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INTERACTION OF STREAMS AND GROUND WATER IN SElECTED TRIBUTARIES 
OF THE REPUBliCAN RIVER, NEBRASKA, 1998-99 

BACKGROUND 

The Republican Ri ver Bas in occupie. pan of northeast Colorado. north we t and north-central K an a . and outhwe t bra ka. The 
Republican Ri ver and the ground water in the underl y ing sand and gravel depos it. occupying the river valley (a lluvial aquifer) arc 
important ources of water. Irri gation is common in many areas of the Repub lican Ri ver Bas in , using urfa e water from the Republican 
Ri cr or it. tri butarie , or ground water from well s in the a oc iated alluvial aqui fers. 

In 1997 , the .S. Geological Survey 
SGS) entered a 4-year co perative 

agreement w ith the Nebraska Republican 
Ri ver M anagement Districts (Lower, 
Middle, pper, and Tri-Basin atural 
Resources Districts ( RDs), the 
Frenchman Valley, Hitchcock and Red 
Willow, Frenchman-Cambridge, and 

ebra ka Bo twick Irrigati n Distri ct ), 
and the outhwest ebraska Resource 
Conservation and Development Area to 
develop a regional ground-water-now 
model (a mathemati ca lly based computer 
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EXPLANATION 

program that simulate ground-water 
fl ow) of the Republican Ri ver Bas in 
upstream of the USGS treamflow tat ion 
near Hardy, ebra ka (fig. I ) . 

A study u ing f ield mea urement a 
indicators of the interaction of streams 
and ground water at se lected sites along 
two maj or tributari es of the Republ ican 
Ri ver was conducted to prov ide 
upporting information for the reg ional 

ground-water-fl ow model. Thi s report 
de. cribes the resu lts of that tud y. 

STUDY AREA, DESIGN, AND 
FIELD METHODS 

tream/grou nd-water interaction was 
investigated at three sites in two . elected 
tributari es of the Republican Ri ver 
Bas in in cbraska- Frenchman Creek 
near hampion, Frenchman r ek ncar 
Pali sade, and Sappa Creek ncar 
Stamford (fig. I ). All three ite · are 
located in areas containing an allu ial 
aquifer. on olidated to sem icon. ali ­
dated and and gravel depos its (Ogall ala 
Formation) form the va lley wall at each 
site. 
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Figure 1. Regional ground-water-flow model study area and stre am/ground-water interaction study sites, Republican River Basin. Nebraska, 1998- 99. 
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Figure 2. Schematic dia gram showing orientation of monitor-well clusters with stream at the 
study sites (modified from Hansen, 1997). 

At each . itc clu. tcrcd monitoring 
wel l (open to the deep, middle, and 
shallow parts of the aqui fer) were 
installed in two 1 aralleltran eel. of 
three we ll clusters each ( I , 2, 3 and 4, 
5, 6), perpendicular to th tr am 
(fig. 2). These transects ranged in 
length from about 800 ft (feet) at the 
Frenchman Creek sites to 4,000 ft at 
the Sappa Creek site. All we lls had a 
creened interva l of 5, I 0, or 20 ft. 

The name of each we ll was deter­
mined by ite, cluster numeri c desig­
nation, and depth. For example, at the 

hampion site, the we ll clu ter 
clo e t to Frenchman Creek in the 
upstream transect con i ts of 1-S 
(shallow well ), C 1-M (middle well ), 
and 1-D (deep we ll ). Except for the 
deep and middle wells at the 

hampion site, all wells were 
installed in the allu vial aqui fer. The 
deep and middle wells at the 

hampion site were installed in the 
upper part of the underl y ing Ogallala 
Formation, bccau allu vial deposits 
in thi s part of Frenchman reck 
Valley arc thin and are connected 
hydraulica lly to the Ogallala 
Formation. 

Water- level and water-quality data 
were co llcctccl from the well s and the 
stream at each site. In addition , in 

September 1998, data were collected u ing 
a potentiomanometer (equipment which 
includes the equivalent of a mini-well 
inserted ju t bel w the bed of the stream 
and a tube inserted into the tream). The 
potcmiomanometer allow comparison of 
str am levels to ground-water level ju t 
below the tream. 

STREAMS 

ach site is adjacenLto a perennial 
stream (fl ow is' year round) with a sand to 
silty- and treambed. Annual mean dail y 
fl ow for water year 1998 (October I , 1997 
to September 30, 1998) wa 19.1 ft3/s 
(cubic ft per second) at Frenchman Cr ek 
near Imperial ( ebraska Depanm nt of 
Water Resources, 1998) (near the 
Champion ite), 42.3 ft 3/ at Frenchman 
Creek at Pali sad , and 26.7 ft3/s at Sappa 
Creek ncar Stamford (Boohar, 1999). 

treamfl ow at each site wa. cia. sified a 
either baseflow-dominated-Frenchman 
Creek- or runoff-dominated- Sappa 

reck (M .K . Landon, .S . Geological 
Survey, written commun., 1998). 
Baseflow-dominatcd streams get most of 
their fl ow from ground water. Runoff­
dominated streams get most of their fl ow 
from overl and runoff. 

GROUND-WATER SYSTEMS 

teach ite the alluvial aquifer i uncon­
fined andre tricted in thickne sand width by 
the underlying bedrock. In genera l, ground 
water at ea h ite tends to fl ow from the 
va lley wa lls toward the st ream and down the 
va lley. Depth to the water table range from 
le than I 0 ft at the Frenchman Creek . itcs 
to a. much as 30ft at the Sappa Creek ite. 
Wells c mpleted in the alluvial aquifer are 
capab le of y ields of up to I ,200 gallons per 
minute (S teele, 1998). 

STREAM AND GROUND-WATER 
INTERACTION 

The phys ica l characteri sti cs of stream/ 
ground-water interaction at each ite were 
tudied by comparing wat r I vels measured 

continua ll y in the str am to water levels 
measured continually in se lected monitoring 
wells of one tran ec t. The chemica l charc1C­
tcri sti c at each site were determined by 
comparing va lue of . elected chemica l 
constituent. in wat r samples co llected from 
the stream to va lue. co llected from the moni ­
toring wells. In terpretation of data for stream 
and ground-water interacti on at each ite i 
it specific. 

Physical Characteristics 

During the course of the tudy, three of 
the four common tream/ground-watcr inter­
face described by Winter and others ( 1998) 
were observed at one or more of the sites­
gaining, los ing, and di sconnected . tream 
(fig. 3). Winter and other ( 1998) reported 
seasonal chang from gaining to los ing or 
losing to gaining ( fi g. 3) can occur in the 
reache. of mall streams. 

To determine the directi on of water fl ow 
between the stream and the aquifer, stream 
level: and ground-water level were adju ted 
to a ommon ba e elevati on (sea level). 
Because water flows from high r elevati ons 
to lower elevations, comparing the stream 
ele ation to the ground-water elevation indi ­
cates which direction the water is mov ing. lf 
the two systems arc hydraulica ll y connected 
and ground-water elevati n are hi gher than 
tream elevations, ground water is moving 

into the stream. I f the stream ha a higher 
elevation than the ground-water eleva tion, 
water is moving from the stream into the 
aquifer. 
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Figure 3. Schematic diagrams showing typical stream/ground-water interfaces in alluvial systems (from Winter and others, 1998). 

Champion Site 

tr am/ground-water interaction at 
the Champion site probably was affected 
by the presence of Light Dam 0.25 mi 
(mile) upstr am o f the site (fig. I ) . Light 
Dam contained a shallow 29-acre 
reservoir who e dam was br ached for 
renovation on Jul y I , 1998. Prior to the 
breaching of the dam, tream and 
grouncl-wat r I els approx imately paral­
lclccl each other. However, fo llowing the 
breaching of Light Dam, water levels in 
the nearby shall ow monitoring well 
( 1-S, fi g. 4) . bowed increa. ing di ffer­
ences from those in Frenchman Creek. It 
is likely that prior to the brea bing of 
Light Dam, rc ervo ir water seeped 
through and around the dam into the 
ground water, and thi s e page kept the 
ground-wa t r levels relati vely high and 
close to water level. of Frenchman 

reck. A fter Light Dam was breached 
and the reservo ir was empty, seepage 
from the reservo ir st pp cl and gr und­
wat r levels responded by dec lining 
fa rther below the stream level in 
Frenchman reck. The difference in 

water level between the tream and the 
ground water continued to incrca. e until 
September when both level began to 
ri se. Ground-water levels before and 
after the breaching of Light Dam may 
have been influenced, to some ex tent, by 
pumping from irriga tion we ll s. o liTI ­

gation well. ex ist in the immediate 
vicinity of thi . site, but w ithdrawal of 
ground water for irrigation ty1 ica lly 
occur in thi area during July. 

A nalysis of potentiomanometer data 
co llected S ptember 9, 1998, indicates 
that the water level in Frenchman Creek 
wa. 0.05 ft hi gher than the ground-water 
level directl y under the stream. Thi 
. uggest that Frenchman Creek was 
los ing water to the ground-water . y tem. 
During the summer months that followed 
the clam breaching, Frenchman Creek at 
thi : site could have fluctuated between a 
los ing tream and a disconnected stream. 

Palisade Site 

Stream/gr und-water interacti on at 
the Palisade site changed during the 
course of the year ( fi g. 4). Frenchman 

Creek appear to have been eli . connected 
from the alluvial aquifer until the arr ival 
of surface water (about June 2 1, 1998) 
released from Enders Reservo ir 35 mi 
upstream (fi g. I ). Arri va l of thi . water 
cau ed the water I vel of the stream at 
th Pali sade site to ri e nearl y 2 ft 
( f ig. 4 ). Thi ri se allowed more surface 
water to infiltrate the allu vial a 1ui fer 
(s imilar to bank storage conditions, 
fi g. 3) an I cau. ed ri es in ground-water 
levels of similar magnitude. Ground­
water level ro e enough that the stream 
and ground water became hydraulica ll y 
connec ted and the stream became a 
lo ing stream. When the releases from 
Enders Reservo ir topped, the water level 
of th stream in Frenchman Creek 
subsided and ground-water levels at the 
Pali sade ite returned to about pre-release 
elevations. Potentiomanometcr data 
collectccl September II , 1998 show that 
the water level in Frenchman Creek was 
about I ft higher than the ground-water 
level directly under the stream . 
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Figure 4. Hydrographs showing water levels, by site, in the stream and se lected well s at the Champion, Pal isade, and Stamford sites, 
Nebraska, 1998-99. 

Stamford Site 

tream/ground-wa ter interaction at 
the Stamford site changed over the 
course of the summer. Prior to the 
ground-water irrigation . eason (typica lly 
June to September), ground water moved 
toward and discharged into Sappa Creek 
( fi g. 4). During I hi . period, ground water 
al:o moved upward from the deep part of 
the allu vial aquifer th rough the shallow 
part and into the stream (fi g. 4, 
wells S 1-D, S 1-M , and S 1-S). Thus, at 

thi s site. Sappa reek was a gaining 
stream prior to ground-water irrigation. 
During the irrigation season, withdrawal 
of ground water by nearby irrigation 
well re ulted in dec lining ground-water 
levels ( fig. 4, well S2-S), and ground­
water-now direction hifted toward the 
lowe t ground-water level. . The vertical 
ground-water-now directions started 
moving toward the lowest ground-water 
level . The verti cal ground-water-now 
component reversed, resulting in now 
from the shallow to the deep part of the 

alluvial aqui fer. During these changes in 
ground-water-now direction, water from 
the stream likely infiltrated the allu vial 
aquifer, resul ting in a change from a 
gaining to a losing tream. Following the 
end of ground-water w ithdrawal , the 
alluvial aquifer at thi ite returned to 
pre- irrigati n ea on conditions and 
Sappa Creek again became a gaining 
u·eam. 



Chemical Characteristics 

Chemica l characteristics of the 
tream. and ground-water were . tudied 

by co llecting water ample in April. 
ugu t, September, and October 1998, 

and M arch 1999. Field mea. urements 
(. pecific conductance, pH, wa ter temper­
ature, and di so lved oxygen) were 
co llected on site. Water ample co llected 
for nitrate a. nitrogen, and maj or ions 
(co llected in August 1998)- including 
ca lcium, magne ium, odium, chloride, 
fluoride, and . ulfate- were analyzed at 
the GS ational Water Quality L abo-
ratory in L akewood, Colorado. In 
addition. water sample. were co llected in 
September 1998 from se lec ted well s and 
analyzed for chi roflu r carb n (CF ) 
at the U GS Reston Chlorofluorocarbon 

Laboratory in Re. ton, Virgini a. CFC 
amples were used to estimate when the 

water emered the aqui fer (recharge date) 
u ing method de. crib d by Busenberg 
and Plummer ( I 992) . 

The greate t di fference in chemica l 
characteri sti cs between the . treams and 
ground water of the three site occurred 
at appa Creek (table I ). In August 
(during irrigation sea on) the . pec i fie 
conductance va lue in the ground-water 
sample from the shallow well adjacent to 
Sappa Creek (686 !-lS!cm (miero-seimens 
per centimeter)) was nearl y half the 
va lue. measured in Apri l ( I ,220 J..l /em) 
(pre- irri ga tion season) and OcLOber 
( I , 160 !lS/cm) (post- irrigation . ea on) 
and closer to the strea m va lue in August 

(338 ]..lS/cm). Speci fic conductance 
va lue at the Frenchman Creek ite did 
not change substantiall y during the 
course of the tudy. Ground-water 
temperature at all three sites wa greatest 
nearest the stream and smaller away from 
the stream. 

Except for the Stamford site, no sub­
stanti al difference in nitrate concentra­
ti on between stream and ground-water 
samples occurred. At the Stamford ite, 
the nitrate concentrations in the sample 
from the . hallow well adj acent to Sappa 
Creek wa greate t during the irrigation 
. eason ( 1.32 mg/L (milligrams per liter)) 
and . imil ar to the va lue in th sample 
from Sappa reek ( 1.07 mg/L) that wa. 
co llected at the same time. 

Table 1. Median values of field measurements and nitrate concentrations from 
water samples collected in streams and monitoring wells at the Champion, 
Palisade, and Stamford sites, Nebraska, 1998-99 

lf.I S/cm, rn icro~cimens per centimeter at 25 degrees el<, ius; °C. degrees Cel s iu~; mg/L. milligrams per liter; <, les than] 

Water 

umber Specific pH temper- Dissolved 
of conductance (s tandard ature oxygen 

Site samples (J.! /em) units) (OC) (mg/L) 

Frenchman Creek near 5 449 8.5 13.0 10.8 
Champion 

Champion well cl uster. 40 493 7.5 13.5 2.0 

Frenchman Creek near Palisade 5 445 8.7 19.5 11.6 

Palisade well clusters 40 444 7.7 13 5 1.4 

Sappa Creek ncar Stamford 5 980 8.4 14 .0 13. 1 

Stamford well cl uster. 45 1,2 10 7.2 14.0 .4 

Table 2. Estimated recharge date from chlorofluorocarbon analyses of water samples 
collected at the Champion, Palisade, and Stamford sites, Nebraska, 1998 

]S, <, hallow we ll ; M , middle we ll ; D, deep wel l:-- . sample nol colleclCd. <. hefore dale listed: ole: dale indicates 

itrate 
a. 

(mg/L) 

1.71 

1.40 

.76 

1.70 

.57 

<0.05 

that a component ol the water <,ample contained walcr of !hal age; sample also can contain younger wmcr than indicated. 
Example: Stamfo rd wcll -cl u.,lcr 4 abo contained recent water (from specific c nductan e va lue. and nitrate concentrations) ] 

Adjacent to stream 
(wcl l-cluMcr 4) 

Midd le c lus1er 
(well-c luster 5) 

Adjacent to val ley wall 
(we ll -c luste r 6) 

Site 
Champ1on 

Pali sade 

Stam ford 

S M D 
M1d 

1940. 
Late 
1970s 
Mid 

1960s 
Early 
1960s 

< 1940 

Mid 
1970 
Early 
1960 

M D 

Early 
1980s 

Late 
1960s 

S M D 
Late 
1960s 
Mid 

1980s 
Late 
1990s 

Mid 
1970. 

Mtd 
1960s 
Mid 

1960s 



The result of the speci fic conduc­
tance value and the nitrate concentra­
ti ons sugge t Lhat some water from Sappa 
Creek is entering the ground water during 
the irrigation season. Other chemi ca l 
analy es were inconclusive as too ls used 
to determin tream/ground-water inter­
action at the sites. Analys is of FC data 
indicates that the ground water i pro­
gre sively older from the va lley wa ll to 
the stream (table 2). This confirms that, 
in the long term, ground water predomi­
nantl y moves from the va lley wa ll s 
toward the stream. 

CONCLUSION 

Stream/ground-water interaction at 
the study sit n the tributari e of the 
Republi can Ri ver was highl y vari able, 
indicating interaction are likely to be 
influenced by many local factors. In 
additi on, the connection between the 
stream and ground wat r at th thr ite 
changed during the cour c of the year. 

At th two Frenchman Creek it , th 
stream was los ing water to the ground­
water system or the stream was di scon­
nected from ground-water sy tem and 
remained a los ing stream throughout 
mo r of the yea r. The Champion ite wa 
predominantl y a losing stream after the 
breaching of Light Darn upstream. 
Although data were inconclu ive, 
Frenchman Creek at the Champion . ite 
may have fluctuated between a lo ing 
stream and a disconnected stream foll ow­
ing the breaching of Light Dam. A t the 
Pali ad ite, foll ow ing relea e of urfac 
wat r upstream, in filtrati on of surface 
wa ter changed Frenchman Creek from a 
di sconnec ted stream to a losing stream. 
When urface-water relea stopped, 
Frenchman Creek at thi s site returned to 
about pre-release condition . 

At the Sappa Creek site, the stream 
was a ga ining stream throughout the non­
irrigation season. When ground-water 
irrigation began, ground-water levels 
dec lined, ground-water-fl ow direction 
reversed, and Sappa Creek became a los­
ing tream. Sappa Creek returned to a 
gaining stream after the irrigation season. 
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