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Figure 1.   Shaker Creek Aquifer, located in Southwestern Ohio, extends across the border separat-
ing Warren and Butler Counties 
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Documentation of Effort 

In late-1996, Mr. Michael P. Ekberg (then with Ohio EPA) suggested to Mr. Larry Gillum (then 

supervisor of the Lebanon Correctional Institute’s water treatment plan) that the Department of Geol-

ogy of the University of Cincinnati be asked to prepare a wellhead protection area delineation for the 

Lebanon Correctional Institute (LeCI).  In the Spring of 1997 the study reported here was initiated. 

The research was conducted as a two-academic-quarter (six month) course for advanced un-

dergraduate and graduate students in the departments of geology and environmental engineering 

during the winter and spring academic quarters 1997, 1998, 1999, and 2000.  The study involved 

regular field investigations of the site (Fig. 1) twenty-six miles NNE of the university.  Profs. Thomas 

V. Lowell (glacial geologist), J. Barry Maynard (aqueous geochemist), and David B. Nash 

(hydrogeologist) directed and closely monitored the project.  Software (ArcView and Argus), monitor-

ing equipment (water level measurement, pressure transducers, and dataloggers), surveying equip-

ment, and a computer were purchased with USEPA grant X985708-01-0. 

Research during the 1997 and 1998 academic years centered on canvassing wells, surveying 

wellhead elevations, measurement of water levels, and geochemical  sampling and analysis.  Driller’s 

logs were collected and correlated during the 1999 academic year to produce geologic cross sec-

tions of the area.  Hydrologic modeling was completed during the 2000 academic year. 
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Introduction 
LeCI draws its water from a deep buried valley containing a highly productive, heavily utilized 

aquifer system named the Shaker Creek Aquifer (Fig. 2) by the Ohio Department of Natural Re-

sources Division of Water (ODNR).  The buried valley, formed during Pleistocene glaciation of the 

area, extends from Little Miami River at South Lebanon, Ohio to Great Miami River at Middletown, 

Ohio (Fig. 3).  The valley contains a thick, complex, and interfingered sequence of glacial lake clay, 

glacial till, sand and gravel glacial outwash, and silty alluvium reaching thicknesses of more than sev-

enty meters near its confluence with Great Miami River. 
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Figure 2.   Following the nomencature of ODNR Division of water, the aquifer system used by 
LeCI is referred to as the Shaker Creek aquifer system (map derived from http://
www.dnr.state.oh.us/odnr/water/samp/sampconv/GlacialShape.zip). 
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Although providing exceedingly high yields (Fig. 4), water level measurements taken continu-

ously for more than thirty years at state well W-5 near Solid Rock Church (Fig. 3) suggest the aquifer 

system is being overdrafted.  This has caused water levels to decline at an average annual rate of 

0.84 ft/yr (Fig. 5).  The steady decline in head makes the validity of steady-state modeling of the aq-

uifer suspect.  Steady-state modeling is, however, suggested by the Ohio EPA’s guidelines and is 

therefore done for almost all well-head delineations.  To be consistent, we have also followed the 

steady-state approach. 
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Figure 3.   The Shaker Creek Aquifer System (shaded) occupies a buried valley connecting Lit-
tle Miami River at South Lebanon with Great Miami River at Middletown.  The Leba-
non Correctional Institute (LeCI) wellfield is located near the center of the aquifer sys-
tem. 
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Figure 4.    The thick sand and gravel deposits of the Shaker Creek aquifer system provide exceed-
ingly high yields (map derived from http://www.dnr.state.oh.us/odnr/water/samp/
sampconv/GlacialShape.zip). 
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It should be noted that both English and metric units of measurement are used in the study.  

Several of the data sources are maps from the U.S. Geological Survey (digital line graphs, DLG’s) 

and bedrock elevation maps from the Geologic Division of the Ohio Department of Natural Resources 

(ODNR) and are in feet.  These data cannot be easily converted to metric units and therefore are pre-

sented in their original units.  All modeling was done in metric units. 
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Figure 5.   Water levels recorded continuously at state well W-5 near Solid Rock Church indicate water levels have declined at 
an average rate of 0.84 ft/yr suggesting that the aquifer system has been overdrafted for at least three decades. 

y = 0.0023x - 31.132

10

15

20

25

30

35

40

45

50

55

60
12/31/1965 12/31/1975 12/31/1985 12/31/1995

de
pt

h 
be

lo
w

 w
el

lh
ea

d 
(fe

et
)  

 



                Page 12 

Figure 6.    Elevation of the Ordovician shale-limestone bedrock beneath the Shaker Creek Aquifer sys-
tem. 
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Figure 7.    Locations of driller’s logs (Appendix A) used in construction of geologic cross sections (Figure 
4 and Appendix B). 
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                Page 14 Figure 8.   Location of cross section (Appendix B) 
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Figure 9.   Great and Little Miami Rivers are assumed to penetrate to the aquifer and be hydrologically connected 
to it.  The smaller creeks rising on the bedrock surface above the valley, however, are assumed to 
provide little recharge to the aquifer except immediately adjacent to the valley walls.  
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Chemical Analysis of Groundwater at Lebonan Correctional Institute
Samples Collected 5/99 and 4/97
* all ion concentrations in ppm
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LCI #2 1999 nonfiltered 6.9 81 100 2.8 31 0.04 1 6.6 18 349 39 59 BDL BDL
LCI #2 1999 filtered 7.3 66 110 2.8 32 0.05 1 6.7 19 341 37 70 BDL BDL
LCI MW -1 1999 filtered 7.15 67 94 2.1 29 0.06 1 6.5 13 285 48 109 BDL BDL
LCI MW -2 1999 filtered 7.37 76 85 2.4 36 0.06 2 7.5 9 341 15 52 BDL BDL
Mason 1999 filtered 7.24 82 120 2.4 32 0.13 2 6.3 21 328 48 164 BDL BDL
LCI #2 1997 unfiltered 7.37 155 116 2.85 36 0.054 BDL ND 19 333 36 51 BDL BDL
Mason 1997 unfiltered 8.07 ND 129 1.05 34 0.14 ND ND 16 314 38 108 BDL BDL
LCI Pig Farm 1997 unfiltered 7.15 145 132 4.49 39 0.099 BDL ND 13 344 50 93 BDL 0.09
Monroe #4 1997 unfiltered 7.22 120 150 5.45 99 0.092 BDL ND 48 333 144 91 BDL BDL
W arren Co #2 1997 unfiltered 7.31 155 144 5.67 39 0.086 BDL 5.5 13 336 26 115 BDL BDL
Otterbein #2 1997 unfiltered 6.82 300 98 BDL 25 BDL BDL 2.5 27 248 56 43 1.96 BDL
Rahm Farm 1997 unfiltered 7.2 44 83 0.658 35 0.194 4 3.9 46 291 49 58 BDL BDL
Berns Field 1997 unfiltered 7.67 330 93 0.22 27 0.015 3 ND 31 228 54 76 1.54 BDL
Berns Nursery 1997 unfiltered 7.28 397 101 0.084 25 0.014 3 3.4 27 249 48 53 2.23 BDL
Shaker Creek 1997 unfiltered 8.11 307 52 BDL 14 BDL BDL BDL 12 139 24 24 1.4 0.1

BDL = below detection
ND = not determined

Table 1 
  Measured Chemical Constituents 
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Hydrogeologic Setting 

The aquifer system is in a deep valley incised into Ordovician shales and limestones.  The 

ODNR has estimated the elevation of the bedrock beneath the aquifer system in a series of bedrock 

elevation maps drawn on 7.5 minute topographic quadrangle sheets.  The maps are constructed 

from drillers’ logs.  Relatively few of the wells penetrate to bedrock.  Therefore, in most places, the 

elevation is estimated.  The six quadrangles covering the aquifer were digitized and mosaiced (Fig. 

6).  

More than fifty drillers logs were collected from the ODNR, homeowners, Warren County, and 

LeCI.  Of these, forty (Fig. 7) could be used for construction of geologic cross sections (Fig. 8).  The 

logs are Appendix A and the constructed cross sections are Appendix B to this report.   

The cross sections indicate a quite complex subsurface geology (generally the case with bur-

ied glacial valleys).  Deposits have been partially eroded and covered by younger deposits as the 

glaciers advanced and retreated.  In addition, depositional facies in a glacial environment change 

rapidly in the lateral as well as vertical direction making correlation of units between wells difficult. 

The valley fill consists of gray stoney till, very coarse grained gravel outwash, low permeability 

glacial lake clays, and younger alluvial silts and clays.  The aquifer system consists of a thin upper 

discontinuous aquifer and a thicker, lower more continuous aquifer.  Most of the water pumped from 

the aquifer system comes from wells screened in the lower aquifer (including LeCI’s wells).  At the 

LeCI well field, and probably in most other areas, the aquifer is confined; the depth to the top of the 

lower aquifer at the LeCI well field is 90 to 100 feet while the depth to water is usually around 65 feet. 

Early in 1999 a set of monitoring wells was drilled by a consortium of Shaker Creek Aquifer 

system users (LeCI, Warren County, and the cities of Monroe, Mason, and Lebanon) on LeCI prop-

erty. One of the wells is screened in the upper aquifer and the other is screened in the lower aquifer.  

Although immediately adjacent to each other, the water level in the shallow well is more than 15 feet 

above the water level in the deep well, suggesting the two aquifers are isolated from each other. 
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Conceptual Hydrologic Model 

A laterally persistent surface cover of silt and clay (Appendix B) of recent alluvium is found 

throughout the area and is assumed to limit infiltration of precipitation.  Great and Little Miami Rivers 

are likely in good hydrologic contact with the aquifer system.  Channel loss measurement from small 

streams (e.g., Shaker, Miller, Dick’s Creek etc., Fig. 9) were inconclusive.  Dissolved oxygen content 

of the water from the aquifer was measured using an Eh electrode (Table 1). The water was consis-

tently found to be more oxygenated in wells closer to the valley sides (e.g., more than 300 mV at 

Bern’s Nursery) than at wells in the center of the valley (e.g., less than 70 mV at LeCI).  This sug-

gests the aquifer is recharged from its edges rather than surface.  As the water travels through the 

aquifer, it progressively looses oxygen by reacting with pyrite (FeS2) taking Fe++ into solution (a prob-

lem for most of the users of the aquifer).   

The conceptual model (Fig. 10) assumes that the outwash terraces surrounding most of the 

buried valley provide direct recharge to the aquifer primarily by infiltration from the small streams 

Figure 10.  Recharge to the aquifer is assumed to result primarily from channel loss of the streams 
crossing the terrace as flow from the bedrock uplands.   
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crossing the terraces from the surrounding bedrock uplands and to a lesser extent from infiltration of 

precipitation on the terraces.  Water leaves the aquifer primarily by pumpage and by underflow to 

Great and Little Miami Rivers. 

Although minor seeps emanate from cracks and dissolved conduits in the bedrock walls of the 

valley sides, the contribution of this water is minimal so little error is introduced by assuming the bed-

rock valley walls are no-flow boundaries. 
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Figure 11.  Percentage of the total annual pumpage from the Shaker Creek Aquifer system contrib-
uted by each of the largest consumers.  Much or most of Middletown’s water undoubt-
edly comes from channel loss from Great Miami River. 
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state 
number description 

1994 
million 
gallons 

1995 
million 
gallons 

1996 
million 
gallons 

1997 
million 
gallons 

1994-1997 average  
(million gallons/

year) 

430 Middletown 3,673 3,290 3,404 3,043 3,353 

1227 ARMCO 3,115 3,460 3,170 2,959 3,176 

238 Mason Water Treatment 
Plant 834 1,020 1,034 1,092 995 

159 Lebanon Division of Wa-
ter #1 549 527 587 686 587 

1853 
Warren County Water & 
Sewer Dept.- Deerfield, 
Hamilton, S. Lebanon 

  202 262 634 366 

941 LeCI 331 347 342 295 329 

394 Monroe Water Depart-
ment 316 289 303 288 299 

1318 Warren County Water & 
Sewer Dept. 377 308 274 172 283 

627 Carl E. Oerder & Sons 150 149 145 204 162 

160 Lebanon Municipal WTP 
#2 122 138 164 179 151 

111 South Lebanon Water 
Department 88 82 78 78 82 

1696 Otterbein Lebanon Re-
tirement Community 44 48 40 35 42 

1741 Berns Greenhouse & 
Garden Center, Inc. 1 1 1 4 2 

Table 2 

Annual pumpage reported by the heaviest users of groundwater from the Shaker Creek Aquifer 
system. 
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Rationale for Delineation Method Choice 

A groundwater flow model, MODFLOW-96 written by Harbaugh and McDonald (1996) was 

used in conjunction with MODPATH, a particle tracking program written by Pollock (1994).  Both pro-

grams were run using ARGUS by Shapiro, Margolin, Dolev, and Ben-Israel (1997) as a pre– and 

post-processor.  Although much less complex methods may be permitted by Ohio EPA (i.e., fixed ra-

dius method and uniform flow equation), neither of these methods are appropriate for situations in 

which there is considerable interference from nearby wells (the LeCI, Monroe, Mason, Otterbein, and 

Warren County Union Road well fields are all less than a mile away from each other). 

For several reasons the aquifer system was modeled over its entire extent from Little to Great 
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Figure 12.  Piezometric elevations in the lower aquifer of the Shaker Creek Aquifer system meas-
ured between 9:30 and 14:30 May 9, 1998 (see Table 2). 
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Note:    All depth measurements were taken between the times of 9:30 and 2:30, Saturday, May 9, 1998.  There was 0 rainfall for the 
day and 0 rainfall the preceding day.  Elevations and depth measurements were taken in feet. 

Name Well Use Address Phone # Contacts 

depth to 
water 
(feet) 

MP elevation 
(feet AMSL) 

closure 
error 
(feet) 

peizometric 
elevation 

(feet AMSL) 

LeCI Pig Farm farm Rt 63 (513) 932-1211 
x-2222 

Greg Davis 49.90 671.407 0.1 621.507 

Otterbein commu-
nity 

Rt 63 (513) 933-0044 George E. Ter-
williger 

15.11 676.071 0.084 675.987 

Solid Rock 
Church 

church Union Road, Lebanon, 
Ohio 

 State Well W-5 41.37 662.645 0.043 621.255 

Burns Nursery farm Greentree & Cin-Day 
Rd. 

  40.29 656.582 0.076 616.292 

Ann Hill  domestic 4202 Hamilton Lebanon, 
Ohio 45036   

(513) 934-3970 Jack Nixon, 
owner 398 - 7000 
Ann Hill, resident  

41.09 695.95 0.031 654.87 

Ed Siesmore domestic 6303 Nickel Rd, Leba-
non Ohio 45036 

(513) 573-0578 Ed Siesmore 0.00 711.399 0.045 696.399 

Tad and Carla 
Buffenbarger 

domestic 4677 Butler Warren Rd, 
Lebanon, Ohio 45036 

(513) 539-9709 Tad and Carla 
Buffenbarger 

22.15 691.03 0.095 668.88 

Bogart Farm farm 890 Union Rd (513) 932-6334 Amy Davis, 
owner  

46.81 667.189 0.095 620.379 

Table 3  

Piezometric elevations in the lower aquifer of the Shaker Creek Aquifer system.  Wellhead MP elevation was determined by leveling a closed 

circuit from the nearest benchmark. 



                Page 23 

 
Miami Rivers.   

1) Doing so involved a minimum assumption of boundary conditions: no-flow bounda-

ries along the aquifer sides and constant head boundaries at Little and Great Miami 

Rivers.  

2) The model could be used for wellhead protection area delineations for other well 

fields in the aquifer. 

3) The model could be used to investigate overdrafting of the aquifer system. 

4) The model could be used to investigate different management strategies for the aqui-

fer system. 

5) The model provided an excellent learning experience for the students involved with 

the project. 
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Figure 13.  Results of pumptest conducted at LeCI well field the night of February 13-14, 1998. 
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Figure 14.  Map of the location at which Lane-Ohio conducted a pumptest 
for the City of Lebanon, Ohio on September 8, 1992. 
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Presentation of Input Data 

Pumpage data 

The annual pumpage by major users reported to the ODNR Water Division averaged 9,825 

million gallons during the years 1994 through 1997 (Table 1 and Fig. 11).  The heaviest pumpage 

was by ARMCO and the City of Middletown.  It should be noted, however, that Middletown’s well 

field is located at near Hook’s Airfield, immediately adjacent to Great Miami River and undoubtedly 

much of the water comes from channel loss from that river (Fig. 9). 
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Figure 16.  Surface elevations constructed from a mosaic of U.S. Geological survey 7.5’ digital line 
graphs (DLGs) of the area. 
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Figure 17. 

Figure 18. 
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Figure 19.  Watersheds recharging the Shaker Creek aquifer system (from http://www.dnr.state.
oh.us/geodata/Statewide/ohwsheds.exe) 

Piezometric surface and model calibration points 

An extensive search was made to find unused or rarely used wells screened in the lower aqui-

fer that could be used to establish the piezometric surface and serve as calibration points for the hy-

drologic flow model.  After the wells were located and access permission obtained, the measuring 

point (MP) elevation for each well was determined by surveying.  The depth to water was measured 

periodically.  On Saturday, May 9, 1998 all of the observation wells were measured between 09:30 

and 14:30 (Table 2 and Fig. 12). 
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stream basin area (m2) 
estimated dis-

charge (m3/day) 
applied terrace 

area (m2) 

Shaker Creek 21,974,000 19,865 249,646 

Miller's Creek 11,900,000 10,758 267,595 

South Shaker Creek 13,300,000 12,024 640,137 

Turtle Creek 86,200,000 77,928 651,913 

Muddy Creek 28,000,000 25,313 1,009,230 

Little Muddy Creek 25,200,000 22,782 1,020,990 

creek west of Monroe 8,900,000 8,046 1,357,080 

creek by Monroe 4,500,000 4,068 1,610,560 

Dick's Creek 29,300,000 26,488 2,089,400 

North Branch Dick's Creek 12,900,000 11,662 2,794,510 

Table 4 

Drainage basin area, estimated recharge using annual runoff of 13 inches and the 
area of the terrace to which recharge is applied. 
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Transmissivity 

A pumptest was conducted at the LeCI well field during the night of Friday February 13, 1998 

and the early morning of Saturday February 14, 1998.  All pumping at the LeCI, Monroe, and Warren 

County Union fields was suspended for three hours to allow the piezometric surface to recover to 

static levels.  A single well was then pumped at 520 gpm and water levels were measured with pres-

sure transducers in wells 257 feet and 570 feet away (Fig. 13).  Transmissivities of 1,505 ft2/hr and 

1,275 ft2/hr were determined using the Jacob method on the data collected at the near and distant 

observation wells respectively.  Using a composite thickness of 61m for the aquifer system at the 

LeCI well field yields effective horizontal hydraulic conductivities of 55.1 and 46.6 m/day for the near 

and the distant wells respectively. 

Results for another pumptest conducted on Tuesday September 8, 1992 by Lane-Ohio Com-

pany were also used.  The pumpage was from a newly installed test well near Turtle Creek and ob-

servations were made with a pressure transducer in a well 520 feet away (Fig. 14).  A transmissivity 

of 734 ft2/hr is determined using the Jacob method (Fig. 15).  Using a composite aquifer thickness of 

30m (from well logs for the test well), yields an effective horizontal conductivity 53.7 m/day (which is 

within the range of conductivities determined from the LeCI pumptest).   

Ideally a sufficient number of pumptests would be available to correlate transmissivity with sub-

surface geology.  This is not the case for this study (or for most studies).  The close correspondence 

of effective horizontal hydraulic conductivity based on the thickness of the valley fill suggests that 

horizontal transmissivity may reasonably be estimated by subtracting the bedrock elevation (Fig. 6) 

from the surface elevation (Fig. 16) to determine fill thickness. 
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Figure 20.  Recharge from streams as they cross the outwash terraces bordering the valley. 

Recharge 

The average annual precipitation for the area of Shaker Creek Aquifer System reported by the 

ODNR’s Hydrologic Atlas of Ohio is 40 inches (Fig. 17).  Although it is generally assumed that ap-

proximately 30% of the annual precipitation infiltrates to recharge underlying aquifers, the continu-

ous thick cover of clay and silt over the surface of the lowlands limits the amount of infiltration 

(confirmed by the Eh of the water found at the center of the aquifer). 

Recharge from streams at the edges of the valley is the major source of recharge.  None of 

LeCI 
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Figure 21.  Model-calibrated transmissivity using a hydraulic conductivity of 47 m/day. 

Calibration point measured head (m 
AMSL) 

observed head (m 
AMSL) 

deviation (m) 

Bern's Nursery 187.85 187.82 -0.03 
W-5 189.36 188.71 -0.65 
LCI pig farm 189.44 188.95 -0.49 
Bogart farm 189.09 193.48 4.39 
Nixon well 199.60 199.00 -0.60 

    
  mean deviation: 0.52 m 
 1.23 m mean absolute deviation: 

Table 5 
Deviation of head predicted by flow model with head measured 
in the field 

LeCI 
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Figure 22. Hydraulic head predicted by the model (contour lines) and observed model calibration 
heads. 

constant head in: 48,308 m3/day 
recharge in: 57,138 m3/day 

total in: 105,446 m3/day 
   

constant head out: 5,337 m3/day 
wells out: 100,098 m3/day 
total out: 105,435 m3/day 

   
in - out: 11 m3/day 

   
discrepancy: 0.01 % 

Table 6 
Volumetric flux budget for flow model 

LeCI 
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these streams are gauged so the discharge must be estimated by multiplying upstream drainage 

area (Table 3) by 13 in/year, the surface runoff reported in ODNR’s Hydrologic Atlas of Ohio (Fig.  

18).  A proportion of this discharge determined by model calibration is assumed to recharge the aqui-

fer as it passes over the outwash terraces (Figs. 19 and 20). 

Porosity 

MODPATH calculates the average velocity fluid flow, v, by dividing seepage velocity q 

(discharge per unit area) by porosity n (proportion of aquifer volume composed of voids).  Porosity of 

aquifer materials ranges from 0.2 to 0.3; a value of 0.2 is used in this study.  

Descretization 
The model domain (Fig. 2) was divided into square model cells 100m per side.  The average 

annual pumpage rates (Table 1) were applied to the cells nearest the  center of each well field.  Hy-

draulic conductivity was varied between 46.6 and 55.1 m/day.  Areal recharge by precipitation was 

varied between calibration limits from 0 to 30% of total annual precipitation.  Recharge by infiltration 

from channel loss of streams crossing the terraces along the valley sides was varied between cali-

bration limits of 0 to 30% of the estimated annual discharge.   

The model input values for recharge and hydraulic conductivity were varied within the calibra-

tion limits to fit the calibration targets (Fig. 12). Values of 6% and 20% of annual precipitation and 

stream discharge respectively and hydraulic conductivity of 47 m/day (Fig. 21) were found to provide 

the closest fit the calibration targets. 
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Presentation of Computer Modeling Information 

 The heads predicted by the flow model fit the five observed heads with an average deviation 

of 1.23 m (Fig. 22 and Table 4).  The volumetric flow budget for the aquifer is shown in Table 5. 

Delineation Results 

MODPATH can be used to track the movement of particles either forward or backward with 

time.  The particle is assumed to be transported advectively at the average rate of groundwater 

movement (v).  MODPATH assumes the effects of molecular diffusion and of longitudinal and trans-

verse dispersion are negligible.  If the steady-state flow domain predicted by the flow model is valid 

for a future five year period, the travel paths of particles released at the LeCI well field may be traced 

backwards in time (Fig. 23). 

It should be kept in mind that the delineated well head protection area is conservative; an aqui-

fer porosity of 0.30 would result in a smaller protection area.  It should also be remembered that the 

effects of molecular diffusion and of longitudinal and transverse dispersion would result in a larger 

protection area. Further, the validity of basing travel times on the flow regime predicted by a steady-

state model must be questioned in an area demonstrating a historic and continuing withdrawal of wa-

ter from storage due to overdrafting of the aquifer system. 
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Figure 23.  Five year time of travel pathlines to the LeCI well field.  Assumes steady state flow model and 
transport by advection only. 
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Appendix A 
 

Driller’s logs 



Figure A-1.   Location of driller’s logs used for construction of cross sections in Appen-
dix B. 
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Appendix B 
 

Cross sections of Shaker Creek Aquifer System 
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Figure B-1.  Location of cross sections in Appendix B. 

Figure B-2.  Symbols and patterns used in cross sections in Appendix B 
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Cross section 7 

Cross section 6 


