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1. My name is Jim Brannon. I am an Information Technology Project Engineer with 

Leonard Rice Engineers, Inc. in Denver, Colorado. A copy of my Curriculum Vitae is 

attached as Exhibit 4 to Rangen's Preliminary Expert Witness Disclosure filed in 

December, 2011. The matters contained in this affidavit are based on my personal 

knowledge and beliefs. 

2. I began working for Leonard Rice Engineers in 2006. At that time, I became 

involved with consulting for Rangen, Inc. As part of my consulting responsibilities I 

became a member of the Eastern Snake Hydrologic Modeling Committee ("ESHMC"). 

The ESHMC was formed in 1998 to help with IDWR's water modeling efforts, 

particularly the development of ESPAM2. Among other things, the ESHMC provides 

technical support and peer review for the modeling process. I have actively participated 

on the Committee since 2006. 

3. In September 2009, when the ESHMC and IDWR and IWRI modelers were 

looking for model calibration targets, I gave a presentation to the ESHMC concerning 

LRE's estimates of the entire Rangen Spring's historical flows, including those measured 

through the Curren Tunnel and those diverted into irrigation pipelines and those diverted 

into the Rangen facilities.. A copy of the presentation that I gave to the ESHMC is 

attached hereto as Exhibit 1. These historical Rangen Spring flows were approved by the 

ESHMC and used as a model calibration target. Subsequently I was asked by IDWR to 

prepare a similar analysis estimating historical spring flows for the multiple spring 

complexes feeding the National Fish Hatchery. Rangen also approved this effort. The 

analysis was performed, presented to the ESHMC and the values accepted as calibration 

targets for ESP AM 2. 

4. I have not been asked by IDWR, IWRI or the ESHMC to provide any further 

analysis of, or documentation concerning, Rangen's historical spring flows. 
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S. In 2010, IDWR asked for help in reviewing a data processing tool for ESPAM2 

called MKMOD5. One of the several MKMODS functions is to determine return flows 

resulting from farm deliveries of surface and groundwater, utilizing the "On-Farm" 

algorithms developed by Greg Sullivan, an expert for the City of Pocatello, and 

implemented by Dr. Willem Schreuder, both members of the ESHMC, using a computer 

language called PERL. After getting permission from Rangen to pay for my time, I 

volunteered to review the computer code (I focused on the farm budget portion) used to 

develop MKMOD5. I did not contribute any code to MKMOD5. 

6. After I completed my review of the MKMOD5 code, 1 gave a presentation of my 

fmdings to the ESHMC in November of 2010. A copy of my presentation is attached 

hereto as Exhibit 2. At the presentation, 1 noted that there was a lot more MKMOD code 

and functionality that could be reviewed other than the farm budget component. I was 

asked to write up a short document describing what 1 presented. I also offered that if 1 

had the chance in the coming months to do some ESPAM 2.0 modeling at LRE on behalf 

of Rangen, and if there was a chance to learn more about how MKMOD worked 

internally, 1 would add that as well to the document. The modeling activities could not 

begin, however, because changes to and calibration of ESPAM 2.0 by IDWR continued 

for many more months until January of 2012. 

Since 2010, MKMODS has evolved to MKMOD8. IDWR and the MKMOD developer 

(Dr .. Schreuder) prepared excellent MKMOD8 documentation as part of a workshop on 

how to use MKMOD8 and MOD FLOW as part of ESP AM 2.0. LRE did not need to 

undertake rigorous ESPAM 2.0 modeling activities that involved MKMOD because 

IDWR was creating a curtailment scenario tool that could be utilized when it was 

completed later in 2012. My involvement on the Rangen project was reduced during this 

period as well. 

AFFIDAVIT OF JIM BRANNON IN oPPOSmON TO IGWA'S MOTION TO CONTINUE HEARING 
AND REQUEST FOR EXPEDITED DECISION - 3 



As a result: 

• I did not have any further opportunities to review internal MKMOD code. 

• My MKMOD review document is limited to the material already presented to the 

ESHMC in November 2010. 

• The review simply verifies that the MKMOD PERL code correctly implemented 

the "on farm algorithms" discussed at length during ESHMC meetings. 

• There is not any new information in this document regarding MKMOD nor how 

2012. 

to use it. 

DATED this 27th day of September, 2012. 

Jim Brannon 
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Expires: September 29 . 2012 
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Analysis of Historical Rangen 
Spring Flows 

September 21, 2009 

ESHMC Meeting, Boise, 10 

Jim Brannon 
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Introduction 

• Leonard Rice Engineers 

- Gregg Ten Eyck, Dennis McGrane 

- Wayne Courtney, Rangen Inc. 

- Declining spring flows and valuation 

• Dr. Michael McDonald, Dr. Chuck Brendecke 

• Before starting the trip, glimpse of where are 
• we gOing. 
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PERSPECTIVE 



j 

Ind.i:In Butte 

( 

I 

, 

I 

~i--------------~H~-------------~~ 

.. 

.... 
J\ 

H~'~ ""\ 
-' ~ 

® t 
) 

-v:-- ..... '"", "'50' '. 

• 
~ ii 



r----E2900S, __ ~ 

..:. 

I ! ~ I r-t._, ~ 
..... I i\ 

t!'", 

\ 
\ 

E2900S 

III 
.... 
Il\ 

T 

I 

E2860S-

'" ~ 

r -' 



























But what about the high variation and ratio? 

VERY CLOSELY CORRELATED 
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Curren Tunnel as % of Total Curren Spring (93-08) 

• Curren Tllnnel as % of Tolal Curren Spring - Linear (Curren Tunnel as % of Tolal Curren Spring) 
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Curren Tunnel as % of Total Curren Spring (93-00) 
• Curren Tunnel as % of Total Curren Spring -linear (Curren Tunnel as % of Total Curren Spring} 
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Curren Tunnel as % of Total Curren Spring (93-96) 
• Curren Tunnel as % or TOlal Curren Spring - Linear (Curren Tunnel as % or TOlal Curren Spring) 
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Curren Tunnel as % of Total Curren Spring (97-98) 
• Curren Tunnel as % or Total Curren Spring -linear (Clfrren Tunnel as % or Total Curren Spring} 
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Curren Tunnel as % of Total Curren Spring (99-00) 
• Curren Tunnel as % or TOl<l1 Curren Spring - Line\)( (Curren Tunnel as % or Tol<ll Curren Spring) 
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Curren Tunnel as % of Total Curren Spring (01) 

• Curren Tunnel <IS % or Tol<ll Curren Spring - Line<lr (Curren Tunnel <IS % or TOl<l1 Curren Spring) 
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Curren Tunnel as % of Total Curren Spring (02) 
• Curren Tunnel as % of TOlal Curren Spring -linear (Curren Tunnel as % of TOlal Curren Spring) 
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Curren Tunnel as % of Total Curren Spring (03) 
• Curren Tunnel as % of TOlal Curren Spring - Linear (Curren Tunnel as % of TOlal Curren Spring) 
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Curren Tunnel as % of Total Curren Spring (05) 
• Curren Tunnel as % of TOlal Curren Spring - Linear (Curren Tunnel as % of Tolal Curren Spring) 
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Figure 3. Schematic section of the canyon wall near profile-control location 179-1 east of Hagerman. 

Section shows the interpretative relation of the confining units of YahoCf Clay and Glenns Ferry 
sediments to the Malad Basalt canyon filling deposits. 
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Understanding 1 

BATHTUB AND A V-NOTCH 





Seems like the hydrographs are indicating some hydrogeologic controls 
that exhibit faster responses than regional scale aquifer head controls on 
a notch .... 
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C. Neal Farmer, IDWR, "Review of Hydrogeologic Conditions Located At 
and Adjacent To the Spring at Rangen Inc. 

LOCAL SCALE HIGHLY PERMEABLE 
CHANNEL 





Straight face test ... Darcy 
A sq ft dh dx K ftjday cfs 

5000 10 600 1000 0.96 
5000 10 600 2000 1.93 
5000 10 600 4000 3.86 
5000 10 600 6000 5.79 
5000 10 600 8000 7.72 
5000 10 600 10000 9.65 
5000 10 600 25000 24.11 
5000 10 600 100000 96.45 

103680 10 600 1000 20.00 
51840 10 600 2000 20.00 
25920 10 600 4000 20.00 
12960 10 600 8000 20.00 
6480 10 600 16000 20.00 
3240 10 600 32000 20.00 
1620 10 600 64000 20.00 

51840 10 600 1000 10.00 
25920 10 600 2000 10.00 
12960 10 600 4000 10.00 
6480 10 600 8000 10.00 
3240 10 600 16000 10.00 
1620 10 600 32000 10.00 
810 10 600 64000 10.00 
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mkmod5 Code Review 

Status 
November 2010 

Jim Brannon, Leonard Rice Engineers 



Overview 

• mkmod[1 ,2,3,4,5] is a data processing tool that creates 
a MODFLOW (ESPAM) input data set using data stored in 
the several and various data files created to describe the 
state over time of the natural and human systems affecting 
the aquifer. 

• written in the computer programming language PERL and 
has evolved over the past 5+ years to over 1300 lines of 
code 

• the PERL code should instantiate in logic and data the 
"conceptual models" of the behavior of the components of 
the ESPAM system that the IDWR and ESHMC have 
agreed upon 



Overview (cont) 

• over the years, the mkmod code has been run and tested 
many times; however, since PERL code is not as readily 
"readable" by engineers as languages like Visual Basic or 
FORTRAN, not many people have undertaken the task of 
reviewing the code directly 

• IDWR requested help in reviewing the code & I offered to 
get permission from Rangen Inc to spend some $ to take a 
shot at reviewing the PERL code. 

• Focused on reviewing code logic (especially farm budget 
code) and not data testing (yet) 



Current Status 

• Gotten much better at reading and understanding PERL 
coder 

• Continued to review the code at a high level to gain a 
general understanding of the program flow, data structures, 
and main subroutines. 

• Focused on the Irrig Acreage components (Max Effie Farm 
Budget code, etc.). 

• Added comments during my review to a copy of the code 
• Prepared diagrams of the farm water budget inferred by the 

code in under various scenarios 
• There is a LOT more to review, and hopefully we'll get more 

volunteers as IDWR starts the ESPAM 2 training. 



Review the code and diagrams 
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mkmod5 code 
Max Farm Efficiency Method 
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H!/usr/bin/perl -w 

H Create MODFLOW input files for ESPAM 
H Tracks total stresse s as well as net 
H 
H W~llem A. Schreuder 
H Vl.O August 2005 
H V2.0 4-May-20l0 Read data from model file 
H 
H Input file types 
H 
H ENTITIES (entity parameters) 
H Tag ENTITIES * Header lists entities one per line (name, GW/SW, ET adjustment sprinkler, ET adjustment gravity) 
H For each stress period, one value per entity (Fsp % sprinkler fraction) 
H DIV (diversions) 
H Tag ENTITIES * Header lists entity names allan one line 
N For each stress period, two values each on a new line (Od diverted amount, Or ~ returns) 
H FPOINT (fixed poi nt diversions) 
H Tag POINT ASSOCIATION 
H Header lists locations one per line (E/M/R/W/O , cell (k,i,j), name) * W . Wetland c o rrection applied to non-irrigated precip recharge 
H R - Deficit irrigation correction applied to irrigation return flows 
H E - Exchange pumping 
H M - Mud Lake pumping 
H O . Off-site pumping 
H Fo r each stress period, one value per point (Q ~ volume) 
H POINT (point diversions ) 
H Tag POINT ASSOCIATION 
H Header lists locations one per line (cell (k,i,j), name) 
H For each stress period, one value per point (Q - volume) * LINE (line recharges: Canals, Tributary inflows, Perched river cells) 
H Tag LINE 
H Header lists l ines as a cell count, scalar and (optional) name, followed by a list of cells one (i,j) per line 
H For eac stress period, one value per line (0 or fraction ) * ARRAY (cell array values: Precipitation, ET, non-irrigated recharge) * No tag or header * For each stress period, one value per cel 
H CELL (Irrigated acres by cell) 
H No tag or header 
H For each stress period, list of cells (potentially - in current data all periods are the same) * For each cell in there are three lines * li,j,n) where (i,j) is the cell location, and n is the number of entities * List of entity names 
H Area covered by each entity 

# jhb notes #######################tll:i######################## 
# the top port of this code was reviewed mainly for general understanding of the data structures 
# and the functions/subroutines thot are used in the code following it, 
# it should continue to be checked, but the farm water budget calculations were a higher priority 
# jhb notes ##########iil:i############!ltNMtNJ################### 

use stricti 
use lib '/pm/grflib/perl', 
use GetOpti 



use MODFLOW; 

my $input z 'combo4'J 
my $output = 'snake20 ' ; 
my @ext ,. ('mdl', 'cel ' , ' sol',' red', 'ent', I fpt', 'off', 'div', 'cnl', I trb', 'pch', ' pre', 'etl', ' nit', ' 1ar ' , 'eff' ) ; 
my largs = GetOpt('i : o:m:sa l.jo1n (' ', map IS .':') @ext),i=>$lnput,o~>$output,m~>'l',s=>O) ; 

(@ARGV>O) " die "Usage: $O\n"; 
my Sgroup ,., 1; 
my $single = $args(s); 

Surface water method 
my ISWM = (l=> " ESPAM 1.1", MFE""> "Maxi mum Farm Effl.ciency using Fixed Returns", FER=-=>"Maximum Farm Efficiency using Runoff for Returns ", FRS- >f'Maxi mum Farm Effic~ency using Runoff f o r Returns and 
Soil Moisture" t ; 
my $SWM = $argslm) ; 
exists ($SWMI$SWM)) I I die " Invalid surface water method $SWM\n" ; 

# logic here is critical to farm calculations later!!!! 
# these only apply to SW entities 
# method 1 is ESP AM 1.1 and all the others use the ITI<IX farm effie method 
my $MaxEff • I$SWM eq 'MFE ' I I $SWM eq ' FER' II $SWM eq 'FRS ' ) ; 

# method 1 and MFE have FIXED return flows, the others calculate return flows 
# question - what does the MFE method mean? where there are 'some" fi)(ed return flows in addition to the calculated ones? 
my $EffRet = ($SWM eq 'FER' I I $SWM eq ' FRS') ; 

# FRS uses ITI<IX farm effie, calculated return flows AND is the only method with soil moisture 
my $SM 5 I$SWM eq 'FRS ' ) ; 

H Set default input file names 
H 
$output = $argslo)1 
$input = $argsli): 
my \input; 
foreach my $ext I@ext l 
( 

$input($ext) ~ $args($ext) $args($ext) "$inpu t . Sext "J 

Global variables 
my liar; H Irrigated Entity Areas 
my IXI H Input data 

# jhb notes ################################################# 
# define some functions for reading text f iles 
# jhb notes # Ji/ftUltnl 11 t!##J:ltIlM1I################################# 
H 
H Read next non-blank line 

Parameters: 
fd - file handle to read from 
err - error message to print if 

Returns: 
line read or undef if EOF 

line cannot be read 

H 
H 
H 
H 
H 
H 
H 

dies on EOF if error message is specified 

sub Read 
( 



my (Sfd,Serr) = @ ; 
while (my Sline E-<Sfd» 
( 

chomp Sline; 
(Sline - - /"\soS/) I ( r e turn Sl ane; 

Sere && die "$err\n": 

H Read next non-blank line and return parameters spl~t on spaces 
H Parameters: 
n fd - file handle to read from 
If Returns: 
H parameters read or I) if EaF 
H 
sub ReadLine 
( 

my (Sfd,Serr) E @_; 
my Sline - Read(Sfd ,Serr) ; 
return split (I t I Sllne); 

# jhb notes ##########################tI###################### 
# read the model configuration input file 
# jhb notes ################################################# 
n 
H Model configuration 
H 
open (DAT, "<Sinput(OOI)" ) )) die "Cannot open f il e $input(OOI) \ n"; 
H Read title and units 
my Stitlel = Read (OCAT,"Error reading titlel from $input(OOl)"); 
my $title2 - Read(*DAT,"Error reading title2 from $input(OOl)"); 
my ($Tunit ) - ReadLine(ODAT,"Error reading time unit from $input(OOI)"); 
my ($Lunit ) • ReadLine (*DAT,"Error reading length unit from Sinput(OOl)" I ; 
H Read number of stress periods and steady state definition 
my ($Np,SssO,$ssl l - ReadLine(ODAT,"Error reading number of periods from $input(OOl)" I ; 
H Read stress period lengths and descriptions 
my @dt = (0); 
my @date = ('Steady State' ) ; 
my €!num = {t -- f I ; 
for (my Sk=l;$k<zSNp;Sk++ 1 
( 

Snum(SkJ - SkI 
($dt($kJ,$date($k l l - ReadLine(+CAT,"Error reading stress period $k from $input(OOll" l ; 

Read dimensions 
my ($Ni) = ReadLine (*CAT,"Error 
my (SNj) = ReadLine (OCAT, "Error 
my ($Nk) - ReadLine (*DAT,"Error 
my ($Kp) = ReadLine(*DAT,"Error 
H Adjustment factors 

reading 
reading 
reading 
reading 

number of rows from $input{OOI)"); 
number of columns from $input (OOI)" I; 
number of layers from Sinput{OOI)"I: 
groundwater pumping layer from $input{OOII" I ; 

my ($Ns) = ReadLine(+CAT,"Error reading number of soils from $input(OOl)"I; 
my @adj = ReadLine{*DAT, "Error reading adjustment factors from Sinput{OOI)"); 
H Wetland adjustment fac t or 
my $WetAdj = pop @adj; 
(@adj--SNs) ) I die "Incorrect number of adjustment factors ~n Sinput{mdl) $Ns\n"; 
H Dryland recharge adjustment factor (by soil type I 



my \DryRechAdj; 
for (my Sk=O;sk<@adj;Sk++) 
I 

$DryRechAdj I$k+l) • $adj ($k); 
) 

close IDAT) ; 

# * Set up steady state 

* H Array of periods used for steady state 
my @ss = definedlSssO) && de!inedl$ssl) 7 ISssO .. Sssl) : I); 
($single>l " @ss>O) &, warn "«<WARNING»> Steady State omitted\n"; 
H Initial period 10 when using SS, 1 if just transient) 
my SNpO = @ss>O 7 0 : 1; 
H Calculate length of SS perlod (if there is one) 
fareach my Sper I@ss) 
I 

Sdt(O) += Sdt(Sper); 

H 
H Set up model domain 
H 
# Model Dimensions 
my SCellArea - 5280"5280; Cell area Ift"2) 
H Total number of model cells 
my SN ¥ SNi"SNj"SNk; * MODFLOW obj ect 
my Smf ¥ MODFLOW->ne,r INi¥>SNi, Nj ->$Nj, Nk->SNk) ; 
H Read IBOUNDs from file 
openIDAT,"<$inputlcel)") ) I die "Cannot open file $inputl ce l)\n"; 
<OAT> I I die "Error read~ng $inputlcelJ\n"i 
my @ibound • ReadCSV I'DAT,"Sinput(cel)" j ; 
c l ose (OAT ) ; 

# jhb notes #######~~?I####################1I-tl######;;"flUI!:liJ!1##### 
# Q routine for reading comma delimited files 
# jhb notes ################################################# 
H 
# 
H 
H 

* * * H 
H 
H 
# 
H 

Read array of comma separated data values 
Reads a value for every grid cell in free format 
Parameters : 

fd - file handle to read from 
which - text string use 1n error messages 
ibound - pointer to IBOUND array used to set dead cells to undef 

if ibound is not specified, data are returned verbatim 
Returns: 

array of values in array context 
pointer to array of values in scalar context 

sub ReadCSV 
I 

my (Sfd,$which,$ibound) @; 
~ Read values for entire domain 
my @liner 
while l@line<$N) 



) 

my $line = Read($fd, "Cannot read data ( rom $which" l ; 
push @line , split(t, ' ,$llnel; 

(@lines-$N) II die " Incorrect number of data in $which: " ,scalar !@linel." 1nstead of $N\n" ; 
H Set undef for dead cells if requested 
if ($iboundl 
{ 

for (my $k=O;$k<$N;$k++) 
( 

$ibound->[$kJ I I ($line[$k) - undef) I 

return wantarray fl @line \@line; 

#jhb~tu################################################# 

# a routine for op£ning and reading mise data files 
#jhb~tu################################################# 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Open file and read header 
Parameters: 

of file to open 
of file (see above) 

file - name 
type - type 
tag - file 
var - name 

Returns: 

starts with tag and entity list, or none if omitted 
of variable!sl saved in the file {set when read l 

Hash used to access variable{s) 
FD - file handle to read file 
FILE - name of file 
TYPE - type of file 
VAR - array of variable names 

in fi le 

ZERO - variable used to track 1f data is specified in dead cells (set 1n Next) 
DATA - array containing values for stress per i od (set 1n Next) 

This function does if an error is encountered 

my tent; 
sub Open 
{ 

Global entity pointer 

my ($file,$type,$tag,@varl @_ ; 
my (tdata,$NI); 

* Set up structure 
$data{FD) undef; 
$data{FILE) s $file; 
$data(TYPEI - $type; 
$data{VAR) \@var; 
$data{ZEROJ 0; 
$data(DATA) = (J; 

H An empty file indicates that this type is always all .eroes 
(-e $file " (stat($file)) (7J--0) " return \'data; 

H Open file 
my $fd; 
open($fd,"<$file") II die "Cannot open file Sfile\n"; 
$data (FD) = $fd; 



H Read tag line and structure count lif requested) 
if (defined($tag)) 
I 

» 

Tag line 
my $line ~ Read($fd,"Cannot read $file"); 
($line =- /$tag/) I I die "$file does not start with $tag\n$line"; 
H Read structure count 
($Nl) = ReadLine($fd,"Error reading count from $file"); 

H Read the header 
H » Diversions file lists all structures one line 
if ($type eq 'DIV'I 
( 

my @line ::>;: ReadLinel$fd,"Premature EOF $type"); 
(@line~=$Nll I I die "Incorrect nmber of diversion entities\n"; 
for (my $l=O;$l<$Nl;$l++1 
( 

$data(DATA) ($1) = (NAME=>$line($l}l; 

Read list of structures - one line per structure 
elsif (defined($tag)) 
( 

Read structure 
for (my $l=O;$l<$Nl;$l++1 
( 

my @line = ReadLine($fd,"Premature EOF $type $1"1; 
» Read ENTITIES data: name, GW/SW, ET adjustment sprinkler, ET adjustment gravity 
if ($type eq 'ENTITIES') 
I 

my ($nm,$tp,$ETADJsp,$ETADJgr,$text) = @line; 
$data(DATA) ($1) ~ (TYPE=>$tp,NAME=>$nm,ETADJ=>(SP=>$ETADJsp,GR~>$ETADJgr),TEXT=>$text?$text:" I; 

Read Fixed POINT data: type (E/M/R/W/O - see file description I , cell (k,i,j), name 
elsif ($type eq 'FPOINT'I 
I 

my ($tp,$k,$i,$j,$nm) = @line; 
my $off = $mf->offset($i,$j,$k); 
!$ibound($off) && (warn "$file FIXED POINT in dead cell $i $j\n") && $data(ZERO)++; 
$data(DATA)($l} = (TYPE=>5tp,CELL=>$off,NAME=>$nml; 

Read POINT data: cell (k,i,j), name 
elsif ($type eq 'POINT') 
( 

my ($k,$i,$j,$nm) = @line; 
my $off = $mf->offset($i,$j,$k); 
!$ibound($off) && (warn "$file POINT in dead cell 5i $j\n") && $data(ZEROI++; 
$data(DATA)($l} ~ (TYPE=>'O',CELL=>$off,NAME=>$nml; 

Read LINE data: count, Bcale factor 
Read LINENT data: count, scale factor, name 

Followed by count lines, each with a cell (i,jl 
elsif ($type eq 'LINE' I I $type eq 'LlNENT') 
( 

my ($n,$scale,@text) = @line: 



my Sname z (Stype eq 'LINENT') ? shift @te xt : ". 
H Canals must map to valid entity 
($type eq 'LINENT') && !exists ($ent($name)) && die "Invalid canal entity Sname \ n"' 

my @line; 
for (my Sk~O;Sk<Sn;Sk++) 
( 

) 

my (Si,Sj) ~ ReadLine(Sfd, "Premature EOF LINE Sl vertex Sk" ) ; 
my Soff = Smf->offset(Si,Sj); 
!Sibound(Soff) && (warn "Sfile LINE Sname in dead cell Si Sj\n" ) &, next; 
push @line , Soff; 

Sdata(DATA) (Sl) = (SCALEz>Sscale,CELL=>\@line,N~>Sn,NAME=>Sname,TEXT->"@text"); 

else 
( 

die "WTF"; 

return "data; 

# jhb notes ################################################# 
# a routine thot reads the data for the next time. step from the files containing 
# time series data 
# jhb notes #########iltI##tJ!llI tI########################## tI##### 
H 
H Read next stress perlod 
H 
H 
H 
H 
H 
H 

Parameters: 
data - data structure set by Open used to read 
per - stress period being read 

The function dies if an error is encountered 
On exit, the DATA array is populated with values 

file 

for this stress period 

sub Next 
( 

my ISdata,Sper) z @ ; 
my Sfd z Sdata->(FD); 
my Sfile = Sdata->(FILE); 
my Stype = Sdata->ITYPE); 
my @var = @(Sdata->(VAR)); 

H Short circuit for empty files 
defined(Sfd) I I return; 

H Read header for this stress period 
my Sline z Read(Sfd, "Cannot read STESS PERIOD from Sfile period SperO); 
(Sline =- ISTRESS +PERIOD +Sper "I) )( die "Lost sync in Sfile period Sper\nSline\n"; 
H Read indicator «0 => reuse last period, 0 => all zeroes, >0 => read data l 
my (Sind) = ReadLine(Sfd,"Cannot read indicator from Sfile period SperO); 

H Reuse last stress period 
if (Sind<O) 
( 

(Sper>l) I I die "Cannot reuse data on first stress period in Sfile\n"; 

All zeroes 



elsif (Sind~=O) 
( 

) 

(stype eq 'CELL') •• die "ZERO is invalid for CELL data Sfile'n"; 
H Zero all variables variables for each entity 
if (@var>O) 
( 

foreach my Sent (@(Sdata->(D~T~))) 
( 

@Sent->(@var) = (0) x @var; 

Zero array 
else 
( 

@(Sdata->(DATA)) (0) x SN; 

M Read Array data 
elsif (Stype eq 'ARRAY') 
( 

Sdata->(D~T~) - ReadCSV(Sfd,"Sfile period sper",'@ibound); 
) 
H Read cell list 
elsif (Stype eq 'CELL') 
( 

Erase old data 
Sdata->(~T~) - [I; 
H Get count 
my [SN1) = Read(Sfd, "Cannot read cell count from Sfile period SperO); 
H Read count entries 
for (my SlzO;Sl<SNl;Sl++) 
( 

Cell and number of entities 
my (Si,Sj,Sn) - ReadLine(Sfd,"Cannot read cell Sl from Sfile period SperO); 
my Soff - Smf->offset(Si,Sj); 
H Entity names 
my @name - ReadLine(Sfd,"Cannot read entities cell Sl from Sfile period SperO); 
(@name--sn) I I die "Incorrect entity count cell Sl from Sfile period Sper'n"; 
H Areas 
my @area - ReadLine[Sfd, "Cannot read area cell Sl from Sfile period SperO); 
[earea-~Sn) ) I die "Incorrect area count cell Sl from Sfile period Sper'n"; 
H Map areas to entity names 
my 'area; 
for (my Sk-O;Sk<Sn;Sk++) 
( 

Sarea($name[Sk)) +- $area(Sk]; 

Ignore dead cells without warning 
Sibound[Soff) •• push @(Sdata->(~T~)) , (CELL->Soff,ARE~->'\area); 

Read entity data 
else 
[ 

Loop over variables 
foreach my $var (@var) 
( 

# Read enough values for all entities 
my tHine; 



# 

while (@line<@{$data->{DATA))) 
( 

push @line I ReadLine($fd,HCannot read $var from $file period $per"); 
) 
(@line==@{$data->{DATA))) II die "Incorrect number of $var in $file period $per: ".sca l ar{@line)." instead of ".scalar{@{$data->{DATA)))."\n"; 
# Map values to entities 
foreach my Sent {@{$data->{DATA))I 
( 

$ent->{$var) = shift @line; 
) 
# Zero out POINT data in dead cells if necessary 
if ($data->{ZERO)) 
{ 

foreach my Sent {@{$data->{DATA))I 
[ 

Sibound[$ent->[CELLI] I I ISent->{Svarl - 01; 

# Save to cell format file 
H 
sub SaveCell 
[ 

my ($type,$dt,$per,$outl @_; 
H Convert volumes to rate 
my $conv = l/$dt; 
H Count nonzero entries 
my $n = 0; 
for [my $k=O;$k<$N;$k++1 
[ 

$out->[$k) && $n++; 
) 

# Save data to file 
print DAT "Sn STRESS PERIOD $per\n"; 
for [my Sk=O;$k<$N;$k++1 
[ 

$out->[$kl && printf DAT "\d \3d '3d U\n" , $mf->kij [$kl , $conv*$out->[$kl; 

Save to array fo~at file 

sub SaveArea 
[ 

my [$type,$dt,sper,$out) = @_; 
H convert volumes to rate per unit area 
# Convert areas to fraction (0-11 
my $conv = ($type =- /'A.W .. $/I ? l/SCellArea l/SCeIIArea/$dt; 
# Save data to file 
print DAT "I -l\n"; 
print OAT "INTERNAL 1. 0 (free) -1 STRESS PERIOD $per\n"; 
for (my Sk=O;$k<$N;$k++) 
( 

print OAT ' '.$conv*$out->[$k); 



l $k+ll\$Nj II print OAT "\n"; 

I 

# jhb notes ################################################# 
# read the input data f iles 
# jhb notes ########################################/I##N/I#### 

HHHHKK"HHHHHHHHHHHHHHKHHHHHHHHHHHHHHHHHHHHHHHH"HKHHHHHHKHHHHHHH"H"H"HHHHHHHHHHHH 
HHHHHHKHK Op~n data files and read headers and time- i nvariant va l ues HHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHH"HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
H 
H Read soil types 
H 
open(DAT,"<$input(solJ~J I I die "Cannot open file $input(sal}\n"; 
foreach my $k (1,21 
{ 

<OAT> I I die "Error reading $inputlsoll\n"; 

my holl ~ ReadCSVI'DAT,"$inputlsoll"l; 
H Map dead cells to zero and check soil type for active cells 
my $Na; H Number of active cells 
for {my SkzO;Sk<SN;Sk++1 
{ 

I 

H Dead cell => 0 
if {$ibound[$kl=-Ol 
I 

$soil(Sk] = 0; 
I 
H Check type 
elsif (! exists ISDryRechAdj {$.011 (Sk] I I I 
( 

die "Unknown soil type Ssoil(Sk]\n"; 
I 
H Count active cells 
else 
( 

$Na++; 

close {DATI; 
H 
H Read reduction factors 
H 
open{DAT,"<Sinput{redl"1 II die "Cannot open file $input{redl \ n"; 
H Gravity 
my @REDgr = ReadLine('DAT, "Cannot read REDgr from Sinput{redl" l ; 
{@REDgr>z$Npl I I die "Wrong count REOgr\ n"; 
H Sprinkler 
my @REDsp = ReadLine ('DAT, "Cannot read REDsp from S!nput{red )" I ; 
{@REDsp>=SNpl II die "Wrong count REDsp\n"; 
close I DATI; 
H Adjust to multiplicative factors with offset 1 
@REDqr = {undef,map {1-$ I @REDqr l ; 
@REDsp - {undef,map {l-S=1 @REOsp l ; 

H Read irrigation efficiency parameters and s oil properties 



my (leff,IDP,1Soil), 
open(DAT, "<Sinput(eff)") )) die "Canno t open f ile $input(eff )\n"; 
while (my $line ~ <DAT» 
( 

(Sline - - /"\w*H/) && next, Skip comments 
my (Sname, SEffGR,SEffSP, SDPin, SDPex, Swilt,$tc, $depth) = split l ' ',Slwe l ; 
Seff(Sname) - (GR->SEffGR,SP· >SEffSP,DPin=>SDPin,DPex=>SDPex), 
SSoil(Sname) - (wilt- >Swilt, capacity->Sfc,depth=>Sdepth) ; 

) 
c l ose I OAT) ; 

Read irrigation entities 

$x{ENT) ~ Open(Sinputlent), 'ENTITIES', 'ENTITIES', 'Fsp'); 
H Check data and set up entities poi nt er 
foreach my Sent 1@ISx(ENT)(DATA))) 
( 

SentISent->INAME)) = Sent; 
ISent->(TYPE) eq 'GW' ) I $ent->ITYPE) eq 'SW') 
IO<-Sent->(ETADJ) (SP) " Sent->IETADJ)ISP)<-1.5) 
IO<-Sent->IETADJ)(GR) && Sent->IETADJ)IGR)<=1.5) 

Create sorted list of all entity names 
my @name • sort keys lent ; 

H 

) I die "$ent->(NAME): Invalid type $ent->(TYPE)\n"; 
) ) die "Sent->INAME): ETADJ(SP) out of range Sent->(ETADJ) (SP)\n" , 
)) die "Sent->INAME): ETADJ(GR) out of range Sent->(ETADJ)IGR)\n" , 

H Read fixed point diversions, off-s i te pumping and diversions 
H 
Sx(FIX) - OpenISinputlfpt),'FPOINT','POINT', '0' ) ; Fixed point diversions 
Sx(OFF) = OpenlSinputloff) , 'POINT', 'POINT', '0'); Off-site groundwater pumping wells 
$xIDIV} ~ Open($lnputldiv), 'OIV', 'ENTITIES', 'Qd', 'Orl); Canal diversions and returns 
H Check that off-site wells are assigned t o legal surface water entit i es 
foreach my Swell 1@(Sx(OFF)(DATA))) 
( 

existsISentISwell->(NAME))) )) die "Unknown off-site pumping entity Swell-> (NAME )\n", 
ISent(Swell->(NAME))->(TYPE) eq 'SW') )) die "Off-site pumping entity Swell->(NAME ) is not SW \ n"; 

H 
H Read canals, tributaries and perched streams 
H 
Sx(CNL) - Open(Sinputlcnl), 'LINENT', 'LINE', 'FRAC' ) ; 
Sx(TRB) - Open(Sinputltrb), 'LINE','LINE ' ,'O'); M 
Sx(RIV) - OpenISinput(pch), 'LINE', 'LINE', '0' ) ; H 

Open array files 

Precipitation 
Irrigated ET 

Canals 
Tributary inflows 
Perched river cell s 

SxIPRE) - Open)Sinputlpre),'ARRAY'); 
Sx(ETI) = OpenISinputleti),'ARRAY'), 
$x(NIR) - Open($input(nir), 'ARRAY' ) ; 
$x(IAR) - Openl$input(iar), 'CELL' ) ; 

Recharge on non-irrigated l ands 
Irrigated acres by cell 

#jhbMtes################################################# 
# prior to here - reviewed code for ge~rol understanding of data structures used in the following code 



# this should continue to be checked, but the following code was 0 higher priority 
#jhb~t~################################################# 

KKKHHKKKK"H""HKH#HHHHHHHKHHK#KHHHHHHHH#K##HHHH#HH#K#KKHHKHKKH#K#"H##HKHHK#HHH"H# 
HKK#K#HHHHHHHHHH Process data for each transient stress period KHHHKHKHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHKHHHHHHHHHHHKHHHHHHHHHHHHHHH 

H Loop over transient stress periods * Results are saved in @sum and 'out so that steady state val ues can be ca l culated 
H Everything in this loop is a volume (or equivalently a depth appl~ed t o an area l 

# jhb ~tes #######################################t~#ti####### 
# create the output data structures - the @sum list and %out hash 
#jhb~tes################################################# 
my 'out ; H Output acres arrays 
my @sum; H Summary data 

# jhb ~t~ ################################################# 
# define the components of the MODFLOW cell net recharge calculations 
# jhb notes ################################################# 
my @net ~ ( ' WEL ' , ' SWR ', ' GWR ', ' PPT','CNL','TRB' ) ; H Arrays t hat ma ke up ne t recharge 
H Open output file for super simple 
if ($single>ll 
( 

I 

open (DAT , " >$output . net " ) 1 I die "Cannot open file $output.net\n" ; 
print OAT "$Na 0 NDPRINT\n" ; 

# jhb notes ################################################# 
# the big time step loop! 
# jhb notes ################################################# 
foreach my $per (1 .. SNpl 
( 

# jhb notes ################################################# 
# initialize output data structures - here it is the %out hash containing arrays 
# that affect the cell recharge calculations, plus 4 acreage arrays 
# set them to 0 
# jhb notes ################################################# 

H 
H Initial i ze output arrays for this stress peri od 
H 
foreach my Stype (@net,'ASWsp','ASWgr','AGWsp','AGWgr') 
( 

@($out($type l( $perll = (0 1 x $N; 

# jhb notes ti#tltHI########!t#J:i################################# 
# the NextO subroutine is a major piece of code, 
# with lots of special cases for each kind of input dota 
# so far has ~t been flow charted - jUst reviewed for general understanding 



# note that the ~.x hash is the major input data storage structure 
# jhb notes ################################################# 

# 
# Read data for this stress period 
H 
foreach my Svar (keys 'x) 
( 

Next($x($var),$per), 
) 

# jhb notes ################################################# 
# a little QAlQC - just some value checking 
# jhb notes ################################################# 

H Check canal seepage rates in (0 ,1 ) 
foreach my $cnl (@($x(CNL)->(DATA) ) ) 
I 

(O<-$cnl->IFRAC) && Scnl->(FRAC)<a l) II d i e · Cana l s eepage rate out of range $cnl->(NAHE) period Sper fraction $cnl->(FRAC)\n", 
) 

H Check that precip and irrigated ET are non-negative 
# Non-irrigated recharge may be negative 
foreach my $var ('PRE', 'ETl' ) 
( 

for (my Sk=O ; $k<$N;$k++) 
( 

defined l$xl$var)(DATA)($k}) && ($x($var)(DATA ){ Sk ) <0 ) && warn "Nega tive Svar period $per at $k: $x($varIiDATA)($k}\n", 

# jhb notes ##############UUJ.'I#!oi################1#####!oi#iUI##### 
# initialize output data structures - here it is the %sum hash containing summaries 
# jhb notes ################################################# 

H 
# Initialize summaries for this stress period 
H 

# is this a differ net var than the @sum above - or does the code below convert one to the other using contexts? 
my lsum; 
foreach my $name (@name) 
( 

) 

$sum($name) (Fsp) • $ent($name) - >IFsp), 
H Applied, recharge, consumptive use (ET) , area 
@{$surn{$name}) { ' APP ' , ' RCH ', ' ROF ', ' ET ', ' eIR ', ' BCU ', ' AREA ' J = (0 , 0 , 0 , 0 , 0 , 0, OJ : 
H For surface water entities, also diversion, seepage, returns, def~cit irrigation and soil moisture 
{Senti $name}->{TYPE} eq 'SW'} ,& {@{$sum{$name}}{ ' DIV', ' SEEP ' I 'RET ' , I DEFt, 'EXS', ISM'} "'" (0,0,0,0,0,0 ] ) ; 

# jhb notes ##############################!oi##iP############### 
# initialize output data structures - here it is the irrig cell acreages 
# jhb notes ################################################# 

H 
H Sum total irriga t ed area by entity 
H Sum sprinkler and gravity areas by entity by cell 
# Sum non-irrigated areas by cell 
H 
H Initialize active cells t o cell area, dead cells t o zero 



# cool· uses the ibound (active, inactive) array to init cell irrig acreage 
my @WonArea = map {$ ?$CellArea:OI @ibound; 
H Initialize irrigated area array for each entity to all zeroes 

# sets entity acreages to 0 
foreach my $name {@namel 
{ 

@{$iar{$namell ~ {Ol x SW; 

Loop over cells in irrigated area list 
my \IrrArea; 

# here is that %x hash data structure· key to everything 
# loop over the model cells in %x 

foreach my Scell {9{sx{IARI{DATAIII 
{ 

my Soff = Scell->{CELLI; 
H Loop over entities in that cell 

# loop through each entity ($name)· acreage pair associated with this cell 
while {my {$name , $areal s each \ {Scell-> {AREAl II 
{ 

H Adjusted sprinkler and gravity area 

# here is something key to remember· the total irrig acreage for this entity is split into two pieces by the entity's sprinkler fraction 
# i.e. its the same fraction over all cells in the entity. but a different fraction is read in for each time step 

my SAsp Ssum{Snamel{Fspl *SREDsp {Sperj*Sarea; H Sprinkl er Area . Sprinkler fraction * Sprinkler Reduction Factor * Area 
my SAgr ~ {l-Ssum{Snamel{Fspl)*SREDgr [Sper ) *Sarea; H Gravity Area . (l-Sprinkler fraction) • Gravity Reduction Factor * Area 

# take this away from the cell total acreage (note that doing this over and over will eventually leave nothing but the non irrig acreage left in @NonArea 
# see image 

H Remove irriga t ed a r eas from non-irrigated array 
SWonArea[$offj - . SAsp+$Agr; 

# not necessarily the same number because it could be reduced by reduction factor 
H Add irrigated area to this entity's irrigated area array 
Siar{Sname) (Soffj +~ $Asp+SAgr; 

# keep a total of this entity's total irrig acreage (see prev note) 
K Add irrigated ar~a to this entity's total area 
Ssum($narne) (AREA) +- SAgr+SAsp; 

# keep a total of the acreage in each cell irrig by this entity (see prev note) 
# not sure why this has to be +:7 ask willem • are there ever more than one assignment? 

H Add irrigated area to list of cells irrigated by this entity 
SIrrArea{Snamel{SPI($offl +- $Asp; 
$IrrArea{$name) {GRI {$offl +- SAgr; 

# same question 
H Add irrigated area to output array of irrigated area 
$out{ ' A' . $ent{$narne) - >{TYPE).'sp') [$per) ($offj +- $Asp: 
$out{ ' A'. $ent{$name)->{TYPEI.'gr'l ($per) [Soff) +- SAgr; 

# jhb notes ################################################# 
# handles SW deliveries 
# jhb notes ###################### #,',######################### 

H 



H Calculate total diversion, applied volume and seepage by surface irrigatlon entlty 
H sum holds totals by entity 
H DIV diverions (including off-site pumping) 
H APP applied water l including o ff-site pumping, excluding seepage) 
H SEEP canal seepage 
H 
H Applied = Diversion - Returns 

# i had to trust for now that the 'Y.x hash structure is correctly structured and data-loaded 
foreach my Sent (@(Sx(DIV)(DATA)) ) 
( 

my $name - $ent->{NAME)I 

# important line of code I zeroes out the return flows 
$EffRet && I$ent-> (Qr) K 0 ) 1 H Zero Qr when calculating returns 

# could the entity show up multiple t imes in this loop, and that's why it's a .+:" ? 
$sum($name} (DIV) +¥ $ent->{Qd) 1 
$sum{$name) IRET) +- $ent->IQr) ; 
$suml$name) lAPP) +- $ent->{Qd) - $ent- >IQr) 1 

Add off-site pumping IQ<O) 
foreach my Swell 1@ISx {OFF)IDATA))) 
( 

my $name = $well->{NAME} I 

# .-:" because its a negative 
Ssuml$name} (DIV) $well- >(Q)I 
$suml$name) (APP) - - $well->{Q); 

Subtract canal seepage 
foreach my Scnl 1@{$x ICNL){DATA)) 1 
I 

my $name - $cnl->{NAME}; 

# percent of entity SW div served by this canal * canal loss rate * entity total div 
# question - do we ever check that [SCALE]'s sum to 1 in the proprocessing? 

my $seep K Scnl->{SCALE)·$cnl->IFRAC)-$sum{Sname)(DIV)1 
$cnl->{SEEP) = $seepi 
$sum{$name){SEEP) +c $seepi 
$sum{Sname) (APP) -= Sseepi 

Calculate application rate for surface water entities 

foreach my $narne I@name} 
( 

Default value (Groundwater or error) 
Ssum{$name) (RATE) = 01 

# applic rate using APP value is not meaningful on GW entities because it is ONLY SW application 
H Surface water only (skip others) 
($ent{$name)->{TYPE) eq 'SW') )) nextl 
H Check application rate and irrigated acres 
($sum{$name)IAPP)<O) && (warn "Negative applied d~versions $name $sum($name){APP) period $per\ n" ) && next l 
($sum{$name){APP»O && $surn{Sname){AREA)<-O) && I$single ) I warn "No irrigated area $name period Sper \ n") && nextl 
H Application rate ¥ Volume / Area 
$sum{$name) (RATE) - ISsuml$name)IAREA»O ) ? Ssum{$name) (APP) / $sum{$name l {AREA) : 01 



# jhb notes ################################################# 
# now put deliv (cal above) and precip onto the entity SW and GWacreages 
# added up from the MODEL CELL data 
# jhb notes #############ti/l!UNJIII1!.JtI########################### 

* H Calculate and distribute applied water and precipitation on irrigated lands 
H 
H Loop over all irrigation entities 

# remember the IrrArea hash should have all the entities in it now 
foreach my $name (sort keys IIrrArea , 
( 

H Get a pointer to the entity t o make the equations simpler 
my Sent - SentlSnamel; 
H Distribute to sprinkler and gravity lands 

# remember these were split out using the GW fraction 
f oreach my $type ( ' SP ', ' GR' ) 
( 

# there could be multiple pairs of values (cell ID and acreage) for each entity and type 
H Loop over cells 
while (my (Soff,Sarea ) - each '( $IrrArea ($namel I$ type l I I 
( 

my $rch - 0; H Recharge 
my $deficit = 0; H CIR deficit 
my $excess = 0; H CIR excess 
my $runoff = 0 ; # Surface runoff 
my $SHchng = 0; H Change in soil moisture 

# ET is the ENTIRE irrig ET for this CELL (and this time period, r ight out of the ETI input data) times the adjustment for this entity for this TYPE (GW or SW) 
# assumeS this is a depth only over the irrig acreage (not averaged over the whole cell) - question - is this right? 

my $ET - $ent->(ETADJll$type) • $x(ETIl (DATA) [$off ) ; H Adjusted ET 

# PRECIP is the precip depth for this cell 
my $ppt - $x(PREI(DATAII$off]; H Prec1p 

# therefore CIR is a depth over only the irrig acreage 
# IMPORTANT TO NOTE: we are using a CELL CIR (depth) and do not consider each entity's acreage separately - in this cell, they all use the same CIR depth 

my $CIR - $ET-Sppt ; ~ Crop Irrigati on Requ i rement 

# assume we now have a correct CIR depth for this cell (and time step) 
H Groundwater irrigation 
H Net Recharge = Preci p - Adjusted ET = -CIR = Recharge - Pumping 
H Pumping = CIR / Irrigation Efficiency 
H Recharge = Precip + (l-Irrigation Efficiencyl·Pumping 

# if this entity is a GW entity, then calculate pumping as a depth, too = eIR/eft and recharge is a depth = pumping-CIR 
1f ($ent->{TYPEI eq ' GW'I 
( 

my $pmp = $CIR>O ? $CIR/$eff($namel{Stypel : 0; H CIR/Eff 
$rch - $pmp-$CIR; H Pumping - CIR 
H 

# ok now - make these depths into volumes by mult by the area for this entity. then add it to the cell's output arrays (%out) 
H Groundwater recharge f or the cell i s the rate time area 
$out(GWR) [$per) [Soff } +% Srch·Sarea; 
H Groundwater pumping for the cell is the rate time area 
SoutIWEL} [Sper} (Soff ) - - Spmp·Sarea; 
H Add pumpi ng t o appl i ed water t otal f or ent i ty 



Ssum{Sname){APP) +- Spmp*Sarea; 
) 

# if this entity is a SW entity, and we are using the Max form eft method ... 
H Surface water irrigation using Maximum Farm Effic iency method 
H Net Recharge • Precip + Appli cation - Adjusted ET - Application - CIR 
elsif (SMaxEff ) 
{ 

M Calculate excess irri ga t i on or deficit 

# note that previously the application volume (APP) was converted to a RATE - which in this case is equiv to a depth 
# so therefore it is OK to subtract eIR (also a depth) from it 

my sover z Seff{Sname) (Stype)*Ssum{Sname) {RATE)-SCIR; 

# note that these are based on the EFFICIENT (effciency applied) HEADGA TE (and co no I losses already removed) delivery compared to the CIR 
Sexcess = (Sover>O) ? +Sover 0; 
Sdeficit - ($over<O) ? -Saver : 0; 
H Adjust for soil moisture 
if (SSM) 
( 

) 

H Initialize soil moisture to field capacity on first occurrence 
deflned{SSoll{Sname) (Stype){$off)) )) ISSoll{Sname){stype){Soff) = SSoll{Sname) (capacity)); 
H Soil moisture source 
my SSMsrc = SSoil{Sname) Idepth)* (SSoil{Sname) (Stype) {Soff)-SSoil{Snam e)lwilt)); 
H Soil moisture sink 
my SSMsink = SSoil{Sname) (depth)* (SSoil{Sname) {capacity)-SSoil{Snam e){Stype){Soff) ) ; 
H Deficit irrigation may take water from soil moisture 
if ISdeficit>O && SSMsrc>O) 
( 

SSMchng = ISSMsrc<Sdeficit) 
Sdeficit +- SSMchng; 

-SSMsrc : -Sdeficit; 

Irrigation excess may sink water to soil moisture 
elsif ISexcess>O && SSMsink) 
( 

SSMchng • ISSMsink<$excess) ? SSMsink : Srch; 
Sexcess -~ $SMchng; 

Ad j ust soil moisture array 
$Soil{Sname) (depth) , , die " Invalid soil depth Sname\n"; 
$Soil{Sname){Stype){Soff) +- SSMchng/SSoil{Sname) (depth); 

# the heart of the max effic farm budget - see images based on these equations 
H Recharge is the sum of initial and excess deep percolation 
Srch - Seff (Sname H OPin) * (1-Seff (Sname) (Stype) , *Ssum{ Sname) (RATE) + Seff (Sname) (OPex) +Sexcess; 
H Runoff is the sum of initial and excess surface runoff 
$runoff • (1-Seff{Sname) (OPin ) ) * (I-seff{Sname) (Stype) ) 'Ssum{Sname) IRATE) + (1-seff($name) {OPex))*Sexcess; 

# convert the depth to a volume, mult by area 

) 

H Surface water recharge far the cell ~s the rate t i me area 
Sout{5WR) I$per) I$off) += srch*$area; 

# espom 1.1 
H Surface water irrigation using ESPAM 1.1 method 
H Net Recharge = Preci p + Application - Ad j usted ET • Application - CIR 
else 
( 

Srch • Ssum{Sname) (RATE) - SCIR; H Application - CIR 
K Surface water recharge for the cell 1s the rate time area 



Sout(SWRI/Sper) ISoff) +. Srch'Sarea; 
I 

# convert all these depth values to volumes for this entity and store them 
H Accumulate t otals f or the ent i ty 
$sum(Sname} (ET) +- Sarea'SET; 
SsumISname}(CIR} +~ Sarea'SCIR; 
Ssum(Sname} {RCH} +c Sarea'Srch; 
ssumlsname} {ROF} += Sarea'Srunoff; 
Ssum(Sname} (DEF) += Sarea'Sdeficit; 
Ssum(Sname} (EXS) +. Sarea'Sexcess; 
ssum/Sname} ISM} += $area'$SMchng; 

# This is the actual CU (incl water to soil moisture) from surface sources as written 
# question - is this what was intended? 

$sum{$name} {BCUI +- Sarea' {SCIR-Sdeficit+(SSMchng>O?SSMchng:OI}; 

} 

# jhb notes ################################################# 
# now calculate the other (non irrig) components 
# jhb notes ################################################# 

# non irrig acreage - uses a precip adj based on soil type (not ET) 

Precipitation on non-irrigated lands 
Recharge = Soil Type Adjustment * Rate • Area 

for (my Sk-O;Sk<SN;Sk++) 
( 

ISNonArea/Sk)<O) && warn "Negative Non-Irrigated Area Sper Sk SNonArea/Sk)\n"; 
H Skip dead cells and cells fully irrigated 
{SsoiIISk)-=O I I SNonAreaISk)<=O} && next; 
H Adjust precipitation rate for soil type 
my Sppt - SDryReehAdjlSsoillskj} • Sx(NIR}(DATA}ISk); 
H Precipitation recharge is rate time non-irrigated area 
Sout(PPT}ISperj ISk) += Sppt' SNonAreaISk}; 
H Accumulate total precipitation recharge and non-~rrlgated area 
SsumINONIRR} (APP) +~ Sppt'SNonArea/Sk); 
SsumINONIRR}IAREAI += SNonArea/$k); 

Fixed point and off-site adjustments 

my ladj - { 
W -=-=> 'PPT' Wetland correction applied to non-irrigated precip recharge 

Deficit irrigation correction applied to irrigation return flows 
Exchange pumping 

R => 'SWR ' , 
E -> 'WEL I , 
M => 'WEL ' , Mud Lake pumping 
0 -> 'WELl , Off-site pumping 
I; 

foreach my $grp ( t FIX I, I OFF' ) 
{ 

# Loop over the locations 
foreach my Sloe leISx{SgrpIiDATA}}} 
( 



Array to adjust 
my $type z $loc->(T¥PE); 
exists ($adj ($type)) )) die "Unknown fixed point type $type for $loc->{NAME)\n"; 
H Magnitude of adjustment (WetAdj is a global and is currently 1 so this does nothing) 
my $q = ($type eq 'W' ? $WetAdj : 1) • $loc->(O); 
H Accumulate adjust~nt to output array 
$out{$adj($type)) ($per) ($loc->(CELL)) +z $q; 
H Accumulate magnitude of the adjustment 
$sum(ADJ) ($type) _z $q; 

Distribute canal seepage 
Amount is calculated based on diversion above 

Loop over canals 
foreach my Scnl (@{$x{CNL){DATA))) 
( 

H 

H Distribute uniformly over cells 
my $q z $cnl->(SEEP) / @($cnl->(CELL)); 
H Add rate to cells 
foreach my $cell (@{$cnl->(CELL))) 
( 

$out (CNL) ($per) ($cell) +- $q; 

H Distribute tributary underflow and perched river recharge 
H 
foreach my $type ('TRS', 'RIV') 
{ 

Loop over entities 
foreach my sent (@{$x{$type){DATA))) 
( 

Distribute uniformly over cells and apply scale factor 
my $q = $ent->(SCALE) • $ent->{O) / @($ent->{CELL)); 
H Add rate to cells 
foreach my $eell (@($ent->{CELL))) 
( 

$out(TRB) ($per) ($cell) +- $q; 

Calculate application rate for groundwater water entities 

foreach my $name (@name) 
( 

Groundwater water only - skip others 
($ent{$name)->(T¥PE) eq 'GW') ) I next; 
H Check irrigated acres 
($sum($name) {APP»O && $sum($name) (AREA)<-O) && (warn "No irrigated area $name period $per\n") && next; 
H Application rate • Volume / Area 
$sum($name) (RATE) = ($sum($name) (AREA»O) ? $sum{$name)(APP) / $sum{$name) (AREA) : 0; 



Summarize results by GW/SW 

foreach my $name (@name) 
I 

) 

my $type = $entl$name)->ITYPE); 
$suml$type) lAPP) += $sumISname)IAPP); 
$sumlStype) lET) += $suml$name)IET); 
$suml$type)ICIR) +- $sum(Sname)ICIR); 
$sum($type) (BCU) += $suml$name)IBCU); 
$suml$type)IRCH) += $suml$name)IRCH); 
SsumlStype)lROF) +- $suml$name)IROF); 
SsumlStype)lAREA) += $suml$name)IAREA); 
# Surface water only variables 
if I$type eq 'SW' I 
I 

$sum($type) IDlY) += $suml $name) I DIY); 
SsumlStype) IRET) += $sum($name)IRET); 
$suml$type) (SEEP) += $sum( $name) I SEEP); 
$sum(Stype) IDEF) += $suml$name) IDEF); 
$sum($type) IEXS) += Ssum I $name) I EXS ) ; 
$suml$type)ISMI += $suml $name) ISM); 

Sum sprinkler area 
$suml$type) (Fsp) += $suml$name)IFsp) • Ssuml$name)IAREA); 

n Compute sprinkler fraction by type 
$sumISW)IFsp) = $sumISW) I AREA) ~ $sumISW)(Fsp)/$sumISW)IAREA) 0; 
Ssum(GW)IFsp) = Ssum(GW) I AREA) ~ $sumIGW)IFsp)/SsumIGW)(AREA) 0; 
n Compute average application rate 
fcreach my Stype ('SW','GW','NONIRR') 
( 

$sum(Stype)IRATE) = Ssuml$type)IAREA) SsumlStype)IAPP)/SsumlStype)IAREA) 0; 

Calculate irrigation efficiency ICIR/Applied) 

fereach my Sname ('SW','GW',@name) 
I 

$sumISname)IEFF) = l$suml$name)IAPP»O && $suml$name)IBCU»O) 

n 

$suml$name)IBCU) / $suml$name) lAPP) 0; 

H Calculate net recharge 
M Net z Non-irrigated precip + Surface Recharge + Groundwater Recharge + Canal Leakage + Tributaries - Pumping 
n 
for (my Sk=O;$k<$N;$k++) 
I 

foreach my $type I@net) 
I 

$outlNET) ($perl [$kl += SoutlStype) [Sperll$k[; 

If single stress no steady state save to file an forget all arrays 
if l$single>11 
I 

SaveCelll'NET'.$dt[$perl.$per.$outINET) [$per)); 



%out = II; 

If single stress out forget the other arrays to save memory 
elsif I$singlel 
( 

foreach my $type (keys 'outl 
( 

I$type eq 'NET'I I I I$out($typell$per) = undefl; 

Save summary values for this period 
Ssum(Sper) = \'sum; 

HKHHKHHKHKHHHHKHHHKHHKHHHHHKHHHHHHHHHKKHHHKHHKKKKKHKHHHKHHHHHHHHHHHHHKHHKHKKHKHH 
HKKKKKHKHHHKKKHHHKHKHHKH Save results to output files KKKHHKHHHHKHHHHHHKKKHKKH 
KKHKKHHKHHKKKHHKHHHHHHKHHHHKHHHKKKKHKHHHHH#HHHH#H#H##HH#HHHHHHHKH#K##KHHH##HHHKK 

Select just the net recharge array, or individual components for output 
my Gout = l$single-~l) ? ('NET'I : Ikeys 'out); 
# Loop over output files 
foreach my $type (@out) 
( 

# 
# Calculate steady state totals for each cell 
# These are volumes so just add them up 
H 
foreach my $per I@ss) 
( 

for Imy $k=O,Sk<$N;$k++) 
( 

$out ($type) (0) [$k [ += $out ($type) I Sperl I $k) ; 

my $file = $output.·.·.lc($type); 
open(OAT , ">$file") II die "Cannot open file $file\n"; 
if ($type eq 'WEL' I I $single && $type eq 'NET') 
( 

Maximum is all active cells 
print OAT "$Na 0 NOPRINT\n"; 
H Loop over stress periods (Steady State + Transient) 
foreach my $per I$NpO .. $Np) 
( 

SaveCell($type,$dt[$per),$per,$out($type)($per)I; 

Array format 
else 
( 

H Recharge to layer 1 
print DAT "1 O\n"; 
H Loop aver stress periods (Steady State + Transient) 
foreach my $per ($NpO .. $Np) 
( 

SaveAreal$type,$dtl$per),$per,$out($type) [$per)); 



close (DATI, 

END HERE on -555 (minimal output - useful for PEST runs ) 
($single>21 " exitl 

H 
# Save service areas to file if requested (-a flag) 
# 
if ($args(a)) 
( 

foreach my $name (keys liar) 
( 

open(DAT , ">$name.dat") I I die "Cannot open file Sname.dat\n": 
print OAT "$name\n"; 
for (my $k=O:$k<$N:$k++j 
{ 

print OAT ' '.$iar($name}{$kj/43560: 
($k+lll$Nj II print OAT "\n", 

# 
H Return period 
# 
sub date 
( 

my ($perl - @ ; 
return wantarray() ($per>$Np70:$per,$date($perj) 

Return data for period and entity 

sub data 
( 

my (Sname,Sper) - @ ; 
H Unit conversions-

($per<l I I $per>$Np "<td align-left colspan=2>$date(Sperj</td>" "<td>$num(Sper]</td><td align-left>$date($perj</td>"); 

my 'units - (DIV->1/43560,SEEP=>1/43560,RET=>1/43560,ROF=>1/43560,APP->1/43560,ET=>1 / 43560,CIR->1/43560,DEF=>1/43560,EXS=>1/43560,SM=>1/43560,RCH=>1/43560,AREA->1/43560,W=>1/43560,R=>1/ 
43560,E->1/43560,M=>1/43560,O->1/43560, Fsp=>100,RATE=>1 2,EFF->lOO): 

# Print format. 
my Hmt = 
(DIV->t'd',SEEPz>"d',RET=>"d',ROFz>"d',APP~>'\d',ET->'\d',CIRz>'\d',DEF·)'\d',EX5Z)'\d',SM=>'td',RCH->'\d',AREAz>'\d',Wz>'\d',R->'\d',Ez)'\d',M=>'ld',O->'\d',Fsp:>'l.lf',RATE->".2f',EFFz>'\, 

If') , 
H Surface water entity (has diversions) 
my @var; 
if (exists (Ssum($perj (Sname)(DIV])) 
( 

@var ::a ('DIV' I 'SEEP', 'RET' I 'ROF', lAPP', lET' I 'eIR' I 'DEFI I 'EXS' I 'SM' I tRCH' I 'AREA' I 'Fsp', 'RATE', 'EFF'); 
) 
H Groundwater entity (has ETI 
elsif (exists ($sum(Sperj ($name) (ET) )) 
( 

@var - ('APP', 'ET','CIR','RCH', 'AREA','Fsp','RATE','EFF'); 

Non-irrigated areas (has "applied" water) 
elsif (exists($sum($perj ($name)(APP)j) 
( 

@var - ,'APP', 'AREA' I 'RATE'); 



H 

Adjustments 
else 
1 

@var· ('W','R','E','M','O'); 

Return array of values or HTM string 
foreach my Svar I@var) 
1 

definedISsumISperjISname)ISvar)) I 1 warn ·Undefined Sper Sname Svar\n": 

return wantarray() lmap ISunitslS )*Ssum[SperjISname)IS II @var) 
joinl",map Isprintf "<td>Sfmt(S_J</td>" , Sunits(S_J*SsumISperJISnameJ(S_)J @var); 

H Calculate average rates for summary tables 
H To show this as an annual rate, these need to be weighted 
H 
sub Average 
1 

my ISPer,@per) = @_: 
my SOt~O: 
foreach my Sper I@perl 
1 

SOt +- Sdtlsperj; 

my SF - 365.25/S0t; 
foreach my $name (@name,'GW','SW','NONIRR','ADJ') 
1 

foreach my Sper (@perl 
1 

my Sf - SdtISperj/SOt: 
H Time weighted areas 
my SAt = exists(SsumISperjISname)IAREA)) 7 Sf*Ssum(Sperj ISname)IAREA) 0; 
foreach my Svar (keys tISsumlsperj(SnameJJ) 
( 

if Isvar eq 'AREA') 
1 

SsumlSPerjlSnameJIAREA) += SAt; 
) 
elsif (Svar eq 'Fsp'J 
1 

SsumISPerj(SnameJ(Fspj +- SAt· Ssum[Sperj(Sname)(Fsp); 

else 
1 

SsumISPerjISname)(SvarJ += SF*SsumlSperj (SnameJ(Svar); 

Compute sprinkler fraction 
exists 1 Ssum[SPerj 1 Sname} (F,p)) && (S,uml SPerj (SnameJ 1 F,p) - S,um[$Perj (Sname) (AREAl 7 $,uml SPerj ($name) (F,p) 1$,um[SPerj ($name J {AREA} : 0); * Compute average application rate 
existsl$sum[$Perjl$name}(RATE)1 && (S,umlSPerj ISname) (RATE) = Ssum[SPerj(Sname)(AREAj 1 Ssum[SPerj(Sname)(APPj/Ssum(SPerj(Sname)(AREAJ : 0); 
H Calculate irrigation efficiency (CIR/Applied) 
exists(Ssum[SPerj(Sname}IBCU)) && (Ssum[SPerj(Sname)(EFF) - (Ssum[SPerj(Sname}(APPJ>O && Ssum[SPerjl$name)(BCU»O) 1 SsumISPerjISname)(BCU) I $sum[SPerj (Sname) (APP) 01; 



Steady State 
Average 10 , @ssl; 
Average(SNp+l , 1 .. SNpl; 
Snum[$Np+l) z '--'; 
SdateISNp+l) - 'Average'; 

Headers for SW, GW and adjustment 
my lhdr; 
@(Shdr(NONIRR)1 = map ("<th>S_</th>"I I'Volume<br>lafl', 'Acres','Rate<br>linchesl 'I; 
@IShdr(SW)) = map ("<th>S </th>") 
('Diverted<br>(af)', 'Canal<br>Seepage<br> (af) ','Returns<br>{af) " 'Runoff<br>(af)', 'Applied<br>Water<hr> (af) "'ET<hr>laf) " 'CIR<br>{af) "'Irrigation<br>Deficlt<br>(af) ','Irrigatlon<br>Excess<br>( 
af)','Soil<hr>Moisture<br>{af)', 'Recharge<hr> (afl " 'Acres', 'Sprinkler<hr>("', 'Application<hr>Rate<br>(lnches}', 'Efficlency<br>(\)'); 
@($hdr(GW)) = map (w<th>$ </th>") ('Total<br>Pumping<br>(af)','ET<br>(af)','CIR<hr>(afl " 'Recharge<br>laf) "'Acres', 'Sprinkler<br>(\) "'Application<hr>Rate<br> ( inches)', 'Efficiency<br>(\)'); 
@IShdr(AOJ)) = map ("<th>S=</th>") I'Wetland<br>Correction<br>(af)', 'Deficit<br>Irrigation<br>laf) ','Exchange<br>Pumping<br >laf)','Mud Lake<br>Pumping<br>lafl', 'Off-site<br>Pumping<br>lafl'); 

Print header and column numbers 
my SKzO; 
sub Header 
{ 

my ISn,@hdrl = @_; * Header 
print HTM "<tr>".join{tt,map (@hdr) (1 .. $n))."</tr>\n"; 
H Column numbers 
print HTM "<tr align-center>"; 
for (my Sk=O;Sk<Sn'@hdr;Sk++) 
( 

printf HTM "<td> ltd) </td>" , HSK; 

print HTM "</tr>\n"; 

Save summary information to HTML tables 

openfHTM,">$output.htm"} J I die "Cannot open file $output.htm\n"; 
print HTM "<html><body>\n"; 
print HTM "<Hl>Sinput: SSWM(SSWM)</Hl>\n"; 
print HTM "<H3>Stitlel</H3>\n"; 
print HTM "<H3>Stitle2</H3>\n"; 

Definition table 

print HTM 
print HTM 
print HTM 
print HTM 
print HTM 
print HTM 

print HTM 
print HTM 
print HTM 
print HTM 
print HTM 
print HTM 
print HTM 
print HTM 

"<p><table border>\n"; 
"<tr><th colspan=3>Non-Irrigated Land</th></tr>\n"; 
"<tr><th>Variable</th><th>Oescription</th><th>Source</th></tr>\n"; 
·<tr><td>Volume</td><td>Volume of non-irrigated recharge</td><td>soil factor * precip * non-irrigated area</td></tr>\nN; 
"<tr><td>Acres</td><td>Non-irrigated acres</td><td>Unused .IAR</td></tr>\n·; 
"<tr><td>Rate</td><td>Average non-irrigated recharge</td><td>Volume/Area</td></tr>\n"; 

N<tr><th colspan-3>Groundwater Irrigated Land</th></tr>\n"; 
"<tr><th>Variable</th><th>Description</th><th>Source</th></tr>\n"; 
"<tr><td>Total Pumping</td><td>Total pumping</td><td>CIR/Efficiency</td></tr>\n"; 
"<tr><td>ET</td><td>Evapotranspiration</td><td>.ETI'ETadj'Area</td></tr>\n"; 
"<tr><td>CIR</td><td>Crop Irrigation Requirement</td><td>ET-PPT</td></tr>\n"; 
"<tr><td>Recharge</td><td>Deep percolation to groundwater</td><td>Total Pumping - CIR</td></tr>\n"; 
N<tr><td>Acres</td><td>Groundwater irrigated acres</td><td>.IAR*reduction factor</td></tr>\n"; 
"<tr><td>Sprinkler</td><td>Sprinkler irrigation percentage</td><td>.ENT sprinkler fraction</td></tr>\n"; 



print HTH "<tr><td>Application Rate</td><td>Groundwater irrigation application rate</td><td>Total Pumping/Area</td></tr>\n"; 
print HTH "<tr><td>Efficiency</td><td>Groundwater irrigation efflciency</td><td>CIR/Total Pumping</td></tr>\n"; 

print HTM "<tr><th colspan-3>Surface Water Irrigated Land</th></tr>\n"; 
print HTM "<tr><th>Variable</th><th>Description</th><th>Source<1th></tr>\n": 
print HTM "<tr><td>Diverted</td><td>Total Diversion</td><td>.DIV diverslons</td></tr>\n"; 
print HTM "<tr><td>Canal Seepage</td><td>Canal Seepage</td><td>.CNL fraction * .DIV diversions</td></tr>\n": 
if ($EffRet I 
( 

print HTM "<tr><td>Returns</td><td>Canal returns</td><td>NA</td></tr>\n": 
print HTM "<tr><td>Runoff</td><td>Surface runoff</td><td>Surface runoff</td></tr>\n"; 
print HTH "<tr><td>Applied Water</td><td>Applied surface water irrigation</td><td>.DIV diversions - Canal Seepage</td></tr>\n"; 

elsif ($MaxEffl 
( 

print 
print 
print 

else 
( 

print 
print 

HTH 
HTM 
HTH 

HTH 
HTH 

"<tr><td>Returns</td><td>Canal returns</td><td>.DIV returns</td></tr>\n"; 
"<tr><td>Runoff</td><td>Surface runoff</td><td>Surface runoff</td></tr>\n"; 
"<tr><td>Applied Water</td><td>Applied surface water irrigation</td><td>.DIV diversions - Canal Seepage - Returns</td></tr>\n"; 

"<tr><td>Returns</td><td>Canal returns</td><td>.DIV returns</td></tr>\n"; 
"<tr><td>Runoff</td><td>Surface runoff</td><td>NA</td></tr>\n"; 

print HTH "<tr><td>Applied Water</td><td>Applied surface water irrigation</td><td>.DIV diversions - Canal Seepage - Returns</td></tr>\n"; 

print 
print 
print 
print 
print 
print 
print 
print 
print 

H 

HTM 
HTM 
HTH 
HTH 
HTH 
HTH 
HTM 
HTH 
HTH 

"<tr><td>ET</td><td>Evapotranspiration</td><td>.ETI·ETadj·Area</td></tr>\n"; 
"<tr><td>CIR</td><td>Crop Irrigation Requirement</td><td>ET-PPT</td></tr>\n"; 
"<tr><td>Irriqation Deficit</td><td>Unmet CIR</td><td>". I$MaxEff7"CIR - Efficiency· Applied Water":"NA"I."</td></tr>\n"; 
"<tr><td>Irrigation Excess</td><td>Irrigatlon more than CIR</td><td>". (SMaxEff7"Efficiency • Applied Water - CIR":"NA")."</td></tr>\n"; 
"<tr><td>Soll Moisture</td><td>Change in Soil Moisture</td><td>". (SSM'?"Deficit(-) or Excess 1+) Irrigatlon":"NA")."</td></tr>\n"; 
"<tr><td>Recharge</td><td>Deep percolation to groundwater</td><td>". (SMaxEff?"DPin+Efficiency·Applied + DPex+Excess":"Applied-CIR")."</td></tr>\n"; 
"<tr><td>Acres</td><td>Surface water irrigated acres</td><td>.IAR*reduction factor</td></tr>\n"; 
"<tr><td>Efficiency</td><td>Surface water irrigation/system efficiency</td><td>(CIR-deficit+increase in soil moisture}/Applied Water</td></tr>\n"; 
"</table>\n"; 

H SUJmIary table 
H 
print HTM "<p><table border>\n"; 
H Entity names 
printf HTM "<tr><th rowspan-3 colspan=2>Period</th>". 

"<th colspan-\d>Non-Irrlgated Land</th>". 
"<th colspan-\d>Groundwater Irrigated Land</th>". 
"<th colspanz\d>Surface Water Irrigated Land</th>". 
"<th colspan-\d>Adjustments</th></tr>\n" • 
scalar(@($hdr(NONIRRIII • scalar(@($hdr(GWIII • scalar(@($hdr(SW}11 • scalar(@($hdrIADJIII; 

H Header 
Header(l.@($hdr(NONIRRII.@($hdr(GWII.@($hdrISWII.@I$hdr(ADJIII; 
M Data 
my ecol = ('NONIRR','GW','SW', 'ADJ'); 
foreach my $per I$NpO .. $Np+ll 
( 

print HTH "<tr align-right>" .date I$perl . join (' , • map (scalar (data ($_, $perlll @coll."<itr>\n"; 

print HTM "</table>\n"; 

SW and GW tables 



foreach my $type (IGW',ISW') 
( 

Columns per entity 
my Sn - scalar{@{Shdr{Stype))); 
H Get names of all entities of this type 
my @names - grep (Sent{$_)->{TYPE) eq $type) @name; 
push @col , @names; 
H Swmnary table 
print HTM "<p><table border>\n"; 
H Entity names 
printf HTM "<tr><th rowspan-3>Entlty</th><th colspan~$n>Average Values by $type Entlty</th></tr>\n"; 
H Header 
Header{l.@{$hdr{$type))); 
H Data 
foreach my $name {@namesl 
( 

print HTM "<tr alignzright><td align~left>$name< /td>".data($name,-l)."</tr>\n"; 
) 

print HTM "</table>\n"; 
H Generate moderate width tables 
while (@names>O) 
{ 

my @name c splice @names , 0 , $groupi 
print HTM "<p><table border>\n"; 
H Entity names 
printf HTM "<tr><th rowspan-4 colspan-2>Period</th>". joint ... map ("<th colspan-$n>$_ SentI $_IITEXT)</th>") @name). "</tr>\n"; 
H Parameters by entity 
print HTM "<tr>"; 
foreach my $name I@name) 
( 

print HTM "<th colspan-$n>ET Adjustment: Sprinkler $ent{$name)->(ETADJ)ISP) Gravity $ent{$name)->{ETADJ) (GR)"; 
$HaKEf! && print HTM "<br>Maximum Efficiency : Sprinkler Seffl$name)(SP) Gravity $eff($name)IGR)"; 
$HaxEff && print HTM "<br>Deep Percolation Fractions : DPin $eff{$name){DPin) DPeK $eff{$name){DPex)"; 

SSM && printf HTH "<br>Field Capacity SSoill$name) (capacity) Wilting Point $Soill$name){wilt) Root Depth $Soill$name) (depth) feet<br>Soil moisture reservoir \.2f inches" • l2*I$Soill$name) 
(capacity)-$Soil{$name) (wilt)) *SSoill$name) (depth); 

print HTH "</th>"; 
I 
print HTM "</tr>\n"; 
H Header 
Header{scalar{@namel.@{$hdr{$type))); 
H Data 
foreach my $per ($NpO .. SNp+l) 
( 

print HTM "<tr alignzright>".date($per) .join{" ,map (scalar(data($_,$per))} @name}."</tr>\n"; 
) 
print HTH "</table>\n"; 

print HTM "</body></html>\n"; 
close IHTH); 

Save summary information to table for plotting 

open (OAT, ">$output.dat"1 I I die "Cannot open file $output.dat\n"i 
foreach my Sper ISNpO .• SNp+l) 
{ 

printf OAT "3d' , $peri 
foreach my Sval (map (data($_.$per)) @col) 



.' 

printf DAT ' %10.2f' , $val; 

print DAT "\n": 

close I OAT) ; 

H 
H Save runoff to ASCII table 
H 
my @SW ~ grep I$entl$ )->ITYPE) eq 'SW') @name; 
open I OAT, ">$output.rfI"1 I I die "Cannot open file $output.rfl\n": 
print DAT "H Period "; 
foreach my $name I@SW) 
I 

printf OAT I \10s' , $name; 

print DAT "\n"; 
foreach my $per I$NpO •. $Np+l) 
I 

printf DAT "3d \-125' , datel$per); 
foreach my $val (map I$sum[$per] 1$_)IROF)/43560) @SW) 
( 

printf OAT ' %10.2f' , $val; 

print OAT n\nn; 

close (OAT) ; 


