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ABSTRACT

A  detailed  and  81mple  hydrologlc  budget  for  the  entire  Rattlesnake  ba81n

(1,455  mi2)   1n  south-central  Kansas  was   developed.     With   this   budget,   using

mlnlmal  dallyi7eather  input  data  and  the  8oll-plant-water  system-analysis

methodology,  ve  were  able  to  characterize  the  spatial  dlstrlbutlon  of   the

hydrologlc  components   of   the  water  balance  wlthln  the  ba§1n.     A  comblnatlon  of

classlf lcatlon  and  meteorological  methods   resulted  ln  a  baslnwlde  lntegratlon

methodology.     The  classlflcation  method  consisted  of  dlvldlng   the  ba81n  into

cllmatlc  8ubreglons,   grouping  soil  Series   into  major  soil  assoclatlons,

dlvldlng  each  8oll  assoclatlon  into  landiise  classes  such  as   irrigated  and

nonlrrigated  cropland  and  grassland,   and  f lnally  8uperlmposlng  a  crop-rotation

practice  on  the  land  usage.     The  meteorological  method  consisted  of  running  a

water-budget  procedure  repeatedly  for  each  soil  series,   crop  type,   1andiise

practice,   and  climatic  region  comblnatlon.     Areatirelghted  averages  were  then

calculated  to  integrate  the  soil-plant-weather  complexes  on  a  watershed

scale.     U§ing  this  methodology,   we  found   that,   1n  addltlon  to  obvlou8   cllnatlc

controls,   soil,  vegetation,   and  land-use  factors  also  exert  considerable

influence  on  the  water  balance  of   the  area.     The  available  water  capacity

(Awe)  of   soil  prof lies  plays  a  dominant  role  ln  soil-water-clef lclt  development

and  deep  drainage.     Vegetation  and  dryland  or  lrrlgated  farming  particularly

affect   the  evapotransplratlon   (ET)   components,   with  ET  from  lrrlgated  com  and

alfalfa  being   two   to   three   times   that   from  wheat.     Deep  drainage   from

lrrlgated  wheat  f lelds  was  f ound  to  be  slgnlf lcantly  higher  than  that  f ron

grassland  and  dryland  wheat;   deep  drainage   from  alfalfa  18  practically  nil.

We   demonstrated  how  vegetation   changes  may  af feet   components   of   the  hydrologlc

cycle.     We  also  Showed   that   different  portlon8   of   the  watershed  have  different

water-balance  components  and   that  use  of   single  average  values  of  hydrologlc



variables  ln  management  practices  may  not  be  reall8tlc.
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INTRODUCTION

Statement   of   problem: The   Groundwater  Management   District   No.   5   (GMD#5),

which  encompasses  most   of   the  Rattlesnake  watershed   (fig.   1),   1s   concerned

with  decllnlng  groundwater  8upplles  and  potentially  deterlor8tlng  water

quality.     Ground-water  resources  are  being  depleted  as  a  result  of  continuous

groundwater-based  lrrlgatlon  developnent.     In  the  Rattlesnake  watershed,   five

irrlgatlon  wells  were  ln  use  ln  the   1940's   compared  to   1,700  wells   ln   1984

(£1g.   2),   thus  currently  extracting  a  substantial  proportion  from  an

approprlated  ground-water  amount  of  approximately  390,000  acre-ft  from  the

Rattlesnake  basin  alone.     During   the  decade   from  1970  to   1980,   the  number  of

ground-water-approprlatlon  rights   188ued  more  than  triple  the  entire  amount  of

groundiJater  rlght8  exlstlng  during  the  prevlou8   three  decades.     Estlnated

natural-recharge  rates  ln  the  region  generally  are  smaller  than  ground-water

wlthdrawalB.     In  certain  areas,   1nten81ve  groundiyater  withdrawals   cause

saltwater  f ron  deeper  f ormations  to  intrude  into  Shallower  usable  ground-water

supplies.     Water-level-decline  areas  of  more   than  10  ft  81nce  the   1940's  have

occured  mainly  ln  northeast  Edwards  and  northwest  Stafford  countleB.     In

addltlon,   average  streamflows   ln  the  Rattlesnake  Creek,   the  major  Stream

dralnlng  the  basin  and  fed  predominantly  by  ground  water,   have  been  ln
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continuous   decline  since  the  early  geventles   (fig.   3).     A  4-yr  average

streanflow  ln  the  early   1960's  was  approximately  43  ft3/see   (cfs)  at  the

Macksvllle  streamgaglng  station,   compared   to  9  cfs   for  a  4-yr  average  ln  the

early   1980'8.

As   a  consequence   of   these   trends,   the   GMD#5  adopted  a  safe-yield   program

to  safeguard  and  prolong  the   life  of   the  ground-water  8upplles  on  which

agricultural  and  other  development  depends.     However,   the  safe-yield  program

depends  on  a  single  average  value  of   ground-water  recharge,   which  may  not  be

repre8entatlve  of  all  areas  within  the  dlstrlct.

Detailed  lnformatlon  on  the  spatial  dlstrlbutlon  of  ground-water  declines

and  recharge  rates  are  e8sentlal  to  sound  planning  for  the  conservation  of   the

ground-water  resources  of   the  Rattlesnake  watershed.     As   the  need  for  water

contlnue8   to  grow,   integrated  approaches   ln  a8sesslng  and  predlctlng  the

components  of   the  hydrologlc  cycle  are  needed  to  fully  understand  and  utlllze

the  area'8  water  supplies   ln  an  efflclent  manner.     One  such  planning  tool  1s  a

baslnwlde  water-balance   slmulator.

ose  of   study:     The  purpose  of   this   study  ls   to  develop  a  detailed,   yet

§1mple,   hydrologlc  budget  of   the  entire  Rattlesnake  basin,   which  18  able  to

characterize  the  spatial  dlstrlbutlon  of   the  hydrologlc  components  of  the

water  balance  wlthln  the  ba81n  using  the  soil-plant-water  system-analysis

me thodo logy .

Location  of   area:     The  Rattlesnake  ba81n   (fig.   1)   1g   approximately   1,455  ml2

1n  area  and  18   located  wlthln  the  Great  Bend  Pralrle  of   south-central

Kansas.     It   ls   an  elongated  ba8ln  approximately  95  mi   long  and   18  ml  tJlde  with

the  long  axl8  oriented  ln  a  southwest   to  northeast  dlrectlon.     The  8outhwest-

extreme  boundary  has   a  latitude   of   37.26°  and  a  longitude  of   99.50°,   while   the
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northeast-xtreme  boundary  has   a  latitude  of   38.17°  and  97.21°  longitude.

Parts  of  Rice,   Barton,   Reno,   Stafford,   Pawnee,   Edward8,   Klowa,   Pratt,   Ford,

and  Clark  counties  are  included  ln  the  Rattlesnake  basin,  with  Stafford,

Klowa,   and  Edwards   counties   covering  more   than  82%  of   the  basin  area.

BASIN   HYDROGEOLOGIC   ENVIRONMENT

Physlography  and  drainage:     The  Rattlesnake  ba81n  ls   located  ln  two

physiographlc   regions.     The  upper    ~   85%  of   the  basin  181ocated   ln  the

Arkansas  River   lowlands   (Great   Bend  region);   1t   18  a  relatively  flat  alluvlal

plain  characterized  by  typical  sand-dune   topography  with  moderate  slopes  and

small  hills   separated  by  small   basins   (Latta,   1950).     The   lower   15%  of   the

basin  belongs   to   the  High  Plains  region,   which  also  1§  a  comparatively  f lat

alluvlal  plain  dissected  by  lntermlttent  streans  and  exhlbltlng  Shallow

depressions  and  gentle  swells.     Much  of   the  sand-dune  area  of   the  basin  ls

covered  by  vegetation,   and  a  large  part  of   it   18   farmed;   the  basin  ls

prlmarlly  agricultural.

Of   the  approximately   1,455  ml2  contained  ln  the  Rattlesnake  Creek  ba81n,

approximately   780  ml2  are  not   contrlbutlng   to  Surface   runoff   (fig.   4).     The

Rattlesnake  basin  boundary  was   constructed  based  on  the  hlghesc   reglonal-

topographlc  relief   estimated   from  numerous   7.5mln  U.S.   Geological  Survey

quadrangle  lnaps  which  cover   the  basin,   1n  comblnatlon  with  Kansas   State

Highway  Comls§1on  general-highway  maps  of  counties  deplctlng  surface-drainage

f eatures .

The  basin  ls   drained  by  the  Rattlesnake  Creek  which  ls  a  meandering

stream  f lowing  f ron  the  High  Plaln8  area  northeasterly  into  the  Great  Bend

lowlands  area  where   lt  empties   into   the  Arkansas  River   (fig.   4).     The  creek

orlglnates   ln  three   tributary  forks   located  ln  southeastern  Ford  and  northwest
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and  north-central  Klowa  countle8.     The  three  forks   join  ln  north-central  Klowa

County   to  form  the  mainstream  of   the  creek;   1t   then  flows   through  the

renalnder  of   Klowa   Cou.nty,   through  Edwards   County,   across   extreme  northwest

Prate  County,   through  Staf ford  County,   and  into  the  8outhwestem  corner  of

Rice  County  where   lt   empties   into   the  Arkansas  River,   approximately  6  mi

8outhea8t  of  Raymond,   Kansas.     The  channel  slopes  about   33  ft/ml   for   the  first

6  mi  from  lt6   Source  ln  the  Southeast  corner  of  Ford  County,   then  lt  flattens

to  a  slope  of  about   7   ft/ml  up   to   St.   John,   and  4  ft/ml  below  St.   John,   as   can

be  inferred  from  the  surface-topography  map   ln  fig.   5.

Wetlands  contributing   to   the  creek  conslgt  of   Some   60,200  acres   (Ray  and

Coslett,   1972),   most   of  which  have  high  water   tables,   excessive  mineral

concentrations,   and  drainage  problems.    A  portion  of   these  wetlands  are

located  in  northeastern  Staf ford  County  and  are  contained  wlthln  the

boundaries  of   the  Qulvira  National  Wildlife  Refuge,   which  ls  a  major  nlgratory

waterfowl  refuge  ln  the  central  flyway.     This   refuge  encloses  approxlnatley  33

mi2,   of  which   the  highly  saline  Big   Salt  Marsh  comprises  approxlnately   16

ml2.     These  marshes,   which  are   located  on  the  water   table,   are   broad  Shallow

expanses  of  water  heavily  vegetated  around  the  8horellne  with  a  variety  of

pralrle  gra8se§.     The  Rattlesnake  Creek  usually  ls  a  perennial  stream  from  a

point  a  few  mlle8  downstream  from  St.   John  to  where  lt   turns  north  near  Little

Salt  Marsh;   elsewhere   lt   181ntermlttent.     The  valley  of  Rattlesnake  Creek

ranges   from  less   than   I/2  ml   to  about   2  mi   ln  width.     Average   flow  of   the

Rattlesnake   Creek  at   lt8  mouth  18   about   24  cfs.

Three  Surface-water  gaging  stations  are  located  ln  the  basin,   one  8  nl

south  of  Mack8vllle  with  a  period  of   record   since   1959;   another  one  upstream

from  Little  Salt  Marsh,   10  nl  north  of  Zenith,   with  a  period  of   record  since

1973;   and  a  third   8tatlon   3.5  ml   south  of   Raymond  with   a  period   of   record
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since   1960   (fig.   4).

Hydrogeology,   Pleistocene  drainage  history  and  water  quality:     The  Rattlesnake

Creek  drainage  area  ls   composed,   for  the  most  part,   of  unconsolldated  deposits

of  clay,   slit,   sand,   and.  gravel  of  Plel8tocene  age  which  overlie  the  eroded

Surface  of  Cretaceous-and  Permian-age  rocks.     The  unconsolldated  materials

are  comprised  of  undlf ferentlated  early  Pleistocene  sedlment6   (Meade

formation)   and  late   Pleistocene   8edlments   (Sanbom  formation;   Latta,   1950).

The  state-geological  map  descrlbe8   the  Rattlesnake  Creek  drainage  ba81n  a8

dune  sand  with  a  small  area  of   loe88  1n  the  headwater  area  and  a  thin  strip  of

alluvium  adjacent   to  Rattlesnake  Creek.

The   1984  water-table  contours   1n  the  basin   (fig.   6)  1ndlcate  a  general

eastward  and  northeastward  ground-water-flow  dlrectlon.     The  depth  to  the

water  table  ls  shallow,   1n  the  order  of   10  to  20  ft,   1n  the  northeastern

portion  of   the  basin;   however,   1t  progressively  deepens   to  the  southwest,

reaching  depths   of  more   than   loo  ft   ln  Kiowa  County   (fig.   7).     The  effects  of

the  large  ground-water-based  irrlgatlon  development  ln  the  area  can  be  Seen  ln

the

1940-1984  water-table~change  map   (fig.   8).     The  largest  water-level  declines

ln  the  basin  occured  mainly  ln  northeast  Edwards  and  northwest  Staf ford

counties,   where  the  largest  lrrlgatlon  development  occurred.

The  nature  of   the  unconsolldated  depo81t8  pemlt6  high  rates  of

lnflltratlon  and  conversely  low  rates  of  stormitater  runoff .     The  depo81ts

extend  to  variable  depths.     Accordingly,   the  depth  of  saturated  water-bearing

materlal8  also  varle8,   as   Shown  by  the  Saturated-thickness  map   (fig.   9).     The

water  table  described  ln  flgB.   6  and  7  18  relatively  Shallow,   and  wells

yleldlng   1,000  gal/nln  are   common  ln  the  ba81n.     Latta   (1950)   has   produced  a

number  of   typical  cross   sections  which  define   the  underlying  aqulfer.
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The  Rattlesnake  Creek  can  be  con81dered  a8   the  drain,   or   the  overflow

spillway  from  the  underground  aqulfer   (Stramel,   1967).     As  a  result,

Rattlesnake  Creek  has  been  for   the  most  part  a  perennial  8Crean  from  a  point  a

few  mlle8  downstrean  from  St.   John,   Kansas,   to  where  lt  turns  north  near  the

Little  Salt  Marsh.

The  Permian  bedrock  subcrops   ln  a  north-south  trend  ln  the  vlclnlty  of

US-281   (fig.   10).     For   the  most   part,   these   deposits   contain  no  important

aqulfers.     However  they  are  slgnlflcant  hydraulically  ln  that  they  are  the

Source  of   the  poor-quality  water,   especially  the  Late  Permian   .'red  beds."

This  poor  quality  water  rises  upward  and  lncrea8e8   the  water  8allnlty  of   the

unconsolldated  aqulfers   ln  the  lower  reaches  of  Rattlesnake  Creek--1n

particular,   the  Qulvlra  Wlldllfe  Refuge  area.     The  mechanical  details  of  the

8ubsurf ace  hydraulic  relatlonshlps  of  the  consolidated  and  unconsolldated

deposits  are  not  clearly  understood.     The  average  chloride  load  of   flow  ln

Rattlesnake  Creek  at   its  mouth   ls   about   130  tons/day   (U.S.   Corps   of  Engineers,

1973).     The  water  ln  the  vlclnlty  of   the  salt  marshes   ls  believed   to  be  a

natural  occurrence  of  arteslan  Salt  waters   encountered  deeper  to   the  west.

Here  the  water  f lows   from  the  edges  of   the  bedrock  formation  into   the

overlying  sedlnents  and  rl8e8   to  the  Surface  ln  the  low  areas,   prlmarlly  along

Rattlesnake  Creek.     The  upper  reaches  of  Rattlesnake  Creek  yield  fairly  good

quality  water  with  very  little  chloride  pollution  from  natural  sources.    An

electrical  conductlvlty  survey   (Bldleman,   1983)   of  Rattlesnake  Creek  during

1983   (fig.   11)   1ndlcates   that   conductlvlty  from  eastern  Edwards   county  to   just

northeast   of   St.   John   ranged   from  350    timho8/cm  to  approxlnately   625

unhos/on   .     An  abrupt  rise  ln  conductlvlty  was  observed  wlthln  a  three-nile

distance  one  mile  east   of  where  Rattlesnake   Creek  crosses   US-281,   with  values

leveling  off  at   3,000-4,000    umhos/on  .     Upon  entering  the  Qulvira  National
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Wlldllf e  Refuge  another  rise  in  conductlvlty  occurs  with  an  abrupt  lncrea8e  to

values  exceeding   20,000    timho8/cm  wlthln  a   twomlle   Stretch   (fig.   11).     Before

dlscharglng  into  the  Arkansas  River,   however,   the  creek'8  conductlvlty  drops

to   3141    Ltmhos/cm     .     Most   of   the  pollution  ls   from  8nall  seeps   or  marshes   ln

and  near  the  streambed.

The  present  drainage  system  of   the  ba81n  and  of   central  Kansas   ln  general

18   the  result  of  events   that   took  place  during  the  Plel8tocene  period.     The

Pleistocene  history  of   the  area  i8  very  complex  and  ls  marked  by  the  cutting

and  f llllng  of  deep  valleys  and  by  major  changes   ln  drainage   (Frye  and

Leonard,   1952;   Fent,   1950).     During  early  Pleistocene   time,   the  ancestral

Arkan8a8  River,   instead  of  following  the  present  course  around  the   ''great

bend,"  1s   thought   to  have   flowed  eastward  or  southeastward  across   south-

central  Kansas.     This  can  be  seen  ln  the  bedrock  nap   (fig.   9),  where  a  number

of  west-east  paleodralnage  channels  can  be  seen  progressing  from  south  to

north  throughout  the  basin.

The  Pleistocene  drainage  patterns  of   central  Kansas   record  the  history  of

the  northeastward  mlgratlon  of   through-flowing   streams   from  the  Rocky  Mountain

area.     According   to  Fent   (1950),   this  migration  was   effected  by  8uccesslve

captures  of  the  southern  trunk  gtrean  by  its  oim  northern  trlbutarles.    The

captures  Seem  to  result  from  the  dlf f erence  ln  the  debris   load  available  ln

the  headwater  areas   of   the  streams.     Through-flowing  Streams   orlglnatlng  from

the  Rocky  Mountains,   Such  a8   the  Arkansas  River,   have  filled  their  channels

throughout  Pleistocene   time  with  coarse  igneous-type  gravel  and  sandy

alluvium.     This  material  accrued  on  the  surface  over  which  they  flowed,

causing  stream  avulslons  and  the  consequent   8preadlng  of  alluvlal  tnaterlal

over  wide  areas.     In  contrast,   the  northern  trlbutarle8   to  the  Southern  trunk

Stream  carried  only  the  f lner  grained,   less-permeable  8edinent   load  obtained
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by  downcuttlng  ln  their  lmmedlate  headwater  areas.     The  silt  and  fine  8atid  of

local  origin  at  the  northern  Great  Bend  Pralrle,   with  its  low  permeablllty,

favored  runof f  and  consequently  more  erosion  and  dormcuttlng  below  the   level

of   the  through-flowing  streams;   thl8  downcuttlng  led  to  the  eventual  capture

of  the  through-flowing  streams.     This  ls  evident  ln  the  relative  abutidance  of

northern  trlbutarle8   to  the  Arkansas  River  ln  central  Kansas   (Fent,   1950).

The  overall  ground-water  quality  of   the  Rattlesnake  basin  as  lndlcated  by

the  specific  conductance  of  groundirater  8ample8  collected  during   the   1980-85

period  ls  presented  ln  fig.   12.     It  can  be  seen  that   the  northeastern  portion

of   the  basin,   especially  along  the  Rattlesnake  Creek  and   the  marsh  areas

exhlblt  high  speclflc  conductance  values,   1ndlcatlng  Salt  water  lntru81on  from

the  Pernlan  formations   into  the  alluvlal  aqulfer.    The  best  ground-water

quality,   as  lndlcated  by  the  lowest  speclflc  conductance  values,   1s  located  ln

the  south-central  portion  of   the  watershed   (fig.12).     It  1§  1nterestlng  to

note  that,   1n  general,   the  better  groundwater  quality  is  usually  observed  ln

the  inferred  bedrock  channels,  while  the  lower  groundi.ater  quality  ls

observed  at  locatlon8  overlying  the  bedrock  ridges  separating  the  buried

channels.     Thus,   for  example,   the   lower  groundirater  quality  lndlcated  by

the  600    umhos/cm  contour  ln  a  west-to-east  dlrectlon  ln  the  central  portion

of   the  Watershed   (fig.   12)  colncldes  with  a  bedrock  ridge  ln  that   location

(fig.   10);   the  same   ls   true  with   the   500    prmhos/cm  contour  ln  the   8outhvest

portion  of  the  Watershed.     In  contrast,   the  best  quality  ground  water  ls

observed  ln  the  south-central  portion  of   the  basin,   where  a  number  of

paleochannel8   converge  into  a  larger  one   (fig.   10).     It   181ntere8tlng  Co  note

that  thl8  area  also  colnclde8  with  the  higher  permeablllty  soils   (fig.   14)  and

higher  recharge  portion  of  the  basin  a8  will  be  shorn  later.    Also,   especially

at   the  south  side  of   the   ridge  outlined  by  the   600    umhos/cm  contour  ln  the
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central  portion  of  the  basin,  a  better  quality  water  appears  to  be  ln  that

channel  despite  lt8   crossing  a  Permian  outcrop  at  the  eastern  cro881ng  of   the

watershed  boundary   (fig.10).     Slmllar  observations  are  also  expreg8ed  ln

Hathaway  et   al.   (1978).

Soils:     The  8olls  of   the  basin  can  be  placed  into  two  broad  categories

(Hathaway  et  al.,   1978),   deep  silty  soll8   of   the  upland  areas   (High  Plains

region)  and   loany  and  Sandy  sollB   of   the   Great   Bend  region.     Most  of   the

upland  8oll8  are  well  drained,   while  the  Sandy  Bolls  of   the  Arkansas  River

lowlands  vary  from  well  drained  to  poorly  drained.     A  generalized  8oll-

assoclatlon  map  of   the  ba81n   (fig.   13)  has   been  produced   through  a  comblnatlon

and  regrouping  of  Soil  Conversation  Service  8oll-Survey  data  available  for

lndlvldual  counties.

The  8olls  of  the  basin  formed  ln  several  dlf ferent  kinds  and  ages  of

parent  naterlal,   such  as   sand,   loess,   and  Pleistocene  and  Holocene  sediments.

In  early  Pleistocene   time,   alluvium  (Meade  formation)  was   deposited  over

no8t  of   the  baBln.     Soils   formed  ln  this  old  wlndmodlfled  alluvium  include

the  Farnun,   Blanket,   and  Lubbock  soll8   (Roth,   1973).     Carwlle  soils  also

f ormed  ln  old  alluvium.

The  loess  deposits  conglst  of  relatively  sand-free  sllty  lnaterlal  that

was   deposited  by  wind  ln  late   Pleistocene   time.     The  dominant   8olls   formed  ln

thl8  parent  naterlal  are  the  Harney,   Holdrege,   and  Uly  soils.

Eollan  material  with  high  sand  content  18   the  major  parent  material  of

the  8oll8  1n  the  8andhllls.     Most   of   this  material  was  depo81ted  during  the

Holocene,   after   the   I;1el8tocene   loess  was  depo81ted   (Roth,   1973).     Tlvoll

8olls  formed  ln  fine  sand,   Attica  and  Pratt  Bolls  ln  loany  fine  sand,   and

Naron  soils  ln  fine  sandy  loam.     Tlvoll  and  Pratt  Soils  occur  ln  areas  of

undulating  to  duny  topography.     Attica,   Naron,   and  Pratt   soils   occur  lri  areas
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of  nearly  level  to  undulating  topography  next  to  sand-dune  areas.

The  alluvium  that  has  been  deposited  ln  the  Holocene  time  ls  variable,

ranging  from  sand  to  clay  loam.     The  dominant  golls   ln  this  parent  material

are  the  Hord  and  Zenda  soils,   as  well  as   8olls  of   the  Natru8toll8-Plevna

a8soclatlon.     The  Natrustolls  and  Plevna  soils  were  formed  on  floodplalng  and

Stream  terraces  along  the  Rattlesnake  Creek  and  the  Big  and  Little  Salt  Marsh

areas .

Sollaprof lie  permeablllty  compllatlon8   from  Soil  Conver8atlon  Service

county  soil-survey  reports  are  depicted  ln  fig.   14.     The  higher  permeablllty,

and  therefore  higher  lnflltratlon,   reglon§  are  clearly  lndlcated.    The

lndlvldual  §oll  permeabllltles  for  all  soil--profile  depths  and  all  soils

conposlng  a  soil  a8sociatlon  all  were  proportionally  averaged.     This

permeablllty  map  Should  be  interpreted  cautiously  because  of   the  averaging

procedure.     Thus,   for  example,   a  low.--perneablllty  layer  ln  the  soil  profile

will  control  vertical  water  movement  despite  the  presence  of  highly  permeable

layers  above  and  below.     Also,   an  average  value  of  each  soil  series   ls  used

lrrespectlve  of  lt8  areal  or  depth  location  within  the  soil  profile.

Climate:     The  cllnate  of   the  Rattlesnake  drainage  ba81n  can  be  clas81fled  a8

8ubhumld  with  low  preclpltatlon,   rapid  evaporation,   and  a  wide  range  of

temperatures.     The  mean  annual  preclpltatlon  ranges   from  approximately  20

inches   ln  Ford  County  to   26  inches   ln  Rice  County.     The   "effective"

preclpltatlon  ls  con81derably  less   than  the  average  annual  rainfall   (Broom,

1973).     A  number  of   light   showers   occur,   and  much  of   thl8  nolsture  evaporates

from  the  soil  with  little  or  no  benefit  to  growing  crops.    At  the  other

extreme,   occasional  heavy  dormpours  ln  spring,   surmer,   and  fall  cause

appreciable  runoff   from  cultivated  fleld8.
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Lack  of  lnolsture  ls  the  lnost  frequent   llmitlng  factor  ln  the  production

of  crops  on  dryland  farms   ln  the  ba81n.     Summer   fallowlng,   which  mlnlnlze8   the

effects  of  deflclent  rainfall,   1s  a  common  practice.     Slgnlflcantly,

approximately  75%  of   the  preclpltatlon  falls  during  the  grovlng  season  of

April  through   September.

Two  regional  climate  controls,   the  Rocky  Mountains   and   the   Gulf   of

Mexico,   contribute   to  the  preclpltatlon  pattern  ln  the  baslD.     The  Rocky

MountalnB   are  effective   ln  producing  a   "rain  Shadow"  over  ve8tern  Kansas.     The

Gulf  of  Mexico  ls   the  prlnclpal  Source  of  mol8ture  f or  preclpltatlon  ln  the

area.    Most  of   the   total  annual  preclpltatlon  comes   from  convectlve  shower

actlvlty   (Bark,   1978).     Thunderstorms  move  across   the  baslri  usually  ln  the

evening  or   at   night.     Rainfall   1s   most   common   from   7:00  p.in.   to   3:00  a.in.

Forty  percent  of   the  hours   that  have  ralnf all  during  the  24-hr  day  occur

between  mldnlght   and   6:00  a.in.     Only   35%  of   the  hours  with   rainfall  occur

during   the   peak  outdoor  work  period   of   6:00  a.in.   to   6:00  p.in.   (Bark,   1978).

Wlnters,   although  cold,   are  not  generally  severe,   and  Snowfall  1s   light

with  less   than   20  inches  of   snow  accumulation  over  the  winter  months   (October

to  March).     The  mean  annual   temperature  ls   approxlnately   55°F  ln  the  basin  and

ranges  from  winter   lows   of  below  -loop  to   8urmer  hlgh8   above   105°F.

Summer  hunidlty  in  the   region  usually  ls   low  and  annual  Surf ace  water

evaporation  ranges   from  50  to   85  inches  with  an  average  of  approxlmtely  60

1nche8.     Wind  velocltle8   are   commonly  high,   averaging   from  12   to   15  ml   per

hour.     The  months   of  March  through  June  are   the  wlndlest  months.     Occ881onally

high  winter-wind  velocltle8,   accompanied  by  a  typical  Snowfall  deposltlon,   may

produce  blizzard  condltlon§.

Drought   condltlon8  have  prevailed  ln  the  watershed  for  exten81ve  perlodB

of   time.     Perhaps   the  most  extensive  and  notable  period  was   the   "Dirty
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Thlrtle8"  when  very  low  amounts  of  annual  rainfall  were  received,   and  high

winds  created  a  multitude  of  dust   8torm8.     Drought  periods  of   3-4-yr8  duration

are  typical  1n  the  basin  (Ray  and  Coslett,   1972),   and  perhaps  one  of  the  mst

severe   recent   droughts   occurred   from  1964   to   1967.     During   1966,   only   14.00

inches   (6.881nches   below  normal)  were  received  ln  Bucklln,   13.461nches   ln

Greensburg   (8.471nches   below  normal),   17.321nches   at  Hudson   (6.771nche8

below  normal),   and  at   Trousdale,   1n  Edwards   Courity,   a  new  record   low  of   9.29

inches   (12.921nches   below  normal)   was   recorded.

APPROACH

Water  budget:     The  hydrologlc  equation,  which  ls  ba91cally  a  statement  of   the

law  of  conservation  of  matter  as  applied  to  the  hydrologlc  cycle,   defines  the

water  balance.     It  states   that   ln  a  8peclfled  period  of  time  all  water

entering  a  speclfled  area  must  either  go  into  storage  wlthln  its  boundaries,

be  consumed   therein,   be  exported  therefron,   or  flow  out  either  on  the  Surface

or  underground.

The  water-balance  method  allows   the  planner  to  compute  a  continuous

record  of  soil  nolsture,   actual  evapotransplratlon,   ground-water  recharge,   and

surface  runoff   from  a  meteorological  record,   and  Some  ob8ervatlons  on  the  soil

and  vegetation.

The  power  of   Such  a  technique   ln  planning  ls   obvlou8.     The  water  balance

has  been  used  f or  computing  8eagonal  and  geographic  patterns  of  lrrlgatlon

demand,   the  sollmolsture  stress  under  which  crops  and  natural  vegetation  can

survive,   the  predlctlon  of  streamflow  and  water-table  elevations,   the  flux  of

water  to  lakes,   and  varlatlon§  of  water  level  and  8allnlty.     The  most  obvious

use  of  the  water  balance  ls  ln  a  basic  descrlptlon  of  the  hydrology  of  a  place

or  region.    Maps  can  be  drarm  of   the  annual  extreme  water  deflclt  or  Surplus
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or  of  the  total  annual  1rrlgatlon  need  or  groundwater  runoff .     Spatial

patterns  wlthln  a  region  or  a  large  river  basin  can  be  employed  ln  planning

the  distrlbutlon  of  resources.

The  water  balance  also  ls  useful  for  predlctlng  some  of   the  human  impacts

on  the  hydrologlc  cycle.     The  hydrologlc  effects  of  weather  modlflcatlon  or

changes   of  vegetation  cover  can  be  quickly  estimated  at  a  very  early  Stage  ln

planning.     The  water  balance  18,   therefore,  a  valuable  tool  1n  the  analysis  of

water  problems   ln  a  region.

The  occurrence  and  dlBtrlbutlon  of  soil-water  ls  a  complex  and  integral

part  of  any  hydrologlcal  water  balance.     Whether  the  emphasis  ls   on  Surface

runoff ,   streamflow,   evapotran8plratlon,   or  ground  water,   soil  water  plays  a

dominant  role.    The  lnflltratlon  and  evapotransplratlon  proces8eg,   1n

particular,  are  Strongly  related  to  the  time-depth  Status  of  the  solllrater

profile.    Most  ground-water  recharge  occurs  only  after  the  soil  profile

becomes  slgniflcantly  wetted.     Crop  production  ls  also  highly  dependent  on  the

presence  of  adequate  available   8oll  water  throughout   the  growing  8ea8on.

Reglonallzl_ng  polut  values :

Most  direct  mea8urement8  of  hydrologlc  varlables,   such  a8  8oll  moisture

and  ground-water  recharge,   provide  only  point  readings  and  do  not   integrate

Such  varlable8  1n  relation  to  space  and  time.     Unlike  common  cllmatologlcal

observatlon8,   comparable  sollmol8ture  or  ground-water-recharge  nea8urements

by  st8ndardlzed  technlque8  are  rarely  available  on  a  network  basis.    With  the

exception  of  runoff ,   which  18  an  integrated  measurement,   the  problem  of  areal

representatlvene8s   of  point  mea8urement8  of   the  water  balance  elements

exists.    The  high  varlatlons  of  site  characterlstlc8  and  of  phy81cal  and

physlologlcal  propertle8  of  plants  lead  to  large  water  balance  dlf f erence8  1n

vegetated  Surfaces.
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•.Classlflcatlon  nethod8, "  whereby  homogeneous  hydrologlcimit  areas  are

ldentlf led  wlthln  the  heterogeneous  structure  of  a  basin,   can  be  applied  to

generalize  and  reglonalize  81te  values  of  the  water-balance  elements

throughout   the  whole  basin   (Dyck,   1985).     Parameter  sets   can  be  determined  for

each  unit  area  taking  into  account  the  close  colncldence  of  geomorphologlcal-

soll-and  vegetation-dl8trlbutlon  patterns.    A  basic  matrix  of  site-factor

complexes   can  be  e8tabllshed  for   the  8ubdlvlslon  of  a  basin  into  unit  areas.

For  the  Rattlesnake  basin  these   include  local  climate,   main  forms   of   land  use,

type  of  soil  classes,   and  vegetation  types.

•'Meteorologlcal  methods"   for  eBtlmatlng  components   of   the  hydrologlc

balance  from  weather  data  also  have  been  proposed  ln  order   to  overcome

dlfflcultles  encountered  with  point  measurements.     Because  these  budgetlng

techniques  keep   track  of   changes   of  various  hydrologlc  components   of   the  Water

balance  by  using  standard  meteorologlc  ob8ervatlons   together  with  some  soil

and  vegetation  lnformatlon,   they  satisfy  to  some  extent   the  need   for  a  space-

tlme  lntegratlng  technique.

Be81nwlde   lntegratlng  methodology :

In  this   study  ve  combine  aspects  of   the   "clas81f lcatlon  method"  with  the

"meteorological  method"   1n  order   to  derive  a  ba81nwlde  lntegratlon

methodology.     Flr8t   the  ba81n  18   dlvlded  into  cllmatlc   8ubreglons   using  a

TThlessen-type  polygon  technique.     Such  a  method  seems  appropriate   since   the

Study  area  generally  ls  a  flatland  plain.    The  different  soil  series  wlthln

each  cllmatlc  8ubreglon  are  then  grouped  into  8oll  a88oclatlon8  of  slnllar

9oll  properties  u81ng  Standard   Soil  Con8ervatlon  Service   technlque8.     Each

8oll  as8oclatlon  ls   further  8ubdlvlded  according  to  land  usage  into  lrrlgated

cropland,   nonlrrlgated  cropland,   and  rangeland  or  grassland.     Thl8

cla8§1flcatlon  seems  appropriate  since  our  Study  area  ls  predominantly
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agricultural,  without  any  forested  areas.    Finally,  a  crop-rotation  practice

ls  superlnpo8ed  on  the   land  usage.     We  superimposed  a  meteorological  water-

budgetlng  procedure  on  thl8  classlf lcatlon  8chene  which  ls  repeatedly  run  for

each  8oll  8erles,   crop  type,   land-use  practice,   and  cllmatlc  region.     In  order

to  avoid  the  averaging  ef f ect8  of  monthly  or  other  large  time  intervals  on  the

water  balance  components,   dally  input  data  were  adopted  ln  thl8   Study.     Area-

welghted  averages  mere  then  taken  for  lntegratlng  the  8oll-plant-weather

complexes   on  a  watershed  scale.

The  described  approach  18   1ntultlve  and  81nple.     The  water  budgetlng

procedure,   a8  will  be  explained  ln  the  next  8ectlon,   18  not  very  involved,

requires  mlnlmal  data,   and  therefore  18  1nexpenslve  to  run.     Therein  lies  the

advantage  of   the  proposed  lntegratlng  technique.

VERSATILE   SOIL-MOISTURE   BUDGET   -   VB

Int roductlon :

Most  water-budgetlng  technlque8  make  use  of   the  veil-known  concept  of

potential  evapotranBplratlon  as  an  lndlcator  of   the  pos81ble  maxlmun  loss  o£

water  from  the  8oll  under  condltlon8  where  solll.ater  supply  18  not

llmltlng.     Penman  (1963)  reviewed  the  extensive  literature  pertaining  to

moisture   loss  under  condltlons  of  nonllmltlng  water  supply.     Budgetlng  methods

f or  estltnatlng  goll  nolsture  and  actual  evapotran8plratlon  from  vegetated

8oll,  when  water  Supply  ls  at   times   limited,   are  comparatively  more

complicated,   81nce  they  account  for  varlou8  8oll  and  plant  characterlstlcs

that  modulate  or  alter  the  potential  rate.     In  this  report  a  meteorological

sollmol8ture  budget  called   ..Ver8atlle  Budget,"  which  18  a  nultlgeneratlon

evolution  of   the  Holmes   and  Robert8on   (1959)  modulated  budget,   1s   employed.
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The  Versatile   Soil-Moisture  Budget   (VB)  requires  as  mlnlmum  input  only

dally  observed  data  on  preclpltatlon  and  estlmate8  of  potential

evapotransplratlon   (PE).     The  VB  conputerlzed  procedure  81mulates  varlatlon8

1n  dally  8oll-molgture  content  by  making  use  of  physical  and  blologlcal

concepts  of  water  movement  ln  the  8oll  and  water  uptake  by  plant   roots   (Baler,

et   al.,   1976).     The  VB  output   contains   daily  eBtlmates   of  actual

evapotran8plratlon   (AE),   Boll-nol8ture  content   ln  several   ''zone8"  or  layer81n

the  8oll  profile,   and  water  losse8  due  to  runoff  and  drainage.     Because  the

data  from  cllnatologlcal  8tatlon8  usually  are  con81dered  to  be  representative

of  the  8urroundlng  area,  we  can  assume  that  the  8ollmol8ture  estimates  based

on  Such  data  also  are  representative  of  the  8oll  whthln  this  same  area.

The  basic  structure  of  the  budget  can  be  de8crlbed  by  the  f low  chart

presented  by  Baler  et   al.   (1979)   showa  ln  fig.   15.     Model  components   can  be

split  into  evaporation  functions,   1ncludlng  all  crop  and  8oilirater  extraction

characterlstlc8,  and  recharge  functlon81ncludlng  lnflltratlon,  drainage,

runoff ,   and   8nowpack  8ubmodel8.

Evapotran8plratlon

A8  mentioned  prevlou81y,   daily  values  of  preclpltatlon  and  PE  are

required  as   input   to   the  VB.     A  variety  of   techtilques  may  be  used  to  obtain

the  most  reliable  daily  PE  estlnate8  under  the  local  experimental

condltlons.     For  the  daily  calculatlons  of   PE  from  Standard  cllmatlc  data,

Thornthwalte'8  method   (Thornthwalte,   1948;   Thornthwalte  and  Mather,   1955),

which  ls  mainly  based  on  mean  air  temperature,  was  found  to  be  inadequate

(RltJem,   1965).     Pennan'8  method   (Penman,   1948),   which  generally   ls   regarded

a8   the  most  Sound,   requlre8  observations  on  vapor  pressure,  wind,   radlatlon  or

8unshlne,   and  temperature;   these  data  are  often  lnconplete  or  not  at  all

available.    All  other  methods  for  estlnatlng  PE  involve  either  8peclal
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mea8urements  or  emplrlcal  coef f lclent8  of  llnlted  regional  appllcablllty  or

are  not  f lexlble  enough  to  make  eff lclent  use  of   those  meteorological  factors

which  are  available  for  a  certain  location  and  time  period.

To  overcome   these   8hortcomlng8,   Baler   and  Robert8on   (1965)   proposed  a

regre6slon  technique  for  estlmatlng  dally  latent-evaporation  rates  which  can

readily  be  converted  to  PE,  uBlng  the  standard  cllmatlc  data  that  are

available.     Mlnlmum  input-data   requirements   are  dally  maximum  and  mlnlmun

tetnperature8  available  from  various  Weather  §tatlon8,   and  total  sky  and  solar

radlatlon  at   the  top  of   the  atmosphere,   (Qo),   available  from  standard  tables

(Ru8selo  et  al.,   1974).     The  latter  18  used   to  evaluate  the  Solar  radlatlon

lncldent  upon  the  earth's  surface  from  easily  observable  or  mea9ure8ble

quantltles   (Baler  and  Robertson,   1965).     If   ln  addition  to  the  above  data,

dally  values  of  8un8hlne,  wind,   and  dew-point   temperatures  are  available,   the

lncluslon  of  any  one  or  all  of   these  varlables  ln  dlf f erent  regression

equations  usually  improves   the   PE  esclmates.     Thl8  method  has   been  used  for

e8tlmatlng  dally  or  monthly  PE  values  at  different   locations  ln  Canada;   these

estimates  were   compared  with  actual  ob8ervatlons  or  estlmateg   from  Penman's

formula  with  good   reported  agreement   (Baler   and  Robert8on,   1965;   Baler,   1967).

In  the  VB,   water   ls  wlthdraim  81multaneou8ly  from  different   depths   of   the

8oll  profile  ln  relation  to  the  rate  of  PE,   rooting  patterns  of  crops,

different  soil-moisture-release  characterlBtlc8,   and  the  available  water  ln

each  of  Several   (usually  six)   zoneg  of  8peclfled  water-holding  capacltle8.     PE

18  used  as   a  cllmatlc  parameter  of   the  potential   (maximum)  rate  of

evapotransplratlon  from  a  dense  crop   freely  8upplled  with  water.     Ad]u8tnents

for  runoff ,   drainage,   dlfferenc   soil-.mol8ture-release  characterl8tlcs  for

upper  and  lower  zones,   and  the  relative  effect  of   the  dally  atnoBpherlc  demand

rate  on  the  AE:PE  ratio  as  a  function  of  available  soil  moisture  also  are
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incorporated.     The  general  equation  of   the  VB  for  estlmatlng  dally  AE  from  PE

18

ns]
AE  =jE=L  Zj  kji  I    PE (1)

where  AE  ls   the  dally  actual  evapotran8plratlon,   PE  18   the  daily  potential

evapotransplratlon,   Zj  18  the  value  fron  a  Selected  8oll-drying  curve  for  the

Jth  zone,  kj±  1s  the  crop  coefflclent  for  root  extraction  ln  the   jth  zone  and

lth  crop-growth  stage,   Sj  is  the  plant-available  water  for  the  jth  zone  at  the

start  of   the  day,   and  Cj  ls  the  plant-available  water  capacity  for  the  jth

Z One ,

For  the  purpose  of  this  budget,  plant-available  soil  moisture  ls

considered  to  be  the  total  amount  of  moisture  f ron  field  capacity  to  permanent

wlltlng  point.     The  concepts  of  field  capacity  and  available  water  capaclcy

have  been  helpful  1n  the  development  of   improved  water-management  practices

because  of   their  slmpllclty,   despite  the  fact  that  field  capacity  ls  not  a

precise  tern.

The  basic  concepts  of   sollrmolsture  extraction  ln  the  VB  are  as  follows

(Baler,    1967)

I.       The  total  soil  moisture  available   to  plants   18   8ubdivlded  into  81x

arbitrary  "standard  zones"  of  varying  water-holding  capacltles,

although  a  dlf ferent  number  of   zones  also  can  be  used   (Dyer  and

Baler,   1980).     Specifically,   the  six  standard  zones  contain  5.0,   7.5,

12.5,   25.0,     25.0  and   25.0%  respectively,   of   the  total  capacity  for

plant-available  moisture  of  the  Boil  profile.    The  adoption  of
•'standard  zones"  made   lt  po6slble   to  use  one  set  of  crop   (plant  or

root)  coefflclents,  k,   for  a  particular  crop  ln  any  type  of  soil.
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Thl8  1s  possible  because  lt  ls  assumed  that  the  uptake  of  available

water  by  crops  always   follows  a  characterlstlc  pattern  which  depends

on  plant-rooting  hablt8.     Although  the  extent  of   the  root   system  may

dlf fer  from  soil  to  Boll,   the  fraction  of  the  available  water

extracted  from  the  dlf ferent  zones   remaln8   the  Same  under  various

envlronnental  condltlong.     Studle8  of  rooting  charcterlstlcs  and

extraction  patterns  by  varlou8  researchers   Support  thlB   a88unptlon

(Vazquez   and   Taylor,    1958;   Weaver,   1926).

2.       Water  ls   taken  up  by  plants  at  a  rate  depending  on  the  ratio  of

available  water  present  ln  any  zone  to  the  capacity  for  available

water  ln  the  sane  zone.

3.       This   rate   ls   modl£1ed   by

a)       the  relatlonshlp  between  AE/PE  and  available  water  ln  the

particular  soil.     This  relatlonshlp  18  expressed  by  the

adjustment  factor  z  which  characterizes  dlf ferent   types  of  Soil-

dryne88   curves.     The  z  factor  ls  selected  according  to  mol8ture

characterl8tlcs  of  the  8oll;

b)       the  crop   (plant)   coefflclent,   k,  which  resembles   the  most

probable  moisture-extraction  pattern  according  to  rooting

characterlstlc8  and  water  con8umptlon  of  plants  8t  their

different  development   8tage8.

As   the  soil  dries,   1t  becomes  1ncreaslngly  dlfflcult  for  addltlonal  water

to  be  lost  by  evaporation  and  tran8plratlon.     Different  lnvestlgators  have

suggested   that   the   shape  of   the  curve  of  decrea§1ng  evapotranBplratlon  vlth

soil  moisture  storage  can  be  either  concave  or  convex.     These  relatloa8hlps

also  have  been  Shown  to  be  controlled  by  8oll  propertleg,   particularly  texture

(Baler,   1968;   Salter   and  W1111ams,   1965).     Baler   and   Robert8on   (1966)   and
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Baler   (1968,   1969)  have  combined  the  varlou8  propo8al8   for   the   relation

between  AE/PE  under  dlf ferent  values  of  8ollinolsture  content  ln  the  form  of  z

tables  which  are  presented  ln  graphical  fom  ln  fig.   16.     De8crlptlon8  of

available  z-tables  and  some  guldellne8  for  their  8electlon  and  use  are  given

ln  Baler  et  al.   (1979).     An  index  equation  for  generallzlng  drying  curves  was

developed   by  Dyer   and   Baler   (1979).

The  k-coef flcient  expresses   the  amount  of  water   (1n  percent  of  PE)   that

can  be  removed  by  plant  rootg   f ron  dlf ferent  Boll  layers  during  the  growing

season.     To  81mulate  this  water  uptake,   the  k-coefflclent8  change  during  the

growing  season  according  to  crop-developing  stages.     The  tran81tlon  dates

between  crop  stages  must  be  read  into  the  program  for  each  year.

The  k-coef f lclents  employed  ln  the  VB  have  been  determined  by  lteratlve

comparl8ons   between  computed  and  nea8ured  8oll  nol8ture  or  were  estimated  8o

that  extraction  rates  resemble  the  most  probable  crop-rooting  pattern  under

the  prevalllng  environmental  condltlon8.     Dyer  and  Dryer   (1982)  suggested  that

observed  root  patterns   could  be  a  basl8  f or  development  of  new  sets  of  k-

coefflclents  for  dlfferent  crops.     Tables  of  k-coefflclents  for  different

crops  and  growth  gtage8  are  given  ln  Baler  et   al.   (1979).

Runoff ,   1nflltratlon,   and  drainage

To  account  for  water  los8es   through  runoff ,   a  81mpllfled  relatlon8hlp

between  soil  nol8ture  ln  the  top  zone,   daily-preclpltatlon  total,   and  runoff

ls  included  ln  the  VB.     On  days  with  preclpltatlon    <   1.01nch,   the  total

amount  of  preclpltatlon  ls  considered  to  lnflltrate  into  the  8oll.     On  days

with  preclpltation  >  1.01nch,   runoff   18   e8tlmated   from  equation   (2)

Runoff 1  =  RRi  -  I
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I   =  0.9177  +  1.811  £n  RR±  -0.97  An  REi   (I)

I  =  amount  of  water  lnf lltratlng  into  8oll

(3)

RRi  =  rainfall,   1n  lnche6,   on  day  1

Sj  =  Boll  moisture  ln  the  jth  zone  on  day  preceding  the  rain  day

Cj  =  available  water  capacity  of  the   jth  zone

and   j   =   1.

Equation   (3),   calculated  from  data  by  Lln8ley  et  al.   (1949),   was   based  on

f lndlngs  by  several  researchers   that  the  lnltlal  8ollmol§ture  content  mainly

affected  the  rate  of  lnflltration.

In  the  VB,  we  assumed  that   the  water  lnflltratlng  into  the  8oll  would

f lr8t  bring  the  moisture  content  of   the  top  zone  to  f leld  capacity  and  that

the  remainder  would  lnflltrate  into  the  next  zone  and  so  forth,  until  either

all  lnf lltratlon  water  was  used  up  or  all  zones  Were  brought  to  capacity.

Drainage  1g  obtained  on  days  when  the  preclpltatlon  exceeds   the   total  of  AE,

runoff ,   and   the  sum  of  mol8ture  deflclt8  over  all  zones.     Any  Surplus  of  water

was   then  designated  a8  drainage.

In  e8tlmatlng  AE  on  days  with  measurable  rainfall,  we  presumed  that  most

evapotransplratlon  on  day  1   Cock  place  f lrst  and  at  a  rate  depending  on  the

sollmolgture  content  at  the  end  of  day  1-1,   but  that  rainfall  occurred  later

ln  the  lth    day.     This  assumption  18  based  on  the  fact   that  rainfall  over  a

land  mass   ln  8umner  18   typically  of  a  showery  nature  and  usually  a88oclated\
with  the  formation  of  cumulus  clouds,  which  reach  their  maximum  ln  the

afternoon  after  Strong  convection  earlier  ln  the  day.

In  climates  where  snow  occurs,   the  computation  of   8oll  mol8ture  includes

the  amount   of  water  penetrating   the  8oll  from  snow.     A  Blnple   snow  budget  rag

developed  for  use  ln  the  VB  with  mlninum  addltlonal  data.     The  reader  18

referred  to  Baler  et  al.   (1979;   1972)  and  nyer  and  hack   (1984)   for   further
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detallB  and  addltlonal  features.

HYDROLOGIC-BUDGET   IMPLEMENTATI0N   AND   SYNTHESIS

Having  outlined  the  elements  of  the  baslnirlde  lntegratlon  methodology

and  the  VB  soil-mol8ture  accounting  procedure,  we  will  now  outline   the

lmplementatlon  Steps  and  8yntheslg  of   the  hydrologlc  budget   for  the  entire

watershed.

a)       Cllmatlc   zones:     The  Rattlesnake  watershed  was   8ubdlvlded  into

Several  cllmatlc  zones,   based  on  the  dl8trlbutlon  of  available  NOAA

cllnatologlcal  statlon8  covering  the  ba81n   (fig.   4).     Three  preclpltatlon

8tatlons  are   located  ln  the  basin,   the  IIudson   (Hud)   8tatlon  covering  the

northeastern  portion  of  the  watershed,   the  Trousdale   (Trou)  station  covering

the  central  portion,   and  the  Bucklln  (Buck)   station  covering  the  southwestern

portion  of   the  basin.     Only  two   temperature  8tatlon8  are  located  ln  the  basin,

one,   the  Hudson  8tatlon,   covering  the  upper  portion  of   the  basin  and  the

other,   the  Greensburg  station,   covering  the  lower  portion.    Therefore,   the

basin  was  dlvlded  into   the  following  four  cllmatlc  zones,   Where  each  point  ln

each  zone  ls  closest  to  the  named  temperature-preclpltatlon  8tatlon  than  to

any  other   station:   Hud-Hud,   Hud-Trou,   Gr-Trou,   and  Gr-Buck   (fig.   4).

b)       Soll8:     Thirteen  dominant   soil  assoclatlons   (composed  mainly  of   18

different   soil  8erle8)  are  found  wlthln  the  ba81n  (fig.   13).     For  each  8oll

8erles,   the  available  Water  capacity  was   determined  from  the  appropriate

county  Soil  Conservation  Service  8oll  Survey  to  depths  of   3  and  5  ft.     The   3-

ft  soil  depth  was  used  to  model   the  available  soil  mol8ture  for  wheat,   81nce

lt  has  a  rooting  depth  of  approximately  3  ft.     The   5-ft  depth,   which  ls

generally  the  depth  llmlt  of   the   Soil  Conversation  Service  soil  Surveys,   wag

used  for  all  other  crop  covers   ln  the  basin,   81nce  the  highest  root  density  of
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most  crops  ls  ln  the  upper  5  ft.     Soil  assoclatlon8,   soil  compo81tlon8,   and

available  water  capacltle8  for  each  soil  are  presented  ln  table  1.

Given  the  sandy  riature  of  most   sollB   ln  the  ba81n,   a  z-table  typical  of

sandy  8olls   (curve  F  ln  figure   16)  was  chosen.     The  z-table  repre8entB   the

relatlon8hlp  between  the  ratio  of  AE/PE  and  the  plant-available  soil

mol8ture.     Thl8   ratio   remains   constant   from   100%   Co   30%,   below  which   the   AE/PE

ratio  decllne8  Sharply  as  an  exponential  decay-form  relatlon8hlp  with  the

drying  of  the  soil.

The  Water  budgetlng  procedure  was   lnltlated  a  tnonth  bef ore  the  planting

period,   with  the  soil  at  its  maxlmun  available  voter  capacity.     Thl8  1nltlal

condltlon  allowed  the  8oll  available  water  capacity  to  equlllbrlate  with  the

local  cllnatlc  condltlons  before  the  time  period  of  interest.     In  ca8e§  of  a

crop  rotation  with  a  8unmer  second  crop,   a  near  zero  deflclt  date  near  the

second  crop  planting  period  was  chosen  as   the  lnltlal  6oll  nolsture  condltlon,

as  will  be  described)  below.
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Table   1
Rattlesnake  basin  Boll  a88oclatlons  and  their

available  voter  capacltle8

\'t.h)                                                                        ( ,LY`\
Soil  Composltlon  Available  Water  Capacity  Available  Water  Capaclt

Soil  As8oclatlon

1  Pratt-
Tlvoll

(P-T)

2  Pratt-
Carwlle

(P-C)

3  Attlca-
Pratt-
Carwlle   (A-P-C)

4  Naron-
Farnum

(N-F)

5  Naron-
Carwlle

(N-C)

6  Farnun-
Lubbock

(F-L)

7  Blanket-
Farnum

(B-F)

8  Natru8tolls-
Plevna

(Na-P1 )

9  Carwlle-
Farnum-
Tabler

(C-F-T)

10  Zenda-
Hord-
Waldeck

(Z-H-W)

11  Harney-
Uly

(H-U)

(A8   %  of   total)

60%
40%

71%

29%

53%
38%

75%

25%

83%
17%

70%

30%

56%
447o

657o
35%

9%

42%
36%

22%

43%
37%

20%

89%

11%

(5-ft  depth)

4.9

7.3

5.6

9.7

9.2

11.2

11.2

9.7

10.3

9.2

11.4
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(3-f t  depth)

3.2

4.7

3.7

6.3

5.9

7.0

6.9

6.1

6.3

6.1

7.2



12  Holdredge
(Hol)

13  Dlllvyn-
Tlvoll

(D-T)

100%

65%

35%

10.8

4.4

6.7

2.8
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c)      £Efg|:     In  the  Rattlesnake  basin  the  donlnant  crop  types  are  ulnter

wheat,   sorghum  (or  mllo),   alfalfa,   soybeans,   and  corn.     Common  8grlcultural

practlce8   1n  the  basin  include  crop  rotation  and  8trlp  farming.     The  following

crop-rotation  practices  were  incorporated  into  the  water-budgetlng  procedure

for   1982-83:     winter  wheat-Sorghum  (both  lrrlgated  and  dryland),   winter  wheat-

Boybean  (both  lrrlgated  and  dryland),   fallowiJlnter  wheat   (both  lrrlgated  and

dryland),   fallow-com.   and  continuous  alfalfa   (both  lrrlgated  and  dryland).

Fallow  condltlon8  were  §1mulated  during  the  time  periods  bef ore  planting  and

after  harvest  of   the  various  crops.     Winter  wheat,   natural  growth   (gras8e8),

and  alfalfa  have  dormancy  periods   81mulated  during   the  winter  mont:hs.     For

crop  rotations   ln  which  two  crops  with  different  rooting  depths  are  involved,

such  as   the  wheat-Sorghum  or  wheat-soybean  conblnatlons,   one  of   two  procedures

outlined  ln  Appendix  I.

The  vegetation  paratneter8  are  represented  by  crop  coefflclent8.     Each

standard  zone  has  a  coeff lclent  and  a  different  set  of  coefflclent8  for  each

Stage  of  crop  growth.     At  different  plant-growth  stages,   the  roots  can  utlllze

the  nolsture  ln  the  soil  profile  at  different  depths  and  rates.    Crop

coefflclent8  adopted  for  natural  growth   (simulated  a8  brome  gra8B),   alfalfa,

Soybean,   and  com  are   those  presented  ln  Baler  et   al.   (1979).     Crop

coefflclent8   for  winter  wheat  mere  modified   from  Baler  et  al.   (1979)  and

Vanderllp   and  Broim   (1974).     Crop   coefflclent8   for   Sorghum  were   calculated

from  grain  sorghum  data  by  Jensen   (1968).     The  various   crop-growth  Stages  and

corre8pondlng  dates,   aB  well  a8   the  crop  coefflclents  adopted  for   this   report,

are  presented  ln  Appendix  11.

d)       Irrlgatlon:     Irrlgatlon  amounts  for  various  crops  were  based  on  the

Soil  Conver8atlon  Service  Kansas   Irrigation  Guide   (U.S.   Department   of

Agriculture,   1977)   for   the  Study  area,   in  conjunction  with  lntervlew§  with
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local  county  Soil  Conversation  Service   (SCS),   Agricultural  Stablllzatlon  and

Conservation  Service   (ASCS)  and  extension  lrrlgatlon  8peclallsts.     Therefore,

the  lrrlgatlon  amounts  adopted  for   the  basin  crops  are  as  shown  ln  Table   2.
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EEE!

Corn

Total
lrrlgatlon(1n)

15

Alfalfa             23.5

Winter  Wheat     6.0

Sorghum                12. 5

Soybean               12.0

Table   2
Irrlgatlon  appllcatlons  and  dates

Irrlgatlon  Appllcatlon  Dates

1983   -   5/11
7 I CJ3  7 / 06
8102.  8/05

1982  -
1983   -

1982   -   10/23
1983   -  3/11

1983   -   6/17
1 I 2:S  1 I 11
812:J   8lsfJ

1983   -  7/01
7/31   8/03
8/yo  9/02.

5|2:]       6/or          6|+i         6/\5         6|r8         6/21
i/CJD       l|T2         7|L5         l|TS         1|21         7|24
8/08       8/[1         8|\1+         8|u          8|2:fJ         8|2:3

7/01
8/03
9 / 02.

7/04
8/06
9/05

7/07
8/09
9/08



Center  pivot  sprlnklerg  are  the  predominant  method  of  water  appllcatlon

for  lrrlgatlon  ln  the  basin.    Through  dlgcu8slon8  with  local  8peclallst8,  we

concluded  that  lt  takes  approximately  three  days  on  the  average  for  a

sprinkler  8ygtem  to  complete  one  revolution  and  that  approximately  0.25  to  0.5

inches  of  water  18  applied  per  sprinkler  revolution.     Therefore,   1n  81nulatlng

lrrlgatlon  appllcatlon8  for  the  dally  water-budgetlng  procedure,  water  18

a88umed  to  be  applied  ln  0.5-inch  lncrement8  with  8ucce8slve  lrrigatlon

appllcatlon8  at  three-day  intervals.

The   Soil  Conservation  Service   (SCS)   Kansas   Irrlgatlon  Guide   (U.S.

Department  of  Agriculture,   1977)  was   followed  for  determlnlng  the  monthly

dlstrlbutlon  of  lrrlgatlon  appllcatlon8  as  percentages  of  the  seasonal  totals

based  on  80%  chance  rainfall  as  shoim  ln  table  3.    The  lrrlgatlon-appllcatlon

dates  employed  ln  the  water-balance  81mulatlon8  are  also  shown  ln  Table   2.

e)       Baslnwlde  lnte ration

The  VB  water-budgetlng  procedure  wag  applied  to  each  8ollserle8  and  crop-

cover  comblnatlon  ln  each  hydrocllmatlc  zone  ln  order  to  obtain  dally  values

of   the  water  balance  components  wlthln  the   1982-83  period  of  lntere8t.     These

hydrologlc  components,  valid  for  each  8oll  series,   mere  then  combined  into

8oll-a88oclatlon  components  using   the  ratio  of  each  8oll  serleB  wlthln  the

Boll  as8oclatlon  as   the  ratio  of   the  hydrologlc  components  wlthln  their

respective  soil  as8oclatlon.     Thus,   for  a  soil  a8soclatlon  con81stlng  of   two

8oll  serle8,   for  example,

composite  average
{of   hydrologlc   component   1}   =   (%   8oll   serleB   A)   (component   1   for   8oll   A)   +

f or  soil  8erles  A  and  8

(%  soil   serle8   8)   .   (component   1  for   goll  8).
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Table   3
Monthly  dlstrlbutlon  of  rLet  lrrlgatlon  requlrement8,

1n  percent  of  seasonal  total  based  on  80%  chance  rainfall.

£Eep.             APE±l      !!:!L     !±±±e.      ±±L      ALigv_a_t       September

Alfalfa                5.1        12.7        17.8        24.6

Corn                                          I.4        22.9        43.1

Sorghum                                                     1. 7        44.6

Soybeang                                                                 24. 4± October     November

Wheat                         8.2                 10.9

October       Total

21.6              13.1                      5.1                loo

32.6                                                                       100

41.3             12.4                                             loo

52.0             23.6                                              100

EE  E  PEE
13.6              30.0        37.3
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The  composite  components  of   the  water  balance  were  expreg8ed   ln  units   of

length   (1nche8)  over  an  unspeclfled  area.     The  areas  of  each  soil  a8soclalton

and  type  of  vegetation  cover  within  each  soil  a88oclatlon  area  mere  then

determined.     Soil-a88oclatlon  areas  wlthln  the  watershed  were  measured  with  an

areal  planlneter.     However,  no  data  8peclfylng  areas  and  types  of  different

crop  growth  wlthln  each  8oll  a88oclatlon  ln  the  basin  were  available.     To

overcome   thlB  problem,   the  following  procedures  were  followed.     Flr8t,   all

lrrlgatlon  wells  wlthln  the  watershed  were  plotted  f ron  water-rlght8  records

available   from  the  Groundwater  Management   D18trlct  No.   5  and   the   Division  of

Water  Resources  of   the  Kansas   State  Board  of  Agriculture.     The  irrigated

acreage  and   the  total  number  of   lrrlgatlon  wells  wlthln  each  county  in  south-

central  Kansas  were  obtained  f ron  Cooperative  Extension  Service  surveys  and

the   1982-83  Kansas   Farm  Facts   report   (1985).     An  average  of   129  acres   per  veil

were  found  to  be  irrigated.     Thus,   by  8hadlng  an  equivalent  area  around  each

well,   the  lrrlgated  cropland  wlthln  each  soil  assoclatlon  of  the  basin  was

approxlmated .

Second,   from  a  19741and-use  and  land-cover  map  of   south-central  Kansas

(USGS  Land   U8e   Series   map   L-28,   1979),   rangeland   (grassland)   wlthln   the

watershed  was  determined  assuming   that   these  areas  have  not  been  signlf lcantly

altered  by   1982-83;  what   81gnlf lcantly  changed  was   the  proportion  of  lrrlgated

ver8u8  nonlrrlgated  cropland.     Third,   the  remalnlng  areas  of   the  watershed

represent  predominantly  nonlrrlgated  cropland  and  pasture  land.     In  thl8

manner,   the  entire  watershed,   and   Chug   each  8oll  as8oclatlon,   was   subdlvlded

into  three  different  zones  of  vegetation  cover   (fig.   17);   namely  lrrlgated

cropland,   rangeland,   and  combined  nonlrrlgated  cropland  and  pasture  land.

These  are   tabulated  ln  table  4.

31



Table   4

Land--use  acreages  f or  each  soil  a8soclatlon  and  climatic
zone  wlthln  the  Rattlesnake  ba81n

Cllmatlc
Zone

Hud-
Hud

Hud-
Trou

Gr-
Trou

Gr-
Buck

Soil                 Total             Rangeland       Irrigated         Dryland  cropland
AS8oclatlon    Area   (m|2)            (mi2)

P-T                        49.0
P-C                      206.0
N-F                         49.9
N-C                          68.3
B-F                          12.1

Na-P1                      59.3
C-F-I                     15.2

D-T                         82.2

P-I
P-C
N-F
N-C

Na-PI

P-T 99.8
A-png                    167.8

N-F
NI
F-L

Z-H-W

P-T

32.2
64.2
42.3
5.8

24.4
A-prf                    62. 2

H-U                        177.5
Hol                         36.5
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Land   (ml2)       &  Pasture   (n|2)

20.9
65.9
4.6

25.7
13.9
1.0

4.6
21.1
18.1
5.0

19.4
156.5
31.8
50.2
10.5
0.0

11.7
6.0



The   Kansas   State  Board  of   Agriculture   1982-83  Farm  Facts   report   (1985)

provides  acreages  of  each  major  lrrlgated  and  nonlrrlgated  crop,   as  well  a8

the  pasture-land  acreage  for  each  county  ln  the  ba81n.     Three  counties

(Stafford,   Edward8,   and  Klowa)  were  chosen  to  represent  all  other  counties   1n

the  ba81n  based  on  their  large  areal  coverage  vithln  the  watershed.    Ratlo8  of

speclf lc  crops  were  deternlned  wlthln  the  three  abovementloned  vegetation

types.    We  a88umed  that   the  ratlo8  or  percentages  of   different  crops  ln  any

soil  assoclatlon  were   the  Same  as   those  wlthln  the  county.

The  areal  extent  of   lrrlgated  cropland,   cotnblned  pasture  and  nonlrrlgated

cropland,   and  rangeland  wlthln  each  8oll  assoclatlon  can  then  be  eBtlnated

using  the  grid-percentage  technique.     A  grid  ls  placed  over  a  known  area  and

the  number  of  nodes   covering  each  8ubarea  are  counted  and  converted  into  a

percentage  of   the  total  nodes   covering  the  area.     The  known  area  can  then  be

subdlvlded  by  the  percentages  calculated  above.

The  percentages  of  the  dlf ferent  lrrlgated  and  nonlrrlgated  crops  are

knotirn  for   the  county.   and  therefore   (by  a8sumptlon),   for  each  soil  assoclatlon

as  well  as   the  corresponding  areas  of   the  three  general  types  of  vegetation

cover   (1rrlgated,   nonlrrlgated   cropland,   and  rangeland).     Speclflc  crop

acreages   can  thus  be  determined.     The  pa8tureland  acreage   (knoim  from  Farm

Facts  f lgure8  for  each  county)  was  Separated  f ron  the  combined  pa8ture-

nonlrrlgated  cropland  category  and   then  added  to   the  rangeland  acreage  for

slmulatlon  purposes,   81nce  pasture  and  rangeland  Were  both  81mulated  as

natural  growth  or  grassland  ln  the  VB  procedure.

A  utlllty  program  va8  employed  to  calculate  the  components   of   the  water

balance  ln  acref eec  unlt8  for  the  dlf ferent  types  of  vegetation  areas  of  the

basin.    The  required  input  data  were  soil-as8oclatlon  areas  for  lrrlgated

cropland  and  nonlrrlgated  cropland,   ratlo8  of  Bpeclflc  nonlrrlgated  crops
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wlthln  the  re8pectlve  county,   and  each  composite  hydrologlc  component  for  each

8oll  assoclatlon.     The  program  output  consisted  of   tables  of  each  hydrologlc

component  according  to  vegetatlve  type  and  Soil  assoclatlon,   as  will  be

di8cus8ed  ln  the  results  and  dlscusslon  8ectlon.

The  hydrologlc-component  data  bef ore  and  af ter  the  above  compllatlon  were

added  by  another  utlllty  program  to  check  for  input  errors  and  to  determine

the  range  of  error  within  the  calculatlon8.    The  utlllty  program  calculated

the  hydrologlc-balance-equation  error  a8

PCP  +  SD   -  ET   -  DR   -  RO   =  error

where         PCP  =  preclpltatlon

SD  =  soil  clef lclt

AE  =  actual  evapotransplratlon

DR  =  deep   drainage,   and

RO  a  Surface   runoff .

(4)

Large  errors  were  con81dered  to  be  input  errors  and  were   traced  to  their  cause

and  corrected.     Small  errors  generally  less   than  1%  of  total  preclpltatlon,

were  con81dered  to  be  due  to  cumulative  rounding  errors.

The  compiled  data  conslgtlng  of   the  components  of   the  water  balance  ln

acre-f eec  were   then  used   to  e8tlmate  the  total-b881n  amounts  of  each

hydrologlc  component   ln   the  balance  equation  by  simply  adding  each  cotnponent

over  the  entire  ba81n.

A  Separate  utlllty  program  va8  employed  to  calculate  the  average  value  of

the  water-balance  components   (1n  unlt8  of  length)  for  the  respective  areas  of

lrrlgated  cropland,  nonlrrlgated  cropland,   and  grassland  wlthln  each  soil
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as8oclatlon.     These  data  were   then  displayed  a8  a  8erle8  of  maps   to  be

dlscus8ed  ln  the  8ectlon  on  re8ult8  and  dl8cu881on.

The  VB  program  was   adopted   to   run  on  the  Data  General  MV8000   (later

upgraded  to  MV20000)  mlnlconputer  of   the   Kan8a8  Geological  Survey.     Several

modlflcatlons   to  the  program  were  lmplemented  for   this   study,   such  as

lncreaslng   the  number  of  crop  stages,   adding  lrrlgatlon  amounts   Separately,

calculating  cumulative  sung   of   the  components  of  the  water  balance,   and  other

nlnor  changes.

RESULTS   AND   DISCUSSION

Climatic,   soil,   crop,   and  landiise  parameters  all  affect   the  amount  and

dlstrlbutlon  of  the  various  hydrologlc  varlables,   namely  runoff ,

evapotransplratlon,   deep  drainage,   atid  8oll  deflclt.

Cllmatlc  factors:   Solar  radlatlon  and temperature  greatly  af f ect  the

evaporatlve  regime  of  an  area;  consequently,   evapotran8plratlon  varle8

seasonally  and  spatlally  ln  response  to  these  clltnatlc  factors.     Thus,  during

the  winter  period  the  evapotransplratlon  regime  ls  at  lt8  mlnlmum.     (See  flg8.

28-311n  temporal-patterns  section  below.)     Local  climate,   1rrlgatlon,

varlatlon81n  transplratlon  rates  among  different  crops,   and  8oll  factors

exert  addltlonal  1nf luences  on  evapotran8plratlon,   a8  will  be  dl8cus8ed  later

ln  the  8ectlon8  on  soil   factors  and  crops  and  land  use.

Preclpltatlon,   the  primary  water-Supply  Source  ln  the  area,   exerts  a

major  influence  on  the  components  of   the  hydrologlc  cycle.     Thus,   1n  the

northea8tem  portion  of   the  ba81n  where  preclpltatlon  during  the   1983  water

year  was   lower  than  ln  other  parts   of   the  watershed   (approximately   18.91nche8

at  Hudson  compared   to   23.llncheB   ln  Trou8dale  and   23.51nches   ln  Bucklln),

all  hydrologlc  varlables  exhibit  lover  values  compared  to  the  rest  of  the

ba81n,   aB   will  be   8holm   below.
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The  amount,   frequency,   duration,   and  lnten81ty  of  rain  affects   the  runoff

and  deep-drainage  hydrologlc  varlable8  1n  particular.     For  example,   runoff  ln

the  Greensburg-Bucklln  cllnatlc   zone  during  the   1983  water  year  18  higher  than

ln  the  other  cllmatlc  zones  because  of   the  higher  f requency,   1ntenslty,   and

amounts  of  rainfall  1n  that  area  compared  to  the  other  basin  areas   (fig.18).

Soil  factors: The  ba81c  Boll  parameter  af fectlng  the  hydrologlc  varlables

1n  this  model   1s   the  available  water  capacity   (AWC)   of   the  root   zone.     The

8oll  hydraulic  conductlvlty  ls  incorporated  lndlrectly  ln  the  model  through

the  choice  of  a  z-table.     However,   because  the  detailed  physics  of  soil-irater

flow  are  not   con81dered   ln  this  model,   the  AWC  of   the  soil  exerts   the

domlnatlng  influence;   the  AWC  of  each  8oll  determines   the  maximum  llnlt   of

actual  evapotransplratlon  that  can  be  extracted  without  addltlonal

lnflltratlon,   and   the  maximum  soil  deflclt  possible.     Thus,   given  the  Same

hydrocllnatlc  conditions  and  crop  cover,  a  soil  with  a  relatively  low  AWC  will

exhlblt  a  relatively  small  water  deflclt,  and  relatively  8nall  amounts  of

water  will  be   lost   through  ET  compared   to   losse8  f ron  a  soil  with  higher  AWC

(figs.   19  and   20).     Final  8oll-deflclt  values  are  not  monotonically

cumulative,   like  values  of  preclpltatlon,   evapotranBplratlon,   drainage,   and

runoff ,   but  are  a  running  algebraic  total  (with  posltlve  and  negative

values).    The  final  soil-deflclt  total  1s  responsive  mainly  to  the  weather

condltlons  of   the  prevlou8  few  weeks.     The  soil  deflclt  for  lrrlgated  cropland

ln  fig.   19  1s   Shown  to  be  higher   than  for  nonlrrlgated  cropland  for  soll8  with

AWC  greater   than   71nche8.     This   8eemlngly  paradoxical  result   18   due   to  the

dl£f erent  proportions  of  lndlvldual  crops  which  cause  higher  or  lover  soil

moisture  deflclts  ln  the  8oll   (see  crops  and  land  use  section  below).
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The  AWC  also  determlne8   the  amount   of  water  which  can  lnf llcrate  into   the

8oll  before  deep  drainage  occurs.     The  AWC  acts  a8  a  buffer  for  lnflltratlng

water.     Thus,   deep   drainage   decreases   with   lncreaLslng  AWC   (fig.   21).     Clven

the  game  lnltial-moisture  condltlons,  a  Boll  with  higher  AWC  can  absorb  more

lnflltratlng  water  than  low-AWC  soll8.     The  sollmol6ture  condltlon8,

e8peclally  the  current  sollinolsture  deflclt,  affect  the  quantity  of  water

that  can  lnflltrate  into  and  run  off  from  the  varlou8  8olls.    However,   runoff

data  do  rLot   Show  clear   trends  with  varying  AWC  because  of   the   donlnance   of

preclpltatlon  amounts,   1ntenslty,   and  frequency  over  soil  factors   (fig.   22).

In  Bone   instances,   however,   higher   runoff   was   produced   from  low-AWC  sandy

8olls   than  from  high-AWC  clayey  soils,   as  nay  be  Seen  ln  dryland  cropland

(fig.   22),   1ndicatlng  that  a  procedure  governing  the  rate  of  8olliJater

movement   is  needed   ln   the  VB  program.

£E2B±±±i±±±i±±±±:   The  Water  balance  also  ls  greatly  influenced  by  the

plant  cover  and  land-use  practice.     The  largest  element  of  the  water  balance

ls   the  ET  component   a§   can  be  seen  for  native  grassland  ln  fig.   23.     The

impact  of  vegetation  on  the  hydrologlc  balance  is   complex  and  depends  on

factors  Such  as  crop  coefflclents,   growth  stages,   rooting  depths,   Boll,  water,

and  cllnatlc  condltlon8  a8  used  ln  this   81mulatlon  model.

The  crop  coefflclent8  vary  with  the  growth  of   the  crop.     Mature  plants

have  greater  ablllty  to  extract  soil  nolBture  f ron  all  8oll  horlzon8  and  thus

have  larger  coefflclent8   than  young  plants.     If  the  8urmatlon  of  crop

coef f lclents  for  the  dlf ferent  Boll  layers  during  a  growth  Stage  ls  equal  to

1.0,   AE  and  PE  will  be  equal  during  perlod8  of  no  water  de£1clency.     If   the

8urmatlon  ls  less  than  1.0,  plants  tran8plre  at  less  than  the  potential  rate,

even  under  well-watered  condltlons.     When  plants  mature  they  may  transpire  at

greater  than  the  potential  rate  because  of  the  lncrea8e  ln  leaf  area  (Dyer  and
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Dryer,   1982).     The  crop  with  the  largest  crop  coefflclent81s  alfalfa.     In

addltlon,   alfalfa  ls  contlnuougly  groom  f ron  one  year  to  the  next  with

multiple  harvests  wlthoLit  replantlng  or  land  fallowlng.     Pralrle  grasses  have

the  next  highest  overall  crop  coefflclents  with  a  long  grovlng  Season.     The

various  crop  coef f lclent8  adopted  ln  this  study  are  presented  ln  Appendix

11.    All  other  crops  have  lower  crop  coefficients  and  are  groom  only  part  of

the  year.     Winter  wheat   ls   81mulated   from  October  to  June  with  a  winter

dormant  period  and  a  summer   (post-harvest)  fallow  period,   or  ln  rotation  with

another  crop   from  June   to  October.     Corn,   sorghum,   and   Soybean  slmulatlon8   are

combined  with  either  wheat  or  fallow  condltlon6   to  complete  the  year's

growth.     Sorghum,   soybean,   and  corn  are  grotm  during   the  8unner  months  when

soils  are  naturally  drier  and  PE  18  at  ltB  hlgheBt.

Figs.   24  to  271ndlcate  some  of   the  effects  of  vegetaclon  and  landiise

practice  on  the  various  hydrologlc  varlable8.     All  other  factors  being  equal,

native  grassland   (and  fallow  land)  produces   the  lowest  runoff  amounts,   while

lrrlgated  cropland  produces  the  highest  runoff  amounts,   especially  lrrlgated

wheat/sorghum  or  soybean  rotations  and  lrrlgaced  wheat   (fig.   24),   mlnly

because  of   the  Short   rooting  depth  of  wheat.

By  far  the  hlghe8t  actual  evapotransplratlon  anount8  from  all  crops

considered  ln  this  study  are  produced  from  lrrlgated  alfalfa  acreages,

followed  by  corn  and  lrrlgated  wheat-Soybean  rotatlon8,   1ndlcatlng  the  high

prlnary  productlvlty  of   these  crops;   the   lowest  amounts  were  produced  from

dryland  wheat  acreage8   (fig.   25).     Note   that  native-gra88  evapotran8plratlon

exceeds   that  of  dryland  or  lrrlgated  wheat  f allowed  by  f allow  or  dryland

sorghum  or  soybean.     Thl8   18  because  of   the  deeper  rooting  system  of  grassland

and  its  longer  llfecycle.
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The  hlghe8t  sollmoi8ture  deflclt  ls  developed  ln  dryland  wheat-Soybean

rotation  fields,   followed  by  corn,   alfalfa,   and  native-gra88  acreageg.    The

lowest  soil  deflclts  are  developed  ln  lrrlgated  wheat-Sorghum  fields   (fig.

26).    A  large  proportion  of  high-soil.-mol8ture-deflclt  cauBlng  crops  may

result  ln  an  overall  higher  8ollmolsture  de£1clt  for  lrrlgated  cropland  than

for  the  nonlrrlgated  cropland  ln  the  game  cllmatlc  zone.     For  example,   as

shoiirn  ln  fig.   19,  winter  wheat  which  causes  a  very  low  8oll-mol8ture  deflclt,

comprises   73%  of   the  nonlrrlga[ed  cropland,  while  the  highest-sollinol8ture-

deflclt-cau81ng  crops,   such  a8  corn  and  alfalfa,   are  either  absent  or

practically  nil   (dryland  alfalfa  ln  the  HUD-TROU  and  GR-TROU  cllmatlc  zones

conprlses  approxlmtely  1%  of  the  dryland  crops).     In  contrast,   the  lrrlgated

cropland  includes  as  the  major  crops,   the  highest  soil-nol8ture  deflclt

cau81ng  crops  Such  as   the  wheat-Soybean  rotation,   corn  and  alfalfa,   at  an

overall  proportion  of   67%  of   the  total  irrigated  crops.

The  hlghe8t  deep  drainage  occurred  ln  lrrlgated  wheat   fleld8,   mainly

because  of   the  Shallow  rooting  depth  of  wheat,  while   the   lowest  deep-drainage

values  occured  ln  alfalfa  and  grassland  acreages   (fig.  ZZ).     Intere8tlngly,

decreaged  amounts  of  deep  drainage  ln  the  lover  preclpltatlon  northeastern

portion  of   the  ba81n   (fig.   23)  are  from  grasslands,   1ndlcatlng  the  dominant

effect  preclpltatlon  and  vegetation  exert  on  deep  drainage.

The  scatter  of  polntg  ln  all  the  above  graphs  1s  due  to  preclpltatlon  and

temperature  varlatlon8   1n  the  central  and  8outhwe8t  portions  of   the  watershed

from  which  these  data  were  derived.

|e_PPo_ra|  dlstrlbutlon8  of  cllnatlc  and  hydrologlc  varlables:  The  clue

dlstrlbutlon  of   important  cllmatlc  and  hydrologlc  conponent8   (maxlmun  and

mlnlmum  air  temperature,   preclpltatlon  plus  lrrlgatlon,   Bollmol8ture  deflclt

of   the  root  zone,   deep  drainage  and  runoff ,   as  veil  as  cunulatlve  values  of
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potential  and  actual  evapotran8plratlon  and  preclpltatlon  plus  1rrlgatlon)  are

graphically  presented  for  selected  plant  covers  growing  ln  a   "typical"  goll

assoclatlon  from  the  central  portion  of   the  basin   (figs.   28  through  31).

Compare,   for  example,   the  dryland  wheat-fallow  sequence  with  the  pralrle

grassland  which  po8sesse8   the  deeper  rooting  8y8tem  (figs.   28  and   29).     Note

the  lower  deep  drainage  and  higher  soil  clef lclt  ln  gra8sland8  compared  to

wheat.     Also  compare   the  different  characterlBtlc8  of  lrrlgated  wheat-sorghum

Sequence  with  those  of   lrrlgated  alfalfa   (figs.   30  and  31),   where  ln  fact  AE

exceeds   the  VB-calculated   PE  most   of   the   tine;   the  mlnlmal  amounts   of  deep

drainage  ln  alfalfa;   and  the  higher  8oll  deflclt  compared  to  that  of  wheat   (of

course  keep  ln  mind  the  Shallower  rooting  depths  of  wheat).     Also  riote  that

addltlonal  1rrlgatlon  during  tt`e  Summer  months  for  sorghum  contributed

practically  nil  for  deep  drainage.     From  all  these  figures,   the  tlmlng  of  deep

drainage  events   can  be  concluded  to  occur  during  6prlng.     The  high  water

consumption  of  grasslands,   as  reflected  by  their  high  crop  coefflclents,

prevents   large  deep-drainage  anount8  during  8prlng  when  most  deep  drainage

occurs,   in  conparlson  to  other  crops.

Areal  dlstrlbutlon  ofof  hydrologlc varlables:   The  dl8trlbutlon  of  deep  drainage,

evapotran8plratlon,   and  runoff  over  the  entire  Rattlesnake  watershed  re8ultlng

from  the  methodology  adopted  ln  this   Study  ls   shorn  ln  figs.   32   to   34,

re8pectlvely.     The  Same,   and  addltlonal    1nformatlon  also  18   tabulated  ln

Appendix  Ill,   which  lndlcate8   the  anourit8,   1n  lnche8,   of   the  hydrologlc

varlables  mentioned  above,   Separated  by  hydrocllmatlc  region,   vegetation

cover,   and  soil  as8oclatlon.     Appendix  IV  tabulates   the  amounts  of   the  above-

mentloned  hydrologlc  varlables  ln  acre-f eec  a8  a  I unctlon  of  hydrocllmatlc

zone,   §oll  as8oclatlon,   and  vegetation  cover-land  use.    Figs.   32-34  represent

plctorlal  views  of   the  complex  8patlal  varlatlon  of   the  varlou8  hydrologlc
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parameters.     The  8peclflc  values   from  these  maps  can  be  found  ln  Appendix  V,

where  the  values  of   the  various  hydrologlc  varlables,   1n  inches,   are  conplled

according  to  lrrlgated  crops,  nonlrrlgated  crops,  and  natural  growth,  all  as

functions  of  soil  and  hydroallmatlc  complexes.

The  areal  dlstrlbutlon  of  deep  drainage,  and  thus  potential  groundwater

recharge,   1s   lndlcated  ln  fig.   32.     The  highest  drainage  values   (6  to

approxlmtely  8.51nches)  occur  ln  the  South-central  portion  of   the

watershed.     Thl8  high  dlstrlbutlon  was  the  result  of   the  conblnatlon  of  low

sollmolsture  capacity  of  the  Prate-Tlvoll  and  Pratt-Attica-Carwlle  soil

a88oclatlons   (See  table   1),   the  high  lrrlgatlon,   and  relatively  high

preclpltatlon  ln  the  lower  two-thirds  of   the  watershed   (compared  to  the

northeastern  portion  of  the  watershed).     The  high  deep-drainage  region  also

colncldes  with  the  high  soil-permeablllty  region  of   the  basin  (fig.   14).    This

high  deep-drainage  region  ls  corroborated  by  the  I act   that  no  water-level

decllne§   (1n  fact  water-level  rises)  have  been  observed  ln  this  area  81nce  the

1940's;   water-level  declines  have  been  observed  ln  most  other   locations  ln  the

watershed   (fig.   8).     Note,   however,   that   the  water  table  ln  thl8  high  deep-

dralnage  area  18  generally  ln  the  order  of   50-100  ft   below  land  Surface   (fig.

7),   and  the  deep  drainage  lndlcated  by  fig.   321s  from  the  bottom  of  the  8oll

profile,   normally  5  ft  deep.     The  drainage  figures  ln  this  case  should  be

con81dered  as   lndlcatlng  maxlmun  or  potential  recharge  under   1982-83  cllmatlc

and  land-use  condltlon8  because  of  the  llkellhood  of  addltlonal  water

los8es.     These   los8es   can  be  due   to   1)  deeper-rooted  plant  usage;   2)

8ub8urf ace  lateral  water  movement  due  to  thick  clay  layers  which  may  redirect
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the  dowriward  Boilirater  f low  laterally  away  from  the  input  area  and  eventually

towards   the  surface  farther  away;   or  3)   the  absorption  by  the  available  water

storage  capacity  of   the  deeper  un8aturated  zone.

The  Smallest   deep  drainage  values   (1n  the  range  of   0-2  1nche8)   occurred

ln  the  northeastern  portion  of  the  watershed  because  a  81gnlf leant  portion  ls

natural  grassland   (which  pos8es8es  a  deep  rooting  8y8tem  and  a  long  active

llfecycle)  with  no  slgnlflcant  lrrlgatlon  development,   relatively  high

nolsture-capacity  8olls,   Such  as   the  Natrustoll8-Plevna  8oll  assoclatlon,  and

lower  preclpltatlon  compared  to   the  lower  two-thirds  of   the  watershed  for   the

water-accounting  period.     Deep-drainage  value81n  this  area  likely  correspond

to  the  actual  ground-water  recharge  because  the  depth  to  the  water  table  ls

generally  shallow,   1n  the  range  of   10-20  ft.

The  dl8trlbutlon  of  actual  evapotransplratlon  water  loss  1s   shown  ln  fig.

33.    Actual  evapotran8plratlon  ls  a  complex  function  of  cllnatlc  varlable8  as

reflected  in  the  PE  calculatlon8,   soil.-mol8ture  and  sollwater  capacity,   z-

table,   and  k-coefficients.    The  highest  evapotransplratlon  los8e§  are  easily

recognized  to  occur  ln  comblnatlon8  of  hlghmolBture-capacity  8oll8  and

lrrlgated  crops,  while  the  lowest  evapotransplratlon  lo88es  occur  ln

nonlrrlgated  cropland  and  low-sollmol8ture-capacity  areas.

The  dlstrlbutlon  of  surface  runoff  ls  8hoim  ln  fig.   34.     Runoff  ls

greatly  affected  by  the  amount,   1nten81ty,   and  frequency  of  preclpltatlon,   1n

addltlon  to  geomorphologlcal  factors.     In  the  Greensburg-Bucklln  cllmatlc

region,  where  the  lnten81ty  and  frequency  of  rainfall  wag  higher  than  ln  other

portions  of   the  vater8hed   (fig.   18),   the   largest  Surface  runoff  values  of  one

inch  or  higher  are  observed.    Also  note  that   thl8  region  ls  mostly
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covered  with  dryland  wheat  with  a  Shallow-rooting  depth,   which  also

contributes  to  higher  runoff  values  given  the  appropriate  preclpltatlon

condltlon8 .

The  lowest  runoff  values   (.2-.51nches)   occur  ln  the  northeast  portion  of

the  watershed,   which  ls  covered   to  a  large  extent  by  grassland   (wlch  deeper

rooting  depths),  nonlrrlgated  crops,  and  relatively  high  8ollmolBture

capacltles  ln  conblnatlon  with  relatively  low  preclpltatlon.

In  general,   the  effect  of  lrrlgatlon  ls  to  81gnlflcantly  lncrea8e

evapotranspiratlon  and  also  increase  deep  drainage,   as   can  be  seen  ln  figs.   20

and   21.     For   Summer   crops,   Such  as   sorghum  and   goybeans,   aB  well  as   alfalfa,

most  of   the  lrrlgatlon  amounts  are  spent  ln  evapotransplratlon  actlvltles,   and

negligible  amounts   for  deep  drainage.     The  effects  of  grasslands  are  reduced

deep  drainage  and  runoff  and  lncrea8ed  sollmol8ture  clef lclt8   compared   to

cropland  acreages   (fig.19,   20,   and   21).     From  the  areal  dl8trlbutlon  of  ,the

varloug  components  of   the  water  balance,  we  can  conclude  that  single  average

values  of  hydrologlc  varlables  used  ln  management  practices  are  not  reallstlc

and  that  a  spatial-dlscrlmlnatlon  attempt  ln  managing  Water  re8ource8   1s  ln

order ,

Predlctlve  ca abllltle8    A  computerized  water-balance  procedure  can  be  used  to

predict  human  and  natural  1mpact8   on   the  hydrologlc  cycle.     The  hydrologlc

effects  of  vegetation  changes,   weather  nodlflcatlon,   extreme  veather

condltlons,   and  so  on  can  be  readily  e8tlmated  during  the  planning  process.

Thus,   had  the  Rattlesnake  basin  been  entirely  covered  by  pr81rle  grasses,   aB

lt  probably  was  during  predevelopment   times,   and  the   1982-83  preclpltatlon

pattern  and  amount  prevailed,   the  overall  ba81n  deep  drainage  would  have  been

1.131nche8,   compared  to  0.151nche81f  alfalfa  were  planted  exclu81vely  ln

the  ba81n.     If   the  entire  basin  were  planted  with  dryland  wheat  under   1982-83
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preclpltatlon  conditions,   the  overall  ba81n  deep  drainage  would  have  been  5.1

inches.     Such  figures  can  be  arrived  at  by  nultlplylng  the  deep-drainage

amounts   for   the  corresponding  crop  and  Boll  complex   (Appendix  Ill)  by  the

planted  area   (Appendix  IV),   summing  up  these  figures,   and  dlvldlng  by  the  area

of   interest   (Appendix  VI).     Slmllarly  the  hydrologlc  effects  of  manlpulatlng

the  proportion  of  various  crops  and  the  amounts  of  lrrlgatlon  wlthln  any  soll-

as8oclaclon  area  can  thus   be  a8sessed.

Provided  that  future  preclpltatlon  patterns  can  be  establl8hed,   then,

under  known  vegeta[1on  and  land.iise  practices,  various  components  of   the  water

balance,   such  a8  deep  drainage  and  Surface  runoff ,   can  be  readily  predicted

wlthln  the  basin  u81ng  the  presented  methodology.     An  example  of   the  relative

ef f ects  of  an    ~   19%  preclpltatlon  dlf f erence  on  the  components  of   the  water

balance,  keeping  the  preclpltatlon  time-pattern  constant,   1s  shown  ln  fig.

23.     Thl8  figure  represents  actual  grassland  data  from  the  northeastern  basin

area  which  received   18.91nche8  of  preclpltatlon  and   the  rest  of   the  watershed

which  received  an  average  of   23.31nches.     Note   the   large  lncrea8e  ln  deep

drainage  ln  the  higher  preclpltatlon  region,   e8peclally  ln  low-AWC  soll8,

compared  to  the  deep  drainage  ln  the  lower  preclpltatlon  region.

Addltlonal  as8umptlon8 Many  a8sumptlon8  are  inherent  in  the  61mpllf lcatlon  of

complex  problems   Such  as   slmulatlng  the  water  balance  of  the  Rattlesnake

watershed.     The  most   important  varlable8   contrlbutlng  to  the  water  budget  are

believed  to  be  accounted  for  ln  thl8   Study,   and  the  various  a8sumptlon8  and

slmpllf lcatlons  made  are  believed  to  contribute  only  minor  errors  ln

conparl8on  to  the  Scale  and  totality  of  the  problem.     In  addltlon  to  the

81mpllf lcatlon8  and  assumptlon8  already  mentioned  ln  the   ..Ver8atlle  8oll-

molsture  Budget-VB.'  6ectlon  and  ln  the  lrrlgatlon  and  baslnwlde  lntegratlon

methodology   subsections   of   the   "Hydrologlc  budget   lmplementatlon  and
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synthe81s..   section,   the   following  main  assumptlon8  also  are  made,   or  expanded

here :

The  rooting  depths   of  most   crops   do  not  exceed   5  ft   because  Dost   soil

de6crlptlons  ln  Soil  Conservation  Survey  soil  manuals  do  not  extend  beyond

that  depth.     The  largest  error  from  this  as8unptlon  would  probably  be  for

alfalfa  which  may  have   roots   extending  to  more   than  dout>1e   that  depth.     A  5-ft

rooting  depth  for  alfalfa  underestimates  AE  and  ln  high  preclpltatlon  areas

may  overestimate  deep  drainage.     However,   alfalfa  repre8ent8  only   5.1  %  of   the

basin  vegetation  cover.     Even  at   the  inodeled  rooting  depth  of   5  ft,   alfalfa  ls

extremely  efflclent  ln  ex[ractlng  most  of   the  available  nol8ture  capacity  of

the  soil  profile,   thus   leaving  negllglble  amounts   to  drain  below  the  modeled

root  zone.     Only  AE  would  be  appreciably  affected  by  the  small  rooting  depth,

the  error  being  llnlted  to  the  addltlonal  avallablewater  capacity  of  the

deeper  soil  profile.

In  the  calculation8  presented  here,   the  basic  8oll  unit  ls  the  8oll

8erles   (soil  type)  and  not  the  soil  a8soclatlon.    The  varlou8  soils  are

modeled  Separately  and   the  budget  parameters  are  subsequently  averaged  into

soil  as8oclation  budget  parameters.     The  a8sumptlon  ls   that   the   soll8,   as

modeled,   are  not  affected  by  surrounding  8oll  8erles.     This  assumption  ls  due

to   the  nature  of   the  VB  procedure  which  can  model  only  one   8oll  type,   one

vegetatlve  type,   and  one  hydrocllmatlc  regime  at  a  Clue.     The  water  budget

calculates  hydrologlc  varlable8  1n  unlt8  of  length  over  an  unspeclf led  area

which  needs   to  be  e8tlmated  and  integrated  Separately.

We  reiterate  here  that  the  water-balance  results  presented  are  f or  an

integrated  system.     For  example,   the  water-balance  parameters  are  calculated

ln  relation  to  each  other,  but  only  wlthln  a  particular  soil  typenyegetatlve

cover  complex.     The  Boll  comblnatlons  all  are  calculated  Separately  and  then
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merged  together  a8  areal  averages.     Slmllarly,   the  crop  rotatlon8  are

calculated  Separately  and  merged  together  to  complete  a  full  year  as  explained

ln  Appendix  I.

Natural  growth  or  grassland  ls  con81dered  to  be  equivalent  and  ls

represented  by  brome  grass.     Since  the  natural  State  of   the  basin  ls  pralrle

and  the  wooded  areas  are  minimal,   no  slgnlflcant  problems  are  antlclpated  with

this  a8sumptlon.

The   z-table  chosen  for   the  ba81n   (curve  F,   fig.   16)   81mulates   sandy

soils,   thus  provldlng  an  index  to  8oll-hydraulic  conductlvlty.     Soils  with

slgnlflcant  clay  content  Would  not   release  water  as  readily  as  Sandy  soils

with  the  consequence   that  AE  would  be   lower.

Varlatlon6  1n  topographic  elevation  across  the  basin  are  not  expllcltly

con81dered  ln  this  VB  procedure.     This  ls  particularly  troublesome  ln

noncontrlbutlng  watershed  areas   for  surface   runoff .     The  resulting  VB  runoff

estlmtes  fron  noncontrlbutlng  areas  are  not  taken  into  account  assuming,

based  on  actual  observatlon8,   thaLt   the  excess-water  puddles  created  everitually

become  part  of   the  evapotransplratlon  process.     However,   because   the  basin  ls

flatland,   the  disadvantage  of   lgnorlng  surface  Slope  ln  the  VB  may  not  be

§1gnlf leant .

Deep  drainage  below  the  modeled  root   zone  ls  88sumed  to  eventually  be

incorporated  into  the  water  table.     As  mentioned  previously,   thl8  nay  be  a

reasonable  a8sumptlon  ln  cases   of  relatively  shallow  water  table.     However,

drainage  re8trlctlon8  due  to  very  shallow  water  table  areas  are  not

con81dered;   here  the  water  may  not   be  able   to  drain  below  the   rooting  depth.

Thl8   llmltatlon  may  affect  areas  very  close  to  f lowing  Stream  courses  and

marshlands .
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VERIFICATION   OF   RESULTS

The  valldlty  of   the  e8tlmate8   from  the  VB  has  been  exten81vely  verif led

by  comparison  with  measured  data,   and  by  evaluating  the  efflclency  of  such

e8tlmate8   1n  explalnlng  varlatlon8  of  observed  crop  yleld8   (Baler  and

Robertson,   1968;   Baler,   1972;   Baler   et   al.   1976;   Ravelo  and  Decker,   1979;

Serlllo  and  Brown,   1971;   gee  further  reference81n  Baler  et  al,   1979,   and  Dyer

and   Mach   1984).

For   the  present   Study  we  compared  runof f  and  deep  drainage   re8ult8

predicted  by  the  VB  procedure  with  measured  8treamflow  and  groundwater

recharge  data  for   the  Rattlesnake  Watershed.     The  8treamflow  data  at   the

Macksvllle,   Zenith  and  Raymond  gauging  8tatlon8  Were  plotted  as   daily

hydrographs  u81ng  the   Surface   11  graphlcs   system.     The  8treamf low  hydrograph8

were  separated  into  basef low  and  surface   runoff  components  u81ng   Standard

graphical  procedures   (Lln81ey  et   al,   1982;   Busby  and  Armentrout,   1965).     Table

5  presents   the  results  of  this  8eparatlon  procedure  for  the   1983  water  year

(October   1,    1982   to   September   30,    1983).
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TABLE    5
Rattlesnake  Creek  streamflow  hydrograph  §eparatlon   (1983  water  year)

Gaging

Station

Basef low                      Surface  Runof f                           Total  Stre8nf low

(io6  ft3  per  year)

Macksvllle

Zenith

Raymond

256.258

689.439

919.900

131. 414

250.174

335.107

387.672

939.613

1'255.007

Note  that  a  large  proportion  of  the  Rattlesaake  watershed  does  not

contribute   to  Surface  runoff   (fig.   4).     Also  note  that   the  West,   Middle,   and

East  Forks  of   the  Rattlesnake  are  ephemeral  streams  with  quartz-dune-sand

stream  bottotn8.     Continuous   flow  of   the  Rattlesnake  18  not  seen  until  after

the  three  forks  combine  into  the  Rattlesnake  naln  branch  near  the  north  edge

of   the  Klowa  County   line.

The   Surface  runof f   for   the   1983  water  year  calculated  from  the  Stream

hydrograph  near   the  mouth  of   the   creek   (Raymond   station)   18   335.1  X  106  ft3

(table   5).     The  total  runoff  calculated  from  the  VB  budget  for   the  area  of   the

ba81n  contrlbutlng  to  Surface  runoff   (from  the  Raymond  Btatlon  to   the  northern

edge  of   the   Klowa   County   line,   fig.   4)   18   384.0   X  106  ft3.     This   £1gure   18

calculated  by  inultlplylng  the  percentage  area  of  each  soil  a8soclatlon

contrlbutlng  to  Surface  r\inof f   ln  each  cllmatlc  zone  by  the  compo81te  VB-

runoff  estimate  for   that  soil  a88oclatlon.     These  products  are  then  Bummed  to

arrive  at  the  total  runoff  value  for  the  contrlbutlng  area  of  the  watershed,
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as   shown  ln  Appendix  VII.     The   resulting  VB-runoff   estimate   ls   12.7%  higher

than  the  hydrograph  e8tlmate.     This   ls  a  8atl8factory  e8tlmate  given  the

approximate  nature  of   both  the  hydrograph  geparatlon  and   the  VB  procedures.

The  Surface  runoff  estimate  for  the  abovementloned  contrlbutlng-watershed  area

amounts   to  approximately   0.51nch.     Such  an  estimate  ls   ln  accordance  with

average  annual  runof f  values  I or  that  area  published  ln  the  Kansas  Water  Atlas

(Kansas   Water   Re8ource8   Board,    1967).

The  Soil  Conservation  Service   runoff-e8tlmatlon  method   (U.S.   Department

of   Agriculture,   1972)   was   also   applied   (Sophocleous   and  MCA1118ter,   1985,

unpubllshed  type8crlpt)   for  the  Surface-runoff-contrlbutlng  area  between  the

Raymond  and  Macksvllle   8treamgaglng  stations   (234  ml2).     FlrBt,   the

contrlbutlng  areas  were  determined.     Then,   the  rangeland   (grassland)  and

cropland  areas  wlthln  the  contrlbutlng  watershed  area  were  determined,   and

their  ratio  was   con81dered  as  an  average  value  applicable  to  the  soil

a8soclatlon   (the  estimated  ratio  was   37%  cropland,   63%  rangeland   for   that

portion  of   the  watershed).     Each  8oll  group  was   then  a8slgned  a  curve  number

depending  on   the  ground  cover  and   time  of  year   (growing  or  dormant   season).

The  daily  preclpltatlon  for   the   1983  water  year  was   examined  for   8torn  events

of   1  inch  or  more,   as8umlng  that  events  of   less   than  1  inch  would  not  produce

Surface  runoff.     Each  Such  Storm  event  was  used  ln  calculating  a  resulting

runoff  value.    Finally,   these  runoff  values  vere  added  together  to  produce  a

composite  total  for   the  year.     A  runoff   e8tlmate  of  0.42  inches  was  derived

wlthln  the  contrlbutlng  area,   uBlng  the  average  curve  number  procedure   (U.S.

Department   of  Agriculture,   1972).     This   estimate   18   comparable   to   the  VB

estimate   of   0.51ncheg.

While  streamflow  and  runoff  values   represent   integrated  measurenents,

e8tlmates  of  ground-water  recharge  from  a  number  of   sites  wlthln  the  watershed
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represent  point  measurements.     In  a  concurrent  study  of  natural  groundiyater

recharge   ln  the  Great  Bend  aqulfer   (Sophocleou8  et   al.,   1n  preparation;

Sophocleous  and  Perry,   1984;   1985),   five  recharge  slte8,   three  of  which  are

wlthln  the  Rattlesnake  Creek  basin,  were  lnstrunented  ln  the  latter  part  of

1984  with  recording  preclpltatlon  gages,   ob8ervatlon  wells   (some  vlth

continuous   recorders),   neutron  access   tubes,   and  tenslometers.     More  than  a

year's  worth  of  data  were  collected  on  a  weekly  basis  and  recharge  estimates

for   1985  were  made.     Two  of   the   §1te8  are   located  ln  the  northeastern  portion

of   the  watershed   (site   1  at   SESESE   see.13,   T.25S.,   R.16W.,   and   Site   2  at

SWSWSE   8ec.36,   T.23S.,   R.13W.),   while  a   third   site   ls   located   ln   the   central

portion   of   the   basin   (site   3   at   NWNWNW   see.   7,   T.21S.,   R.1lw.).

Ground-water  recharge  at  the  sites  was  calculated  as   the  residual  tern

from  the  water  balance  equation   (5)  applied  on  a  weekly  ba81s,

R   =   PCP   -   AE   -AS (5)

where  R  ls  groundwater  recharge,   PCP  and  AE  are  the  weekly  preclpltatlon  and

actual  evapotransplratlon,   re8pectlvely,   and    AS  ls   the  change  ln  Doi8ture

storage  of   the  un8aturated  zone  over  the  weekly  tine  interval.

Results   from  81te8   1  and   3  for   1985  were  of  a   "less   than'.   or  potential

(or  naxlmum)   nature  because  of  mlsslng  records  due  to  instrument  malfunctions,

prlmarlly  related   to  the  neutron  probe  employed.     Thus,   the  estimated  recharge

for  81te   I  during   1985,   based  on  field-measured  data,   was   less   than  a  maximum

value  of   6.01nches,   while   the  VB  estimate   (fig.   32)  was   3.31nches   for

grassland  and   7.0  1nche8   for  lrrlgated  cropland  ln  the  same  area.     Since  the

site-1  area  ls  located  wlthln  grassland  (pasture  near  an  lrrlgated  field),   the

VB  figure  18  wlthln  the  range  of   the  field  measurement.     The  field-estimated
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recharge   figure   for   site   2  during   1985  was   3.251nche8.     The  VB  e8tlmate  of

deep  drainage   (fig.   32)  wag   3.8  inches  for  dryland  cropland  ln  that  vlclnlty

and   4.71nche8   for   lrrlgated  cropland  ln   the   Same   area.     Thl8   VB  eBtlmate   18

1n  8atlsfactory  agreement  with   the   f leld  mea8urements  because   81te  2  18

located  ln  a  nonlrrlgated  cropland  locality  near  an  lrrlgated  field.    Finally,

the   1985  field-estlnated  recharge  for  site  3  which  16   located  ln  a

nonlrrlgated  cropland  vlclnlty,   181e88   than  a  maximum  value  of   8.61nche8,

while  the  VB  estimate  for  dryland  cropland  ln  that  vlclnlty  ls   3.81nche8  and

for   lrrlgated  cropland  is   4.71nche8.     Also   the   tlmlng  of   the  predicted  VB

deep  drainage  generally  coincide  with  the  fleldmeasured  recharge  events,

which  occur  mainly  during  the   spring  season.

In  general,  all  the  estimated  deep-drainage  results  are  wlthln  the  same

order  of  magnitude  as   the  measured  groundirater-recharge  amounts,   indicating

that  the  VB  procedure  perf ormed  satlsfactorlly  ln  the  basin,   given  the

dlfflcultles  of  recharge  e8tlnatlon.    The  field  estlmate8  of  recharge  and  the

VB  deep-drainage  estimates  are  not   for   the  same  year  because  recharge-related

data  are  not  available  for  years  prior  to   1985.    The  preclpltatlon  ln  the

Rattlesnake  watershed   ranged   from   19.0  to   23.51nches   during   the   VB  accounting

period  of  water-year   1983,  while  the  preclpltatlon  at  the  three  above-

mencloned  sites  wlthln  the  basin  ranged   fron  21.5  to   29.0  1nche8   during

calendar-year   1985.     The  VB  e8tlmates   represent  areal  averages  over  a  soil

a8soclatlon-plant  cover  complex,   as  opposed  to  the  point  values  of  onslte

measurement8.     As   Baler  and  Robertson   (1966)   Stated   ".   .   .1t  is   doubtful

whether  Spot  readings  of   soil  molgture,   even  lf  replicated,   represent

adequately  the  dl8trlbutlon  of   8oll  mol8ture  ln  a  manner  that  the  time  and

space-1ntegratlng  e8tlmates  from  nolsture  budgets  are  expected  to  do...

Although  a  difference  between  deep  drainage  and  groundii7ater  recharge  exists,
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this  dlf f erence  may  be  negllglble  ln  thl8  case  because  the  depth  to  the  water

table  at   the  measured  81tes  was   Shallow,   generally  less   than  25  ft,   thus

nlnlmlzlng  the  addltlonal  loss  of  water  as  lt  percolates  below  the  root  zone

towards  the  water  table.

Finally,   detailed  weather  data  at  the  Sandyland  8tatlon  for   1982-83  mere

dl8covered  ln  manual  f lle8  at   the  8tatlon  near  the  end  of   this   Study.     These

data  provided  an  opportunity  to  compare   the  regression  method  for  estlmatlng

potential  evapotransplratlon  used  ln  the  VB  procedure  with  the  more  elaborate

Penman  method.     Fig.   35  shows   a  comparison  of  monthly   PE  e8tlmates   using  both

methods.     The  PE  patterns  are   slmllar  with  a   tendency  towards   PE

underestimatlon  by  the  VB  procedure  during  the  winter  months  and

overestlmatlon  during   the  8ummer  months.     The   total  water-year   PE  eBtlmate8

range  wlthln   10-13%  of  each  other   (fig.   35),   thug  providing  an  excellent

comparison  given  the  bare-nlnlmum  nature  of   the  input  data  for  PE  estlmatlon

used  ln  the  present   Study.

CONCLUSIONS   AND   RECOMMENDATIONS

The  valldlty  and  perf ormance  of  the  VB  procedure  for  provldlng

guff lclently  accurate  estimates  of  dally  soil  moisture  on  a  zone  by  zone  ba818

and  for  other  appllcatlons  of  relatively  Small  scale   (field  plot,   farm  size)

has  been  extensively  covered  ln  the  literature.     The  perfortnance  of  the  budget

ln  comblnatlon  with  the  lntegratlon  methodology  presented  here  also  has  been

8hoiirn  ln  this  report   to  provide  a  Bultable  tool  for  regional  estimates  of

varlou8  hydrologlc  varlables   from  Standard  cllmatlc,   8oll,   and  crop  data  for

agricultural  watersheds.    We  also  demonstrated  that  because  of   the  slgnlflcant

dlfference8  among  lrrlgated  and  dryland  croplands  and  grasslands,   the  8patlal

resolution  of  hydrologlc  varlables  wlthln  the  basin  into  these  three

categorle8,   as  adopted   in  the  present  Study,   18  a  simple,   1ntultlve,   and
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reallstlc  approach.     Also  the  VB  procedure  employed  ln  this  Study  ls   simple  to

understand  and  use.     Thus,   the  objective  of   thl8  study  to  develop  a

8uf f lclently  detailed  and  relatively  81mple  hydrologlc  budget  that  was  able  to

characterize  the  Bpatlal  dlstrlbutlon  of   the  hydrologlc  components  for  the

entire  Rattlesnake  ba81n,   has  been  achieved.

For  the  Rattlesnake  basin,   preclpltatlon  ls  demonstrated  to  be  the

prlnclpal  natural.water  Supply,  while  evapotransplratlon  ls  the  major  water-

depletlon  process.     Both  these  water-balance  components  dominate  and  control

all  other  hydrologlc  varlables  Such  a8  runoff ,   deep  drainage,   and  8oll

deflclt.     Compare,   for  example,   the  effect  of  preclpltatlon  on  deep  drainage,

and  the  large  dlf ference   ln  values  of   the  ET  component   compared  to  the  soil

deflclt,   deep  drainage,   and  runoff  varlables   (fig.   23).

Soil  factors,   such  as  the  available  water  capacity  of  soil  profiles,  play

a  dominant  role  ln  sollrmol8ture  deflclt  development;   the  larger  the  AWC,   the

larger  the  resulting  sollrmolsture  deflclt,   given  appropriate  and  equal

condltlons   (fig   19).     Soil  factors  also  slgnlflcantly  affect  deep  drainage;

the  lower   the  AWC  the  higher  the  deep  drainage,   everything  else  being  equal

(fig.   21).

Vegetation  and  land  use   (1.e.   dryland  or  lrrlgated  farming)  play  a

81gnlflcant  role  ln  the  cotnponents  of   the  water  balance,   especially  ln  the  ET

process.     Thus,   evapotran8plratlon  from  lrrlgated  alfalfa  acreage81s

approximately  triple   that  from  wheat-fallow  fields,   and  ET  amounts   from  corn

fields  are  approximately  double   that  from  wheat-fallow  acreages.     ET  from

grasslands   ls  almost   30%  higher   than  from  dryland  wheat-fallow  fields.    Most

of   the   lrrlgatlon  amounts   for   8unmer  crops,   Such  a8   8orghun  and  Soybean,   are

spent  ln  ET  actlvltleg  with  negllglble  amounts   for  deep  drainage.     Deep

drainage  from  irrigated  wheat  f leld8  1s  slgnlf lcantly  higher  than  from  dryland
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wheat  fields  and  minlnal  from  alfalfa  fields   (fig.   27).     Dryland  wheat-Soybean

rotatlon8  and  corn  f lelds  create  slgnlf lcantly  higher  soil  clef lclts  compared

to  lrrlgated  wheat-sorghum  fields,   assuming  that  farmers  lrrlgate  the

appropriate  anount8   for  each  crop.     Everything  else  being  equal,   the  lowest

runoff  values  were  produced  from  pralrle  grasslands  and  alfalfa  fields.    We

theref ore  conclude  that  the  ef f ect8  of  vegetation  and  land  use  are  too

81gnlflcant   to  be   ignored,   as   sometimes   ls   done  by  a  number  of  hydrologlsts.

Because  of   the  slgnlf leant  role  vegetation  seems  to  play  ln  water-balance

studies,  we  also  advocate  that  more  research  efforts  into  root  dlstrlbutlon,

soil-water  root  lnteractlon,   and  generally  the  blologlcal  phase  of  water-

balance  computations  are  ln  order.

Ample  room  exists   for  lnprovements   ln  the  VB  procedure,   such  a8  updating

and  lnprovlng  the  runoff  function;  provldlng  a  8oll-watermovement  rate

aspect;   1ncorporatlng  Surface  slope  and  surfacewater  storage  functlon8,

1nterceptlon  Storage,   and   free-water  evaporation;   accounting  for  depth  to   the

water   table;   improving   the   snow  budget,   and   so  on.     However,   one   should  always

8trlve  not   to  lose  one  of   the  main  advantages  of  the  VB,   namely   that  it  is  not

a  very  involved  procedure  and  therefore  easy  to  use.     Although  a  purely

physical  approach  18  often  preferable,   1t  ls  not  usually  possible,   especially

for  large-Scale  problems,  because  hydraulic-conductlvlty  and  root-dlstrlbutlon

functions,  among  others,  are  dlfflcult  to  measure,   spatlally  highly  variable,

and  rarely  available.

The  methodology  presented  here  can  be  used   to  predict  human  and  natural

lmpact8  on  the  hydrologlc  cycle.     We  Showed,   for  example,   that   decreasing   the

acreages  of  alfalfa  and  corn   (the  high  water  consumption  crops)  and  lncrea81ng

the  winter  wheat  acreage8  1n  the  basin  would  result  ln  slgnlf leant  lncrea8es

ln  deep  drainage  and  groundwater  recharge.     Thus,   we  have  demonstrated  how
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vegetation  changes  may  af feet   components   of   the  hydrologlc  cycle  and  how  such

an  approach  can  be  used  as  a  demonstration  and  predlctlve  tool  with  obvious

management  capabllltles.

We  Showed  that   the  South-central  portion  of   the  watershed  produced  the

hlghegt  amounts  of  deep  drainage  while   the  northea8tem  portion  produced  the

least  amount.     The  highest  runoff  values  were  ln  the  southwestern  portion  of

the  watershed,   while   the  lowest  runoff  amounts  were  produced  ln  the

northeastern  portion  of   the  watershed.     Thus,   1t  my  be  readily  recognized

that  single  average  values  of  hydrologlc  varlables  used  ln  management

practices  may  not  be  reallstlc,   and  that  sore  spatial  dl8trlbutlon  or  zonatlon

ln  managing  water  resources  is  ln  order.

Because  of  the  dynanlc  nature  of  the  hydrologlc  system,   the  results

presented  herein  are  not  permanent  and  may  change  with  land-use  practlce8,

vegetation  changes,   and  especially  hydrocllmatlc  factors.     Data  were  presented

ln  this  report  lndlcatlng  the  magnitude  of  such  changes  to  be  expected.    Also

note  that  the  results  and  concluslong  presented  here  are  speclf lcally  for  the

1983  water  year,   and  although  the  presented  patterns  are  believed

repre§entatlve  of   the  ba81n,   care  must  be   taken  ln  extrapolating  and

overgenerallzlng  the  results  without  due  con81deratlon  to  the  dynamic  nature

of  the  water  balance  ln  the  area.
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APPENDIX   I:     Rooting-depth  procedure

For  crop  rotations  ln  which  two  crops  with  dlf f erent  rooting  depths  are

involved,   such  as   the  wheat-8orghun  or  wheat-Soybean  conbinatlon8,   the

following  two  procedures  were  adopted  for  81nulatlng  crop  rotatlon8.

1)     If  a  date  close  to  planting  of   the  second  deeper-rooted  crop  ln  the

crop  rotation   (that   1g,   wlthln  approximately  a  week)  occurred  ln  which  the

8oll  clef lclt  was   zero  or  close   to  zero,   the  slmulatlon  of   the  Second  crop

Started  from  that  day,   but  the  water-budget  accounting  was  lnltlated  from  the

orlglnal  planting  day.     The  budget  accounting  for  the  flr6t  crop  continued

until  the  planting  of   the  second  crop.     In  such  cases,  we  assumed  that   the

addltlonal  rooting-depth  f ootage  was  at  its  maxlnum  available  water  capacity

( MAWC ) .

11)    Alternatlvely,   1f  no  date  close  to  planting  occurred  ln  which  the

soil  deflclt  was  close  to  zero,   the  soil  deflclt  was  nanlpulated  fron  the

Shallower   to  the  deeper  rooting  depth  a8   follows:     the  available  capacity  of

the  water-clef lclent  Shallower-rooting-depth  prof lle  was   totale.d  and  the  ratios

of  available-water  capacity   (AWC)   of  each  zone  relative   to  the  soil  proflle's

total  water  capacity  was   calculated.    The  MAWC  for  the  addltlonal  rootlng-

depth  footage  was   then  calculated.    As8umlng  that  this  addltlonal  rootlng-

depth  footage  has   the   sane  percentage  of  AWC  a8   the   one  ln  the   last   (6th)   zone

of  the  shallower  rooting-depth  profile,   the  total  AWC  of  the  addltlonal

rooting-depth  footage  was  calculated  and  added  to  the  Shallower  proflle'8

total  AWC.     This   total  AWC  finally  was  dl8trlbuted  over  the  six  standard  zones

ln  the  ratlo8  of  AWC  found  for   the  Shallower  profile.     Thl8   second  procedure

was   the  one  most   frequently  employed.
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APPENDIX   11

Crop   Growth   Stages   and  Crop  Coef f lclent6

Plant

Pralrle
Grasses

Winter
wheat

Corn

Soybean

Sorghum

Starting  Date
of   Crop   Stage     Crop   Stage

8;2. I rfJ / 0\
82/11/30
83/03/01

82/10/01
&2. I 10 I LJ

82/11/30
83/03/01

&3 I 05 I 0L

83 / 05 / 2.0

83 I 06 I 15

&3 / 05 / 0\
83/05/11
&3 / 08 / 05
&3 I 08 I 2:0
83 I 09 I 30

&3 I 06 / \6
83 / 06 I 2:3
83/08/15
8;3 / 08 / 30
&3 I 09 / T5

8'3 / 06 / ±6
&3 / 06 I T3
83/08/15
or3 I 08 / 50
&3 I On I L5

&2. I ro I 01
8'2. / T| / 2fJ
or3 I CJ3 I a+
8;3 I 04 / OL

Growth
Dormancy
Growth

Fallow
Planting  to

emergence
Dormancy
Spring  growth

to   jolntlng   &
heading

Heading  to  Oof t-
dou8h

Sof t   dough   to
rlpenlng  &
harvest

Fallow  (Post
Harvest)

Planting
Emergence
Tag8ellng
S1|kln8
Ear   Emergence

Planting
Emergence
Flowering
End  of  Flowering
Maturity

Planting
Post  planting
Heading
Blossom
Hard   Dough

Full  Cover
Dormancy
Spring  Growth
Full  Cover
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Soil   Zone
123456

•55       .19       .17
.50      .20      .10
•55      .19      .17

.40      .15      .12

.40      .15      .12

.40      .15      .12

.08      .03      .01

.04      .02      .01

.08      .03      .01

.10      .02      .01

.10      .02      .01

.10      .02      .01
.17      .13      .10      .07      .04      .02

•33       .15      .14

.22       .13



Alfalfa

&3 / 04 / 09

&3 / 05 / 2.0
&3 I 06 I ,fJ

83 I OJ I 10
83/08/01

&3 / 09 / 05
&3 / 09 I 2:6

let  cut  &  early
growth

Full  cover
2nd  cut  &  early

growth
Full  cover
3rd  cut  &  early

growth
Full  cover
4th  cut  &  early

growth
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.50      .22      .18      .15

.50      .25      .25      .20

.45      .25      .20      .20

•50      .25      .25      .20
.45      .25      .20      .20

•50      .25      .25      .20
.45      .25      .20      .20

.15      .10

.18       .12

.20      .15

.18       .12

.20      .15

.18       .12

.20      .15
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APPENDIX   VI

Predlctlon  Table

NATIVE   GRASSES                       ALFALFA                       WINTER   WIIEAT

Cllmatlc                           Area
Zone         Soil            (acres)

Deep             Deep             Deep             Deep             Deep             Deep
Drainage  Drainage  Drainage  Drainage  Drainage  Drainage

(1n)     (acre feet)     (1n)     (acrefeet)     (1n (acre feet)

CFT                        9,722

DT                       52,608

Na-P1              37, 952

HUD-HUD         PT                        31,354

0.00

1.54        6,750

0.07              221

1.28        3,345

PC                    131,846              0.22         2,417

NF                        31,942

NC                        43, 718

BF                          7,750

PC                        29,574

Na-P1              12, 608

HUD-TROU      PT                        23,936

NF                       21,370

NC                       40,762

PT                      63,866

APC                 107, 392

NC                       41,088

CR-TROU         ZHW                        3,706

FL                      27,078

NF                       20,614

APC                    39, 814

0.00

0.00

0.00

0.91        2,243

0.35             368

3.05        6'084

0.18              321

0.24             815

3.29      17,510

2.38      21,299

0.46         1,575

0.77              238

0.11              248

0.38             653

3.76      12,475

63

0.00

0.31            1359

0.00

0.04             105

0.00

0.00

0.00

0.00

0.00

0.00

0.91            1815

0.00

0.00

0.91           4843

0.41           3669

0.00

0.00

0.00

0.00

0.00

2.67              2,163

4.05            17,755

2.74              8,666

3.97            10,373

3.07            33,731

2.12           7 '240

2.79            10,164

2.57              I,660

5.72            14,097

5.27               5,537

6.90            13,763

5.24              9,331

5.30           18,003

7.05            37,521

6.66           59,603

5.62           19,243

5.62               1,735

5.48           12,366

5.58              9,586

8.17            27,107
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(I)                (2)

Climatic       Soil

APPENDIX   VII

Surface  runoff  calculatlons

(3)                    (4)                              (5)

Contrlbutln Area         VB  runoff  estimate
Soil  As8oc.     Area       for  entire  8oll  a8soc.

Zone    A8soclatlon  Percenta e     (acres)             (acre  feet

(6)
VB  runoff   e8tltnate

f or  contrlbutlng  area
col.   (5)   X  col.   (3)

(acre  feet)

HUD -HUD            C F T

DT

Na-PI

PT

PC

NF

NC

BF

HUB-TROU         PC

88                       8,561

49                    25,778

98                     37,193

1314

4                      5,274

82                    26,188

21                      9'180

71                       5,498

15                       4,435

Na-Pl                  loo                  12, 608

8                        1,915

51                    10,902

42                     17,123

GR-TROU           PT

APC

NC

ZHW

FL

NF

TOTAL

16                    10,220

6                     6'444

42                     17,257

46                     1' 708

200 ' 598

65

215

2251

854

1663

5358

848

1160

186

2220

599

1380

1317

2546

4380

8967

2974

245

189

1103

837

17

214

695

244

132

333

599

110

672

1069

701

538

1249

113

3::: :c::8f ::5
0,5271n



Scale  in  miles

0                        50                      loo

Scale in  kilometers

Rattle8nate   watershed   location  map
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F`.j.11               Speclflc   conductance   Survey   along   Rattlesnake   creek.
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Bucklln  and  Trou8da].e  preclpltatlon  8tation8.



20

i/6,  7
MAP   DATA,   23+   PCP

40.00

S6.00

52.00

20.00

16.00

12.00

•'    .-  20

4.oo 5.oo 6.oo 7.oo 8.oo 9.ooi o.oo 1 .oa 2.oo    . .
AWC

I NATURAL   GROWTH        A CROPLAND       a IRRIGATED   CROPLAND

Actual  evapotran8plratlon  ver8u8  available  voter  capacity  f or
grasgland,   dryland,   and  lrrlgated  cropland  for  Rattlesnake  basin
portion  covered  by  Bucklln  and  Trou8dale  preclpltatlon  8tatlon8.



r2.I

r',.5 rf

MAP   DATA,18.88   PCP

{,

•,`.

:rcr
TJC)

L`-
51

4

9.00

8.00

7.00

6.00

5.00

4.00

5.00

2.00

1.00

0.00

DD

4.00

0Ooo

AAAA

5.00 6.00 7.00 8.00 9.0010.001 .OCi 2.00

AWC

dNATURAL   GROWTH        ACROPLAND       0lRRICATED   CROPLJ\ND

r/i  21             Deep  drainage  ver8u8  available  water  capacity  for  gra88land,   dryland,
and  lrrlgated  cropland  for  Rattle8nake  ba81n  portion  covered  by
Bucklln  and  Trou8dale  preclpltatlon  8tatlon8   for  Hudson  cllmatlc
region  of  Rattlesnake  ba81n.



2.2,.

i,t   -I?

MAP   DATA.   25+    PCP

oo       AOA
00D

A.A        DA
AA

E]ED

4.00 5.0o 6.oo 7.00 8.00 9.o0i 0.oa 1 .oo 2.oo
AWC

DNATURAL   GROWTH         ACROPLAND       0lRRIGATED    CROPLAND

::;i::: , i::f:r::::::da:::::::: ¥::e:a::I::::Ze f::Bf:a;:::::; covered
by  Bucklln  end  Trou8dale  preclpltatlon  8tatlon8.



NATURAL   GROWTH--HUDSON   AP`EA
50.00

25.00

20.00

15.00

10.00

A

o©O
a

-----------. + -----------    +    +     +

^^D`

4.00    5.00    6.00 7.00    8.00    9.00
AWC

a

10.0011.0012.00

nRN     ASD     OAE      XDR     +pop

3© . ©©

25 . e)a

2e' . e)©

a.®©

NATURAL   GROWTH

©o         ¢0o

+  +        +-++

•.A   t`

4.©®   5.©©   6.eiei   7.©ei   8.eiet   9.®©  lei.©®i 1  .©eli'
ALJC

HRN     ASD     0AE     XDR     +PCP

f-i6             Cra881and  uater-balance  components   for  Hudson  cll"tlc  region  and  the

rest  of  Rettle8nake  ba8ln.



2-4

f,.j.RT

RUNOFF   -   BASIN   PCP
`,a-

}6.I       1.50

1.40 )5

= `:  .  '1   un

tJJIuZ

1.50

I .20Jo

1.10

1  .00 25

0.90

0.80 2

0.70

0.60„

0.50

l,.,i        0.40„
4:

a
a
AA

I
'{0                                                             i.,

AA

8
68

EE

5.00           6.00
10'.6                            12-7

--I I i-

24

7.00 8.00 9.00            10.00          11.00          12.00
AWC

DNAT       AIRB   WH       0CORN
I  3,o4:.Iiui

Ef f ect8   of  vegetation  on  Surface  runof f   ln  Rattlesnake  baBln  portion
covered  by  TrouBdale  and  Bucklln  preclpltatlon  Btatlons.



:f,fr

AE-BASIN   PCP
55.00

50.00

45,00

40.00

20,00

15.00

x     %              xxx

S     ©              o00

E]     I              DID

81       A                      A\LiD'

D

4,00            5.00          . 6.00             7.00            8.00            9.00           10.00         11.00          12.00
AWC

HNAT       AWH     OCORN      XIRR   AL

_ I , .,`
25             Ef fect8  of  vegetation  on  actual  evapotranepl[atlon  ln  Rattlesnake

basin  portion  covered  by  Trou8dale  and  Bucklln  preclpltatlon
8tatlon8.



\

SOIL   DEFICIT-BASIN    PCP

OcT6

a

¥`*             ,`.`

X
XX

4.00     5.00     6.00     7.00     8.00     9.0010.0011.0012.00
+'i    ..`':     cRoP

ENAT      AAL       OWH-SOY     XIRR`WH-SORC      +FAL-CORN

`-,,.r2(-

pT         '`/L`.

'````     26              Effects   of   vegetation  on  8oll  de£1clt   ln  Rac[1e8nake  ba81n  portion
covered  by  Trou8dale  and  Bucklln  preclpltatlon  statlon8.

`^`-``      -      /

/



14.00

12.00

10,00

'1'1,`     2J

DR-HUDSON   PCP

00

++-
0000

+++
Al        t>          t>

4.00            5.00            6.00             7.00            8.00             9.00           10.00          11.00          12.OC

t]NAT       AWH     0lRR   WH       XIRR   AL         +CORN

Effects  of  vegetation  on  deep  drainage   ln  Hudson  cllmatlc  region  of
Rattlesnake  ba81n.



PBATT-CAF]WILE   SOIL   ASSOCIATION

)   -.,   2.8

-I
'rl1_I

0-u
D-

leo
loo

80

eo

40

20

0

§/-20
4
3
2
1

10/0
8

8
4

"r28

OCT          NOV          DEC          JAM          FEE       `N^FI       APRIL       NAY         JUNE       JULY         ^u6         §EPT         OCT

WHEAT   DUFIING    WATEPl-YEAH                   .1983

Time  patterns   of  water-balance  components   for  dryland  wheat-fallow
rotation  ln  Rat-        inake  basin.



F3.S2q

PBATT-CAFIWILE   SOIL   ASSOCIATION

leo
loo

eo
60

40

20

a
5/-20

4

3
2
1

10/a
8

6
4
2

15/0
12

9
6
3

50/0

29

OCT           NOV           DEC           JAN           FEB           WAfl        APPIIL        MAY          JUNE        JULY          AUG          SEPT          0CT

NATUF]AL    GROWTH    DUFIIN6    WATEPl  -YEAFl                    -:`.:-3Ei3

Time   patterns          water-balance  components   for   nat?:a,|``~`qT`,oy:h   ln



i,J   30422#

PPIATT-CAF]WILE   SOIL    ASSOCIATION

£.-//

120

loo
80

60

40

20

0

5/-20
4
3
2
1

10/0
8
6
4
2

15/0
12

9
6
3

50/0

OCT          NOV          DEC          J^N          FEB          M^t)       ^Pf]IL       NAY         JUNE       JULY         ^U6         §EPT         0CT

IF}F]IGATED    WHEAT-§OPIGHUM       WATEF]    YEAPl    1983

Time  patterns      -  water-balance  components   for   lrrlgated  wheat-sorghum
rotation  ln                quake  basin.



i /C 3lgr
PPIATT-CABWILE    SOIL    ASSOCIATION

120

loo

00

60

40

20

0

5/-20
4

3
2

1

10/0
8

6
4

OCT            NOV            0EC            JAN            FEB            MAPI         Apl]IL         MAY          JUNE         JULY          AUG          §EPT          0CT

IPIPIIGATED    ALFALF.A    DUPIING    WATEPI    YEAH    1982-1983

r'`'-31              Time  p..`+.ernB   of   water-balance   conponent8   for   lrrlgated  alfalfa   ln
1)^.-1.                A    t`aalr`.



±EHl--,..-.      ,

r,\

`===----`      -                                                                          -_-+`------

' `1   u  /  .`
1

T.....,.-.)iiui,,,

:        ,.p:     jJ.,.rf,              .RE-.`±.;t`
.(I

I          -      =`;̀ '.i::g:pS..;:.:;.:::.t:Ff£3f:f±::
•.'•'I•'(_-T•'I(:II.'(•--.i

Ill                           -||IIIIIIIIllIIIIIIIIIJIIIII| -
.~,1- -'        '        '        I             \

I.

\

-Ti_.,.,-:¥-,i;:.,.,-.i,--`.-,.,-`i:,,..-`.i,?:-.;`..i...:.:.,`.i+: /f            (      ,  . . , ,`. `
•,;,,:.,.     .i/,,.:-',)     :     `,  ,...,`-r   .      '     :     :     .     :           ,,     '-:'.'     :     :            :     :     :,,-:-.,:

-,~\

I.i,;,,.,.f..'e=:.~.);„i/.„fl•-:``-::-i--.,==I,,..`,i-;-.9,_E=•..`;.oo-7.nEE_Bh_,i'-,ffiI,I-N- '                                                 ..,I.i:,`',',-'\*'`.--
r,.,.,I

.    ,-,    ..     ,   .,-.'•\.:``.,..-
~  _  ,-I -`r=, :;`..-_`,,  ,       ,,..,/.

.      `` -...-,..  `...-.-\.,,,,,,

I.`\

`,-`,-.•r--ri,-.

-_,`I.,,.•,,.I:I,.Er -

I,

-  _ -`j- J  \J'`:,J:,-#'i,•.'..I..R.I.I•fw.,-.
•(.,,.i-_--:I``:`.-•,,`.`.i..`---`•,,,,,

`.,

--,`.-.r\`.     .    .•.`T``1-.-    ,

•€:£i:.,I jiiJ...f-.`.fr.;.:.  .;..  <-;

L,,:i-:1,'?.:r=~^.S:`t,;,V.

t I,
I,; •`,`.-`     .        .        . .   .   r+ .,•,.../~

/ -}=Ii:=iAI\fKii_|*
..`     'r..      .      .      .•-..,,.-..,,,\~.

I:..f*
•`.;    ,.,.`,`;.            #f!...:'`Li-g  qu`.'`;.

•.``..;`.S .  `/   - . +. ' `t
\'`'j

A,/..,,.,r..,

•-~..-.a......fK!
I;.,ri-,`:`----,

jI

=`````=-`

r.!i''.:;-.-.-.,-:-   -;.-EL `'1''',,.,,'f-,.
•,````                               ,i.        .+       -I        .`.-,

I

.     .    .     .     .a•...-Itl(,•:.ff.:,..`.j±`;zzz.:±±f::.i!-.i

n

•,,)..;.;,'.+
i`J` '.',i

:.r.

``.`itii'-•:;£-cr.r.:•!,..,,'

•!,?f
I.',

•.,.?.i,.-•``...',,`-(''
?==--{Q|~1--,-+I'.i=Z-``.--...r:-,,```  +.rf`,4'~:;;g':,,,.,,:`I,..,.,..:F.:I-----+;....,\...-.I.:L:-`'j:.':::(...`.1'..(..I..-I

1'

_.-'.i::iI'-i•.,•.i.,I
-,--,--i,:;-..;J`--'-.---,

.      .     .p:fT.T    i•..`.I:;.::i-....I
I..---

I ',.     .     .      .•'.. -'

;::.:'-.

€ •,,                  ,  ,    ,      .       .

j'=
-be'='')i

` ,rm.t`
g.'.'/       .      .     .I....I,```•1..----i-------:'.....<L..•:',L:..•11...'•  .  (  . . . .  .  ! .  .  .  .  . /,.`-ii,'r,1'1       r\

I
.

`-.--.f..

f34`r,. TTLEST',rl.,i7;.,;.ji=:i,:,:'.`ru..^-:-.-.`,.`...-..'-.L,1.',.aI

\:'.a
r

:.`
i,-

4±-.       .i,1,'`.

-..-,-                                          `..:._-

•,,.:--..,I-;Tff¥.::;`#
`.  .   .t~•.*}.     .¥HRE5RE-

I:,.,.;,:.:--,,

•..,.,1.I

-.i

``---.-,rJfi±
I-'.  - •.  -.   .I

•.I

•,,.I.               ,.             '-

T\

I.''I..-..,...         .

•.9-+.,
..       ,       .'&_ -:\.   =';I          ,`|.o•J'!)1J:.S `I.,.i!.<.`i;,J.

•--1: .3`r`--=±i3...  i •1`...-

•     -     .    I     -     .     .     -_V    ,--. i...-i - •':..:i.,....1     -.     -
-,i- •       .       ®       ,       .-

i    `-.`   -
. :.,' -        -      -.`1           I •-` -'--r-r\r_.

•..                                     l-..'_,-r,i,.I...-'-..,..

I,•...I-.       `•.-.,-, I      -`   ,  TT_i-:_TT:•...'...•i..,-.--
___-i_-_--__- --i----------

1.'--\.

dralnag e®---i
ri.L,

•,-..-,::,-:J          ,            ,.i

`         I,',     .         :_.'._,/.

:::-:-L.         ;2.               Areal-dlstrlbutlonuiap   ofI
deep

•'   -,.•,    .                             '         .                                                  I I•....(
•       .       ...       i                                                 I                                                 I            `

-.



.I-T-_-_-_._i_._'-
',,'           `           i

i,`:    :    :    i

E-.-.a-`<``---.``i--.,:-=`T`J,.--.¥,.:`:``+,-`=
ffl      '                                                                                                                  (                    .     .ire.:J`_=`.£'L~.I-I         -,:.Ill    .f                                 I                                 i

•,,

EE=.----:.--,.--.-.------.-..,;--:?-i-----.-,i,---1..-.,.

-,,               .            .            ,

•  .  ./1.       .  .  I.  .   ,..-:.-I-,i£-/i,+-i4Jf£;RE{ T'       '''.:'f.-           ,     ....-'--I
-`.f

L  .  ,  .'r,T`,.-rl'.,i.
I--

I_r--_:`__.,,.-:s::i::i:::I) Th,c.1` 1 t,',ii!

-.ij--.     _        ,.E           un
•       .        .        .        .        t        .        .        -..,I....i...'..

TFrfut,•.`.,:`,.'j'`,.,i;?,,,1=1 L
.-:..-..,i13-.-...¢..,:'`T-; -2.:--33f%a ` -,.  +,/.i-B.L±-,,,i .    .    ,,       $1 '-.-'.ffeE y'

-

=`,,'p:;.     . I

•      -       I    r,          -.``.'`,~

I:a`,-.``:iiii
..,`1-`-,i...-,~-

•€`     ,i-`.c:\`-:--.  .Li.`•-,.`j,.\„ i.A:::-d`:,-.,,
`,E~!l..i'              .

-•.,a,..-,J...

ap3f.-g39,-fl6EEI        I--.`  .--' .   .
~..     ,`        /       .,....•.,,I,

'.`1

.'* `    -.        .!&    a--,        ``           ```ii:=,`'.¥?-4#`-I   l.£i=`.a.            .          .`r:`.            .      .
I-:.-..i-.,,`®.

I

'         .-`.-.,,•..,1. `----<

'

+*..
'i*-...'I

'.I.

`      ifi.I. '„
gr?- -,u;         -`_   i '.     I     `   - -....                 ..                 ..j                                                                                     v•...`'.`(....•......-.i.

`.---
'         r-==&==.---.T'I`LE.7V4:0I-o`,+,

•   ./   -   .
11€.

+¥..     ~`         . i __i*S
''...,

Z :  :  . #:-rife:   i
.-*T5FERE_ I•-`RE

`.,I.'#`'

_ I ,*.

I•.#

RER'..  :   : I

i.....I!....,,

..;.....I.... ng`,,..,tt    gil;I.=Br',:I.                I•`.-`.\,ffi=J.,
'-'       I.         =,= .I.         .                                                                                                                                                             ,

-L.          i        ,/``.\.,..
I.I,., •\\\\\++i,-+i+\\

j34
r`r  .   . ~iL`J=-,.   .   .

'`± ' ~   .-L8 i :., '   '  -',i

I       .,,I       .       .      .      .       .      I      .       .       .       .       .I(.~

'l!£:,5=.`..i.':,,.,'',.\..,'..++.`.r.+-------i.

usf       ,;r].`{`,,`it,!ji,`.;.j.--t-.-----'1I                          ,'Ir•+i++++i++i+iii--:[1--T:-I
:1:..I.                ,, ,,``  .  '  `  ifa;+-'-L,.i?TT____iI.L_..33Area11

1 -d 1 s t r 1

I                      -__`+-------iJ--i  -------,'1'--\-I`'buttonmapofactualevapi:::::I:':'.:otransplr
Iatlon.    .

~`33





3.i,.
I ; . .  st.-

TEzl

ET   COMPARISON

/_/6,     35

©.©©
e].©©              2.®et              4.©©              6.®©              8.®©             ieI.el©           12.©et           1 4. e)a

MONTHS   OF.1983   MTER   YEAR
DSANDYLAND      AHUDSON      OGREENSBURG

Cpe.v`..thqti` ,               C  VB`)                    ( \/ b.i

CoDparl8on  of  potential-evapT6tiifeblratlon  e8tlDate8  uBlng  PenDan  and
Vergatlle  Budget  procedures.


	img20230823_11055890
	img20230823_11153228
	img20230823_13501046
	img20230823_11153228
	img20230823_11502938



