACH COMMAND 

EVEN WEN THE VALUE IS ZERO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.1 ENTER TITLE ON LINE 1 ,  
ENTEB LOCATION OF SOLID WASTE SITE ON LINE 2 ,  
AND. ENTER TODAY'S DATE ON LINE 3. - 

d 

TEST CASE 3 
NEW ORLEANS, LOUISIANA 
AUGUST 26, 198.3 

4.2 FOUR TYPES OF LAYERS HAY BE USED IN 7XE DESIGN: 
VERTIGU, PERCOLATION, LATEBAL DRAINAGE, BARRIER SOIL, AND WASTE. 

, LATERAL DRAINAGE IS NOT P E R M I m  FROM A VERTICAL PXCOLATION 
urn. ' 

BOTE VERTICAL AHb LATEBAt DRAINAGE ARE PEXMTTED FROM A LATEUL 
DRAINAGE LAYER. 
A BARRIER SOIL LAYER SHOULD BE DESIGNER TO INHIBIT PERCOLATION. 
AN IMpERHEAELX LMEB MAY BE USED ON TOP OF XNY BARRIER SOIL LAYER. 
THE WASTE LAYER SHOULD BE DESIGXED TO PERMIT WID DR&INAGE 
FROM THE WASTE LA=. 

. 

RULES : 

THE TOP LAYER CANNOT BE A BARRIER SOIL LAYER. 
A ~ARXIEX SOIL r U Y E 3  YAY !?OT 9E ?LICE3 .%DJACZ!IT ?O .WOTEEX 
BARRIEB SOIL LAYER. 

92 
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ONLY A BARRIER SOIL LAYER OR ANOTHER LATERAL DRAINAGE LAYER HAY BE 
PLACED DIRECTLY BELOW A L A T U  DRAINAGE LAYER. 
YOU MAY USE UP TO 9 LAYERS AND UP TO 3 BARRIER SOIL LAYERS. 

ENTER THE NUMBER OF LAYERS IN YOUR DESIGX. 
# 

6 
4 . 3  THE LAYERS ARE NUMBERm SUCH THAT 
SOIL LAYER 1 I S  THE TOP LAYER 
AND SOIL LAYER 6 IS THE BOTTOM LAYER. 

4 . 6  IS THE TOP LAYER AN UNVEGETATED SAND OR GRAVEL LAYER? 
ENTER YES OR NO. 

NO 

4.7 ENTER TIIICKNESS OF SOIL LAYER 1 I N  IXCEIES. 
24 

4 ; 9  ENTER THE LAYE_R.ZJE . _  FOR LAYER 1. -- 

4.10 ENTER 1 FOR A VERTICAL PERCOLATION LAYER, 
2 FOR A LATERAL DRAINAGE LAYER, 
3 FOR A BARRIER SOIL LAYER, 

b 

... 

4 FOR A WASTE LAYER, AND 

AN IMPERMEABLE L I m R .  
5 FOR A 8- 23.Ex-m- 

1 

4 .15  ENTER SOIL TEXTURE OF SOIL UYER 1. 

4 . 1 6  ENTER A NUMBER (1 THROUGH 23) FOR TEXTURE CUSS OF SOIL HATEXLU,. 

**CHECK USER'S GUIDE mR NUMBER CORRESPONDING TO SOIL TYPE. **- 

12 

4 . 2 3  IS SOIL LAYER 1 COMPACTED? 
ENTER YES OR NO. 

4 . 2 4  THE VEGETATIVE SOIL LAYER IS CENEWLY NOT COMPACTED. 

NO 

4 . 7  ENTER TRICKNESS OF SOIL LAYER 2 I N  iNCHES. 
!2 
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e 
. .  a 

4.9 ENTER THE LAYER TYPE FOR LAYER 2. 

2 

4.15 ENTER SOIL TEXIURE OF SOIL LAYER 2. 
1 

c 

. 4.23 I S  SOIL IAYER 2 COMPACTED? 
ENTER YES OR NO. 

NO 

4.7 ENTER THICWESS OF SOILLAYER 3 M INCEES. 
24 

4.9 ENTER TIE UYER TXPE FOR IAYER 3. 

3 

4.15  ENTER SOIL T W U R E  OF SOIL U Y E R  3 0  

20 

4.i5 ENTER SOIL TEXTURE OF SOIL LAYER 4. 
1 

4-23 IS SOIL LAYER 4 CmPACTED? 
E m  YES OR NO. 

NO 

4.7 EHTER THICKNESS OF SOIL LAYER 5 IN INCHES. 
12 

4.9 ENTEB 'RE IAYER TYPE FOR LAYER 5 .  

2 

4.15 ENTER SOIL TEXRJRE OF SOIL LAYER 5. 
. l  

0.23 TS SOIL TAYER 5 COHPACTED? 
Em YE!3 OR NO. 

b 

. -. 

94 
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.. . 

. . . . . . __  . . . . . . . - . - - .- . .- . - .-.. -. . . - . . . 

a- 
m 

Nb ' 

4.7 ENTER THICiOJESS OF SOIL LAYER 6 IB INCHES. 
24 

4.9 ENTER THE LAYER TYPE FOR LAYER 6. 

3 

. 4 . 1 5  ENTER SOIL TEXTURE OF SOIL LAYER 6 .  
20 

4 .33  DO I O U  W A N T  TO ENTEX A RUNOFF CURVE 
NUMBER AND OVERRIDE TIIE DEFAULT VALUE? 
ENTER YES OR NO. 

NO 

6 . 1  ENTER T?IE TOTAL AREA OF THE SURFACE, IN SQUARE FEET. 

23 1000 

6.2  ENTER THE SLOPE AT THE BASE OF SOIL'LAYER 2 ,  I N  PERCENT. 

3 

6 . 3  mER T'HE MAXIHUH DRAINAGE DISTANCE ALONG THE SLOPE 
TO THE COLLECTOR, M F m .  - 

175 

6 . 2  ENTER THE 

2 

6 . 3  ENTER TIIE 

SLOPE AT THE BASE OF SOIL LAYER 5 ,  I N  PERCENT. 

MAXIXU24 DRAINAGE DISTANCE ALONG THE SLOPE 
TO TEE COLLECTOR, IN FEET. 

25 

1.1 DO YOU WANT TO mER OR mCX DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC INPUT, 
2 FOR SOIL OR DESIGN DATA INPUT, 
3 TO BUN THE SDfULATION AND OBTAIN DETAILED OOTPUT, 
5 '3 STOP T I E  ? 3 0 G W ,  AND 
5 TO RUN THE SIMJLATION AND OBTAIN ONLY SUMMARY OUTFUT. 

.. 

8 
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5 

~ . _ _ .  - .... ..-_ 

.e- 

~ . ____- - . - ... . . . . . . - .. . - - . .  

11.1 HOW MANY YEARS OF OUTPUT DO YOU WANT? 
(BETWEEN 2 AW 5 Y U R S  HAY BE USED.) 
5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TEST CASE 3 
NEW ORLEANS, LOUISIANA 
AUGUST 26, 1983 

VERTIC. 

- _- 

FAIR GRASS 

L PERCOLATION L 
THICKNESS 

YER 
= 24.00 INCIIES 

EVAPORATION COEFPICIm I 5.000 Ml/DAY**055 
POROSITX ' - . 0.5350 VOL/VOL 
FIELD CAPACITY I 0.4210 VOL/VOL 

EFFECTIVE HYDRAULIC CONDUCTIVITY - 0.33000004 INCHES /RR 
WILTING POINT I 0.2220 VOL/VOL 

96 
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# 

LATERAL DRAINAGE LAYER 
SLOPE = 3.00 PERCENT 
DRAINAGE LENGTB - 1 7 5 . 0  FEET 
THICKNESS 
EVAPORATION COEFFICIENT I 3.300 MM/DAY **0 . 5  
POROSITY = . 0.3510 VOL/VOL 
FIELD CAPACIR I 0.1740 VOL/VOL 
WILTING POINT I 0.1070 ML/VOL 
EFFECTIVE HYDRAULIC CONDUCTI~ZTP - 11.9499998 INCHES/HR 

12.00 INCHES I 

LAYER 3 -- 
BARRIER SOIL LAYER 
TEICKNESS 
EVAPORATION COEFFICIENT 
WROSITP 
FIELD CAPACITP 
WILTING POINT 
EFFECTIVE B P D U U L I C  CqNJUCTIVTTP 

- LAYER 4 -- 

= 24.00 INCBES 
I 3.100 MM/DAY**O. 5 
= .  0.5200 VOL/VOL 
I 0.4500 VOL/VOL 
c 3.600 ML/VOL 
I 0'.00014200 INCHES/HR 

.. 

_. - 

WASTE LAYER 
TRICXNBSS = 60.00 INCBES 
EVAPORATION COEFFICIENT I 3.300 MM/DAY**0.5 
PORDSITX m 0.35 10 VOL/VOL 
FIELD CAPACZTY I 0.1740 VOL/VOL 
WILTING POINT I 0.1070 VOL/VOL 
EFPECTIVE HYDRAlTLIC CONDUCTIVITY = 11.9499998 INCHES/HR 
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, LAYER' 5 _--- 
LATERAL DRJIINAGE LAYER 
SLOPE 
DRAINAGE LENGTH 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 
WILTING WINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY 

= 2.00 PERCENT 
= 25.00  FEET 

12.00 INCHES 
a 3.300 MM/DAY**0.5 
a 0,35.10 VOL/VOL 
I 0.1740 VOL/VOL 
I 0.1070 VOL/VOL 
= 11.9499998 INCHES/HR 

BARRIER SOIL LAYER - 
THICKNESS . .'' -, 24.00 INCHES 
EVAPORATION COEFFICIENT = 3.100 HH/DAY**O.S 
POROSITY - 0.5200 VOL/VOL .. 
FIELD CAPACITY . I 0.4500 VOL/VOL 
WILTING POINT I 0.3600 VOL/VOL 
EFFECTIVE HyDRAlTLIC CONDUCTIVITY - 0.000 14200 INCHES/HR ,. 

SCS RUNOFF CURVE NUHBER I 81.28 
TOTAL AREA OF COVER I .  231000. SQ. FT 
EVAPORATIVE ZONE DEPTE - 10.00 INCHES 
EFFECTIVE EVAPORATION COEFFICIENT = 5.000 MM/DAY*+0.5 
UPPER LIMIT VEG. STORAGE I 5.3500 INCHES 
INITIAL VEG. STORAGE - .  3.2150 INCHES 

CLIMATOLOGIC DATA FUR NEW ORLEANS, LOUIS UNA 

-- 

MONTRLY MEAN TEMPEECATURES, DEGREES FAHRENHEIT 
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JAN/JUL ---- 
55 .OO 
81.66 

60.28 67.71 
76.39 68.95 

75.31 81 .04 
61.35 5 5 . 6 2  

53.30 
83 -37 

MONTHLY KEAN3 S O W  R A D I X T I O N ,  LAHGLLEYS PER DAY 

h59.23 
234.27 

268.52 
424.98 

321.36 
372.14 

381 .OO 
312.50 

43 1.47 
262.03 

236.64 
456.86 

LEAF AREA INDEX TABLE 

DATE 
1 

44 
74 

105 
135 
165 
196 
226 
256 
286 
3 17 
347 

- 366 

-- L A X  -- 
0.0 
0.0 
0.61 
0.99 
0.99 
0.99 
0.99 
0.99 

0.65 
0.32 ' 

0.16 
0.0 

0.89 

b 

--. 

-- 

FAIR GRASS 

WINTER COVER FACTOR = 0.60 

*+**************************t*********************************************** 

AVERAGE MONTHLY TOTALS FOR 74 THROUGH 78 

PRECIPITATION (INCHES) 6.54 3.66 4.37 4.55 7.01 5.95 
5.58 , Q  -94  5 .a! 3.t6 7.12 5.37 
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a ' ,  
$ 1  

RUNOFF (INCHES) 1.680 0.651 0.467 0.958 1.193 0,436 
0.457 2.065 1.500' 0.332 1.510 0.868 

# 

EVAPOTRANSPIRATION 2.367 2.174 3.123 3.060 4.476 4.129 
(INCBES) 5.246 5.146 3.828 . 2.007 2.561 2.469 

PERCOLATION FROM BASE 0.1686 0.1625 0.1533 0.1436 0.1434 0.1467 
OF COVER (INCBES) 0.1545 0.1550 0.1598 0.1360 0.1407 0.1669 

PERCOLATION FROM BASE 0.1445 0.1418 0.1471 0.1376 0.1377 0.1382 
OF LANDFILL (INCEES) 0.1392 0.1408 0.1417 0.1287 0.1337 0.1537 

DRAINAGE FROM EASE OF 1.642 1.768 1.474 1.053 0.988 0.901 
COVER (INCEES) 1.043 1.136 1.479 0.959 1.021 1.795 

DRAINAGE FROM BASE OF- . 0.,021 0.024 H I 0 8  0.006 0.006 0.008 
LANDFILL (INCHES) 0.014 0.014 0.018 0.010 0.006 0.011 

.- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- ----- AVEECAGZ ANNlJAt TOTALS FOR 74 TRROUGH 78 

---- PERCENT (rn. ET.) 

70.06 1348681. 100. 00 

- (INCRES) 

PRECIPITATION 

RUNOFF 

E7APO T&WS P I U T I  ON 

12.115 233208. 17.29 

40.585 781 255. 57.93 
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I-,: . - '  " 

a 

PERCOLATION FROM BASE OF COVER 1.8311 35248. 2.61 

1.6848 32433. 2.40 PERCOLATION FRaM BASE 0 

DRAINAGE FROM BASE OF COVER 15.259 293735. . 21.78 
OF LANDFILL 

0.146 2807.  0 . 2 1  DRAINAGE EXOH BASE OF LANDFILL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECLPITATION 

RUNOFF 

8.52 

4 ; 8 1 8  

PERCOLATION FROM' BASE OF COVER 

PERCOLATION'FROH BASE OF LANDFILL 0.0082 

0.0120 

DRAINAGE FROM BASE OF COVER 

DRAINAGE FR(3H BASE OF U N D n L L  

HEAD ON BASE OF COVER 

HEAD ON BASE OF LANDFILL 

SNOW WATER 

0.141 

0.003 

35.8 

0.1 

0.0 

1610 10.0 

9 2 7 5 0 . 3  

230.1 

158.0 

2716.1 

58.5 

0.0 
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1.1 DO YOU WANT-TO ENTER OR CHECK DATA OR TO OBTAIN OUTPUT? 

ENTER 1 FOR CLIMATOLOGIC INPUT, 
2 FOR SOIL OR DESIGN DATA INPUT; 
3 TO RUN THE SIWLAT1,ON AND OBTAIN DETAILED OUTPUT, 

5 TO RUN THE SIMULATION AND OBTAIN ONLY SUMMARY OUTPUT. 
. 4 TO STOP THE PROGUM, AND 

b 

b 

1.4 ENTER RUNHELP TO RERUN P R O G U M  OR 
ENTER LOGOFF TO LOGOFF COMPUTER =STEM 

.- 
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APPENDIX A 

I .  

STEPS TO LOG ON AND OFF NCC 

The ?EL2 program is maintained on the National Computer Center (NCC)* IBM 
Computer System. 
National Technical Information Services (NTIS) to open an account, be assigned 
a user identification number and password, and obtain permission t o  use the . 
timesharing option (TSO). 
Finch. 
arrangements have been made, the user should contact Mr. Anthony Gibeon of the 

established on the assigned account. MY. Gibson may be reached by telephone 
at (601) 634-3710 (commercial) or 542-3710 (ETS). 

In order t o  run HELP on this system, the user must contact 

The individual t o  contact at NTIS is Mr. Walley 
Mr. Finch may be reached by telephone at (703) 487-4807. Once these 

U.S. Army Engineer Waterways Experiment Station to have the HELP program - 
i 

.. Step-by-step procedures to log on and off the NCC System are presented 
belov. 

To. log' on: . I  

- 
1. Turn on the data terminal. .- - 

- 
2. 

3. 

Dial the appropriate telephone number given in Appendix B .  

Put the telephone handle in the handset muff (or depress the tele- 
phone data button]. 

4. The cumputer system vi11 then respond if the user did not  use the 
toll-free telephone number (1-800-334-1079) as fo1love: 
PLEASE TYPE POUR TERVIHAL IDENTIFIER** 
The user should typef h i s  terminal identifier (see Appendix B). 
For example, A. 

* To obtain cost information for the NCC Computer System. see Appendix C. 
** .If the BAUD rate for the user's computer terminal is 1200, the computer 

The user should enter the system will type a line of random characters. 
, appropriate t e d n a i  identifier and continue. 

?g c.3r'ecz '.:ninq errors, use the backspace Lev Cor character deletion or 
press the BREAK key for line deletibn. 
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5 .  The computer system will then respond: 

The user should type: 
IBMEFA1 ;NCC (RETURN) 

-3625-004-PLEASE LOG IN 

4 A .  If the user used the toll-free number (1-800-334-1079), the user 
should press the RETURN key as soon as the computer system is 
on-line. 

5A. The computer system will then respond: 
ENTER IBM FOR IBM 

UNI FOR SPERRY 
The user should then type: 
fB24 (Return) 
The computar.system will then respond: 
CONNECTkD 
The user should then press the RElpRN key. 

6. The computer system will then respond: 
IBM3 IS ON LINE 
The user snould type: 
TS6 (RETURN) 

The computer system will then respond: 
ENTER LOGON 
The user should type: 
LOGON (RETURN) 

The computer system w i l l  .then respond: 
IKlS6700A ENTER USER ID - 

7. 

- _ _  
8. 

The user should type: 
User identif icationjpassvord (RETURN) 

-- 

9. The computer system w i l l  then respond: 
mER FIMAS ID - 
The user should type: 
HSSWP*** (RETURN) 

The computer system will then respond: 
READY 
The user should type: 

The program will start functioning according to the instructions Fn 
Chapter 4 of the User's Guide. 

10. 

BUNHELP (D) 

*** HSSW is the utilization identifier and P is the mode character for the 
facility impact aona:or anaiysis systam (FIX4S). 
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11. When the program is finished, the user should type: 
LOGOFF (RETURN). 

.- . -- 

106 



. ~. . _  , . .. . . .. .. -. 

APPENDIX B 

NCC ACCESS NUMBERS AND TERMINAL IDENTIFIERS 

The fo l lowing  List con ta ins  c u r r e n t  NCC access  numbers f o r  300 o r  
1200 BAUD rates. These numbers are t o  be used t o  access  t h e  TSO computer i n  
Research T r i a n g l e  Park,  NC. A u s e r  should l o c a t e  h i s  c i t y  of i n t e r e s t  on t h e  
list and d i a l  t h e  appropr i a t e  number f o r  access t o  TSO. Users who f a i l  t o  
find t h e i r  c i t y  of i n t e r e s t  on t h e  list should d i a l  the  t o l l  f r e e  number 
800-334-1079 f o r  t h e  300 or 1200 BAUD rate. 

TMLE B-1. ACCESS TELEPHONE NUMBERS 

STATE PHONE LYTMBERS 

ALABAMA 205 / 236-2655 
205/942-4141 

ANNISTON 
ALABAMA BIXHINCHAH 205/882-3003 
AtABAMA 

205 / 34'3-84 14 
HUNTSVILLE 

ALABAMA 
205 /.265-4S 7 0 ALABAMA M O N T C O ~ Y  2Q5/3G-1420 

C I T Y  

MOBILE _ _  - 

TUSCALOOS A ALABAMA 

PHOENIX 
TUCSON 

FT. SMITH 
BOT SPRINGS 
JONESBORO 
LITTLE ROCK 
SPRINGDALE 

i+.LHAmu 
ANTIOCE 
A R C A D L A .  
BAKERSFIELD 
BEVEXLm HILLS 
BURBANK 
B U R L U G S  
CANOGA PARK 
CEICO 
CORONA 

ARIZONA 
ARIZONA 

CALIFORNIA 
CALIFORNIA 

. CALIFORNIA' 
CALIFORNIA 
CALIFORN IA 
C A L I F O R N U  . 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 

602/254-5811 
602/790-0764 

SO1/782-32 10 
501-321-9741 
501/932-6886 
501/666-6886 
501/756-2201 

818/308-1800 
415/778-3420 
8 18/308- 1800 
80513258366 
8181789-9002 
818/841-7890 
4 15/952-4757 
818/789-9002 
9 16 / 893- 187 6 
714/371-2291 
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TABLE B-1 . (CONTLWED) 

C I T Y  STATE PHONE W E B S  
, 

DAVIS IWOODLANTI 
DIAMOND BAR 
EL SEGUNDO 
ESCOND ID0 
EUREKA 
F R M O N T  
FRESNO 
HAYWARD 
LANCASTER 
LONG BEACX 
LOS ANGELES 

- LOS ANGELES 
LOS ANGELES 
MAR VISTA 
MARINA DEL REY 
MISSION H I U S  
MODEST0 

NAPA 
NEUPORT BEACB 
NORTHRIDGE 
NORWAX 
OAKLAND 

PALO ALTO 
PASADmA 
PLEASANT H I L L  
PLEASANTON 
RANCHO BEWARDO 
REDDING 
R I V E S  IDE/COLTON. 
SACRAMENTO 
SALINAS 
SAN CL-E 
SAN DIEGO 
SAN FRANCISCO 
SAN FRANCISCO 
SAN JOSE/C7JPEBTINO 
SN LOUIS OBISPO 
SAN PEDRO 
SANTA ANA 
SANTA BARBARA 
SANTA BARBARA 
SANTA CRUZ 
SANTA MONICA 
SANTA ROSA 
3'dE?P-Ll 3m 

- _  - M O ~ A I N  VIEW .- 

' P U  SPRINGS _ _  -- 

CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIPORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNU 
C A L I F O R N U  
CALIFORNIA 
CALIFORNIA 
CALIFCJXlILA 
CALIPORNIA 
CALIFORNIA 
cBLI3ORNLA 
CALn0RNIA 
CALIFORNIA 
CALIPORPlIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNU 
CALIFORNIA 
CALIFOBNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
CALIPORNIA 
CALIFORNIA 
CALIFORNIA 
CALIFORNIA 
ZSLITORNIA 

916/753-3722 
714/594-4567 
2 13/  640- 128 1 
619/480-0881 
70?/445-3281 
4151490-7366 
209 1 44 2-4328 
415/785-3431 
805/945-7841 
213/435-0900 
2131626-2400 
213/623-8500 
2 1 3 1 6 2 9- 300 1 
213/821-2257 
213/821-2257 

209/577-5602 
81a/789-9002 

408 / 980-8 100 - 
707/257-2656 I 

8181789-9002 
2131435-0900 

.415 /836-8700 
619/320-0772 

. 4151966-8550 
818/308-1800 
4 15 / 798- 209 3 
4 15 /462-8900 
6 19/485-  1990 
916/223-0449 
714/370-1200 
916/448-4300 
4081443-6333 

6191236-3370 
415/974-1300 
415/543-069 1 

-408/980-8100 
805 /546-854 1 
2 1 3 / 4 3 5 4 9 0 0  
7141966-0313 
805/963-9241 
805/963-925 I 
408/475-0981 
213/306-4728 
7 07 / 5 75-6 180 
? X / - z 9 - ? 4 0 2  

714/966-0313 

- 

714/49a-9504 
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COLOEIADO SPRINGS 
DENVER 
GBEELEY 
PUEBLO 

BLOOP@IELD 
BRIDGE2ORT 
DANBURY 
D A R I M  
HARTFORD 
MERraM 
N E W H A m  
HEW LONDON 
STAMFORD 
WATERBURY 
WEST2ORT 

WIISBNGTON 
WASBINGTON 

DOVEX 
fJILWING'TON 

BOCA RATON 
DAYTONA B m  
FORT MYERS 
FT. PIERCE 
Fr. LAuDEBDdtE 
GAINESVULE 
J A C X S O W  
IducEum 
MELBOURNE 
MERRlTT ISLE 
MIAMI 
OCALlA 
ORLBNDO 
? W S X 3 U  
S W O T A  

COLORADO 
COLORADO 
COLORADO 
COLORADO 

CONNECTICUT 
CONNECTICUT 

CONNECT I CUT 
CONNECTICUT 
CONNECTICUT 
CONNECTICUT 
CONNECTICUT 
CONNECTICUT. 
CONNECTICUT - 
CONNECTICUT 

CONNECTICUT 

D.C. 
D.C. 

D E L A W m  
DELAWARE 

FLORIDA ' 

FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 
Td9BT3A 
FLORIDA 

109 

303 /590-1003  . 

303 /830-9210  
303 /356-0425  
303 /543-3313  

203/242-7  140 
203 /367-6021  
2031797-9539 
203/965-000O 
203 /242-7  140 
203 /235-5  18'0 
203 /773-0082  
203 /444-1709  
203 /965-0000  
203 /755-5994  
203 /?26-5250  

7 0 3 / 6 9 1 - 8 2 0 0  
7 0 3 / 6 9 1 - 8 3 9 0  

302 /678-0449  
302 /429-0112  

3051395-7330 
904 / 25 5-4 7 8 3 
8 1 3 / 9 3 6 - 4 2 2 1  
305 /466-0661  
305 /463-0882  
9 0 4 / 3 7 6 - 0 9 3 9  
904 / 7 2 1-8 100 

3051676-4336 
305 /459-0671  
305 /624-7900  
9 0 4 / 3 5 1 - 0 0 7 0  
305 /841-0020  

8 131 365-3526 

813 /688-5776  

a0&/677-33&& 

c- 
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TABLE B-1 .  (CONTINUED) 

-. 
CITY STATE PHONE NUMBERS 

SARASOTA 
ST.  PETERSBURG 
ST. PETERSBURG 
TALLAHASS EE 
TAMPA 
TAMPA 
W.  PALM BEACE 

ATHENS 
ATLANTAINORCROSS 
AUGUSTA 
COLUMBUS 
HACON 
MARIETTA 
ROME 
SAVANNAH 

HONOLULU 
- . -- 

BOISE 
IDAHO FALLS 
POCATEUO 

AURORA 
B~LLEV'LLLE 
CBAMPAIGN 
CHICAGO 
CHICAGO 
D E C A m  
FOREST PARK 
FREEPORT 
G L M  ELLYN/WIIEATON 
JOLIET 
LAKE ZURICE 
LIBERTYVILLE . 
PEORIA 
ROCK ISLAND . 
ROCKFORD 
SPRINGFIELD 
ST. CURLS 
UICBANA 

EVANSVILLE 
fi. WAYNE 
HIGEfLAND 
INDIANAPOLIS 

FLORIDA 
FLORIDA 

FLORIDA 
FLORIDA 
FLORIDA 
FLORIDA 

FLORIDA . 

GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 
GEORGIA 

U W A I  I 
- 

IDAHO 
IDAHO 
IDAX0 

ILL IN0 IS. 
ILL IN0 IS 
IZLINOIS 
ILLINOIS 
ILLINOIS 
ILLINOIS 
ILL IN0 IS 
ILLINOIS 
ILLINOIS 
xLLg01s 
ILLINOIS 
ILLINOIS 
1 u m 0 1 s  
ILLINOIS 
ILLINOIS 
ILLINOIS 
ILLrnOIS 
ILLINOIS 

a i 3 / 3 6 5 - 6 9 8 0  

a 131 403-  1533 
904 /a78-6929  

8 1 3 / 4 4 1 - 9 6 7 1  

8 1 3 / 9 7 7 - 2 4 0 0  
8131932-7070 
305 147 1-9310 

404 /546-0167  
4 0 4 / 4 4 6 - 0 2 7 0  
404 /722-7967  
4041327-0396 
9 1 2 / 7 4 4 - 0 6 0 5  
4 0 4 / 4 2 4 - 0 0 2 5 '  
4041291-1000 
9 1 2 / 2 3 2 - 6 7 5 1  

808 1528-4450 - 
2081343-0404 l -  

208 1233-250 1 
208 1523-2964 

3 12 /859-1143  
6 18 1 2 3 3- 2 230 
2 3 7 / 3 5 6 - i 5 5 2  
3 1 2 / 9 2 2 - 4 6 0 1  
3 1 2 / 9 2 2 - 6 5 7 1  
2 1 7 / 4 2 2 - 0 6 1 2  
312 /771-9667  

3121790-4400 
8 1 5 / 7 2 7 - 1 0 1 9  

3 1 2 / 3 6 2 - 0 8 2 0  
3091637-5961 
3 0 9 / 7 9 4 - 0 7 3 1  
8 1 5 / 3 9 8 - 6 0 9 0  
217 /753-7905  
3 1 2 / 8 5 9 -  11 4 3  
2171356-7552 

8151233-55a5 

312 /43a-3771  

8 1 2 / 4 6 4 - 8 i a i  
2191423-9686 
219 /838-6353  
317 /257-3461  
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TABLE B-1. (CONTINUED) 

s STATE PHONE NVXBERS CITY 
INDIANA 317/457-7257 

3 17 / 742-0 189 INDIANA 
317/662-0091 INDIANA 
3171288-2477 LNDIANA 
2 191 234-5005 
8 121232-3605 

KOKOMO 
WAYETTE 
MARION 
MUNCIE/ANDEICSON , 
SOUTH BEND INDIANA 
TERRE HAUTE INDIANA 

CEDAR RAPIDS 
DES MO'INES 
DUBUQUE 
IOWA CITY 
MARSHALLTOWN 
SIOUX CITY 
WATERLOO 

LAWRENCE. 
LEAVENUORTH 
luN?uTTEN 
SALINA 
SHAbiNEE MISSION 
TOP= 
WICEITA 

-_ 
BOWLEIG GREEN-  
LEXINGTON 
LOUISVILLE 

ALEXANDRLA 
BATON ROUGE 
LAFAYETTE 
LAKE CXARLES 
UONROE 
NEW ORLEANS 
SHREVEPOBT 

A U B W  
LEWISTON 
PORTLAND 

ABERDEEN 
BALTIMORS 
FREDRICK 
HAGERSTOWN 
ROCKVILLE 

ATTLEBbRO 

IOWA 
IOWA 
IOWA 
IOWA 
IOWA 
IOWA 
IOWA 

KANSAS 
KANSAS 
KANSAS 
KANSAS 
KANSAS 
KANSAS - KANSAS 
m c R p  
KENTUCKY 
KENTUCKY 

LOUISIANA 
LOUISIANA 
LOUIS LANA 
LOUIS IANA 
LOUISIANA 
LOUIS LANA 
LOUISIANA 

nAm 
MAINE 
MAXHE 

MARYLAND 
MARYLAND 
MARYLAND 
MARYLAND 
MARYLAND 

319/363-7514 
5 151277-7752 
31915564263 
3191354-7371 
51.51753-0667 
7 12/ 252-1 68 1 
3 191 233-9227 

913/749-0271 
913/682-2660 

9131823-7 186 ~ 

9 13 / 384- 1544 
. 9131233-1682 

316 / 265- 124 1 

9131776-5 t a g  

---5yzT - .b---- 

' 606/253-:463 
5021499-7110 

3181443-9544 
504/291-2650 

3 181436- 1633 
3 18 / 322-4 109 

3181688-5840 

3181237-9500 

5041524-4371 

2071782-410 1 
207 / 7 82-4 10 1 
2071774-2654 

301/272-3800 
3011547-8100 
301 /293- 1'072 
301 / 293- 107 2 
30 1 / 7 70- 1680 
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TABLE B-1. (CONTINUED) 

PHONE NUMBERS CITY STATE 
P 

BOSTON 
BROCKTON 
PITTSFIELD 
SPRINGFIELD 
. TAUNTON 
WOBURN 
WORCESTER 

ANN ARBOR 
BATTLECBEEK 
CADaLIbc 
DETROIT 
DETROIT 
DETROIT 
FLINT 
GRAND RAPIDS 
JACKSON 
KALAMAZOO 
LANSING 
U N I S T E  
MIDLBND 
HUSKQGM 
PLYMOUTH 
PORT HURON 

SOUTBPIELD 
ST. JOSEPM 
TUVERSE CITY 

--SAGTXiU 

MANKATO 
MINNEBPOLIS 
MImu2OLIS 
ROCHESTER 

JACKSON 
JACKSON 
MERIDLarJ. 
PASCAGOUU 
PAScaGouLA 
VICKSBURG 

BRIDGETON 
COLUMBIA 
JEFFERSON CITY 
JOPLM 
KANSAS CITY 
X O U  

MASSACXUSETTS 
MASSACMJSETTS 
MASSACIIUSETTS 
K4ssAcEIusETTs 
MASSACMJSETTS 
MAssacwsETTs 
MASSACEUSETTS 

MICHIGAN 
MICHIGAN 
MICHIGAN 
MICHIGAN 
MICHIGAN 
MICHIGAN 
MICHIGAN 
MICHIGAN 
MICHIGAN 
MICEIGAN. 
MICEIGXN 
MICHIGAN 
MICEIGAN 
MIcEiIGAN 
MICEIGAN 
MICEIGAN 

-mMCBIGAN 
HICEIGW 
MICEIGAN - 
MICHIGAN 

MISSISSIFPI 
MISSISSIPPI 
MISSISS IPPI 
MIssIssIFPI 
MISSISS IPPI 
MISSISSIPPI 

6 1 7  / 292- 1900 
617/584-6873 
413/442-6965 
4131781-6830 
6171822-7799 
6 17/935-2057 
6171791-9000 

313/662-8282 
6161962- 185 1 
6161775-3429 
3131963-3388 
3131963-8880 
3 13 1 96 3-235 3 
3131732-7303 
6 16 1 45 9-2304 
517/787-9461 
6161388-2130 * 

6161723-6573 L -  
51716314721 
6 16 1 7 25-8 136 
3 13l-459-8900 
3131985-6005 ’ 

51’7/753=49ZT -- 
313/569-a350 
6161429-0813 
616/946-3026 

517/4a4-6602 ! 

507/625-9481 
6 121 339-5 200 
612/339-2415 
507/282-3741 

6011355-9741 
6011944-0860 
601/693-8216 
60 1 /7 6 9-650 2 
6011769-6673 
601/634-6670 

WISSOUBI 3141731-2304 

MXSSOUBI. 3141634-3273 
MISSOUEU. 417/782-3037 

,fSSOURI 3iSi264-jG36 

MISSOUBI 3 141875- 1290 

MISSOURI 9 13 384- 1544 
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TABLE B-1. (CONTINUED) 

STATE PHONE NUMBERS C I T Y  

SPRINGFIELD 
ST. JOSEPH 

B O Z W  

GRUT F A U S  
MISSOULA 

- BUTTE 

LINCOLN 
OMBEIA 

LASVEGAS . 
RENO/CARSON CITY 

MANCHESTER 
NASWA 
S A L E M .  

ATLANTIC C I T Y  

EATONTOWN 
ENGLElJOOD CLIFFS 

. JERSEY CITP 

HILL 

- -_ LPNDHURST 
L Y N ~ H U R ~ T  
MOORESTOWN 
MORRISTOWN 
N E U A E / U N Z O N  
NEW=/ UN ION 
PENNSAUKIN 
P IS CATAWAY 
PRWCETON 
RIDGEWOOD 
W A m  

ALBUQUERQUE 
LAS CRUCES 
SANTA FE 

ALBANY 
BINGUMTON 
BUFFALO ’ 

CORNING 
ELMIBA 
=STEAD 
HUNTINGTON 
iZ4AC.A 

MISSOURI 
\ MISSOURI 

NONTMA 
MONTANA 
MONTANA 
MONTANA 

NEBRASKA 
NEBBASXA . 

NEVADA 
NEVADA 

NEW RAWSHIRE 
NEW UMPSHIRE 
NEW IIAMPSHIRE 

NEW JERSEY 
NEW JZXSEY 
NEW JERSEY 
NEW JERSEY 
NEW JEBSEY 
NEW JERSEY -- NEW JERSEY 
NEW JERSEY 
NEW JERSEY 
NEW JERSEY 
NEW JERSEY 
NEU JERSEY 
NEW JERSEY 
NEW JERSEY 
,NEW JERSEY 
m JERSEY 

- 

NEW MEXICO 
NEW MEXICO 
NEW MEXICO 

NEW YORX 
NEW YORK 
NEW YORK 
NEW YORX 
m YORX 
NEW YORK 
NEW YORX 
YEW :om . 

4171831-5044 
8 161232-1897 

406 1586- 7638 
4061494-66 15 
406/727-0 LOO 
4061728-2415 

402/475-8659 
402/397-0414 

702/293-0300 
702/885-8411 

603/623-0409 
603/882-0435 
6031893-6200 

6091 345-6888 
6091665-5640 
2011542-2180 
201 /894-8250 

. 20.1 1432-4907 
201/460-0100 
20 L/460-0 180 
6091565-5600 
2011’539-1222 
2011483-5937 
2011483-4870 
60 9 1 6 6 5 .. 5 6 0.0 
201I981-1900 
609/452-10 18 
2011445-8346 
201/785-44ao 

505/242-8344, 
50s 1524- 1944 
5U5 1988.5 9 5.3 

5181458-8300 
6071772-1153 
716/845-6610 
6071962-4481 
6071737-9010 
5 16/485-7422 
5161420-1221 
607!257-4601 
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TABLE B-1 . ( C O ~ ~ ~ )  

STATE PHONE W E R S  

5 16 /420- 122 1 MELVILLE 
MINEOLA NEW YORK 516/294-3120 

NEW YORK NEW Y O U  212/785-5400 
NEW YORK . NEW Y O U  . 2121689-8850 

2121509-5400 NEW PORK NEW YORK 
NLAGAUA F A U S  NEW YORX 7161285-2561 
POUGIIKEEPS XE NEW YORK 9141473-0401 

NEW Y O U  716/248-8000 ROCHESTER 
NEW YOBE 3151437-7 111 
NEW YORX 3 15 1735-229 1 

SYUCUSE 
UTfCA 

NEW YORg 914/684-6075 WBfTE PLAINS 

NORTI CAROLINA 7041253-3873 ASHEVIUE 
NORTH CAROLINA 7041376-2545 CEABLOTTE 

CXARLOTTE NORTH CAROLINA 704 1 37 6-2544 
NORTH CAROLINA 9191549-8952 DURHAM 

FAYETTEVILLE NORTH CAROLINA 919/323-4202 . 
GREENSBORO NORTE CAROLLYA 9191273-0332 ' 

NORTE CAROLINA 9191758-7854 - *  GREENVILLE 
NORTE CAROLINA 9191882-6858 HIGE POINT 

9191829-0536 
919/343-0770 

NORTH CAROLINA RALEIGX 
NOBTH CAROLINA KTLMZNGTON 

9191761-1103 NOXTH CAXOLINA 

NO& DAKOTA 701/223-9422 BISMARK 
HORTE DAKOTA 70 1/280-3000 

701/772-7162 
FARGO 
G U N D  FORKS N O E X  DAKOTA 
MINOT NORTH DAKOTA 7011852-6871 

AKRON OHIO 
. CINCINNATI OBIO 

OHIO CLEVELAND 
COLrnUS OHIO 
DAYTON 
L M A  
HANSFIELD OBIO 
XARY SV'ILLE 
T O L D 0  OHIO 
W A R R E N  
Y OUNGSTOWN 

ARDMORE 
ENID OKLtsHOwd 
LAUTON 
oKuliow4 CITY 
TULSA oKLAKo24A 313/532-+433 

CITY 
NEW YO= 

W E W  YORK NEW YOBK 212/269-6985 

- . -- - -- WINSTON-SALM -- 

216/535-1861 
5131489-2100 
2161781-7050 
6 14  1 221- 1862 

OHIO 513/223-3847 
OHIO 4191224-299a 

4191526-6067 
OHIO 5131644-0096 

4191255-7790 
OBIO 2161394-6529 
OBIO 2161744-5326 

O U O M A  405 1 223- 155 2 
405 / 233-7903 

OKLAHOMA 4051355-0745 
O n A H O H A  4051947-6387 
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TABLE B-1 .  (CONTZNUED) 

PHONE NUMBERS CITY STATE 
# 

EUGENE 
MEDFORD 
P O R W  
SALEM 

OREGON 
OREGON 
OREGON 
OREGON 

5031485-0027 
5031773-1257 
5031226-0627 
503/.399-14 

DOWNINGTON 
ERIE 
GREENSBURG 
HARRISBURG 
KING OF PRUSSIA 
MCASTER 
NEW CASTLE 
PHILADELPHIA 
PITTSBURGH 
REBDING 
SCRANTON 
STATE COLLEGE 
VALLEY FORGE 
WUKES BARRE 
YOBE 

MAYAGUE2 
PONCE 
sA,N JUAN 

-- 
PBOVIDaICE 
VOONS OcxEll 

CBABtESTON 
COLUMBIA 
GBEENVILLE 
SPARTANBURG 

WID CITY 
. SIOUX FALLS 

CEATTANOOGA 
JACKSON 
IMOXVZLLE 
MRQliIS 
NASHVILLE 
OAKRIDGE 

' AMARILLO 
AUSTIZI 
BAYTOWN 

PENNSYLVANIA 
PENNSYLVANIA 
PENNSYLVANIA 
PENNSYLVANIA 
PENNSYLVANIA 
PrnSYLVANIA 
PENNSYLVANIA 
PENNSYLVANIA 
PENNSYLVANIA 
PRmSYLVANU 
PENNSYLVANIA 
PENNSYLVANIA 
P ENNSpLV MIA 
PENNSnVXNIA 
PENNSYLVANIA 

PUERTO RICO 
PUEBTO RICO 
PUERTO RICO 

RHODE ISLAND 
RHODE ISLAND 
RHODE ISkwD 

SOUTH CAROLINA 
SOUTH CAROLINA 
SOUTII CAROLINA 
SOUTE CAROLINA 

SOUTH DAKOTA 
SOUTH DAKOTA 

TENNESSEE 
TENNESSEE 
TENNESSEE 
TENNESSEE 
TENNESSEE 
TENNESSEE 

. 215/873-0300 
8141456-8501 
4121837-3800 
7171763-6481 
2151337-9900 
7171397-7731 
412/652-4223 
2 15 156 1-6 120 
412/765-1320 
215/372-4473 . 
717/346-4516 ' 

81&/237-6408 
2151666-9199 
7171822-1272 
7171846-3990 

8091833-4535 
809/840-9110 
8091792-5900 

4011847-0502 
401/273-0200 
4011765-2400 

a031 57 7-2 i 79 
ao3/25&-7563 - 
8031271-9213 
803/582-7924 

605/341-5337 
6051335-0780 

6 151 265- 1020 
90 11423-007 5 
6 15 I 6  90- 15 43 
90 1 1529-0 183 
6 151367-9382 
6 1514a2-9Oao 

8061383-0304 
5121444-3280 
713/&27-5856 
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TABLE B-1. (Commm) 
STATE PHONE NUMBERS CITY 

TABLE B-1. (Commm) 
STATE PHONE NUMBERS 

T L U  5121541-225 1 

TEXAS 
2161638-8888 TEXAS 
8171877-3630 TEXAS 
713/556-6700 I”ExAs 
8171634-2810 TEXAS 
214/236-4041 TMAS 
806/762-0136 TEXAS 
512/631-0020 T E U S  
9 15 / 683-5645 TEXAS 
409/724-0726 T U  
915/563-3745 TEXAS 
512/225-8002 TEXAS 
214/ 592- 137 2 TEXAS 

TEXAS 8171752-1642 
817/761-1315 

C I T Y  

BROWNSVILLE 

CORPUS C I I R I S T I  
DALLAS 
FT. WORTH 
HOUSTON 
K I U E E N  
LONGVIEW 
LUBBOCK 
M U F 3  
MIDLAND 
NEDERLANDIPT. ARTINR 
ODESSA 
SAN ANTONIO 
TYLER 
WAC0 

BRYANICOLLEGE STA* TEXAS 

WICHITA FALLS T E X U  

O G D N  
P R o v o / o R M  
SALT LAKE CITY 

CEIAaLOlTESVZLLE - 
FAIRFAX 
FAIRFAX 
LYNCHBURG 
HIDLOTlfM 
NEWPORT NEWS 
NORFOLK 
PETERSBURG 
RICXMOND 
R O A N O a  
WILLIAMSBURG 

ENuMcLAlJ 
OLYHPIA 
R I C W  
SEATTLE 
SPOKANE 
TACOMA 
VANCOWER 
YAKIMA 

UTAH 
UTA0 
UTAH 

VERMONT 
VERMONT 

‘ J ‘ I R G N U  
V I X G I N I A  
V I R G I N I A  
V I R G I N I A  
V I R G I N I A  
V I R G I N I A  
V I R G I N I A  
VIRGINIA 
V I R G I N I A  
V I R G I N I A  
V I R G I N I A  

WASHINGTON 
WASHINGTON 
WASHINGTON 
WASHINGTON 
WASBINGTON 
WASHINGTON 
WASHINGTON 
WASHINGTON 

8011627-2022 : 
$011375-0645 i -  
801/364-0780 

8021 658-2 123 
8021223-35 19 

8041971-1001 

703/691-8390 
8041 528- 1903 
804/744-4860 
8041596-7608 
8041855-7751 
8041862-4700 
804/746-4860 
703/344-2762 

703/69i-a200 

ao41872-9592 

2061825-77 20 
206/438-2772 
5091 375-3367 
2061285-0109 
509 /7 4 7-4 105 
2061272-1503 
2061693-0371 
509/453- 159 1. 
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TABLE B-1.  (CONCLUDED) 

c Irn STATE PHONE NUMBERS 

HUNTLYCTON WEST V I R G I N I A  3041525-4606 
MORGANTOWN WEST V I R G I N I A  3041292-2175 
PARKERSBURG WEST VIRGINIA 3041428-85 I 1 

APPLETON 
GREEN BAY 
LA CROSSE 
MADISON 
MADISON 
MILWAUKEE 
NEENAH 
OSHKOSH 
U I N E  
WEST BEND 

CASPER 

WISCONS & 
WISCONSIN 
WISCONSIN 
WISCONSIN 
WISCONSIN 
WISCONSIN 
WISCONSIN . 
WISCONSIN 
WISCONSIN 
WISCONSIN 

WYOHING 

4 1 4 f  722-5580  
4 1 4 / 4 3 2 - 3 0 6 4  
6 0 8 / 7 8 5 - 1 4 5 0  
6 0 8 / 2 2 1 - 4 2 1 1  
6 0 8 / 2 2 1 - 0 8 9 1  
4 141 785-  16 I 4  
4 14 /722-5580  
4 1 4 f 2 3 5 - 1 0 8 2  
4 1 4 / 6 3 2 - 3 0 0 6  
4 1 4 / 3 3 4 - 1 2 4 0  

.- 
NCC TERMINAL IDENTIFIERS 

The NCC terminal identif i er s  (Table B-2) are user-entered characters 
that Identify terminal speeds, carriage-return delay times, and .codes to NCC.. 

- - -- 
If you are in doubt aa t o  vhich NCC terminal identifier t o  use, contact 

Anchony Gibson at  (601)  634-3710 (FTS 542-3710)  or the NCC User Support 
Service at 800-334-240s .  
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TABLE B-2. IDENTIFIERS, BY TERMINAL MAKE AND MODEL 

ID * TERMINAL - ID* TERMINAL 

ADDS 

Anderson Jacobson 
580, 620, 680, 880, 980 

330 
830, 832 
630 
860 

Ann Arbor Terminals 
Design 111, 200 

Beehive Medical E l e c t r o a i c s  
Mini Bee 1, 2,  4 
Super Bee 2 ,  3 
1-211, M-501, R-211 

Dataspeed 4012 
Bell System 

Kn 
KDP _- 

Computer Devices 
1030 
1132, 1201, 1202, 1203 

1204, 1205, 1206 
Compu t e k 
200, 300 

Conrac 
40 1, 480 

Con t ro l  Daca 
7 13 

Computer T ransce ive r  
Systems 

D EC 
Execuport 

GT40, LA349 U 3 6 ,  LA389 
LA120 , LSlZ*, VT05, 
VT50, VTlOO, VT132 

1500, 2000, 2100, 2500 

1100, 3000, 3300 

Da t amedia 

Datapo i n t  

Delta Data 

Digi-Log 
. 5000, 5100, 5200 

33, 209, 300 

A 

# 
A 
E 
A 

A 

A .  
A 
A 

A 
G 

E 

A 

A 

A 

A 

General E l e c t r i c  
Tenninet 
300, 1200 

300 A 

1200, 2000 A 

G 
Gen-Com 

Hazel t i n e  

Hevlett-Packard 
2615, 2616, 262X S e r i e s ,  
263X Series, 264X 
S e r i e s ,  7220At A 

Hydra 
Model B I 

IBM 
274 1 P b  

I n t e r d a t a  
Carouse l  300 E 

Incotenn 
SPD 10120, 20120, 900 A '  

Inf o ton  .- 
Vistar A 

XTT 
3501 Asciscope A 

iear S i e g l e r  . 

ADM-3, ADM-3 I .A 

LX180 
L X l O l O f  . A 

- 

_ -  7700, ADM-1, ADM-2, 

I 
LogAbax In fonna t ique  

M I  
2400 

Megadata 
Memorex 

N C 8  

E 

A 1240 

A 

A 

A 

260 
796 

Omron 
85 25 

Onte l  
4000 

A 

I 
A 
A 
G 

E 
A 

A 

A 

* 
f 

The symbol # r e p r e s e n t s  a c a r r i a g e  r e t u r n .  
During log .in, e n t e r  Con t ro l  R immediately be fo re  typing your u s e r  name. 
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TERMINAL ID* TERHINAL ID * 
Perkin-Elmer 

Research 

Raytheon 

Singer 

Scientific  Measurement 

1200, 1250 A 

Teleray 3300, 3311, 3712 A 

PTS-LOO A 

30 E 

Systems . 

1440 
Tally 

1612t  
Tec 

400 Series, 
Te k t t o  nix 

'4012, 4012, 
4025 

Teletype 
33, 35 

43 
38 

A 

A 

1440 A 

4014, 4023 
A 

D 
B 
A 

Texas Instruments 
720, 725, 733, 735 E 
743, 745, 763, 765, 771$., 
820+ A 

Entelkon 10 . A  

DP-30 C 

100, 110, 212, 213 E 
200 D 
310, 311 C 
125, 126, 225, 315, 316 

Texas Scientif ic  

Typagraph 

Tymshare 

325, 35*, 420, 425+, 430, 
440W, 444+, 47+, 
s5*, l l O *  

Wang Laboratories 
220 OB 

Westinghouse 
1600, 1620 

Xerox 
BClOO, BC200 

-_ 

A 

b 

1. A 

A 

* The symbol # represents a carriage return. 
During iog  1p. enter Controi A m e a i a c e l j r  beiors t - /pbg ;?our aser a a e .  
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APPENDIX c 
COST ANALYSIS FOR THE NATIONAL COMPUTER CENTER 

1. 

2. 

3 .  

TIMESHARING OP!2UTION 

Costs associated with use of the National Computer System (NCC) timeshar- 
ing operation (TSO) may be categorized as storage charges, central com- 
puter processing costs, input/output costs and connection c o s t s .  

The public online disk storage charge is $.025 per track per week. 

NCC TSO charges other than storage are compuzed by the following 
algor1 t hm . . 

\ 

TSO Costs = PRF (CPU Costs + 1/0 Costs) + Connection Costs 
where . 

PRB = Priority Rate Factor, a multiplier of 2.5 - CPU = Central Prossessing Unit Cost 
= (TCB + SPB) * $425.00/br 

TCB = Task Control Block (hpurs) 
SRB = System Resource Block (hours) 
1/0  = Terminal Input/Output Unit Cost 

Connection Unit Cost = $6.00/hr 
- $0.74/1000 llnes 

.- 

The above c o s t s  are current as of October 1983 and are subject to change. 

' .  . ; 
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