


Cover Photo: Bennett Spring Branch just downstream of the spring rise. 



Water Resources Report Number 38 

THE HYDROGEOLOGY 

OF THE 

BENNETT SPRING AREA, 

LACLEDE, DALLAS, 

WEBSTER, AND wruGHT COUNTIES, 

MISSOURI 

by 

James E. Vandike 

1992 

Q ..... 111111•• ······--....... 

l @ 
MISSOURI DEPARTMENT OF NATURAL RESOURCES 

Division of Geology and Land Survey 
P.O. Box 250, Rolla, MO 65401 

(314) 368-2125 



Library of Congress Catalog Card Number: 92-064210 
Missouri Classification Number: Ge 9:38 

Vandike, James E., 1992, THE HYDROGEOLOGY OF THE BENNETT SPRING AREA, UCLEDE, 
DALLAS, WEBSTER, AND WRIGHTCOU!'f11ES, MISSOURI, Missouli Department of Natural Resources, 
Division of Geology and land Survey, Water Resources Report Number 38, 112 p., 44 figs., 26 tbls, 14 photos. 

As a recipient of federal funds, the Department of Natural Resources cannot discriminate against anyone on the basis of 
race, color, national origin, age, se.x, or handicap. If anyone belleves he/she has been subjected to discrimini,tlon for any 
of these reasons, he/she may file a complaint with either the Department of Natural Resources or the Office of Equal 
Opportunity, U.S. Department of the Interior, Washington, D.C., 20240. 

ti 



CONTENTS 

Abstract ...................................................................... ....................................................................................... I 
Introduction ....................................................................................................................................................... 1 
Acknowledgements .......................................................................................................................................... 2 
Study Rationale and Methodology ..................... .............................................................................................. 3 
Geology of the Bennett Spring Area .................. ..... ....... .................................................................. ................ 5 

Introduction .............................................................. .............. ...................................................................... 5 
Stratigraphy ........................................................... ..................................................... ................................. 5 
Surficial Matelials .................. .... ................. ... ..... ..... .. .............................................................. ..................... 7 
Structural Geology .................................................... ................................................................................... 7 

Hydrology ................................................................................. ...... ................................................................... 7 
Introduction .................................................................................................................................................. 7 
Groundwater Recharge ................................................................................................................................ 8 
Hydrologic Reconnaissance of the Study Area ..... ................................................................ ..................... 9 
Flow Characteristics of Major Streams in the Bennett Spring Area ........................................................ 12 
Flow Characteristics of Losing Streams in the Bennett Spring Area ...................................................... 13 
Major Springs in the Bennett Spring Area ................................................................................................ 45 

Bennett Spring ....................................................................................................................................... 47 
Sand Spring ................ .. ...................................................... ... ...... .......................................................... 47 
Famous Blue Spring ............................................................... _. .............................................................. 54 
Sweet Blue Spring ................................................................................................................................. 54 
Johnson-Wilkerson Spring .................................................................................................................... 57 
Jake George Springs .... ................. ..... .......... ......... ................................................................................ 57 
Hahatonka Spring .................................................................................................................................. 58 
Big Spring .............................................................................. ...... ... ....................................................... 58 
Randolph Spring .................... ..... .............................. ............................................................................. 59 
Cliff Spring .......................................................................................... ...... ......... ....... ..... ........................ 59 

Groundwater Tracing ...................................................................................................................................... 60 
Introduction ........................................................................................... ..................................................... 60 
Summaries of Individual Dye Traces ..................................... .... ...... ......................................................... 63 

Upper Founnile Creek Trace, DT I ...................................................................... ................................. 63 
Jones Creek Trace, DT 2 ....................................................... ................................................................ 63 
Cave Creek Traces, DT 3 and DT 4 ...................................................................................................... 66 
East Fork Niangua River Traces, DT 5 and DT 6 ......... ... .... ........... ... ............. ... ............ ...................... 66 
Steins Creek Trace, DT 7 .................................................................. ... ...... ........ ................................... 68 
North Cobb Creek Trace, DT 8 ............................................................................................................. 68 
Goodwin Hollow Traces, DT 9 and DT 10 ............................................................................................ 69 
Brush Creek Tributary Trace, DT 11 ............................................... ...................................................... 69 
Osage Fork State Forest Trace, DT 12 ........................... ...................................................................... 72 
Bear Thicket Sink Trace, DT 13 ...................................................... ... ...... ............................................. 72 
West Fork Niangua River Trace, DT 14 .......................................... .... ... .. .. .. ............ .......... ................... 73 
Dry Fork Fourmile Creek Traces, Dt 15 and DT 16 ............................................................................ 74 
Dousinbury Creek Trace, DT 17 ............................................ ..... ..... ..... ... .................................. ........... 74 
Spring Hollow Trace, DT 18 ................................................................. ........ .. ... ... ..... ......... ................... 75 
Spring Hollow Tributary Trace, V & E, 1987 ........................................................................................ 75 
Dry Auglaize Sink Trace, M & V, 1980 ................................................................................................. 75 
Lower Bear Creek Trace, M, 1978 ............................................................................ ............ ................. 77 
Dry Auglaize Creek Traces, S & M, l 976 ..................................................... .. ... ................................... 77 

Recharge Areas of Major Springs in the Bennett Spring Area ..................................................................... 78 
Introduction ...... ...................... ................................................................................ ...................... .. .. .......... 78 
Bennett Spring ....................................................................................... ..... ..... .......................................... BO 

iii 



Sand Spring and Famous Blue Spring ............... .................................................................. .... ........ .... .... 80 
Johnson Wilkerson Spring ........................................................................................ .... ...... ...................... 80 
Jake George Spring .......... .. .. ................................................ ...................... ............................................... 80 
Randolph Spring ............................................................................................ ......... ................................... 83 
Big Spring .... ... .... ................. ..................................... ........................................................... ....... ................ 83 
Cliff Spring ................. ................................................................................................................................ 83 
Sweet Blue Spring ................................................................................... .... ..... .......................................... 84 
Hahatonka Spring ............. .. ................................................................................. ...................................... 84 

Hydrologlc Budget for the Bennett Spring Recharge Area ........................................................................... 84 
The Potential for Contamination in the Bennett Spring Recharge Area .. .. .................................................. 96 
Hydrologic Characteristics of Bennett Spring and Its Recharge Area ......... .............................................. 100 
References Cited ................ ............................................................................... ............................................ 111 

iv 



Figure I: 
Figure 2: 
Figure 3: 
Figure 4 : 
Figure 5: 
Figure 6: 
Figure 7: 
Figure 8: 

Figure 9: 
Figure 10: 
Figure 11: 
Figure 12: 
Figure 13: 
Figure 14: 
Figure 15: 
Figure 16: 
Figure I 7: 
Figure 18: 
Figure 19: 
figure 20: 

Figure 21: 

Figure 22: 

Figure 23: 
Figure 24: 

Figure 25: 
Figure 26: 

Figure 27: 

Figure 28: 

Figure 29: 

Figure 30: 
Figure 31: 
Figure 32: 
Figure 33: 

Figure 34: 
Figure 35: 
Figure 36: 
Figure 37: 

figure 38: 
Figure 39: 
Figure 40: 

LIST OF FIGURES 

Location map showing the Bennelt Spring area ............... ........... .......................... ... ..... ............. .. .4 
Geologic map of the Bennett Spring area. Geology by Middendorf et al., 1987 . .. ... ................... 6 
Gaining and losing streams In the Bennett Spring Study Area ... ...... ................ ................ .......... 10 
Locations of weather observation stations in the Bennett Spring Area ...... ...... ...... ..... ............... 16 
Daily precipitation, Lebanon 2W weather observation station ............. ..... ... ............................... 17 
Daily precipitation, Marshfield weather observation station .. .. ......................................... .... ....... 18 
Daily precipitation, Buffalo 3S weather observation station .. .......................... .... ........................ 19 
Daily precipitation, Missouri Department of Conservation-Lebanon weather 
observation staUon ............. ............ ................................ ....... ...... ......................... .... ...................... 20 
Daily precipitation, Bennett Spring weather observation station ................ ..... .. ......................... 21 
Daily precipltaUon, Spring Hollow #1 weather observation station ......... ....... ............................. 22 
Daily precipitation, Hollis Branch weather observation station ......... .... ...................................... 23 
Daily precipitation, Spring Hollow #2 weather observation station .. ......... .................................. 24 
Daily precipitation, Patterson Branch weather observation station ........ .. .............. ............. ... ..... 25 
Dally precipitation, Louisburg weather observation station ..................................................... .. .. 26 
Dally precipitation, Jones Creek weather observation station ......... ........................................... 27 
Daily precipitation, Steins Creek near Orla weather observation station ............................. ....... 28 
Daily precipitation, North Cobb Creek weather observation station ....... .............................. ...... 29 
Daily precipitation, Long lane weather observation station ... ............. ......... ...................... ..... .... 30 
Data logger-pressure transducer surface-water gaging stations ... .... ....................... .. ... .......... ...... 34 
Diagrammatic cross-section showing typical data logger-pressure transducer gaging 
station installation ................. ................................................................ ..................... ......... ... .... .... 34 
Average daily discharge hydrograph of Spring Hollow at King Farm, water year 
I 989-1990 ........ ............. ... .................. .............. ........ .. ... ......... .............................................. ...... ..... 38 
Average daily discharge hydrograph, Spring Hollow upstream from Bennett Spring, 
water year 1989- t 990 .... .................. ..... ...... ........ ..... .. .......... ...... ... .. ....... ....................... ................. 40 
Average daily discharge hydrograph, Fourmile Creek near Route P, water year 1989-1990 .... 42 
Hourly state height., Goodwin Hollow at Evans farm, November 15, 1989 through 
March 14, 1990 ... ............. ...................... ......... ................................. ................................ ....... ..... .. 43 
Major springs in the Bennett Spring area discussed in this report ............................................. .48 
Plan view and cross-section of Bennett Spring. Modified from a map by Porter and Brown, 
1984 (in Porter, 1986) ................... ....... .... ................................. ..................................................... 49 
Average daily discharge hydrograph, Bennett Spring gaging station, water year 1989-
1990. Data includes runoff from Spring Hollow ................ ........ .... ... .............. .... ........ ..... ............ 52 
Average dally discharge hydrograph, Bennett Spring, water year 1989-1990. Data 
corrected for runoff from Spring Hollow upstream of Bennett Spring ... .. .... .......... ..................... 53 
Spectrofluorograms of acUvated charcoal samples containing no dye, fluorescein dye, 
and Rhodamine wr dye ........... .................... ......... .. .. ...... .. ................... ........ ... .................... .. ........ 62 
Dye monitoring sites .......... .............. ..... ... .......... .... ... ..... ................................ ......................... .. ..... 64 
Dye traces in the Bennett Sprtng area. Arrows point to where dye was recovered ......... ... ....... 67 
Average discharge versus recharge area size for various recharge rates .............................. .... 78 
Potentiometric map of Roubidoux Formation-Gasconade Dolomite sequence in the 
Bennett Spring area (from Harvey et al., 1983) .... ... ................................................................. ... 81 
Recharge areas for major springs in the Bennett Spring area .... ..... .. .................................. ........ 82 
Conceptual drawing showing water distribution in a karst setting ..... ........................... ...... .... .... 85 
Water year 1989-1990 temperature data for the Bennett Spring area ..... .. ... ................. ... .......... 88 
Weighted precipitation, water year 1898-1990, for the Bennett Spring 
recharge area ............. ..... .... ... ....... ............... ........... ............... .... ..... ... ... ... ... ...... ...... .. ........ .. .. ....... ... 89 
Potential contaminant sources In the Bennett Spring Area .... ................................... .. ......... ....... 99 
Weighted precipitation versus discharge, water years 1966-1990, Bennett Spring .. ........ ....... 102 
Surplus moisture versus discharge, water years 1966-1990, Bennett Spring ........................... 103 

V 



UST OF FIGURES continued ... 

Figure 41: Hydrographs showing average daily flows at Bennett Spring during extremely wet 
and extremely dry years. Data source: U.S. Geological Survey ... .... ........................................ 104 

Figure 42: Weighted recharge area precipitation, calculated recharge area surplus moisture, and 
discharge at Bennett Spring, water year I 989-1990 ....... ... ..... ................................................... 107 

Figure 43: Weighted recharge area precipitation, and discharge, conductivity, and temperature at 
Bennett Spring, water year 1989-1990 ............ .... ...... ............... ......................................... ......... 108 

Figure 44: Hydrologic relationship between rainfall, Bennett Spring's discharge, and surface-water 
runoff in Spring Hollow during October, 1990 ... ...................... ..... .............................................. 109 

LIST OF TABLES 

Table I: Hydrologlc data for streams In the Bennett Spring Study Area ............ .... .... ...... ........................... 11 
Table 2: Dally pre<:ipitaUon, Lebanon 2W weather observation station ........ ...... ..... .................................... 17 
Table 3: Daily preclpltaUon, Marshfield weather observation station ........ .. ................................................ 18 
Table 4: Daily precipitation, Buffalo 3S weather observation station ..... .... ............. .................................... 19 
Table 5: Dally precipitation, Mo. Department of Conservation-Lebanon weather observation station ...... 20 
Table 6: Dally precipitation, Bennett Spring weather observation station ................................................... 21 
Table 7. Dally precipitation, Spring Hollow #1 weather observation staUon ............................................... 22 
Table 8. Daily precipitation, Hollis Branch weather observation station ..................................................... 23 
Table 9. Daily precipltaUon, Sprin·g Hollow #2 weather observaUon station ............................................... 24 
Table JO. Daily precipitation, Patterson Branch weather observation station ............................................... 25 
Table 11. Dally precipitation, Louisburg weather observation station ........................................................... 26 
Table 12: Daily precipitation, Jones Creek weather observation station .............................. ............... .......... 27 
Table 13: Daily precipitation, Steins Creek near Orta weather observation station ................................. ..... 28 
Table 14: Daily precipitation, North Cobb Creek weather observation station ..................... .... .. .................. 29 
Table 15: Dally precipitation, Long Lane Weather observation station ............................. ............................ 30 
Table 16: Average daily discharge, Spring Hollow at King Farm, water year 1989-1990 ............................ 36 
Table 17: Average daily discharge, Spring Hollow upstream from Bennett Spring, water year 

1989-1990 ...................................... .. ................................................... .............................................. 39 
Table 18: Average daily discharge, Fourmile Creek near Route P, water year 1989-1990 ........ .. ................. 41 
Table 19: Average daily discharge, Bennett Spring gaging station, water year 1989-1990 ......................... 50 
Table 20: Average daily discharge, water year 1989-1990, at Bennett Spring. Flow corrected for 

discharge of Spring Hollow upstream of Bennett Spring .................................. ....................... ..... . 51 
Table 21 : Dye monitoring site names, locations, and types of monitoring ........................ ........... ......... ....... 65 
Table 22: Inject.ion and recovery data for dye traces in the Bennett Spring area ................. .. ...................... 70 
Table 23: Elevation, distance, travel time, and velocity data for dye traces in the Bennett Spring area ..... 71 
Table 24: Hydrologlc budget, water years 1956 through 1990, for the Bennett Spr1ng recharge area ........ 87 
Table 25: Weighted precipitation, water year 1989-t 990, for the Bennett Spring recharge area ................. 89 
Table 26: Hydrologlc budget, water year 1989-1990, Bennett Spring recharge area .............................. 90-95 

vi 



LIST OF PHOTOS 

Bennett Spring Branch just downstream of the spring rise ... ... .. ........................... ......... .......... ....... Front Cover 
Photo 1. Aerial Photo of Bennett Spring ...... .... ............ ...................................................... .......................... viii 
Photo 2. A r~ording rain gage installation In Spring Hollow .................................................... ... ........... .... 14 
Photo 3. Interior view, recording rain gage installation .................................................... .. ... ............. .......... 14 
Photo 4. Tipping-bucket rain gage with cylindrical housing removed ................................. .. ..................... 15 
Photo 5. Event recorder ... .. .. .............................. .......................................................................................... .. 15 
Photo 6. Pressure transducer and cable .............. .......................... ............. ............. ...................................... 32 
Photo 7. Pressure transducer in protective housing anchored in streambed ......... .... ....... .......................... 32 
Photo 8. Oatalogger and protective steel housing ................................................. ... ... ................................ 33 
Photo 9. Hand-held computer used to program dataloggers and retrieve data .......................... ................ 33 
Photo I 0. Goodwin Hollow at Missouri Highway 5, a major losing stream .......................... ......................... 44 
Photo 11. A lone angler fishes for trout next to the rise pool at Bennett Spring ....... .. ................................ .46 
Photo 12. Sand Spring ............... .............................................................................. .... .................................... 55 
Photo 13. Famous Blue Spring ... ... ... ... ........................................................... .. .. .......................... ................... 56 
Photo 14. Improper disposal of waste In a Laclede County sinkhole ...... .... .. ..... ......................... .................. 76 

vii 



!:. 

Photo 1: The circular rise pool of Bennett Spring, clearly seen from the air, ls on the east side of Spring Hollow about a mile from the Niangua 
River. Much of the time, /low of the Niangua Riuer more than doubles when the discharge of Bennett Spring enters it .. 



;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;============== Abstract/Introduction 

THE HYDROGEOLOGY OF 

THE BENNETT SPRING AREA, LACLEDE, DALLAS, 

WEBSTER, AND WRIGHT COUNTIES, MISSOURI 

ABSTRACT 

Bennett Spring, Missouri's third largest single 
outlet spring, has an average discharge of about 
165 ft3/sec, and is the principal groundwater out
let for an extensive karst area in south-central 
Missouri. A hydrologic reconnaissance In the 
Bennett Spring area of Laclede, Dallas, Wright, 
and Webster counties, which Includes the upper 
Niangua River, Osage Fork of the Gasconade 
River, and Dry Auglaize Creek, identified nearly 40 
streams that lose significant volumes of surface 
flow into the karst groundwater system. 
Data loggers and pressure transducers installed at 
four locations on three losing streams to help 
quantify losing-stream water-loss rates show most 
runoff from precipitation is channelled underground 
and becomes groundwater re<:harge. During wa
ter year 1989-1990 when area precipitation was 
nearly 46 inches, there was only about 2.5 water
shed inches of runoff from Spring Hollow, a 42.5 
mi 2 losing-stream watershed upstream from 
Bennett Spring. 

Eighteen dye traces were made to nine springs 
from 14 dye-Injection sites in the Bennett Spring 
area to help delineate areas providing recharge to 
major springs, and to determine groundwater 
velocities In the karst drainage system. Velocities 
varied from less than 0.2 miles per day to more 

than 1.3 miles per day. The Bennett Spring re
charge area, based on water tracing and existing 
potentiometric map data, consists of a 265 mi2 

area east, south, and southwest of the spring. The 
recharge area includes Spring Hollow, upper 
Fourmile Creek, upper Dousinbury Creek, and 
East Fork Niangua River in the upper Niangua 
Rlver basin; Brush Creek and North Cobb Creek in 
the Osage Fork Basin; and Goodwin Hollow, a 
tributary of Dry Auglaize Creek. Dye tracing 
showed Bennett Spring to share a part of its 
recharge area with Jake George Springs and Sweet 
Blue Spring. Sand Spring and Famous Blue 
Spring, smaller springs near Bennett Spring State 
Park, share a common recharge area south of the 
Niangua River in Cave Creek and lower Fourmlle 
Creek watersheds. 

Precipitation, discharge, and specific conductiv
ity data show that the discharge of Bennett Spring 
begins increasing generally within a few hours after 
precipitation due to pressure-head increase in the 
recharge area, but the water introduced into the 
aquifer from a precipitation event does not reach 
the spring for several days. The magnill.lde of flow 
increase depends grealJy on soil rr.olsbXe conditions; 
greater flow increases occur after precipitation 
when soils are wet than during relatively dry conditions. 

INTRODCICTION 

Bennett Spring, the focal point of Bennett Spring 
State Park, Is the third largest single outlet spring in 
Missouri and the largest spring In the state par1( system. 
During an average day, the extensive phreatic cave 
system feeding the spring outlet channels approxi
mately 103 mi I lion gallons ( 165 ft3 J sec) of water to 

the surface; water that originated as precipitation 
falling over a broad area east, sou th, and south west 
of the spring. The spring rises from a steeply
inc!ined, water-filled cave passage on the east side 
of Spring Hollow about 1.3 mites upstream from its 
confluence with the Niangua River. 
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Each year, some 800,000 people visit Bennett 
Sp ling Slate Park to take advantage of the outdoor 
recreational opportunities that include hiking trails, 
picnic areas, campgrounds, and trout fishing a long 
Spring Hollow downstream of Bennett Spring. 
Bennett Spring water also supplies a Department 
of Conservation trout hatchery. 

Currently, water quality at Bennett Spring 
appears excellent. However, water quality can be 
affected by the activities of people in the area 
supplying recharge to the spring. land-use 
changes, improper waste disposal, and accidental 
spills of potentially toxic materials in the recharge 
area could degrade water quality. 

In 1989, the Department of Natural 
Resources began a study designed to improve 
our understanding of the hydrology of Ben nett 
Spring, to delineate the area providing its 
recharge, and to study the surface-subsurface 
relationships in the area . The study area 
includes the Niangua River basin, the Osage 
Fork of the Gasconade River basin, Goodwin 
Hollow and Dry Auglaize Creek basins, and 
that part of the Gasconade River basin wesl of 
the Gasconade river in Laclede County. The 
study area includes all of Laclede County, and 
portions of Dallas, Webster, and Wright 
counties, Missouri (fig. I). 
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STUDY RATIONALE AND METHODOLOGY 

Recharge area protection is of paramount im
portance in maintaining high water-quality stan
dards at Bennett Spring. This study was designed 
to provide the type of information necessary to 
help prevent water-quality degradation in the area 
by delineating the recharge area for Bennett Spring, 
by developing a conceptual model to describe 
how, where, and at what rates recharge occurs, by 
defining surface-subsurface hydrogeologic rela
tionships, and then using this information to de
velop an initial water-quality risk assessment for 
the Bennett Spring recharge area. However, Jt was 
more than a study of just Bennett Spring. Many 
other significant springs occur in the study area. 
Like Bennett Spring each one has a recharge area 
and distinct hydrogeologic characteristics. 
Hydrogeologic data is used to help delineate their 
recharge areas, and better define the functioning 
of their supply systems. 

An area-wide hydrologic reconnaissance was 
performed to determine which areas contribute 
significant groundwater recharge and which areas 
contribute little recharge. Much of the Bennett 
Spring recharge is from runoff into sinkholes and 
losing streams; both channel tremendous vol
umes of water into the subsurface following heavy 
rainfall. Losing and gaining stream reaches were 
mapped during the hydrologic reconnaissance to 
determine the areas providing high rates of ground
water recharge. 

Obviously, not all of the sinkholes and losing 
streams in the study area contribute recharge to 
Bennett Spring. Dye tracing, a technique where 
by fluorescent dyes are introduced into the subsur
face through sinkholes and losing streams, and 
detected at the spring or springs where they 
emerge, was used to help delineate the recharge 
areas for the major springs in the study area. 

Considerable geologic and hydrologic data are 
available for the Bennett Spring area through 
previous studies and ongoing basic data collec
Uon activities. Historic flow data are available for 
the Niangua River, Osage Fork, and Gasconade 
River from the U.S. Geological Survey. Bennett 
Spring's flow has been monitored for about 40 
years by the U.S. Geological Survey. Nearly all of 
the surface-water How data has been collected 
from major perennial streams. To better under-
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stand the runoff characteristics of smaller water
sheds that lose flow Into the subsurface, hydro
logic instruments were installed on selected losing 
streams to help determine rainfall-runoff relation
ships in these important recharge areas. Also, a 
network of precipitation stations was established 
in the study area to supplement National Weather 
Service precipitation data in order to more accu
rately measure the water available for runoff and 
recharge during the study. 

Area temperature and rainfall data were used to 
develop a hydrologic budget for the study area. A 
hydrologic budget is a mathematical procedure 
used to describe water distribution in an area. It 
allows losses from evaporation and vegetational 
use of waterto be estimated, as well as an estima
tion of the amount of water available for surface
water runoff and groundwater recharge. Hydro
logic budgets were calculated for two periods of 
Ume. A daily budget was prepared for water year 
1989-1990, which extends from October 1, 1989, 
through September 30, 1 990. A monthly budget 
was prepared for water years 1956 through water 
year 1990, to show long term water distribution in 
the Bennett Spring area. 

Specific conductivity and water temperature 
data were collected from Bennett Spling and other 
groundwater outlets in the Bennett Spring area. 
Specific conductivity is a measurement of water's 
ability to conduct electrical currenL Specific 
conductivity is directly proportional to the amount 
of dissolved materials in water; as dissolved solids 
increase, conductivity increases. In this study, the 
conductivity data are used primarily to determine 
when recharge from rainfall events reaches a 
spring. Temperature data can be used to help 
determine the type and relative amount of re
charge taking place, and to help understand the 
mechanics of the flow-system channelling water 
to the springs. 

A preliminary water-quality risk assessment 
was performed on Bennett Spring using recharge 
area data generated during the study, potential 
contaminant source data available from the De
partment of Natural Resources' Division of Envi
ronmental Quality, and from highway, railroad, 
and pipeline information. 
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GEOLOGY OF THE BENNETT SPRING AREA 

INTRODUCTION 
A deta iled description of the geology of the 

Bennett Spring area ls beyond the scope of this 
study, but a general understanding of the geology 
and its relation to hydrology of the area is neces
sary. Harvey et al. (1983) present an excellent 
description of the stratigraphy and structural geol
ogy of the area. 

STRATIGRAPHY 
The Bennett Spring area is underlain mostly by 

sedimentary rocks of Ordovician and Cambrian 
age that reach a thickness of about 1800 feet. 
Younger strata of Mississippian age occupy the 
higher elevations along the Niangua River-Osage 
Fork watershed divide in Webster and Dallas 
counties. Nearly all of the bedrock formations 
exposed in the study area are Ordovician (Cana
dian Series) sedimentary rocks. The oldest sedi
mentary bedrock formations underlying the area 
are Upper Cambrian age. They include, in ascend
ing order, the Lamotte Sandstone, Bonneterre 
Formation, Davis Formation, Derby-Doerun Dolo
mite, Potosi Dolomite, and Eminence Dolomite. 
The only place upper Cambrian strata are ex
posed ln the study area is at the Decatuivitle 
structure, an intensely faulted, geologically com
plex , circular structure in northwestern Laclede 
County . The geology of the Decaturville structure 
is described in detail by Offield and Pohn (1979), 
who Interpret It as an Impact structure. The 
Eminence Dolomite is also exposed a few miles 
north of the study area in southern Camden County 
in the Ha Ha Tonka State Park area. 

With the exception of the Decaturville struc
ture, the oldest bedrock formation exposed In the 
study area is the Gasconade Dolomite. The Gas
conade is a light gray, medium- to coarse-crystal
line. thin- to thick-bedded cherty dolomite.consist
ing of two units. The Upper Gasconade Is mas
sively bedded with a relatively low chert content 
that can be as much as 100 feet thick. In contrast, 
the Lower Gasconade, ranging Jn thickness from 
about 270 to 380 feet, has a relatively high chert 
content. The chert occurs as thin beds, nodules, 
and cryptozoan reef structures up to several feet 
thick (Duley et al., 1992). The Gunter Sandstone 
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Member, generally 30 to 45 feet thick, forms the 
base of the Lower Gasconade. Sand content in the 
Gunter varies from less than 40 percent In the 
southeastern part of the study area to 100 percent 
in northwestern Laclede County (Harvey et al., 
1983}. The Gasconade Dolomite has a total 
thickness ranging from about 300 to 450 feet, but 
only the upper 50 to 100 feet of the formation is 
exposed, primarily along the Niangua River and Its 
major tributaries downstream from the Fourmile 
Creek area, throughout much of Spring Hollow, 
along the middle reach or the Osage Fork in 
northwestern Wright and southern Laclede coun
ties, and along the Gasconade River in northeast
ern Laclede County {fig. 2). 

The Roubidoux Formation overlies the Gascon
ade, and forms the bedrock surface over much of 
the east-central part of the study area. The Roubi
doux is an interbedded light-gray to brownish
gray, medium- to fine-crystalline cherty dolomite 
and sandstone (Duley et al., 1992) . Sandstone 
beds are conspicuous In the unit, but sand content 
decreases to the north. Full thickness of the 
formation ranges from about 125 to 180 feet. 

The Jefferson City and Cotter Dolomites are 
considered distinct geologic units, but because of 
their similarities they are generally mapped as a 
single unit and referred to as the Jefferson City
Cotter Dolomite. The Jefferson City Dolomite 
overlies the Roubidoux Formation, and forms the 
bedrock surface throughout much of the eastern, 
sout hem, and western parts of the study area. The 
Jefferson City is a buff to light-gray, fine- to 
medium-crystalline, thin- to thick-bedded argilla
ceous dolomite (Duley and others, 1992}. Where 
not eroded, it ranges from about 150 to 220 feet 
thick. The Cotter Dolomite overlies the Jefferson 
City, and consists of up to 200 feet of dolomlte 
with chert and minor sandstone beds. Due to Its 
high stratigraphic position, it occupies mainly the 
upland areas in the southern and southwestern 
parts of the study area. 

Up to about 130 feet of Mississippian sedimen
tary rocks unconformably overlie the Cotter 
Dolomltealong the watershed divides in the south
ern and southwestern parts of the study area; they 
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occupy only the higher elevations. They consist 
primarily of the Compton and Northview Forma
tions, and the Burlington-Keokuk Limestone. A 
few miles west of the study area on the Springfield 
Plateau, the Mississippian units thicken and com
prise a shallow aquifer. In the study area they are 
not hydrologically significant, and will not be 
discussed in detail in this report. 

SURFICIAL MATERIALS 
Except where outcrops occur, bedrock in the 

study area is mantled by unconsolidated surficlal 
materials consisting of clay , silt, sand, gravel, and 
boulders that were principally derived from the 
weathering of bedrock formations. Most of the 
surficial materials are residuum, which is the 
insoluble material left from In situ weathering of 
the bedrock. The residuum consists of clay, silt, 
and chert; the relative proportions of each depend
ing on the parent rock formation, topography, and 
other factors. Residuum formed from weathering 
of the Roubidoux Formation generally contains 
more gravel and larger chert fragments and has 
less clay content than residuum derived from the 
Jefferson City and Cotter Dolomites. Residuum in 
the study area ranges from zero to more than 40 
feet thick in areas where deep bedrock weathering 
has occurred. 

Colluvium, sediment that has been eroded and 
transported downslope by water and gravity, is 
limited to lower valley slopes in some areas. A 
relatively small amount of loess, (wind-blown silt) 
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is found on residuum in upland areas that have 
gentle slopes. 

Alluvium, which consists of sand, gravel , boul
ders, and finer sediments, underlies the flood
plains of major streams in the area. It is generally 
only a few feet thick along smaller streams, but 
may be 30 feet thick in places along the lower 
Niangua, Osage Fork, and Gasconade Rivers. 

STRUCTURAL GEOLOGY 
All of the exposed formations in the study area 

are marine sedimentary rocks that were deposited 
horizontally, . but tectonic forces acting on the 
formations long after deposition caused faulting 
and gentle folding. Numerous northwest-trending 
normal faults , which likely reflect structure in the 
Precambrian igneous and metamorphic rocks be
neath the Paleozoic sediments, trend through the 
study area. The faults have low to moderate 
displacements, generally 10 feet to as much as 
400 feet (Harvey et al., 1983, p. 30). Because of 
the faulting and gentle folding, strata dip 
nearly In all directions somewhere in the study 
area. However, strata in the eastern part of 
the study area generally dip to the north and 
northeast while in the western part, strata dip 
to the west and northwest. Dips are generally 
less than 30 feet per mile. Structurally , the 
highest and lowest parts of the study area 
occur In the extreme southeast and northeast 
parts of the study area, respectively. Total 
structural relief is about 500 feet. 

HYDROLOGY 

INTRODUCTION 
The hydrology of an area is usually subdivided 

into two categories: Surface-water hydrology and 
groundwater hydrology. The former refers to the 
occurrence and movement of water on the land 
sutface while the latter refers to water in the subsur
face. In the Bennett Spring area, as in most of the 
Ozarks, subsurface weathering of the carbonate 
bedrock has created a variety of geologic features 
that allow such rapid interchange between surface 
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water and groundwater that it is irraUonal to discuss 
one without considering the other. 

The ultlmate source of water in the study area 
is precipitation. The total amount of precipitation 
is the total volume of water available, but the 
distribution of the water in the environment de
pends on many factors. Depending on season and 
temperature, much of the water is returned to the 
atmosphere as evaporation or Is used by vegeta-
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tion. The combined loss is termed evapotranspi
ration . Part of the water stays on or very near the 
land surface and nows into streams, the amount 
depending greatly on soil moisture conditions, soil 
permeability, and rainfall Intensity and duration. 
Another part enters the ground, moves laterally 
and downward until it reaches the water table, and 
becomes groundwater. 

GROUNDWATER RECHARGE 
Groundwater recharge, the process by which 

water enters the subsurface, can occur in several 
different ways by both diffuse and discrete means. 

Diffuse recharge is groundwater recharge from 
precipitation that occurs by relatively slow infiltra
tion of water through the soil by means of fairly 
small openings in bedrock until the recharge 
reaches the water table. The water table is the 
planar surface bet ween the saturated and unsatur
ated zones. Above it, openings in the earth 
materials are not water-saturated; below it nearly 
all of the void spaces are completely water-filled. 
Diffuse recharge occurs nearly everywhere. The 
rate is controlled by precipitation amount and 
intensity, topography, and soil and bedrock per
meability. Areas with low soil and bedrock perme
ability allow lesser quantities of water to drain 
downward and have higher surface-water runoff 
rates. In the study area, residuum developed from 
weathering of the Roubidoux FormaUon is very 
stony and typically, very permeable. Residuum 
from the Jefferson City and Cotter Dolomites, 
containing a higher fraction of fine-grained sedi
ments, is usually less permeable. ln upland areas, 
residual soils developed on the Roubidoux Forma
tion, Jefferson City, and Cotter Dolomites typi
cally contain a fragipan 18 to 24 inches below the 
surface that impedes the downward movement of 
water. Most of the water moves horizontally on the 
fragipan except where it is missing or cut by 
valleys and gullies (Harvey et al., 1983, p. 30). 

Diffuse recharge provides a relatively small 
volume of recharge per unit surface area, but 
because this type of recharge takes place 
over broad areas the total volume of recharge 
is quite large. 

Discrete recharge is the concentrated, localized 
movement of surface water into the subsurface. In 
the study area, discrete recharge occurs primarily 
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where surface-water runoff enters karst recharge 
features such as sinkholes and losing streams. 
Karst is a term used to describe areas where the 
dissolution of soluble bedrock has played a domi
nant role in developing topographic and drainage 
features. Sinkholes, one of many types of karst 
features present in the study area, are topo
graphic depressions in the Earth's surface result
ing from natural subsurtace removal of soil and 
rock. They form when soluble bedrock is dis
solved by slightly acidic groundwater and the 
dissolved materials, along with some of the re
maining Insoluble part of the rock, are transported 
underground through solution-enlarged openings 
in the bedrock. Over time, a void or opening 
develops In the shallow subsurface, enlarging to 
the point where its roof can no longer sustain its 
own weight and a collapse occurs. If the void 
develops mostly in residual materials and not 
bedrock, the resulting sinkhole will initially have 
nearly vertical or overhung sides; little or no 
bedrock wlll be exposed in the walls. Runoff from 
rainfall will erode materials around the rim of the 
sinkhole to form the typical bowl-shaped depres
sion. In some cases, the collapse occurs within a 
cave passage or void which has developed in the 
bedrock. Here, the shape of the resulting sinkhole 
is more dependent on the configuration of the 
bedrock. The sinkhole may contain vertical bed
rock walls along parts or all of its perimeter, and 
may contain enterable cave passage. The vast 
majority of sinkholes in Laclede County are devel
oped in surflclal materials, and few have bedrock 
walls visible at the surface. 

There are hundreds of sinkholes in the study 
area, with diameters ranging from less than a 
hundred feet to more than a thousand feet and 
depths of a few feet to more than 100 feet. The 
area draining into a sinkhole in the study area can 
range from less than an acre to more than 300 
acres. Sink holes are not evenly distributed. They 
occur in all of the counties in the study area, but 
the majority are in Laclede County. Approxi
mately 70 percent of the sinkholes in Laclede 
County are found within a 10-mile radius of Leba· 
non, primarily in the upland areas near the drain
age basin divides and throughout the upper reaches 
of Goodwin Hollow and Dry Auglaize Creek. Sink
holes can be found in any of the geologic forma
tions, but are most commonly developed in deeply
weathered Roubidoux Formation and Jefferson 
City Dolomite. 



Sinkholes have a high rate of groundwater 
recharge per unit area. Unless ponding occurs, 
the amount of recharge is essentially the amount 
of precipitation wlthin the topographic drainage of 
the sinkhole, minus the losses from evapotranspi
ration. This equates to an average yearly value of 
about 12 watershed inches. There can be no 
surface-water runoff from the sinkhole unless It 
completely fills with water. Some of the sinkholes 
do impound water permanently; an example is 
White Oak Pond along Highway 5 south of Leba
non. However, most drain quickly after precipita
tion, and combined they provide a large volume of 
discrete groundwater recharge. 

Streams which carry water essentlally year 
around and have flows that are well-maintained or 
Increase in a downstream dlrecUon are termed 
gaining streams. The water table along gaining 
streams is at or above stream level, and ground
water moves toward and into the stream. Losing 
streams are Just the opposite. Losing streams are 
discrete recharge features that allow surface water 
to rapidly enter the subsurface. The water table 
along losing streams is below stream elevation. 
Water in the stream enters the bedrock through 
solution-enlarged openings in the streambed. 
Some losing streams flow much of the year, but 
lose significant percentages of their flows into the 
bedrock along given reaches or at discrete points. 
Other losing streams carry water only briefly a~er 
intense pr~lpitation, and are dry the remainder of 
the time. 

Unlike sinkholes, losing streams do not neces
sarily channel all of their flow Into the subsurface. 
Typically, because the water table Is well below 
stream elevation and because of the high perme
ability through the loss zones, major losing streams 
are usually dry, often for months at a time. Most 
will carry water th roug hou t their reach es following 
very heavy rainfall, but these flows are usually 
brief and the streams go dry after a few hours to a 
few days, depending on the volume of runoff, pre
rainfall conditions, and storage capacity of the 
earth materials. Lesser rainfall events may cause 
brief flow along stretches of the streams, but the 
water is typically channelled underground before 
travelling far on the surface. Losing streams with 
lesser loss and storage capacities may carry flow 
for several weeks during wet weather, but be 
completely dry during the late summer, fall, and 
winter months. 
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HYDRO LOGIC 
RECONNAISSANCE OF liE 
STUDY AREA 

Losing streams are the major source of discrete 
groundwater recharge in the Bennett Spring area. 
Unlike sinkholes, losing streams have no distinct 
topographic expression that can be identified from 
topographic maps. They must be identified by 
field observation using discharge, flow duration, 
vegetation, channel configuration, drainage basin 
size, sediment size and sorting, and other factors 
as indicators. As part of this study, a hydrologic 
reconnaissance was conducted throughout the 
study area to identify losing streams and losing
stream reaches. All road crossings of all streams 
In the area were visited. Reaches of many losing 
streams were walked to determine more exact 
points of water loss, and to search for potential dye 
tracing injecUon sites. Flow conditions, texture of 
alluvial materials, bedrock conditions, and veg
etative indicators were noted. Dozens of losing 
streams were Identified, ranging from relatively 
small watersheds to basins containing many square 
miles of drainage. Existing data from seepage 
runs conducted by the U. S. Geological Survey 
were also used to determine losing-stream seg
ments. A seepage run consists of a series of 
discharge measurements taken along a stream 
reach during a short time period, typically when 
the stream is under low-flow conditions . Down
stream discharge decreases Indicate losing
stream conditions; downstream flow increases 
Indicate gaining-stream conditions. 

Figure 3 shows the losing and gaining streams 
identified in the study area. lt also shows stream 
segments that are perennial but which have sig
nificant flow Joss. Table I lists streams in the study 
area, their drainage areas, and the drainage areas 
upstream of losing segments. 

There are far more streams in the study area 
that contain losing reaches than streams which 
gain throughout their lengths. Even most of the 
streams that are primarily gaining contain losing 
reaches Jn the upper watershed areas where the 
water table is below valley bottom. Some of the 
streams have definite gaining and losing reaches. 
Bear Creek, for example, contains a losing reach 
in the upper part of the watershed, a gaining reach 
In the middle section of the watershed, and an
other losing reach in the lower part of the water-
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shed. All of Bear Creek upstream of the farthest 
downstream losing reach is considered losing. 
Even though it contains a gaining reach, flow 
along the gaining-stream reach eventually 
flows into the subsurface before reaching the 
Gasconade River. Jones Creek contains gaining 

-- GAINING STREAM 

••••••••• LOSING STREAM 

.,- MAJOR SURFACE WATER 
-· DRAINAGE DIVIDE 

COUNTY UNE 
r•, 
I o TOWN 

reaches in the upper and lower parts of the 
watershed, with a losing reach in between. Several 
creeks, such as Dousinbury Creek, Brush Creek, 
and North Cobb Creek, lose flow in the upper parts 
of their watershed and are gaining streams in their 
downstream reaches. 

J2:4JO' W. 

Figure 3: Gaining and losing streams in the Bennett Spring study area. 
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STREAM NAMe TOTAL WATERSHED LOSING WATERSHED• 
AREA (M11

) 

NIANGUA RIVER BASIN 
Woolsey Occk 19.8 
AD Oc<:lc 3.9 
Mill Creek 10.5 
Jakes Crock 26.7 
Swoct Hollow 8.0 
Halsey Hollow 5.2 
Mountain Creek 27.0 
Lillie Danccyard Occk 7.9 
Danccyard Creek 8.9 
Spring Hollow (above 
Bennett Spring)·· 42.5 

Woodward Hollow 9.2 
Cave Creek 13.3 
Fourmilc Crcek •• 27.S 

Dry fork 6.5 
Indian Creek 7.4 
Duringion Crcek 10.S 
Greasy Crock 71.6 
Dousinbury Creek 41.8 
Jones Creek·· 34.3 

Slarvt..-y Creek•• IJ.3 
Goose Creek 3.5 

Hawk Pond Branch 5.8 
Givins Brnnch 20.0 
Hollis Branch 22 
E.Mt Fork Niangua River 

.. 
25.6 

Sarah Dninch 5.0 
Wc:il Fork Niangua River 

.. 
27.9 

Greet Creek 10.6 

GRANDGLAIZECREEK DASIN 
Dry Auglaize Creek·' 205.8 

Goodwin Hollow 72.1 

OSAGE FORK BASIN 
Murrell Hollow 3.7 
Mil10c,ek 16.3 
North Cobb Cred: ·' 53.3 

Soulh Fork 14.9 
Core Creek 7.7 
Walker Hollow 9.1 
Llulc Cobb Creek 12.0 
Cobb Creek 17.9 
Slci~ Creek 44.5 
Brush Creek .. 42.2 

Selvage Hollow 10.4 
Parks Crock 35.4 
Panther Creek 22.5 
Lillie Bowen Creek 8.2 
Bowen Creek 9.1 
Cantrell Creek" S9.8 

Hyde Creek 23.6 

GASCONADE.RIVER BASIN 
Bear Creek 43.7 
Prai(ic Creek 13.5 

Includ~ all drainage upstream of rarlhcst downstream losing reach. 
Drainage :irea an<l l06ing.:1trcam warcrshctl area include lributaries. 
Dara not available. 

AREA(M11) 

19.8 
G 
G 
G 
8..0 
2.6 
27.0 
7.9 
8.9 

42.S 
9.2 
13.3 
27.S 
6.S 
4.8 
G 
G 
23.2 
28.6 
J2,2 
3.0 
S.3 
18.7 
2.2 
25.6 
G 
1:7.9 
3.1 

196.8 
72.1 

3.2 
16.3 
lS.8 
14.9 
NA 
9.1 
4.1 
12.0 
44 . .S 
37.9 
10.2 
24.5 
1.7 
5.3 
2.5 
G 
G 

38.6 
12.8 

NA 
G 
Note: 

Gaining stream, but waters~ may con1ain minor water-I~ zones in upstream reaches. 
Tribularics above arc shown indented beneath receiving stream. 

Table 1: Hydro/ogle data for streams in the Bennell Spring study area. 
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Several creeks are losing streams essentially 

from headwaters to mouth, and are dry except for 
short periods following major rainstonns. Spring 
Hollow upstream from Bennett Spring, Goodwin 
Hollow, Steins Creek, and Cave Creek are in
cluded In this group. In very few places do these 
creeks or their tributaries carry flow in dry weather. 
Dry Auglaize Creek also loses flow throughout 
most of its length. However, because of the volume 
of wastewater introduced into the stream, it ls 
generally perennial downstream for several miles 
from the Lebanon wastewater treatment plant. 

FLOW CHARACTERISTICS OF 
MAJOR STREAMS IN THE 
BENNETT SPRING AREA 

Very few streams in the study area which are 
gaining streams have perennial flow. Major streams 
like the Niangua River, the Osage Fork of the 
Gasconade River, and Gasconade River are peren
nial, but all three contain water-loss zones along 
their reaches. The East and West Forks of the 
Niangua River both contain losing zones with 
perennial flow upstream and downstream from 
them . Low-flow measurements by the U.S. Geo
logical Survey show a water-loss zone in the 
Niangua River between Mountain Creek and Sweet 
Hollow. Measurements also show water-loss zones 
in the Osage Fork between Bowen Creek and 
Panther Creek, and between Big Spring and Orta. 
The Gasconade River loses flow for several miles 
downstream from the Osage Fork connuence. 

Only a few tributaries of these rivers contribute 
appreciable flow to the rivers during dry weather. 
During periods of·low base-flow, only about 4 
percent of the flow in the Niangua River through
out its reach is from tributary contributions. About 
68 percent of the flow is from known springs with 
the remaining 28 percent from general groundwa
ter inflow ( Harvey et a 1., 1 983) . The Jones Creek, 
Dousinbury Creek, Greasy Creek, Halsey Hollow, 
Jakes Creek, and Mill Creek tributaries also con
tribute appreciable now to the Niangua River. 

The Osage Fork receives about 11 percent of its 
flow during low base-flow conditions from tribu
tary contributions. About 61 percent of Its now Is 
from known springs with 28 percent from general 
groundwater inflow (Harvey et al., 1983 ). The 
Osage Fork has more tributaries which contribute 
flow than the Niangua; they include Cantrell Creek, 
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Hyde Creek, Bowen Creek, Panther Creek, Parks 
Creek, Brush Creek, Cobb Creek, Little Cobb 
Creek, North Cobb Creek, and Core Creek. 

The Gasconade River in the study area, and 
upstream from the Osage Fork confluence, re
ceives little contribution from tributaries during 
low base-flow periods. About47 percent of its now 
comes from known springs, and the remaining 53 
percent ts from genera I groundwater inflow ( Harvey 
et al., 1983). Goodwin Hollow and Dry Auglaize 
Creek are Grand Glaize Creek tributaries; both are 
losing streams and except for the very downstream 
part of Dry Auglaize Creek, contribute no flow to 
the Grand Glaize during low base-flow periods. 

Average annual runoff data for major rivers can 
be an important indicator of subsurface move
ment of groundwater into or out of a surtace 
watershed. However, since river basin sizes vary, 
discharge volumes must be corrected for drainage 
area size to determine the watershed inches of 
runoff from a basin. A watershed inch is the 
volume of water necessary to cover the entire 
topographic drainage basin to a depth of I inch. If 
the river gaging stations are downstream of springs, 
then the discharge of the springs, as well as 
surface-water runoff and diffused groundwater 
inflow into the streams, are included in the runoff 
figures . Average annual runoff values that are 
significantly above regional averages in the Ozarks 
are usually due to groundwater inflow from out
side of the basin . Conversely, average annual 
runoff values that are significantly below regional 
averages are usually due to groundwater leaving 
the basin to recharge a spring outside of the 
topographic watershed . 

Long-term flow data are available from U.S. 
Geological Survey gaging stations on the Niangua 
River, Osage Fork, and Gasconade River. The 
Niangua River upstream from Tunnel Dam, about 
8 miles northwest of Decaturville, has a drainage 
area of 627 mi2 and an average annual runoff of 
13.5 watershed inches. This amount is about 2.5 
inches greater than the average regional runoff. 
The Osage Fork at Dry knob, with a drainage area 
of 404 m12, has an average annual runoff of 9.55 
watershed inches. This is about 2.5 inches Jess 
than average regional runoff. The Gasconade 
River near Hazelgreen, which includes the Osage 
Fork, has a drainage area of about 1,250 mi2 and 



an average annual runoff of 10.5 lnches per year. 
This is about 1.5 inches less than the regional 
average. These figures Indicate that groundwater 
is lost from both the Osage Fork and Gasconade 
River basins upstream from the gaging stations, 
while the Niangua River basin receives groundwa
ter from outside of the basin. 

FLOW CHARACTERISTICS OF 
LOSING STREAMS IN THE 
BENNETT SPRING AREA 

Continuous flow-measurement data are not 
commonly available for many smaller gaining
stream watersheds, and almost net-er available for 
losing-stream watersheds. It is well known that 
even losing streams with very high water-loss 
rates carry flow after heavy precipitation. To help 
quantify water-loss rates in losing-stream water
sheds in the Bennett Spring area and better under
stand their flow characteristics, instruments to 
measure stage height were installed on three 
major losing streams. The gaging Installations 
used pressure transducers and dataloggers to 
measure and record flow events occurring on 
these streams. Additionally, precipitation data 
were collected to correlate runoff volumes with 
rainfall amounts. 

There are three long-term U.S. Weather Service 
observation stations in the study area. They are 
near Lebanon, Buffalo, and Marshfield, and collect 
daily temperature and precipitation data. The 
Missouri Department of Conservation at Lebanon 
also measures and records daily precipitation. 
There are commonly significant temporal and 
spatial variations in precipitation. Rainfall amounts 
from a single storm event can vary greatly over 
short distances, so for this study additional precipi
tation stations were established to supplement 
data from existing preclpitatlon observation sta
tions. Non-recording rain gages were Installed at 
the homes of nine people who volunteered to 
measure and record daily rainfall during the study. 
Several of the stations were installed near the 
beginning of the study, and collected precipitation 
data throughout water year 1989-1990. Other sta
tions were established later in locatloos where needed. 

Precipitation data collected by NatJonal Weather 
SeIVice observers and the volunteers is reported 
as daily rainfall. However, rain gages are not 
typicaJly read at midnight, so the reported daily 
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rainfall is that which occurred during the 24-hour 
period bet ween the ti mes the rain gage is norm a I Jy 
read. In many aspects, daily rainfall data are quite 
adequate, but they do not accurately reflect rain
fall intensity. Three inches of rainfall will generate 
significant runoff If it occurs during a two-hour 
period, but may produce little runoff if it occurs 
during a 24-hour period. 

Rainfall intensity data were collected by install
ing a continuously-operating recording rain gage 
at the Bob Russell farm in the central part of the 
study area. This installation consists of a tipping
bucket rain gage and event recorder placed in a 
heated enclosure (photo 2). Precipitation enters 
the tipping-bucket rain gage through an 8.2-inch 
diameter cylinder (photo 3), and is then funneled 
through its base into one of two tipping buckets. 
When the bucket is full, which is after 0.0 I inch of 
precipitation, its weight causes it to tip and bring 
the second bucket into position to collect the 
precipitation (photo 4). Simultaneously, a reed 
switch closes sending a brief electrical Impulse to 
the event recorder. Water in the first bucket 
empties through the bottom of the rain gage, and 
out the bottom of the enclosure. The process 
repeats each time one of the buckets is full. The 
gage is accuracte to within 0.5 percent at a precipi
tation rate of 0.5 inches per hour. 

The event recorder consists of a rotating drum 
and pen arm (photo 5). The drum is moved by a 
quartz dock at a rate of one revolution each 31 
days. Each .01 inch of precipitatJon causes the 
rain gage to send an electrical impulse to the 
event recorder and energizes a solenoid. The 
solenoid drives a ratchet, causing the pen arm to 
move upward a small amount. The pen move
ment is recorded on a calibrated paper chart 
attached to the recorder drum. After 100 cycles, 
which is 1 inch of precipitation, the arm falls back 
to the base of the drum. During cold weather, a 
thermostat-controlled heat source in the insulated 
enclosure provides enough heat to melt snow 
entering the rain gage, allowing frozen precipita
tion to be measured. 

The locations of weather observation stations 
In the study area are shown in figure 4. Dally 
precipitation data for each station for water year 
1989-1990 Is shown in tables 2-15. Shown below 
each table in figures 5-18 are bar-graph plots of 
daily precipitation. Of the six stations where data 
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Photo 2. (Above) A recording rain gage installation in Spring Hollow collects precipitation data. 
Photo 3. (Below) Precipitation enters the tipping-bucket rain gage through its cylindrical housing, and is funneled 

into the bucket. 

14 
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Photo 4. (Aboue) The weighl of water from each .01 inch of rain causes the bucket lo tip, which empties the full 
bucket through the botlom of the gage. and brings the empty bucket into position beneath the funnel . 

Photo 5. (Below) Each lime the bucket empties. a signal is sent lo the event recorder which causes the pen ann 
lo moue upward. A fell-tip pen leaves a trace of the movement on the paper. After each inch of 
precipllatlon, the pen ann returns to the bottom of the drum and begins mouing upward again. The drum 
on the event recorder rotates once each 31 days. 

15 
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are available for the entire water year, Buffalo 3S 
reported the highest precipitation, 52.14 Inches. 
Lebanon 2W and Missouri Department of Conser
vation~Lebanon reported 50.56 Inches and 50.85 
inches, respectively. For most of the stations, the 
wettest months were March, May, and July. and the 
driest were October and December. Average rain
fall in the area for water years 1956 th rough 1990 
is about 41 Inches, making water year 1989-1990 
one of the wetter yea rs. The highest annual precipi
tation for the Lebanon area occurred during calen-

r--- -
' 

81.s t : 
."!1;; rj° 

I 

· 1 

dar year 1927, when total precipitation measured 
74.20 Inches (John Fowler, 1991, personal com
munication). 

Precipitation during calendar year 1989 was 
considerably less than normal. Buffalo 3S and 
Marshfield stations reported 28.53 inches and 
31 .28 inches, respectively. Lebanon 2W reported 
24.96 inches, with data from January missing. 
Missouri Department of Conservation-Lebanon re
ported 32.90 Inches of precipitation. 

F1gure 4: Localioru of weather observation stations in the Bennell Spring area. 
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ANNUAL SUMHARV, WATER VEAR 1989 - 1990, FOR THE LEBANON 2W WEATHER OBSERVATION STAT[ON 

LACLEDE COUNT\', SWl/4 SEl/4 SEC. 4, T. 34 N., R. 16 W. 
37 DEG 41 M[N 08 SEC NORTH LATITUDE, 92 DEG 41 HIN 37 SEC WEST LONGITUDE 
LANO SURFACE ELEVATION: 1250 FEET ABOVE MEAN SEA LEVEL 
WEATHER 08S£RVER: JOHN FOWLER·RAD!O STATION KIRK - KJEL TIME GAGE IS READ: 7:00 AM 
INSTALLATION OPERATED BY; NATIONAL WEATHER SERVICE 
TYPE OF INSTALLATION : NWS NON-RECORDING RAIN GAGE 
STATTON INSTALLED 1887, 103 YEARS OF DATA NOTE: ~k** DENOTES MISSING DATA 

DAILY PRECIP!TAT[ON (INCHES) FOR WATER VEAR 1989 1990 

OAV OCT NOV DEC JAN FEB HAR APR HAY JUN JUL AUG SEP 

l 0.19 O.JJ 0.13 
2 0.82 0.01 
J 0. 23 0.10 1.77 
d 0.d7 0.79 1. 80 
5 0.06 0.93 

6 0.62 0.14 0.18 0.46 
7 0.03 0.24 0.07 
8 0.49 0.20 
9 0.20 0.52 
10 1.37 0.17 0.04 

11 0.16 0. 08 0.97 
12 0.55 0.67 0.75 0.33 
13 0.05 0.25 l. 14 
14 2.0~ 0.92 0.54 0.06 
15 1. 28 0.33 0.9) 1.83 0.64 0.62 

16 0.62 1.28 0. 70 0.10 0.40 0.29 
17 0.52 0.23 0.39 0.02 
18 
19 1. 41 0.17 0.07 0.69 
20 0.14 0.07 

21 0.52 0.06 1.18 0.45 0.20 
22 0. 22 0.19 0.11 0.52 1.03 0.37 
23 
211 0.12 
25 0.11 

26 0.04 3.90 0.46 O.l7 
27 0.03 0.2B 0.02 3.83 
28 0. 19 0.40 0.55 
29 0.63 0.03 
30 0.211 0.14 0.13 0.02 
31 0.15 0.07 

HONTHLY 
TOTALS l. 48 3.54 0.96 3. 55 4.52 6.32 ).82 10.52 2.83 7.05 3.52 2.45 

TOTAL PRECIP!fATlON: SO. 56 INCHES NUHBER OF DAYS WITH PRECIP!TATfON: 95 

4--r--------------------------------------------, 
~ .:.=- 3 --- ---- -- ---- --- --- ··- -- - -- -- --- - - . -· -- -- - --- --- - - --- --- ------- --- --- -- - -- --- - -- -- . --- - -- . . -- - - - - - - - -- -- - -... - . - - -- - - - - .. -
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-~ 1 
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fl.. 0 ~.,.,....,.,.......+.,...,.+,,u,...,...,...-+-,~1-+-r,J! ..... -,.Jlflll,L,.ll,,l4..~lll,IIIII.Jl.lll .... ~lldl,llo,-.lllill-,lll~i.,.u...-.....,ii......,.oll,Jl;,...,.., ..... ..Jl.lll...,.ii,,....f,J...,.. ...... 4.,..lljll.,...j 

OCT I NOV DEC I JAN I FEB I iLAR I APR I W.Y I JUN I JUL I AUG I SEP 

Table 2 and Ftgurc 5: Daily precipitation, Lebanon 2W weather observation station. 
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Al<NUA.l SUIIIIARI', l.'A lf R \'EAR 1989 · 1990, FOR rn[ MRS~f ! E~O 1.'(ATH£R 08S£R'/AT JON $TAI !ON. 

WEBSTlll COU IIT V, 11',(l /4 l<'Jl /~ SEC. 10, l. 30 \., R. 18 './. 
JI OFG 20 NIN 17 SEC ~ORTH LATITUCE, 92 DEG 54 KIN 31 S£C WEST LONGITUOE 
LA~iD SURF AC£ E EVA TI ON: , J90 HE i ABOVE HEAN SEA LEVEL 
WU, n;rn CBSER'IE R: (0 T£RRV TJIIE GAGE ! S READ: 1:00 Al! 
11-!STAl !H!OM OPERA TEO OV; NAT!ONAL WtATHER SERVICE 
TVP[ CF lt1STAL LAI 1011: .'.·.IS NON-RECORDING RAIN GAGE 
STATlOt; INSIA .1.EO 19<11, <19 YEARS OF OA i A NOTE: •••• DEMOTES HISSING OATA 

0Afl V PR£CJPITA TT Oil ( INCHES) FOR ~ATER YEAR 1989 1990 

DA'I OCT NOV DEC JAtl FEB MAR APR NAY JUN JUL AUG SEP 

I 0.20 0.34 o.oa 0.10 
2 0. 76 0.02 
3 l.85 
4 o..is 0.56 0.46 
5 o. 19 

6 0.05 0. 13 0.18 
I 0.51 0.06 0.55 
8 0.38 0.34 0.03 0.30 
9 0. 74 0.89 
10 1.25 0.04 0.03 

ll 0.10 0.12 0.54 
\2 o. 74 0.16 o. 72 
lJ 0. 28 1.21 0.10 
1.4 o.oe 0.37 0.40 
IS 0.05 1.15 J. ~) 0.10 0.90 O.)j Cl.18 

16 0.83 0.06 l. 29 0.02 0.61 
17 L 81 0.13 J .46 0.02 
18 0.21 0.03 
19 (l. OJ 0.06 0.09 0.46 0.57 
20 2.03 0.23 O. SB 0.08 

21 0.08 l.02 0.36 O.J.S 
22 0.27 0.38 0.02 l.)8 0.35 1.68 
2) 0.18 
24 0.02 1.23 
25 0.11 

26 0.97 0.23 0.16 
27 0.05 I. 22 0.27 L2J 
28 0.22 0.58 O.JB 0.05 
29 0.20 0.10 
)0 0.22 o. 24 
31 0.08 O.JG 

MONTHLY 
TOTALS 0.94 0.35 0. 76 <1.64 5.21 6. 70 3.38 l t.45 4.10 J.97 1.00 ).57 

TOTAL PREClPlfATION: J.6.05 I NC HES NUMBER OF DAYS WITH PRECIPITATION: 96 

--:-3------------------------------------------Q ..... ..__... 

s:: 2 
0 
~ 
(lj 

:';! 1 

.e-
0 
~ 0-+~ ........... 1-r-"P".+-.Lt....-,..a....,....-,-1-f.-,_1~~-........._~.,..,.....,,-4,1...._.,....11,a.,.-4ai'-' 

0.. 
OCT I NOV DEC I JAN I Fge I lLAR I APR I t.LAY I JUN I JUL I AUG j SEP 

Table 3 and Figure 6: Daily preclpllalion, Marsh{i.eld wealherobservallon station. 
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ANNUAL SUMKARV, WATER VEAR l9B9 - 1990, FOR THE BUFFALO )S WEATHER OBSERVATION STATION 

OALLAS COUNT\', NE! /4 S\1/1/A SEC . 11, T. 33 N .. R. 20 W. 
37 DEG 35 MIN 37 Sff NORTH LAT JTUO€, 93 DEG 05 HIN 59 SEC l.'EST L0fJGJTUD£ 
LANO SURFACE fLEVAl!ON: 1150 FEET ABOVE HEAN SEA LEVEL 
WEATHER OBSERVER: HRS. tOLAN HOWERTON TI ME GAGt !S REAO: 7:00 AM 
1NS1Al.LA1 !ON OPERATE() 8V: NA;IONAL WEATHER SERVICE 
TYPE OF INSTALLATION: N\o/S NON -RECORO!NG RAIN GAGE 
STATION INSTALLED 1931, 59 YEARS OF DATA NOTE: *•*• DENOTES HISSING OATA 

DAILY PREC!PJTAT!ON (lNCHE"S) FOR ~ATER YEAR ]989 1990 

OAV OCT NOV DEC JAN FEB HAR APR MAY JUN JUL AUG SEP 

1 0. 15 0.32 0.01 0.04 0.26 
'2 0.55 0.02 0.02 
J l.Sl 0. 41 
4 O.S2 0. 5S 0.87 1. 23 
5 a . OS 0. 20 

6 0.50 0.06 0. 20 0.46 0.12 
7 0.23 0.24 
8 0. 20 0.45 0.06 
9 0.15 0.5'2 
10 1. 40 0.1'.l 0.15 

11 0.13 0.62 1.64 
12 o.se 0. 70 1.19 0.05 
!J 1. 66 o. 79 0.67 
14 o. S4 2.35 0. 70 
15 0.06 0 . 21 0.90 l. 97 0 . 06 0. 74 0.88 0.24 

16 0. 71 D. 72 1. 12 
17 1. 09 o. 72 0.33 
18 0.15 0.50 
)9 0 . 06 0. 08 0.04 0.60 0.9) 
20 0. 70 0.09 Q_GO 1.13 

21 1.02 0.74 0. 45 
22 a .12 0.64 o. 04 0.60 0.56 0 . 20 
23 0.32 
2.a 0.82 
25 0.04 0.04 

26 4.30 0.67 0.31 
27 0.07 0.08 0. 71 0.17 0.20 
28 0.20 0.45 0.28 0.10 
29 0.26 0.07 
JO 0. 23 0. 14 
Jl O. OB 0 . 16 0.26 

KONTHL\' 
TOTALS l.04 o. 72 0.73 2.50 4.'.lO 7.82 3.93 12 . 2t 4 . 61 4. 78 4 . 93 4. 57 

TOlAL PRECIPITATION: S2. 14 l NCHES NUM8£R OF DAYS ~'!TH PRECIPITATION: 101 

4 --C: ·-...._.. 
3 

C: 
0 
:;; 
<ti 2 _, .... 
Cl. 
(.) 1 Ill 
1-. 

0... 

0 

OCT NOV DE:C JAN I FEB I llAR I APR ! MAY I JUN I JUL I AUG SEP 

Table 4 and Figure 7: Daily precipitation, Buffalo 3S weather observation station. 
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ANNUAL SUHMARV, lo/AlER \'(AR 1989 • 1990. FOR THE MISSOURI DEPT. OF CONSERVAf!(JN-LESANON \o/[AT~£R 08SEf<'IAT/:)•! STATION 

LACLEDE COUNT Y, SWl/d NWl/4 SEC. 24, T. 34 N., R. 16 lo/ . 
37 DEG 38 IWI SJ SEC NORTH LAT ITUOE , 92 O,G 38 H [N 55 StC 'wfST LONG If UDE 
LAND SURFACE tll;"VATION: 1310 FEET A80V£ 11[AN SfA LEVEL 
\.IEATI-IER 08Sl:RVER : JAC~ 1£ CLARK TIME (;AGE IS REAO: 1:00 PM 
INSTALLATION OPERATED 0'1: ~ISSOLlRf 0£PARTHENT Of CONSERVATlml 
TVPE OF INSTALLATION; B- INCH IION·R(COROING RA[)! GAGE 
STATION INSTALL Eu: OAlf UNIWO\JN NOTE : H~~ Cl:1,0:ES r.lSS!NG OAfA 

OA ll V PRtC IP I TAT I 014 (!NCKES) FOR lo/ATER 'If.AR 1989 1990 

DAV 

l 
2 
J 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
)9 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

MONTHLY 

OCT 

0.5) 

0.05 

o. 30 

TOTALS 0. 92 

NOV 

2.21 
1.02 

0.07 

0.07 

0.29 

3. 65 

DEC 

0.55 

0.12 

0.01 

0.39 

1. 07 

TOTAL PRECIPITATION: so.es INCHES 

JAN 

0.03 
0.53 

2.03 

o. 73 
0.88 

0. 28 

0.24 

4, 72 

F(B 

0. 19 
0.44 
0.29 
0.58 

0.09 

0.)4 

0.05 
1.04 

0.58 
0 . 06 
0.16 

0.06 
o. 38 

5.06 

NAR 

0 .12 

0. 10 
0.58 
0.30 

0.66 

0.89 
1.77 

0 . 13 

0. 05 

0.64 

0.47 

s. 71 

APR 

0.02 

0.46 

l. 29 

0.111 
0.3<1 
0 . 14 

0.24 

0.22 

0.04 

0.18 
0.40 

3. )<l 

MAY 

().21 

Z.18 
0.116 

0. 07 

1.13 

0 .03 
0.58 

0 . 74 
0.54 

0.52 

0. 79 

5.31 
0.23 

0.37 

13.16 

Jl)N 

0.53 

o.so 

0.10 
0.40 

Q. 58 

0.dd 

2.55 

JUL 

l.17 
0.27 
1.04 

0.01 

0.03 

0.25 

2.03 

4.80 

l1UH8E:R OF DAYS \o/!TH PREClP!TATION: 95 

AUG 

l. 53 
0.25 

0.02 

1.00 

0.?.8 

0.03 

o.a2 

3 .13 

SEP 

0. 68 

0.02 

0.33 
0.17 

0.57 

0 . 56 

0.01 

2.34 

5 ·-·------ ·-·· ..... -- .•.. --- ..... ·- ·-· ·-··· ----·· ---- .......... ·--------------- ·- - -----. -- ..• -- • •.••••.••. --- --- ••.. -- ·----. 

·-······------ -----·-··-······-··· ------- -- -------· -·-···· .....••• --- -------------·- ___ I - - -- ----------------

OCT I NOV I DEC I JAN I FEB I MAR I APR / w.. y I JUN I JUL I AUG I SEP I 
Table 5 and Figure 8: Dally precipitation, Missouri Department of Conservation-Lebanon weather 

obs erua tion station. 
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Hydrology 

ANNUAL SUMHARY., WATER VEAR 1989 - 1990, FOR THf BENNETT SPRIMG WEATHER OBSERVATION STATlON 

LACLEDE COUNTY, SEl/4 SWl/4 SEC. 31, T. 35 N., R. 11 W. 
37 DEG 43 HlN 17 SEC NORTH LATITUDE. 92 0£G 51 MIN l8 SEC WEST LONGITUDE 
LAND SURFACE ELEVATION: 890 FEET ABOVE MEAN SEA LEVEL 
WEATHER OBSERVER: DIANE TUCKER TINE GAGE IS READ: 5:00 PM 
INSTALLATION OPERATED BY: ONR-DGLS 
TYPE OF INSTALLATION: TRU-CHEK NON-RECORDlliG RAIN GAGE 
STATION ltJSTALLED OCT 6, 1989, 1 VEAR OF DATA NOTE: ~*•* DENOTES MISSING DATA 

DAILY PRECIPITATION (INCHES) FOR WATER VEAR 19B9 1990 

DAY OCT NOV DEC JMI FEB MAR APR HAY JUN JUl AUG SEP 

1 *.·Jo,.'/,. 0.79 0.08 0.03 
2 *:,l(:k'!i( 0.01 
3 *"-*-+ 0.44 0.15 0.04 1.55 0.52 
4 *":"1.:111'11: 0 . 18 0.50 0.70 1.17 
5 **** 0.06 0.41 0.07 

6 Q_05 0.42 
7 0.34 0.22 
8 0.30 0.50 0.66 0.02 
9 o. 32 0.11 
10 1.43 0.01 0.80 

11 0.07 0.01 1. 95 0.35 
12 0.98 0.03 0.08 
13 0.31 0.63 2.22 0.03 
14 1.45 1.32 3.35 0.20 1.30 0.02 
15 0.06 0.26 0.02 1.30 0.1::. 0.01 0.41 

16 o.os 0. 06 1.65 0.12 
17 0.02 1.07 0.:26 0.02 0 . 05 
18 0.20 0.80 
19 0.05 I.SO 0.03 0.15 
:?O 0 . 02 0.09 0.74 0.22 0.05 

21 Q.44 0. 52 
22 0.15 0. 74 0.06 o. 01 
23 0.16 0.46 
24 0.08 0.64 0. 16 
25 0.08 0.04 2. BO 0.38 0.04 

26 0.02 0.67 
27 0.11 0. 54 0.20 0. 01 0.02 
28 0.30 0.52 0.32 0.01 
29 0.40 O.OB 0. 01 
30 0.22 0.70 0.05 0.06 
31 0. 20 

l'IONTHLY 
TOTALS 0.22 1. 71 1.03 3.43 4. 77 l. 77 4.12 9.13 J.60 5.48 3.11 2.47 

TOTAL PRECIPITATION: ~6. 84 lNCflES NUMBER OF DAYS WITH PREC!PITATJON: 108 

(0 - - -- - --- --------------------------------------------------------------------

.. In -- -- - -- --- - -- ---- ---- ---- ------ --- - - -- -- - --- A ...... -- - - - --- --- -- ------ W ----- • -- ...... -·-- -- -- --- -

i:I ·._. 
~ 

.&I 

ii: o_,...,... ........... .....,""T"'~...., ...... ...+ ...... -'l-l.....,.,.ii ........ .,a..ii..,-lll,+-411/,f .... ,..ii..1111-,1L.,1L11111,1,.,..111,4-1-11,11~111,11,,,-1L..,....lllpll,.-..1111-i'""""-,..~.ai.-.... _.....1-.1~~ 

OCT I NOV I DEC JAN I FEB I liLAR I APR I MAY I JUN I JUL I AUG SEP 

Table 6 and Figure 9: Dally precipitation, Bennett Spring weather observation station. 
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......... 

ANNUAL SUMMARY, WATER YEAR 1989 · 1990, FOR TttE SPR ING HOLLOW il WfATHER 08SERVATJON STATI ON 

LACLEDE COUNTY, SWl/4 NWl/4 SEC . 22, T. 34 N., R. 17 W. 
37 DEG 39 HJN 09 SEC NORTH LAT ITUDE, 92 OEG 47 HIN 48 SEC \o/EST LONGITUDE 
LANO SURFACE ELEVATION: 1220 FEET ABOVE riEAN SEA LEVEL 
WEATHER OBSERVER: HARK KING TIME GAGE rs READ: 8: 00 AH 
INSTALLATION OPERATED 8V; ONR·OGLS 
TYPE OF INSTALLATION: TRU-CHEK NON-RECORDING RAIN GAGE 
STATION INSTALLED OCT 6, 1989, I YEAR OF DATA NOTE: "o* DtNOTES MISS HJG DATA 

OA!LV PRECIPITATION ( INCHES) FOR WATER \'EAR 1989 - 1990 

DAV 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

ll 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

OCT 

0. 05 

0.28 
0.05 

MONTHLY 
TOTALS 0.38 

NOV 

0.17 

0.87 
o. 50 

0.03 

l. 57 

DEC 

0.00 

TOTAL PRECIP!TAT!DN: 4) . 91 INCHES 

JAN 

LOS 
0.32 

1.45 

0.15 

2.97 

FEB 

0 . 14 
0.69 
klli:1*:* 

0.34 
7-**fl 

0.11 
0.05 

0. 21 

0.01 
1. 30 

0.29 

a.so 
0 .16 

0. 03 
0.20 

4.03 

MAR 

0.10 

0 . 08 

o. 17 
0.32 
0.42 

0.49 

1.02 
2.05 

0.15 

0.04 

0.15 

o. 44 
0.03 
0.10 
0.07 

5. 70 

APR 

0.46 

1.52 

0.02 

0 :10 
0.46 
0. 12 

0. 25 

0.16 

0.02 
o.w 
0.55 

4.02 

MAY 

0.07 
0.02 
1.65 
0.51 
0.01 

0.06 

0.09 

0.94 
0.03 

0.70 

0.86 
0. 05 

0. 79 
0.02 

0.70 

0.02 

4.10 
0.24 
0.03 

0.08 

10 . 97 

JUN 

0.21 
o. 08 

O.S2 
0.02 

o. 90 

0. 08 
0.50 

0.03 
o. 51 

0. 28 
0. 03 

3.16 

JUL 

l.68 
0. 21 
t.13 

0.41 

0. 05 

J . 15 
0 . 02 

5.25 

NUMBER OF DAYS WI TH PRECIPITAT ION: 102 

AUG 

2.00 
0. 40 

0.04 
0 .65 

0.3B 
0.01 

0 .49 

3.96 

SEP 

0.36 
0. 09 
0 .02 

0.1 6 
0.68 

0.4 7 
0.12 

l. 90 

4 - - - ---- ----- ---..... . -------- -- . --- .•. -- ----- -- -- ---- . . . -. •• .. -- ---- --- --- --.. -...... --- --- --- --- --- -- ----- -- - . - --- . -- -.. --

3 --- - -- - - - - - - - •• . . -- - - - - - -- • - . - . •. . • - -- - - -- - - - - - •• . . - - -------- - - - - - - •.• • - .• -- - .•• ·--- - - - - --- -- • - - - - -- - • - - • • •• · - .••• -- -•• • - - -
C: 
0 

...... 
ct! 2 -- • -- -- --- -- --- ·- -• • . -- ---- --- --- .• • •••• --- ---- • - . - .•. - - ·--- --- -- --- • - - - . - -- . . • -- --- -- ---- -- -- --- --- - - - - -- - •. •• --- .•.• --
~ 
A .... 
~ 1 ---- ----·· ·· · · -- ---------------· · · - - -----··· ·· ··· --- ------ - · · · -- · . ...... ·- ----- -- -- - --- --- -- - -··· --···· -- - -----
r.... 

CL. 

OCT I NOV I DEC I JAJ,l I FEB I MAR I APR I '/,lA y I JUN I JUL 

Table 7 and Figure 10: Daily precipitation, Spring Hollow Ill weather observation station. 
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================================ Hydrology 

AIINUAl SUMHARV, IJATER V[AR 1909 · 1990, FOR Tilt HOLLIS BRANCH wt:,HHER OBSERVATION STATION. 

WEBSTER COUNTY, S'wl/4 NEl/4 SEC. 33, T. 32 N. , R. 18 IJ. 
31 0£G 27 NIN 00 SEC NORTH LAllTUOE, 92 DEG 54 NIN 55 SEC WEST LONGITUDE 
LANO SURFACE ELEVATION: 1100 l'UT ABOVE 11£AJJ SEA LEVEL 
\JtATH£R OBSERVER: RA'/ AND BARNEV BRYANT TINE GAGE 1$ READ: 8: 00 A11 
H1STALLA1 [Otl O?ERAT(D BY: ONR-OGLS 
TYPE OF INSTALLATION: TRU-CHEK NON-RECORDING RAIN GAGE 
STATION INSTALLED NOV l, 1989, l VEAR OF DATA NOT€: HU DENOTES HISSING DATA 

DAILY PRECIPITATION (INCHES) FOR WATER \'EAR 1989 - 1990 

DAV 

l 
2 
J 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
IS 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
21 
28 
29 
30 
31 

OCT 
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NOV 
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0.19 
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0.40 
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0.10 

0 . 28 

1.08 

JAN 

0.4-4 

1.65 
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TOTAL PREC!PITATJON : 47.89 INCHES (NOV-SEP) 

FEB 

0 . 24 
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0.40 
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0.40 
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0.lS 
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0.22 
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0.16 
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0.60 
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1.50 

0.17 

6. 2! 

APR 
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0.44 

0 .07 
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0 . 19 
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3.85 

l'IA.Y 

0.15 

1.95 
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0.1S 
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0.48 

1.10 
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10.03 
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0.4A 
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1.10 

3.12 

JUL 

1.00 
0. 03 
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I.SO 

3.81 
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Table 8 end Figure t 1: Daily precipitation, Hollis Branch weather observallon station. 
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The Hydrogeology of the Bennett Spring Area 

ANNUAL SUHHARV, WATER V£All 1989 - l 990, FOR THE SPRING i.lOLLO\:/ *2 WEATHER OBSERVAT!Oti ST,H ION 

LACL E0£ COLJ NTI', S~l/4 NEl/4 SEC. 35, T. 34 N., R. l7 l;. 
37 DEG 37 H iN 26 SEC tlORTH LArl TUOE, 9'2 OEG .d6 MIN OB SEC WEST lOI/GJTUD( 
LANO SURFACE HEVATIOJJ: 1295 f"r.H ABOVE HEAN SEA LEVEL 
~EATH£R 08SERVER: JAMES E. VANOIKE T!HE GAGE !S READ; CONTINUOUS RECORDER 
INSTALLATION OPERATED BY: DNR- DGLS 
TVPE Of lNSTALLA TION: TIPPING BUCKH RAIN GAGE MID 31 DAY EVENT RECORDER 
STATION INSTALLED NOVEMBER 6, 1999, l VEAR OF DATA f/OTE: uu DENOTES HISS INC DATA 

OA/LY PREC!PITAT[ON ( !NCKES) FOR WATER YEAR 1969 1990 

OAY OCT NOV DEC JAtl FEB HAR APR MAY JUN JUL AUG SH' 

l ***!'!: *'ll(f( '/,( 0.80 0. 21 0.12 0.07 
2 .:.li:k-11: lc* 'ff ,"<. 0.0) 0.57 
3 1'<.*.li'1t. *P.*ll'i 0 . 44 0.15 1. 79 1.98 
4 ,roii:~w -lt*.1'-A 0. 3J 0. 01 0. 50 
5 'J':*•+- ~)l!;,6:JI! 0. 01 0.14 0. 14 0. 35 0 . 12 

6 "'*"* 0.06 0. 2J 
7 *"1'<-J,.'/1. 0. 43 
8 :l!'Wi11:11: 0 . 10 0.05 0.02 0.10 
9 -J>.-Aw~ 0. 16 0.20 0.65 0. ]4 0.44 
10 :9'1: )1,; 1",lr: 0.89 0 . 11 

11 :illilill;"• 0.54 0.56 1.45 0. 03 0. 02 
12 0.01 0.16 2.21 0.17 0.17 
13 "**"' 0. 55 0.01 0.54 0.55 0 . 03 
14 111: ll *"* J.88 0.94 2. 05 0.16 0.45 
15 **11::111: o. 73 0.02 0. 11 0.50 0.49 

16 Ill:""* 0. 73 0.08 0.51 0.21 
17 )1'!')11!'~" t.04 0.12 0.02 
18 *••• 0.11 0.90 
19 *1";:lr;* 1.48 0.65 0.41 
20 :ot:'t*~- 0.05 0. 34 0.15 0.04 

21 ill:,ri;"lf., 0.15 o.~7 0.01 0.52 o. 73 0.51 
22 ,. *"* o.,G o. 06 0.01 0.02 
23 1t*• .. 0.02 
24 •11.,111-At; O. lJ 0.04 0.01 . ~ ~ . 
25 111:Jll:: 11:1'1: o.n 0.61 0.37 0.05 

26 it-Ai. .• 0.01 0.06 3.51 2.06 
27 Jt~III:"' 0. 08 0.13 0.78 0.33 
28 * l"(-,li !I( 0.05 0.11 0.29 
29 A*"* 0.24 
30 )lf)lrJII'* 0.16 0.01 0.05 
31 ~1':111:1•c 0.03 

HONfKLY 
TOTALS ***"" 4.58 0. 78 3.84 4 . 34 5 . 75 3. 61 10.43 1.11 6.55 3. 79 1.92 

TOTAL PRECIPITATION: 46. 70 INCHES (NOV-SEP) NUMBER OF DAYS WITH PRECIPITATION: 107 
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Table 9 and Agurc 12: Daily prec/pllallon, Spring Hollow li2 wea.lherobseroalion station. 
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ANNlJAL SU~MAR'I, WATER VfAR 1989 - 1990, FOR THE PATTERSON BRANCH WEATHER 08S£R\'ATI0tl ST Al ION 

DALLAS COUNlV, SEl/cl S'lll/il SEC. 11, T. 32 N., R. 19 \.I. 
37 OEG JO HIM 02 SEC NORTH LArlTUOE, 92 OEG 59 MlN ]j SEC NEST LO~G!TUOE 
LANO SURFACE ElEVATlOH: 1160 FEET ABOVE HEAIJ SEA LEVEL 
WEATHER OBSERVER: DEXTER HOLHES THIE GAG£ rs READ: :.M 
INSTALLATION OPERATED Bi': ONR-OGLS 
lYP£ Of INS1ALLATI01J: TRU·O!EK NQN-REC0fl0ING RAIN GAGE 

Hydrology 

STAT !ON !NSTAlll::O tlOV 10, 1989, l YEAR OF DATA NOTE: •••• DENOTES H!SS!NG DATA 

OAI L V PRECIP IT A TJON ( INCHES) FOR \,/ATER l'EMl 1989 1990 
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'Y-*.*"

'/r.-J,.+,,; 

*:,1()11'* 
***~ 
,ti'()l(:,I. 

*1o:** 
**)I(* 

O.JO 
0.52 

0. 11 

0.93 

DEC 

0. 50 

0. 70 

0.80 

2.00 

JAN 

1.20 
0.30 

1. 75 

O. lS 
0.10 

3.50 

TOTAL PRECIPITATION: 39.80 INCHfS (NOV-JUL) 

FEB 

l.95 

0.70 

l. 75 
0. 05 

0.55 

0.45 

5.45 

HAR 

l. 03 

0.65 

1.30 
2. 05 

1.25 

0.55 

6.83 

APR 

0.JS 

1. 75 

1.70 

0.20 

0.50 

4 . 60 

~AV 

0.40 
).45 

0 . 60 

0.20 
0.80 

0.80 

) .00 

0.20 

1.30 

2.45 

0.20 

9.40 

JUN 

0.04 

!. 15 

0. 30 

o. 90 

0.90 

0.45 

3. 74 

JUL 

l. 10 

1.20 

0.25 

0.80 

3. 35 

NUHBER OF DAVS WITH P~£CJP!TATJON: 49 
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Table 10 and Figure 13: Daily precipitation, Patterson Branch weather obseroalion station. 
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The Hydrogeology of the Bennett Spring Area =================== 
ANNUAL SU~NARV, WATER V£AR 1989 • 1990, FOR TH£ LOUISBURG W£ATH£R OBSERVATION STATION 

DALLAS COUNTY, NEl/A SEl/A SEC . 15, T. 35 N., R. 20 ~-
37 DEG A6 HIN 36 SEC NORTH LAT!lUOE, 93 DEG 07 HJU 01 SEC \JEST LOHGJTUOf 
LANO SUflF ACE El EV,H i ON: 1110 FEET t..801/E MEAN SEA l EVEL 
WEA HIER 0BS£R'l£R: OHltl{S ANO SUE JOHNS0fl TIME GAGE IS READ: 10 : 00 AM 
HISTALLATIOH OPERArrn BY: ONR- DGLS 
TYPE OF INSTALLATION: TRU-CHEK NON-RECORDING RAIN GAG£ 
STAT[ON INSTALLED OEC 11, 1989, l VEAR OF DATA NOTE: * ~K ~ DENOTES HISSING DATA 

DAILY PRECJPITAT!ON (INCHES) FOR WATfR VEAR 1989 - 1990 
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JO 
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* ;!C*JII 

*"** ***~ 
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***'if. 
***ii: 

i,l:Jlc,i:* 

Jl*°Jo:* 
Jlr::,lc~J.. 

1':*A11t 

,tc '11 ::k 'JII: 

101i:;,y,;: 

**** 
lll'l'l:11!.* 

*'flt.*" 
'Ir*""-* 

HONHlLV 
TOTALS •**" 

NOV 

**.,.,* 
)111:'1';:Jl,c.,lt 

***:ill: 
iddr, * 

lt-1'! *- • 

~**1': 
:,tqrc;,i: )11 

""- *** 
"*** 
*"' *:JI: 

**** 
*fti:-,lt 

**il:ill 

*sl: ** 
*ilriln c· 

l{**lr 

~""!Ill 
'l(Yt.k *c. 

**~* 
*·k."'lf.)I( 

**"'* 

DEC 

ill**~ 
***,ti 
1'1i;ti*-11: 

1',***-
71.'Jt.'k'/(. 

0.42 
0.01 

0.43 

JAt,/ 

0. 60 

C.64 
0 . 03 
D.06 
L70 

3.03 

TOTAL PRECIP!TAT!ON: 42 . .17 INCHES (DEC-SEP) 

FEB 

0. 21 
0.49 
0.17 
0. 23 
ft j,:. ,C1: 

1.45 

0.12 

0.65 
0.42 

0.06 
0.18 

4.41 

MAR 

0.20 
0.41 
0.28 

o. 7l 

1.60 
1. 75 

0.42 

0.83 
0.09 

6.29 

APR 

I.DO 

0. 18 
1.02 
O.OS 

0.03 
0. 27 

o.os 

O. lS 
0.37 

3.12 

MAY 

l.24 
l.26 

1. 73 
0. )7 

1. 14 
0.30 
0.28 

0.9) 

0.7B 
0.91 

0.2) 

9.17 

JUN 

0.22 

0.72 

2.15 

0. /2 
0. 72 

1.13 

0.34 

6. 00 

JUL 

0.92 

1.30 
o. 70 
l. 27 

0.50 

0.10 
o. 40 

5.19 

NUMBER or DAYS ~!TH PRECIPITATION: 71 

AUG 

0.04 

L27 

0. 13 

1.44 

SEP 

o. 13 

0.44 

0. 32 
1.24 
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0. 3d 

2.99 
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Table 11 and Figure 14: Daily precipltallon, Louisburg weather obseruation station. 
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ANMUA.l SUl1i'1AR'I, WATER VEAR l9B9 - 1990, FOR fHE JONES CREEK WEAlHER OBSERVATION $TAHON 

DALLAS COUNTY, SEl/4 SEl/4 SEC. J, T. 32 N., R. 10 W. 
37 OEG )0 111N 51 SEC NORlH LATITUDE, 92 OEG S3 K!M 31 SEC IIEST LOfJGITUOE 
LANO SURFACE ELEVATION: 1212 FEET ABOVE HEAN SEA LEVEL 
\,/(A THER oesrnvER : ROY KNIGHT TI HE GAGE t S READ: 0; 00 AM 
INST A!. LAT I OIi OPERA TEO BY: ONR-DGL S 

Hydrology 

TYPE OF INSTALLATION: TRU-CHEK NON-RECORDING RAIN GAGE 
STATION [~STALLED JAJJ 1. 1990, 0 YEARS OF DATA NOTE: •••• DENOTES HISSING DATA 

DAILY PRECIPllATION (INCHES) FOR \/ATER VEAR 1989 1990 

DAY 

l 
2 
3 
4 
5 

6 
1 
e 
9 
10 

11 
12 
13 
\A 
IS 

16 
17 
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20 
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28 
29 
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Jl 
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lt.*-x* 
iil:Jll::ii! ... 

*** "): 
Jltilriliw 

*"'** 

*"'** 
**ill:* 
**Jli:)11,: 

**** 

*-*** 
,r1r!'IIY\ 

**--* 
*11-*Jlt 
,r;*,rt:111 

HONTHLV 
TOTALS ••u 

NOV 

*'l'.*'/C 

"!'Jlt:** 
Jfl<.k,. 

~-1,;'H 

**** 
illllr*.ilc 

**:f:)I( 
**** 
:ilr1lnli':t 

l"r:;*llfit: 

*II-:*• 
*-:II:** 
****
*'P'I:**= 
frill#!* 

.,,*-** 
l'll'JI(** 
I.Jl;il;JII; 

JlcJlll'XJlt 

'IC:*I'.* .,.Jlf. 
1(.kfli;.,. 

'f':•Jlf'k 

DEC 

**** 
***~ 

)IOl!':*11!' 

**)le* 
"""*** 
**** 
*-'1t-*'1t 

*:*~* 
ili:Jl::,u:: 

*"'7{.* 
**-* 
llt:11:::ildr 

**-xf<: 
!'C''l\'lic1C 

P."Jt:Jli:JII!: 

*,r:11"' 

**"A'*
",t"* 
~**-:,,; 
1t1!:.1t 

**it:* 

*•** 
*ii:'111:,li: 

,11:irt,ik 

*•** 
*'*** 
jll:*:,itilt 

JAN 

0.46 

0. 36 
1.87 

1.75 

0. 02 

4.46 

TOTAL PRECIPITATION: 51.55 INCHES (JAN-SEP) 

FEB 

0.90 

0.16 

0.12 

0.40 

1. 70 

0.50 
o. l8 

0.14 
0.16 

4.26 

HAR 

0.24 

0.20 

0.94 
0 . 14 

0.66 
0.90 
2.00 

0.13 

I. )6 

0.52 

o. 75 

7 .84 

APR 

o. 60 

1. 65 

0. 50 

0.10 

0.50 
0.86 

0.18 

0.17 

0.01 
I. 16 

0. 00 

5.81 

MY 

o. 14 

1. 7S 
1.52 

0.06 

0 .09 

1.14 

0.06 
0.10 

L24 

o. 20 
a.so 

2.30 

1.63 
0.82 

0.12 

0.08 

12 . '.)5 

JUN 

0.22 

0.62 

0.39 

0.46 
l. 00 

0.80 

0.20 

0. 22 

3.90 

JUL 

1.44 

0.dS 
0 . 25 

0.22 
0.84 

0. 17 

2.08 

5.45 

NUMBER OF DAYS WITH PRECIP[TAT!ON: 81 

AUG 

l.50 
0.56 

0.80 

0 . 70 

0.10 

0 . 4S 

4.11 

SEP 

0.10 

0 . 70 

0.32 

0.07 
I. 05 

0.13 

0.82 

0.18 

3.37 
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Table 12 and Figure 15: Daily precipitation, Jones Creek weather observation station. 
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The Hydrogeology or the Bennett Spring Area 

ANlW,;l SUK~AR'/, ~AlER Y(AR 19BS · 1990. f"OR THE STUNS CRHK tiEAJl ORLA '>l[ATHUl 08SERVAT!ON S1A11011 

LACLEDE COUtlT'i, SEl/4 11E11.i sec. 2, T. 32 N., R. 15 '>'. 
37 [)f G 30 NJ 53 SEC NORTH LAT I TUDE, 92 OEG 32 11/fl 55 SEC 'o/EST LOIIG !TUOE 
L AIIO SURF",;( ELEVATION: l 165 •EET A80Vt KEAtl SEA L[Vtl 
\/£A THER OBSERVER : RALPH 11ASSEY TJl",E G.\f.E IS RE;J): 6:00 Pl", 
INSTALL AT ION OPERAl(O 8¥: ONR-OGLS 
TYPE 0• ! NSTALLAT!O : TRU·CHEK NON-RECOROIIIG RAlil (.;.GE 
STATIOII JIISTA LEO JAli I l, 1990, 0 YEARS Of OATA U0T£: ••. H OEWOIES i1!SS111G OATA 

OA!L Y PREC !PIT AT ION ( INCHES) FOR \/ATER VEAR 1989 1990 

DA¥ o:r tlOV OEC JAN FEB KAR APR KA'/ JUN JUL AUG SEP 

I Ji:••-~ 'Jl•.t11 ·~-~:or 0 . 82 0.02 O. LJ 
2 ?.lf. "/f..il :4'lllllA'iil :l':A1'1:ilt 

3 '.S.,'{1\'I\ '1'11r'6(~ •*** •*"'"" 0.22 I. 95 
4 . .... )1111\ "'"'"" )111"/t,'lf'lf ,1,;*1tA 0.)(i 1.20 
5 ,r)li:Jli ·). 'Jli111:,t}f. •Jlil'Ci' ~*** 0.24 0.26 

6 ,. . .. }f,-J..· ,'i:)11 ·,"::JI: il!fl'!,li* **** 0.07 0.48 
7 Y(!l,: 1,. 'J\: *""!t.'lt. hill,.~ ,;,,.'It_.,. 0.56 
e 'fl(lf. 'lf. *. 11*"* ,li j; )li * Jl(*:,I:"' 0.06 0.28 
9 lf'l'lllllll" .. .,,,~,,. ,...**11 )lo:-~~,. 0.50 0.80 
10 l'l"tlt * **~* 7'!:~sl!.llt 11,:,,; 1'( * 1.26 

II 'l>, J;l{,c "i.11:.,•r. Jlo:Aill~ 0.56 l. OS O. OS 0.90 
l:1 '1'.Jltl.Jll ""'"" WWA:ilrl 0.40 0.90 0.4~ 0. 10 
13 "-,-,:AA *lll'Y' . ., , . Al':,- 0 . 58 
)4 ,.* ... "''"·*"' lllJl!:'tlx 0.50 0.09 0.03 O.AB 
15 .,., , , f>.Jt; ... ,. .. ,, 0.20 I. 90 0.86 0.66 0.60 

16 Jl, -.,J,.,c AJ'.AA J.SO 0. :16 0.62 0.42 
17 .. ,..11.,'. , . Af'{.,. 0.70 
JB 11;,i!fll,,C AAJ>../'. 0.11 1.15 
19 ........ l. 76 0.6?. 0.05 0.2d 
20 AltJl!A 0.12 0.02 0.6S 

21 • , .. ,.>,. ,._Jt .... 0.5B J.00 0.22 0.91.l 
22 AA>.~ 0 . 03 0.06 0. 02 o. 70 0.02 
23 I\• ... /I..A.Jll.11. 0. 70 
24 .,,."'"" JII JIAJII ,till:Jf.A 1.00 
25 "·"· ... -.It.!".!':. 0.04 

26 ""~- -. . .11:•• 2.25 l, JS 
2/ "'11.kA,I •A.,clll JII. ili:l'IA. 0.06 0.42 0. 22 0.56 
28 *•Jlll'.,111[ A.A .tr J111AJ111 .lt 0.46 
29 If. .. /'!* a Ai:Ju, :/l.ic.111/t. 

30 *k.1111' 'l.tl:Jll .<l '1'1"14'!~ 0. 48 0.19 0.22 
JI ,.,..It. 0.08 

11:)N~l!l 'I 
TOTALS !A.,r-.;:,ii: A"'-")'t J.62 4.64 4.85 2. 70 9.n 3.52 3. 74 2. 72 ).59 

rQTAL PRECIPlfATION: 39. 15 [NCHES (JAN-S£P) NUHBER OF DAYS WITH PRECIPITAT!QN: n 

r-:-3...,.--------------,------------------------------------, 
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OCT NOV DEC JAN I FEB ~ I APR JUN I JUL AUG 

Table 13 and Figure 16: Daily preclpllalion, Steins Creek near Orta weather obserualion station. 
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ANIIUAL SUMHil.RY. \IATER YEAR 1989 - 1990. FOR TH£ NORTH COBB CREEK WEATHER 08SERVAT!ON SfATION 

LACLEOE COUNT¥, NWl/4 N\/1/4 SEC. JJ, T. 14 N., R. 15 W. 
31 OEG 37 MIN 18 SEC NORTH LATlTUO[, 92 DEG 34 HIN Sd SEC \./£ST LONGITUDE 
LANO SURFACE ELEVATION: 1222 FEEr ABOVE 11EAN SEA LE.VH 
WEATHER OBSERVER: Blll OcVASURE TIM£ GAGE IS READ: 6:00 P/1 
INSTALLATION OPE~TEO av: ONR-OGLS 
TVi'E OF i~lSTALLATION: TRU-CHEK N0N·R£COROlNG RA.IN GAGE 
ST AT 1011 I r:STALLEO FEe 26, 1990, 0 YEARS OF" OATA NOTE: ~~., DENOTES HISSING OATA 

DAY 

1 
2 
3 
4 

5 

6 
7 
8 
9 
10 

11 
12 
lJ 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
2S 

26 
27 
2B 
29 
30 
31 

OCT 

*ill*~-
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***'· 
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Jl(#t*~ 

'lt.'r.'l:'11( 

***.ii. 
*1'.'K"lf 

***>'. 
**iliiill 

-.11:Jt..11! 

lf.*.'r . . "'.; 

Jt71, ~I(. 

*"-** 

"*"'* 
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*•** 
*"·Jl' 

MONTHL V 

TOTALS ***" 

NOV 

~,4:11(1'., 

"'*** 
,'(:,l,:,t:ill: 

**•Ilic 
**·* 

~"*~ 
*"'- ** 
*"'** •'!I(•* 
*.IE:** 
·Jddt.1'. 

*Jl!:Jll* 
*~-:41" 
:-11,*~~ 

JI! .t•. 
""".tb
••111:11: 

"**" 

,,, .... 
11~1''11: 

**ll:JIIII 
":*"Ill: 

DEC 

**ill* 
* .. ** 
~W.:il(Jll 

'l':iil:*Jlf 

Jl,:.k1lorc 

wilc*ilc 

**** 
~*** 
**~,\ 

**** 
!1.:1"[,li;~ 

**~* 
"*Wile 
111::ilr:** 

**";,. 

:t:t** 

**~"' 
*""'* 
'11.'J,,.T'flf. 

l'!:'J'll:1\ilt 

1'-11.*A 

.. ,.~" 
*~•1'1 
*Jll*-lii 
/(,,cl,. .. 

DAILY PRECIPITATION (INCHES) FOR \./AT£R VE.AR 1989 1990 

JAll 

"*'!l('llf 
*lli::'Jlc)I,; 
,l,!11\.x:'I: 

**** 

**** 
*·'** 
*Jl:illllf 

*~*~ 
**** 

**""" 
'0{~1'("/t 

Jt-A:;11- • ..-

7'.k ::,nl1 

)ll·ln,A 

}f.Jlql/f 

l't*~" JI.~-~ 
'l'lA:A11: 

***)II 

1bll;,rjr 

*iltllol:: 

**** 
**** 
"'""'* 
~',1(1{111 

•*** .,,..*·* 
1•oli1"1t 

1clll.ll!'* 

*""""* 
*•*:x 

xi!~'/,; 

'111:tk** 
*>r*~ 

0.00 

0. 08 

0.08 
0. 70 
0.10 

0.64 

1.49 
0.48 

o. 14 

0 . 74 

0.50 

0 . 39 

5.34 

APR 

O. OS 

o. 34 

1.26 

0.48 
0.12 

0.28 

0.28 

0.05 

1.25 

4.11 

MAV 

0. ).l 

2. 2'1 
0.41 
0.04 

l. 5S 

1. 7S 

0.32 

0.80 

0.03 

s.so 
0.24 

0. 26 

1J.2B 

JUIJ 

0.47 

0.45 

O.S8 

l. 50 

J\JL 

0.60 

0.40 

l. 18 
0.48 
0.68 

o. 78 

l.48 

5.60 

TOTAL PRfCJPITATION: 35.14 INCHES (HAR·SEP) NUMBER OF DAVS WITH PR(CIPJTAllON: 50 

5 

-ci 4 ..... ..__, 

-----. ------ ------ -------. ----- ----------------· Cl) ------------------------ ---- .. 
1)1 

.ci 
0 

i.. 

AUG 

1.60 

0. 54 

o.se 

2. 7'l 

SEP 

0.02 

0 . 80 

0.47 

0.70 

0.60 

2. 59 

-- --- --- . --- . -- . ---------- -- . -- --- -- ------------------- ----. 1-------·--- -- --- -- -- ----- -- -- .. --- ---- -------------- --- ---- ---
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Table 14 and Figure 17: Dally precipllalion, North Cobb Creek weather obseruatlon station. 
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ANNUAL SUHHARY, WAftR YEAR 1909 - 1990, FOR THE LONG LANE WEATl-lER OBSERVATION STATION 

DALLAS COUNTY, NWl/il NEl/4 SEC. 33, T. )4 N., R. 18 W. 
37 DEG 37 HIN 46 SEC NORTH LATITUDE, 92 DEG 54 HIN 32 S£C WEST LONGITUDE 
LAND SURFACE ELEVATION; 1205 FEfT ABOVE MEAN SEA LEVEL 
WEATHER OBSERVER: NICHELLE JONES TIME GAGE IS READ: 8:00 AM 
INST ALLA Tl ON OPERA TEO SY: ONR-DGLS 
T'/Pt OF INST ALLA Tl ON: TRU-CHEK NON-RECORDING RAIN GAGE 
STATION INSTALLED MAR 1, 199D, 0 YEARS OF DATA NOTE: **~* DENOTES HISSING DATA 

DAILY PRECIPJTATJON ( INCJ-IES) FOR WATER VEAR 1989 1990 

DAV OCT NOV OEC JAN FEEJ MAR APR HAY JUN JUL AUG SEP 

1 *-~"** xllr*P' 11!*'.tlill- *"*** **** 0.01 0.06 
2 **** 11.,;,,:.w111 .•lok:,l;:)11( ***'* "*** 0.07 
3 ***)II( **** **'Jf.* *~** **)'(* 1. 75 0.60 
A **** -=*** 'it.'>:.'Jt.7'. **1'<* **** 0.71 0.10 1.00 
s ***)!( *-*** :,1,:P."**" 'lcJ;.-Ji.* )II(*** O.A8 0.10 0.07 

6 II::*** **~* ***1( **** ****- o.n 0.03 
7 )l,:Jt*llt '«+'II.* ::,1()1,:*)I( **-'Jf.k. **** 0.28 0.07 
8 *:-le*:,;- )II(*** ***-'it. )!(:ii/:** **-*-,,: 0.62 g )II(*** **** ***iii: ~*** -J,,,)11(** 0.38 
10 ill:*** **'r..it. '1:7'!.'k* le*-** 'I:.*.+:*. 1.35 

11 '**** '****- ****- )l(,t:,L:* 1-:*** 0 .17 1.40 0.07 
12 *1<-Joli: **** **** ***}I( *"'"** 0.56 0.28 O.JO 
13 **** ***7" ***i*. +**'* **** I. 76 o .1s o.go 0.49 0.22 
14 "4:'!11:il!:* +-*** :,1;:11.~* ***)le Y.'!f,j,.K 2.17 0.60 0.05 0.04 
15 }lj)II(** Jl(')l(Jl(}i( **** *ilr;;:f:!JI,, **** 0. 76 0.41 a. 10 

16 *'*** }I(*** *>It** ***j,. **** 0.15 0.70 0.12 0.46 
17 *11!*:it 1loli:+:!11 **** "-*** 11:)1(** 0. 27 0.27 o.og J.25 
H1 +..'It.*.*. 'Jt.:,11(** ::&!:1'!** )1()1(** :,;":"'!:+.-* 0.12 0.02 
19 *'K*'k. *ll:)l(}i( **** **7-* 'JI.*** 0.60 1.10 
20 ~'*~* )!()I(** **** '/f.-,:.*.-J<. **** 0.11 0. 70 0.52 

21 *-**~ ***'},. **** **** **** o.gs 0.05 0.07 
22 *)'l':,1(11,: ::4:*** '«*-** )&(*.:,•:)le ~*7'-* o.os 0.30 
23 **** **** **** *"-*" *~** a.so 0.05 
24 ***)I( **** **** ***--Ji. **** 
25 J1:+.:1ld,:- ***" ~*** ***-* 'ff.11.'K* 0.03 0.28 0.06 

26 **** ~*'},.::I( **** *""-*-Ft. il!ildt)I( 0.56 0.85 
27 *io:*)I( >*** *?t:'11!,t ***-* **** 0.80 0.02 
28 'l('l('J(* *"'** )l(*}I(* ~*** **** 0. 70 0.38 4.25 
;_>9 *Y-*"'" :":*** Y.'it.'/,:*. 1!.*** 0.07 
30 **'J(* '1{1l,:)I(* 'l(:,1:::,1(* **** 0.11 0.02 
31 ***'< **'** *-*"-* 0.16 0.21 

MONTHLY 
TOTALS '**** Pr*** *.7:~P(, 'it.'K*.Y". ~1(1,::,1( 7 .40 4.30 11.51 3.06 3.70 3.33 2.21 

TOTAL PRECIPITATlON: 35.51 INCHES (MAR-SEPT) NUHBER OF OAYS WITH PRECIPITATION: 73 

4 ---s:: 
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Table 15 and Figure 18: Daily precipitation, Long Lane weather obseruation station. 
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Four temporary gaging stations were installed 
on three losing streams in the study area to study 
rain£all -runoff relaUonships in losing-stream water
sheds. Compact electrical pressure sensors, called 
pressure transducers, and digital electronic data 
recorders called dataloggers, were installed to 
measure when surface-water runoff occurs, and to 
esumate the runoff volume. A pressure transducer 
is a small, pressure sensitive electronic device that 
can measure water depth (photo 6). Transducers 
capable of measuring water depths from zero to 
about 45 feet with an accuracy of about 0.05 feet 
were installed in 1.2-ft high, 4-inch diameter slotted 
PVC housings, and anchored in 50 pounds of 
concrete about 3 feet below grade In the stre
ambeds (photo 7). Transducers were placed below 
the beds of F ourm ile Creek upstream from Route P 
In Dallas County, in Goodwin Hollow at the Lester 
Evans farm just northwest of Lebanon, and in 
Spring Hollow at the King farm. A fourth transducer 
was installed in the bank of Spring Hollow about 
200 feet upstream from Bennett Spring in Bennett 
Spring State Park (fig. 19). 

The pressure transducers were attached by 
buried cable to dataloggers installed on the valley 
walls above fiood level (photo 8). The cable was 
placed through 0.625 inch ABS pipe to protect it 
from abrasion. The dataloggers were installed in 
5-foot lengths or 6-lnch diameter, 0.188-inch thick 
steel pipe with the lower 2 to 3 feet of the pipe 
buried . The transducer cable entered the 
data logger housings below ground level, and were 
attached to the dataloggers (fig. 20). 

Dataloggers are small, self-contained, com
puter-controlled devices that provide power to, 
and receive and store data from, the pressure 
transducers. The data loggers are programmed in 
the field using a portable computer to enter day, 
month, and time data, transducer specifications, 
data-collection interval, and starting time (photo 
9). The portable computer is also used to read 
data from the datalogger. The datalogger
pressure transducer installations were programmed 
to activate each 60 minutes, measure depth of 
water in the channel, record the value, then deac
tivate . Internal memory and battery packs in the 
data loggers a re capable of recording three months 
of data taken at 60-mlnute intervals. 

The data logger-pressure transducer insta llatlons 
measure stream stage or the depth of water in the 
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channel, not now rate. Stage-discharge relation
ships must be established to develop a rating table 
for the gaging site. To do this, discharge measure
ments were made at the gaging installations using 
a current meter when there was flow In the streams, 
and the d Isch a rge was plotted against stage height. 
Discharges too small to measure were visually 
estimated. Unfortunately, because of infrequent 
flows on these losing streams, only a relaUvely 
small number of measurements could be made 
during periods of low and moderate flow. Mea
surements during high-now periods when water 
depth and velocity were too great for wading were 
not possible. The discharge measurements were 
generally adequate to develop a reasonably accu
rate stage-discharge relationshlp for low and mod
erate flows, but an indirect method was required to 
estimate high discharges. 

A water-surface profile computer program, HEC-
2, developed by the U.S. Army Corps of Engineers 
Hydraulic Engineering Center, was used to develop 
high-discharge stage-discharge relationships for 
several of the pressure transducer-datalogger 
installations. To do this, several channel cross
sections were surveyed upstream and downstream 
of the gaging installation cross-section. A HEC-2 
opUon uses cross-secUon data, distances between 
cross-sections, channel and over-bank roughness 
characteristics, and other information to calculate 
water-surface profiles at selected flow rates. Stage
discharge values calculated using indirect methods 
are seldom as accurate as those measured . 
However, they provide a reasonable approximation 
of flows occurring during high stream stages. 
Also, hi9h now rates on these streams do not 
occur often, and when they do they seldom last 
more than a few hours. Thus, even significant 
errors in estimating discharges at high stages wlll 
not greatly change yearly runoff estimates. 

HEC-2 was not used to calculate high-flow 
stage-discharge relationships for the installaUon 
on Spring Hollow just upstream from Bennett 
Spring. Here, the Spring Hollow channel is very 
shallow. Even during dry weather there are shal
low pools In Spring Hollow upstream from Bennett 
Spring, but a short distance fanher upstream the 
channel is irregular, poorly defined, partly choked 
with trees and brush, and typlcally dry. Channel 
condiUons such as these make indirect flow esti
mates using HEC-2 very difficult. Instead, high
stage discharges here were estimated using the 



The Hydrogeology of the Bennett Spring Area 

6. 

7. 

32 



8. 

A pressure transducer-datalogger installation con
sists of a pressure transducer which measures the 
pressure of waler exerted on a membrane in the probe, 
and a datalogger, which records the pressure al 
preset intervals. The transducer(Photo 6., upper left) 
is placed in a protective PVC housing (Photo 7., below 
left) th.at ls anchored In concrete and buried beneath 
the streambed. A buried cable connects the pressure 
transducer with the datalogger (Photo 8. , above), 
which is housed in a steel casing. A hand-held 
computer (Photo 9 .. right) is used to program and 
read data stored in the datalogger. 
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Agure 19: Datalogger·pressure transducer surface-waler gaging slalions. 
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Agure 20: Dlagrammaliccross-seclion showing typical datalogger-pressure transducergagingslalion Installation. 
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U.S. Geologlcal Survey rating table for Bennett 
Spring, which has a maximum stage height of 
11.2 feet and a maximum discharge of 14,800 
ft 3/sec. The Bennett Spring rating table reflects 
total now In Spring Hollow below the spring, not 
just the flow contributed by the spring. It was 
assumed that Bennett Spring maximum discharge 
is 1000 ft3/sec, and that flows above this were 
surface-water runoff from Spring Hollow. 

There were several problems with some of the 
datalogger-pressure t.ransducerinstallations; some 
were due to electrical problems with the equip
ment, others were caused by harsh and unusual 
environmental conditions. Two data loggers were 
rendered inoperable from high-voltage surges, 
probably due to nearby lightning strikes. Trans
ducers at two of the sites were badly damaged 
when deep scouring of the streambeds during 
flash-flooding dislodged them and earned them 
downstream, damaging the electronics in the trans
ducers as well as over-stretching the cables. Un
fortunately, ti me and budgetary constra lnts 
did not allow for replacing or immediately 
repairing the damaged equipment. 

Channel characteristics of these Josi ng streams 
created additional problems. Ideally, a gaging 
station on a small watershed should be sited 
upstream of some structure that provides vertlcal 
control of stream discharge, such as a low dam, 
weir, or bedrock outcrop. Gravel-bottomed stre
ambeds change during flow events; zero-flow el
evations may increase or decrease, depending on 
whether gravel is removed or deposited, requiring 
frequent adjustment of the rating table. Despite 
these problems, flow data gathered from these 
streams provides valuable infonnation about the 
runoff characteristics of major losing streams in 
the Bennett Spring area. 

Both gaging stations installed on Spring Hollow 
operated continuously through water year 1989-
1990. Spring Hollow at the King farm, about 1.5 
miles downstream from Highway 32and 8.3 miles 
upstream from Bennett Spring, has a drainage 
area of about 14.95 mi2. There is seldom flow in 
this reach of Spring Hollow: the channel is irregu
lar and floored with coarse gravel, cobbles, and 
boulders. From October 1, 1989 through Septem
ber 30, 1990, there were 96 days when flow in 
Spring Hollow averaged 0.0 I ft3/sec (5 gallons per 
minute) or more. There were 33 days when 
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average daily flow exceeded I ft3/sec (448.8 gpm). 
For 269 days, including al I of October and Dec:e m
ber, 1989, and September, 1990, there was no 
flow in Spring Hollow at the King farm (table 16). 
Approximately 90 percent of the runoff occurred 
during March, May, and July. May runoff alone 
accounted for 70 percent of the total due to 
numerous rainstorms including one where rainfall 
exceeded 4 inches. 

Precipitation during water year I 989-1990, 
measured at Spring Hollow #1 precipitation sta
tion 1,200 feet east of the gaging station and at 
Spring Hollow #2 precipitation station 2.5 miles to 
the southeast, averaged 45.5 Inches, about 4 
inches greater than normal. Total water-year 
runoff from Spring Hollow watershed above the 
gaging station was about 2.13 watershed inches, 
about 12 to 13 watershed inches less than would 
be expected from a gaining stream with this yearly 
rainfall amount. 

Figure 21 is a hydrograph of Spring Hollow at 
the King fann showing average daily discharge for 
the water year. The hydrograph shows runoff 
generally occurs only briefly in response to heavy 
precipitation. The major flood which occurred on 
Spring Hollow in late May, 1990, resulted from 
nearly 4 inches of precipitation. Data from the 
recording rain gage station in Spring Hollow 
showed that 3.90 inches of precipitation fell be
tween 2300 hours on May 25, and about 0400 
hours on May 26. Soil in the area was already 
saturated from about 6.5 inches of rain that had 
already occurred in May. At 0300 hours, May 26, 
Spring Hollow was flowing about 1.6 ft3 /sec; water 
depth was a few Inches. An hour later water depth 
In the channel at the gaging station was 7 .12 feet, 
and flow was an estimated 2,450 ft3/sec. Peak 
recorded flow occurred at 0500 hours at approxl
mately 2,840 ft3/sec with a depth of 7 .6 feet. Flow 
rapidly decreased from 0600 hours with the stage 
decllning as much as 2.2 feet per hour. By 0400 
hours May 27, 24 hours after the flood began, 
discharge had decreased to about 22.4 ft 3/sec, 
and water was less than a foot deep in the channel. 

Discharge and runoff characteristics are quite 
similar for Spring Hollow just upstream from 
Bennett Spring, with a drainage area of 42.5 mi2

• 

Here, during water year 1989-1990, data showed 
there was 196 days when average daily discharge 
was 0.01 ft3/sec or more, and 63 days when 



The Hydrogeology or the Bennett Spring Area 

SUKH/Jl.V, VAT(R YEAR 1989 · 1990, SPRING HOLLOW AT KING fARH GAGING ST.:.TtON 

LACLEDE COUNTY: Sfl/4 NEl/4 $EC. 21, T. JJ N. , R. 17 \J. 

37 DEG 39 MIN 08 SEC NORTH LATITUDE, 92 DEG 48 HIN 03 SEC 'WEST LONGITUDE 

L.I.ND SURFACE ELEVATION: 1096 HEl ABOVE HEAJ-1 SEA LEVEL. 11£ASURIHG POltlf IS ADJUSTED HllilHUH STA.EA118t0 ELEVA! ION 
ORAi NAGE AREA: 14 . 95 S{)UARE HILES, 9568.0 ACRES 

TYPE OF INSTALLATION: THOR DATA LOGGER ANO PRESSURE TRANSDUCER R[COROER INSTALLED IN 1989, 1 VEARS OF DATA 

AVERAGE OAllV DISCHARGE (CUB[C FEET PER SECONO), ~ATER VEAR 1999 - 1990 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

l 0. 00 0.00 0.00 0.00 0.00 0.00 0. 02 0.00 0.10 0. 00 0.00 0.00 
2 0.00 0.00 0.00 o.oo 0.00 0.01 0.02 0.00 O.Oa 0.00 o.oo o.oo 
3 o. 00 0 . 00 0.00 o.oo o.oo 0.00 0.01 2S.80 0.04 0.00 4 . 71 o.oo 
4 o.oo 0 . 00 0.00 o.oo o.oo 0.01 0.01 l 7. 61 0. 03 o.oo ) . 38 o.oo 
5 0.00 0.00 o.oa 0.00 0.00 0.03 o.oo 5. 10 0.02 0.00 0.02 0.00 

6 0.00 0.00 0.00 o.oa o.oo 0.02 0.00 4.12 O.OJ o.oo 0.00 0 . 00 
J o.oo 0.00 o.oo o.oo 0.00 0.01 0.00 3.58 0.00 0.00 o.oo o.oo 
8 o.oo 0.00 0.00 o.oo 0.00 0.04 0.00 3.21 0.00 o.oo 0.00 0.00 
9 0.00 0.00 0.00 0.00 0.00 0. 05 0.00 2.99 0.00 o.oo 0.00 0.00 
10 o.oo 0.00 0.00 0.00 0.00 0. 12 13.)4 l. 78 C.00 o.oo o.oo 0.00 

)I 0.00 0.00 0.00 o.oo o.oo 0. 18 4.52 1. 18 o.oo o.oo 0.00 0.00 
12 o.oo 0.00 0.00 o.oo 0.00 0. 2} I. 97 2.40 o.oo 69 . 18 o.oo o.oo 
13 0.00 o.oo 0.00 0. 00 0.00 0.25 l. 16 0.49 0. 00 2.89 o.oo o. 00 
14 0.00 o.oo o.oo 0.00 o.oo 65.57 1. BB 0 . 83 o.oo O.Ol o.oo o.oo 
15 0.00 11. 71 0.00 0.00 0.01 40 . dO 0.98 2.11 0.00 0.00 o.oo o.oo 

16 0.00 0.01 0.00 0. 00 0. 00 5. 30 o. 37 2. 15 0.00 0. 00 0.00 o.oo 
11 0.00 0.01 o.oo o.oo 0.00 2.61 0.25 0.00 0.00 o. 00 0.00 o.oo 
18 o.oo 0.01 o.oo o.oo 0.00 l.14 0. 16 0.00 0.00 0.00 0.00 0. 00 
19 0.00 0.01 0.00 0.00 0.00 0.41 0.12 0.11 0.00 0.00 0.00 o.oo 
20 0.00 0.01 0.00 o.oo 0 .00 0. 24 0.07 0.02 0.00 o.oo o.oo o.oo 

21 o.oo 0.00 o.oo 0.00 0.01 0.19 o.os 2.16 0 .00 0.00 0.00 0.00 
22 o.oo 0.00 0.00 o.oo 0.03 0.13 0.04 0.68 0.00 0.00 0. 00 0.00 
23 0.00 o.oo 0.00 0. 0\ 0.02 0.04 0.03 1. 37 o.oo 0.00 0.00 0.00 
24 0.00 0.00 o.oo 0.01 0.01 0.02 0.02 l.69 0.00 0. co 0.00 0 .00 
25 0.00 0.00 o.oo 0.00 0.00 0.01 0. 00 2.28 0.00 0 .00 o.oo o.oo 

26 o.oo o.oo o.oo o.oo 0. 00 0 .00 0.00 490 . 17 0.00 21.67 o.oo o.oo 
27 o.oo 0.00 o.oo o.oo 0.00 0.00 o. 00 17.64 0.00 0.08 0.00 0.00 
'-11 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 5.98 0.00 0.00 0 .00 0.00 
29 0.00 0.00 o.oo 0.00 0.00 0.00 2.42 0.00 O.bO 0.00 0.00 
JO o. 00 0.00 0.00 0.00 0.00 0. 00 0.93 o.oo 0.00 0.00 0.00 
3\ o.oo 0.00 0.00 0.00 0.25 0.00 0.00 

MIN 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo o. 00 
NAX o.oo 11. 71 o.oo 0.01 0.03 65.57 J'.l.Jd d90. 77 0.10 69 .19 4 . 71 o.oo 
AVG o.oo 0.)9 o.oo 0.00 0.00 J. 77 0.83 19.)6 0.01 3.03 0. 26 o.oo 

RUNOFF: 
AC·FT 0 23 0 0 0 232 50 1191 0 106 16 0 
INCHES 0.00 0.03 o.oo 0.00 0.00 0.29 0.06 1.49 0.00 0. 23 0. 02 o.oo 

WAT£R VEAR EXTREHES: NININUX · 0.00 (OCT l), ~AXINUK - 490.77 (HAY 26), AVERAGE - 2.)5 
WATER '/EAR TOTAL RUNOFF: 1698.4 ACRE-FEET, 2.13 WAT£RSHEO !NCHES 

Table 16: Auerage dal/y discharge, Spring Hollow at King Farm, water year 1989-1990. 
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average dally discharge was above I .0 ft3/sec. 
There were 169 days when there was no measur
able flow (table 17). 

The May 26, 1990, flood did considerable dam
age at Bennett Spring. Spring Hollow discharge 
began increasing at about 0300 hours; increasing 
from about 4.5 ft3/sec to 28.3 ft3/sec by 0400 
hours. At 0500 hours, discharge was about 337 
ftJ/sec. Major runoff reached Bennett Spring by 
0600 hours. Water depth in the pool on Spring 
Hollow immediately upstream from Bennett Spring 
Increased from 1. 7 feet deep at 0300 hours to 7.29 
feet deep at 0600 hours, when the flow was about 
5,940 ft3/sec. Peak recorded flow occurred an 
hour later at 0700 hours when it reached an 
estimated 11,000ft.3/sec. Maximumrecordedwater 
depth in the pool above Bennett Spring was 9.60 
feet. Overbank flooding a long Spring Hollow down
stream horn Bennett Spring damaged some park 
property, and removed a section of road at the 
bridge crossing near the northern end of the park. 

Total runoff from Spring Hollow upstream from 
Bennett Spring was about 2.54 watershed Inches 
in water year 1 989-1 990, slightly more than mea
sured upstream from the gaging station at the 
Klng farm. The volume of runoff was considerably 
greater because of the larger drainage basin, 
about 5,760 acre-feet at Bennett Spring versus 
about 1,700 acre-feet at -the King farm. The 
hydrograph of Spring Hollow upstream from 
Bennett Spring for water year 1989-1990 is shown 
In figure 22. Although the discharges are greater 
than at Spring Hollow at the King farm, the rainfall
runoff responses are quite similar. DuraUon of 
flow is greater at the downstream station, but there 
are instances where flow recorded at the King farm 
was lost underground, and did not reach the 
gaging station upstream from Bennett Spring. 

Fourmile Creek, a Niangua RJver tributary uir 
stream from Bennett Spring State Park, drains a 
27 .5 mi2 area in east-central Dallas County. It Is a 
gaining stream in that part of the watershed In the 
area south and southwest of Long Lane. During 
dry periods, flow disappears into the subsurface 
about 3/4 mile upstream from Highway 32, and 
the stream is typically dry for about the next 2 
miles downstream. Here, small springs discharg
ing into Fourmile Creek provide perennial flow for 
a distance, but about 1.5 to 2 miles upstream from 
its mouth, flow again disappears Into the subsur-
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face, and the stream remains dry much of the Li me 
in the remainder of its reach. 

A pressure transducer and datalogger were 
installed in the bed of Fourmile Creek about 500 
feet upstream from the Route P bridge, approxi
mately 0.6 miles upstream from Its confluence 
with the Niangua River. The stream drains 26.9 
mi2 upstream from the gaging station. The 
datalogger operated from October I, I 989, until 
May 23, 1990, when it was apparently damaged 
by lightning. The May 26 flood badly scoured the 
streambed, dislodging and damaging the trans
ducer. 

From October I, I 989, through January 18, 
1990, there was no flow In Fourmile Creek at the 
gaging station. However, unlike Spring Hollow, 
there was nearly continuous flow from mid-Janu
ary through, at least, May (table 18). Occasional 
observations after May indicate that flow ceased In 
early August, and the creek remained dry through
out August and September. The hydrograph of 
the Fourmlle Creek (fig. 23) shows it having a 
better sustained base flow than for Spring Hollow. 
Runoff is also higher, with 3.81 watershed inches 
of runoff occurring between October 1, 1989, and 
May 24, 1990. During the same period, Spring 
Hollow above Bennett Spring had only 1.12 Inches 
of runoff. Data indicate Fourmile Creek's runoff, 
in watershed inches, may be three to four times 
greater than that for Spring Hollow, and total 
runoff for the water year was likely between 7 and 
9 watershed inches. 

Goodwin Hollow is one of the most notable 
losing streams In the Bennett Spring area, as well 
as In south-central Missouri. It has a drainage area 
or 72.1 mi2

, and even in its downstream reaches it 
remains dry except in very wet weather. A pres
sure transducer and datalogger were installed in 
the channel of Goodwin Hollow on the Lester 
Evans farm just northwest of Lebanon. Upstream 
from the installation Goodwin Hollow drains 35.7 
mi1• Although considered a loslng stream through
out Its reach, there are several locations upstream 
from Highway 64 where there are nearly perennial 
pools in Goodwin Hollow. This is likely due to the 
low permeability of silty and clayey streambed 
materials allowing water to pond, rather than the 
water table being at or above stream elevation. 
Between pool areas, the st.reambed materials are 
more coarse and flow occurs only after signiftcant 
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SU1111ARV, \.IAT(R VEAR 1999 - I 990, SPRING HOLLOW UPSTR[A11 FROH SENNETI SPRING GAG! NG STA HON 

OAL LAS COUNTY: NO /4 WW\ /4 SEC. l, T. 34 N., R. 18 ',/, 
37 DEG 42 HHI 56 SEC IIORTH LA Tl TUOt, 92 DEG 51 HIN 23 SEC \./£ST LONGITUDE 

LAND SURFACE ELEVAT [Oil: 870 FEEf A801JE 11[AII St.A LEVEL. MEASURING POINT rs TRANSDUCER BASE 
ORAHIAGE ARfA: 42.5 SQUARE Ml LES, 27200.0 ACRES 

TYPE OF INSTALLATION: THOR 25 PS l PRESSURE TRAfJSOUCER ANO DATA LOGGER RfCOROER J WSlALLEO 1 N 1989, l YEAR OF DATA 

AVERAGE DAIL V 01 SCHARGE (CUBIC FEET PER SECOND), IJA T ER YEAR 1989 1990 

DAY OCT NOV DEC JAN FEB HAR APR HAY JUW JUL AUG SEP 

o.oo 0.00 0.00 0.00 0.00 0.03 0.95 0. 79 2.83 0.01 0.02 o.oo 
2 0.00 0.00 0.00 0.00 0.00 0.06 0.52 0.dS 2.59 0.01 0.02 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.15 0.21 99.10 2.03 0.01 0.02 0. 00 
II 0.00 0.00 0.00 0.00 0.00 0.34 0.09 100.01 1.07 0.01 0.02 o. 00 
5 0.00 0.00 0.00 0.00 0.00 0.68 0.04 2B.20 0.46 O.Ol 0.02 0.00 

6 0.00 0.00 0.00 0.00 0.00 0.87 0.03 8.46 0.25 0.01 0.02 0.00 
7 0.00 0.00 0.00 0.00 0.03 0.24 0.02 4.47 0.13 0.01 0.02 0.00 
8 0.00 0.00 0.00 0.00 0.04 0.88 0.01 3.08 0.07 0.00 0.02 0.00 
9 o.oo 0.00 0.00 o. 00 0.05 I. 12 0.01 2.81 0.05 0.00 0.02 0.00 
10 0.00 0.00 0.00 0.00 0.09 0.85 81.44 2.56 0.03 0.00 0.02 0.00 

11 0.00 0.00 0.00 0.00 0.01 0.24 27.53 2.18 0.02 0.01 0.02 0.00 
12 0.00 0.00 0.00 0.00 0.06 0.26 5.46 2.40 0.02 0.01 0.02 0.00 
13 0.00 0.00 0.00 0.00 0.15 2.17 3.1/l 2.45 0.02 9.60 0.02 0.00 
Id 0.00 o.oo 0.00 0.00 0.08 262 .17 6.08 2 .11 0.02 0.22 0.02 0.00 
JS 0.00 0.00 0.00 0.00 0.66 462.U 4.06 2.38 0.02 0.01 0.02 0.00 

16 0.00 o.oo 0.00 0.00 8.50 13.46 2.34 26.09 0.02 0.02 0.02 0.00 
17 0.00 0.00 0.00 0.00 3.25 2.58 1.41 25.07 0.02 0.02 0.02 0.00 
18 0.00 0.00 0.00 0.00 1.08 1.28 1.08 7.07 0.02 0.02 0.0! 0.00 
19 0.00 0.00 0.00 0.00 0.53 0.92 1.17 d.55 0.02 0.02 0.01 0.00 
20 0.00 0.00 0.00 0.00 0.29 0.70 J.32 5.96 0.02 0.02 0.01 0.00 

21 0.00 o.oo o.oo 0.00 0.25 0.47 0.86 18.110 0.02 0.02 0.01 0.00 
22 0.00 0.00 o.oo 0.00 0.5l 0.25 0.66 9.8'1 0.02 0.01 0.01 0.00 
23 0.00 o. 00 0.00 0.04 0.45 0.06 0.29 4.28 0.01 0.02 0.00 0.00 
24 o.oo 0.00 0.00 0.02 OAl 0.05 0.22 2.71 0.01 0.02 0.00 0.00 
25 0.00 0.00 0.00 0.00 0.06 0.07 0.25 2.19 0.01 0.02 0. 00 0.00 

26 0.00 0.00 0.00 0.00 0.02 0.13 o. 26 1439. 77 0.01 d.'11 0. 00 0.00 
27 0.00 0.00 0.00 0.00 0.02 0.31 0.6) 96.59 0.01 1.06 0.00 0.00 
2B 0.00 0.00 0.00 0.00 0.02 0. 70 2. 34 33.26 0.01 0.01 0.00 0.00 
29 0.00 0.00 0.00 0.00 J. IS 2.40 10.54 0.01 O.Ol 0.00 0.00 
30 0.00 0.00 0.00 0.00 1.56 1.43 5.16 0.01 0.01 0.00 0.00 
31 o.oo 0.00 0.00 1. 53 3.25 0.02 0.00 

HJN 0.00 o.oo 0.00 0.00 0.00 0.03 0.01 0.45 0.01 0.00 0.00 0.00 
MAX 0.00 0.00 0.00 0.04 8.50 462.14 ei.114 11139. I 7 2.83 9. 60 0.02 o.oo 
AVG 0.00 0.00 0.00 0.00 0.59 24.115 4.87 63.lJ 0.33 a.so 0.01 0.00 

RUNOFF: 
AC-FT 0 0 0 0 33 1504 290 3882 19 31 I 0 
lliCHES o.oo o.oo 0.00 0.00 0.01 0.66 0.13 1. 71 0.01 0.01 o.ao o. 00 

WATER VEAR EXTRE~ES: IWl!HUH · 0.00 (0Cf l), HAX!HUH -1439.77 (HAY 26), AVERAGE · 7.96 
\./AfER VEAR TOTAL RUIIO~F: 5759.5 ACRE-F£€T, 2.54 WATERSHED INCHES 

Table 17: Auerage daily discharge, Spring Hollow upstream from Bennett Spring. water year 1989-1990. 
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SUHMARI', WAHR \'EAR 1989 - 1990, FOURNILE CREEK NEAR ROUTE P GAGING STAllOtJ 

DALLAS COUNTY: SWl/~ SWl/4 SEC. 9, T, 3~ N., R. 18 W. 
37 0£G <iO NII, 31 SEC NORTH LATITUDE, 92 DEG 55 NJN 13 SEC \olEST LONGllUOf 

LANO SURFACE ELEVAl ION: 925 FEET ABOVE ~EAN SEA LEVEL. 11EASURING POINT IS AOJUST(O N!Nl~UN STREfu'1 SEO ELEVATION 
OR;.INAGE t...REA : 26.9 SQUARE NILES, 11216 ACRES 

TYPE OF INSTALLATION: TKOR PRESSURE TRANSDUCER ANO DATA LOGGER RECORDER INSTALLED IN 19B9, l \TAR OF DATA 
(NOTE: Hh DENOTES MISSING DATA, e-111SSING OUT ESTIMTEO) 

DAV 

2 
3 
A 

5 

6 
7 
8 
9 
10 

II 
l? 
13 
l~ 
15 

16 
17 

18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
)0 

)1 

HIN 
HAli 
AVG 

RUNOf'F: 
AC · FT 
I NC HES 

ocr 

o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0 . 00 
o.oo 
0.00 
o.oo 

0.00 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 
0.00 
o.oo 

o.oo 
0.00 
0. 00 
0.00 
o.oo 

0.00 
o.ao 
0.00 
o.ao 
0.00 
0.00 

o.oo 
o.oo 
0.00 

0 
0.00 

NOV 

o.oo 
0.00 
0.00 
0.00 
0.00 

(). 00 
o.oo 
0.00 
o.oo 
0.00 

0.00 
o.oo 
o.oo 
0.00 
o. 00 

o.oo 
o.oo 
0.00 
0.00 
o.oo 

o. 00 
0 . 00 
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0 . 00 
o.oo 
0. 00 

o.oo 
o.oo 
0.00 

0 
o.oa 

AVtRAGt DAILi' D!SCKARGE (CUBIC FEET PER SECOND), WAfER VEAR 1989 1990 

DEC 

o.oo 
0. 00 
0.00 
0.00 
0.00 

0. 00 
0.00 
0.00 
o.oo 
0.00 

o.:io 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
o.oo 

0.00 
0.00 
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O.OG 
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o.oa 
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0 

o. 00 
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0.00 
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0.00 
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0.00 
0.00 
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0.00 
0.00 
0.00 
1.39 
3. 06 

2 .18 
I. 76 
0.3} 
1.54 
2 .1<1 

2.97 
0.09 
2.94 
3.89 
0.04 
0.00 

0.00 
3.89 
0. 72 

44 
0.03 

FEB 

o.oo 
0.26 
1. Jt 
4.53 
4.3d 

1.39 
1.48 
1. 47 
1. 83 
5. 32 

2.24 
5.05 
l. 72 
2. 51 
3.69 

50. 73 
13 . 90 
19 .82 

7. 72 
5.10 

9.60 
2.82 
1.15 
2.92 
7.26 

8.53 
10.79 

7.65 

0.00 
so. 73 
6.61 

367 
o. 26 

MAR 

1. 80 
3. 12 
7.B9 
4.14 
3.20 

3.46 
3.93 
3.41 
2.00 
2.16 

10 . 58 
8.51 
2.5) 

154.Bl 
744.91 

94.30 
44,07 
45.88 
32.dJ 
82.22 

43.00 
9. 97 

35 . 44 
133 . 63 
60. JB 

16 . 9d 
16.10 
12.43 
17.57 
15.96 
11.56 

1.80 
744.91 
52.52 

3229 
2.25 

APR 

16 . 08 
14.33 
10.24 
16.95 
11.05 

13.05 
25.63 
19.94 
ll .34 

136.92 

52.91 
32.13 
1).68 
28.SS 
26.20 

9. 58 
12.37 
11. 66e 
10 . 94e 
10.23e 

9.52e 
8. BOe 
B.09e 
7.38 
4.8B 

3.85 
3.43 
6.60 
3.67 
6.06 

0.00 
136.92 

18.20 

1083 
a. 1s 

10 . 13 
7.60 

159 . 44 
85.18 
31.80 

16.53 
6.37 
6.11 
4.14 

11.16 

12.81 
a.co 
7. 21 
) . 70 
0. 58 

0.59 
5.59 
1.16 
0.00 
0.00 

0.01 
0 . 00 
0.08 

0.00 
158.44 

16.40 
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Table 18: Auerage daily discharge, Fourmile Creek near Route P, water year 1989-1990. 
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Figure 24 : Hourly stage height. Goodwin Hollow at Evans /arm. November 15, I 989, through March J 4, 1990. 



The Hydrogeology of the Bennett Spring Area 

Photo t 0. Goodwin Hollow. a major losing stream in south-central Missouri, drains more than 72 mi1
, yet is usually 

dry because it loses most of its flow into the subsurface. Depending on location. water lo.st into the 
subsurface in Goodwin Hollow watershed provides recharge to Bennell Spring. Sweet Blue Spn·ng, and 
Haha.lonka Spring. 
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rainfall. Between Highway 64 and the gaging 
station, the channel has a very irregular bed 
and steep side; bed material consists of gravel 
in some places but stoney clay and silt in 
others. Downstream from the gaging station, 
the channel widens and is floored with gravel, 
cobbles, and boulders. 

There were numerous problems with the 
Goodwin Hollow gaging station. Equipment 
malfunction caused data collected between 
October 2 and November 15, 1989, to be.lost. 
The equipment functioned normally from 
November 15 until March 13, 1990, when 
flooding badly scoured the relatively narrow 
channel, dislodging and damaging the trans
ducer. Data stored in the datalogger was 
usable, but apparently the datalogger was 
damaged by lightning and would no longer 
function properly. 

The four-month period of record collected 
at this site ts not sufficient to estimate water
shed runoff volume with any accuracy. and no 
attempt was made to develop a rating table 
for the station. However, the stage values 
recorded between November 15, 1989, and 
March 14, 1990, supplemented with field ob
servations, do provide Insight as to the water
shed response to precipitation . Figure 24 Is a 
plot of hourly stage heights above the zero 
flow-point for the period November 15, 1989 
to March 14. 1990. There was no sig nifi cant 
flow in Goodwin Hollow at the gaging station 
between October I, 1989, and November 13, 
1989. On November 14 and 15, 1989, Leba
non 2W weather observation station, 1.5 miles 
south of the gaging station, reported 3 .32 
inches of rainfall. Data from the gaging sta
tion begin 1300 hours November 15 when 
flow was an estimated 20 to 30 ft 3/sec . Flow 
ended about 1200 hours November 17. Flow 
occurred again from about 0800 hours Janu
ary 17,toabout0600hoursJanuary21, l990. 
From January 16 through January 19, Leba
non 2W reported 3.21 inches of rain . At peak 
flow, the water in Goodwin Hollow at the low
w~ter crossing a few hundred feet downstream 
from the transducer was about 1.9 feet deep . 
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Two flow events were recorded in February. 
The first was minor, and followed about 1 inch 
of rain. The second, on February 15, after 
0.93 inches of rain, resulted in about 2.3 feet 
of water Jn the channel. Rainfall in early 
March caused minor flow to occur in Goodwin 
Hollow at the gaging station, but the next 
significant flow event, and the last recorded 
by the station, was a flood that occurred at 
1700 hours March 14, 1990. Relatively small 
but frequent rainfall events through February 
and early March did not generate appreciable 
surface-water runoff in the watershed, but did 
saturate the soil materials . On March 14 and 
15, Lebanon 2W reported 2. 7 5 inch es of rain 
fall, enough to cause flooding in Goodwin 
Hollow. There was about 8 feet of water in the 
channel at the transducer (5 . 1 feet above the 
zero flow point) when it was scoured from the 
channel. Although these data do not allow the 
amount of runoff to be calculated, they do 
serve to show that Goodwin Hollow upstream 
of the gaging station loses much of its flow 
into the subsurface, and responds to heavy 
precipitation much like Spring Hollow. 

MAJOR SPRINGS IN THE 
BENNETT SPRING AREA 

Although this study centers around Bennett 
Spring and its recharge area, considerable 
data were also collected from other major 
springs in the study area . Several of these 
springs were found to share recharge areas 
with Bennett Spring, and others have recharge 
areas that adjoin the Bennett Spring recharge 
area. Several of these springs are not shown 
on U.S. Geological Survey 7.5 minute topo
graphic maps, and were previously unreported. 
No attempt was made to locate all of the 
springs in the area; there are, undoubtedly, 
many smaller springs that were not found 
during the course of this study. Major springs 
discussed in this report are shown on figure 
2 5. With the exception of Bennett and Hahatonka 
springs, all of the major springs in the study area 
are on, or reached by, crossing private property. 
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;;;;;;;;;=======================;;;;;;;;;=======;;;;;;;; Majo.- Sp.-ings 

BENNETT SPRING 
(NW1/• SEC. 1, T. 34 N., R. 18 W.) 

Bennett Spring, less than a mile west of the 
Laclede County line In Dallas County, is the third 
largest spring in Missouri and the largest spring in 
the Niangua River basin (photo 11). Water rising 
from the SO-foot diameter spring basin passes 
upward through a steeply-inclined phreatlc cave 
passage developed in the Gasconade Dolomite. 
Divers have explored and mapped the Inclined 
spring conduit to a depth of about 80 feet and a 
horizontal distance of about 130 feet (fig. 26). The 
passage continues, but gravel chokes most of Jt. 
Higher velocity of the water resulting from the 
decrease in cross-sectional area has halted explo
ration (Porter, 1986). 

Discharge at Bennett Spring is measured at a 
stone gage house a few hundred feet downstream 
of the rise pool. Forty-one years of discharge 
records are available from the U.S. Geological 
Survey (1916--1919, 1928-1941, 1965-1990), and 
the average discharge is 170 ft3/sec, or about 110 
million gallons per day. Prior to May 26, 1987, 
discharges were detennined by daily staff gage 
readings. Since then, stage is measured and 
recorded every 15 minutes using a digital water
level recorder installed at the gage house. Instead 
of a single stage observation each day, the re
corder takes 96 stage readings in a 24-hour period. 
Discharges are calculated from stage heights us
ing a rating table developed and maintained by the 
U.S. Geological Survey. 

The Bennett Spring rise pool is In the bot
tom of Spring Hollow along the east edge of 

the channel. There is no spring branch, per 
se, where a gaging station can be constructed 
to measure only flow from the spring, so 
reported discharge includes the flow from 
Bennett Spring plus runoff from Spring Hol
low. The pressure transducer-datalogger in
stallation just upstream of the spring allows 
correction for the surface-water runoff. Dur
ing water year 1989-1990, average discharge 
of Spring Hollow at the gaging station down
stream of Bennett Spring was 216 ft 3/sec 
(table 19). Average discharge of Spring Hol
low upstream from Bennett Spring was about 
8 ft>/sec, so the average amount of water 
discharging from the Spring was actual I y a bout 
208 ft3/sec (table 20). These data indicate 
that during a normal year, there is a relatively 
small difference between discharge measured 
in Spring Hollow downstream from Bennett 
Spring, and the actual discharge of the spring. 
The actual long-term average discharge of 
Bennett Spring is probably no more than 4 to 
5 ft 3/sec less than measured at the gaging 
station, or about 165 ft 3/sec. 

Figure 27 shows discharge measured at the 
gaging station downstream from Bennett Spnng 
during water year I 989-1990, which also contains 
runoff from Spring Hollow. Figure 28, showing 
discharge of Bennett Spring, was produced by 
subtracting the average daily flow of Spring Hol
low upstream from Bennett Spring from average 
daily discharge measured Just downstream of 
Bennett Spring. 

SAND SPRING 
(NE1/• SEC. 36, T. 35 N., R. 18 W.) 

Sand Spring, also known as Conn Spring, Is 
west of the Niangua River on the south side of 
Highway 64 a few hundred feet downstream of 
where Bennett Spring flow enters the river. The 
spring is In Dallas County about 700 feet from the 
Laclede County line. The spring rises through the 
sandy alluvium in the bottom of a shallow mill 
pond on the Niangua River floodplain; outfall from 
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the pond flows through a concrete sluice Into the 
spring branch, and Into the liver (photo 12). The 
floodplain alluvium overlies Gasconade Dolomite 
in this area. 

Discharge of the spring was measured five 
times between 1932 and 1964, and averaged 4.85 
ft3/sec (Vineyard and Feder, 1974). Minimum and 
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Agure 25: Major springs in the Bennett Spring area discussed In this report. 
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SU~t\ARI' , WA I' •{ Y(AR 1989 - 1990, BEN t TT SPRJNG GAGIP.G S1ATIOH ( I SCL UD£ S R:.;:;o~ F f" RO~, SPR It,:; H~. \ CN) 

!},;~!AS (:);.;:;TV: NE! /4 ·,wl /4 SEC. l. T. 34 •l., R. 18 ll , 

37 ClG .lj l'IJI, 03 Sl::C l,i.:RTH LATI TUDE. 92 DEG 51 11JIJ 26 StC ',EST LOtlGI T Of 

LANO SUR~AC( cLfVATIO~: 866 FEET A80'JE t1E,:.N SEA LEV[L . r!U,SUflIIIG POINT IS 864.71 fl A80Y( NArlOHAL GEODETIC 
VERTICAL DATUl1 OF 1929. 

SPR I liG Rf ,:;; ,\Kr,: ;.R ic,:. : 265 SQUARI ~IL ES, 169600.0 ACRES, DISCHARGE INCLUDE S RUNOF FRON 42 . 5 sou;,R, ". ii.~ AR:A 
!ii SPRING IIOLLOI,' '.lATERSHEO. 

T'iP£ Of" 11,SIALLA! ICII : ST('.'UlS DIGITAL \olATER STAGE RECORDER lt-lSTALL D ,'1A\' 16, 19B7. PRIOR TO l'IA \' !6, 1987 , 
~ON~[ CORO[NG STAGE. 41 VEARS OF RECORD. S(ATION OPERATED 8~ THE U. S. GEOLOGICAL SURVEY. 

A'J(RAGE OA IL v D 1 SCf!ARGE (CUBIC f"[H PER SE CONO) • IJATER \'EAR 1989 1990 

OJ..V OCT NCV DEC JNJ l'E8 MAR APR HA'/ JUN JlJL AUG SEP 

l 114 105 l 18 105 132 186 292 252 437 196 18) 149 
'I ll 4 jQA 116 105 159 184 28! 245 410 194 178 148 
3 l lll 104 116 104 161 184 269 491 382 192 175 148 
j 113 lOd 114 109 !61 180 260 607 36] !BB 231 149 
5 Jiu 105 114 108 Ill 177 252 519 342 185 245 148 

6 i 15 105 112 106 178 1,4 ?4) 4d9 328 185 211 148 
1 115 108 112 105 182 181 24) 402 314 183 1% )49 

8 )l4 lOJ 110 105 179 259 234 371 300 181 187 lil8 
9 ll.l 104 llO lOA 176 212 229 348 292 179 181 148 
10 l 13 105 108 104 177 255 408 325 285 l76 176 148 

11 Ill 105 !CB 103 174 243 d26 301 277 I TR 173 150 
l2 l\O iOS :u9 102 166 270 362 317 211 J8 :l 11 l 151 
13 109 105 l06 102 160 2BO 333 327 264 26~ 110 150 
14 109 183 l06 lOJ 154 771 364 )l) 259 226 167 1,19 
IS 109 242 1·06 10) 265 1202 :354 3)7 258 201 163 148 

16 108 204 1c.1 !02 '102 610 33,1 391 251 189 165 !dB 
II 107 166 10.1 139 345 il98 321 415 246 \BJ 115 146 
18 106 149 1011 118 30d J29 306 428 2'12 178 175 147 
19 107 139 104 l)J 272 379 294 399 239 116 l/0 151 
20 108 133 10d 321 249 3.u 286 )96 236 173 165 149 

21 108 128 102 287 234 )20 279 d56 232 112 162 l'19 
22 !07 125 102 245 23d 301 212 466 231 17) I 5" 150 

23 107 1n 102 216 245 280 264 425 226 P t ; 5 7 147 
24 106 120 lCJ 193 2)6 266 256 )91 no 16il loS 146 
25 105 120 104 \15 217 255 250 368 2l4 Hi:'> 15S 145 

26 105 120 !O~ !60 206 259 244 2159 213 225 153 l~5 
27 105 120 104 152 198 259 243 774 209 296 153 l4j 
28 105 120 104 14!"> 190 269 281 653 206 247 152 1aa 
29 105 120 104 147, 290 280 571 202 220 LSL 1~] 

30 105 ll 8 106 l'.JJ 290 26S 508 198 202 150 143 
3l 105 106 133 297 464 191 150 

l'i] N IC~ lOd l C7 102 132 174 229 245 !98 165 150 1CJ 
KAX 11 5 24.? 1 !O 321 ~02 1202 426 2159 43/ 296 245 151 
AVG 109 126 ] (l l 144 212 328 29) 481 212 195 17) Jd8 

OISCHARG[: 
AC- F 6718 7521 6595 8B58 11758 20160 173\0 29562 16155 11980 10631 8779 

~AT ER VEAR EXTRE~fS : MH;iKU, - ; ::l2 ( OEC 21). ti/\.~ I 11Ul1 - 2159 (II.AV 26). A'/(RAGE - 216 
..,AT[R VEAR TOTAL OISCH1\aGE : 15602~ ACRE -FEET 

Table 19: Auerage daily discharge, Bennett Spring gaging station, water year 1989-1990. 
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Major Springs 

S~NNARY, WATER VEAR 1989 · 1990, BfNNETr SPRING GAGING STATION (CORRECTED FOR SURFACE RUNOFF ~ROH SPRING HOLLOW) 

OALLAS COIJNTV : "l(l/4 N';!J/4 SEC . L T. JAN ., R. IE! w. 
37 OEG 43 HPJ OJ S(C NORTH LATITUDE, 92 DEG 51 HIN 26 S(C WEST LONGJTUOE 

LANO SURFACE ·ELEVATION: 866 FEET A80V£ ~EAH SEA LEVEL . i1£ASUA I NG PO !NI IS 864.71 FT ABOVE NATIONAL GEODETIC 
vrnr l CAL DA TUN OF 1929. 

RECHARGE AREA : 26S SQUARf NILES, 169600.0 ACRES 

T\'PE OF INST AL LAT !ON: STEVENS OJGITAL ~ATER STAGE RECORDER INSTALLED HAY !6, 1987 . PRIOR TO ~AV 16, 1987 
NONRECOROJNG STAG[ , 41 YEARS CF RECORD . STATION OPERAf£0 BY THE U. S. GEOLOGICAL SURVEY 

AVERAGE DAILY DISCHARGE (CUBIC FEET PfR SECONO), WA fER Vf AR 1989 1990 

OA V on /JOV DEC JAN FEB HAR APR MAY J UN JUL AUG SEP 

1 lld 105 l !8 JDS 132 186 291 251 434 196 183 149 

2 l 14 104 l 16 105 159 184 280 244 407 194 )18 148 
3 l 14 104 116 104 )61 184 268 382 380 192 175 )48 
4 113 104 114 109 161 180 260 507 360 198 731 148 
5 11.:1 105 ll.:1 JOB 172 176 252 491 342 185 245 148 

6 115 105 112 106 l 78 173 247 440 327 185 21 l 148 
7 115 108 112 105 182 181 241 397 3)4 183 196 148 
8 114 104 110 !OS 119 258 234 368 300 181 187 l.48 
9 114 104 110 104 176 271 229 345 292 179 181 148 
10 1:3 105 108 lOA 177 254 327 322 285 176 176 148 

ll Ill 105 108 103 174 242 390 304 277 178 173 150 
12 110 105 108 102 166 270 357 '.ll5 271 103 170 151 
13 109 105 106 102 160 278 330 325 264 255 l69 150 
14 109 IGJ 106 103 154 509 358 )JD 259 225 167 l.:19 
15 109 2<l2 l06 103 264 740 350 314 ]58 201 163 140 

16 108 204 104 102 394 596 )3( 365 251 189 165 l48 
I 7 107 166 104 139 342 495 320 449 246 183 175 ld6 
18 106 li.l9 104 118 303 428 J()4 421 242 178 175 147 
19 107 139 104 173 272 378 293 395 239 176 l70 151 
20 108 133 10d 321 248 34) 285 390 236 113 165 1-19 

21 108 128 102 287 234 320 279 437 232 172 )62 149 
22 107 125 102 245 234 301 271 457 231 17 3 159 150 
23 107 122 102 216 2115 290 264 <l21 226 170 15) 147 
24 106 120 )03 193 236 266 256 3BB 220 168 155 146 
25 105 120 104 175 217 255 250 366 214 165 155 145 

26 105 120 104 160 206 259 244 721 213 2/.0 153 145 
27 105 120 104 15:? l98 259 243 678 209 295 15) 144 
28 105 l]O 104 145 190 268 279 620 206 211 7 1S2 14A 
29 105 120 104 142 288 277 560 202 no 151 143 
JO 105 118 106 137 288 264 503 198 202 150 143 
31 105 106 133 296 461 191 150 

tllN 105 104 102 102 132 173 229 244 198 165 150 143 
i'IAX 115 242 118 321 394 7'30 398 121 434 295 245 151 
AVG 109 126 )07 144 211 303 286 418 271 194 173 148 

DISCHARGE: 
AC- FT 6718 7521 6595 8858 11130 18657 17024 25680 16136 11946 10627 8779 
J/JCHES 0.48 a .SJ 0.47 0.63 0. BJ I. 32 I. 20 1.82 I. 14 a.as o. 75 0. 62 

WATER VEAR EXTR EMES : t'i!NINLIH 102 (DEC 21) , M,\X!MUN - 740 (MAR 15), AVERAGE 207.57 
TOT AL DISCHARGE: 150271 ACRE -~EET, 10 . 63 ~ATERSHED (NCK£S 

Table 20: Average daily discharge, water year 1989-1990, al Bennett Spring. F1ow correct.ed for discharge 
of Spring Hollow upstream from Bennett Spring. 
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Figure 27: Average daily discharge hydrograph, Bennett Spring gaging station., water year 1989-1990. Data in.eludes runoff from Spring Hollow. 
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maximum discharge values were 4.57 ft 3/sec and 
5.06 ft3/sec, respectively. The spring flow was 
measured twice during this study. On April I 8, 
1990, during relatively wet weather, the spring 
measured 8.16 ft3/sec, and on September 25, 
1990, after several weeks of dry weather, it mea
sured 3.96 ft3/sec. Although the spring is small in 

comparison to Bennett Spring, it has a well-su 
tained dry-weather base flow. Many springs c 
similar size have highly variable discharges. San, 
Spring discharge does increase in response t< 
local rainfall, but its relatively constant dry 
weather flow makes it an interesting and some· 
what unique spring. 

FAMOUS BLOE SPRING 
(NW 1/• SEC. 36, T. 35 N., R. 18 W.) 

Famous Blue Spring in Dallas County is about 
3,000 feet southwest of Sand Spring on the same 
side of the Niangua River. It rises from a I 5-foot 
diameter pool developed in the Gasconade Dolo
mite in the bottom of a small hollow on the edge 
of the floodplain (photo 13). Water in the ris~ pool 
is normally quite dear, and it is possible to see 15 
to 20 feet downward into the sand-bottomed bed
rock conduit. 

Missouri Speleological Survey divers Kurt Olson 
and David Porter made an exploratory dive into 
the spring on August 4, 1990. They found the 
orifice at the base of the rise pool to be nearly 
choked with logs and boards, but managed to 
circumvent the debris and continue exploration of 
the phreatic cave. The passage is high, narrow, 
and slopes steeply downward. The floor is coarse 
sand, but the walls are dolomite, heavily sculpted 
by solution. They managed to explore the spring 
conduit for a bout I 00 feet, reaching a depth of 
about 61 feet where the sand floor came to within 
1.5 feet of the ceiling. Here, sand from the floor is 

kept in constant agitation by the velocity of the 
water, causing a billowing cloud of suspended 
sediment. A quiet pocket some 15 feet closer to 
the entrance has water moving vertically upward 
through the sand with enough velocity to suspend 
it several inches from the bottom of the pool 
(Porter, 1990; written communication). 

Famous Blue Spring discharge was mea
sured four times between I 933 and 1964. 
Minimum and maximum measured discharges 
were 2.39 ft 3/sec and 4.44 ft 3/sec, with an 
average of 2.99 ft 3/sec (Vineyard and Feder. 
I 97 4). The spring was gaged twice during the 
present study. On April 18, 1990, during 
relatively wet weather, discharge was 8.05 
ft 3/sec, and on September 25, 1990, during dry 
weather, flow was 4.07 ft3/sec. Uke Sand Spring, 
Famous Blue Spring has a well-sustained base 
flow even during veiy diy weather and responds to 
local precipitation. Its low and high flows do not 
vary as widely as many similar springs of 
comparable size. 

SWEET BLOE SPRING 
(NE 1/• SEC. 30, T. 36 N., R. 17 W.) 

Sweet Blue Spring is on the east side of the 
iangua River. west of Eldridge, in northwestern 
l cl ede County. The spring rises from a deep pool 
){)red with sand and gravel at the base of a low 
;ff of Gasconade Dolomite. The Niangua River, 
ly a few feet lower and 150 feet west of the 
ing, inundates the spring during floods. Sweet 
llow, a losing stream draining several square 
es, Intersects with Sweet Blue Spring branch 
r the river's edge. 
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Divers have been unable to penetrate an appre
ciable distance into the phreatic conduit supply
ing the spring, but have reported the water rising 
through the grave! floor of a circular room some I 5 
feet in diameter and 12 feet high that is reached 
through a cave entra nee 10 feet wide by 5 feet high 
at the bottom of the spring basin. The base of the 
gravel floor in the rise room is about 4 7 feet deep, 
and ascending water creates a gravel plume 3 to 
5 feet high (Vineyard and Feder, l 974). 



Photo 12. Sand Spring rises lhrough the boltom of a pond on the northwest sideo/lhe Niangua Riuernear Bennell 
Spring Stale Park. From the pond, ils {low is channelled through a concrete sluice and past a waler 
wheel before it enters Lile Niang~ Riuer a few hundred {eel away. 
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Photo 13. Famou.s Blue Spring rises from a water-filled cave several hundred feet nort.h of the Niangua Riuer. Its 
recharge area, which is shared with Sand Spring, lies mostly to the south on the opposite side of the 
Niangua River. Water discharging from both springs must cross under the Niangua River. 
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Six discharge measuremenls taken between 
1925 and I 964 showed Sweet Blue Spring's dis
charge to average 13.2 ft3/sec, with minimum and 
maximum measured flows of I 1.0 ft3/sec and 15.6 
ft 3/sec (Vineyard and Feder, 1974). More recent 
work (Harvey et al., l 983) shows this value may be 
too low. Four discharge measurements taken 

between June, 1 976, and August, 1977. averaged 
28.5 ft 3/sec, with minimum and maximum mea
sured flows of 20. 7 ft3/sec and 47.2 ft3/sec. Appar
ently, data in Vineyard and Feder (1974) reflect 
primarily low base-flow conditions. Average flow 
of the spring is probably about 20 ft3/sec. 

JOHNSON-WILKERSON SPRING 
(SE 1/4 SEC. 2. T. 32 N., R. 19 W.) 

Johnson-Wilkerson Spring in southern Dal
las County is one of several significant ground· 
water out I ets found during this study that were 
previously unreported. Water rises from allu
vium in at least two locations on the east side 
of the Niangua River west of Conway, Mis
souri . One spring rise is in the channel of a 
small ephemeral watershed about 1,500 feet 
from the Niangua. The other major rise is 
about 600 feet from the river and south of the 
channel draining the upstream outlet ; their 
flows merge and enter the Niangua about 300 
feet upstream from the Route M bridge and 
1,200 feet downstream from the mouth of 
Jones Creek. Here, the Niangua River flows on 

Roubidoux Formation with Jefferson City Dolo
mite underlying the upland area. 

Little information exists on the spring; Skinner 
(1979) mentions the spring and supplies its name, 
but it is not shown on the Long Lane 7.5 minute 
quadrangle map nor listed in Springs of Missouri. 
Its discharge was measured once during this 
study. On September 25, l990, flow was 3 .71 
ft3/sec. Flow estimates made during 1989 and 
1990 indicate an average flow of about 3 to 5 ft3 

/ 

sec. The spring has a well-sustained base flow 
even during dry weather. Wet-weather discharges 
are considerably higher, and flows exceeding an 
estimated 12 ft3/sec have been observed. 

JAKE GEORGE SPRINGS 
(SW 1/4 SEC. 13. T. 32 N., R. 19 W.) 

A few hundred yards downstream of the Webster
Dallas County line, flow characteristics of the 
Niangua River change considerably. Though there 
is perennial flow upstream for several more miles, 
dry-weather flows are quite small, often less than 
1 ft.3/sec. Over a distance of a few hundred feet, 
water from several groundwater outlets increase 
the Niangua River low-flow discharge several hun
dred percent. Jake George Springs enter the 
Niangua from several places on the floodplain. 
Two distinct spring rises occur on the east side of 
the river; one is an alluvial rise pool, the other is 
from bedrock openings in the Roubidoux Forma
tion on the east valley wall. Another alluvial rise 
pool lies a few hundred feet downstream on the 
west side of the river. Spring branches from all 
three rises enter the river within about a 200-foot 
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reach. A short distance upstream, groundwater 
enters the river from a 200-foot line of seeps 
discharging from a low alluvial terrace. 

Jake George Springs are not shown on the 
Beach 7 .5 minule quadrangle, and little informa
tion exists for the springs. Skinner ( 1979) lists the 
spring, but provides no additional information. 
Harvey et al. (1983) measured the springs in 
November, 1975, and found the river discharge to 
increase from 5.5 ft3/sec to 25 ft3/sec, an increase 
of 19.5 ft3/sec, due to inflow from the springs. On 
November 3, 1990, during relatively dry weather, 
river discharge upstream from the springs was 
1.68 ft3/sec, and downstream the discharge was 
15.8 ft3/sec, an increase of 14. l ft3/sec. High-flow 
characteristics of the springs are unknown. 
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Even Lhough there are several distinct outlets, 
temperature, fluorometric, and specific conduc
tivity characteristics indicate the water is from a 
common source. Temperature and conductivity 
of the springs were measured several times 
and did nol vary between individual rises . Back
ground spectrofluoro-grams of the springs were 
also nearly identical. 

There are other springs upstream from Jake 
George Spring in the Niangua River basin, but all 
are much smaller. In very dry weather, flow of the 

Niangua ceases at losing zones near the East 
Fork-West Fork confluence about 3.5 miles up
stream. Bet ween Roule Ya nd Jake George Springs. 
some water enters the river from sm a II springs and 
there are several large pools, but significant flows 
do not begin before Jake George Springs. 

Water discharging from Jake George Springs 
likely rises from bedrock openings in the Roubidoux 
Formation beneath the alluvium. Local residents 
report that floods will alter the river channel, and 
change the locations where some of the springs rise. 

HAHATONKA SPRING 
(SW 1/4 SEC. 2, T. 37 N., R. 17 W.) 

Hahatonka Spring. in Ha Ha Tonka State 
Park, is in Camden County outside of the 
study area for this report. However, since 
previous work shows the spring receives re
charge from within the study area, lt was 
monitored as pa rt of the dye tracing study. 

With an average discharge of about 77 ft3/sec, 
it is the largest spring in Camden County. Mini
mum and maximum recorded flows are 43 ft3/sec 
and 175 ft3/sec (Vineyard and Feder, 1974 ). The 
spring discharges from a phreatic cave developed 
in the upper part of the Eminence Dolomite. 
Lower Gasconade Dolomite and the Gunter Sand
stone member crop out in the valley walls around 
the spring branch. The spring rises at the head of 
a narrow, deep valley that likely developed by 

collapse rather than by surface erosion. A bed
rock island, containing several caves and heavily 
weathered bedrock, divides the spring branch a 
few hundred feet downstream of the spring. Be
yond the island, spring flow enters the Niangua 
arm of Lake of the Ozarks. 

Hahatonka Spring is one of many karst features 
occurring in the immediate area. Several major 
sinkholes, one containing a large natural bridge, 
lie within a few hundred yards east of the spring. 
River Cave, which pirates flow from surface drain
age and channels it into the Hahatonka Spring 
conduit system, is 2,000 feet to the northeast. 
Divers entering the spring have made the under
water connection with River Cave (Porter, 1990; 
personal communication). 

BIG SPRING 
(NE 1/4 SEC. 6, T. 32 N., R. 15 W.) 

Big Spring on the Osage Fork of the Gasconade 
River is likely the largest spring In Laclede County. 
The spring rises from a low, wide, bedrock open
ing in Gasconade Dolomite at the bottom of a 
deep pool on the west side of the river. The spring 
is shown on the Russ 7.5 minute quadrangle map, 
but is actually about 400 feet upstream of where 
shown on the map. Because it rises directly in the 
river, its flow can only be measured by subtracting 
river flows measured upstream and downstream 
of the spring. It has been measured only a few 
times during relatively low flow periods. Big 
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Spring has a low base flow of about 17 ft3/sec, but 
average flow is likely significantly higher. During 
wet weather, when the Osage Fork is several feet 
above low-flow stage, Big Spring's clearer water 
exits the conduit with enough hydrostatic force to 
create a sizable boil, and divert the river water 
away from the orifice . 

Divers Roger Gliedt, Kurt Olson, and David 
Porter have made two underwater explorations of 
Big Spring. They found the water to emerge from 
a low, narrow opening at the base of a Gasconade 
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Dolomite bluff at a depth of about lO feet. The 2-
to 3--fool high, 4-foot wide submerged cave pas
sage trends southeast, and was followed for a 
distance of about 250 feet to a depth of 2l feet 
below river level. Exploration ended in an 8-foot 
diameter, 5--foot high room where ceiling break
down restricted passage size. A second passage 
was found leading southwest from the main pas
sage. Along this 250-fool long passage, depth 

in creased from 22 feet lo 31 ; the shallow pa rt of 
the passage was floored with breakdown, but the 
ceiling in the deeper section had not collapsed . 
Interestingly, flow in this passage was toward the 
end of the passage, and not toward the spring 
outlet (Porter, 1990; written communication) . Fur
ther diving will be necessary to more fully under
stand the flow relationships in this spring. 

RANDOLPH SPRING 
(NE1/-1 SEC. 6, T. 32 N., R. 15 W.) 

Immediately downstream of Big Spring is a 
long gravel-bar island that divides the Osage 
Fork. Randolph Spring flows into the Osage 
Fork from the southwest side of the river at 
the downstream end of the island. The spring 
flows from a bedding-plane opening at the 
base of a 50-foot bluff of Gasconade Dolo
mite. The outlet is some 5 feet above and 50 
feet from river. Though not shown on the Russ 
7 .5 minute quadrangle map, Randolph Spring 
discharges a considerable quantity of water. 
The spring was previously unreported, and is 
not listed in Springs of Missouri (Vineyard and 
Feder, 1974). No flow measurements exist, 
but during low-flow conditions estimated dis
charge is about I to 2 ft3/sec . Wet weather 
flows are considerably higher. 

Missouri Speleological Survey divers David 
Porter and Roger Gliedt were able to enter the 
spling outlet and explore the phreatic conduit a 
short distance. They were able to penetrate the 
conduit about 50 feet, to a depth of 10 feet, where 
exploration ended in a small, gravel-noored room. 
Here, water rises through the gravel but no enter
able passages continue. 

Although Randolph Spring is less than 1,200 
feet downstream from Big Spring. the two appear 
to be hydrologically separate. Temperature and 
specific conductivity measurements at both springs 
show different water temperatures and dissolved 
solids contents. Temperature at Randolph Spring 
varies considerably with local rainfall , indicating 
relatively nearby discrete recharge. 

CLIFF SPRING 
(NW 1/4 SEC. 9, T. 35 N., R. 14 W.) 

Cliff Spring, in Laclede County, discharges from 
bedding-plane openings in the Gasconade Dolo
mite at the base of the valley wall on the west side 
of the Gasconade River. The spring flow has been 
measured only a few times, and it likely has an 
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average discharge of 2 to 4 ft3/sec. Flow, tempera
ture, and water-quality measurements indicate 
that recharge is very local and rapid. Tempera
tures as low as 50° F. were measured during wet 
weather in early spring , 1990. 
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GROUNDWATER TRACING 

INTRODUCTION 
Groundwater recharged through sinkholes and 

losing streams typically follows well-defined flow 
paths. The karst processes that formed these 
discrete recharge features simultaneously created 
the well-integrated labyrinth of bedrock conduits 
or cave-like openings that transport water to 
springs. Water entering the subsurface through 
sinkholes and losing streams moves rapidly 
through relatively large openings, making is pos
sible to trace this type of groundwater movement 
using specially developed techniques. 

For more than 30 years, fluorescent dyes have 
been used to determine the outflow points of water 
disappearing into the subsurface through losing 
streams and sinkholes . Dye tracing is an ex
tremely valuable technique; It allows a physical 
connection to be established between groundwa
ter recharge and discharge. Dye tracing consists 
of injecting harmless fluorescent dye into water 
entering a sinkhole or losing stream, then monitor
ing for that dye at springs or gaining streams 
where it may reappear. 

To be useful for groundwater tracing, dyes must 
be water-soluble, have sufficiently low adherence 
to earth materials, be environmentally safe, and 
be detectable in low concentrations. Several dyes 
have most of these characteristics, but two in 
particular, Rhodamine WT and fluorescein, have 
been used for the vast majority of dye traces 
conducted in the Ozarks, and were used for all of 
the dye tracing in the Bennett Spring area. Fluo
rescein is marketed under several names by differ
ent companies, and two brands of fluorescein dye 
were used. In this report, fluorescein refers to 
Pylam Pyla-tel Fluorescent Yellow Dye. Uranine 
C, fluorescein marketed by Chemcentral Dye
stuffs, was also used. Although nearly identical, 
the dyes are referenced separately in this report. 
Rhodamine WT is purchased in liquid form, and 
has a 20-percent dye content; fluorescein and 
Uranine Care dry powders. 

Though Rhodamine WT and fluorescein dyes 
are very colorful, and visible to the naked eye in 
relatively low concentrations, their fluorescence is 
the property that makes them most useful for 
groundwater tracing. The proper wavelength of 

60 

light directed on a fluorescent dye excites some of 
its electrons to a higher energy state. As the 
electrons return to ground state, photons of light 
are emilted. The emitted energy has a longer 
wavelength than that absorbed. A spectrofluoro
photometer is used to excite the fluorescent mate
rial, and detect and quantify the resulting fluores
cence. 

There are several ways that springs can be 
sampled for dye content . Water samples can be 
collected and analyzed for dye content. This type 
of sampling has the advantages of sl mplicity and 
low cost, but unless frequent samples are taken 
the peak of the dye cloud may be missed. Rela
tively smaU quantities of dye are injected into the 
subsurface and there is tremendous dilution in 
many spring systems. lt is quite possible that dye 
conlent in the spring water may be below detec
tion limits at times other than for a short time at or 
near the peak of dye passage. Automated water 
samplers can also be used, and alleviate the 
problem of sampling frequency. Typically these 
devices can collect up to about 30 samples at a 
user-specified time interval. Automated water 
samplers provide excellent information as to dye 
arrival time and dye content, but they are expen
sive pieces of equipment and can malfunction 
during freezing weather. 

The dye monitoring technique most often em
ployed, and used exclusively in this study, uses 
activated coconut charcoal to adsorb dye if it is 
present in the water. Small (2 inch by 3 inch) 
fiberglass screen wire packets containing about 
15 cm3 of 6-14 mesh activated coconut charcoal 
are placed at potential dye-recovery sites. Acti
vated charcoal packets have several advantages 
over water samples. They adsorb dye continu
ously. If dye is present in very low quantities, even 
below water-sample detection limits, activated 
charcoal will effectively concentrate the dye in the 
charcoal. The packets can be changed at frequent 
Intervals for accurate time-of-travel data, or can be 
left in place for several weeks if necessary. It Is 
important to place the activated charcoal packets 
so there is constant water movement through 
them, but if water velocity is too high the packets 
can be torn . Copper and plastic-coated steel wire 
were used to attach the packets to trees, roots, 



;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;======================= Groundwater Tracing 

large rocks, or other anchor points. Packets were 
generally replaced at one to two week intervals, 
depending on the site. During two dye traces, 
packets at Bennett Spring were changed daily to 
yield more accurate time-of-travel data. 

Dye analyses were performed at the Division of 
Geology and Land Survey's Environmental Trac
ing Laboratory in Rolla, Missouri. Here, the pack
ets were washed under a high-velocity water jet to 
remove sediment and extraneous material from 
the packets. The packets are opened, and the 
charcoal placed in plastic specimen containers. 
The charcoal is then elutriated with a 5 percent 
solution of ammonium hydroxide in ethyl alcohol 
to release the dye from the charcoal. After an 
hour, 4 ml of elutriant is pipetted from the char
coal, placed in a sample holder, and analyzed. 

A Shimadzu Model RF-540 scanning 
spectrofluorophotometer was used to determine 
the presence of fluorescent dye in the samples. 
The instrument is interfaced to an IBM PC, which 
controls the spectrofluorophotometer and records 
digital output data. Spectrofluorog rams are printed 
from the processed output data. Fluorescein and 
Uranine C, in a 5 percent solution of ammonium 
hydroxide in ethyl alcohol, have excitation peaks 
of about 500 nanometers (nm) and emission 
peaks of about 517 nm. Rhodamine wr has an 
excitation peak of about 550 nm and an emission 
peak of 568 nm. The spectral characteristics of 
the two dyes allow both to be used in the same 
area simultaneously; both can be analyzed during 
a single sample scan using the spectrofluoro
photometer. 

To analyze for dye content, the excitation 
and emission monochromators on the 
spectrofluorophotometer are set for a 17 nm 
spacing. Starting excitation and emission 
wavelengths are set at 4 7 5 nm and 492 nm, 
and ending excitation and emission wave
lengths are set at 5 7 5 nm and 592, respec
tively. During the sample scan, the mono
chromators, which control the light wave
lengths emitted and received, are advanced 
synchronously to maintain a 17-nm spacing. 
If the dyes are present in the sample, fluores
cence will be greatest when the excitation and 
emission monochromator wavelengths coin
cide with the excitation and emission peaks of 
the dyes. The spectrofl uorogra ms wi 11 con-
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tain an emission peak at about 5 I 7 nm for 
fluorescein and Uranine C, and 568 nm for 
Rhodamine Wt. Scan results are compiled by 
the computer, and graphically depicted on 
the spectrofl uorog rams. Figure 29 shows 
spectrofluorograms from a sample contain
ing no dyes, a sample containing fluorescein, 
a sample containing Rhodamine Wt, and a 
sample containing both dyes. 

Dye tracing in the study area began with plac
ing activated charcoal packets in springs and 
gaining streams to quantify background fluores
cence. Certain naturally occurring fluorescent 
materials can be present in the environment. 
Also, the dyes used for tracing have other com
mercial applications; fluorescein is used as a 
coloring agent in certain household products and 
automotive antifreeze. Background fluorescent 
data are used to determine if extraneous fluores
cent materials are present that could interfere with 
a dye trace. 

Dye injection locations must be carefully se
lected. The site must be a point of kn own surface
water loss. Additionally, there must be water 
available to carry the dye from the surface Into the 
subsurface. With sinkhole injection sites, this 
requires injecting the dye into runoff following 
heavy precipitation or hauling water to the sink
hole. Most losing streams are completely dry for 
long reaches in dry weather, but many have small 
springs along their reaches or on their tributaries 
that provide flow for a short distance before losing 
Into the subsurface. These are generally satisfac
tory dye injection sites. Many times, following 
precipitation, losing streams will carry water. 

An excellent time to inject dye into a losing 
stream is when stream flow is receding before the 
stream becomes completely dry. 

The amount of dye necessary for a successful 
groundwater dye trace varies depending on injec
tion site conditions, local rainfall, anticipated travel 
distance, and recovery-site flow characteristics. 
Traces performed during this study typically used 
from one to six pounds of fl uorescei n or Uran i ne C, 
or up to 3.5 litersof Rhoda mine Wt (20%) for travel 
distances from less than a mile to almost 20 miles. 
In one case, less than one liter of Rhodamine WT 
(20%) was used for a 13.8-mile trace. 
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During this study, 18 dye traces to nine springs 
from 14 dye injection sites were completed. In 
four instances, dye from a single injection site was 
recovered at more than one spring. In these cases, 
each spring that received dye is considered a 
separate dye trace, so four of the injection sites 
accounted for eight dye traces. Dye from the other 
10 injection sites was recovered at single springs. 
Dye recovery packets were placed at 45 sites 
throughout the study area (fig. 30). Table 21 lists 
the sites, their reference numbers, and type of 
monitoring. Some of the sites were monitored 
nearly continuously throughout the study; others 
were monitored temporarily in conjunction with a 
particular dye trace. In all, 586 dye recovery 
packets were collected and analyzed. With most 
of the traces, dye was recovered wJthin two to four 
weeks after it was injected. However, since only 
two types of dye were used, time had to be allowed 

Dye Traces 

for the dye to be flushed from the groundwater 
system before another trace could be initiated. 
Depending on the a mount of dye used, discharge 
of the spring, and precipitation, it took several 
weeks to several months before residual dye was 
flushed from the spring systems. 

Figure 3 l shows injection and recovery sites for 
dye traces conducted in the study area. The map 
lines used lo connect injection with recovery sites 
are straight, where possible, but are not meant to 
represent the actual path of groundwater move
ment. Traces OT l through DT 18 were conducted 
during this study; previous traces are referenced 
by investigator and year. Tables 22 and 23 list 
injection and recovery site names and locations, 
injection and first recovery dates, and other physi
cal data. Highlights of the individual traces are 
presented in the following section. 

SUMMARIES OF INDIVIDUAL DYE TRACES 

OPPER FOORMILE CREEK TRACE, DT 1 

Fourmile Creek is a losing stream through
out much of its reach, but contains two signifi
cant reaches where it is a gaining stream. 
One gaining reach Is in the upstream part of 
the watershed . Here, the stream flows on 
upper Roubidoux Formation, but the uplands 
are underlain by Jefferson City Dolomite. 
During dry weather, flow disappears into the 
subsurface about a mile downstream of Route 
B in Dallas County near Long Lane. 

On June 27, I 989, six pounds of Ura nine C 
was placed in Fourmile Creek about 200 feet 
upstream of the water-loss zone. Light rain 

was occurring at the t i me, but there had been 
little rainfall during the preceding weeks. There 
was about 30 gpm flowing in Fourmile Creek 
where the dye was injected; it disappeared 
into the subsurface at a shallow pool rimmed 
by bedrock. Downstream were scattered pools, 
but there was no flow for at least 2 miles. 
Upstream from this point, Fourmile Creek 
drains 3.32 mi2. The dye was recovered 8.5 
miles to th e northeast, between 14 and 22 
days later, at Bennett Spring . Dye recovery 
packets placed at a gaining reach in middle 
Fourmile Creek and at the mouth of the creek 
did not contain dye. 

JONES CREEK TRACE. DT 2 

Jones Creek drains a 34.3 mi 2 area between 
Conway, Missouri, and the Niangua River. It is 
a gaining stream throughout much of its 
leng th, but contains a losing zone about 1.5 
miles long in its middle reach . Its two major 
t r ibutaries, Starvey Creek and Goose Creek, 
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contain upper-watershed gaining reaches, but 
lose fl ow in their downstream reaches. Much 
of the uplands are underlain by Jefferson Ci ty 
Dolomite, but Jones Creek flows on Roubidoux 
Formation throughout m ost of its length . 
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Dye Traces 

MAP DYE MONITORING SITE NAME LOCATION 1YPEOF 
NUMBER MONITORING• 

1 Hahatonka Spring SW 1/4 Sec. 2, T. 37 N., R. 17W. C 
2 Sweet Blue Spring NE 1/4 Sec. 30, T. 36 N., R. 17 w. I 
3 Niangua River near Sweet Blue Spring NE 1/4 Sec. 30, T. 36 N., R. 17 W. T 
4 Niangua River al Prosperine Access SW 1/5 Sec. 5, T.35N., R. 17 W. T 
5 Sand Spring SE 1/4 Sec. 25, T.35N., R. 18 W. C 
6 Niangua River above Bennett Spring NE 1/4 Sec. 36, T. 35 N., R.18W. I 
7 Famous Blue Spring NW 1/4 Sec. 36, T. 35 N., R.18W. C 
8 Bennett Spring (3 sites) NW l/4 Sec. 1, T. 34 N., R. 18 W. C 
9 Spring Hollow above Bennett Spring NE 1/4 Sec. 1, T.34N., R. 18 W. I 
10 Niangua River at Moon Valley Access SW 1/4 Sec. 2, T.34N., R. 18 w. I 
11 Unnamed creek al Moon Valley Access SW 1/4 Sec. 2, T. 34 N., R. 18 W. T 
12 Niangua River below Founnile Creek NEl/4 Sec. 8, T.34N., R.18W. I 
13 Fourmile Creek al mouth NE 1/4 Sec. 8, T. 34 N., R. 18 W. I 
14 Fourmile Creek near Fourmile Cemetar:y NW 1/4 Sec. 24, T.34N., R. 18 W. T 
15 Benton Creek near mouth NW 1/4 Sec. 11, T. 34 N., R.19W. T 
16 Niangua River at Missouri Highway 32 SW 1/4 Sec. 28, T. 34 N., R.19W. I 
17 Dousinbury Creek at Route JJ SE 1/4 Sec. 12, T.33 N., R 19W. I 
18 Dousinbury Creek at Route P SE 1/4 Sec. 15, T. 33 N., R.18W. T 
l9 Niangua River above Route M SE 1/4 Sec. 2, T. .12 N., R.19W. C 
20 Johnson/Wilkerson Spring SE 1/4 Sec. 2, T. 32 N., R. l9W. C 
21 Jones Creek near mouth NE 1/4 Sec. 11, T. 32 N., R. 19W. T 
22 Jones Creek at Gunter farm SW 1/4 Sec. 8, T. 32 N., R.18 W. T 
23 Gunter Spring NW 1/4 Sec. 17, T. 32 N., R. l8W. T 
24 Starvey Creek near mouth SW 1/4 Sec. 10, T. 32 N., R. 18 W. T 
25 Jake George Springs (3 sites) SE 1/4 Sec. 13, T.32N., R.19W. T 
26 Niangua River above Jake George Springs SW 1/4 Sec. 13, T. 32 N., R.19W. T 
27 Niangua River al Gourley Ford Bridge NE 1/4 Sec. 30, T. 32 N., R. 18 W. I 
28 Vineyard Spring NWl/4 Sec. 28, T. 31 N., R.18W. T 
29 Cliff Spring NW 1/4 Sec. 9, T.35N., R. 14 W. I 
30 Osage Fork at Hull Ford Access NW 1/4 Sec. 4, T. 34 N., R. 14 w. T 
31 Mill Creek al mouth NE 1/4 Sec. 5, T. 34 N., R. 14 W. T 
32 North Cobb Creek at Missouri Highway 32 NW 1/4 Sec. 28. T.34N., R.14W. T 
33 North Cobb Creek, county rd. above Mo. 32 NW 1/4 Sec. 32; T. 34 N., R.14W. T 
34 Brush Creek, first county rd. above mouth NW 1/4 Sec. 36, T. 33 N., R. 16 W. C 
35 Brush Creek at Route PP SE 1/4 Sec. 27, T.33 N., R.16W. T 
36 Selvage Hollow at Route C SW 1/4 Sec. 22, T. 33 N., R. 16 W. T 
37 O'dell Spring #2 SE 1/4 Sec. 21, T. 33 N., R.16W. T 
38 O'dell Spring #1 SE 1/4 Sec. 21, T. 33 N., R. 16 W. T 
39 Brush Creek near Dear Thicket Church NE 1/4 Sec. 32, T. 33 N., R. 16 W. T 
40 Os!lge Fork below Randolph Spring SE 1/4 Sec. 31, T. 33 N., R. 15 W. C 
41 Randolph Spring NE l/4 Sec. 6, T. 32 N., R. 15 W. I 
42 Big Spring NE 1/4 Sec. 6, T.32N., R.15W. I 
43 Osage Fork above Big Spring NW 1/4 Sec. 5, T. 32 N., R.15W. T 
44 Parks Creek at Route J SW 1/4 Sec. 7, T. 32 N., R.15 W. T 
45 Osage Fork at Route J SW 1/4 Sec. 7, T. 32 N., R. 15 W. T 

• C Continuous dye-monitoring site 
I Intermittent dye-monitoring site 
T Temporary dye-monitoring site 

Table 21: Dye monitoring sile names, locations, and types of monitoring. 
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During dry weather, upper Jones Creek loses 
flow into the subsurface about I mile upstream of 
Route M in Dallas County, some 4 miles west of 
Conway. On August 30, 1989, one pound of 
fluorescein dye was injected Into Jones Creek at 
this water-loss zone. Flow immediately upstream 
was about 30 gpm. Dye entered the subsurface at 
a bedrock-floored pool near where a fault crosses 
the creek. Upstream from the dye injection site, 
Jones Creek drains I I. I mi2

• 

Dye recovery packets were placed at several 
small springs along lower Jones Creek, ln the 

creek near its mouth, in the Niangua River at 
Route M about 1,500 feet downstream of its 
confluence with Jones Creek, and at major springs 
in the study area. None of the sites along Jones 
Creek showed dye, but fluorescein was recovered 
in the Niangua River at Route M between five and 
34 days after injection. A spring branch was found 
entering the Niangua River from the east between 
Route M and the mouth of Jones Creek. Dye 
recovery packets placed in this spling branch, 
which carries flow from Johnson-Wilkerson Spring, 
contained the dye. The spring was previously 
unreported. 

CAVE CREEK TRACES, DT 3 AND OT 4 

Cave Creek drains a 13.3 mi2area in Dallas and 
Laclede counties on the east side of the Niangua 
River north of Highway 32 and west of Route 00. 
The creek Intersects the Niangua River a few miles 
upstream of Bennett Spring, but provides no flow 
except during high-runoff periods. At its mouth, the 
channel is irregular, contains coarse gravel and 
boulders, and shows signs of infrequent flow. Higher 
elevations in the watershed are underlain by 
Roubidoux Formation, but the channel is devel
oped mostly in Gasconade Dolomite. 

About 3.5 miles south of Bennett Spring, at the 
only county road that crosses Cave Creek, flow 
from small, upper-valley springs in an unnamed 
northern tributary enters the Cave Creek valley. 
Flow reaches the Cave Creek floodplain, but dis
appears into the gravel before it reaches the 
channel. On September 6, 1989, 3.5 liters of 
Rhodamine WT (20%) dye was injected into the 

10-gpm flow disappearing into Cave Creek allu
vium. Dye was recovered at Sand Spring, 4.7 
miles north, 28 to 34 days after injection. Famous 
Blue Spring, a few thousand feet southwest of 
Sand Spring, was not initially monitored, but dye 
recovery packets placed there 75 days after injec
tion showed strong Rhoda mine wr content. Rho
da mine was detectable at both springs for the next 
nine months. 

It is interesting to note that both Sand Spring 
and Famous Blue Spring are on the opposite side 
of the Niangua River from where dye was injected 
Into Cave Creek. Dye recovery packets placed in 
the Niangua River at Moon Valley, upstream from 
Sand and Famous Blue springs but downstream 
from the mouth of Cave Creek, showed no dye. To 
emerge at Sand Spring and Famous Blue Spring, 
recharge from Cave Creek must cross beneath the 
Niangua River. 

EAST FORK NIANGUA RIVER TRACES, DT 5 AND DT 6 

Though a gaining stream throughout most of its 
reach, the Niangua River contains a major water
loss zone in the upper watershed north of Marshfield 
in Webster County, where the E.ast Fork and West 
Fork merge. Seepage runs by the U.S. Geological 
Survey (Harvey et al., J 983) show both forks lose 
flow, but water loss is most significant on the E.ast 
Fork Niangua River. Nearly all of the East Fork is 
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a gaining stream, but about a mile upstream of the 
West Fork confluence, below several beaver dams. 
flow disappears into the gravel strearnbed. Ex· 
cept during wet weather, the channel remains dry 
for the next mile downstream. Jefferson City and 
Cotter dolomites form the bedrock surface through 
most of the watershed , but downstream from 1-44 
the creek is in Roubidoux Formation. 
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On November 21, 1989, 3.5 liters of Rhodamine 
WT (20%) dye was injected into the streambed of 
the East Fork Niangua River about 6 miles north of 
Marshfield and a mile upstream from West Fork. In 
the quarter-mile reach upstream from the injection 
site, East Fork was losing an estimated 0.5 ftl/sec. 
Upstream, East Fork Niangua River drains 24.9 
mi 2. The dye disappeared into the subsurface at a 
discrete paint downstream of the lowermost beaver 
dam within IO minutes after injection. Down
stream, there was no flow on either the East Fork or 
the West Fork, and for at least 0.25 mile down
stream of Route Y. 

Dye was first recovered between 9 and 14 days 
later in the Niangua River upstream from Route M. 

A dye recovery packet placed in the Niangua 
River at Gourley Ford Bridge, the only river cross
ing between Route Y and RouteM, did not contain 
dye. Jake George Springs, between Gourley Ford 
Bridge and Route M, are the only major ground
water outlet in this reach, and are lhe likely 
outflow points of the dye. 

Between 14 and 27 days after injection, 
dye also began emerging at Bennett Spring . 
From the injection site to Jake George Springs 
is about 4.9 miles; the straight-line distance 
to Bennett Spring is 19 .3 miles. Dye from the 
trace was detectable in the Niangua River at 
Route M and at Bennett Spring until early 
February, 1990. 

STEINS CREEK TRACE. DT 7 

Steins Creek is a major losing-stream tributary 
of the Osage Fork of the Gasconade River. ft drains 
a 44.5 mi2 area east of Grove Spring and south of 
Orla, Missouri, on the south side of the Osage 
Fork. There are few places along Steins Creek 
where dry-weather flow occurs; a few small springs 
provide minor flow for short reaches where the 
stream travels on Jefferson City Dolomite. Other
wise, the creek is usually dry from headwaters to 
mouth. 

On January 11, 1990, Dave Hoffman, Division 
of Geology and Land Survey, injected 15 pounds 
of fluorescein into Steins Creek downstream of a 
small spring. Flow entered the subsurface within 
a few hundred feet downstream. Upstream, Steins 
Creek drains about 5.6 mi2• This trace was in-

tended to not only show where flow lost in Steins 
Creek watershed reappears, but to help delineate 
a major groundwater divide. Earlier dye tracing by 
the Division of Geology and land Survey showed 
that flow lost in Gasconade River tributaries a few 
miles south of Grove Spring reappears at springs 
in the North Fork River basin. 

Dye was recovered at Big Spring, on the Osage 
Fork, 10.4 miles northwest of the injection site. 
Accurate travel-time data are not available, but 
the dye reappeared less than 41 days after injec
tion . High flows on the Osage Fork, from precipi
tation in late January and February, I 990, made 
it difficult to retrieve dye recovery packets for 
several weeks. Dye was detectable at Big Spring 
for almost six months. 

NORTH COBB CREEK TRACE. OT 8 

North Cobb Creek, with a drainage area of 53.3 
rnii, is a major losing stream on the north side of 
the Osage Fork, and drains the area southeast of 
Lebanon. For about 6 miles upstream from its 
mo.uth, it is a gaining stream and there is nearly 
perennial flow. Upstream from here, though, 
groundwater levels are below the valley bottom, 
and the stream carries flow only briefly after heavy 
preclpHation. Roubidoux Formation directly un
derlies North Cobb Creek essentially from head-
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waters to mouth. In the downstream reach where 
it is a gaining stream, the Roubidoux is not deeply 
weathered and Jefferson City Dolomite underlies 
the uplands. However, In the upstream part of the 
watershed where North Cobb Creek Is a losing 
stream, the Roubidoux is deeply weathered and 
contains numerious sinkholes. Though much of 
the runoff In North Cobb Creek watershed is lost 
Into the subsurface, heavy precipitation can gen
erate significant runoff. In May, 1990, a storm with 
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locally as much as 6 inches of rainfall, caused 
severe flooding and destroyed the Highway 32 
bridge crossing tower North Cobb Creek. 

On February 27, 1990, 3.5 liters of Rhodamine 
WT (20%) was injected Into the bed of North Cobb 
Creek at its confluence with South Fork North 
Cobb Creek, about 4.5 miles southeast of Leba
non. Small springs a short distance upstream of 
the injection point provide a few gallons of water 
per minute flow, but it disappears into the stre
am bed with In a short distance down stream. There 
is one sizable, perennial pool about ~ mile down
stream, but there Is no flow for several miles. The 
creek at this point drains 15.4 mii, but seldom 

receives surface-water runoff. The streambed is 
mostly coarse gravel and boulders. 

Dye was recovered between 23 and 28 days 
later, 16.2 miles to the northwest, at Bennett Spring. 
March, 1990 was a very wet month in the area, and 
high discharges at Bennett Spring caused by ground
water recharge quickly flushed dye from the sys
tem. Dye was detectable at Bennett Spring for only 
about four weeks. Though there were several 
heavy rains, little runoff reached the dye injection 
site. Dye recovery packets placed in the gaining 
reach of North Cobb Creek downstream of the 
inJectlon site, at springs on the Osage Fork, and at 
several places in the Osage Fork, received no dye. 

GOODWIN HOLLOW TRACES, DT 9 AND DT 10 

Goodwin Hollow is a major losing stream drain
ing a 72. I -mi2 area east of the Niangua River in 
north-central Laclede County. It heads about 5 
miles south of Lebanon, and intersects Dry Auglaize 
Creek, another losing stream. about 2 miles from 
the Camden County line in northern Laclede 
County . There are places in the upper watershed 
where pools can be found in the channel, but it is 
considered a losing stream throughout Its length. 

In the late 1960s, Bennett Spring experienced a 
gradual increase in nitrate and phosphate content. 
A study by Dean et al. ( 1969) concluded it was 
due, in part, to municipal wastewaterreleased into 
Goodwin Hollow at Lebanon . A dye trace was 
conducted to substantiate this, and dye injected 
into Goodwin Hollow downstream of the wastewa
ter treatment plant outfall reportedly was recov
ered at Bennett Spring. However, many of the 
details concerning the trace have been lost, so the 
trace was repeated during the present study to 
verify the earlier results. Since the original dye 
trace, Lebanon has constructed a new wastewater 

treatment plant, which discharges into Dry 
Auglaize Creek . 

On April 19, 1990, six pounds of Uranine C 
fluorescent dye was introduced into flow in Goodwin 
Hollow about 1.5 miles downstream of Missouri 
Highway 64, just northwest of Lebanon. The dye 
was Injected into a flow of about 10 gpm that was 
disappearing at a gravel-bottomed pool; there was 
no flow downstream for at least~ mile. Upstream 
from the dye injection site, Goodwin Hollow drains 
36.5 mi2• 

Dye was recovered at Bennett Spring, 9.1 miles 
to the west, l 4 to 25 days later. Dye was also 
recovered during this same interval at Sweet Blue 
Spring I I. 7 miles northwest of the injection site. 
Dye from Goodwin Hollow was detectable at 
Bennett Spring until about July 19. However, at 
Sweet Blue Spring, dye was not detected after May 
23. Also, dye concentrations in packets from 
Bennett Spring were considerably higher than 
those at Sweet Blue Spring. 

BROSH CREEK TRIBOT ARY TRACE, DT 11 

Brush Creek is a northern tributary of the Osage 
Fork in southwestern Laclede County. The stream 
drains 42. 2 mi2. From the mouth to just upstream 
of Route PP, Brush Creek is perennial and consid
ered a gaining stream. In the upper part of the 
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watershed, where Jefferson City Dolomite forms 
the bedrock surface, there are some short gaining 
reaches. Throughout most of its length, however, 
Brush Creek and its tributaries are typically dry 
and lose flow into the subsurface. Primarily, the 



REPERENC1i' 
N\Jl!BtR 

ll'I' 1 

ll'I' •• 

OT 1 

OT 8 

OT 10• 

OT )l 

OT 12 

or u 

MH 

lNJECTJON SI't'e NAMB 

UPPER FOlllU!tLe CIIEEK 

..JOl'l!S CRJ,81( 

c:AV"E! CRESK 

CAVE CRRBK 

EAST fORK Nl AflG\JA 
RIVB~ 

£/\ST PORK NTA.IIGUA 
RIV8R 

ST EWS CREEK 

NOR1'!1 COBB Cl\5£1( 

GOODWT\l HOLLOW 

GOODWlN HOU,OW 

SN.USM CRBEK NiAA 
PH [LLT PS8VRG 

UNNAM£0 TRJBUTAAY or 
OSAGE f O~X 

WFST f ORK NIANGUA 
ltl V!R 

DT lS• DRY PORK l'OUlU-ll l.E 
CREEK 

OT 16• DRY ?ORK POVRMJI.£ 
CREEK 

OT 1 J OOUSWBVRY CRE&K 

ll'I' 10 SPRING HOLLOW 

V&! , 1987 \11,-1<1'-'IFD TRlBUTAI\Y OF 
SPRWG HOLLOW 

K&V, 1980 ORY AUGLAlZi SINK 

S&M, 1976• ORY AUCLAJZ e CR6EK 

$~M", 19?6 • DRY /\UC!.AI Z:e CREBK 

COL'NTY 

D/\I.LAS 

WEBSTeR 

WEBSTl!R 

WRIGHT 

UICU"Df 

U\CLEDB 

l.i\CL£DE 

DALlAS 

l.AC'l.EDE 

W£8ST8R 

Di>.l.U\S 

LACLl!O£ 

l.i\C!..EDE 

LACLEDE 

L/\CLEDE 

U\CL£08 

LOCATI ON DYE TYl?E ANO 
(Q•SiC ·TWN ·RNG) AMOtnrr 
< LOOO (N) • V.T (W)) 

SW S 0 4 T)3ll R18W IJRl\l'llNI! C 
37.36 . 13·92 55 .07 6 POUllOS 

SE S OJ TJ2N Rl 8W YL!JORFSCEIN 
37 . 31.01·9.2,53. 4? l POL'NO 

NE' S 14 T34N Rl 8>1 RH001'MlN£ WT 
l? .40.00 ·92. 52 .02 3.S LITERS 

NE S 14 T4 4lJ Rl 8>1 AAOOJ>J~INE wr 
37 40. 00 ~2 . 52 .02 3.5 LlT£RS 

NW S 03 T )lN R>SW RHOOAMI.Nt WT 
37 .26. H·9?. 54 . \5 3.S LTT2RS 

N'< S 03 T3\N 1\181< RHOOAMTNe w"l' 
J7 i G.23 ·92.54 . 15 3 . 5 LITeRS 

NE S 28 T3111 lll51< PLUO!l.esc arn 
3?.?2,22 · 92.34.•6 15 POON?lS 

SES 28 T34N Rl5W RHODl\MtNe. WT 
J? . 37 . 4 2 · 92. 35. 0 0 J. 5 Ll'tERS 

NE S 04 T3 4~ Rl6W UJU\NTNF C 
lJ 4 2 A4 ·92 . 41 30 6 l'OUNDS 

NE S 04 T 34 N Rl6W URANINE C 
37.42.44 ·92 0,30 6 !'OUNDS 

SE S J O T)JN R\&W ~HOOAflIHB \o'T 
)>.J2.40·92. 4 3 48 l LltER 

)(,l $ 06 T32N R\61< RHODAf! I lU W7' 
31 . 31.04 ·'2 ,31. 50 500 ML 

SW S 28 T 33N R16\I URAN!NE C 
37. 32. •• • 92. 42 .10 S POUl<"DS 

se s 2e n m Rt ew RHODA.".!Ni ;;;-
3 1 . 22. n -,2. ss. 03 .200 Y.t. 

Ni S 28 T34N R)8W l'LUORSSCElN 
37. 38.3\ ·92.S4.0 2 POUNDS 

NE S ?.8 T34N l\18W FLUORESCEIN 
37 .36, 3 1 ·92 5 4.43 2 POUNDS 

SE' S 18 TllN R1 7W RHODAHIN, ~7 
)? 34. 2 5 ·92. 50. 05 .2 )..ITERS 

se 5 i 1 T3 4~ Rl 7 W PLUORESCEIN 
3> .n.o, ·9'2 " 06 1 POUND 

NW S U T)4N R1'W Fll.'Ol!£SC£1N 
37.39 . 07 •92,46.31 S POUNDS 

N~ S 24 T 361'1 Rl&W Rl!ODAMH~ WT 
31 50 . s s -, 2 38.30 12 LITr;,s 

SW S 07 T3Sll Rl 4\f RHODAM!NE WT 
3? 46 .i6· 92.30 29 

::ir S 30 T3 rn RI W RHOOAY.INE WT 
)7 .44. 36·92.37 27 

NE S 30 TSSi; RI S'N RflODAfl INi WT 
3'J .,U.36 92,27.:!'7 

INJ'ECTlON DATe 
AN"O T!Me 

Jtm 27, 1989 
llOO HRS 

,\L'G 3 0 , 1 '89 
1400 ll.RS 

SFP 6 , 1989 
lOOO ).iRS 

S£1.> 6, 1989 
lOOO HRS 

NOV U, 1989 
1 ~00 HRS 

tlOV 21 , 198 9 
UOO HRS 

J ~J< 11 , \990 
15)0 HRS 

f tB 27 , 1990 
1400 HRS 

APR 19 , 1990 
l U O HRS 

A~R 19 , 1990 
Ja30 IIR.S 

J UN 1, 19'0 
HOO !!RS 

JUN 8. 1990 
111 S HRS 

JUL 2,, 1'90 
140 HRS 

SEP \9 , 1990 
1630 HRS 

OCT ~ . 199 0 
1 S OO HRS 

OCT S , 1990 
1500 HRS 

c~ 10, 1990 
100 l!RS 

ore s. ,990 
1500 111\S 

JUL l , 1981 
144S 1\RS 

>IPR 18 , 1900 
1000 HRS 

APR 20 , 1978 

NOV 3. \ 9 76 

NOV 3 , 1976 

RECOVeRY SlTB NAMS 

JOHNSOl</ W!LKERSON 
SPRING 

SAflD SPRING 

.P~OUS BLUl? S PRING 

NrANGUA RIVER /\T 
R0l1!"£ 1' 

BENNeTT SPR lh"O 

BIG SPRl~ 

B8"1NBT1 SPRHIC 

sem~rr SPRlr>c 

SWEET BLUE SPRING 

BENNE'T"l' SPRING 

BENllf."'J'T SPR!IIO 

YINSYAAO SPR.lNO 

SAND SPRING 

Fllt!OUS SLUE SPRING 

e£NllETT SPR!NO 

BENNl!'IT $ PR UIG 

BE!UlSTT SPR(NC 

HAAATONKA SPRlij(l 

CLIFF S PR1NG 

swreT BLU6 SPRINC 

l!IDIC:ATES DYE WAS RECOV?P. E'O AT. HORS THAN ON, 5 17• · • • ):NDICATES DATA lS MISSlJ\'C CR IS lllADeQUATE YOO c:ALCUUITIONS 

Table 22: Injection and reco1Jery dala for dye traces In the Bennett Spn·ng area. 

COU!ITY 

DALI.AS 

D.'.Ll.l\.S 

DALLAS 

DALL\S 

U.CLEDE 

DALLAS 

DALLI>,$ 

LACLEDE 

J..>.CLl.'O[ 

W£3STER 

DAL1.AS 

0"'1.LAS 

DALL.AS 

OAL!.AS 

U\CLEO.E 

CAY.OE!! 

LOCATJON 
(Q·StC• "l"N·~l<G l 
(r.DIIG(IIJ · V.T(W)) 

11W s 01 13411 R18W 
31 . • ,. oo. 9 2 . , 1 . z• 

se S 02 132N Rl 9W 
3 7 . 31 . 00 · 92. 58 . 5 l 

S"f: S 25 1'3SN Rl 8W 
3?,44 l0 · 9 2 . S1. 4t 

11W S 36 T 35N Rl8W 
37.4 ).55 ·92.~2. 13 

SB S 02 T l'- ~ RHW 
31 31. o e · 92 . 59 . 02 

""s 01 T.J•» 1uew 
37 . 4 3. 00 • 92. 51 . 2 4 

N6 S 06 T32N Rl5W 
37 31.10·92 , 36.<8 

NW S 01 TJ 4N RlSW 
37 43 00 ·92,51 , 2 4 

NW S Ol T a 4ll Jl1 8W 
37. 4 3. 00 ·92. ~l. 24 

NE S 30 Tl6 ff Rl 1W 
37.50 .03 ·92,50. 20 

NW S 0 1 T3 •1' R.1 8W 
37.43. 00•92. , J. 48 

FIRST RECOVERY 
l!ITERV>.L 

l'ROl!·TO 

JUL 11. 1989 
J UL 19 , 1989 

SEP 5, 1989 
OCT 4, 1989 

OCT 4, )989 
OCT 10, 1989 

SEP 6, 19e9 
NOV 20, 1989 

NOV 30, 1989 
DEC S , 19$9 

o~c ~. 1989 
Dtc \8 , 1989 

J A.'I 11, l 990 
Pl,!I 21, )9 90 

11>.R 22. 1990 
MAR 2?, 1990 

MAY 3, 1990 
MAY l4, )990 

MAY 3, 1990 
Ml\V 14. 1990 

JUN 6, 1990 
JUN B, 1990 

NE S OG 132N R15W JUN 8, 1990 
3?.3l. H ·'2. 37 .0\ JW 12, 1990 

HW S 01 TJ4N Rl8W AUG 6. 1990 
37. 4 ).00·92 .51.24 AUG 7, 1990 

NW 5 28 T3 Hl R18W StP 19. 1990 
37 .22.44 ·92.SS t 9 SEP 2S, l9'0 

SE S 2~ T35N R18W OCT 17, 1990 
37.44.l0 · 92. S1 , 4S OCT 24, H90 

NW S 36 T3SN R1 8 W SE!' 25, 1990 
37 .<J.55 ·92 52 , 13 OCT 2 .. , 1.990 

NW S Ol J"l 4N RlBW 1/0V 15, 1990 
37 . 4.l 00 ·92.51.'24 NOV ~8, 1990 

~ S 0 1 134 1( Rl8\i DJ;C 17, 1990 
37.43 . 00 · 92.Sl , 24 D2C 19, 1990 

ll'" S Ol TJ 4N R\8W JUL 9 , 1987 
37,H 00•92.$1.2< JUL 10, 1987 

SW S 02 -:-.;7 N IU?W hPR 25, 1980 
37 .S8. 2 v ·S2 .46.0 ) MY 2, 1980 

N>1 S 09 T3 5 N Rl4W APR 20, 1978 
3?.41.06 · 9 2, 28 , ll APR 22, 1978 

Ne S 30 T .)6 N Rl7W NOV 26, 1976 
37.S0 .03 ·92 , 50.20 DBC 5, 197~ 

SE S 02 T 37 tl Rt 7 W DEC te, 1976 
J? . S8 . .?6 ·92. <6 . 0l o;:c 2,. 19?6 



-...J -

RBFERBNCE 

NUM8BR 

or 

err 2 

DT ) • 

OT 4 . 

rn: s • 

OT 6• 

OT 

OT 8 

OT 9 • 

OT 10• 

OT 11 

IYT 12 

OT 13 

IYT 14 

Dr 15· 

err Hi ' 

D1' 17 

OT , 8 

V&E, 19S7 

M&V, 1980 

M, 1978 

S&M, 197~· 

S&M, 1976 · 

lNJEcrION SITE NAME 

UPP!!R FOURMI.LE CRBBX 

JONBS CRl!EK 

Cl\VE CREBK 

CIWE CREEK 

BAS'I: FORK NIAfJGUA RIVER 

BAST FORK NIANGUA RIVER 

5:'EINS CREEK 

NO RTH COBB CREEK 

GOODWIN HOLLOW 

GOODWIN HOL(..0'11 

BRUSH CREeK TRIBUTARY 

OSAGE FORK STATB FOREST 

BEAR THICKET SINK 

WSST FORK NIANGUA RIVER 

DRY FORK F'OURMI LE CREEK 

ORY FORK FOURMILE CREEK 

OOUSINBURY CREEK 

SPRING HOLL.Ql,I 

SPRING HOLLOW TRIBU'J'ARY 

DRY AUGLAIZE SINK 

LOWBR SEAR CREEK 

ORY AUGLAIZE CRBEi< 

DRY AUGLAIZE CREEK 

INJEcriON 

ELEVATION 

(M'·MSL) 

1105 

llH 

990 

990 

1145 

1145 

1345 

1107 

1127 

112? 

1205 

1115 

ll40 

1265 

1050 

1050 

1240 

1120 

1170 

970 

9 ~5 

1095 

1095 

INOICATes OYE WAS RECOVSREO AT MORB THAN ONB S (TE 

RECOVERY SITE NAMB RECOVERY STRAIGHT LINE TRAVEL TIME SLOPE VELOCITY 

BENNETT SPRING 

JOHNSON/WI LKERSON SPRING 

SANO SPRING 

FAMOUS BLUE SPRlNG 

NIANGUA RJveR AT ROutE M 

8ENNBTT SPRING 

BIO SPP. t NG 

BBNN!ll"J' SPRING 

BENNETT SP\l.ING 
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CALCULATIONS 

Table 23: Elevation, distance, travel time, and velocity data for dye traces {n the Bennell Spring area.. 
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losing zones are directly underlain by Roubidoux 
Formation. The losing portion of Brush Creek 
watershed, including Selvage Hollow, has an area 
of about 27.9 mi 2

• 

On June I, 1990, approximately one liter of 
Rhodamine WT (20%) dye was introduced into 
flow disappearing into the bed of a small Brush 
Creek tributary about 3 miles east of Phillipsburg, 
Missouri. Upstream from the dye injection point. 
the unnamed tributary drains 0.27 mi2. The dye 
was injected where a flow of about 20 gpm was 
disappearing inlo a small depression in the stre
ambed along the county road right-of-way; it was 

carried underground within minutes after injec
lion. There was no flow in the tributary down
stream for aboul one-quarter mile lo where it 
enters Brush Creek, but because of recent heavy 
rainfall, Brush Creek was carrying flow through 
this reach. 

A relatively small amount of dye was used to 
determine if it would reappear in Brush Creek . 
Surprisingly, though only a small amount of dye 
was used it was detected at Bennett Spring be
tween five and 14 days after injection, 13.8 rnil~s 
to the north. Dye was not detected in Brush Cree le, 
or at springs along the Osage Fork . 

OSAGE FORK STATE FOREST TRACE. DT 12 

Osage Fork State Forest is a small Missouri 
Department of Conservation forest west of the 
Osage Fork and south of Brush Creek, in 
southern Laclede County. A smatl, unnamed 
Osage Fork tributary flows through the 
parcel, and enters the Osage Fork about 1,000 
feet downstream of Randolph Spring. The 
creek is typically dry throughout most of its 
reach, but small springs at the western edge 
of the state forest boundary provide flow for 

a short distance before the water is lost 
underground. 

On June 8, 1990, 500 ml of Rhodamine wr 
(20%) was injected into water disappearing in~o 
the streambed. The dye reappeared within four 
days at Randolph Spring. 0.8 miles to the east. 
Dye concentration at Randolph Spring was quite 
high, but no dye was recovered at Big Spring, a 
short distance upstream. 

BEAR THICKET SINK TRACE. DT 13 

Bear Thicket sink lies near a county road only 
a few hundred feet east of the Bear Thicket Church, 
about 5 miles east of Phillipsburg. The sinkhole is 
not shown on the Brush Creek 7.5 minute quad
rangle, probably because it is fairly shallow and 
well hidden in trees and brush. The slnkhole is 
only a few feet above Brush Creek floodplain, and 
receives runoff from a 300-acre drainage. On the 
topographic map, an ephemeral watershed just 
north of the sinkhole is shown draining inlo a small 
pond, and then into Brush Creek. Jn reality, flow 
never reaches the pond; water flowing to the 
east in the small creek reverses direction 
upon reaching the pond dam, and flows west 
into the sinkhole . 

Jefferson City Dolomite underlies the uplands 
in this area, and there are numerous small seeps 
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along the hillsides and several dug wells with 
shallow water levels. However, the valley bottoms 
are Roubidoux Formation, and flow from uplard 
areas loses into the subsurface once it reaches the 
valleys. Brush Creek channel is only one-quarter 
mile southeast of the sinkhole, and through this 
reach Brush Creek is a losing stream. 

In the early morning hours on July 26, 1990, 
thunderstorms dropped as much as 4 inches of 
precipitation in the area. At about 1445 hours, five 
pounds of U ranine C fluorescent dye was placed in 
flow disappearing through the base of the sink
hole. Prior to the rain, there were no discernible 
openings in the bottom of the sinkhole. When the 
dye was injected, a 1.5 foot by 2.5 foot hole hc:d 
developed in soil materials in its base. Dye was 
almost instantly carried into the subsurface by the 



2 ft3/sec flow entering the sinkhole throat. Peak 
inflow into the sinkhole, based on high-water marks 
at a road crossing upstream, was an estimated SO 
ft3/sec. 

This dye injection site is only 1.5 miles west of 
the Brush Creek tributary dye trace site, which had 
a very fast travel time to Bennett Spring. To gather 

more accurate time-of-travel data, dye recovery 
packets were changed daily at Bennett Spring. 
Dye began to emerge between IO and 11 days 
after injection, at Bennett Spring, which is 14.7 
miles north of Bear Thicket sink; stralghtllne 
velocity was between l.22 and 1.33 miles per day. 
Dye from the trace was detectable at Bennett 
Spring until late September, I 990. 

WEST FORK NIANGUA RIVER TRACE. DT 14 

West Fork of the Niangua River, with a drainage 
area of 27.9 mi', is a gaining stream throughout 
much of its length, but contains two notable water
loss zones. In the uppermost watershed, upstream 
from Marshfield's wastewater treatment plant, the 
stream carries flow much of the time, even during 
dry weather. The first water-Joss z.one is approxi
mately I mile downstream of the wastewater treat
ment plant and 900 feet upstream from Vineyard 
Road. Here, during dry weather, the entire flow of 
West Fork is channelled underground. Almost all 
of the flow at this point is treated wastewater. The 
channel remains dry for about 1,700 feet to Vine
yard Spring. Vineyard Spring has several outlets, 
including a solution-enlarged bedding plane open
ing in Jefferson City Dolomite about 6 feet above 
and 20 feet west of the West Fork channel, and 
several locations where groundwater rises through 
alluvial gravel closer to the channel. Flow from 
Vineyard Spring was not measured during this 
study, and the spring was previously unreported, 
but it's average discharge is probably about 0.5 
ft3/sec. 

Except during very dry weather, flow appears to 
be continuous between Vineyard Spring and the 
East Fork confluence. However, during extended 
dry periods, flow in West Fork Niangua River 
disappears into the subsurface somewhere in Its 
lower 4-mile reach. 

On September 19, 1990, a dye trace was con
ducted to determine the outflow point or points of 
water lost into the subsurface upstream from 
Vineyard Road. Upstream from this point, West 
Fork drains 4.4 mi2

, but water disappearing here 
consists almost entirely of treated wastewater. 
Temperature and specific conductivity measure
ments of treated wastewater upstream from the 
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water-loss zone and of water from Vineyard Spring 
strongly indicated a hydrologic connection be
tween the spring and the water-loss zone. Tem
perature and conductivity in West Fork just up
stream of the loss zone were 64°F. and 790 umho/ 
cm. Vineyard Spring temperature and conductiv
ity, 64°F and 740 umho/ cm, were both much 
higher than normal for springs in this area. Be
cause of the probable hydrologic connection, and 
to avoid unnecessary discoloration of the spring 
and stream, only 200 ml of Rhoda mine Wt (20%) 
dye was used. The dye was recovered at Vineyard 
Spring during the first sampling period, less than 
six days after injection. 

There was no flow at the East Fork-West Fork 
confluence when the dye was injected, but more 
than 2 inches of precipitation on September 21 
and 22 created enough surface- water runoff to 
cause flow throughout the entire reach of West 
fork. Consequently, dye was also recovered 
during the first sampling interval from dye recov
ery packels in the Niangua River at Gourley Ford, 
just upstream from Jake George Springs, and 
upstream from Route M bridge, undoubtedly due 
to dye transported by surtace flow. Between 
October 3 and October 12, I 990, 14 to 23 days 
after dye injection, spectrofluorograms of dye 
recovery packets placed in three rises of Jake 
George Springs showed a fluorescence-curve de
flection in the Rhodamine WT wavelength ra nge. 
Such curve deflections are commonly seen a~er a 
Rhodamine WT dye trace when nearly all of the 
dye has been flushed from the spring system. 
Enough dye is present to cause a flattening of the 
curve in the Rhoda mine WT wavelength range, but 
insufficient to create a peak. This occurred 
during only one sampling interval , and alone, 
is not sufficient evidence to conclude a hydro-
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logic connection between waler-loss zones on 
West Fork Niangua River and Jake George 
Springs. However, when the results of the 
East Fork Niangua River dye trace are also 
considered, it is likely Lhat Jak:e George 
Springs receives recharge from the West Fork 
of the Niangua River. 

When this dye trace began, plans called for a 
second dye injection in the downstream water-loss 
zone on West Fork aher results from the first 
injection were known. Unfortunately, frequent 
rainfalls caused continuous flow through the lower 
reaches of West Fork throughout the remainder of 
the study. 

DRY FORK FOCJRMILE CREEK TRACES, DT 15 AND DT 16 

Dry Fork, with 6.5 mi2 of drainage, is a major 
eastern tributary of Fourmile Creek. It drains 
much of the area south and west of Cave Creek 
watershed in eastern Dallas County. Dry Fork is 
a losing stream throughout most of its reach. 
Jefferson City Dolomite underlies the uplands 
tn the southern part of the watershed, but the 
valley is developed in Roubidoux Formation. The 
stream contains a short gaining reach upstream 
of Route P where several small springs provide 
flow for a few hundred yards. In dry weather, 
though, flow disappears into the subsurface 
before reaching Route P. 

On October 5, 1990, two pounds of fluorescein 
dye were injected into Dry Fork about 800 feet 
upstream from Route P. Upstream from here, Dry 
Fork drains 5.6 mi2• Flow at the injection site was 
5 to l O gallons per minute, and it disappeared into 
the streambed at a small pool. The dye was 
recovered at Sand Spring, 7.1 miles to the north
east, between 12 and 19 days after injection. It 
was also recovered at Famous Blue Spring, 6.8 
miles to the northeast, during the same interval. 
As with the Cave Creek dye trace, dye from Dry 
Fork passed beneath the Niangua River to emerge 
at Sand Spring and Famous Blue Spring. 

DOCJSINBCJRY CREEK TRACE. DT 1 7 

Dousinbury Creek, an eastern tributary of the 
Niangua River, drains a 4 l .8 ml2 area in southeast
ern Dallas and southwestern Laclede counties. 
Jefferson City Dolomite forms the bedrock sur
face throughout much of the upland portion of the 
watershed, but the creek valley is mostly devel
oped in Roubidoux Formation. In Its lower reach, 
from about 1. 5 miles upstream of Route B cross
ing to the Niangua River, lt Is a gaining stream. 
Farther upstream, though, Dousinbury Creek Is a 
losing stream. In its losing reach, Dousinbury 
Creek drains about 15.3 mi' , including a section of 
lnterstate-44 and the town of Phillipsburg. 

On October IO, 1990, two liters of Rhodamine 
WT (20%) dye was introduced into Dousinbury 
Creek about 3 miles northwest of Phillipsburg. 
About 5.5 inches of precipitation occurring the 
previous week generated flow throughout some of 
upper Dousinbury Creek. Flow was receding 
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when dye was injected, but about 50 to 100 gpm 
was disappearing into the subsurface above the 
dye injection site. There was no flow downstream 
for several miles. 

Dye was recovered at Bennett Spring, 10.0 
miles to the north, between November 15 and 
28, 35 to 49 days after dye was injected . This 
unusually long travel time may have been due 
to injection site flow conditions. Flow was 
receding at the injection site when dye was 
injected. The site was visited two days later, 
and the terminal loss point had migrated sev
eral hundred feet upstream from where dye 
had been placed. There was no significar.t 
precipitation after dye was injected until No
vember 4, when about 0.6 inches of precipita
tion occurred. It is possible the dye was 
retained in the alluvial materials until later 
runoff flushed it into the groundwater system. 



===================================;; Dye Tra.ces 

SPRING HOLI..OW TRACE, DT 18 

As previously mentioned, Bennett Spring 
rises in lower Spring Hollow. From the spring 
to the Niangua River, generally referred to as 
Bennett Spring Branch, flow is perennial. Much 
of the time, Bennett Spring discharge greatly 
exceeds flow in the Niangua River upstream 
from the spring branch. 

Upstream from Bennett Spring the drainage is 
called Spring Hollow, and except for relatively 
brief periods after heavy precipitation, there is no 
flow . A few local exceptions occur, where small 
springs along Spring Hollow or its tributaries pro
vide some inflow. Except for very short reaches, 
Spring Hollow upstream from Bennett Spring, 
with 42.5 mi2 of drainage, is a losing stream. 

One short, gaining reach in Spring Hollow is 
immediately upstream of Highway 32. Here, 
small springs provide perennial flow for about 'h 

mile upstream of the highway. The cha.1nel 
contains watercress throughout this reach, but 
flow generally disappears into the subsurface at or 
just downstream of the Highway 32 crossing. 
Upstream from here Spring Hollow drains 13.4 
mi2

. 

On December 5, 1990, one pound of fluores
cein dye was injected into Spring Hollow about 
1,200 feet downstream from Highway 32. Runoff 
from recent rains had extended flow downstream 
from where it normally disappears. The dye 
reappeared at Bennett Spring, 6.9 miles to the 
northwest, between 12 and 14 days after injection. 
Dye recovery packets at Bennett Spring were 
being changed approximately daily to obtain bet
ter travel time infonnation. Based on the straight 
line distance, the groundwater velocity between 
the injection site and Bennett Spring was from 
0.49 to 0.58 miles per day. 

SPRING HOLLOW TRIBUTARY TRACE. V & E, 1987 

A few Spring Hollow tributaries contain 
small springs whose flows may or may not 
reach Spring Hollow before losing into the 
subsurface. One of these is an eastern tribu
tary of Spring Hollow about 1.5 miles down
stream of Highway 32. Here, small springs 
flowing into a pond keep it full in dry weather; 
the overflow loses into the streambed a few 
hundred feet down stream. 

On July 1, 1987, Jim Vandike and Cynthia 
Endicott, Division of Geology and land Survey, 
and Diane Tucker, Bennett Spring State Park 
naturalist, injected 5 pounds of fluorescein into the 
outfall from the pond. The flow, about 5 g::Jm, 
carried dye into the subsurface a short distance 
downstream. The dye was recovered between 
eight and 13 days later. 6 .3 miles to the north west, 
at Bennett Spring. 

DRY AUGLAIZE SINK TRACE. M & V. 1980 

About 1.5 miles upstream from the mouth of 
Goodwin Hollow, and 1,500 feet north of Dry 
Auglaize Creek, is a large sinkhole developed 
along a county road . The sinkhole Is about 30 feet 
deep, 200 feet in diameter, and drains about 90 
acres. The proximity of the sinkhole to the road 
has made it an easy dumping site for unwanted 
trash and debris. 
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" 
On April 18, 1980, following heavy rain:all, 

Don Miller and Jim Vandike, Division of Geol
ogy and Land Survey, injected about 12 licers 
of Rhodamine WT (20%) dye into runoff 
entering the sinkhole (photo 14 ). The dye 
was recovered 11 miles to the northwest, 
seven to 14 days after injection, at Hahatonka 
Spring. 
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Photo 14. lnjecling Rhodamine WTdyeinloasinkholenearDryAuglaize Creek. Dye{romlhis trace was recovered 
al Hahatonka Spring, about 11 miles northeast of the sinkhole. 
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Dye Traces 

LOWER BEAR CREEK TRACE, M. 1978 

Bear Creek drains a 43.7 mi2 area along Inter
state 44 between Lebanon and the Gasconade 
River, and contains several gaining and losing 
reaches. The middle section of Bear Creek, a 4-
mile reach roughly paralleling Interstate 44, is a 
gaining stream. About 1.5 miles downstream of 
the Interstate 44 crossing, flow disappears into the 
subsurface in dry weather, and the channel is dry 
for the next several miles downsLream. 

On April 20, 1978, Don Miller, Division of 
Geology and Land Survey, injected approxi 
mately IO liters of Rhoda mine WT dye into 
Bear Creek just upstream of the water-loss 
zone. Dye was recovered at Cliff Spring, 1.9 
miles to the east, within two days after injec 
tion. 

DRY AUGLAIZE CREEK TRACES, S & M, 1976 

Dry Auglaize Creek is a major losing stream 
draining much of north-central Laclede County. 
Its drainage area, including Goodwin Hollow, is 
205.8 mi2, and it is a losing stream essentially its 
entire length. One section of upper Dry Auglaize 
Creek does have perennial flow, a reach several 
miles long downstream of the Lebanon wastewa
ter treatment plant. Outfall from the treatment 
plant provides enough water to maintain flow for 
a few miles, but there is measurable flow-loss 
along the reach . The flow typically disappears 
into the subsurface before reaching Route F. 
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On November 3, 1976, Don Miller, Division 
of Geology and Land Survey, and John 
Skelton, U.S. Geological Survey, injected ap
proximately 20 liters of Rhoda mine Wt (20%) 
dye into Dry Auglaize Creek upstream of where 
flow disappears. Dye was recovered between 
23 and 32 days tater, 13.4 miles to the north
west, at Sweet Blue Spring . Dye was also 
recovered at Hahatonka Spring, 17.6 miles to 
the northwest, 45 to 53 days after injecticn. 
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RECHARGE AREAS OF MAJOR SPRINGS 
IN THE BENNETT SPRING AREA 

INTRODUCTION 

The major springs in the study area are outflow 
points for groundwater recharge. Each spring has 
a geographic area that provides its recharge. The 
size of a spring recharge area is proportional to the 
volume of water that is discharged from the spring, 
and the rate of groundwater recharge. Springs that 
discharge small amounts of water, generally, have 
small recharge areas. Those with high discharges 
have larger recharge areas. 

The maximum amount of recharge possible for 
an area is the volume of precipitation. However, 
evaporation and transpiration greatly reduce this 
volume. Average annual recharge can be more 
realistically estimated from average annual runoff 

data collected at surface-water gaging stations on 
major streams. Stream discharge consists of 
three components: I) Direct surface-water ru no 1 
after precipitation events; 2) general groundwater 
inflow occurring along the stream; 3) and ground
water inflow from springs. It cannot be assumed 
that average annual runoff, as measured from a 
single gaging station on a given watershed, in
cludes all of the groundwater recharge that takes 
place in that watershed. If groundwater recharge 
takes place upstream from a gaging station, and 
the spring outlet is downstream, then runoff wi II be 
underestimated because a part of the groundwa
ter bypassed the gaging station. Additionally, 
interbasin transfer of groundwater commonly oc-
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Figure 32: Average discharge versus recharge area size {or uan·ous recharge rates. 
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curs in karst areas; groundwater recharge taking 
place In one surface-water drainage basin can 
emerge as spring flow in a different surface-water 
drainage basin. These factors can often be ac
counted for by examining long-term runoff data 
from several gaging stations in different water
sheds in the region. 

Long-term average annual runoff in the Bennett 
Spring area, based on stream-flow data ranges 
from about 11.5 inches ln the northwestern por
tion, to 12.5 inches in the southeast (Gann and 
others, 1976). If all of the runoff became ground
water recharge, assuming an area average of 12 
inches per year, then recharge in one square mile 
would provide an average flow of0.88 ft 3/sec to a 
spring. However, recharge rates vary spatially, 
and seldom does all of the runoff become ground
water recharge. Losing streams have finite re
charge capacities and do not always channel all of 
the water entering them into the subsurface. Water
less characteristics also vary between different 
losing streams. Some, like Spring Hollow and 
Goodwin Hollow, channel a high percentage of 
their runoff into the groundwater system. Others, 
like Fourmile Creek, Jones Creek, and West Fork 
Niangua River, have lower water-loss rates, and 
thus provide less recharge per unit area. Essen
tially 100 percent of the runoff generated within 
sinkhole watersheds becomes groundwater re
charge, and there are many sinkholes in the 
Bennett Spring area, but the total area they drain 
is relatively small compared to the size of the 
study area. Figure 32 relates groundwater dis
charge to recharge-area size for various recharge 
rates. Dye tracing is likely the best and most 
accurate method for determining the recharge 
area for a spring; it establishes a physical connec
tion between groundwater recharge and ground
water discharge. Unfortunately, a dye trace estab
lishes the outflow point of water disappearing into 
the subsurface at a particular point and time. For 
a losing-stream dye trace, it is generally assumed 
that the drainage upstream of the dye Injection 
site is within the recharge area of the spring where 
the dye reappears. This is true much of the time; 
upstream runoff can, potentially, reach the site 
where dye was injected. However, all of the 
recharge upstream of a particular dye injection 
site does not always recharge the same spring. 
For example, upper Fourmlle Creek watershed 
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provides recharge to Bennett Spring . Lower 
Fourmile Creek watershed provides recharge to 
Famous Blue Spring and Sand Spring. Under 
certain now conditions, when there is surface flow 
through the upstream losing reach, dye placed in 
upper Fourmile Creek may be recovered from all 
three springs. Obviously, the accuracy of re
charge-area delineation increases with increased 
dye trace data, but seldom is it possible to conduct 
enough dye traces to identify a recharge area with 
total certainty. 

Another technique for determining directions 
of groundwater movement Is the use of potentio
metric maps. A potentiometric map is a contour 
map showing the water-level elevations of wells 
penetrating a selected aquifer or aquifer zone. 
Direction of groundwater movement can be in:er
preted from potentiometric maps by constructing 
groundwater flow-lines perpendicular to the ;>o
tentiometric contours; groundwater moves down
gradient and at right angles to the water-level 
contours. Potentiometric maps most accurately 
portray groundwater movement in aquifers under 
Dare ia n flow conditions, sue h as al I u via I sand o. nd 
gravel deposits, thick sandstones, and permeable 
glacial drift. Potentiometric maps of carbonate
rock aquifers where much flow is through solution
enlarged openings, may not accurately reflect 
groundwater-flow conditions. The problems are 
compounded where there are large areas with Ii ~tie 
or no water-level data. Miller (Harvey et al., 1983) 
constructed a potentiometric map which includes 
the Bennett Spring study area. Figure 33 was 
made from Miller's map, and shows water-surface 
elevations in wells primarily penetrating the 
Roubidoux Formation-Gasconade Dolomite aqui
fer sequence. Though groundwater-flow patterns 
interpreted from the potentiometric map do not, in 
all cases, agree with the dye tracing information, 
the potentiometric data is still useful in helping to 
delineate the recharge areas of the major springs. 

Figure 34 shows recharge areas for the major 
springs in the Bennett Spring study area. Deli nea
tion of the recharge areas was based on dye 
tracing, potentiometric map data, stream-flow 
characteristics, and topography . The recharge
area boundaries shown in figure 34 should not be 
construed as absolute; they are ·simply the best 
estimation based on available information. 
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SUMMARIES OF INDIVIDUAL SPRING RECHARGE AREAS 

BENNEIT SPRING 

Bennett Spring is the largest spring in the study 
area and has the largest recharge area, approxi
mately 265 mi2. Its known recharge area, based 
on dye tracing, Includes Spring Hollow, upper 
fourmile Creek, upper Dousinbury Creek, upper 
Brush Creek, and upper North Cobb Creek. It 
shares recharge with at least two other springs. 
Dye tracing shows recharge in East Fork Niangua 
River drainage is shared with Jake George Springs, 
and recharge in upper Goodwin Hollow is shared 
with Sweet Blue Spring, a total of about 70 mil of 
shared recharge. Bennett Spring may also receive 

recharge from upper Dry Auglaize Creek, upper 
Bear Creek, upper Cave Creek, a small part of 
upper Jones Creek watershed, and upper 
Danceyard Creek; further dye tracing will be needed 
to substanUate this. 

About 213 mi2 or 80.5 percent of Bennett 
Sprtng recharge area is in Laclede County. Dallas 
County contains about 22.5 mi 2 or 8.5 percent of 
its recharge area, and Webster County contains 
the remaining 29.5 mi2, or 11 percent. 

SAND SPRING AND FAMOUS BLUE SPRING 

Dye traces show Sand Spring and Famous Blue 
Spring share a recharge area. Some springs share 
only a portion of their respective recharge areas, 
but Sand Spring and Famous Blue Spring likely 
share a single recharge area. This is supported by 
specific conductivity measurements of their dis
charge. Numerous conductivity measurements 
taken during different flow conditions showed 
essentially identical conductivity at the two springs. 
Conductivity values varied at both springs, of 
course; they were highest during tow-flow condi-

tions and lowest during high-flow conditions, but 
with respect to each other conductivity varied 
little. Sand Spring and Famous Blue Spring are, 
apparently, separate outlets for the same spring 
system. 

The recharge area for Sand Spring and Famous 
Blue Spring is likely all in Dallas County, and 
consists of about 33.5 mi2, mostly In middle and 
lower Fourmile Creek watershed, and Cave Creek 
watershed. 

JOHNSON-WILKERSON SPRING 

During this study only one dye trace was made 
to Johnson-Wilkerson Spring. Jones Creek up
stream from Route M is known to provide re
charge. Two Jones Creek tributaries that are also 
losing streams, Goose Creek and Starvey Creek, 
likely provide recharge to the spring. The re-

charge area is thought to be about 19.6 mi 2. About 
84 percent of it, 16.5 mi2, lies in Dallas County. 
Most of the remainder is in Webster County. A 
small part. of extreme southwestern Laclede County 
may provide a small amount of the spring re
charge. 

JAKE GEORGE SPRINGS 

The recharge area for Jake George Springs, 
llkely, is the Niangua River basin upstream 
from the springs. Dye from the East Fork 
Niangua River trace, which resurged between 

. Gourley Ford and Route M, likely emerged at 
Jake George Springs. Temperature profiles 
and flow data for the Niangua River between 
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Route Y and Route M show Jake George 
Springs to be the only major groundwater 
outlets along that reach. The results of the 
West Fork Niangua River trace which indicate 
dye was received at Jake George Springs are, 
at best, tentative. 
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Additional dye tracing will be necessary to 
better define the recharge area for Jake George 
Springs, but available data indicate recharge 
is provided by the East and West forks of the 
Niangua River, and is almost all from within 
Webster County. Recharge on the East Fork 
Niangua River is shared with Bennett Spring. 

Additional losing streams In this area which 
likely provide recharge are Hollis Branch and 
Hagan Branch, on the east side of the Niangua, 
and Hawk Pond Branch and Givins Branch 
west of the river. Total recharge area size is 
estimated to be about 90 mi2, with at least 
26.5 mi 2 shared with Bennett Spring. 

RANDOLPH SPRING 

Randolph Spring likely has a relatively sma I l 
recharge area . A dye trace shows a losing
stream watershed immediately west of the 
spring providing at lea st a part of the re
charge. Recharge taking place farther west in 

Churchill Hollow and Wildcat Hollow may also 
supply the spring. The recharge area likely 
contains about 4. 7 mi2

, and is thought to be all 
west of the Osage Fork and south of Brush 
Creek within Laclede County. 

BIG SPRING 

A single dye trace shows Big Spring to receive 
recharge from upper Steins Creek, and additional 
dye tracing will be necessary to better define its 
recharge area. The recharge area likely includes 
much of Steins Creek watershed, and possibly 

losing-stream drainage in upper Parks Creek wa
tershed. Based on this, the recharge area may 
occupy some 70 mi2• Though the spring rises in 
Laclede County, most of the recharge likely origi
nates in northern Wright County. 

CLIFf .. SPRING 

Cliff Spring, one of the smaller springs dis
cussed in this report, receives its recharge from 
Bear Creek watershed. However, there is far more 
water lost to the subsurtace in Bear Creek water
shed than can be accounted for at Cliff Spring. 
Bear Creek contains two gaining zones; a 2- to 3-
mile reach upstream from its mouth, and a 3.5-
mile reach 2 miles upstream from and l.5 miles 
downstream from Interstate 44 near the middle of 
the watershed. Dye tracing has shown that flow 
lost into the subsurface from the upstream 
gaining rea ch recharges Cliff Spring, and thus 
the entire watershed upstream from the gain
ing reach could, under certain flow condi
tions, provide recharge. However, Bear Creek 
upstream from where dye was injected drains 
nearly 30 mi 2

, enough area to supply a spring 
several times larger than Cliff Spring. 
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It is likely that Cliff Spring discharge is 
more dependent on flow lost into the subsur
face in middle Bear Creek watershed than on 
recharge from the losing-stream reach in up
per Bear Creek watershed. Obviously, since 
any surface-water runoff in upper Bear Creek 
watershed that reaches the downstream los
ing zone can provide recharge to Cliff Spring, 
the entire watershed upstream of the dye 
injection site is considered to be within the 
Clift Spring recharge area. Based on this, the 
CI iff Spring recharge area contains a bout 30 
mi 2• However, groundwater recharge occur
ring in the losing-stream zone in upper Bear 
Creek watershed may provide recharge to 
Bennett, Sweet Blue, o r Hahatonka spr ings. 
Further dye t racing will be necessary to sub
stantiate this. 



The Hydrogeology of the Bennett Spring Area ;;;;;;;==::;;;;;;;;;;;;====;;;;;;;;;;;;;;;;=;;;;.;; ........ ...;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

SWEET BLUE SPRING 

Two dye traces show Sweet Blue Spring to 
receive recharge from outside of the Niangua 
River basin; water lost from Dry Auglaize Creek 
and its tributary, Goodwin Hollow, provide re
charge to Sweet Blue Spring. However, Sweet 
Blue Spring shares at least part of its recharge area 
with other springs. Upper Goodwin Hollow also 
provides recharge to Bennett Spring; upper Dry 
Auglaize Creek also recharges Hahatonka Spring. 
Several smaller losing-stream watersheds may 

also provide recharge to Sweet Blue Spring . Moun
tain Creek, a Niangua River tributary south of 
Sweet Blue Spring, and Sweet Hollow, which drains 
the area immediately east of the spring, are both 
losing streams and may provide recharge to Sweet 
Blue Spring. The Sweet Blue Spring recharge area 
may be as large as about 117 mi2

• However, at 
least half, and possibly much more, of the re
charge area is shared with Bennett and Hahatonka 
springs. 

HAHATONKA SPRING 

Hahatonka Spring is known to receive re
charge from an area southeast of the spring in 
Dry Auglaize Creek watershed . As previously 
mentioned, it shares a part of its recharge 
area with Sweet Blue Spring. A dye trace from 
a sinkhole near the Goodwin Hollow confluence 
with Dry Auglaize Creek indicates Dry Auglaize 
Creek at and downstream from the dye injec
tion site provides recharge only to Hahatonka 
Spring. As with Dry Auglaize Creek, there is 
likely a section of middle and lower Goodwin 
Hollow that recharges both Hahatonka and 
Swee t Blue springs. 

Available information indicates Hahatonka 
Spring has a recharge area of about I22 mi2. At 
least 20 mi2, and potentially much more, is shared 
with Sweet Blue Spring. Goodwin Hollow and Dry 
Auglaize Creek provide much of the recharge, but 
smaller losing-stream drainages immediately south 
and east of the spring may also provide appre
ciable recharge. Additional dye tracing will be 
necessary to betlerdelineate the Hahatonka Spring 
recharge area, and to more fully understand the 
mechanisms allowing multiple spring recharge in 
Goodwin Hollow and Dry Auglaize Creek water· 
sheds. 

HYDROLOGIC BUDGET FOR THE 
BENNETT SPRING RECHARGE AREA 

Precipitation is the source of essentially all 
water in the study area. But after precipitation 
reaches the ground, it can be distributed a number 
of ways (fig . 35). Part of the water can enter the 
soil matelials, be stored for a time, and return to 
the atmosphere as evaporation, or be transpired 
by plants. If soils are dry and the precipitation 
amount is low, most if not all of the water is 
ultimately evaporated or transpired. If the soil Is 
saturated, or the amount of precipitalion high, 
surface-water runoff and groundwater recharge 
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occurs. A hydrologic budget is an accounting 
procedure used to describe the distribution of 
water from precipi tation. In essence, it is a math
emaUcal procedure that allows losses due to evapo
ration and transpiration to be estimated, and thus 
detennine the amount of water available for ground
water recharge and surface-water runoff. 

There are several techniques used to estimate 
evaporation and transpiration. Most of them 
require data not ordinarily collected. A method 
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Figure 35: Conceptual drawing showing water distribution in a k.arst selling. 
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developed by Thornthwaite and Mather ( 1955 and 
1957 ), commonly called the ThornthwaiteMethod. 
estimates evaporalion and transpiration in com
bined form as evapotranspiration, and requires 
only temperature and precipitation data in calcu
lating the hydrologic budget for an area. 

The hydrologic budget of the Bennett Spring 
recharge area was calculated using a modified 
version of a Thornthwaite Method algorithm devel
oped by Willmont ( 1978). With the Thorthwaite 
Method, potential evapotranspiration, the evapo
transpiration that will occur if ample moisture is 
available, is calculated from average daily or 
monthly temperatures based on 12 hours of day
light per day. It is corrected for day length, based 
on latitude and date, to yield adjusted potential 
evapotranspiration. Actual evapotranspiration is 
calculated using potential evapotranspiration. by 
correcting for the amount of soil moisture avail
able. It is assumed that the availability of sol! 
moisture to evapotranspiration will decrease lin
early with the ratio of actual to potential maximum 
soil moisture, so as soil moisture decreases, the 
a mount of actual evapotra nspi ration also decreases. 
Surplus moisture, that which is ava ilable for sur
face-water runoff or groundwater recharge, occurs 
when the amounl of soil moislure storage is at its 
maximum, or field capacity, and preclpitaUon ex
ceeds evapotranspiration . It is assum.ed that there 
is no surplus moisture unless soil moisture storage 
is at field capacity. Also, in the hydrologic budget, 
no distinction is made between surface-water run
off and groundwater recharge. Soil moisture deficit 
is the amount of evapotranspiration that could not 
occur due to lack of soil moisture. 

Hydrotoglc budgets , regardless of data density 
and calculation methodology, are estimates of 
natural water distribution. No mathematical model 
can allow for the natural variations in soil materi
als, and seldom are temperature and rainfall data 
detailed enough to accurately account for tempo
ral and spatial variations. Despite their limita
tions, hydrologic budgets are useful tools for esti
mating surface-water runoff and groundwater re
charge characteristics in an area under a variety of 
climatic cond1uons. 
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Two hydrologic budgets were calculated for the -
Bennett Spring recharge area . The first, calcu
lated monthly far a 35-year period beginning Octo
ber. 1955, and ending September, 1990, was based 
on weighted average monthly precipitation at Leba
non and Marshfield, and average monthly tempera
ture al Lebanon. Soil moisture storage field capac
ity is assumed to be 6 inches. A yearly summary 
of this long-term hydrologic budget is shown in 
table 24. Temperature throughout this 35-year 
period averaged 57 . l °F., precipitation averaged 
40.99 in./year, and estimated actual evapotranspi
ration averaged 27. l in./year. Calculated surplus 
moisture averaged 13. 92 in./year, which is about 2 
inches greater than estimates based on surface
water gaging station data. 

The second hydrologic budget was calculated 
daily for water year 1989--1990. Average daily 
temperature was determined for the recharge area 
using a polygon weighting technique applied to 
daily high and low temperatures from Marshfield, 
Buffalo 3S, and Lebanon 2W weather observation 
stations. Figure 36 shows daily high and low 
temperatures from Marshfield, Buffalo 3S, and 
Lebanon 2W, along with weighted daily tempera
ture. Daily precipitaUon from the three U.S. Weather 
Service observation stations, Missouri Department 
of Conservation-Lebanon, plus the 10 precipitaUon 
stations established for this study, were averaged 
using a polygon weighting technique to obtain 
weighted precipitation for the recharge area. Table 
25 and figure 3 7 show weighted daily precipitation, 
water year 1 989-I 990, for the Bennett Spring re
charge area. A soil moisture storage field capacity 
of 6 inches was assumed. 

The daily hydrologic budget for the Bennett 
Spring recharge area is shown in table 26. Weight
ed temperature for the water year was 57 .6°F., and 
weighted precipitation was 48.52 inches. Actual 
evapotranspiration was calculated to be 25. 71 
inches, and surplus moisture was calculated to be 
20.73 inches. Thus. about 20.7 watershed inches 
of moisture was available during water year 1989-
1990 for surface-water runoff and groundwater 
recharge, which is considerably greater than the 
long-tenn calculated average of 13.9 inches per year. 



Hydrologic Budget 

HEAT INDEX I = 6d.05d52 JW!TIAL SOIL HQJSTURE (INCHES) • J SC!L MO:STURE STORAGE FIELD CAPACITY ( INCHES) • 6 
AVERAGE LAf[TUDE OF AREA (DEGREES) = 37 .55 

TE MP• TEMPERATURE (F) PREC = PRECIPITATION (INCHES) 
ADJ ET • ADJUST,D POTENTIAL EVAPOTRANSPIRATION (INCHES) 

POT ET • Ul·JADJUSTi:D POHIHIAL E'JAPOTR.ANSP I RAT! ON ( I CHES) 
P-AOJ ET • PRECJ PITATION LESS AOJ. POT. EVAPOTRA~'P!flATJ ON (IN) 

SMS = SOJL MOISTURE STORAGE (INCHES) ACT tT = ACTUAL E\'APDTRANS!"LRAT!ON (INCHES) 
~HANGE SMS = CHANGE lfJ SOIL MOISTURE STOR,\GE FflOM ?Rf.'.'IOUS l'EAR ( HICHES) 

OEFiC !T = AMOUNT OF EVAPOTRANSPJRAT!ON' THAT CANNOT TAKE PLACE DlJE TO INADEQUATE SO JL MOI STURE (lNCHES) 
SURPLUS = MOUNT OF \./ATER REHAIN!NG A80V~ SO! l MO [ STURE STORAGE FI ELD CAPACirY THAT 'I/AS NOT EVAPDRATEO OR TRAHSPlREO (1N) 

WAT[R 
YEAR 

1956 
1957 
1958 
1959 
l 960 
1961 
1962 
1963 
L96J 
1965 
1966 
1967 
i968 
1969 
1970 
197[ 
1972 
i 973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1966 
1987 
1988 
i.989 
1990 

TEMP 
(F) 

56.68 
57.0'2 
54.7a 
56. /6 
55.15 
55.52 
55.99 
56 . 79 
:SL 3·1 
56.28 
56.24 
56.12 
55.48 
55. 58 
55.59 
55. 76 
57.61 
55. 32 
56.96 
56. 13 
57.37 
55.64 
54.56 
53.85 
SJ.24 
56.55 
55.23 
S6 . 70 
53.31 
55 . 61 
56 . 93 
57. 83 
55.n 
55 .47 
57.59 

56.08 

PRE( 
( IN) 

28.BL 
47.02 
50 . 10 
JJ .69 
37. 47 
45.22 
35 . 21 
31.36 
31. 78 
48.0~ 
36.04 
38.79 
'17. 61 
42 . 41 
42. 32 
32. 89 
30.58 
52.20 
~7.33 
45 .51 
3C.85 
LI0.90 
39 . 66 
47. U 
32. 51 
43.01 
38.39 
,lJ. 99 
,17. 80 
52.68 
50. 22 
39.88 
40.79 
32 . 75 
48.52 

POT ET 
(IN) 

20.r.o 
27. 93 
25 .38 
27.B'i 
26. 17 
25 . 55 
27 . 41l 
28 . 77 
29. JS 
26.93 
26 .91 
25 . 72 
26.13 
26 . 70 
27.23 
7fi. 36 
28.39 
26.28 
27.38 
26.90 
27.60 
28.46 
27. 75 
25.69 
29.67 
27 .18 
26.53 
2/. ]6 

24.96 
27. 12 
28 .62 
29 . 22 
27.29 
25.87 
22 . 99 

ADJ ET 
( [N) 

32. 28 
31. 89 
29.27 
3). 89 
30. 15 
29.17 
31. 71 
33.02 
33.48 
30.87 
30.78 
29.35 
30.12 
30.93 
31. 47 
30. )G 
32.33 
30.40 
31. 27 
3]. 13 
31. 74 
33.07 
32.05 
29 .5J 
34. 34 
31.24 
30.59 
)l. 34 
21l.70 
31. 05 
32.9i 
33. 74 
31. 52 
29 . 75 
32.89 

P·AOJ ET 
(IN) 

·).47 
l.5. [3 
20. tl3 
l. 80 
2.32 

16.05 
3.50 

· l .66 
· i . 70 
17. l 7 
5. 26 
9.44 

17.49 
11 . 48 
10.85 
2.53 
6.25 

21. 80 
16.06 
14.JB 
-0.39 
7. 83 
7. 61 

17 .64 
· l .11) 
11. 77 

7.80 
10.65 
19.10 
21. 63 
17 .31 
6. 14 
9.27 
3.00 

15.63 

SMS 
(]Nl 

l. 50 
l.55 
6.00 
2.24 
0 . 82 
3.28 
3. 49 
0.99 
1.4[ 

6.00 
4. 42 
3.64 
2.30 
2.06 
6.0C 
2. 03 
2. 38 
1. 05 
3. 54 
2.81 
0.90 
3.76 
3.50 
3. 24 
0.58 
?.46 
1. 50 
o. 7,1 
2. 59 
1. 23 
6 . 00 
1.45 
0.93 
0.97 
1 .65 

ACT ET 
( IN ) 

29.34 
27. 62 
29.03 
28.0t 
23.22 
21l.62 
23.62 
27.30 
27.27 
30.13 
26 . 50 
27.95 
28. ll 
27 . 03 
26.30 
27 .86 
27.42 
25.02 
29.]7 
26 . 56 
25.07 
Jl.09 
30.50 
28 . 43 
25 . 94 
29.26 
26.57 
24.19 
24.16 
26.43 
28.39 
29 . 82 
25 . 47 
23.92 
28.G9 

CHMIG E S 11$ 

( JN) 

-l. 50 
0.05 
4. 45 

·3.76 
- l..~2 
2 . 45 
0.22 

-2 .51 
0.42 
4.59 

· 1.58 
·O . 78 
- 1. JJ 
- 0.24 
3.94 

-3 . 97 
0.)5 

- 1. 32 
2. 49 

-0. 73 
- I. 91 

2.85 
· 0 .26 
- 0. 25 
-2.66 
l.88 

· 0.97 
-0.75 
1.85 

-1 .36 
4 . 77 

- 4 . 55 
· O. 52 
0.04 
0.69 

DEF i CiT 
(IN) 

3.9~ 
•I . 26 
0 . 25 
3. 88 
6. ~4 
4.Sli 

8.09 
5.72 
6 . 21 
0 .7 
4. 28 
1.39 
2. 01 
1 .90 
5.16 
7. C:9 
4.91 
5.38 
1. 90 
4.SY 
6. l) 

I. 99 
1. 5h 
l. 11 
8. ,:IJ 
l. 98 
4.02 
7.15 
4 . ~4 
~.62 
'1 . 52 
3. 92 
6.05 
5.83 
4.80 

\.JATER 9ALAN~E AVERAGES FOR ,iATfR \'EARS 1956 fO 1990 AVG. HEA HIOEX • 64. 05452 

40.99 2I.25 31. 31 9.68 l .65 27.10 · O. 04 4.21 

Table 24: Hydrologic budget, water years 1956 through ]990, for the Bennett Spring recharge area. 
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SURPLUS 
(I NJ 

1. S7 
19. 34 
16 . 63 
9.43 

10.67 
18 . lll 
ll. 37 
6. S6 
4.08 

13. 32 
11.12 
11 . 62 
20.83 
15. 62 
12 .08 
9. 00 

10. 82 
28.50 
15.47 
19.67 
7.69 
6.96 
9_,:2 

19.00 
9. 2) 

11.87 
12. 79 
18.55 
21.79 
27 . 61 
17.06 
14.60 
15.84 
8.79 

19.75 

13.92 
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Figure 36: Water year 1989-1990 temperature data for lhe Bennett Spring area. 
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Hydrologk Budget 

WE J GHTED PREC JPlTATJ ON, ~ATER YEAR 1989·1990, SENNETT SPRING AREA 

DAY OCT NOV DEC JAN FE8 NAR APR 1""1AY JUN JUL AUG SEP 

1 0. 44 C.14 0. 01 0.1D 0.07 
2 0.01 0.38 0.13 0.02 
3 0.30 0.14 1.84 0.89 
4 D.07 0.39 0.55 0.87 
5 0.15 0.03 0. 09 0 .19 0.0:l 0 . 09 0.24 

6 0 .26 0.10 o. 16 o. tu 0.02 0. 07 0 . 13 0. OB 
7 0.07 0. 03 0.01 o. 51 0.Cl 0.03 
8 0 .09 0 . 03 0 . 22 0.03 0. 08 
9 0. 04 0. 2H 0.14 0. 05 C. 46 
10 0. 09 l . 24 0. 02 0.01 0. l3 

11 0. 17 0.0] 0.12 1.15 0.03 0.26 
17. 0 . 18 0.79 0. 78 0.23 0.21 
13 a. 14 0.02 0 . 25 0.37 0.05 0. 82 0.20 0.04 
\A 2. 16 0.29 1. 31 0.27 0 .18 0.4 1 D.03 0.07 
15 0.53 0.11 O.Cl l. 28 1. 13 0.08 0.50 0.20 0. 02 0.21 

16 0.08 0.03 0.40 0. 17 O.C7 0.96 0.31 
17 0. 04 0.01 1.33 0.31 o. 22 0.07 0.03 
18 0.09 0.07 O.Ol 0.04 0.59 
19 0.96 0. 08 0.10 0.16 0.13 0.23 
20 0. 02 0.63 0. i6 0.10 0.34 O. JO 0.02 

21 O.OJ 0. 32 0. 04 0.88 Q.0 9 0. 30 0.54 
22 0.14 0.30 0. 04 0.?7 0.28 C.16 
23 0. 09 0 . 10 0. 07 0.02 
24 0.0J 0. 32 c.oe O. OJ 
25 0. 06 o. i 2 0.13 0. 21 0. 26 0. 09 

26 0.01 0 09 3 . 39 0. 13 1. 37 
27 0.06 0.03 o.~s 0.39 0.02 0. 51 
28 0.01 0.2J 0.46 0.25 0. 06 
29 0.30 0. 0B 0.01 0 . 01 
30 a. :u o. 22 0.02 0.02 0.03 
31 0. 02 0.06 0.03 0.15 

MOIJTHLY 
TOTALS o. 74 3.09 0.77 a.01 4 . 57 6.10 3.90 11.23 2. 71 5.61 3.28 2.51 

TOTAL \Jf.iGfll'ED PRECIPJTAT!Dr,: AB. 52 JNCHES NUMBER OF DAYS WITH PRECIPITATION: 178 

4 ........ ----------------------------------------~ 

..--:- 3 
C: .... 

-......, 

C: 
0 ..... 2 _, 
IC ...., 
0.. ·-(.) 
QJ 
r.... 

P... 

0 

OCT I NOV I DEC I JAN I FEB I MAR APR I MAY I JUN I JUL I AUG I SEP 

Table 25 and Figure 37: Weighted precipilalion, water year 1989-1990, for lhe Bennett Spring recharge area. 
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UAll Y IIVOROLOGI C uunGE T ron 111[ DtNI;[ TT sr~ING AR[A, \/ATER YUR )989- J 990 

flf:AT INOE X I = l 1. S8// IHJT JAL SOil H{)IST UAF, ( IMCIIE~l • . 91 so II ~o Is runr. ST on AC.[. F Ir I n C,,PAC JTY ( I l< CIIF S) -
AV[RAG[ Lr.1 1 IUU[ or AIT[A JI. 55 

n:~r , TENPERAJURE (f) PAEC = PRE(ll'llAflOH (INCHES) ror El U14A0JUS1(0 POlfN!IAl [ 'l,\POTlulNSf'lllAIION (!N(ll[S) 
AW Ef. AOJUSI EO PO TE NTIAL EVAPOTRANSP IRATIOU ( ltlCHES) P-AOJ ET • PREUPllAl!OI< LESS ADJ . POT. EVAPOrRAtlSPIRATJOII (It/CHES) 
SHS , SOll MOI STURf STOflAGF. (IN( II F.S ) AO ET • ACTUAL EVAPOTRAt1SPIIV,1JOtl (!NCIIES) 
(HANG( Sl1S • CHAtlCf HI SOIL HOIS URf s rORAGE rllOM PREVIOUS OAV (HICHES) 
OEflCll = AMOUN T or (VAPOTAAflSPIRAlJ O!l THAT CANNOT ! AKE Pl.ACE DUE TO !fl/,O[QUAH SOIL ~-OISIURf. (INCHES) 
SURPLUS • MO UNT GF \IAT(R R[MA!NlfG A80'1E SO IL MOISTURE SfORAGf F l [ lD CArAClH THAT WA, NOr [VAPOR,\lfQ OR fRMISP[R[O (!NC~tS) 

0(1 1999 

DAY TE~P 
(1) 

l 67. 5~ 
2 6]. 56 
J Sd. 24 
d 6 !. 52 
5 66. 9d 
6 58. 6) 
I 50 . B2 
0 56. ll 
9 61. d) 
10 59.1) 
l l 69. 6S 
12 Id. 80 
l3 75.6~ 
ld 71.15 
15 73.44 
)6 70 .42 
J 7 d5. 38 
1 0 dO. ~5 
19 ]4.82 
20 • 1. ~o 
21 59. 29 
22 66 . ) l 
2J 69 . 32 
24 69. 11 
25 69. 35 
26 64. 95 
27 66./0 
28 6).13 
29 6/. 61 
30 5!. 06 
JJ ~3- lJ 

61. i5 

NOV - 1909 

DAY l(MP 
(F) 

46.92 
dO. 99 
37. 32 

! 5~. 40 
S 63. 64 
6 •9.09 
7 56.)) 
8 50. lJ 
9 d8 . 06 
10 51 .50 
11 6~. 21 
J 2 63 . 91 
13 6 7. 29 
}~ 61,.6) 
15 42 .53 
16 31.00 
l I JS. 37 
18 39.56 
19 56. 06 
20 '61. '.ii 
?.l 4~. 05 
22 36.45 
23 32 . 28 
24 42 . 52 
25 50 . 69 
n H.n 
~, 59. 26 
28 29.58 
29 V . 33 
JO 42 . 63 

47 . 97 

PREC 
(IN) 

0 . 00 
0. 00 
0 . 00 
o. oo 
0 . 00 
o. 26 
0 . 01 
o.oo 
0.00 
D. 00 
o. 00 
0.00 
0. 00 
0.00 
0.00 
a. os 
0.04 
0. 00 
0.00 
0. 00 
o.no 
o.oo 
0.00 
0 . 00 
0.00 
a. oo 
o.oo 
0. 00 
0.00 
0.27 
0. 02 

0.74 

PRlC 
( IN) 

o. 00 
o. 00 
o. uo 
0. DO 
0. 00 
0. 00 
0.03 
0.00 
0.00 
0. 00 
0. 00 
0.00 
0 . 1.:1 
2. IG 
0 . 53 
0.03 
o.oo 
o. 00 
o.oo 
0. 02 
0. 04 
0.14 
0. 00 
a.on 
0. 00 
0.00 
0.00 
0. 00 
0.00 
0.00 

3.09 

POT ET 
(IN) 

0. 11 
0. 09 
0 . 05 
0. OB 
0.11 
0 . 01 
0 .04 
0 . (16 
0.08 
0.07 
0. )2 
o. l 5 
0.15 
0.13 
0.14 
o. 12 
o. 02 
0.01 
o.oo 
O.Dl 
0.07 
0.10 
0 . 1( 
0 . 12 
0.12 
O. LO 
0.10 
o. 09 
0. JI 
o. 06 
o. 02 

ADJ ET 
(IN) 

0.1) 
0.09 
0.05 
0. 00 
0. LU 
0 . 07 
0 . 04 
0.06 
o. 08 
0.07 
0. 11 
o. 14 
o. 14 
0.12 
0.13 
o .12 
0 . 02 
0. 01 
0. 00 
0.01 
0 . 01 
0 . 09 
0 . II 
0.1 l 
0. ll 
0.09 
0. 09 
o.oo 
0.10 
0. 06 
0.01 

P-•O.I ET 
(!N) 

-0. ll 
-0,09 
-0.05 
-0. 08 
-0 . 10 
0 . 19 
0 . 0J 

-0 . 06 
- 0.08 
-o. 07 
-0 . l\ 
-0. 14 
-0 . 14 
-o.) 2 
-0.13 
-0.04 
0.02 

· 0. 01 
0.00 

-o. 01 
-0.07 
- 0. 09 
-o . ll 
-0 . 11 
-0. l l 
-0.09 
-o. 09 
-o.oa 
-0.10 
0. 2 l 
0. Ol 

SHS 
(ltl) 

0. 95 
o. 9·1 
0. 93 
0. 92 
D. 90 
l. )0 
I.]) 

I. !2 
I. lO 
l. 09 
l. 07 
1. 05 
1. Dl 
1.00 
o. 98 
o. 91 
0.99 
0. 99 
0. 99 
0. 99 
D. 98 
0.96 
0. 94 
0.93 
D. 9l 
o. ~o 
o. 80 
o.a, 
0.86 
I. 07 
I. OB 

M0tl1 HU AVE RAHS MID TOTALS FOR OCT 1909 

2. 63 

POl FT 
(lrl) 

U. 0) 
o. 01 
D. 00 
O. OS 
0 . 09 
0.03 
0. 06 
0. 0~ 
O.OJ 
0 . OS 
o. 09 
0. 09 
0 . 11 
o. 09 
0 . 01 
0.00 
0.00 
0 . 0] 
0 . 06 
a. oa 
0 .02 
0. 00 
o.ou 
o. 02 
U. U•l 
0 . 03 
0. 0) 
o.oo 
o.oo 
0 . 02 

AUJ ("T 
(IN) 

D. 02 
O.OJ 
0. 00 
o.os 
0.08 
o. 03 
o. 05 
o. 03 
D. OJ 
o. 01 
0 . 00 
0.08 
0.09 
0.08 
O.OL 
0. uo 
0.00 
0. 01 
0.05 
D. 07 
0.0l 
o. 00 
0. 00 
0. Dl 
o. 03 
o.o, 
0.06 
0.00 
0 . 00 
0 . Ol 

P-Al)J U 
( {N) 

-0. 02 
- D. 01 
o. 00 

-0.DS 
-0. 08 
·0 .03 
-0 .02 
-0 . OJ 
-0 . 03 
- 0 . 04 
-0 ,00 
-0. 08 
0 . 05 
2 . 08 
0 . 52 
O.OJ 
0. 00 

-0.0l 
-0.DS 
-0.05 
0.02 
0.14 
0.00 

-o. 01 
-0.0J 
· o. 11;, 
-0 . 06 
0 . 00 
0 . 00 

-0.0l 

I. 08 

s,,s 
(lrJ) 

I. 07 
J. 07 
). 0/ 
1.06 
I. OS 
1. 04 
1. 04 
t. 03 
I. 0) 
I. 02 
l. 01 
l. 00 
). 04 
3. p 
3. 64 
3. 67 
3. 6/ 
) . 66 
:i . 6J 
3 . 60 
3. GJ 
) . 7) 

1.n 
J . 76 
'I. /4 
3. 77 
J. 69 
J. 69 
3. 69 
3 . 68 

MNT11LV AVER,\f.ES ANO TOTALS ron NOV 1909 

I.H 0. 91 2. \2 3. 68 

ACT fl CIIANGE StlS 
(IN) (IN) 

D. 02 
0 .0 1 
0 . 01 
0.01 
0 . 02 
0. 01 
0.04 
0.01 
0 . 01 
0.01 
0. 02 
o.o~ 
0.03 
0. 02 
0 .02 
D. 09 
a. 02 
o. 00 
a. oo 
0 . 00 
0 . 01 
0.02 
0.02 
0.07 
0.02 
o. 01 
G.Ol 
0. 01 
0.01 
o. 06 
o. 01 

-0 . 02 
· 0.01 
-0 . 01 
-0.01 
-0 . 02 
0.19 
O.OJ 

-o. 01 
-o. 01 
-0 . 0l 
-0.02 
-0 . 07. 
-0.03 
-0. 02 
•0.02 
-o. 01 
o.oi 
o. 00 
0. 00 
a. oo 

-0 . 01 
· 0 . 02 
-0 . 02 
-0 .02 
-0.02 
-0 , 01 
-0 . 0l 
-a . 01 
-0. 0l 
0 . 21 
0 . Ol 

OEf·I CIT 
(INJ 

o. 09 
0.0) 
O.OA 
0. 07 
0 . 09 
0.00 
0.00 
0. OS 
0.06 
0.06 
0.09 
O. H 
o.u 
0.10 
0.11 
D. 03 
o. 00 
a. 01 
o.uo 
0 . 01 
D. OS 
0 . 00 
0.09 
0. 09 
0 .09 
0. 0) 
0.0B 
0. 0) 
o.os 
0. OD 
0.00 

MONTllL ·1 lltAT INDEX , 6 . 39 

o. 63 O. ll 

Acr [ T CfJANGE s~s 
( IN) ( IM) 

o. 00 
o. 00 
0. 00 
0.01 
o. 01 
0.01 
0. 03 
0. Ol 
0.00 
0. 01 
O. Ol 
0. 01 
0 . 09 
0.08 
0. 01 
0. 00 
D. 00 
0. DO 
0.0] 
0. OS 
O. O? 
0. 0 0 
o. 00 
0.01 
0.02 
0 . 01 
0.04 
0.00 
0 . 00 
0.01 

o.oo 
0 . 00 
0. 00 

- 0. Ul 
. a. 01 
-0. 01 

D. 00 
-0. Dl 
O. DO 

-0.01 
-0.01 
- 0 . 0l 
0.05 
2.08 
0.52 
0. 03 
0.00 
0. 00 

-0.03 
-0.0) 
0.02 
o. \,l 
0. 00 

- 0. 01 
- 0 .07 
-0. 01 
-0. oo 
0.00 
0 . 00 

-0.01 

l.8] 

OE~ICJl 
(IN) 

o. 02 
0.0\ 
0.00 
0. 04 
0.0) 
D. 02 
0. 02 
0. 03 
0. 02 
0. 03 
0 . 01 
0 . 07 
o.oo 
0.00 
o. 00 
0. 00 
D. 00 
0. DO 
D. 02 
o. 02 
o. 00 
0 .00 
0. 00 
0.00 
0 .01 
O.Ol 
0. 02 
0 . 00 
0.00 
0.00 

MONTHLY HfAT INDEX , 2 . BG 

0.49 2. 62 0 . 48 

Table 26: Hydrologic budget, water year 1989-1990, Bennett Spring recharge area. 

90 

SURrt US 
( IM) 

o.oo 
o. 00 
o.oo 
0. 00 
0 . 00 
0 . 00 
0.00 
0 . 00 
0 . OD 
0 .oo 
0.00 
o. 00 
0.00 
a. oo 
a. oo 
D. 00 
o. 00 
O. DO 
a. oo 
0.00 
0. 00 
0.00 
D. 00 
o.oo 
o. DO 
o.oo 
0. DO 
0.00 
o.oo 
0.00 
0. 00 

0.00 

SUAPlUS 
(IN) 

o. 00 
0. DO 
D. DO 
0.00 
0. 00 
0.00 
0.00 
0.00 
o.oo 
0 . 00 
D. 00 
0 . 00 
o.oo 
o. 00 
0 .00 
a. oo 
0.00 
a. oo 
0.00 
o. 00 
0.00 
o. 00 
0.00 
0. 00 
0.00 
o. 00 
0.00 
0 . 00 
0.00 
0.00 

0.00 



Hydrologic Budget 

DEC \989 

D~'I TEMP PREC POI El AOJ ET P-,'<D,) EI SHS A[ T t T rllANGt s~s DEF I CI 1 SU1ll'LV5 
(fl ( IN ) (IN) ( [NJ (IN) (IN) (Ill) ( IN) ( IN) (IN) 

I 41. 39 0.00 0.0) 0.02 -0.117 ). 66 0.01 -11.01 0.01 0. 00 
? 39. 59 0.00 0. 01 0. Ol -G .01 J. 6fi 0. 00 0. 00 O. OU 0. 00 
3 23. 92 U. OU o. no 0.00 o.oo J.66 o.oo 0. 00 0.00 o. 00 
4 42 .40 0.00 o. 01 0.0l -0.01 J. 65 O. Ot -o·. 01 0. 00 D. DO 
5 54. 5! 0.15 0. OS 0.04 0.11 3. /6 0.0,1 o. 11 o. 00 0. 00 
6 42. lJ u.ou 0 . 0 1 0.01 -0. 01 3. IS n. 01 -0. Dl 0. 00 0.00 
] 21.66 o. 00 0.00 o. 00 0.00 J. IS o. 00 O. DO 0. 00 D. 00 
8 24. 86 0.09 o. oo 0.00 0. 09 3. 84 o. 00 0.09 0. 00 0.00 
9 32. 83 0.04 D. 00 0. 00 D- 04 3. 88 o. 00 0, 0,1 o. 00 0.00 
10 38. 83 o. oo o. 01 0.01 -0.0l 3. B8 D. 00 0.00 0. 00 0.00 
ll 23. 03 0.00 O. GO 0.00 D. 00 3. 88 0. DD 0.00 D. 00 0.00 
12 14 .19 0. 00 0. DO 0. 00 0.00 3. 98 0.00 0.00 0. DD 0.00 
13 25. 13 0. DO 0. 00 0. 00 o. 00 3. BB 0.00 o.oo 0. OD O.OD 
14 1•.e1 0.00 o.oo o. 00 o.oo J .~8 0. co D. 00 0.00 0.00 
JS 3. 78 O. ll 0. DO 0. 00 O. ll J. 99 D.00 0.11 0. OD 0.00 
16 - D. 36 0.00 0.00 0. DO 0.00 3. gg 0.00 0. 00 0.00 0.00 
11 16. 4B O.OJ 0.00 o. 00 0.01 4 .00 0.00 0.01 0. OD O.OD 
18 23. 44 0.00 0.00 0.00 0. 00 d. 00 0. 00 0. 00 0.00 0. 00 
19 16. 39 0-00 o.oo 0. DO 0.00 1.00 0.00 0-00 0. DO 0.00 
2G 1£. 35 0.00 o. oo 0. DO 0. 00 4. 00 0. 00 0. DO 0.00 0.00 
21 -1. 65 0.00 0.00 0. DO 0 .00 4 .00 0.00 0.00 0. 00 O.OD 
22 -9. 20 0. 00 0. 00 0. 00 0. 00 <l. 00 0.00 D. 00 0.0D o. oo 
23 • J. 25 0.00 0. 00 0. DO 0.00 4. 00 0.00 0.00 D. DO o. 00 
2d 11.42 a. oo o. 00 O.OD 0. 00 4. uo 0.00 o. uo o. 00 o. oo 
;,5 )0. 76 0. 06 0.00 o. 00 0.06 4. 06 0.00 0 .06 O. DO 0. 00 
26 28.62 D. OD o. 00 0.00 0.00 

·- 06 
0. 00 D. 00 0.00 O.OD 

27 41. l/ o. 00 D. 01 0. 01 -0.01 4.05 0.0] -0.01 D. 00 o. 00 
(8 42. 34 O.Ol 0.01 0.01 o. 00 4. OS 0. 01 D. 00 O.OD 0.00 
29 47. 52 0. JD 0.0) 0. D2 0-28 •. JJ G.02 U-28 o. 00 o. 00 
JD 33. 49 0. OD 0. DD 0. 00 0. DO 4.n 0. OD D. 00 O.DD 0.00 
31 34. 21 D. DO 0. 00 0.00 D. 00 4. 33 0. 00 0. 00 0. DO 0. DO 

KONTI IL Y AVERAGES MID 10!Al5 FOR OE( - l9B9 MON THL V HEAf INDEX • 0. 49 

:?S. 26 o. n 0.18 0.1:, D. 62 4. JJ 0 .12 0. 66 D D3 0. DD 

JAN 1990 

OAV TEHP PRE( POT ET AOJ ET P-AOJ ET SMS ACT ET CHANGE SHS OEF IC )T SUH PL US 
(r) (IN) ( IN) 11 N) (JN) ( I NJ (IN) (IN) ([ll ) (HI) 

1 29. 25 o. 00 o. 00 o. 00 Q_QQ 4. )] o. 00 O. DO o. 00 0.00 
2 )/. 8'1 o. 01 0.01 0. 00 0. Ul 4. 33 o.oo 0.0l 0 .00 0.00 
3 41. 46 D. 30 0. 03 0.02 0.28 4.61 D. 02 0. 28 o. 00 o. 00 
4 JS .43 0.01 0.01 0.01 0. 06 4. 67 0. 01 o. 06 0 . 00 O.OD 
5 35.48 0.00 0. DO 0-00 0. 00 4.61 0. 00 o. 00 O. OD 0.00 
6 31. 6 Z o.oo 0. 0 1 o. oo D. 00 4.67 o.oo O. OD 0.00 0.00 
7 36. 19 0.00 0 .OD O. OD 0.00 4.67 0 . 00 o. 00 o.oo o.oo 
0 H. 51 o. 00 o. 02 0. 02 -0.02 d. 65 0 . Ol -0. D1 0 .00 0.00 
9 SD. ~S O. DO D.04 0. 03 ·O. 03 4. 63 0.02 -0. 02 0. Dl O.OD 
10 49. 18 0.00 0. 03 D. 03 -0.DJ A.61 0 . 02 ·O.D2 C .01 o.oo 
ll 51. Gd 0. DD 0. 04 0.03 •0.0) ii. 58 0.0] -0.03 0.01 0. DO 
12 35.01 o. oo o. 00 o. oo o. 00 4. 58 o. 00 o.oo 0.00 0.00 
13 JI. 1l a.on 0. 00 0. 00 o. 00 4. 58 0.00 0. OD 0. DO 0.00 
]4 46. 74 0.00 0. 03 0. 02 -0. D2 4. 56 0. 02 0.02 0.0] o.oo 
l~ 56. 26 0 .01 o. 06 D. 05 -0.04 ,i _ SJ 0.04 -0. OJ 0.0l 0. DD 
16 58. 55 o. 40 0.01 0. 06 o. )4 4.81 O. Ofi Q. 3A 0.00 0.00 
)7 56.16 J.33 0. 06 0. 05 J. 28 6. 00 0. 0:, l. 13 o. 00 0.15 
18 4].96 O. C9 0.01 0. OJ o.oo 6. 00 a . 0 1 0. 00 O.OD 0.08 
19 33. 62 0.% o. 00 o. 00 o. 96 6. 00 0 .00 D. 00 0. OD D. 96 
20 30. 6? n. 61 0. 01 0. UJ 0- 62 6. 00 0. 01 0. 00 a.on 0.62 
21 3). 02 0 .oo o. 01 o. oo o. no 6.00 u. oo 0. 00 D. 00 D. 00 
22 49. 69 D. 00 0. 04 0.03 -0.03 5. 91 0.03 ·O.DJ o. uo o.oo 
23 52. Jg 0. 00 0.04 0. 04 -0. 04 5.n 0. 0 4 -0. 04 0. 00 0. 00 
24 4/. 96 0. OJ 0.03 0.03 0. DD 5. 93 0 .0) o. 00 o. 00 D. DO 
,!$ 40. 41 o. 12 o. 01. 0. 01 D. 11 6. 00 0.01 D. 07 0. 00 0.04 
26 41.23 o. 00 0.02 0. DI -0.01 5. 99 a .01 - D. 01 0. uo o. 00 
27 47. 17 D. 00 0. OJ o. o;, -0.02 5.% 0.02 -0.02 o. oo Q_QQ 
28 34. 71 0.00 0.00 0.00 0. 00 5. 9G 0.00 D. 00 o. 00 o. oo 
:/9 35. 80 D. 00 0. OD 0. DO 0. OD 5.% D.00 0.00 0 .00 0 .00 
30 ~J.93 o. 00 0-02 0.02 -0.02 5. 9,1 0. 02 - 0.02 o. 00 0.00 
31 47.4D 0. 06 0.03 0.02 0. 04 5. 98 0.02 Q_Q4 o. oo O.OD 

IIONTIIL Y AV(RAGES ANO TOfALS roR JAN 1990 HONIHL 'i H[AT INDU • 1. 69 

4J. Jl 4 .01 0.65 Q_)4 J.49 5. 98 0.50 l- 67 0.04 l.B6 

Table 26 (continued) 
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The Hydrogeology of the Bennett Spring Area 

Fl8 1990 

DAi TEMP PR(C POT ET ADJ ET P-AO.I fl SMS ACT El CflANG£ SMS Off IC IT SURPLUS 
(>) (l•I) (IN) (IN) (UI) (IN) (IN) (IM) ( I N) ( I N) 

48. SJ 0. A4 0.0) 0.03 0. Al 6. DO 0. 03 0. 02 0.00 D. 39 
41. 52 0. 38 0.01 0. 01 0. 37 6. UD 0.01 0. 00 o.ou 0. )I 
33.58 0. 14 0.00 Q_ QQ 0. iA 6. no 0. 00 o. oa 0.00 0. 14 

4 32. 7/ 0. 39 0.00 0. 00 0. 39 6.00 o . oo 0. 00 0.00 0.)9 
5 43. 48 0.03 a. 02 0.02 0. 01 o.OD 0.02 0.00 0.00 0.01 
6 ~3. 70 0.10 0. 02 o. 02 0.08 6.00 0. 02 O.DO 0.00 0.08 
I 4). 19 0.01 0. 03 o. 02 -0.01 5.99 0. 02 •0 . 01 0.00 0.00 
e 56 .03 a.OJ 0 . 06 O.OS ·0.02 5. 96 0. 05 ·0.02 0 . 00 0.00 
9 S0.92 o. 20 o.o• o. 04 0 . 24 6.00 0. 04 0.04 0.00 0.21 
10 42.J4 0 . 00 0 .01 0.01 -0.01 5. 99 0.01 -0.01 0.00 0. 00 
ll 51.0) 0 . 00 0.04 O. Od -0.04 5. 95 0 . 04 ·0.0J o. 00 0-00 
12 ,6.82 0.00 O.G6 o.os -0. 05 5. 90 O. D5 -0.05 0. 00 o. 00 
) ) 57. 46 0. 02 0. OG o. 06 -0. OJ 5. B6 0. 06 ·0.04 o. 00 o. 00 
14 40.65 0.29 0.01 0 . 01 O. 2B 6.00 O.OJ 0.14 0,00 o. 14 
)$ 36 . 35 J. ?B o. 00 o . 00 I. 28 6. 00 o. 00 o.oo o. 00 l. 28 
16 )l . 31 o. l I o.oo O. DO 0.11 6 .GO 0 . 00 D. 00 0. DO 0.11 
II J0.43 0. 00 0. 00 o . 00 o. oa fj.00 O. DO 0. 00 D.00 0. DO 
IB 42. 14 0. DO 0.0? 0.01 -0.01 s. 99 o. 01 -0. 01 0. OD D.00 
19 41. 56 0. 00 0.01 0 . 01 ·0.01 5.91 O.Ol -0.01 0. 00 0. 00 
?0 38.80 0. 00 0.01 0 . OJ .Q.01 5. 97 o.ot ·O.Ol 0.00 0.00 
21 ~1. 49 o.n O.OJ O.OJ 0.29 6. 00 0 . OJ 0. 0) o. 00 D. 26 
22 48. 62 o. 30 O.OJ 0 . 0) 0.21 6. 00 0. OJ 0.00 0.00 0. 27 
23 40. JO o. 09 0.01 0.01 O.OB 6. ao 0. Ol 0. 00 o.oo 0. 08 
2~ 37 . 59 0.00 0.01 a. 01 -0.01 s. 99 D. 0 l •0.01 o. 00 o.oo 
25 29.1 l 0.00 0. 00 0. 00 0.0~ 5. 99 0. 00 o. 00 o.oo 0. 00 
26 46.30 0.0! o. 02 D. 02 - 0. 01 s. 98 0. 02 - 0 . 01 o.oo o.oo 
21 so. ae 0.0,i D.04 0. 04 0.07 6. 00 o. O• 0 .02 o.oo 0.00 
28 J0 .OT 0. 2J 0. 01 0. 01 o.n 6.00 o . 01 0.00 0 . 00 0 . 22 

IIONllll Y AVHIAGES AHO TOTALS FOR FEB • 1990 HOfl fill Y Ht>, T (NO~X = l. S2 

4) . 06 4. 57 0 . 58 0. 5) 4. 04 6 . 00 0 .s, 0.02 o. oa 4.02 

MR 1990 

OAI TE~P PREC POT cl ADJ [:T P-hOJ n SMS ACT EI (IIANGE SMS OUICIT su~rL us 
(Fl (lN) [ I NJ (IN) (HI) ( JII) (IN) (IN) (HI) (IN) 

I 29. 99 D. 14 0.00 0 . 00 0. [4 6. 00 0. 00 0.00 0.00 0. 14 
2 )9. 40 O.OD D.Cl 0 . 01 -0. DI 5. 99 0.01 ·0.01 o. oo D.00 
3 39. 08 o.oo D.Ol 0. 01 -0. 01 5, 98 0.01 -0.01 0 .00 0. DO 
4 46. ,1 o. ao o. 03 a. o;, ·0 . 0? s. 96 o. 02 ·O. 02 o. 00 0.00 
s 57 . 60 0.09 0.04 0. 04 o.os 6. 00 0.04 o. 04 0. 00 0. 00 
6 SUS 0. 16 0. OJ 0. 04 0.1 2 6. 00 0.04 a. ua 0. 00 0.12 
7 48.% 0. 51 0. OJ 0.03 0.48 6. 00 0. 03 0.00 D.GO 0. 48 
8 60 . 08 o.n 0.08 0. 08 0. I 4 (,.110 D. 08 0.00 0 . 00 0.14 
9 62.17 0. 00 0.08 a.as · o. 08 s. 9:1 0. 08 -U.08 o.oo (>. ()0 
10 68.14 G.09 a .12 0 . 1 l · O. 02 S. R9 O. l l -0 . 02 0. 00 O. OQ 
11 66 . 66 O. ll 0.)0 0.10 ll. UI S.% 0 . 10 0 . 0/ o.uo o.oo 
12 68.67 U. 38 0. 12 0. 11 0.21 6 . 00 0 . 11 0.0,1 0. OU 0 . 2) 
lJ 65 . 83 o . 25 0.10 0.10 O. IS 6.00 0.10 0.00 0.00 D .15 
14 60 . JI 1. 31 0.08 0.08 I. 23 6.0(1 0.08 0 . 00 0.00 I. 23 
IS 51. 26 1.1) 0.04 o . 04 1.09 6. 00 0.04 0 . DO 0. 00 1.09 
16 so . 52 0.00 O.Ol 0. 04 -0. 04 5 . 96 0 . 04 -0.0,1 0.00 0. OU 
l7 48 . )4 0. 00 0. OJ 0.0) - 0.03 s. 9) 0.0) ·O . O) 0. DO 0.00 
l8 JJ.20 0.01 0.02 0 . 0< 0. OS 5. ~8 o. 02 0 . 05 0.00 0,00 
19 36.76 0.08 0.00 0 . 00 o. 08 6. 00 0.00 0 . 02 0. DO 0. 06 
20 JS.99 0. 00 0. 01 0. 01 -0. 01 S. 99 o. 01 ·U. OJ 0.011 o. no 
21 55 . 39 o.oo 0.06 0. OG -0. 06 5. ~4 O. OG -0.06 0. DO 0 .00 
22 57 , 42 0. 04 0.06 O.OG -0. 02 5. 91 o. 06 ·0.02 o.ou 0. 00 
23 d l. lJ o. \0 0.01 0.01 0. 09 6. 00 O. Ol 0 . 09 0.00 0. 00 
24 21 . SJ 0,)2 D. 00 0.00 0. J2 6. 00 o.oo o.oo G.OU 0. 32 
25 29. 91 0. \3 o. oo 0. 00 0. lJ 6. 00 0.00 0 . 00 0. DO 0 .lJ 
26 4) . ,;a 0. 09 O. U2 0. 02 0.07 6. 00 0. 02 U.00 o.oo 0. 07 
2) 4). 12 0. 03 0. 02 0 . 02 o. 01 6.00 0 .02 0.00 o.oo O .Cl 
?8 44 . 09 o.~6 o. 02 U. 02 O. J4 6. 00 o. 02 0. 00 0.00 o. ~~ 
29 49. 52 o. 08 0. OJ 0 . 04 o. 04 6. 00 0.04 0.00 0. 00 0.04 
JO 46 . 57 o.n 0.03 0. OJ 0. 19 6.00 0. OJ O. GO 0.00 0 . 19 
3l 52.69 0.03 0. 05 0.05 -0.02 5 . 98 0. 05 ·0 . 0~ 0.011 c.oo 

!10NTMLY AVERAGES ANO TOTALS FM MAIi - ig~o Hotll HL Y HEA r INOD , 3. lB 

49 . l 2 6.10 l. 26 l. 26 4. 94 5. 98 1.26 · 0. O?. 0.00 ~- BG 

Table 26 (continued) 
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Hydorlogk Budget 

APR 1990 

OAV TEMP PRE( POT El ADJ U P-AOJ ET S11s A(l ET CIIMIGE SMS DEFICIT SURPLUS 
(F) ( IN) ( {11) (HO (!~) (IN) ( !N) ( IN) (IN) (Ill) 

J 58. 9J 0 . 01 0. 0/ 0.0/ -0.06 s.n o. 0/ • 0. 06 D. 00 0 .00 
2 50.41 o.oo 0. DJ a. 04 -0. 04 5. 68 o. 04 -0.04 0.00 0 . 00 
3 45 . 37 0 . 00 o. 02 a. 02 -0 . 02 5 . 86 o. 02 - o. 02 o. no 0 . 00 
4 SJ. 54 0 . 00 0 . 05 O. OS •0 . 05 5 . 81 0.05 -0.05 o . oo 0 . 00 
5 •J. 19 0.19 O. OJ o . 03 0.16 5 . g7 O. OJ 0.16 o.oo 0 .00 
6 39. 25 a. 1G 0. 01 0.01 0.15 6 . 011 O. Ol U.OJ a.on D. 12 
7 47. 2J o.oo 0. 01 0.02 -0.02 5. 98 0 . 02 -o .o, o.oo 0. 00 
8 51. JD 0. 00 o. 0~ n. o~ · 0 . 04 5 . ~4 0 . 114 -0.0~ o . 00 0.00 
g 58. S6 0. 14 o. 07 0.0/ 0 . 0/ 6 . 00 0.07 0.06 0 . 00 0.01 
10 52. 42 l. ?4 o. 04 0. 05 1.19 6 . 00 0 .05 0.00 0.00 1.19 
II 40.)8 0. OJ O. Ol 0 . 01 0.02 6 . 00 O.Ol 0 . 00 o.oo 0 . 02 
12 40 . 77 0 . 00 0.01 0 .01 -0.01 s . 99 0 .01 -0 . 01 0.00 0. DO 
lJ 4) . 78 0 . 37 0.0) 0.0) o. 34 6.00 0.0:l 0.01 0. 00 O. JJ 
)4 52.)9 0 . 27 0. 04 0.05 0.27 6 . 00 o. 05 0.00 0.00 0. 22 
15 55. 43 o. 00 o. 06 0 . 06 0.02 6 . 00 0 . 06 0. 00 o . oo 0 . 02 
16 58.22 0.07 0 . 01 a. 01 D. 00 6 . 00 o . 07 o . 00 o . 00 0 . OD 
1/ 46. 8J 0. 31 O. OJ 0. OJ 0.2a 6 . 00 0.0) o . 00 0.00 D. 28 
l8 51. 28 0.0) 0.04 0.05 -0.04 5.96 o.os -0. DJ D. DO 0.00 
19 55. 97 0 . 00 0. 06 0. 06 -0.06 5. 90 0. 06 -0. 06 0. 00 0. 00 
20 64.09 o. 16 0. 09 O.JO 0 .06 5. 96 c.10 0. 06 0 . 00 0.00 
21 68 .14 o. 04 0. 11 0.1) -0.09 5. 07 0 . 13 · D. 09 0 . 00 o . 00 
n 69 . Si o . 00 0. 12 0. 14 -0. 14 s. 74 0.13 -0 . IJ 0 . 00 o. oo 
2) 72.68 0 . 00 0.14 0 . 15 -0.15 5 . 59 0 .)5 - 0 . 15 0 . 01 o. oo 
24 P.95 0.00 0 . 14 o . 16 -0. 16 5 . 45 O. LS - 0 . 15 0 . 01 o .oo 
25 / 2, )4 0 . 00 0.13 0 . 15 ·O . 15 5 . 31 0.)4 -0 . 14 0 . 01 o.oo 
26 IJ . 28 0 . 00 0 . 1 d 0 . 16 -0. 16 5 . 17 0.14 · 0 . 14 0 .02 0.00 
27 69 . 15 0 . 55 o. l2 o . 13 0. 42 5 . 58 0 . 13 0 . 42 0 . 00 0 . 00 
28 S5. l3 0. 25 o. 05 D. 06 0.19 s . I/ 0. 06 0 . 19 0.00 a. oo 
?9 66.63 0 . 00 0.10 0.12 -0.12 5 . 65 0.12 - 0 . 12 0.00 0 . 00 
)0 56.05 0.02 0.06 0.01 -0.05 5. 61 o. 06 · o. Oll a. oo 0 . DO 

HON flfl V Al'l;:RAGfS ,\NO TOTALS fOR APR 1990 MO>irnL Y HEAT I NOE Y. C 4. 15 

56. 27 3 . 90 l .9) 2. 16 I. 74 5.61 2. 10 -0 . JI 0. 06 2 . 18 

t<AV 1990 

DAY 11:HP PREC POT fT AOJ ET P -ADJ ET sr.s ,,er ET CflAN(.E SHS DEF I CIT SURPLUS 
(F) (IN) (I~) (Ill) ({N) ( !N J (HI) ( IN) (If/) ( !N) 

I 56. 30 0 . 10 0.06 a. 01 0. DJ s. 64 0.07 0 . OJ 0 . 00 0.00 
2 5S. 22 0.11 0.05 o. 06 o. 01 5. 71 0. 06 o. 01 o . 00 o. 00 
3 62. 91 1 . 84 0.09 0 . JO 1. /6 6. no 0 . 10 0 . 29 o . oo J.45 
4 60. 26 0. 55 o. 08 0.09 0 . 46 6. 00 O. G9 o.oo 0. 00 0.46 
5 51. 6J 0. OJ o . 06 0 . DO -0 . 05 5.95 0. 08 · O. OS o . 00 0.00 
& 61. 64 0 . 02 o .oe 0 . 10 -0.08 5 . 88 o. 09 - 0.01 o.oa o. 00 
I 64 . 27 0 . 00 0 .09 o. u • 0 . 11 5 . 71 0.11 - 0 . l) o . oo o.oo 
6 66 . 02 0 . 00 0.11 0 . 12 - 0. l2 S. 65 0 .12 · 0 . 12 o .oo 0 . 00 
9 61. Bl o. 05 0.08 0 . 10 -0.05 5 . 61 0 . 09 · 0 . 0<1 0.00 0.00 
10 SI. 95 0 . 02 O.Q,l 0 . 0'., - 0.03 s. 58 0.05 · O. OJ 0 .00 0.00 
11 50 . 01 0. 12 0.0<l o . 05 0 . 01 5 . 65 o. 05 0. 01 0 . 00 0. DD 
12 60.S2 0 . /9 0 .0B 0.09 0 . 10 6 . 00 0.09 o. )5 U.00 0 . 35 
13 61. 84 o . 05 o . 08 0 . 10 , 0 . 05 5.95 0, 10 - 0 . 0', o.oo 0 . 00 
)<I 6J. 62 0. 10 0.09 0. 11 U. 0 1 6. 00 D. l 1 0. 05 0 . 00 0.02 
15 >2. 30 0. 50 O. I 3 0 . 16 0. 34 6 .00 0 . l 6 0. 00 0 .00 o. )4 

16 72 . J? 0 ,% 0.13 u. 16 0 . 00 6 . 00 0 . 16 0. 00 0. QI) 0.HO 
17 59. AJ o.n o. 07 0 . 09 0. l) 6. 00 U. 09 0. 00 0.00 O. ll 
18 60 .86 o. oa o. 00 0 . 09 - 0.05 5 . 95 0. 09 - 0 , D'.i o . 00 o.oo 
19 65. 00 0 . 40 0.)0 0. l t D. 20 6 . 00 0 . l l 0 . 05 0 . 00 o . 2) 
20 71. JS 0 . 10 0 . l) 0. 16 -0 . 06 5 . 9~ 0. 16 -0.0G 0 . 00 O. CO 
21 64 . fO 0 .80 0 .09 0. 11 o. 77 6 . OU 0 . 11 0.06 0 . 00 0 . 71 
22 60. 6/ 0. 00 0 .08 o . 09 -o.og s. 91 0 . 09 - 0 . 0~ 0 . 00 0 .00 
n 62. 44 o.oo o. oa O. IU -0.10 S. 81 0 .10 - 0 . 10 o . oo o .oo 
24 64.57 0 . 04 0. 09 o. 12 - 0 , 08 5 .73 0 .11 - 0.07 o. 00 0 . 00 
25 75. JS O. ~I O. l S 0 . 18 o . 03 5 . 16 0 . 18 0. 0) 0 . 00 C.00 
26 64 . BS l . )9 0.10 0. 12 3 , 21 6.00 0 . 12 0 . 24 0.00 3. 03 
21 61,69 0 . 39 0.08 0 . 10 o. 29 6. 00 0.10 0 . 00 o . 00 o. ?.9 
28 G4.05 0 . 04 0.09 0. 1l ·0 . 01 5 . 9) 0.11 · o . 07 o. 00 o.oo 
29 65 . 92 0.01 0.10 0 . 12 - 0 . 1 l 5 . 81 0.12 - 0. ll 0 . 00 0 .00 
)0 6/ . 60 0 . 02 0.11 D. 13 - 0 . II 5. /0 U. I) - D. ll 0 . 00 0. 00 
31 65 . 22 0 .1 5 0.10 0. 12 0 . OJ 5 . 73 0.1 2 D. OJ 0. OD 0.00 

HONTHL V AVERAGES A>IO TOTALS f"O~ MA'/ - 1 g90 HONTHL V HEAT INOEX = 6 . /J 

6J . Ol 11. n 2. / 6 3. 31 /. 92 s. }1 ) . 29 0 . 12 0 . 02 7. 81 

Table 26 (continued) 
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JUN 1990 

OAV TEHP PREC POT ET ADJ ET P-AOJ ET SHS A([ Ef CHANGE SHS nEFlC 11 SURPLUS 
(Fl (IN) (IN) ( !N) (IN) (HI ) (IN) (J N) ( TN) ( lN) 

1 )) . 61 0. 07 0 .14 0.17 -0 .10 5. 64 0.17 -0. 10 o. oo 0. 00 
2 )) . 01 o. 02 0 . 14 0 . 17 -0 . 15 5. so 0 .16 -0. l J o. 01 0. 00 
3 68. /9 o. 00 0 .1 2 0 . 14 -0 . H s. J6 0 .13 -0 . lJ 0.01 0.00 
4 60 . )2 o. 00 o.oo 0. 09 •0 .09 s. 28 0.08 -0 . 08 o. 01 0. 00 
s 67. 22 o. 00 o. 11 0.13 -0 . J) s. 16 0.12 -0 .12 0.02 o. 00 
6 )5 . 99 0. 0) 0.15 0.19 -0 .12 5. OG 0. I/ -0. 10 a. o, o. 00 
7 11 . 15 o.oo 0.16 0.20 -0. 20 4. 89 0.11 -0.1 1 O. OJ 0. 00 
8 )9 . 24 0.03 0. !7 0.21 -o. ta 4 . 14 0.18 -0.15 o. 03 o. 00 
9 73 . 87 0 . 46 0 .14 0.18 o. ~o s. 03 0.18 o. 20 o. oo 0. 00 
10 73 . 15 o. 01 o. J 4 0. 17 -0 . 16 4 .89 0.15 -0 .1 4 a. 03 o. 00 
ll ,~ . 25 0. 00 0 .14 0.1S -0 . )9 4. 75 0. )5 - 0 . l 5 0. 03 0. 00 
12 )6 . 95 0 . 00 0.16 0. 20 -o. 20 4. 59 0.16 -0. 16 0. 04 0.00 
13 80 . so 0.00 0 .18 0 .2) -0.2:l 4.42 0.17 -0.17 0. 05 o. 00 
14 70 . 85 0 . 41 0 . IJ 0 . 16 o. 25 4. 61 0.16 o. 25 0.00 0. 00 
15 79. 34 0. 20 0 .17 0. 22 -0 .02 4 .66 0.71 -0.01 0. 00 o. oo 
16 B0 . 47 0.00 0 . 19 o. 23 -0.23 4. 40 0.10 -0. 18 0. 05 o. 00 
l 7 62.41 0. 00 0 . 19 0 . 24 -o. 2~ 4.30 0.19 -O.l8 0. 06 o. 00 
19 83. 15 o.oo o. 20 o. 25 -0 . 25 4. 12 o. t8 - 0 . 18 0 .0 7 o. 00 
19 77 .96 0 . 16 o. J1 0. 21 -0 . 05 4.09 0 . 19 -0 .0 ) 0.01 o. 00 
20 lS . 97 0 . 34 0.15 0.1 9 0 .1 5 4. 2J 0 . 19 0. 15 0 . DO o. 00 
21 13 . 6) 0 .09 0. 14 O. JB -o. 09 4 . 18 0.15 -o.oo o. 03 0.00 
n 10. 50 0 . )) 0. 12 O. JS o. 22 4. 40 0.15 0.22 o. 00 0 . 00 
13 6) .4) 0 . 07 0. l1 O. J J -0.06 4 . JS 0.12 -o.os o. 02 o.oo 
24 69 . 22 o.oo o. 12 0.15 -o. 15 4. 24 0.1 l -0. 1 I 0.04 0. 00 
25 73.51 o. 26 0.14 0 . 11 0 . 09 4 .JJ 0.17 0 .09 0 . 00 0.00 
26 17. 39 O. lJ 0. 16 0 . 20 ·0. 01 • . 28 0.1B - 0. 05 0. 02 O.OC! 
2) )8. 03 0.02 0.17 Q.'-1 -0 .19 4 .14 0 . )5 -0. 13 0. 05 o.oo 
26 )9. 96 0.00 o. 18 o.n ·0 . 2( ). 99 o. 15 - 0. 1 S 0. 01 o. oo 
29 81. 10 o.oo 0. 19 a. 24 •0.24 3 .8) 0.16 -0. l 6 o.oe 0 .00 
JO 19.89 0. 00 0 . 18 0 . 7.2 •0.22 J . 69 0.14 -0.14 0. 08 o.uo 

~ONfHLY AVERACfS ANO TOTALS FOR JUN . !990 ~ONlHL 1 HEAf INOfX • 10 . 66 

75. 18 2 . It 4 . 53 5 . 62 ·2.91 3 . 69 4 . 75 -2 . 04 O.BJ o.oo 

,IUL ) 990 

DAV HMP PREC POT fl ADJ ET P- AOJ El $NS ACT EI CH,ING( Sl1S OEFlC IT SURPLUS 
(F) ( IN) ( IN) ( 1N) (lN) (lN) (ltJ) (lN) ( IN) (HI) 

1 Bl . 88 0 . 00 0 . 19 0. 24 -0. 24 ). ss 0 . 15 -0 . 15 0 . 09 0.00 
2 BS . 60 0 . 00 0 . 21 o. 26 - 0. 26 ) . )9 0 . ) 5 -0. 15 0 . 11 0. 00 
J BG . !8 o.oo 0 . 21 0. 26 - 0 . 26 ) . 14 0 . 15 -0.IS 0 . I l 0.00 
4 86 . 34 o.oo 0 . 21 o.n -0. 27 l . 10 0.14 - 0. )4 0. 12 0.00 
s 85 . 17 0 . 09 0 . 21 0. 26 -0 . 17 3 . 01 (!. lB -0.09 O. C8 0 . 00 
6 82 . 86 0 . tJ 0 . 20 a. 24 -0 . Jl 2 . 95 0 . !9 -0 . 06 0 . 06 0 . 00 
1 Ol. 38 0 .01 0 . 19 0. 23 -0. 22 2. 8$ o. 12 -0 . 11 o. 11 0 . 00 
8 83 . S'i o.oo 0.20 0. 7.5 -0 . 25 2 . /J o. 12 -0 . 12 o. J 3 0.00 
9 84 . O'i 0.00 0.20 0. ?5 -0. 25 2. 61 0. 11 · 0 . 1 l O. ld 0. 00 
10 84. 79 0. 00 0. ,I 0. 25 · C. 25 2. so 0 . 11 -0 . l l O.Ja 0 . 00 
Jl 19. 25 I. 15 0.11 0.21 o. 94 J . 44 0 .2 ! 0. 94 0.00 0 .00 
12 10. 98 o. 78 0. )3 0 . 16 0.62 4. 0/ 0 . 16 0 . 62 0 . 00 0.00 
I] 66. 49 o. 82 0 . 10 0 . 13 o. 69 4 . 1G 0.13 0. 69 o.oo 0 . 00 
!4 60.48 0 . 03 0.08 0 . 09 -0.06 4. 11 0 .06 -o.os 0 . 01 0 . 00 
)5 68. 33 0 . 02 O. l l 0.14 -0.12 4 . 62 0. 11 -0 . 09 0. 01 0 . 00 
!6 75.27 0 . 00 0 . JS 0. 18 -0.18 4 . 41 0.14 - 0 . 14 0 . 04 0.00 
17 74 . 05 o.oo 0 . 14 O. ll -0 . 11 4 . 14 0 . 1) -0 . 1) 0 . 04 0.00 
lB I I . 70 0.00 0 . 16 o. 20 -0 . 20 • . 20 0 . 14 -0. 14 o.os o.oo 
19 19 . 86 0. 00 O. l l 0 . 21 -0.21 4 . 06 0 . 15 - 0 . l'i 0 .06 o. 00 
20 79 . 88 o.oo 0 . 18 o.n -0.27 J . 91 0 . ! 5 -0 . 1.5 o. 01 0 . 00 
21 18 . 96 o. 30 O. J 7 0 .2 1 o. 09 4 .00 0. 21 0.09 o.oo 0 .00 
22 68 . 88 0 . 20 0 . 12 0. 14 0 .14 4. 14 0. 14 o. )4 0. 00 0. 00 
23 70 . 73 0 . 02 0 . lJ 0. lS -0.13 4 .05 0 . 11 -0.09 0 . 04 o.oo 
24 12 . 01 0.01 O. )) 0 . )6 -0 . lS J . 95 0 . l l · 0.10 o.os 0. 00 
25 14 . 90 o . 09 0 . 15 O. Js - 0. 09 3 . 99 0.15 -0. 06 0.03 o. oo 
26 14 . 09 1.31 0 . 14 0 . 11 .l- 20 5. 09 0.1) I. 20 O. OD 0.00 
27 BO . OS o.s t 0 . 18 0 . 2! 0. 30 S. )9 0 . 21 0. 30 0 . 00 0. OD 
20 BO. 94 0.00 0 . 19 0.22 -o. 22 5. 19 0 , 20 · O. 20 0. 02 0.00 
?9 7 7.07 0.00 0 . 16 0.19 - 0 . !9 5. 02 0 . ) 7 -0 .1 1 0.03 o.oo 
30 75 . 6) 0 . 00 0 . 15 0. 18 - 0. 18 4.87 0.15 ·O. 15 11.03 0 . 00 
31 I l. 8l 0.00 O. IJ 0 . 16 -0.16 4. 15 0.13 ·O. i3 0.03 o.oo 

MOtll\lL V AVERAGES AtlO TOTALS FO~ JUL 1990 MONTHL Y HEAr INDEX , l l. 90 

77. )8 s. 6) ,. oe 6.19 -0 . 58 4 . 15 4. S6 1. OS l. 63 o.oo 

Table 26 (continued) 

94 



Hydrologic Budget 

AUG 19~0 

OAY TEHP PREC f'Ol ET AUJ ET P- AOJ ET SHS ACl CT (JIANG£ s~s DEF IC!! SURPLUS 
(f') (IN) ( IN) ( IN) ( IN) ( IN ) ( IN) ( IN) (IN) (IN) 

l 74.10 0. DO 0 . )4 0.17 -0 .17 4. 61 0 . 1) -0.1) 0.04 o . oo 
? 76 .46 0.00 0. )6 0.19 -0. 19 4 . 4/ 0. 14 · 0.14 0. 0~ o.oo 
J 18.05 O. B9 0.) l 0.20 0.69 5 . 16 0. 20 0. 69 D. 00 o. 00 
4 75.SG o . 67 0. 15 O. lB o. 69 5 . 86 0.18 0. 69 0.00 o . 00 
s 10. )4 o. 24 0. 12 0.14 0.10 5. 95 0.)4 0.10 0. 00 o. 00 
6 61.61 0 . 00 O. ll 0. IJ - 0. I J 5 . 8] 0. I J -0. !) 0.00 o . 00 
7 6] . 06 0 .00 o. 09 0.10 - 0 . lO s. /) 0.10 - 0 . \ 0 0 .00 0 . 00 
8 66. so 0 . 00 o. to 0. 12 - 0.1 2 5. 61 0.12 - 0 . I ? 0 . 0\ 0 .00 
9 70 . 40 o. 00 0 . 12 0.14 -0. l 4 5. 48 o . JJ - 0 . l) 0 . 01 0 . 00 
10 12 . 06 0. 00 0. JJ 0 . )5 - 0 . 15 , . J4 0 . 1~ -0 . 14 0 . 01 o.oo 
11 68. ]4 0. 03 0.11 0. lJ - 0 .10 5. 25 0 . 12 - 0.09 o. 01 o. 00 
] 2 ll. lJ 0. 23 0. JJ 0. 15 0. 08 5. ]2 0 . ] S 0. 08 0. 00 o. 00 
13 7\. 88 0. 20 0.1 J o. \5 0.05 5. 37 0 . JS 0 . 05 0.00 o . 00 
l~ 73 .14 0 . 00 0 . IO 0. 16 -0.16 5 . ?J o . 14 - 0. )ii 0.02 0 . 00 
15 15.67 0 . 21 O. tS 0 . 17 o. 04 5. 27 O. l/ 0.04 O. OD o. 00 
16 17.Bl o. 31 o . 16 0 . 19 0.12 S . )9 0.19 o. 12 0 . 00 0, 00 
l) BO.JS 0 . 01 0 . 18 0. 21 -0 . l4 5. 21 D. J9 -0 . 12 0 . 01 o . oo 
18 80.89 0. 0 0 0 . 18 0. 21 - 0 . 21 5 . 08 O. lB - 0 . 18 o . OJ 0 . 00 
19 80. 31 o.u o. 19 0 . 20 -o. o, 5 . 02 0. 19 ··0.06 0. Ot o . oo 
20 ) J. 60 a. 10 0.16 0 . 18 - 0 .08 4. 9~ 0. 17 -0. 07 0. 01 0 .00 
21 /d . 93 0 .00 0. J S 0. l l -0. l/ 4 . Bl o . 1<l - 0 .14 0 . OJ 0. 00 
n 74.0l 0 . 00 0 . }4 o . 16 - 0.16 " - r,n 0.13 -0. 13 0. 03 0,00 
(] 79.67 0 .00 0 . l/ 0 . 19 - 0. l 9 d . 53 O. IS - 0 -1$ 0. 04 o. 00 
2J 0). 34 0.00 0. 20 0 . 22 -o.n 4. )) 0 . 17 -0.\) 0. OS o. 00 
25 84. 29 0.00 0 . 20 o.n -0.23 d . 20 0. 11 -0 . 17 0.06 0.00 
26 00. •0 0 . 00 0.22 o. 2S - 0. 25 d. OJ 0.17 -0 . 11 0. 0 ) o.oo 
21 94. 66 0 . 00 0. 2l o. 23 - 0 . 23 J. 89 0. t S -0. )5 0. OJ o . oo 
28 95 .54 0 . 00 0. 21 0. 23 - 0.23 J . 13 o. 15 -0. 15 o . 08 o .oo 
2g 84 . 51 o . 00 o. 21 0. 23 - 0. 2J J . 59 o. 14 -0. l •I 0 . 09 0. 00 
30 16. 68 0 . 00 0. l G o. 11 - 0 . \7 3. 40 0. 10 - o . 10 0.01 0 .00 
)l 18.37 0 . 00 0.1 7 0. 18 - 0 - 18 3 . J8 0 . ti - 0 . l \ o. 00 0. DO 

MONlllLV AVERAGES AHO 70TALS >01{ AUG 1990 HONTHLV MEA.T INUEX • ll.U 

76 . 32 3. 28 4 .88 5. 53 -2.25 J. 38 4 . 6 5 -1. 31 o . 98 o . oo 

SEP 1990 

o,.~ l(HP PRE( POT ET AOJ ~T P-ADJ ET SHS ACT [ T CKAllG( SHS Off I Cl T sun PL us 
(F) (!ti) (!ti) ( IN) (!ti) I IN) ( I~) (Ill) (HI) (IN) 

BJ . JI 0. 00 0 .7D o. 22 -o.n J. 75 0. 12 - 0. l :? 0 . 09 0.00 
80.16 o. uo o. )8 o . 20 - 0.20 3 . 15 0. 11 -0 . ll 0. 09 0 . 00 
8) . 5? o . 00 0. 20 0. 2;, -0 .:?2 ) , 0 ) 0 . 11 - 0. I I o. to o .oo 

4 85. BJ 0.00 o. 21 0 . 23 -0.23 2 . 92 0 . 12 ·U . 12 D. l l o. oo 
5 e,. 64 0. 00 0.21 o. 21 - 0. 23 2 . 81 0 .11 - 0. 11 0.]1 o . 00 
6 86. 79 0 . 08 o . (2 o. 23 -a. 1 s ;>.1-1 o . ls -0.07 o. 08 o. 00 
l 85. 55 O. OJ 0 . <I o.n - 0. 19 2. 65 o. 12 -o. 09 0. I l o . oo 
8 76. 91 O.OB 0 . 16 0. J) - 0 . 09 1.61 o. I? -0 . 0i 0.05 0 . 011 
9 18. 89 0.00 0. II o. 18 - 0 . 18 2. 5) o . 08 - 0 .08 0 . 10 0 .00 
10 79. 22 0 . 1) 0 . J I O. J B - 0 . 05 2. 51 0. 13 - 0. 07 0 . 03 0 . 00 
ll 13. 04 0. 26 0.14 o. 15 0 . 11 2. 5;· O. I S o . 11 0 . 00 o . oo 
12 74 . 41 o . 2l 0 . 15 0 . ) 5 O. OG 2 . 68 0 . )5 0 . OG 0 . 00 o . 00 
11 74 .94 0 . 04 0.1 5 o. 16 , Q. 12 2 . 6] 0. 09 -0. OS o . 06 0 . 00 
14 75 .83 o. 07 G. I S 0. 16 -0. 09 2 . 59 0 . 11 - 0. 04 0 . 05 0. 00 
15 6S . 9~ 0 . 00 0 . 10 0. JI -0 . Jl <. 54 0. 0:l - 0 . OS 0 . 06 o.oo 
16 66. 00 0. 00 O.JO 0. I I -0 . ll 2. 50 0 . 04 -0 . 04 0 . 06 0 . 00 
17 66 . 01 0. 0) 0 . 10 0 . 10 - 0.07 2. ,11 0 . 06 0.03 0 . 04 0 .00 
18 68 . 92 0. 59 0 . 12 o. J:1 o.~) 2. 94 o . 12 0. 4/ 0.00 0 .00 
19 10 .28 0.2] 0. 12 0. lJ 0 .10 J . 04 o. 1 J 0.10 0 . 00 0 . 00 
?O 66 .53 0. 02 0 . 10 0.11 - 0.09 J , 00 o . 06 - 0. 04 0. 04 0 .00 
? I 69.15 0 . 54 0 .17 0. 12 0.42 3 . ! 2 o. l? 0.42 0 . 00 0 . 00 
n 62 . ll 0 . 16 o. oa O. OB 0.09 J . 49 o. 08 0 . OB a. oo 0 . 00 
?) 5 2.02 0 .00 0 . 04 0 . 04 - 0.04 3. 17 0 .03 -0 . 0) 0 . 02 o. no 
24 SJ.91 0.00 O. OS o . 05 -0 . 05 ) . 44 0. 0) -0 . 0 3 0. 02 o . 00 
75 68. ll 0 .00 o.u 0 . 1: -0 . ll J. 38 o . 06 - 0 . 06 0 . 05 o . oo 
26 73.20 0 . 00 0 . 14 o. \ ,l - 0 . ! 4 J _ JO 0.08 ·O. OB 0 . OG o.oo 
27 74. oa 0. 00 0 . !4 u . 14 - 0. 14 J . 22 0 . 08 -0 . 08 0 . 06 o.oo 
2A 15.15 o. oo o. i s 0 . 15 - 0 . 15 ] . 14 0 . 08 - 0 . 08 0 . 07 o .oo 
29 69. 05 0 . 01 0 . 12 0 . 12 - 0. ll J.08 o . 07 - 0.06 O. 05 O. 00 
30 6 ).67 0.0) 0. 09 o . 09 - 0.0fi 3.05 0. 06 ·0.03 0.0) o. uo 

HONTHL \' A'!(llAGES ANU l"OTALS rnR SEP \ 990 ~ONI Ill V H[.AT INDtX , 9 . 96 

/ 2. 9G 2. 51 4 . 21 ~- 40 - 1. 09 J . 05 2. 0) - 0 . )2 I . 5 1 o.uo 

V[ARL V 11vrn,,r.t S A~O 101 AL '; 

51.59 41!. 52 29 . BJ 3J . t 3 15.4] J . GS ?.5 . It 2. I J 7. 43 20 . 7] 

Table 26 (continued) 
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The Hydrogeology of the Bennett Spring Al'"ea ;;;;;;================================ 
THE POTENTIAL FOR CONTAMINATION IN THE 

BENNETT SPRING RECHARGE AREA 

The quality of water at any spring is dependent 
upon many factors. Natural water quality is 
primarily a function of bedrock type; most of the 
dissolved inorganic constituents in groundwater 
are derived from the rock the water has come in 
contact with. Bennett Spring discharges from an 
aquifer primarily composed of dolomite, and its 
water quality reflects this. The water is a moder
ately-mi nera Ii zed, calc I um-magnesium-bi carbon
ate type, and its dissolved-solids load consists 
moslly of these three constituents. Other inor
ganic constituents, such as sulfate, chloride, so
dium, potassium, iron, manganese, and silica are 
also present in relatively low amounts. Nutrients 
such as nilrate and phosphate are present in low 
concentrations at most springs. and may be from 
either natural or man-made sources. 

Bacteria and smaller organisms can easily en
ter groundwater with discrete recharge. and are 
readily transported through most Ozark spring 
systems. Rapid groundwater movement through 
relatively large openings offers little or no filtra
tion, so microorganisms are likely to be present in 
the water at any spring. 

With the exception of bacteria, natural condi
tions rarely lead to water-quality problems at 
Ozark springs. Such problems are most often 
associated with activities in the recharge areas 
that introduce contaminants into the groundwa
ter. As part of this study, a preliminary evaluation 
of contamination potential was made for the 
Niangua River, Dry Auglaize Creek, and Os.age 
Fork basins in Laclede, Dallas, Wright, and Webster 
counties. This evaluation includes existing infor
mation on flle with the Department of Natural 
Resources Division of Environmental Quality, in
cluding permitted wastewater treatment facilities, 
permitted solid waste disposal facilities, and known 
hazardous-waste sites. It also includes informa
tion on transportation corridors including major 
highways, railroads, and pipelines. Features iden
tified as potential contaminant sources are shown 
in figure 38. 
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The Missouri Registry of Confirmed Abandoned 
or Uncontrolled Hazardous Waste Disposal Sites 
(Missouri Division of Environmental Quality, June 
1990) lists no sites within the study area in Dallas. 
Webster, and Wright counties. One site is listed in 
Laclede County in sec. 12, T. 33 N., R. 17 W., about 
3 miles northeast of Phillipsburg along the 
Burlington Northern Railroad. Here, a railroad 
tank car carrying flammable phosphorous de
railed and caught fire. The fire was extinguished 
by burying the car; the site is paved, fenced, and 
posted. 

As of July I, 1990, there are no permitted 
hazardous waste treatment, storage, or disposal 
facilities in the study area, and there are currently 
no operating permitted solid waste treatment fa
cilities. including sanitary landfills, in Dallas and 
Laclede counties. Permitted sanitary landfills are 
operating in Webster County (Webster County 
Sanitary Landfill) and Wright County (Hartville 
Sanitary landfill), but both are outside of the 
Niangua and Osage Fork basins. Three permitted 
landfills have operated in Dallas and Laclede 
counties, but are closed. Dallas County Sanitary 
Landfill operated In sec. 34, T. 35 N., R. 19 W ., 
about 7 mlles northeast of Buffalo, is on a tributary 
of Durington Creek, and Is not within the Bennett 
Spring recharge area. Two permitted s.anitary 
landfills, both now closed, operated in the Leba
non area. City of Lebanon Sanitary Landfill oper
ated in parts of sections 15 and 16, T. 34 N., R. 16 
W. The site Is In upper Goodwin Hollow, southeast 
of the creek, in an area containing numerous 
sinkholes. The landfill is within recharge areas of 
Bennett Spring and Sweet Blue Spring. Colbeck 
Sanitary Landfill operated in Laclede County 4 
miles east of Lebanon in sec. 9, T. 34 N., R. 15 W. 
The site is in the upper Mill Creek waters;ied, and 
may be within the Bennett Spring recharge area. 

There are several wastewater treatment facili
ties with NPDES (National Pollutant Discharge 
Elimination System) permits in the study area that 
are regulated by the Department of Natura l Re-



Contamination Potential 

Photo 15. Improper disposal of trash and other waste products in sinkholes can degrade groundwater qualily. 
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The Hydrogeology of the Bennett Spring Area ;;;;;==========;;;;;;;;;;;;;;;;;;;;;;.=====....;; 

sources . These facilities include municipal, indus
trial, and some privately owned wastewater lreat
ment systems. These facilities are permitted to 
discharge set quantities of treated wastewater that 
meet applicable discharge standards established 
for the receiving stream. These sites are shown in 
figure 38. 

Six pipelines cross parts of Dallas, Laclede, 
Wright and Webster counties; four of the pipelines 
are currently in use (fig . 38) . Shell Pipeline 
Corporation's Ozark Pipeline isa 22-inch diameter 
petroleum line that transports crude oil. The line 
passes through Dallas and Laclede counties and 
crosses numerous losing streams including Spring 
Hollow about 2 miles southeast of Bennett Spring. 
A second Shell pipeline, an older I 0-inch diameter 
line, parallels the Ozark Pipeline but is not cur
renlly used. The Explorer Pipeline roughly paral
lels the Ozark Pipeline; the two are typlcall)I less 
than a mile apart across the study area. The 
Explorer line is 24 inches In diameter, and trans
ports refined petroleum products including gaso
line, fuel oil, diesel fuel, and jet fuel. About 9 miles 
of both the Ozark and Explorer pipelines are within 
the Bennett Spring recharge area, and they also 
cross recharge areas of Sand, Famous Blue, Sweet 
Blue, and Hahatonka springs. 

The Continental Pipeline, Conoco, Inc., passes 
through parts of Laclede, Dallas, and Webster 
counties south of the Ozark and Explorer pipe
lines, and crosses the Bennett Spring recharge 
area. The Continental Pipeline is actually two, 10-
lnch diameter lines used to transport refined petro
leum products including gasoline, fuel oil, aviation 
fuels, and propane. About a 14-mile reach of these 
lines is within Bennett Spring's recharge area, and 
the lines also cross areas providing recharge to 
Johnson-Wilkerson Spring. Sweet Blue Spring, 
and Hahatonka Spring. 

The remaining pipeline, previously used by 
Williams Pipeline Company for transporting am
monium nitrate and urea fertilizer, passes through 
Wright and Webster counties. This line is now 
owned by Williams Telecommunicat!ons, who plan 
to use it as a fiber-optics cable conduit. It is no 
longer used to transport fluids. 

Several major highways cross the study area, 
including the recharge area for Bennett Spring. 
About 26 miles of lnterstate-44, from near 
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Marshfield to Lebanon, crosses the Bennett Spring 
recharge area. The Burlington Northern Railroad 
roughly parallels Interstate 44 through lhe same 
area . Sections of Missouri highways 64, 32, and 5, 
plus numerous secondary highways and county 
roads, also cross the recharge area. 

None of the waste disposal sites, wastewater 
treatment facilities , pipelines, and transportation 
corridors discussed above are known to be con
tributing contaminants. They are simply the more 
obvious potential contaminant sources. Numer
ous additional potenUal contaminant sources ex
ist, including animal waste lagoons, underground 
storage tanks, and private residential septic sys
tems. 

The effects that an environmental accident 
could have in the study area depend greatly on the 
type of contaminant released, contaminant qua n
tity, and location . Contaminants released into a 
diffuse recharge setting, well away from any dis
crete recharge feature such as a losing stream or 
sinkhole, may cause locally severe groundwater 
contamination, or, if adjacent to a gaining stream, 
surface-water contamination. Subsurface con
taminant movement will likely be slow in this 
settl ng, and contaminants would likely affect 
nearby private wells . If action is quickly taken, at 
least some contaminant recovery would be pos
sible which would mitigate damages from the 
spill. The contaminants would likely be fairly well 
dispersed by the time they entered larger spring
system conduits. Contaminants released into a 
diffuse recharge setting in the Bennett Spring 
recharge area would likely arrive at the spring in 
low concentrations, but would affect water quality 
for an extended time. At springs with lower 
discharges, contaminant concentrations would 
likely be higher. 

Contaminants introduced into discrete recharge 
features will move rapidly into the subsurface and 
will, within a relatively short time, begin to affect 
the quality of water discharging from the receiving 
spring. However, because the discrete recharge 
follows well-defined conduit-type flow paths, water 
in the aquifer adjacent to the conduits may not be 
affected. A groundwater conduit funcUons much 
like a horizontal well ; water is induced to move 
toward it and not away from it. Of course, periods 
of high recharge following heavy precipitation 
may increase the head pressure in the conduit to 
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where it is greater than the head pressure in the 
adjacent aquifer. As a result, water within the 
conduit will flow into the adjacent aquifer. How
ever, as the recharge is channelled away, pressure 
in the conduit will decrease and waterthat moved 
from it into the aquifer will reverse and flow back 
to the conduit. There are several instances In 
Missouri where contaminants were accidenlly in
troduced into a losing stream or sinkhole, and 
affected the quality of water at a spring some 
distance away. However, water samples from 
wells between the contaminated site and the spring 
showed the wells were not affected. 

Groundwater velocities measured from dye trac
ing in the study area range from less than 0 .25 mi/ 
day to a high of over 1.25 mi/day. Obviously, the 

chances of capturing and retaining spilled con
laminants in a discrete recharge setting are very 
poor. Contaminant concentrations at the receiv
ing spring w!ll probably be relatively high, and 
depending on the recharge characteristics of the 
spring and the chemical characteristics of the 
spilled material, contaminants may affect the 
spring for a few weeks or a much longer period of 
time. Several of the potential contaminant sources 
in Bennett Spring's recharge area are petroleum 
pipelines carrying crude oil as well as refined 
petroleum products. A major release from any of 
these lines, especially where they cross losing 
streams, would likely cause severe long-term wa
ter-quality degradation at Bennett Spring. 

HYDROLOGIC CHARACTERISTICS OF BENNETT 
SPRING AND ITS RECHARGE AREA 

Thehydrologic characteristics of Bennett Spring, 
including its recharge and discharge characteris
tics, are to a great extent controlled by recharge 
area size, recharge type and rate, and the geom
etry of the conduits ystem channel Ii ng water to the 
spring. The information collected during this 
study cannot answer all of the questions about the 
Bennett Spring system, but It certainly allows a 
much better understanding of its hydrology. 

Dye tracing and potentiometric map analysis 
Indicates a recharge area of approximately 265 
mi2

• Average discharge at Bennett Spring Is 
approximately 165 ~3/sec. allowing for an aver
age discharge of 5 ft3/sec for Spring Hollow up
stream from Bennett Spring. Based on these 
figures, the spring system has an average annual 
recharge rate of 8.5 inches; on the average, of the 
total precipitation occurring over the recharge 
area, 8. 5 inches of precipitation enters the subsur
face to recharge Bennett Spring. However, it is 
doubtful that this recharge rate is uniform over the 
entire recharge area. Most of the recharge occurs 
in losing-stream watersheds; water-loss rates vary 
between each of the losing streams. For example, 
flow measurements in Spring Hollow show that 
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very little water leaves the watershed by surface 
flow; nearly all of the water is channelled under
ground to emerge at Bennett Spring. Conversely, 
upper Fourmile Creek which also provides re
charge to Bennett Spring has a higher surface
waterrunoff rate, and consequently a lower ground
water-recharge rate. 

A significant part of the Bennett Spring re
charge area also provides recharge to other springs. 
The East Fork Niangua River recharges both 
Bennett Spring and Jake George Springs, and 
upper Goodwin Hollow provides recharge to Sweet 
Blue Spring as well as Bennett Spring. Presently, 
It Is not possible to measure the amounts of water 
provided from these two areas to each of the three 
springs, but obviously the amount of water Bennett 
Spring receives from these areas is considerably 
less than If they provided recharge only to Bennett 
Spring. Additionally, the losing reach of the East 
Fork is relatively short, and flow observations 
made during this study show that considerable 
surface-water runoff does occur in this reach, 
effectively decreasing the amount of groundwater 
recharge in this part 9 f the recharge area. 



The part of the Bennett Spring recharge area 
with the highest groundwater-recharge rate con
sists of about 156 ml2

, and includes Spring Hollow, 
upper Dousinbury Creek, upper Goodwin Hollow, 
upper North Cobb Creek, and upper Brush Creek 
watersheds . Recharge in these watersheds, which 
comprise about 59 percent of the total recharge 
area, likely provide about 80 percent of Bennett 
Spring recharge. 

Bennett Spring discharge is dependent on re
charge. The volume of recharge is dependent on 
precipitation, soil characteristics, evapotranspira
tion, and the presence of discrete recharge fea
tures such as sinkholes and losing streams. The 
long-term hydrologic balance, which was based 
on a soil moisture field capacity of 6 inches, 
showed an average surplus moisture of about 13.9 
inches per year, slightly higher than average an
nual runoff measured at surface-water gaging 
stations in the area. Surplus moisture, however, 
represents the amount of water available for 
groundwater recharge and surface-water runoff. 
During dry years in some losing-stream water
sheds, all of the surplus moisture may become 
groundwater recharge. During wet years, the 
same watersheds may have a significant volume 
of surface-water runoff. Figure 39 shows weighted 
water year precipitation for the Bennett Spring 
recharge area plotted against average annual 
discharge at Bennett Spring for water years 1966 
through 1990. The relationship between rainfall 
and discharge can be seen, but correlation is 
relatively poor. Groundwater recharge is depen
dent on rainfall, but recharge also depends on 
when the precipitation occurs, the amount of sotl 
moisture in storage, temperature, and other fac
tors. For example, a year with above-average 
precipitation may produce less surplus moisture 
than a drier year If most of the precipitation 
occurred as relatively small but frequent rainfall 
events during hot weather when soil moisture 
storage was low and evapotranspiration was high. 

Figure 40 shows calculated water year surplus 
moisture plotted against discharge at Bennett 
Spring for water years 1966 through 1990. It 
shows less data scattering and much better corre
lation of data than figure 39. Much of the scatter
ing is a reflection of the aquifer storage character
istics in the Bennett Spring recharge area. Water 
discharging from Bennett Spring consists of dis
crete recharge, which is primarily responsible for 
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the rapid increases in discharge after s;gnificant 
recharge events, and diffuse recharge which moves 
much more slowly through the aquifer and pro
vides spring flow during dry weather. For ex
ample, average discharge at Bennell Spring dur
ing a dry year will exceed the discharge calculated 
from figure 40 if the previous year had normal or 
above normal recharge. Average discharge dur
ing a very wet year will be Jess than calculated if it 
follows a dry year. Thus, aquifer storage is an 
important factor in Bennett Spring discharge. 
Figure 41 shows average daily discharge at Bennett 
Spring during two water years with extremely 
different recharge amounts. Between water years 
1965-1966 and 1989-1990, water year 1976-1977 
had the lowest surplus moisture and Bennett 
Spring had its lowest average annual flow. Sur
plus moisture during this year was calculated at 
6.96 inches, 8 Inches below average for the 25-
year period. Average discharge at Bennett Spring 
for the year was 105 ft3/sec. There were very few 
rainfall events that generated discrete recharge, 
and most of the spring discharge during the year 
was derived from water in storage in the aquifer. 
Conversely, water year 1984-1985 had the highest 
precipitation and second highest calculated sur
plus moisture during the period, 52.68 inches and 
27 .61 inches, respectively . Bennett Spring's aver
age discharge during this year was 296 ft3/sec . 
The hydrograph shows considerable discrete re
charge from frequent rainfall events throughout 
most of the water year, and many of the hydrograph 
peaks likely include significant runoff fro.TI Spring 
Hollow upstream from Bennett Spring. 

The hydrologic budgets are a useful tool for 
estimating the amount of surplus moisture avall
able during a given year, but do not always show 
when recharge occurs. This is most co.nmon in 
the long-term hydrologic budget, which uses 
monthly precipitation and temperature data, but 
even the water year 1989-1990 hydrologic budget, 
which used daily temperature and precipitation 
data. failed to show several recharge events. Fig
ure 42 shows weighted recharge area precipita
tion, surplus moisture, and discharge at Bennett 
Spring for water year 1989-1990. The spring 
hydrograph is corrected for surface-water ri::noff 
from Spring Hollow. Several rainfall events in 
November, July, and August generated discrete 
recharge, as evidenced by hydrograph peaks at 
Bennett Spring. However, based on hydrologic 
budget calculations, no surplus moisture was gen-
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erated by these rainfall events. The discrepancy Is 
likely due to two factors: I) The hydrologic budget 
assumes that no surplus moisture occurs unless 
precipitation exceeds evapotranspiration, and 2) 
soil moisture storage is at field capacity. For 
example, if 1.5 inches of rainfall occurred, and 
evapotranspiration was 0.25 inches, and soil mois
ture storage was 2 inches below field capacity, no 
surplus moisture would exist because the 1.25 
inches of moisture remaining after evapotranspi
ration would not be enough to bring soil moisture 
storage up to field capacity. However, if soil 
moisture storage was only 0.5 inch below field 
capacity, then there would be 0.75 inches of 
surplus moisture. The soil moisture storage field 
capacity of 6 inches used in hydrologic budgets 
calculated for the Bennett Spring area represent 
an average value for the area, and significant 
variations likely occur. 

Another factor that Is not considered in the 
hydrologic budget is rainfall intensity. Three 
inches of precipitation occurring over a 24-hour 
period when soil moisture storage is low will 
generate little runoff into sinkholes and losing 
streams, and will likely be stored in soil materials. 
The same amount of rainfall occurring during a 
one-hour time period will likely generate signifi
cant runoff into losing sLreams, and generate 
discrete recharge even if soil moisture storage Is 
below field capacity. In essence, when the rainfall 
rate is greater than the soil infiltration rate, runoff 
will occur. If the runoff is Into a losing stream or 
sinkhole, groundwater recharge will occur, even if 
soils are not saturated. 

Specific electrlcal conducUvity data were col
lected at springs in the study area as part of this 
project. Specific conductivity is the electrical 
conductance of an aqueous solution as measured 
between opposite faces of a centimeter cube at 
25°C. Pure water has a very low specific conduc
tance . and conductivity increases as the amount 
of dissolved solids in the water increases. Differ
ent ion concentrations will cause differing in
creases in conductivity, so conductivity data will 
not accurately show specific ion content in natural 
waters, but conductivity data collected at a given 
spring will accurately show changes In dissolved 
solids content. 

Specific conductivity data are useful for deter
mining when discrete recharge from rainfall events 
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reach a spring. Rainfall typically has a low dis
solved solids content, and thus has a very low 
specific conductivity. Dissolved solids in ground
water are primarily dissolved from the bedrock the 
water has been in contact with in the aquifer. 
Water entering the ground through a losing stream 
or sinkhole increases its dissolved solids load as it 
moves through the aquifer, but because it moves 
through the aquifer quickly , the water emerges at 
a spring before it reaches chemical equilibrium 
with the rock. At a spring, specific conductivity is 
generally highest In late summer and early fall 
when recharge is low and most of the discharge is 
water that has been in contact with the aquifer for 
a relatively long period of time. Conductivity ls 
lowest during periods of high discrete recha rge 
when large volumes of low-conductivity water is 
being channeled through the aquifer. 

A specific conductivity transducer and 
data logger was obtained for this project, and was 
installed at Bennett Spring to collect hourly spe
cific conductivity data. However, the transducer 
was poorly suited for measuring relaUvely small 
changes In conductivity, and failed to operate 
properly. A new transducer, designed and buil t to 
measure relaUve_ly small changes in low-conduc
tivity waters, was not received until the end of the 
project, so hourly specific conductivity data are 
not available. Specific conductivity was mea
sured manually at Bennett Spring at approxi
mately I-week intervals during water year 1989-
1990. Temperature data were also collected at 
approximately the same interval. These data, 
along with Bennett Spring average daily discharge 
(corrected for runoff from Spring Hollow), and 
weighted recharge area precipitation are shown in 
figure 43. Temperature of Bennett Spring varied 
about 3°F. throughout the water year, and aver
aged about 56.5°F. Specific conductivity was 
highest during low-recharge periods In late sLm
mer, 1989, and early winter, I 990. Concuctivity 
was lowest in spring and early summer, 1930, 
when discrete recharge was highest. 

Figure 43 also shows that Bennett Spring re
sponds very quickly to discrete recharge. De
pending on soil moisture conditions, discharge at 
Bennett Spring begins increasing within a few 
hours after significant rain fa II occurs. However, 
specific conductivity measurements and dye trac
ing data show that it takes from several days to 
several weeks for most recharge to reach Benrett 
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Spring. The rapid increase in now at Bennett 
Spring after heavy rainfall is due to an increase in 
head pressure in the recharge area. Discrete 
recharge enters the groundwater system quickly, 
and increases the head pressure in the conduits, 
forcing the water already in the system to be 
expelled more quickly . The same process can be 
demonstrated using a faucet and long hose. The 
flow rate of a hose discharging water from a partly 
opened faucet will increase almost instantly if the 
faucet is opened to its maximum, but the water 
causing the increase in flow does not reach the end 
of the hose for some time . Thus, even though 
Bennett Spring discharge increases quickly after 
recharge, most of the water causing the increase 
in flow does not reach the spring for several days. 

Figure 44 helps show the relationship between 
recharge, discharge, and specific conductivity at 
Bennett Spring. The data are from October, 1990. 
Flow data from Spring Hollow at King Farm and 
Spring Hollow upstream of Bennett Spring are 
from hourly values. Bennett Spring discharge 
data are 15-mlnute values. Precipitation, mea
sured at the tipping bucket rain gage and event 
recorder in upper Spring Hollow watershed, is 
shown in four-hour increments. Conductivity was 
measured eight times during the month. 

September, 1990. was relatively dry. and soil 
moisture storage on September 30 was about 3.05 
inches, well below the assumed field capacity of 6 
inches. Spring discharge was less than 150 ft3 /sec, 
and conductivity was relatively high, about 380 
umhos/cm. Rainfall began occurring about 1000 
hours on October 3, and ended about 2200 hours 
with a total rainfall of 1.92 inches. Discharge 
began increasing at Bennett Spring about 1800 
hours, peaked approximately six hours later, and 
declined over the next three days to nearly pre
rainfall discharge conditions . Specific conductiv
ity remained essentially unchanged, and no sur
face-water runoff occurred in Spring Hollow at 
either of the gaging stalions. On October 7, at 
about 0400 hours, another rainfall event began in 
upper Spring Hollow. This storm dropped 1. 76 
inches of rainfall in a four-hour period. Flow began 
increasing at Bennett Spring at about 0800 hours, 
peaked at approximately 2300 hours, and began 
decreasing. Light rain continued falling through 
October 7 and October 8, with intensity beginning 
to increase about 1200 hours on October 8. Rain
fall intensity was highest between 1600 and 2000 
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hours. Total rainfall for the day was l.60 inches. 
Discharge at Bennett Spring began increasi ng a t 

about 1900 hours on October 8, peaked at about 
1000 hours on October 9, and declined the re
mainderofthe month. Light rain continued lhrough 
October 9 with a daily total of 0 .41 inches. From 
October 3 through October 9. there was a total of 
5.70 inches of rainfall. 

The cumulative effects of 3.36 inches of rain fa 11 
on October 8 and 9 generated enough surface
water runoff within Spring Hollow watershed to 
cause flow in Spring Hollow. At King Farm, flow 
began on October 8 at about 2000 hours. Flow 
peaked about four hours later at about 6.0 ft3 /sec, 
declined sharply the next few hours, and ended 
October 12. Significant flow did not begin in 
Spring Hollow just upstream from Bennett Spring 
until about 0400 hours on October 9. Here, flow 
peaked about 1200 hours on October 9, and 
decreased over the next 36 hours to a small flow 
which continued much of the remainder of the 
month. Peak flow was about 7.5 ft3/sec. 

Specific conductivity at Bennett Spring dropped 
slightly between about October 5 and October 10, 
probably due to the arrival of very local recharge 
that occurred on OcLober 3. Conductivity 
dropped more sharply after October I 0, reaching 
its low on about October 25. The Ume of lowest 
conductivity is considered to mark the arrival of 
the mass-center of the recharge . Since recharge 
occurred several times between October 3 and 
October 9, this indicates an average travel time of 
from 16 to 25days, which is also supported by dye 
tracing data. 

As a result of this study, the Bennett Spring 
recharge area, as well as recharge areas for other 
springs in the study area. has been establ ished 
with a reasonable degree of certainty. The hydro
logic characteristics of area losing streams are 
much better known. and the recharge and flow 
characteristics of Bennett Spring are better under
stood. Although groundwater recharge and ground
water discharge points have been idenlified, little 
is known about the actual route groundwater 
follows between the site of recharge and the 
receiving spring. Dye tracing is used to show the 
connection between the two points, and the bear
ing of a straight line connecting the dye injection 
and recovery sites shows the average direction the 
dye travelled . It is quite possible, even probable, 
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that groundwater traveling In conduit systems 
follows a circuitous route. Extensive air-filled cave 
systems often have numerous passages that 
branch from a more central trunk passage. Water 
flowing through such a cave will travel much 
further than the straight-line distance. There is no 
reason to believe waler-filled conduit systems 
channelling water to major springs are any less 
complicated. Air-filled caves that can be explored 
today were, in the past, groundwater conduits that 
were exposed and drained as erosion lowered the 
E.arth's surface, and valleys cut through them . 
The cave passages do not usually coincide with 
valley development, so there is no reason to 
believe the conduits transporting water to springs 
coincide wilh surface drainages. Indeed, in the 
case of Bennett Spring, dye tracing shows re
charge originates not only in the Niangua River 
basin, but also from within the Osage Fork of the 
Gasconade River basin and Goodwin Hollow, in 
Grandglaize Creek basin. 

Though the exact path groundwater travels 
through the subsurface cannot ordinarily be deter
mined by dye tracing, dye tracing information, 
combined with potentiometric-map data, can indi
cate the general route of travel. Figure 33, the 
potentiometric map of the Bennett Spring area, 
depicts water-level elevations measured in wells 
penetrating the Roubidoux Formation and Gas
conade Dolomite, the same rock units that the , 
Bennett Spring conduit system is likely developed 
in. The map shows a narrow zone of low ground
water elevations-a groundwater trough-extend
ing from Bennett Spring, southeast, to the Osage 
Fork . Two dye traces, Brush Creek Tributary trace 
(DT 11) and Bear Thicket sink trace ( DT 13 ), were 
conducted along this zone. Groundwater velocl
ties calculated from the two traces averaged about 
1.3 miles per day, considerably greater than ve--
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loci ties of other dye traces in the area. A ground
water conduit serves as a drain. Ordinarily, head 
pressure inside it is lowerthan pressure around it, 
so groundwater in the adjacent aquifer moves 
toward the conduit. Water levels in wells 
drilled near a conduit would reflect this. Re
charge directly entering a major conduit would 
follow a more direct path having less resis
tance than recharge taking place adjacent to 
the conduit. It is quite possible that a major 
conduit which transports water to Bennett 
Spring trends southeast from the spring, 
roughly paralleling Spring Hollow, and ex
tends beneath the Niangua River basin sur
face-water divide into Osage Fork basin. Three 
other dye traces, Dousinbury Creek trace (DT 
17), Spring Hollow trace (DT 18), and Spring 
Hollow Tributary trace (V & E, 1987), with 
Injection sites on the flanks of this theorized 
conduit, had much slower straight-line ground
water velocities. 

The potentiometric map shows other such 
groundwater troughs. Most notably, one extends 
across upper Dry Auglaize Creek and Goodwin 
Hollow trending to the northeast. It shows ground
water movement from Goodwin Hollow watershed 
into the Niangua River basin. Another apparent 
groundwater trough extends to the east across 
upper Parks Creek into Steins Creek watershed . 
Other hydrologic features probably e.xist that are 
not reflected on the potentiometric map. Detec
tion of conduits in karsl areas using potenUo
metric data depend greatly on data density. Since 
the data points are water wells, data are not 
available in areas where wells do not currently 
exist, and many areas may not have a high 
enough well density to accurately show the poten
tiometric surface. 
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