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OUTLINE

•   Brief overview of components of hydrologic budget for
Kansas, and sources of data

•   Brief overview of some hydrogeologic concepts relevant to

ponds and lakes
•    Outline of estimation methods for recharge and evaporation

from water bodies



A.  Hydrologic budget for Kansas and related data
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Precipitation
27''

106,000  MGD
118.73  MAF

Stream flow in
from Nebraska
and Colorado

0.38„
1,408 MGD

1.66  MAF

Evapotranspiration
23.23„

91,000  MGD
101.93  MAF

Flunoff

Missouri
Pliver

boundary

Water use (1990)
1.56"

6090 MGD
6.82 MAF

2.58„
10,088 MGD

11.33  MAF

Ground waterl.\2"      Surface watero.44"
4,370 MGD                          1,720 MGD
4.89 MAF                              1.93 MAF

(92 7o Irrigation)              (75 % Thermcelectric)

Aquifer Recharge
0.91 „

1.85"  (over aquifer areas)
3,562 MGD
3.99 MAF

flow
7.33„

28,700 MOD
32.15 MAF

Streamflow out
to Missouri and

Oklahoma
2.96„

1 1,600 MGD
12.99 MAF

Figure 0.   Water budget components for Kansas.   Values are in inches per year,
million gallons per day (MGD), and million acre-feet per year (MAF).
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figure 4.    ^veraBe  ar`nual  /fee-water-surface  cvapora`ion.

'co1

EXPLANATION                   I

-.50---   Lln-®1...r.oe .i`nu`I ~-po|illol`-
lnt.rv.12  .nd  4  lutht!



Figure   1--D1§Crlbutlon   of   Class   A   pan   statlon8   which   make   concurrent   mea8urement8   for   computing
FWS   evaporation   by   equation   3.      Statlon81dent:1fled   by   an  R   were  .nat   equlppediwlth   8en8or8
to   record   addl[1onal   data   un[1l   the   latter   part   of   t``e   1956-70   tine   baBeL"



Annual Free Water Surface Evaporation (1956-1970) inches
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Annual Precipitation  Normal minus Penman  ETo  (inches)
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Potential  Net  Evaporation,  in  Inches,  for  Kansas   Counties

(Armual  Average  Evaporation  miniis  Annual  Average  PrecipiLfltion)
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Figure 2.   Location of stream flow gages and water-quality monitoring sites.
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AUSGS   stream-gaging   station-Monthly
data  shown  in  bar  graphs
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Table 3.   Groiind-walcr and sui.face-w,itcr use for Kflns,is.
flijg!!Ig±p.£yno[^dd1o(oI^lsl]ccauscofindcr!cntlcpLrqupdipg)a                                                        Y e ,1 r

1950            % ]960             % 1970             7o 1980              % ]985              % 1990               %

POT}lll.1Iiof`  X1000 1905 2]79 2249 2363 2451 2478

Gro`Intl Water (MGD) 401         6,9,J 1230         43.8 3170            82.9 5620            85.1 4800           64.7 4110           71.7

S iTrfacc W,iicr (MGD) 233        J/.7 '580        j6.2 630            17.1 980            J4.9 866          JJ.J 1720           28.i

Tolal Water (MfiD) 634 2810 38cO 6600 5670 6090
Pc£Epirfugp±) 330 1285 17cO 2800 2310 2460

Public supply (MOD)                    GW 75         J8.7 120          JO.0 130               4.2 1,10               2.i 158             j.J 176              4.0
SW 60        2j.8 81            i.J \2.0            18-8 150           JJ.i 158             J8.2 \91             11.5

TL 135          2J.J 200         7J 250         ..  6.6 290             4. 4 316              i.6 373              6. '

DomcsLic al`d Livestock                GW 65         J6.2 66        i.i 79              2.5 93               J.7 84            '.a log             2.i

(MOD)                                                 SW 15             6.4 28            I.6 51               7.9 SO                 5.I 26             J.0 31               '.8
TL 80         J2.6 94            3.4 ]30             J.4 142               2.2 Ilo             '.9 139               2.j

ilicnnoclcclric (MGD)                GW
NAI

23            I.9 38               I.2 46              0.8 12              0.i ]3              0.J

SW 510          3,.9 2:20            34.4 300           JO.6 403          46.i 1290           7J.0
TL S30         ]8.9 260             6.6 346             i.2 415                 7..? 1300           2/.4

Ollicr (coiuncrcial /                      GW loo        24.9 120          JO.0 120             i.9 140              2.i 75.3               I.6 81                 /.9

ill(lusLrial / ininiilg)                              SW 9S         40.8 60           .3.8 37             i.6 41                4.2 19.3                 2.2 50.i
M GD)                                                 TIJ 195          JO.8 180            6.4 160               4.2 181                  2.7 9S                I.7 86               J.,'

IIrigaliol` (MGD)                               GW 161         40J 900        7J. 0 2800          90.i 5200     92.9 4470          9J. ' 3990          9'.i
SW 62        26. 6 900        J6.i 2cO            31.3 440     44.9 260             3.0 199            'J.6
TI- 223         J5.2 1800        64.i 3000           78. 9 5600     6J.i 4730           8J.,/ 4]00            68.9

IiTigntcd kindi:¥:_rfiulooo)
300 ]000 18cO 3400                                 2950 3110

Atibrcvialions:      GW -Groilnd Water; SW -Surface Walcr; TL -Tol{il W.iler (GW+SW); gpd -gallons per d,iy; MGD -]nillion  gallons ricr d,iy:  N/R -Iiol
rc|iortcd;  % -qunnti[y as a percent of GW, SW, or lL use ill rtnrticular cnlegory over tot,il ye,irly use of GW, SW, or lL, respcclivcly.  1`o coi`vcrl MGn lo
A17/dtiy mu]liply by 3.0693.

Sources:  USGS  Circulars  115  (195]), 456  (1961), 676 (1972),loot  (1983),1004  (1988),1081  (1993)
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AREA   OF   POTENTIAL   NATURAL   RECHARGE   TO   PRINCIPAL   AQUIFERS

Figure 9.  (A) area and (8) volume of potential natural recharge to principal aquifers.



Aquifer

Area of
potential

natural
recharge

(acres)

Rate of
potential

natural
recharge

(inches
per year)

Mean
annual

potential
natural

recharge
(acre-feet
per year)

Percent of
potential

natural
recharge

A1]uvial

G]acia]-drift

High Plains

Great Plains

Ozark

Total for
State

5,380,000

1,640,000

17,300,000

1,560,000

25.900'000

3.28        1,470,000

4.85             663,000

1.06         1,530,000

2.48            323,000

1.85.     3,990,000

37

17

38

8

100



8.  Basic hydrogeologic concepts
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SOME IMPORTANT HYDROGEOLOGIC CONCEPTS

***System thinking

***Flow system / flow patterns
--Recharge/Disharge areas
--Flow paths
--Flow system = set of flow paths with common

recharge and discharge areas
Local foow systeus
Regional foow systems

***Ponds and lakes
--recharge
--discharge
--flow-through
--shallow discharge-deep recharge
--Dynamic (not static) bodies

24



SYSTEM Concept:  Of fundamental importance as a
fromework for thinking about a G/W problem.

An example of the need for rysfem ffoz.7zfa.7zg in practical

problems is the sz.fe investigations of G/W contamination from point sources,
or the sz.re investigation of the hydroloSc impact of a gravel pit. Many of
these studies suffer irreperably from the investigators' failure to apply rysfem
ffez.#kz.#g by not placing and studying the local "site" in the context of the
larger G/W system of which the site is only a small part.

25



Pechargeareas  `

`..:.`4

hl

\-_,,,
\\       hr,jh          /
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CD

----  Equjpotential line

FIGURE 6.3.5   Conceptual model of a groundwater flow system. The dashed lines are
tines of constant hydrautic bead; head decreases with deptb in recharge areas and increases
with depth in dischange areas. The piezometers have small screens at the bottom of the
borehole.



Fig.   4.7     Local  and  regional  flow  systems  and   relationship  to  recharge  and
discharge  areas
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FLOW  SYSTEMS

F/ow rysfem studies help us understand the interrelations
between 7.ecfe4rge and discfoarge processes. For example, some of
the water derived from precipitation that enters the ground in
rccfeczrge czrc¢s will be transmitted to distant dz.tscfeargc czre¢s, and
so cause a relative moisture deficiency in soils overlying recharge
areas.

Water that enters the ground in dz.scfeczrge ¢reczs cannot
normally overcome the upward potential gradient, and therefore
becomes subject to evczpofra#spz.rcz/z.o# in the vicinity of its point
entry.

Human activities in dz.5cfeczrge czreczs may cause waterlogging
problems associated with surface water irrigation of'lowlands, or
due to the distraction of pfereczfopkyfes.
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EXPLANATION

Flow  line

Line  of  equal  hydraulic  po-

tential,  in  feet  above  a

Standard  datum
Interval  is  variable.

Dashed  lines  are  supple-
mental  contours

-~---,.--,~-,,,,,I,

Boundary  of  flow  system

Other  patterns  are
explained  in  fig.   1

K h / K v ~~  1 .000

Kaq ' K t = 1,000

METEPS       FEET

15 50 Example  of  realistic scales  that

could  be  applied  to  this  diagram

0            3000   FEET
i           L,,I,

0               1000  METERS

number

altitude

0CV
0CD
C9CV

e-1.5
General  vicinity  of stagnation  point.

Number  is  head  above  lake  level,  in  feet.

0100
CV      CV         CD
cv     cv      cv

10           a   10  a   L0  a-10    a   10             a
co            t   `  ir)   io  ®co®    1`    r`               co
CV                     CV      CV    N     CV    C`CVC`        CV      CV                         CV

L0 a T CVIO      a      LO        a
cO CD CD CDO)       a       a         T
Cv ou cv cv cv        CD        cO          CD

LOO
-CV
cOcO

FIG URE 5.-I lytli.olt.gic sc'ction sliowjitg :niii.isi-tiu:iii(i.;iiive (ltiw Ill.( o( groLiiwl-whier flow i`i.iu-lakes i n a m`i] Lii>Ic-hke sysLcii` llm. col)(;`l.iis aquj/Crs.



Local   i low  systerTi

Zone  of  depression
beneath  ohreatophyte  fri.nge

I n termedia te
f low  system

Boundery be(ween flowsyslemso/      _   _  _
dl/feren(  `magnl(ude

Fig.         2     Diagrams   of  flow   cor`ditions   near   pcrmar]cnt   lakes   with   (a)   a   spring
condition  or discharge  from  local  and  intcrmcdia[c  systems,  (b)  a  summer  condition
or  seepage   townrd   llie   pl`reatophy[c   rr].r`gc,   (c)   dctcrioratjon   of  local   flow   in   the
absence  of rcchargc,  and  (d)  a  rail  and  win(er condition  raf  the  dcterioralcd  system,
where  shallow  niovcmcnt  is  superilT`posed  on  the  intcrmcdiate  system.  (A//c/  "cj'-
booni.  \96].   U5ed  willi  perliilssioli  from   Norllt  l{ollalid  Pill)lisllilig  Compaiiy,  Alilslcr-

danl.)
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HYDROLOGIC EFFECTS 0F GRAVEL PITS

Field observations of G/W level changes seem to confim the
theory that unlined water-filled gravel pits act as areas of high
hydraulic conductivity within the aquifer, and modify the G/W
flow paLtte:mby I_9vy_er_in_g water levels upgradient of a pit and
raisin_g_ levels downgradient of a pit
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C.  Estimation methods for 7'ccfeczrge and cvczporczfz.o#
from ponds and lakes
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RECHARGE EST"AHON METHODS

1)  Direct measurements
--- Lysimeters (not used in ponds and lakes)
--- Seepage meters

2) Water balance methods:  J -0 = AS
a. Soil-moisture budget: R=P-f30-Er-AS
b.River channel water balance
c. Water-table rise: R=Sy Aft

3) Darcian approaches: g; = -K 4fe/4/
a. Field methods

--i) Saturated flow
--ii) Unsaturated flow

b. Numerical methods

4) Tracer techniques

5) Other---Empirical [R=#P/]
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wet.I  .u rf &c®

Figure  3.-Cut-off  55-gallon  drum  seepage  meter.    From  Lee  and  Cherry,1978.
(Full  section-view  of  seepage  meter  showing  proper  placement  in  sediment.
A.  4  liter,  0.017  mm  membrane  plastic  Baggies  AIligator  bag   (open  end  was

heat sealed);  a.  rubber-band  wl.ap;  C.  0.64  cm  inside  diameter,  6  cm  long,

polyethylene  tube;  D.  0.79  Cm  inside  diameter,  4.5  cm  long,  amber-latex
tube;  F.15  cm  x  57  cm diameter  epoxy -coated  cylinder  (end -section  of  a
steel  drum);  G.  0.64  cm  inside  diameter,  polyethylene  tube  long  enough  to
read:h  above  the  surface water.)
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(a)

(b)

Fjguro  4. -Weber  Basin  or Mariott®  siphon  seepage  meter:    (a)  from
Warni.ck.1951;  (b)  from  Hendricks  and  Wamick.1961.
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FREE WATER EVAPORATION ESHMAHON RETHODS

1) Empirical mass transfer methods: E4=/rw)/es -ea )
i) Harbeck: E = kAJ'.°5 W (e5 - ea)
ii) Meyer: E = c (I + W/J6.09J (es -Ca J

2) Evaporation pans ---E=kEp

3) Water balance (budget) techniques:
E = I + P -0 -0g  -AS/At

4) Energy budget techniques:
Qn -Qe -Qh + Qv =  A Q/ A i .,  E--QJ pL

where:
9„ = net radiation
9c = energy used in evaporation
gft=enercny,nyexchangebetweenwaterandatmosphereas

sensible heat

8v =energy advected into or out of lake
Ag=change in lake energy

5) Combination methods
Pc#mcz# equation: Combine methods 4) and 1)

E =  [(aQn /PL)  + Ea]/(1  +  a)
vhf:Ie  CL= AIY

A = slope of saturation vapor pressure versus
temperature curve at air temperature;

y =  psychrometric constant

NOTE:   Lysz.mcfers not practical for ponds and lakes
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A Recorder
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Figure  3.3     Installations for measuring  evapatranspiration  lasses
This  figure  shows  two  types  of  evaporatlon  pan.  the  U.S.  Weather  Bureau  Class  A  Pan   (A)   and
the   Brltish  Meteorological  Office  Pan   (8) :  a  percolation  gauge  which  could  be  used  to  assess
evaporation  from  bare  soil  and  evapotranspiratlon  from  vegetated  surfaces;  and  a  sophisticated
hydraulic  lysimeter  (A)  and  a  simple weighing  lysimeter  (a).
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