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VOLUME2  I

INTRODUCTION

Voluule2 is a program to c.ilculate the unount of water available in storage  within a 2 mile
I

ri`(lius circle from  a given location.  The program uses data stored in two sepiirate files to do this; n
I

.iiitur{\tcd  (hickness dnm file and i` water rights data file.   The satura(ed thickness file lms il v:llllc
I

{`ssigned  for every section  in  the distrii`t.   The w:iter rights file is set `ip fas a bimry file with e:lc`h

wi\tc`r  right  i\L`tligni-(I  :`n  x.y ctrordimi(e  wi(hin  (he  K{ins:Ls  smte  pi`raiiicters.

To runtthe progr:im the l`ollowing four panmcters must be defined:
I  I.   Loc:`tion or the qiiiirter `se.`tion  (township, runge,  section, qu:irter section)

12.   Porosity (default  is 0.20)
3.   Si\tiiril(ed  (hickness di\ta file  (default is sathick.d:lt)*

14.   Water rights data file (defuiil( is w(trght.da()*

*  Note!   These files must be lcx;ated on the sflme floppy or hard disk as Volumc2.

I

Given these input datii.  Volume2   will  generate (he results calculated for the sixteen  I() ;`crc
I

loc`:ltions in  thq specified qil:irtcr section.   Qudner se.`tions are  lettered  by the following convciltioll:

For cxiiniple, if the given qu.irter is 4S 38W 3A,  Voliime2 will calc`ulate the results for the following
I

poillts:
I

4S 38W 3 AAA                   4S 38W 3 AAB                  4S38W3 AAC                   4S38W3 AAD
4S 38W'3 ABA                  4S 38W 3 ABB                  4S38W 3 ABC                  4S 38W3 ABD
4S38W13 ACA                   4S38W3 ACB                  4S38W3ACC                   4S38W3 ACD
4S38W,3 ADA                  4S38W3 ADB                  4S 38W3 ADC                   4S 38W3 ADD
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An ilddlitional  I)rogram retiiiircd  I.or rumiing  Volumc2  is LEOBASE.DAT.   This progrl`m  is

Llsi`tl  in  tlic con'version  of. the  townsliip  {ind  riiiige data  ill(o  x,y coordinate  lcx=il(ions.
I

LEOBASE.DAT niust  be  loci`ted on  the siinie  floppy or h:urd disk fas Volume2.   This  program  wits
I

rtrovitli-d oil  thf .`i`me disk :is the other retiuired prognims.   For more infomi:\tion reg:irding

LEOBASE.DAT,  see dssociiited  Kansfls Geologiczil Survey documents.

OU.]'PUT DATA

The  bus'ic data for the `iixtcen  I() acre loc`tllions will  be  stored  in n file called
I

VOLUME.OU+.   The output d:itii will con``ist ol` thrcc coliimns;  the first being the section,
I

inclllding the location  within the quarter section (for eximiple AAA), the second beiilg the :lmount

of water in storage in the two mile riidius circle centered on that  I() acre location,   :md the third is

the .`llm of the individual water rights alloca(ed wi(hin that circle.   Volume in storage and water

rights cl:ltd are given  in  acre-feet.

I

The second output file is c€`lled THICKNESS.OUT, and provides a method to review
I

\\'llich  sections  are  involved  in  the siLtur{ited  thickness calculations :ind  wh{it  perceilt{`ge  of their :lrc:\
I

is inside the 2 n|ile radius circle.  The file shows (for each of the sixteen  10 acre locations):

column  I ; the 81  sections under consideration*, column2; the acres of overlap of each section by

the circle, coluinn3;   the percentage of the section within the circle, and, column4;   the associated

s{`turflted thickness.   The sum of (column2*column4*porosity) for the 81  sections should equ.1l tlle
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value given for that quarter section in VOLUME.OUT.  *Note that these 81  sections are the same

for each  10 acre loc:ition and are the same sections discussed later in this document (see fig.1).

The third output file is c:illed RIGHT.OUT.  This file is a listing of the water rights
I

siimm:\tion for eiich section, giviiig   the x,y lou{Ltion of each water right , the assaci:ited value, i`il(I
I

tl`c  slim t]f thcsc  viiliics.   Tliis  slim  sli()iilcl  e(iiiiil column  3  in  VOLUME.OUT.
I

These files {ire iiccc.`sed by typing the following letter dt the "do you wish  to see the
I

oulpiil`.'"  rtromrJt  al.ti`r ti'miinalion of thi.  i]rogri`m:   "V"  for VOLUME.OUT,  "T' for

TI IICKNE`SS.OUT,  aml  "R"  I.or RIGI IT.OUT.   If these files  need  to be viewed  :it a  k`ter time,

they  miist  hc  al`i`essed  in  (hc nomiAl  nmnner,  by either "lis(ing`` of` "(yping"  (he rilcs.
I

Files on  old  loi`:itions  iire  not ref:lined  by the T7rogr:im.   If a new  loc{ition  is  speciried illl(I
I

dlltll l`:llcul:ltcd(, outpiit for :`11 old  laciitions is overwritten.   Therefore,  for permanent records :I h:lr(I

i`orJy  is rccomriiendcd.  An exiimple of cuch of these three output files is given  ill the end of this

(locllment.           ,

13^SIC ALGORITI-IM
I

The ba.sic iilgol.ithm of the I)rogram can be dcsc`ribed i`s follows   (code lines  396--474)*.
I

*Ilere:lfter, coqe line # nre represented in the following manner:  (396-474):

il.   Get input data from user and check its validity (396-435).
a.   center location for calculation (400-411).

I                   b.    porosity  (413-417).

I              :   ;aa'tuerra;:gdh!:i::raei,iedna::':I:4n2%T4e35;t9-426)

11.   Prepare output data tile (437442).
Ill.   For all sckteen points de (444-460).

I                a.   find amount of water from saturated thickness and porosity.
b.   find amount of water allocated to water rights.

I  lv,   Show results (463-474).

I

Before we discuss the detnils of the algorithm, we need to understiind how points are
I

represented in the program.  The saturated thickness data file is a list of section, township amd
I

r:`11ge numbers vyith nn iissaciated saturated thickness value for each section.   These legal locations
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need to be converted into x,y coordinates so the program can read them.  Two programs are

needed; Leocor`v2 to convert from legal location to longitude and latitude coordinates, and Project2

to convert the long-kit to x,y. The projection used for Project2 is the Standard Kansas Projection ilt
I

I :5(X)0(X).  The term "Standard Kansas" refers to the type of map projection used and the latitude

:lllil  longitlllle  b:lr:Lmetcrs for (he sliite.   Standiird  Kiinsiis uses a Limibcrt Coiifomul projec(ion  with

the  following  lptitiide {`nd  loiigitude  parimieters:   North = 4().125,  South  = 36.875,  East = -94.5,
I

\\,'1``'   =  -102.125`

I.`or  Kilhsas,  there  iirc  35  townships  from  north  to  soiith, 43  r:mges west and  25 ranges e{lst

(I(1tiil  {)I-(.#  riinpeL`).   One   (ownship-raiige contiiins  36  sec(ions.   The  {im of the  stiite c:ln,

thi`rel`(trc,  he  rer]rescnted i`r)proxii"itely by 21() x 4()8 rectangles (sections).   The rectangle with  the

i`tltlrdim`tes ( I,'1 )  is loc:ltcd iit the upper left corner of the state and rectangle (210,480) is fit the

lo\\'er rigllt correr.   The  procedures SecTOBC  ( 109-115) tlnd SecTOAbspc  ( 118-129) convert  the

sci`tion  front  it`i  legiil  louii(ion  into (he absolute row and columii   equivel:lilt.

Thi.  water rights file  is alreiidy in  x,y coordinates, so no conversion  is necessary.

Df\T+\ R[.:TRIEVAL & CALCULATION (MAIN PROGRAM)
I

WATER RIGHTS

The w{i|er rights dun is stored in binary format, because of the l{irge size of the dat:` file.

To sc`1m this entire file sixteen times for sixteen  10 acre locations is imprflcticiil.   Therefore, fl series
I

l->f l.{llL`llk\tiolls {lre m{ide (327-367)  to efficiently retrieve the reqiiired viilues.The amount of w:lter

{llltx`:lte(I  to w:`ter rights can  be  foiind  by  slimming the viiliics which  lie  within  the  2-mile r:ldills

c`ircle   with ceii[er at one of the sixteen  positions.   We know th{it i`ll  sixteen  I)ositions lie within  one
I

section (within one mile of each other).   Therefore, we c:in scan the water rights data file one time,

retrieving i`ll pc}ints within a 2 mile riidius circle from the center of the original, given section

(Procedure:   Lofatew"ights, 334-353).  These values are stored in the global variable WtrData,

which is scanned inste€`d of the large water rights file during execution of the program.
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SATURATEP THICKNES S

To calculate the volume of water availflble from saturated thickness, we scan the data file

•1nd keep only |he data thnt we need in memory, following a procedure similiar to that for the wflter

rights.   The procedure LocateArea (134-157) does this.   Each section is about  1  square mile.

Tllercfore, in npost cases, for a given point loc:`tion,  the sections we are concerned with   lie within

2  scc`tions in  any directioii  of tlie  given  point  (scc  figiire  1  below).   Notice thi`t we never need morc`

lliim  25  si`clion|s  I.or the  I.i`iiuireil  i`:`li.uliition  in  lliis  i`asc.    I lowevcr,  in  cases  where  the  lot.atioll  is
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figure   1:     25  x  25  grid   (sections)  with   circle.
Demonstrates   general   case.

within  2  nliles  (2 sections) of {i  horizont:`I c.ouiity  hoiind{`ry,  we need considerably more than  25
I

sec`tions to perform the required c:ilcuhtions.    The refison for this is the offset o.`curring ilcross the

horizontal   boundiiry.    Figure 2 is fin exnmple of :` lan:ition requiring the maximum grid size of 81

sections (4 seclions are required in the southwest comer).   This corresponds to a 9 x 9 grid.   Since

this is the in:lximum size, iill locations :ire processed using the 9 x 9 grid.  This accounts for the

large flmoui" o[ sections containing zero iireas in the output.   (Note:  There are some areas of
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Location: 5S 41 W 31 ccc

42W                                41W

figure  2:     Sections  and  circle  demonstrating  special  case.

Kilns:\s where  the  sectit)ns iire con``idcri`bly  kirger or smnller thiin  one squiire mile.   rlowever,  \\'1`
I

Ill.i`tl  not be cohc.cmed  with  them here).

An  imp()rtant diff`crence  bctwcen the watL`r rights  file and  the saturated  thickness file is that

the siiturated  thickness dina are tL.%ociiLted wi(h an  area, while the water rights data arc assou`iated

with {1 point.   This miikes finding the volume in stor:`ge for the circle considerably more

compliciLted thdn finding (he associated water rights.   This complication arises because it is

necessary to finq the overkipped areii of eii.`h partial section within the circle.  The program allows

for tliree different cases for the 81  sections under consideriltion:

Case  1 :

C:lse 2:

Overkippcd area is zero  (292).
This case occurs when the section is completely outside the circle.   All   four
corners of the section are fullher than 2 miles from the center point.  This
section is not used in calculation of volume in stor!lge.

Overklpped are{i completely within the circle (293).
This case occiirs when the section is completely inside the circle.  Thnt is,
all  four comers of the section lie within 2 miles of the center point.
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Case 3: Overlapped area is partially within the circle.
The three possibilities for overlap are shown below.  In case a, the
intersection points are on opposite sides of the section square.   In case b
they are on the same side, and in case c they are on adjacent sides.   Case b
is unlikely and, therefore, is discarded.

b

flgure  3:     examples  ol  overlapplng   areas.

()ilce wp hiivc.  l`ound  lhc overlflp are{i of eflch of the 81  sections we ciin  use  the  following
I

etiii:Ltion  to dctcimini. the  voliime  in  storage:

volumd-of-each-section =  overlap-area  .  saturated thickness.

Slllllmlllg the vf)llimcs thlis obt:`ini.il  gives the desired volume in  storage for the 2 mile r:ldius

i`il.i.li..   Following  is  a (lisc`ission  of the calcul{ition  for case  3.   The p{irtial  are:is for this case are

I,`:`lciilated  as  oiltlincd  below:

I.   Locate the  intersection points (263-275).
11.   Locale the  reference  points (277-289).

:Uccai:#;%[:ep::::aar:eaa(i39o7S?3°7'o)
V.    Calculate overlapped area from partial and curve area (309-313).

Step  I:   II`tersection  Points.
I

Intersection points (fig. 3, pl ,p2) can be found by solving the circle and line equations

(226-2Lt3).   The| circle will  intersect the section side only if one comer of the Lside is inside the circle

and the other is oiitside ( 266-267).
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Step 11:   Reference Points

For case 3a (fig. 3a), the reference points are the adjacent corners either inside or outside

the circle.   For base 3c (fig. 3c), the reference point is the point inside the circle.

tigure|  4:     Pleference  and   lntersectlon  polnts     tor  partlal  and  curve  areas

Step  Ill:   Panial  Arei`s

F`rom figure 3, the palliiil areas dre defined as the area en.`losed by the reference points ,111d

the intersection| points.  These partial areas can be calculated from the following formulus:

Case a:   partial area = distanee(refl ,ref2)  I   (distance (ref 1 .pl)  + distance  (ref2,p2))/2

Case c: , partial area = distance (refl ,pl)  . distance(ref2,p2)/2.

Step IV:   Curve Area

The curve .irea is defined as the area enclosed by line pl-p2 find the arc of the circle.   Since

thesizeofthe!ircleisfixed,theareadependsonlyonthelengthoflinepl-p2.Inotherwords,

the curve area can be calculated by determining the area of the pie sector pl -0-p2 minus the area of

tril`n8le P I -()-P2:
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curve area = 2 * or2 _

where  0 = 7a»r) ::i:: in radiflns

d =  distance between pl and p2

llgure  5:     Calculatlon     ol  curve  area.

Step V:i  Overlflpped Area

To determine the overlapped area we need to know whether the reference points are located

inside or outside the circle:

if inside overlap area = partial area + curve area

if outside overiap area = lull area -partial area + curve area.

Figiire 6 shows the calculdtions above graphically.   Figure 6a demonstrates the reference poiilts

I)eiilg inside the circle and 6b shows the reference points outside the circle.

After the overlapped area is found, the volume in storflge is calcukited from the overkipped

{ire{i *  satur:iteq  thickness * porosity.
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lull area

partial area

partial area

figure  6:     Examples  ol   Iocatlons  of  partlal  areas  ln   relatlon  to  thelr  reference  polnts.

full  area -

partial area

lNSTALLATlbN AND OPERATION PROCEDURES

This program comes in the form of 2 51/4 inch floppy disks.  The main programs are located on

the disk labeled  "program disk."  The data files are lcx=ated on the  "data disk."  To run sucesfully,

:`11 these files need to be in one location; that is they cannot be loca(ed on 2 separate disks.  The

following is the advised procedure for installing and running these programs.

Cr
Copy both floppy disks provided into this new directory.
Type "volume2."  This begins the prograln.
Use the prceedure outlined earlier to access output upon completion of the progr:lm.

E#?fin<:eht`=T?o;oyeoxfi:ht:eoli#iuntgdE::.mpt.
This program can be stored permanently on the hard drive or copied at each use.

:j`;eb%tnherfp£5;C;8sTs°fr:vh£¥eddd[':StkoYh|:r:et*ea:r:I:[te6Sr;:nbeplaced.
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ou::::I f[::it:::ume. Out                                  waterRights (Acr. Ft)
Volume(Air.Ft)

03AAA
03AAB
03RAC
03AAD
03ABA
03ABB
03ABC
03ABD
03ACA
03ACB
03ACC
03ACD
03ADA
03ADB
03ADC
03ADD

182313
181569
183489
184610
180614
179751
181708
182642
185011
184080
186478
187435
186890
185891
188520
189041



Output  f|ile:   right.out

WATER RIGHTS   BREAKDOWN :

:::H:::]c;:::.;ec03-:
WATER

FOR   T04S|   R38W   Sec   03RAB:

25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

2138

25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

2138

WATER



FOR   T04d   R38W   See   03AAC:

RIGHTS (
X

cR-Ft . )

5 . 656
5 . 605
5.746
6 . 002
6.001
5.668
5.981
5.790
5.771
5 . 617

TOTAL   WATER   RIGHTS:

FOR   T04d   R38W   Sea   03AAD:

RIGHTS ( A
X

cR-Ft . )

I  ::::;

TOTAL   WATER   RIGHTS:

25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25 . 660
25.728

2138

25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

1828

WATER

WATER



:::H::::I;:::.;ec03ABA:

I  :::::

TOTAL   WALER   RIGHTS:

FOR   T04SI   R38W   Sec   03ABB:

RIGHTS(Alcx-Ft.)

25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

2138

WATER

1!:!!:

TOTALWAl!R!:Ls

25.918
25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

2444



FOR   T04SI   R38W   Sec   03ABC:

RIGHTS (A
X

cR-Ft . )

15.656

TOTAL  w|T:;6::GHTs :

FOR   T04S|   R38W   Sec   03ABD:

lx

25.932
25.839
25.803
25.840
25.810
25.747
25.738
25.660
25.728

2050

WATER

WATER

::::::1]:::::il-------------------------------------------------
5 . 656
5 . 605
5.746
6 . 002
6.001
5 . 968
5.981
5.790
5.771
5 . 617

TOTAL RIGHTS :

25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

2138



FOR   T04SI   R38W   Sea   03ACA:

::::::1]

TOTAL

X
cR-Ft . )

5 . 656
5 . 605
5.746
6 . 002
6 . 001
5.968
5.981
5.790
5.771
5 . 617

RIGHTS :

FOR   T04S|   R38W   Sec   03ACB:

RIGHTs(k-Ft.)

25.932
25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

2138

WATER

WATER

I  ::;i:

TOTALwl§R§i;GHTS

25.932
25.839
25.803
25.810
25.747
25.738
25.660
25.728

1995



FOR   T04S|  R38W   Sec   03ACC:

lx WATER
RIGHTS (AFR-Ft . )_ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ --------------------------------------

15.605

I;:;!i
I   ::ZZ:
I

TOTAL   WATER   RIGHTS:

FOR   T04S|   R38W   Sec   03ACD:
I

RIGHTs(dcx-Ft.)

25.839
25.803
25.810
25.747
25.738
25.660
25.728

1685

TOTAL   W

I   ::;8:

li:;;i

]T:;6::GHTS:

FOR   T04d   R38W   Sec   03ADA:

RIGHTS(lcg-Ft|

25.839
25.803
25.840
25.810
25.747
25.738
25.660
25.728

1740

-------I------------------------------_-----------
I

I

I  :::::                                   ::::::
25.840
25.810
25.747

I    5.790                                                           25.738

I  :::I:                                         2::;:8



:8:A:o¥3FE:8:[8::S63ADB:

RIGHTS (
X

cR-Ft . )

I::iii
15:335
15.771

15.617
TOTAL   WATER   RIGHTS:

FOR   T04i   R38W   Sec   03ADC:

!x

1828

25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

1828

WATER

WATER

::::::1]cR-Ft.)--------

I  :::::
16.ool

I   ::38:
15.790

I   ::ZZ;

TOTAL   WITER   RIGHTS:

25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

1828



FOR   T04SI   R38W   Sec   03ADD:

5:::::1]
X

cR-Ft . )

15.605
15.746

I   ::3;2
15.617
I

TOTAL   WATER   RIGHTS:

25.839
25.803
25.856
25.840
25.810
25.747
25.738
25.660
25.728

1828

WATER



Output_.file :_ . Ehit:kness . out

g::s;eT#:sf:::  :: :::yf:r::in::et:: :::t:::a:8e::;:u:o::::;nsTh±s

SATURATED   THICKNESS   AND   OVERI-AP   AREA   BREAKDOWN:

F.R  To4! R38W   Sec   03AAA:

c8E:::8E:ING

::::::::::

:83?   E3:1%

!!:i::il!
T03S   R38lw
T03S    R38|W
T03S   R38W

!i!i::il!

i!!i;i!l!

!!;i:!il!
T03S   R38tw

!iii;:!I
T03S
T03S
T03S
T04S
T04S
T04S

OVLP.                                 %                                   SAT.
AREA    (acres)            COVERAGE        THICKNESS

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

147
534
564
210

0
0
0

14
603
637
632
524

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
0

23
83
88
33

0
0
0
2

95
loo
100

83
0
0
0
0
0
0
0



0
0
0
0
0
0
0

88
loo
100

97
3
0
0
0

41
97
95
32

0
2
2
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
0

554
644
635
617

18
0
0
0

258
615
611
204

0
12
16

R37w
R37W
R37W

W
W7R3R3

R37W
R37W
R38W
R3dw
R38W
R38W
R38W
R3dw
R38W
R38W
R38W
R38W
R33w
R38W
R38W
R38lw
R3 8'W
R38W
R38W
R38lw
R3 8'W
R38W
R38W

E381%
R38W
R38W
R38W
R38W
R38W
R38W
R38W
R39W
R39W
R39W
R39W
R39W


