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A study was performed to detem1ine the fate and transport of chlorides in groundwater on 

and around a Central Kansas refinery. This was done by sampling monitoring wells over a 

four year period for chlorides and measuring static water level in these wells to determine 

groundwater flow. Groundwater modeling was also performed to determine the probable 

source location(s) for the chlorides noted in groundwater and project changes in chloride 

concentration and movement expected to occur in the future. In addition, chloride source 

identification was perfom1ed after the method of Whittemore to correlate and compare 

the chemical nature of groundwater taken from the monitoring wells with the postulated 

source regions. Source identi fication was also used to veri fy the results found as part of 

the groundwater modeling. 

Process water for the refinery is taken from four pumping wells located in the northeast 

part of the refinery faci lity and operated continuously. These wells pump between 1325 

and 3220 liters/min (350 and 850 gpm) and have been pumping long enough that 

drawdown from these wells has stabilized. The radius on influence for the four wells, 



taken as a single system, is estimated at 1.3 km (0.8 mile) on the west side and up to 3.4 

km (2 miles) on the east side of the facility. Chlorides located within the radius of 

influence of these are preferentially drawn to the wells over time. 

Based on sampling data and a previous study by Whittemore (1997) two primary chloride 

source regions were identified. One was a shallow source located on the refinery property, 

consisting of an unlined impoundment that had contained refinery process water until 

closure and removal in 1994. The other primary source was the Johnson Oil Field, located 

approximately 3.4 km (2 miles) east of the refinery. The field contains chloride injection 

wells and formerly had unlined impoundments holding salt water that had been separated 

from the crude oil. 

Groundwater modeling for the refinery and surrounding property confirmed these source 

regions and determined that the chloride plume was moving toward the refinery at the rate 

of approximately 67 meters (205 feet) per year. Source identification of groundwater 

taken from selected wells also verified these source regions and confirmed the modeling 

results. 

Based on this rate of movement, historic chloride data from wells on and llround the 

facility, and the distance from the source to the pumping wells, it is estimated that the 

chloride plume from the Johnson Well Field reached the onsite pumping wells 

approximately ten years ago. Transport time from the shallow onsite source and the 

pumping wells was esti mated at sJ ightly over Se\'e11 years. The mode ling results aIso 



indicate that the groundwater quality from the pumping wells will continue to decline 

over time without remedial action. 
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CHAPTER 1
 

INTRODUCTION
 

The purpose of this research was to establish the amount, source, and areal 

extent of chlorides in the vicinity of the subject facility that are affecting or have the 

potential to affect groundwater quality in that portion of the Equus Beds Aquifer utilized 

by the facility as part of the refinery operations onsite. To accomplish this, monitoring 

wells were drilled and used in conjunction with existing wells to sample groundwater 

beneath the facility and measure its chloride content. The purpose of the groundwater 

sampling was to delineate the spatial patterns of existing chloride plumes in the vicinity 

of the refinery. Stratigraphic studies were undertaken to establish the predominant and/or 

preferential pathways for groundwater and solutes through the aquifer as a function of 

hydrostratigraphy. In addition, variations in aquifer thickness both on and around the 

refinery property were mapped to help understand the implications for the zone of 

influence for pumping wells at the refinery. Results of the stratigraphic work were 

verified through the use of groundwater modeling on and around the site to determine if 

the predicted preferential flow paths were indeed influencing groundwater flow. Finally, 

a chemical signature approach developed by Don Whittemore at the Kansas Geological 

Survey was used to differentiate between possible sources for chloride pollution 

measured in groundwater samples from the monitoring wells. 

Refinery Description and Location 

The facility studied is an 80,000 barrel per day (bpd) crude oil refinery. This 

facility is located on about 981 acres of land located approximately one-half mile south of 
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the City of McPherson, Kansas (Figure 1). Petroleum refining operations began at this 

facility in 1933 and refining operations have continued to the present day. 

Land use surrounding the refinery is predominantly agricultural (cash-grain 

operations). Exceptions include a radio station (KNGL) and a closed petroleum product 

terminal (Derby Refining Corporation) located adjacent to the southeast side of the 

refinery property, a sand pit located a quarter mile south-southwest of the refinery, and 

the McPherson Airport located a quarter mile northwest of the refinery. 

1.1.2 Previous Investigations: 

Since 1986, two separate geologic and hydrogeologic investigations have taken 

place on the refinery property. The following is a discussion of these investigations, 

including information pertinent to the present study. Previous studies that have been 

utilized to present the information contained below include: 

•	 "National Cooperative Refinery Association Hydrogeologic Investigation and 

Monitoring Proposal"; A&M Engineering & Environmental Services, Inc. 1986. 

•	 Hydrogeologic Investigation Report"; EEl Engineering Enterprises, Inc., 1988. 

2 



2.1 

CHAPTER 2 

GEOLOGIC SETTING 

Topography 

The region on which the refinery property is situated is a part of the Great Bend 

Physiographic Province. Topography in the vicinity of the refinery facility is relatively 

flat (0-1% slopes) (Rott, 1983). East and north of the facility topography ranges from 

gently sloping to sloping (1-8% slopes) as a result of the incisement of Bull Creek and 

Dry Turkey Creek into the underlying unconsolidated sediments. 
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clay, silt, and gravel. The refinery lies on top of the McPherson fonnation that lies within 

the McPherson Valley which is a bedrock channel cut into underlying Pennian fonnations 

when the ancestral Smoky Hill River flowed southward into the Arkansas River. The 

McPherson Fonnation varies in thickness, but is approximately 55-63 meters (170-190 

feet) thick beneath the site. The upper part of the McPherson Fonnation is mainly clay 

and silty clay with thin (one meter or less) zones with carbonate concretions and silt in 

the upper 13-23 meters (40-70 ft). The lower part of the McPherson Fonnation is mainly 

sand and gravel with clay interbeds and tongues. The clay beds in the lower part range 

from a meter to 6.5-10 meters (20-30 feet) thick. An erosional unconfonnity separates the 

Pleistocene McPherson Fom1ation from the underlying Pennian Wellington Shale. The 

Wellington Shale is gray, bluish gray, and grayish green, medium soft to hard and 

calcareous, with thin argillaceous limestone and gypsum interbeds (McElwee, et. al. 

1979, Spinazola, et. aI., 1985). Water is scarce in the Wellington, however salt deposits 

are known to be imbedded in the shale and chloride rich groundwater has been reported 

from the Wellington (McElwee, et. aI., 1981). 

2.2.1 Results of Previous Studies at the Facility 

The previous geologic studies performed onsite (see Section 1.1.2) show that the 

stratigraphic section above the Wellington at the site consists of about 16.5 meters (50 

feet) of silt and clay, over 3-7 meters (10 to 20) feet of sand and fine gravel, overlying 10

13 meters (30 to 40 feet) of silty clay with tine sand. The basal unit consists of 7-13 

meters (20-40 feet) of sand and gravel with clay lenses. The reports noted changes in 

stratigraphy from boring to boring, which was indicative of reworked stream deposits. 

() 



Soil samples (Appendix 1) taken from borings drilled to approximately 7 

meters (20 feet) below ground level (bgl), in the vadose zone, reveal 65% to 85% clay, 

with silt comprising the vast majority of the remaining sediments. One remolded sample 

was tested for hydraulic conductivity and had a value of 4 X 10-6 cm/s. This indicates that 

recharge from the overlying vadose zone is minimal. 

2.2.2 Geologic Information Gained as Part of the Current Study 

2.2.2a Field Activities: 

As part of the current study, sixteen (16) monitoring wells were drilled on and 

around the refinery facility in September and October 1999. Drilling logs for these wells 

can be found as part of Appendix 1. Six of these wells were completed in the upper part 

of the saturated zone (36-41 meters or 110 to 124 feet bgl), with the remaining ten 

completed to Wellington bedrock (between 49-60 meters or 150 to 183 feet bgl). An 

experienced field geologist was present during all drilling activities, with oversite 

provided by the author. 

The shallow wells were advanced utilizing hollow stem augers, which allowed 

relatively undisturbed soil samples to be taken. As part of the drilling activities, these 

were collected and analyzed at five (5) foot (1.6 meter) intervals from ground surface to 

completed depth. For the deep wells, mud rotary drilling technique was utilized as hollow 

stem augers could not be advanced to bedrock. Soil samples from these wells were also 

collected at five (5) foot intervals. Due to the nature of the drilling technique, these 

samples were highly disturbed. However, the samples taken are felt to be fairly 

representative of the composition oCthe material at each sample depth, in particular those 
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taken in the saturated zone. Most of the saturated zone samples were described as sand, 

with sand and gravel at lower depths. Samples taken from the saturated zone that 

contained appreciable clay content could be readily distinguished, even though these 

samples had been reworked by the drilling activities. 

2.2.2b Stratigraphic Study 

The stratigraphic sections across the site (Figures 3 and 4) were generated 

utilizing data from the monitoring wells completed in September and October 1999. The 

sections were made by constructing a N-S and E-W line across the site, respectively, 

which intersected as closely as possible the greatest number of wells. Distances between 

well logs were based on surveyed data, and the distances between wells on the cross

section were based on the interpolated location of each well placed on the transect line. 

The stratigraphy revealed by the well logs shows a lithology primarily composed 

of alternating layers of sand and clay, with weathered shale and shale bedrock. Review of 

the N-S and E-W cross sections reveals a fairly consistent lithology across the study area, 

in good agreement with the results noted in Section 2.2 above. Thin, localized clay 

stringers and silt stringers are located at various depths within the sand; however the 

cross-sections do not indicate that any of these clay and silt lenses would be a signi ficant 

deterrent to vertical groundwater migration. 

Review of the E-W cross-section also shows that the saturated thickness 

increases westward underneath the refinery. Monitoring well 110D, the easternmost 

monitoring well, shows a saturated thickness of only aboLlt 16 meters (50 fect), while the 

recovery well (RW) on the wcsternmost side of the cross-scction indicates a saturated 
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thickness of nearly 26 meters (80 feet). In addition, it can be clearly seen that the sand 

content generally increases westward. The middle clay layer decreases in elevation 

eastward to the point that the clay intersects the static water level elevation. However, the 

clay layer pinches out west of 20S, leaving a continuous column of sand from 

approximately 475 meters (1450 feet) above mean sea level (msl) to bedrock at 436 

meters (1330 feet) msl. Figure 5 illustrates a plan view of the North-South and East

West cross sections for reference as to location of the cross sections in relationship to the 

facility. 
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CHAPTER 3 

AQUIFER IDENTIFICATION AND PROPERTIES 

The sand and gravel units in the lower part of the Pleistocene McPherson 

Fonnation comprise the aquifer beneath the site. This aquifer is referenced as the "Equus 

Beds". The "Equus Beds" aquifer is an unconfined type. The hydraulic characteristics of 

the "Equus Beds" aquifer at the refinery have been detennined from tests conducted on 

the monitoring wells and from published reports. 

3.1 Results of Previous Investigations: 

3.1.1 Aquifer Characteristics: 

As noted above, the facility lies above the McPherson channel, an area 

characterized by deposits from ancient stream channels. Many of the sediments 

comprising the older part of the McPherson Fom1ation, into which the McPherson 

channel was cut, were deposited by southward flowing streams. Streams contributing to 

the deposition entered from the north, northeast, and northwest. Smaller streams entered 

from the east and northeast. All streams were nearly at grade, resulting in the copious 

deposition of silt in the floodplain (EEl report to NCRA, 1986). 

The saturated zone, known as the "Equus Beds" historically began at a depth of 

approximately 16 meters (50 feet) bgl. This upper part of the aquifer consisted of the 3 to 

6 meter (10 to 20 foot) section of sand directly underlying the top 16 meters (50 feet) of 

clay and silt. Pumping at the refincry has reduced this zone and it is no longer found in 

the area of the refinery. 

The saturated zone cUITcntly begins roughly 25 to 29 mcters (75 to 90 feet) bgl 
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at the site and varies in thickness due to changes in bedrock topography across the site. A 

maximum saturated thickness of 42 meters (128 feet) has been reported on the west side 

of the refinery and a minimum of24 meters (74 feet) on the east side. 

Chloride sampling of the four water supply wells was perfornled as part of the 

1986 study and results of this sampling is given as Figure 6. It is evident from the results 

illustrated that chloride contaminants had not affected any of the pumping wells at that 

time. 

3.1.2 Aquifer Hydraulics: 

Groundwater flow in the area around the Refinery is strongly influenced by the 

presence of four large pumping wells located in the northeast comer of the facility (see 

Figure 5 and maps, Appendix 4). The area of influence for these pumping wells was 

estimated at 1.3 km (0.8 mile) along the western edge and postulated to be at a similar 

range on the east side of the pumping wells. Both reports indicated that the pumping 

wells have established a dominant cone of depression influencing the groundwater flow 

in and around the refinery area. Groundwater flow absent of the pumping wells was 

repOlied to be toward the northeast at a low gradient, however no source is given to 

validate this assumption. 
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Figure 6 - Chloride Levels in the Pumping Wells, September 1986 (From A&M, 
1986) 
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Figure 7 - Transmissivity Data (From A&M, 1986) 
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Transmissivity data was collected from a number of the wells drilled in 1986. 

Values ranged from a high of 1545 m2/d (124,600 gpd/ft) on the far west side of the 

property to a minimum of 370 m2/d (29,900 gpd/ft) on the east side (See Figure 7). 

Values from wells on the north side of the refinery indicated a transmissivity of 

approximately 1240 m2/d 000,00 gpdlft). No infonnation is available for the south side 

of the facility. Transmissivity under the refinery was estimated to range from 248 to 620 

m2/d (20,000 to 50,000 gpd/ft). Pump tests were perfonned for selected wells as part of 

the study done in 1988. Results showed that the # 10 water well was tested to have a 

transmissivity of 310m2/d (25,000 gpdlft) and the #9 water well was tested to have a 

transmissivity of 646 m2/d (52,100 gpd/ft). The previous studies do not present any 

infonnation which might explain the variation s in the transmissivity values. 

Penneability in the #9 water well was estimated at 1 X 10-1 cm/s. Water usage 

from the wells was estimated at an average of 7575 l/min (2000 gal/min), resulting in a 

yearly usage of 3226 acre-ft per year. The reported hydraulic conductivity values range 

from 3.7 to 14 mid (90 to 340 gpd/ft2 
). The vertical gradient was calculated for test wells 

completed in the area of the land treatment unit, located on the south side of the facility. 

The report indicated that vertical gradients was downward in the vicinity of 3 of the 4 

wells, but were upward in the vicinity of "well 3", near the present location of LF-3. 

3.2 Results from the Current Study 

3.2.1 Aquifer Characteristics 

As part of the current study, regional groundwater flow was studied to detell11inc 

the potential for off-site migration of chlorides onto the refinery property. This 
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infonnation can be used in conjunction with the radius of influence for the four pumping 

wells to detennine if chlorides from off-site would be preferentially transported to the 

pumping wells. 

3.2.2 Groundwater Flow 

Figure 8 shows the configuration of the water table in the vicinity of the study 

area. It was created using forty-five (45) water table elevation control points downloaded 

from the Kansas Geological Society (KGS) Wizard database. The regional groundwater 

flow around the refinery property is complex. The predominant flow directions in the area 

around the refinery are to the north, northwest, or west. In the immediate vicinity of the 

refinery it can be seen that groundwater flow converges toward the pumping wells on

site. Outside of the zone of influence of the pumping wells, it may also be moving west, 

toward the center of the McPherson Channel located west of the refinery. 

It can also be seen that there is a groundwater divide (or a groundwater high) to 

the south of the refinery. Groundwater north of this divide flows preferentially north 

toward the Smoky Hill River; groundwater south of this divide flows south towards the 

Little Arkansas River. The pumping wells at the refinery will capture water moving west 

toward the center of the McPherson Channel, and will also capture water from the south 

which is preferentially moving north due to the groundwater divide. Water on the west 

side of the refinery which is captured by the pumping wells will be diverted from a north

north-west /low direction to an easterly flow direction. Likewise. water in the aqui fer 

located north of the refinery captured by the pumping wells radius of inlluence will be 

diverted approximately 180 degrees from the regional /low direction. 
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Figure 8 - Regional Groundwater Flow (ft MSL) 1980. 

3.2.3 Saturated Thickness and Bedrock Topography 

To better establish the saturated thickness within the study area, an interpolated 

grid of bedrock topography (Figure 9, taken from Sleezer, 2000) was prepared which 

encompassed a two square mile area centered on the refinery. This study area was further 

subdivided into the refinery study area and the chloride study area. The chloride study 

area "vas the extent of the area modeled using Groundwater VistasH1 , a windows based 

groundwater model based on the USGS groundwater model ModFlow. 
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Figure 9 - Interpolated Bedrock Topography (ft MSL) 

A review of Figure 9 shows that the bedrock elevation within the map area 

varies significantly from west to east. Based on this figure, bedrock elevation on the east 

side of the chloride study area was estimated at 440 meters (1340 feet) above mean sea 

level (msl), while the bedrock elevation on the west side of the chloride study area was 

measured at 420 meters (1280 feet) msl. 

The water table elevation (Figure 10) across the chloride study area was 

determined by measurement of static water level elevation in the refinery wells and 
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Figure 10- Static Water Level Elevations (after Sleezer, 2000) 

published values taken from the aforementioned KGS Wizard database. This indicates 

that static water levels vary from 462 meters (1410 feet) msl on the west side of the 

refinery to 456 meters (1390 feet) illS I on the east side of the refinery. 

Using these two views, the variability in saturated thickness across the chloride 

study area can be shown to vary from a minimum of approximately 16.4 meters (50 feet) 

all the east to a maximul11 of 42.6 meters (130 feet) on the west. This differential in 

saturated thickness indicates that the radius of influence for the pumping wells (taking all 

four wells as essentially one system) could be significantly greater on the east side of the 

refinery as opposed to the west side. This assumes tbat roughly an equal volume of water 

is pulled from the aquifer by the pumping \Veils on all sides. 
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3.2.4 Radius of Influence for the Pumping Wells 

This infonllation is significant when attempting to determine the potential 

source areas for the chlorides noted in water samples taken from the pumping wells. A 

larger radius of influence means that the area available for potential sources to be 

captured by the effects of the pumping wells is greater. In addition, a larger radius of 

influence on the east side of the refinery is aided by the fact that the regional now on the 

east side of the refinery is predominantly westerly. Therefore, the radius of influence 

coupled with the regional flow will have an additive effect when determining the total 

area east of the refinery from which potential sources of chloride can be drawn from. 

Unfortunately, there is an insufficient number of wells on the east side of the refinery to 

make an accurate determination of the true radius of influence in this direction. 

However, it was possible to estimate radius of influence on the west side of the 

refinery. Figu res 11-18 illustrate static water level elevation vs di stance for a11 four of the 

pumping wells. As the wells operate 24 hours per day every day, it was not possible to 

establish the static water level elevation of the wells absent the effects of pumping. 

Therefore, it was not possible to establish the ambient static water level for comparison to 

measured values in monitoring wells at various distances from the pumping wells. 

Normally, this ambient value would be compared to the measured values taken while the 

pump test was ongoing and after the measurements had stabi lized when attempting to 

discern the radius of influence. 

To approximate the static water level recovery rate with distance, a best fit line 

was added to each graph in Figures 11-14. The radius of innuence was estimated as the 

point at which the measured data intersects the best fit, or hypothetical recovery. It was 



postulated that the point at which the measured recovery rate was less than the 

hypothetical recovery rate would represent the extent of the pumping wells influence. 
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This assumption can be tested to a degree by comparisons between the 

intersection point and the approximate static water level elevation believed to be outside 
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the radius of influence of the pumping wells. As noted earlier, the static water level 

elevation on the west side of the study area is approximately 1410 feet msl. The distance 

between the edge of the study area and the pumping wells is assumed to be at or beyond 

the effective radius of influence of the four well complex. This distance is approximately 

1312 meters (4000 feet) from pumping well #9, which is in general agreement with the 

estimated radius of influence of 1.3 km (0.8 mile) given as part of a previous 

hydrogeologic investigation at the site (see Sec. 1.1.1 above). 

Based on analysis of these graphs, the radius of influence for the four pumping 

wells were estimated as: 

Water Well #3 295 meters (900 feet)
 

Water Well #8 787 meters (2400 feet)
 

Water Well #9 623 meters (1900 feet)
 

Water Well #10 410 meters (1250 feet)
 

Figures 15-18 are logarithmic distance drawdown graphs with a curve fitted to 

the measured data and taken out five log periods to estimate changes past the available 

distances. Correlation coefficients were calculated for each curve and are also shown on 

the graphs (R\ This curve-fitting technique was utilized to estimate the static water level 

elevation changes with distance beyond the available data. These graphs suggest that the 

radiUS of influence may be somewhat greater than that IIldlcated by Figures 11-14. 

As can be seen from Figures 15-18 below, the curves for water wells #3, #8, 
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and #10 continue to increase slightly beyond the available data. As this is a theoretical 

curve, it is impossible to establish the point on the curve which intersects the actual static 

water level elevation. However, if 462 meters (1410 feet) msl is Llsed as an estimate of 

this elevation, theses graphs indicate that the radius of influence for the pumping wells 

would be approximately: 

Water Well #3 492 meters (1500 feet)
 

Water Well #8 1148 meters (3500 feet)
 

WaterWell #9 820 meters (2500 feet)
 

Water Well #10 656 meters (2000 feet)
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Water Well #8 - Distance Drawuo\\n
 

10000.00
 

R2 
= 09544=- 1000.00
 

-;;
 
;::: 
OD 
= 100.00=
E 
Q. " 
E 
o 
:t: 10.00 
~ '" = 

o ~ 

1.00' • , 

\:)'0 <,"0 ...,"0 '\b ","0 ;:- ...,0, ",'0,. ",. :\ ~.'\0, "l"l '00, '0'\,),'0 ,""0, ,"''0 <>. <>. ".'0,"" ,"" " 
i\ISL Slatic Water l.ewl (ft) 

Figure 16 - Distance Drawdown Radius of Influence for Water WellS 

Water Well 10 - Distance Drawdown 

~ 1000000 1 
R'=0.93J7 

;::: 100000 
CD 

= =
E 
::l 10000 

Q. 

E 
o

..:: 1000 
u "' = r: 
", 

o 1.00 --~-~-~~ 

0,),"l'0'0 ~'\ b~). ~'"j '\'0 "'~ '\),
 

",'b "l"l ,),'0"" ),c:! \:)'\ '0'\ . ,),'0
:\. ),,'0.
,v ,"" , <" <" 

MSL Static Water Level (It) 

Figure 17 - Distance Drawdown Radius of I nJluence for Water Well 10 

27 



r-'
 
1000000 

I~ 100000 
::: 

1-1 10000 
::l 

Q. 

E 
o... .. 1000 
<.;
 
I::
 

.::: 
'" '5 

Water Well 3 - Distance DrawdO\m I 
R: = 08614 

1.00 ..1-1~._-----~-~----~--_-~--~----,---------. 

<::l<::l ,,'-J <::l'\ , 'b"" "b <::l.....<::l'"......'\'b '>............
<::l'" rY-' <::l' ').<::l,,',,').<::l....."> .....'>' .....~ .....'>' ..... ..... 

MSL Static Water Level (ft) 

Figure 18- Distance Drawdown Radius of Influence for Water Well 3 

3.2.5 Storativity, Transmissivity, and Hydraulic Conductivity 
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Figure 19 - Monthly Water Usage 

Figure 19 illustrates the aver8ge PUlllP r8te for the water supply wells during 

1998. Values shown here represent the average daily PUlllP rate for each month of the 
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year and each well. Using the Radius of Influence infomlation contained above and the 

known average pump rate taken from refinery records (Appendix 2), aquifer 

characteristics were derived using the methods given as part of "Basic Groundwater 

Hydrology"; USGS Water Supply Paper 2220, Heath, 1991. 

Table 1 - Average Pump Rate (gpm) for the Four Pumping Wells 

Wafer We!! #3 Wafer We/! #8 Wafer We!! 119 Wafer We!! #/0 

Mean 376.01 Mean 679.67 Mean 809.46 Mean 36206 
Median 380.00 Median 680.00 Median 840.00 Median 376.50 

Mode 400.00 Mode 700.00 Mode 900.00 Mode 400.00 
Standard Dey. 33.40 Standard Dey. 49.58 Standard Dev. 107.04 Standard Dey. 83.83 
Minimum 40.00 Minimum 542.00 Minimum 195.00 Minimum 135.00 
MaximuIll 430.00 Maximum 812.00 Maximum 970.00 Maximum 750.00 
Count 338.00 Count 338.00 Count 338.00 Count 338.00 

Table 2 - Average Depth to Water (bgl) for the Four Pumping Wells 

Wafer Well #3 Water We!! #8 Wafer Well #9 Wafer Well #/0 

Mean 118.03 Mean 110.11 Mean 110.39 Mean 116.05 

Median 118.00 Median 111.00 Median 110.00 Median 119.00 

Mode 119.00 Mode 112.00 Mode 110.00 Mode 120.00 

Standard Dey. 1.86 Standard Dev. 4.25 Standard Dev. 2.21 Standard Dey. 13.17 

Minimum 105.00 Minimum 98.00 Minimum 103.00 Minimum 17.00 

Maximum 121.00 Maximum 1J6.00 Maximum 118.00 Maximum 121.00 

Count \23.00 Count 123.00 Count 123.00 Count 123.00 

The Jacob Time-Drawdown analysis and Jacob Distance-Drawdown analysis 

was used to estimate the aquifer properties. Results shown in Table 2 above were lIsed to 

detemline the average drawdown at each pumping well. Time-Drawc1owll analysis was 

used to determine the time required for tJle cone of depression to reach steady state. This 

calculation is based on the formula developed by Jacob (1950): 
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Ie = 7.200r2SIT 

.,
 

Where Ie = the time in minutes at which steady state conditions exist, r = the outemlOst 

distance from the pumping well (in meters), S = the estimated storage coefficient 

(dimensionless), and T is the estimated transmissivity, in square meters per day. 

Values used to determine the time to reach steady state were determined as follows: 

The estimated Storage Coefficient (S) of 1O-3was taken from Heath (1991). The 

outermost distance from the pumping well (r) was taken as 1304 meters (3975 feet), 

which was the measured distance from WW#9 to monitoring well ZL-5 

Transmissivity was calculated from the formula given by Jacob (1950): 

T= 70QIM 

Where Q = the pumping rate (in gal/min); taken from Table 1 above, and M = the 

drawdown across one log cycle (in feet), taken from Figures 11-14 above. This equation 

is specifically tailored for English units; therefore the English unit results were then 

translated into metric values. 

Transmissivity for well #9 is then: 

T = 70(809.46 gpm)/2.77 feet 

? )

T = 1900 w"ld (20.455frllfllJ') 
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Transmissivity was similarly calculated for each pumping well and is listed on Table 3 

below. The calculated values and the averages are: 

2 )
Water Well #3 336.7 m Id (3625 ft-/day) 

Water Well #8 605 m2/d (6517 ft2 /day) 

Water Well #9 1900 m2/d (20,455 ft2/day) 

Water Well #10 262 m2/d (2822 ft2 /day) 

Average of all wells 776 m 21d (8355 ftzlday) 

The time required to reach steady-state conditions, using WW#9, is then: 

te = 7,200/SIT 

1 3 ' te = 7,200(1404 m)(1(f )1(1900m-/d) 

te = 5537 minutes 

Time was similarly calculated for each pumping well and is listed on Table 3 below. 

Using the infonnation calculated above, storativity could be calculated using the fonnula 

by Jacob (1950): 

S = Tt1640r'/ 

Where S = Storativity, T = Transmissivity, t = time, and r" = distance from the pumping 
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well to the point where the ambient static water level elevation at the pumping well 

intersects the zero-drawdown line (see Figures 7-10). This formula is also designed 

specifically for English units; however as Storativity is a unit less valuc, no unit 

conversion is necessary. Again Llsing WW#9, the storativity is calculated as: 

S = (20,455ft1/day)(553 7 m;ll) / 640 (1900 feet/
 

S = 0.05
 

Storativity was similarly calculated for each pumping well and is listed on 

Table 3 below. Using the transmissivity values calculated above and the measured 

aquifer thickness known from the onsite monitoring wells, it was possible to calculate the 

hydraulic conductivity (K) at the pumping wells. The formula used to determine hydraulic 

conductivity was taken from Heath (1991) and is: 

K= T/b 

Where K = hydraulic conductivity (m/day), T= transmissivity, (m2/d) and b = aquifer 

thickness (m). For water well #9, the hydraulic conductivity was calculated as: 

K = (2736 m1/d) / (3/.2m)
 

K = 70.9 m/day
 

Hydraulic Conductivity \Vas calculatcd similarly for all wells and the values are listed in 

Table 3 below. 
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Table 3 - Aquifer Characteristics 

Pumping Well Zero-Drawdown Transmissivity Storativity Hydraulic Time to Steady 

Intersection (ft) (ft2/day) Unit less Conductivity (ft/day) State (min) 

Water Well #3 900 3625 0.06 41.2 7961 

Water Well #8 2400 6517 0.018 76.7 9914 

Water Well #9 1900 20,455 0.05 216.3 5537 

Water Well #10 1238 2822 0.056 36.7 22,798 

Average 1610 8355 0.046 92.7 11,553 

The average value for hydraulic conductivity is in good agreement with 

published reports (McElwee, et. aL 1979, Spinazola, et. aI., 1985, Williams, et. aI, 1949) 

which indicate that a hydraulic conductivity in the range of 33 mid (100 ft/day) is 

expected at the site. Heath (1991) shows hydraulic conductivity for medium to coarse 

sand ranging from 3.3 to 33 mid (10 to 100 ft/day), again in good agreement with the 

calculated numbers. 

In an effort to verify the hydraulic conductivity values calculated above, the 

vertical potential gradient (VPG) was calculated for a number of the nested well clusters 

located across the study area. Hydraulic conductivity was then calculated at each well 

cluster. 

The fom1L1la used for VPG was taken from Darcy's law (Heath 1991) and is: 

VPG = dlt/dl 

Where 

VPG = sltallow well water elel1atioll (fi) - deep well water elel'{ltioll (fi) 
mid-poillt ofthe shallow well screell(ft) - mid-point ofthe deep well screell (ft) 

, , 
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Hydraulic conductivity is also found using Darcy's equation (Heath 1991): 

Q = KA(dhldl) 

Where Q = the pump rate (assumed to be 111m) and A = the cross-sectional area (also 

assumed to be 1 m2
), K and (lhldl are as above. Rearranging terms and eliminating the 

unit values gives 

K= dlldh 

Giving hydraulic conductivity as the inverse of VPG, assuming vertical flow of 1 liter per 

minute through an area of I square meter. Results for the calculations illustrated above 

are given below as part of Table 4 

Top of casing (TOC) elevations were established by a registered land surveyor 

at the time the wells were completed. MSL SWL elevations were measured on November 

15 and 16, 1999. Screen length and total depth measurements were taken from well logs. 

The average hydraulic conductivity calculated using the nested well clusters assuming 

unit values for area and pumping rate was 29.7 mid (90.6 ft/day), which is in good 

agreement with the average calculated hydraulic conductivity value of 30.4 mid (92.7 

ft/day) found using the pumping wells. 
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Table 4 - Vertical Potential Gradient (dh/dl) and Hydraulic Conductivity (ftId) 

Monitoring 
Well 

MSL TOe MSLSWL Screen 
Length 

Total 
Depth 

MSL 
Total Depth 

Verl. 
Graelient 

(ftirt) 

Estimated K 
(ftlel) 

lOS 1487.240 1406.720 25.000 120.000 1367.240 0.201 4.969 

10D 1487.510 1406.070 20.000 171.000 1316.510 

liS 1490.360 1405.990 30.000 88.000 1402.360 -0.005 214.000 

lID 1491.640 1406.220 20.000 167.500 1324.140 

108S 1497.310 1405.820 25.000 110.000 1387.310 -0006 159.909 

108D 1497.220 1405.930 20.000 170.000 1327.220 

IllS 1499.530 1400.050 25.000 110.000 1389.530 -0020 50.523 

IIID 1499.190 1400.700 30000 185.000 1314.190 

21S 1489.950 1406.080 30.000 83.000 1406.950 0.022 45.108 

2ID 1490.750 1404.690 20000 173.000 1317.750 

20S 1488.500 1407130 25.000 110.000 1378.500 0.034 29.147 

20D 1488.270 1406.110 90.000 182.000 1306.270 

Note:	 Vertical gradient "'as calculatet! as dh/dl. using the midpoint of the screened ;l1lel"\'a1 to lint! ell. 

K was estimated as the inverse of VI'G (dl/dh); assuming a unit value of I for Q ant! A. 

SWL elevations taken on November 15 and 16, 1999 

Average K = 906 n/d, aVCr;J~" VPG = 0.004 

3.2.6 Static Water Level Elevation and Water Table Configuration 

As noted in Figure 8 above, the regional groundwater flow in the area of the 

refinery is complex. Figure 20 below shows the groundwater flow confined to the area of 

the chloride study. This figure was generated from water level measurements taken in 

November 1999 and includes the sixteen (16) newly completed wells onsite. A total of 

113 wells (Appendix 3) were used to establish the water table configuration map shown 

below. As can be seen from the figure, water table elevations generally decrease from 

west to east across the refinery proper. The highest water table elevation is approximately 
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463 m (1410 feet) msl on the west side of the refinery. The water elevation decreases to 

a low of approximately 458 m (1395 feet) msl on the east side near the pumping wells. 

o 
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Figure 20 - November 1999 Water Table Configuration (ft MSL) 

It can also be seen from the figure that there are very few data points available 

on the east side of the facility. Therefore, the elevations shown on this figure for the east 

side must be interpreted with caution. While available information (Whittemore, 1997) 

does indicate that the trend shown here is accurate, there is insufficient data available 

onsite to make definitive conclusions. 

According to Kansas Geological Survey (KGS) Open File Repol1 # 79-7, 

regional ground \·vater Oow direction in McPherson and vicinlty is to the north-nol1hwest 
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This is the natural direction of flow as detem1ined by the KGS, however Figure 20 above 

clearly indicates that the pumping wells have a significant effect on local direction of 

flow in the area of the refinery. 
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CHAPTER 4 

FIELD STUDY RESULTS 

4.1 Introduction 

To discern the extent of the chloride levels across the site, samples were taken 

from onsite monitoring wells and analyzed to deternline chloride concentrations. These 

samples were analyzed by the NCRA laboratory, which is a state certified lab. Separate 

sampling events were perfonned on August 1995, January 1999 and November 1999. 

Chloride concentration maps based on the results of these sampling events are included 

below and as Appendix 4 and are labeled August 1995, January 1999 and November 

1999. 

For the August 1995 and January 1999 sampling events, selected wells were 

sampled based on location throughout the refinery. Wells for sampling were selected 

based strictly on location, without regard to depth and/or screened interval. As can be 

seen from the maps, the January 1999 event was considerably more comprehensive than 

the August 1995 event, and served in part to verify results noted as part of the earlier 

event. 

Sources for chlorides within the process water can come from a number of 

process related areas. One of the major contributors to chloride concentration is saltwater 

naturally contained in the crude. As a general rule, crude is mixed with brine water in the 

fornlation it is taken from by the producing well. Separation of the crude/brine mixture is 

perfonned at the tank battery in the field and the crude is then transported to the refinery. 

However, separation is never complete and a small percentage (l f% to 2°1<)) of the brine 

remains emulsified in the crude. 

~8 



Another reason why elevated chlorides may be found in the effluent is that the 

process water is recirculated three to four times before final release to the aeration pond 

(See Appendix 4). In addition, pond water can also used for process water. Consequently, 

the chloride levels can be concentrated over time before eventual release to the receiving 

stream. 

Finally, it was discovered in 1995 that the water pumped by the water supply 

wells from the Equus Beds aquifer contained elevated levels of chloride. At the time of 

the initial study in August of 1995 the source of the elevated chlorides in the water from 

the supply wells was unknown. However, it was felt that the unlined lime ponds andlor 

water retention ponds located on the northwest side of the refinery (see maps Appendix 4) 

could have been a factor. Due to the radius of influence for the pumping wells, the 

chlorides could be drawn in from the area of the ponds once migration to groundwater 

had occurred. 

However, the water would need to have migrated through approximately 16 m 

(50 feet) oflow permeability clay. Previous analysis of the vadose zone material indicated 

a penneability on the order of I x 10-7 cmls, which is the EPA standard required for 

Municipal Solid Waste Landfills. Therefore, without a preferential pathway, a long time 

period, or some other unknown variable, the possibility that migration to the groundwater 

had occurred from this source was initially thought to be small. 

4.2 Results and Conclusions Drawn from the August 1995 Event 

The August 1995 event consisted of the sampling and analysis of eightecn (18) 

monitoring wells and water supply wells located primarily on the north and cast sides of 
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the refinery. Of note, almost no sampling was done in the refinery operations area proper 

nor in the area of the refinery tank fann. A contour map of the August 1995 chloride 

levels is given below as Figure 21. 

The August 1995 event had suggested that one potential source region for 

chlorides was the old Lime Ponds and possibly the water treatment ponds, both located on 

the northwest side of the refinery (see maps, Appendix 4). The Lime Ponds had been 

utilized for treatment of process water for a number of years until their removal in 1995. 

The water treatment ponds serve as the repository of both refinery stormwater runoff and 

treated process water before discharge through the National Pollutant Discharge 

Elimination System (NPDES) effluent to Bull Creek. Neither the Lime Ponds nor the 

treatment ponds were lined. 

Historically, the process water was treated for hydrocarbons and other priority 

pollutants before discharge, as required by the NPDES pennit. However, chloride has not 

been listed as a priority pollutant; therefore no treatment for chloride has been done. Ifthe 

chlorides were able to migrate through the vadose zone, it was possible that these ponds 

could be a primary source of the chlorides found in the water supply wells. The ponds 

represented areas where at least the top few feet of soil and vadose zone material had 

been disturbed. Consequently, if no other changes were caused by construction, at least 

the pathway to groundwater was shortened. It is also conceivable that disturbing the 

native material in the vicinity of the ponds may have had some effect on the material 

below the ponds. There were no other sources suggested by the results of the August 

1995 samples. 
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4.3 Results of January 1999 Sampling Event 

The January 1999 sampling event was undertaken primarily to verify and 

expand the results of the August 1995 event. Consequently, more wells were sampled and 

the sample locations were chosen with these goals in mind. A total of twenty-five (25) 

wells were included in this analysis. A contour map of chloride concentrations is included 

below as Figure 22. 

Analysis of the results (Appendix 3) do verify, in part, what was noted as part of 

the earlier event. The map indicates a narrow area approximately 100-130 m (300-400) 

feet wide either side of a line beginning at monitoring well ZL-1 and ending at WW-8 

where chloride concentrations are at or above 150 mg/1. Sampling results indicate that 

background levels should be generally in the 50 mg/I to 150 mg/l range. 

The shape of the plume indicated the possibility of a point source much smaller 

than the retention pond, and suggests that the area around the Lime Ponds may be the 

primary source. This is supported by the chloride levels noted in LP104 (71.4 mg/l) vs. 

LP102 (461.6 mg/l). If this is the case, then it would be expected that the chloride levels 

will slowly decline over the next few years, finally reaching and equilibrium level 

equivalent to the rate of influx from the vadose zone. This can be stated as the lime ponds 

have been removed, therefore, no source renewal is occurring there. 

As the water retention pond extends north of the Lime Pond wells. it would be 

expected that any leakage from the pond might be noted in LPI04 at comparable levels to 

LPI02. While this was not notcd in 1999, this circumstance was found in 1995. \vhich 

could indicate generally decreasing concentrations coming from the pond. 
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Another possibility considered at that time was that the radius of influence for 

the water supply wells, in particular WW-6 and WW-lO, allows only a part of the plume 

from the big pond to be captured and moved southeast. Using the KGS number for 

hydraulic conductivity (100 ft/day), the transport time for water from the pond to WW-6, 

approximately 2,000 feet, is calculated as follows (after Heath, 1991). 

v = KI/N 

Where V is the velocity, in m/day, K is the hydraulic conductivity, in m/day, I is the 

hydraulic gradient, in m/m, and N is the porosity. Using this fonnula, the travel time is 

computed as: 

V = 33 m/day(0.0005 m/I11)/0.2 

V = 0.25 m/day 

The time required to move 660 m (2000 feet) is then roughly 7.3 years. Using 

the same fom1ula, the transport time to WW-8, roughly 1150 m (3500 feet), 

approximately 12.7 years. This does not take into account the time required for movement 

through the vadose zone to the groundwater or any flow barriers that might be present 

underground in the aqui fer. Use of the calculated site-specific average hydraulic 

conductivity of 30.4 m/day (92.7 ft/day) (Table 3) would result in similar fate and 

transport time. 
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As the overall groundwater flow direction absent the effects of the pumpmg 

wells is north-northwest, any plume from the pond would be expected to migrate in this 

direction, irrespective of influence from the on-site water supply wells. If this is the case, 

then chloride levels should significantly improve in the water supply wells located on the 

east side of the property (WW-8, WW-3) if WW-6 and WW-10 were shutdown. Based on 

the hydraulic conductivity discussed above, this should be noticeable in a relatively short 

time frame, on the order of six months or less. Theoretically, chloride levels in these 

wells would ultimately decrease to background. However, it must be noted that this 

scenario assumes that the lime ponds are the primary source, and does not take into 

consideration any chlorides migrating to the pumping wells from offsite to the east. 

What could be fairly well established after the January 1999 event was that 

chlorides are migrating from the area around the Lime Ponds to the water supply wells. 

Questions still remained regarding other potential source areas and the level of chlorides 

which will be introduced at the water supply wells in the future. 

Table 5 below illustrates the results of the August 1995 and January 1999 

sampling events. Comparison between the chloride results from August 1995 and January 

1999 indicate the following: 

1.) The size and shape of the chloride plume had not appreciably changed. 

2.) Outside the area of the greatest concentrations, the chloride results had not 

appreciably changed. In other words, background levels seem to be fairly 

consistent. 
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3.)	 Chloride concentrations in samples from the Lime Pond wells had decreased. In 

some cases the decrease was dramatic. For example, measured concentrations 

from LP104 have decreased from 853 mg/l in August 1995 to 71.4 mgll in 

January 1998. MW13, southwest of the Lime Ponds, also indicated a decrease of 

98.2 mg/l from the August 1995 level. 

4.)	 Chloride concentrations in samples from the water supply wells located in the 

area of highest concentration had generally increased since August 1995. WW-8 

concentrations had increased 102.1 mg/I, from 343 mg/I in August 1995 to 

445.1 mg/l in January 1998. Concentrations in WW-3 also increased. The 

exception was WW-10, which indicated a decrease of 35.2 mgll since 1995. 

However, this change is within the expected range of values when accounting 

for sampling and laboratory variability. 

5.)	 Chloride concentrations in the sample from WW-9, located outside the area of 

highest concentration, had decreased 35.6 mg/I since August 1995. 

6.)	 Samples from the KDHE well, MW56, and ZL6 are all in the 130 - 140 mg/I 

range, within what might be considered background concentrations. These 

results indicated that there was no signi ficant chloride contribution currently 

being introduced from a source east of the refinery. 

7.)	 Of the twenty-five (25) wells sampled, the following wells indicated increases 

from 1995: WW-8, WW-3, ZL-1, and ZL-6. Of these four, changes in only the 

first three can be considered statistically significant. However, only seventeen 

(17) wells were sampled in 1995, so it was not possible to compare results for 

eight of the wells. Significantly, WW-6 (351.4 I1lg/1) was one of the wells not 
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sampled in 1995. This well is located in the middle of the high chloride 

concentration area. 

Table 5 - Results of Chloride Sampling - January 1999 and August 1995 
Presel/fed iI/ deseel/dil/g order of1/99 Cbloride cOl/cel/fmfiol/ 

Sample Well Chloride 
(mg/I) 1/99 

Chloride 
(mg/I) 8/95 

Change 8/95 
to 1/99 

LPI02 461.6 497 -35.4 

WSW8 445.1 343 102.1 

LPI03 406.6 545 -138.4 

WSW6 354.4 Na Na 
WSW3 351.7 296 55.7 

ZLI 313.2 260 53.2 

MW13 197.8 296 -98.2 

ZL2 153.9 178 -24. I 

WSWIO 153.8 189 -35.2 

MW25 142.9 Na Na 
MWI5 142.9 154 -I \. I 

ZL6 137.4 118 19.4 

MW56 137 Na Na 
KDHE well 13\.9 Na Na 

MW43 120.9 Na Na 
MW8 109.9 Na Na 
ZL3 104.4 1J8 -13.6 

MW42 104.4 Na Na 
LPIOI 101.7 343 -241.3 

WSW9 82.4 118 -35.6 

ZL4 76.9 83 -6.1 

LPI04 71.4 853 -78 \.6 

MW9 60.4 Na Na 
LF9 54.9 83 -281 

ZL5 22 95 -73 

MWIl Na 204 Na 
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4.4 Results of the November 1999 Field Work and Sampling Event 

After analysis of the first two cvents had been completed, a third sampling event 

was scheduled which was designed to complement a comprehensive study with regard to 

the facility and the chloride source/movcment. This study addressed questions posed after 

analysis of the first events had been completed. These issues included: 

1.) Chloride fate and transport. 

2.) Chloride source areas (in particular from offsite). 

3.) The concentration of chloride throughout the depth of the aquifer; ie; are 

the concentrations higher near the bottom or top. 

4.) Influence of the pumping well screen location on chloride fate and 

transport. 

5.) Influence of the aquifer stratigraphy on fate and transport of the chlorides. 

6.) Influence of the vadose zone stratigraphy on the movement of chlorides 

into the aquifer. 

7.) Future chloride levels in the pumping wells. 

To address these items, it was necessary to perform a set of preliminary steps 

prior to sampling. First, in order to establish an accurate static water level elevation map, 

it was necessary to measure the top of casing (TOC), ground surface elevation (GSE), and 

horizontal locations for all wells to be used as part of the study. In addition, to detemline 

the changes in chloride concentration with depth though the aquifer, it was necessary to 

drill a series of new monitoring wclls. The completion of these new wells produced a 

series of clustcred deep and shallow wells scrcened such that samples of the upper and 

lower aquifer could be takcn indepcndcntly at esscntially the same geographic location . 
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To detennine the extent of the chloride plume and to gain more infonnation regarding the 

potential source region to the east, a series of perimeter wells was also completed. 

Finally, an investigation designed to better identify both vadose zone and aquifer 

stratigraphic properties was undertaken. Details regarding these preliminary steps are 

included below: 

4.4.1 Detennining the TOe and GSE for the Monitoring Wells 

TOe and GSE data was generated for a total of 113 monitoring wells and 

pumping wells located on and around the facility. As part of the stratigraphy study, an 

additional 45 control points were obtained from the KGS Wizard database. This 

infonnation did not include any of the refinery wells. 

The elevation data was procured in a number of ways. Most of the elevations 

(horizontal and vertical) were measured in the field using a standard transit and stadia rod 

and/or global positioning system (GPS). For the sixteen new monitoring wells and the 

eleven landfann monitoring wells, a Kansas registered land surveyor was employed to 

ascertain the TOe and GSE elevations for these wells. 

Once the elevation data for all the wells had been found, it was then possible to 

accurately detennine the static water level elevation across the site. This infom1ation was 

used to help detem1ine the static water level elevation used as part of the groundwater 

modeling analysis. This infom1ation was also used to construct an accurate static water 

level elevation map for the facility and all associated areas where monitoring wells were 

located. A copy of this static water levclmap is included below as Figure 23. 
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4.4.2 Completion of the 16 New Monitoring Wells Onsite 

In order to detem1ine if there were any significant differences in the 

concentrations of chlorides between the upper and lower part of the aquifer, nested 

clusters of deep and shallow wells were completed at strategic points within the facility. 

The locations of these nested clusters were designed primarily to detem1ine the extent of 

vertical and horizontal migration of chlorides from the area of the old lime ponds, a 

potential chloride source, to the pumping wells. 

To accomplish this task, three "fencelines" were established at roughly 

equidistant locations between the old lime ponds and the pumping wells which 

intersected the area of chloride impact as determined by the results of the January 1999 

sampling. Figure 24 below shows the locations of the nested clusters. All of the 

fencelines were completed on the west side of pumping wells WW-3, WW-8 and WW-9, 

to minimize any impact that might be present from a source east of the refinery and 

concentrate efforts toward the lime ponds. 

After careful study of logs for existing onsite monitoring wells, shallow or deep 

wells were drilled as close as possible to the existing wells to create a well pair, 

consisting of a shallow and a deep well. Six new shallow wells and 10 new deep wells 

were completed. 
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The screened interval of the shallow wells intersected, to the extent possible, the 

top of the saturated zone. Screen length in the new shallow wells was set at 6.6 meters 

(20 feet) and the wells were completed such that the top of the screened interval 

intersected the water table. For the deep wells, the screened interval was again set at 

twenty feet and the bottom of the screen intersected the base of the saturated zone as 

determined by examination of the drilling cllttings. Logs for these monitoring wells are 

included as Appendix 2. 

4.4.1 a Field Drilling Procedures 

Six shallow monitoring wells (between 36 and 40.6 meters; 110 and 124 feet 

deep) were installed with hollow stem auger methods. Ten deep monitoring wells 

(between 49 and 60 meters; 150 and 183 feet deep) were installed using mud rotary 

drilling methods. All wells were completed with protective construction at the surface. 

All wells were developed to reduce the suspended sediment in and improve the 

conductivity of the well with the surrounding aquifer. 

Borings for the six shallow monitoring wells were advanced with 4-1/4" hollow 

stem augers with inside drill stem and pilot bit. Soil sampling was conducted by 

withdrawing the center drill stem, removing the pilot bit and replacing it with a 2" split 

spoon sampler which was then advanced into the soil ahead of the augers. Soil samples 

were collected every 1.6 m (5 feet) with the split spoon method. 

The shal10w wells are constructed with 2" Schedule 40, threaded flush joint, 

PVC riser and 0.010 inch factory mill slotted screen. All screen and riser was clean and in 

sealed containers from the factory. A 0.010 to (1.020 inch sized gravcl pack, clean and 
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bagged by the supplier, is placed to approximately two feet above the top of the screened 

intervals. To minimize caving from the sidewalls of the boring, the sand was placed in 

1.6 meter (5 foot) "lifts" and the tremmie pipe was kept to within two feet of the existing 

filter pack. A two foot bentonite seal was placed above the gravel pack and allowed to 

hydrate before grouting the remainder of the well. The neat cement grout was pumped 

through a tremmie pipe and forced to the surface from the bottom of the open portion of 

each boring. Each shallow well is completed at the surface with a one meter (three feet) 

square concrete apron and a steel protective cover with a traffic guard. 

Mud rotary drilling was utilized for the ten deep wells using a truck mounted 

drill rig with a 9-1/2" drill bit. Rotary-drilled borings are produced by pumping drilling 

fluid through the rotating drill string (drill stem and bit) where the fluid forces the 

cuttings away from the bit and to the surface through the annulus. The cuttings drop out 

in a settling pit where the drilling fluid is taken up by the pump and circulated back down 

the drill string. The bore-hole is advanced by lowering the rotating drill string the length 

of each successive drill stem. After each stem is drilled down the boring, water is 

circulated to allow cleaning of the hole prior to the subsequent connection of an 

additional stem. The process is repeated until the desired total depth of the boring is 

reached. The lithologic conditions at this site necessitated the use of a bentonite gel 

additive to the drilling fluid. The gel increases the viscosity of the drilling mud and 

minimizes caving of the sidewalls. Once each boring was completed the drilling mud 

was displaced with fresh water prior to setting the well. The deep mud rotary-drilled 

borings were advanced until shale was encountered. 
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The deep wells were constructed with 4" Schedule 40 flush-joint, threaded PVC 

casing with factory mill slot .020 inch PVC screens. Each deep well was constructed 

with a 6.6 meter (20 foot) screened interval at the bottom of each boring. 

Once the screen and casing had been placed into the borehole a filter pack of 

0.010 to 0.020 inch sized filter sand was tremmied into the hole. The sand was placed 

while keeping the tremmie pipe within two feet of the top of the filter pack surrounding 

the well screen and casing to minimize sorting and reduce the chance of bridging. Once 

the sand had been tremmied to approximately 0.7 m (2 ft) above the screened interval a 

bentonite seal approximately 0.7 m (2 ft) thick was placed around the casing. After the 

bentonite seal was allowed to hydrate, the borehole was force tremmied from the bottom 

up with neat cement grout. All the wells were completed with a one meter square (three 

feet by three feet) concrete apron, and a steel protective cover and steel cage at the 

surface. All wells were capped with an expanding J-plug type cap. 

Monitoring wells were developed to enhance the flow of water from the 

formation into the well and to remove any particulate matter from the gravel pack and the 

well casing. The wells were developed by surging water through the well screen and 

filter pack using the rig and a surge block, then pumping until the water was clear and 

free of visible sediment. Generally, the shallow wells were developed with a Waterra 

actuated foot valve and a 2" Grundfos Redi Flo submersible pump. The deep wells were 

developed with a 3" steel bailer and/or by air-lifting using a 4" submersible pump. 

The on-site field geologist recorded the details of well design and construction for each 

monitoring. Well. 
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4.4.1 b Field Sampling Procedures for the Wells 

During advancement of the borings for the 2" wells (shallow wells) soil samples 

were collected at 1.6 meter (5 foot) intervals for lithologic observations and headspace 

analysis. An experienced field geologist examined each sample for descriptions of, but 

not limited to, color, texture, grain size, grain shape, sorting, and moisture content. A 

portion of each sample was collected for field headspace reading with a Foxboro Organic 

Vapor Analyzer (OVA) Flame Ionization Detector (FID). The instrument was calibrated 

according to the manufacturer's recommendations. Soil samples were not submitted to a 

laboratory for further analysis. 

During advancement of the borings for the 4" wells (deep wells) sediment 

samples were collected at 1.6 meter (5 foot) intervals for lithologic observations only. 

The samples were collected by placing a sieve at the top of the borehole allowing the 

returning drill fluid to pass through while retaining the cuttings. The field geologist 

described each sample for, but not limited to, color, texture, grain size, grain shape, and 

sorting. Field screening or laboratory analysis for organic vapors was not conducted on 

the soil samples from rotary drilling. 

4.4.3 Chloride Fate and Transport 

Completion of the fencelines of shallow and deep wells allowed spatial 

comparisons of chloride concentrations between the upper and lower parts of the aquifer 

to be made. In particular comparisons of chloride concentration data from paired deep 

and shallow wells made it possible to determine if the chloride preferentially migrated 

vertically through the saturated Lone. It was felt that due to density differences between 
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fresh and brine water, the chlorides would tend to migrate toward the bottom of the 

aquifer with distance and thus chloride concentrations would be higher in the deeper 

wells. To test this hypothesis, the chloride concentrations in samples from the shallow 

and deep wells from the fenceline nearest to the lime pond wells (the source) could be 

compared to the chloride concentrations in each succeeding fenceline away from the 

source. If the results from the first fenceline indicated that the chloride levels were higher 

in the shallow wells and a reverse of this trend was noted with succeeding fencelines, this 

would indicate that the chlorides were migrating vertically through the saturated zone. 

There was, however, an additional factor to consider when evaluating the 

chloride concentration data. The pumping wells should also be influencing the direction 

of chloride migration since the screened interval for these wells is roughly across the 

bottom 13 meters (40 feet) of the aquifer. Therefore, the pumping wells may 

preferentially cause vertical migration through the aquifer and add to any effect which 

would be caused by density differences between the fresh and brine water. 

Table 6 lists the results of the chloride sampling for all wells sampled, and also 

breaks the wells into deep and shallow categories. Descriptive statistics of the results do 

not indicate any statistically significant differences between the data sets. Figu re 25 

below graphically illustrates the concentration differences between the deep and the 

shallow wells. As can be seen from this graph, there is no significant difference indicated 

between chloride concentrations at the deep and shallow wel1s. However, this data was 

generated irrespective of location and only compares the overal1 average chloride 

concentration between the deep and shal10w wel1s. In order to detemline if vertical 
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migration is taking place with distance, maps illustrating spatial variations in deep and 

shallow chloride concentration were generated. 
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Table 6 - Water Well Samples for Chloride, November 1999 

NOTE: \\'clls ill bold = Chlundc g.rcater tholl ]00 ppll1 

NOn.. \'OILIe I'Llr ~ III'-~ lSi, SlbpCll and ll1<ly be <lllllm<lI'lLIS 

Deep Wells Mg/l cI 

1050 J 17.7 

106D 103.0 

107D 188.3 

1080 117.7 

IIID 105.9 

1100 653.2 

34D 141.2 

MW-IOD 126.5 

MW-IID 132.4 

MW-15D 329.5 

MW-160 123.6 

MW-20D 364.9 

MW-2ID 70.6 

MW-25D 164.8 

MW-26D 1000 

MW-2D 182.0 

MW-35D 170.7 

MW-37D 94.2 

MW-38D 129.5 

MW-50D 235.4 

MW-53D 382.5 

MW-60D 88.3 

MW-67D 147.1 

MW-8D 129.5 

OlP RW S. HRT 17 188.3 

RW-19D ]58.9 

WW-3D 447.2 

WW-8D 517.9 

WVv-9D 117.7 

Deep We/Is 

Mean 202.9 

Median 136.8 

Mode 117.7 

Stnndard De\iation 145.1 

Range 582.6 

i'linimul11 70.6 

Maximulll 653.2 

Count 28.0 

5() 

Shallow Wells 

108S 

IllS 

25S 

LP-10IS 

LP-I02S 

LP-I03S 

LP-I04S 

MW-IOS 

M'vV-IIS 

MW-13S 

MW-14S 

MW-18S 

MW-20S 

MW-2IS 

MW-24S 

MW-2S 

MW-4IS 

MW-43S 

MW-44S 

MW-47S 

MW-54S 

MW-56S 

MW-58S 

MW-59S 

MW62S 

63S 

MW-6S 

ZL-IS 

ZL-2S 

ZL-3S 

ZL-5S 

ZL-6S 

Shallow We/Is 

Mean 

Median 

Mode 

Stand8ld Deviation 

Range 

Minimum 

i''1aximul11 

Coun! 

mgtl cI 

141.2 

158.9 

123.6 

147.1 

420.8 

353.1 

559.0 

164.8 

1353 

294.2 

23.5 

94.2 

182.4 

853.3 

188.3 

164.8 

117.7 

129.5 

158.9 

430.0 

58.8 
US] 

211.8 

194.0 

88.3 

123.6 

311.9 

540.0 

16J.8 

114.8 

29.4 

194.2 

218.5 

160.4 

123.6 

176.4 

829.8 

23.5 

853.3 

320 



Figures 26 and 27 below indicate that there does not appear to be a significant 

element of vertical migration across the site from the lime ponds to the water supply wel1s 

on the east side of the facility (water wells 3, 8, and 9). Figure 26 showing the shallow 

wells, does indicate a nose of higher chloride levels pointing in the direction of water 

wells 6 and 10, however migration does not appear to have promulgated beyond these 

pumping wells. This map also shows a "bulls-eye" of high chloride in the area of the tank 

fann, centered around MW-47. This is believed to be a shallow onsite source which is 

situated far enough away from the pumping wel1s so that this area has not been 

significantly effected by the wells. 

Figure 27, mapping the deep well chloride concentrations, does not show a 

significant increase in chloride concentrations with depth beyond water wells 6 and 10. In 

fact, it can be seen that the deep and shallow chloride levels are consistent in the area of 

the refinery between the pumping wells. In both cases, the chloride levels are generally 

below 150 ppm. However, the deep well map does indicate a potential source from both 

the west and the east. The chlorides from the west appear to be migrating into water wells 

6 and 10, while the chlorides from the east are migrating primarily into water wells 3 and 

8. Water well 9, located on the southeast corner of the refinery, is currently unaffected by 

either of these potential sources. 
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The results from these maps indicate that chlorides migrating from the east are 

captured by water wells 3 and 8, while chlorides migrating from the west are captured by 

water wells 6 and 10. These results do not indicate that there is any significant overlap 

between water wells with regard to the capture of the chlorides. It must be noted that 

some liberty was taken in the interpretation of the map due to limited data outside the 

study area. 

Figure 28 below is an ArcView generated map of chloride concentration, using 

all available data. Again, interpretation on the east side of the map must be viewed with 

some caution, due to lack of data in this region. Besides giving an overall view of the 

chloride concentrations, this map serves as a check for verification purposes of the 

information presented as part of Figures 26 and 27. 

Spatial Patterns 
of Chloride Concentrations 

Chloride Concentration Classes 
Used in the Interpolated Grid 

024.100 
100 -150 
150·200 
200 - 250 
250 - 300 
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350 - 400 
400 .450 

n450 - 500 
L:']500 - 550 
_ 550 ·600 
_ 600 - 830 

Chloride Contours 

NCRA Facility Base Map 

f\J 

I
 
1
 

Figure 28 - Chloride Concentrations (ppm), November 1999 
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The ArcView generated map of chloride concentrations above verifies the 

chloride results seen on the shallow and deep well maps (Figures 27 and 28 above), 

indicating a separation zone bounded essentially by the pumping wells. This map also 

indicates that sources from the east and the west provide the majority of chloride water 

intercepted by the pumping wells. 

Figure 29 below illustrates chloride concentration contours and the static water 

level elevations as detem1ined as part of the November 1999 sampling event. This figure 

does reveal evidence for a relationship between chloride concentration and static water 

level elevation, although there is not an absolute correlation. The relationship appears to 

be strongest on the east side of the facility. This indicates that the plume to the east is not 

a point source, as the pumping wells have an influence on the chloride plume. The 

chloride concentrations follow the changes in static water level elevation, which are 

caused to a significant degree by the pumping wells. This suggests that the plume to the 

east originates offsite, and is migrating towards the pumping wells due to the influence of 

the pumping wells on the water level elevations within the study area. 

However, there appears to be very little relationship on the west side, which 

indicates that the areas of high chloride concentration noted on that side of the facility are 

not present due to offsite plume migration, but represent essentially point sources This 

can be stated as there appears to be little or no cOITelation with groundwater flow and 

chloride concentration on the east side as opposed to the west side. Therefore, it can be 

assumed that the areas of high chloride concentration fOLlnd on the west side of that 

facility represent shallow point sources which the pumping wells have not yet 

significantly effected. 
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Comparison Between Static
 
Water level and Chloride
 

Concentrations
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Figure 29 - Static Water Levels (ft msJ) and Chloride Concentrations (ppm), 11/99 

4.4.3a Chloride Migration from the East 

With regard to chloride concentration migrating from the east, there does appear 

to be an element of ve11ical movement evident. This can be seen by reviewing the 

chloride levels in the shallow and deep monitoring wells in that area. Deep monitoring 

well MW-l10D is located furthest east from pumping wells 3 and 8, followed by shallow 

well ZL-6 and finally shallow well MW-56, located approximately 16 meters (50 feet) 

from WW-8. The data shows that the highest concentration of chlorides is located in 

MW-IIOD, at 653.2 mg/l, folIowed by ZL-6 at 194.2 mg/l, and then MW-56 at 135.3 

mg/1. A review of the concentrations taken from the pumping wells indicates much higher 

65 



levels than noted in the shallow wells, with WW-3 at 447.2 mg/I and WW-8 at 517.9 

mg/1. As noted earlier, the water wells are screened in the bottom 40 feet of the aquifer. 

These results would indicate that on the east side of the facility, the highest 

chloride levels are found in the deeper section of the aqui fer. This might also indicate that 

the pumping wells are preferentially drawing water from the deeper portion of the aquifer, 

which is probable given the screened interval of these wells. 

Previous studies (Whittemore, 1997) have indicated that the chloride 

concentrations east of the facility increase to the east, reaching the highest levels 

approximately 3.2 km (2 miles) east of the refinery at the beginning of the Johnson Oil 

Field. In addition, the closed municipal landfill is located in approximately the same 

location and the Whittemore study indicated that it was also contributing to the elevated 

levels of chlorides found in this area. 

Finally, the saturated thickness decreases with distance east of the refinery. The 

study referenced above found bedrock in the area of the landfill between 20 and 25 

meters (62 and 75 feet) bgl, and saturated thickness at the landfill ranged from between 

3.3 m (10 feet) on the east and 6.6 meters (20 feet) on the west. A well sampled 

approximately one mile west of the landfill, in the direction of the refinery, had a 

saturated thickness of approximately 10 meters (30 feet). Saturated thickness at the east 

edge of the study area is estimated at approximately 16 meters (50 feet) and was 

estimated at 43 meters (130 feet) on the west side of the study area, based on available 

well logs (Appendix I). 

The information listed above favors vertical migration of the chlorides 

originating from the landfil1lwcll field for thc following reasons: 
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1.)	 The reduced saturated thickness at the source indicates that less dilution will 

occur as the chlorides enter the groundwater, as the volume of water available 

for dilution is less in this area when compared to the saturated thickness west of 

the source area. Therefore, it would be expected that initial chloride 

concentration in the aquifer would be greatest here. Therefore, the density 

difference between the water at the source and the relatively fresh water to the 

west will be significant. In addition, the brine originating from the well field is 

also high in other naturally occurring material, such as bromide, sulfate, and 

sulfides, which will further increase the density of this water. 

2.)	 Once the brine had contacted the bedrock, it would tend to remain at the bottom 

of the aquifer due to the density differences noted in (I) above. These same 

density differences would prevent significant mixing of the brine and fresh 

water as it migrated, except at the boundary zone. 

3.)	 Assuming a relatively constant source renewal, as the brine moves laterally the 

surface area of the brine in contact with the fresh water increases, thereby 

promoting dilution of the chlorides with distance. However, the preferential 

location of the brine will remain at the bottom of the aquifer. 

4.)	 As the brine reaches the pumping well radius of influence, the brine is 

preferentially moved into the area of the well and diluted by waters received at 

the well from the surrounding area within the radius of influence of the pumping 

well. 
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4.4.3b Chloride Migration from the West 

The situation on the west side of the facility is much di fferent that on the east 

side. Here saturated thickness is much greater, from 43 meters (l 30 feet) at the west edge 

of the study area to 56 meters (170 feet) or greater further west as the center of the 

McPherson channel is reached. In addition, there is no known offsite source that can 

explain the deep chloride concentrations or the shallow concentrations associated with 

monitoring well ZL-l. 

It is possible that there is no offsite contaminant area as there is no data 

available outside the study area to the immediate west. Conversation with McPherson 

City officials has indicated that the chloride concentration of the water well located on the 

airport property approximately one mile northwest of the refinery exhibits chloride levels 

in the range of 30 to 50 ppm. However, this well is not located in an area that could be 

regarded as a source for the chlorides noted to the west of the refinery in any case. 

Comparison of the November 1999 chloride concentrations to the January 1999 

concentrations for MW-15 and MW-13 reveal that the chlorides in both wells have 

significantly increased, on the order of 100 ppm or more. In January 1999 chloride 

concentrations in MW-13 and 15, were 197.8 ppm and 142.9 ppm, respectively. In 

November 1999 these concentrations were 294.2 ppm and 329.5 ppm, respectively. This 

represents an increase of 96.4 ppm for MW-13 and 186.6 ppm for MW-15. 

Review of the August 1995 data shows that the chloride concentrations for 

MW-13 and 15 were 296 ppm and 154 ppm. These results suggest that MW-15 is the 

only well \\'hich has a recent and signi ftcant increase, as the 1995 level in MW-13 of 296 

ppm is essentially the same value as the 294.2 ppm found in water taken from this well in 
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November 1999. Of note, the 1995 value from MW-15 (154 ppm) is essentially the same 

as the January 1999 value (142.9 ppm). Table 7 below illustrates these changes: 

Table 7 - Chloride Concentration Differences for MW-13 and MW-15. 

MW-13 
Well 

MW-15 154 

296 

August 1995 

142.9 

197.8 

January 1999 

329.5 

294.2 

November 1999 

Analysis of Figure 28 shows that areal extent high chloride concentrations 

detected in the deep wells to the west is very limited in size, at least in the area studied. 

While it is conceivable that a plume less than 33 meters (100 feet) thick is being captured 

by WW-10 and moved across the site, it is more probable that the area indicated by the 

deep map represents a series of small source regions on the refinery itself that, when 

mapped, can appear to be a larger source potentially originating from offsite. Figure 30 

shows a similar point source at and around shallow well MW-47 and potentially around 

MW-21 S. In both cases, isolated areas of high chloride concentration can be noted. Both 

of these cases probably represent evidence for small source regions onsite, potentially the 

result of a past release at the surface. In the case of MW-21 S, this is potentially an 

anomalous result. Samples taken for the source study (see Section 6.0) were used to 

verify these results. 

The overriding feature of interest from the West is the shallow chloride 

concentrations in the area of tIle lime ponds and retention ponds. An area of elevated 

chloride concentration stems from the lime ponds and it seems to be moving in of 

direction WW-I O. However. this shallow chloride plume docs not extend beyond the area 
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of WW-10 Therefore, it appears that WW-10 effectively captures the high chloride 

waters and prevents this water from migrating further east. 

With regard to the lime ponds potential to be a source region for chlorides, the 

chloride levels in monitoring wells LP-l 01, LP-I02, and LP-l 03 have remained relatively 

consistent since August 1995. However, the result for LP-I04 has varied considerably 

from 853 ppm in August 1995 to 71.4 ppm in January 1999 to 559 ppm in November 

1999. After the January 1999 event, it was postulated that the retention pond was not an 

appreciable source as the value in LP-104 had been reduced drastically from the 1995 

levels. However, the November 1999 results do not support that hypothesis. Further study 

may be needed to verify what contribution the aeration pond makes to the overall shallow 

concentration of chloride in this area. 

In addi tion, the values from ZL-l, on the west side of the retention pond and 

several hundred feet west of the lime ponds, have consistently indicated elevated 

concentrations of chloride. In fact, the concentrations of chloride have consistently 

increased each sampling event, from a value of 260 ppm in August 1995 to 313.2 ppm in 

January 1999 to 540.0 ppm in November 1999. This well is removed a significant 

distance from any refinery operations area with the exception of the cooling towers, 

which cool fresh water that has not heen in contact with process water. Therefore, a 

refinery source is unlikely although it is possible that a past release could have occurred 

in this area. 

Groundwater movement in the area of ZL-I and the lime ponds is primari Iy 

southeast, towards the pumping wells. Regional flow absent the effects of the pumping 

well is primarily north-northeast. This would mean that in order for the lime ponds to be 
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the source of the elevated chlorides found at ZL-l, a groundwater flow reversal would 

have taken place at some time in this area. As the pumping wells have been in use since 

World War Two, this scenario is highly unlikely. Therefore, the chlorides found in ZL-l 

are from the cooling towers, an old release, or an offsite source. In any event, they are 

migrating onto the refinery property and will add to the overall amount of chloride 

intercepted by the refinery pumping wells. 

On a positive note, it does not appear that elevated concentrations of chloride 

are migrating offsite to the north. Deep wells 105D, 106D and 107D were completed as 

perimeter wells, and sampling results from all three of these wells indicate the chloride 

concentrations are at acceptable levels in their immediate vicinity. 
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CHAPTERS
 

GROUNDWATER MODELING
 

5.1 Introduction 

In order to understand the movement of potential chloride plumes and better 

establish source regions, it was necessary to develop a groundwater model, or numerical 

simulation, of the effects on the groundwater flow regime in the vicinity of the refinery by 

the pumping wells. The model selected for this process was Groundwater Vistas™, 

developed by Jim Rumbaugh. It is the first commercially available groundwater modeling 

program designed specifically to operate in a Windows environment and includes 

modules for MODFLOW, MODPATH, and MT3D, among others. This program also 

allows graphical interpretation of the results produced by these models. 

5.2 Modeling Parameters 

The area of the groundwater model was set up on a 4000 meter (12,200 foot) 

square grid centered on the refinery (Figure 30), which represents the area of the chloride 

study area shown on Figure 20 above. The grid cell size was set at 100 meters (305 feet). 

As noted above, the pumping wells are screened in the bottom 40 feet of the aquifer. In 

addition, the stratigraphic studies discLlssed above have shown significant differences in 

lithology between the upper and lower aquifers, Therefore, a three-layered model was 

developed which allowed vertical changes in groundwater movement and chloride 

concentration to be noted. 

Groundwater Vistas allows changes in lithology and aquifer characteristics to be 

incorporated into the model. Therefore, changes in bedrock and static water level 
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elevations were incorporated into the model. In addition, it was possible to vary the 

hydraulic conductivity gradient across the study area in an attempt to simulate the 

changes believed to occur across the site and at the pumping wells in particular. Finally, 

measured levels of chloride concentration taken from monitoring and pumping wells 

located across the study area were introduced and plume maps were generated for the 

current situation and for future time steps. This included adjusting the boundary 

conditions to simulate the movement of a plume moving into the study area. The model 

used General Head boundary conditions, which allowed the greatest flexibility for 

adjusting the boundary conditions and simulated the conditions at the boundary with the 

greatest level of accuracy. 
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Figure 30 - Chloride Study Area with Grid 
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The modeling parameters used are given in Table 8 below: 

Table 8 - Groundwater Modeling Parameters 

Parameter 
Grid size
 

Spacing (cell size)
 

Storativity (x-y)
 

Leakance (ftlyr)
 

Recharge (ft/yr)
 

Hydraulic Conductivity X-Y (friday)
 

Hydraulic Conductivity Z (ft/day)
 

Bottom Elevation (ft msl)
 

Static Water Level (ft msl)
 

Initial Chloride Concentration
 

General Head Boundary Conditions 
Hydraulic Conductivity (ft/day) 

Saturated Thickness (ft) 

Bottom Elevation (ft msl) 
Static Water Level (ft msl) j 
Initial Chloride Concentration (ppm) 

(I; 

I I I
 

Value 
4000 m
 

100 m (SOm at wells)
 

0.05
 

001
 
6.85 X 10-·
 

65 (E) to 165 (W)
 

48
 

1280 (E) to 1340 (W)
 

1395 (E) to 1410 (W)
 

varied based on well
 

East 
65 
50 

1340 

1395 
I , {\{\1200 

Source 
n/a 

n/a 
Field Data
 

KGS Report
 

KGS Report
 
Field Data
 

Field Data
 

Field Data
 

Field Data
 

Field Data
 

West 
165 
130 

1280 

1410 

o" 

Nortth/South
 
vanable*
 

vanable*
 

vanable*
 

vanable*
 

o
 

Figure 31 - Cross-Sectional View of Numerical [\fodeJ Output 
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Figure 31 above is a W-E cross-sectional view of the model layers, bedrock 

elevation, and topographic elevation. The first (top) layer extends to the surface, however 

this does not effect the model results. The calculated gradient across the study area for the 

bottom/top of the layers are 1.6 x 10'4 m/m and 7.9 x 10'4 m/m (4.7 x 10.4 ftlft and 2.4 x 

10'3 ft/ft), from top to bottom, respectively. 

5.3 Modeling Calibration and Sensitivity Analysis 

The values listed in Table 8 above were established after many "trial and error" 

runs were calibrated against actual field data. Calibration was performed against "target" 

wells using measured data and a sensitivity analysis was performed to establish the values 

which most closely approximate the measured values. Results of these analyses are 

included below. 

5.4 Modeling Results 

The modeling results verified what had been postulated based on the 

observational results. Figures32 (a-d) below illustrates the drawdown and head contours 

for the study area given pumping rate and drawdown for the four supply wells listed in 

Tables 1 and 2. 

Figures 32 (a-d) - Modeled Drawdown (Ft MSL) and Head (ft bgl) for the Four 
Pumping Wells 
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The drawdown and contour interrvals illustrated on the figures above indicate 

that the radius of influence for the pumping wells has a greater extent on the east side of 

the pumping wells as opposed to the west side. This result is to be expected due to the 

decreasing saturated thickness on east of the pumping wells. In addition, it can be seen 

that the radius of influence for the wells overlap on the west side (between WW-3, WW

8, and WW-10) and the area of drawdown is located preferentially in the direction of the 

old Lime Ponds, a suspected local source of chloride contamination. 

Using Figure 32d as a reference and the 4000 meter (12,200 ft) grid for 

distance, the area of water removed by the pumping well can be calculated along this 

cross-section. Calculations showed that the west side displacement was 108161 m2 

(1,163,954 sq.ft.) and the east side was 43267 m2 (465,468 sq.ft.), for a total water 

displacement of 151461 m2 (1,629,422 sq. ft.). Of note, the area indicated here is nearly 

twice as great on the west side as the east side. It can be seen on Figure 32d that there is a 

greater distance from the pumping well to the model boundary on the west side as 

opposed to the east, which accounts for some of this difference. However, a good portion 

of this difference can be explained as the saturated thickness declines on the east side of 

the facility. 

As can be seen on the figures, the maximum drawdown is 13.8 meters (42.09 

feet), and the minimum drawdown is 9.8 x 10'3 meters (0.03) feet. This is in good 

agreement with the measured figures for drawdown taken from the pumping wells. A 

minimum drawdown of 9.8 x 10'3 meters suggests that the effective radius of influence 

for the pumping wells (at least on the west side) has been reasonably approximated by the 
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area included as part of the chloride study. The figures show that the radius of influence 

of the pumping wells on the east side extends beyond the study boundary. 

Figures 33-39 (a,b,c) below illustrate predicted changes in chloride 

concentration at the three levels studied for periods of 1,2, 5, 7, 10, 15, and 20 years from 

the present. The simulation was run using the chloride concentrations measured as part of 

the November 1999 sampling event, and assumes a chloride concentrations of 1200 ppm 

at the east boundary of the study area. The chloride concentration at the east boundary 

was an interpolation based on known concentrations from the onsite monitoring wells and 

the values taken from the report prepared by Whittemore (1997), which has been 

previously referenced. 

5.4.1 Discussion of the Model Simulations 

5.4.1 a Results from the One and Two Year Simulations: 

The first two simulations illustrated in Figures 33 and 34 (a,b,c) show a 

logarithmic contour interval for the plume. As the "background" chloride concentration is 

assumed to be at zero for all of the study area except the boundary and the individual 

wells, the modeled concentrations can be theoretically modeled to a very low level, in this 

case to 0.0 1 ppm chlorides. In actuality, the background level is approximately 100 ppm, 

therefore the areal extent of the plume migration at these time intervals are portrayed by 

this contour interval 

This initial logarithmic contour interval was chosen to represent not only the 

movement of the chloride plume (the 100 ppm interval), but the effects of the pumping 

wells on the movement of the plume and groundwater between the wells and the castcm 
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boundary. Although the chloride concentration shown on these figures is unrealistically 

small, the contours do indicate the relative distance from the well at which the 

groundwater begins to show definite influence from the pumping wells. 

Analysis of the model results for these two events shows that substantial plume 

movement has progressed only a short distance from the initial boundary after two years. 

These results also show that the plume (represented by the 100 ppm line) is progressing 

essentially parallel to the boundary. This suggests that the pumping wells exhibit a 

relatively small influence on the movement of the plume at this distance. This is to be 

expected as influence of the pumping wells is a function of distance as it pertains to how 

much pumping is affecting the hydraulic gradients. As the plume gets closer the influence 

of the pumping wells will increase because the steepness of the hydraulic gradient will 

lI1crease. 

Figures 33 and 34 also show a series of roughly circular lines around the 

northern half of the refinery. These lines represent the "zero" (or no chloride 

concentration) contour line for the individual wells on refinery property for which 

chloride levels were known and were included in the model. The end result, although 

somewhat difficult to ascertain, is roughly the extent of the chloride contamination onsite 

as determined by the available well data. This "zero" line is not absolutely accurate as not 

all of the well data is included at each level, however it does give some indication 

regarding the containment of the plume onsite due to the pumping wells. 
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Figure 33 (a,b,c) - One year simulation of chloride concentrations, 1200 ppm 
chloride concentration at the East boundary. 
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Figure 34 (a,b,c) - Two year simulation of chloride concentrations, 1200 ppm 
chloride concentration at the East boundary. 
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5.4.1 b Modeled Movement after Five Years 

All of the maps presented after two years feature a contour interval set at 100 

ppm as opposed to the scale used on the previous maps. This new interval was chosen as 

the plume movement at five years and beyond has progressed to the point that a smaller 

interval is no longer necessary to show the plume movement and the influence of the 

pumping wells. 

Review of Figures 35 (a, b, c) shows that the plume has migrated about halfway 

from the boundary to the pumping wells in the lower layer, and a distinct "nose" has 

developed as the plume comes under the influence of the pumping wells. As can be seen 

from these figures, the plume is moving more towards WW-3 and WW-8 than WW-9, 

indicating that the plume should impact WW-3 and WW-8 prior to effecting WW-9. 

In the upper two layers, the plume has progressed fUJiher in the top layer than 

the middle layer. The top layer shows the plume progression almost as far as the bottom 

layer, while the middle layer shows much less progress. As pumping is confined to the 

lowest layer of the model, it is unclear why the model indicates such a marked difference 

between the top and middle layers. Discussion with other modelers have indicated that 

the effects of drawdown may be more pronounced than expected, thus producing this 

effect. 
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Figure 35 (a,b,c) - Five year simulation of chloride concentrations, 1200 ppm 
chloride concentration at the East boundary. 
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In addition to the plume movement noted at this time period, the "zero" line 

concentration contour can also be seen which surrounds nearly all of the facility. As 

before, this line represents the extent of the chlorides as described by the concentration in 

the wells shown on the figures and the extent of the 1200 ppm boundary on the east side. 

Please note that the extent of the 1200 ppm boundary is estimated; therefore the zero line 

as shown on the east must be interpreted with caution. However, as noted above, the zero 

line as shown for the remaining areas is consistent with the chloride results found as part 

of the November 1999 sampling event, as shown in Figures 27 and 28 above. 

5A.Ic Modeled Movement after Seven Years 

At seven years into the simulation, the IOO ppm line has nearly reached the 

pumping wells. As can be seen from Figures 36 (a,b,c) the edge of the plume at the 

lowest layer is approximately 100 feet from the highway, and the nose of the plume has 

become even more pronounced. As with previous examples, the upper layers of the plume 

have progressed slightly slower than the lowest layer. 

This simulation suggests that the nose of the plume initially migrates beneath 

refinery property on the west side of the highway slightly south of WW-8, between WW

8 and WW-9. This intmsion point is primarily a function of the combined influences of 

the three pumping wells on this side of the property. As a general rule, WW-9 has the 

highest pumping rate of the three wells, and this higher pump rate was incorporated into 

the model. This probably accounts for the initial contact at a location other than a 

pumping well. 
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Figure 36 (a,b,c) - Seven year simulation of chloride concentrations, 1200 ppm 
chloride concentration at the East boundary. 
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This intrusion point is also due to the initial position of the boundaries of the 

1200 ppm chloride concentrations built into the eastern edge of the study area. It is 

probable that relocating or extending the 1200 ppm chloride level on the eastem edge 

would have some effect on the shape and interception point of the chlorides. For instance, 

if the 1200 ppm chloride boundary had been confined to the northem edge of the east 

border, the plume would have likely intercepted the propeI1y fUI1her north than the model 

shows. Likewise, if the extent of the 1200 ppm chloride level had been extended along 

the entire extent of the east boundary, the interception point and shape of the plume 

would probably have been closer to the boundary midpoint. 

This situation is discussed because the actual extent of the chloride 

concentration on the east edge of the study area is not definitively known. It is possible 

that the chlorides are confined to an area smaller than that estimated, thereby producing a 

plume that is more narrow and focused than what the model currently indicates. However, 

it is also possible that the plume is wider than that estimated by the model, producing a 

larger plume than the modeled extent. In any event, the model results show that elevated 

levels of chlorides are steadily progressing onto the refinery propeI1y from the east. With 

regard to chloride concentrations in the remaining parts of the study area, the zero line has 

remained consistent when compared to the previous examples. 

5.4.1d Modeled Movement after 10 Years 

Review of the ten year simulation (Figures 37a, h, c) shows that the plume has 

reached pumping well WW-8 and the plume, represented by the 100 ppm line, is very 

near WW-9. Further review shows that the modeled concentrations arc in fair agreement 
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with the actual concentrations taken from these wells as part of the two sampling events 

taken in 1999. 

Sampling data from November 1999 indicated that the chloride concentration in 

WW-9 was at 117.7 ppm and the concentration in WW-8 was at 517.9 ppm. January 

1999 concentrations were at 82.4 ppm and 445.1 ppm, respectively. The ten-year model 

results indicate that the concentration of WW-9 should be in the 100 ppm range, and the 

concentration in WW-8 should be approaching 400 ppm. These model results compare 

well to the concentrations noted as part of the January 1999 sampling event, and are in 

fair agreement with the concentrations found in November 1999. 

Based on the model results and the chloride concentrations found in the wells, it 

can be sunnised that the plume currently impacting the water wells was located at 

approximately the east boundary of the study area about 10 years ago. This is also in fair 

agreement with the calculated velocity of the plume discussed in the summary section 

above. In addition, as noted above in Figure 6, chloride samples taken from September 

1986 did not indicate any evidence of elevated chloride impact. It must be noted that there 

is some variability in the model results as the initial concentration in the study area is 

assumed to be zero everywhere but the east boundary or at individual monitoring wells. 

However, some of this variability is accounted for by assigning a value of 100 ppm to the 

edge of the plume. 
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Figure 37 (a,b,c)- Ten year simulation of chloride concentrations, 1200 ppm chloride 
concentration at the East boundary. 

89
 



., 

5.4.1 e Modeled Movement at 15 and 20 Years 

Review of Figures 38 and 39 (a,b,c) show that the chloride concentrations 

continue to increase over time at the pumping wells. However, the plume does not begin 

to significantly affect WW-9 until the 20-year simulation. In addition, it can be seen that 

the plume migrating onto the refinery property is contained by WW-8 and WW-9. 

Although the concentration lines continue to "bunch up" at and between these wells, the 

model does not indicate that migration occurs beyond these wells. Therefore, the model 

results suggest that the plume will be contained by the pumping wells as long as the wells 

are in use. In fact, the model results suggest that at least one of the wells could be taken 

out of service and still maintain control of plume migration. 
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Figure 38 (a,b,c) - Fifteen year simulation of chloride concentrations, 1200 ppm 
chloride concentration at the East boundary. 
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Figure 39 (a,b,c) - Twenty year simulation of chloride concentrations, l200 ppm 
chloride concentration at the East boundary 
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5.4.2 Summary Discussion of the Model Results 

As illustrated by the figures above, the model indicates a chloride travel time 

from the eastern boundary to water wells #3 and #8 of approximately 10 years. It can be 

seen that chlorides arrive at the pumping wells above background levels in the lowest 

layer (Layer 3) initially, followed by the top layer (Layer 1) and finally the middle layer 

(Layer 2). 

Chlorides arrive first at the lowest layer for a number of reasons. As discussed 

above, the preferential pathway for chlorides originating east of the facility is along the 

bottom of the aquifer. This is due to the decreased saturated thickness near the source, 

density differences between fresh water and brine, and the location of the screened 

interval at the bottom 13 meters (40 feet) of the pumping wells. In addition, stratigraphic 

studies have shown that that aquifer is coarsest in the lower levels, indicating that this 

may be a zone of higher hydraulic conductivity. Therefore, water high in chloride 

migrating to this zone may also move more rapidly through this zone. 

To verify the model results, travel time from the east boundary to the well was 

estimated using the following formula for average linear velocity (taken from Heath, 

1991): 

V=KI/N 

Where V is the velocity, in m/day, K is the hydraulic conductivity, in m/day, I is 

the hydraulic gradient, in ft, and N is the porosity. Using this formula, the travel time is 

computed as: 
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V= 24.6 m/day(0.004.92 x 10--1 m/m)/0.2 

V= 0.18 m/day (0. 56ft/day) 

This equates to approximately 67.2 meters/year (205 feet/year), or 672 meters 

(2050 feet) over ten years. The distance between the eastern edge of the boundary and 

WW-3 and WW-8 is approximately 787 meters, or 2400 feet (after Figure 21 above). 

The hydraulic conductivity (K) value of24.6 m/day (75 ft/day) used above is based on the 

known conductivity changes across the entire site and approximates the average 

conductivity between the eastern edge of the boundary and the pumping wells. The value 

used for hydraulic gradient (I) also represents the overall hydraulic gradient across the 

study area. Given the potential range of input parameters, the difference between the 

modeled velocity and the calculated velocity is reasonable and does a fair job of 

validating the results of the model simulation. 

Elevated chloride levels also reach the pumping wells in the top layer and the 

middle layers of the aquifer. The initial chloride concentration of 1200 ppm set at the east 

boundary of the study area was constant throughout the three layers of the model. This 

may not be strictly representative of the actual vertical concentration of chlorides at the 

boundary, however no data is available for the upper two layers at the boundary. This 

represents a conservative scenario and may overestimate the volume of the source. 

What can be sum1ised to a degree from the upper layers of the aquifer is the 

transport rate absent the elTects of active pumping in the upper two zones, as the water 

wells are screened in the lower portion of the aquifer. For the model, the pump rate was 
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set at zero in both the upper and middle layer. Based on this, it can be postulated that 

transport of the chlorides in the upper layers is a function of the observed gradient. 

although the gradient is significantly effected by the pumping wells. This is of particular 

significance in the study area due to drawdown by the pumping wells across the study 

area. 
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6.1 

CHAPTER 6 

THE CHLORIDE SOURCE IDENTIFICATION STUDY 

Introduction 

Following completion and analysis of the November 1999 sampling event, a 

final phase of the study was undertaken to further define the source(s) of the chlorides 

found as part of the sampling. This effort also served as verification of the previous 

sampling results for a selected group of monitoring wells (Table 10) that exhibited 

potentially anomalous results or were located in areas of particular signi ficance for the 

overall study. 

In order to accomplish the source identification, Dr. Don Whittemore (KGS) 

was contacted. Dr. Whittemore has pioneered efforts in this area and has been employed 

in chloride source identification studies by the KGS and KDHE, including a 1997 study 

in the McPherson area. Identification of the chloride source(s) followed the geochemical 

methods of Whittemore (1984, 1988, 1995, 1997). These methods primarily include plots 

of the constituent mass ratios bromide/chloride and sulfate/chloride vs. chloride 

concentrations, and points for the water sample data and curves for the mixing of 

different source waters. 

Each mixing curve is calculated using an algebraic equation for conservative 

mixing of two end-point waters. Conservative mixing equates to the simple mixing of 

water without chemical reactions that could alter the concentrations of one or both of the 

constituents. The intersection of the two mixing curves can be detemlined graphically or 

by solving for simultaneous algebraic equations. Logarithmic scales are used in the 
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graphs to produce a more even distribution of points for large ranges in concentration 

than would be noted utilizing linear scales. 

6.1.1 Results of the 1997 Whittemore Study 

As brietly introduced in Section 4.0 above, a previous study undertaken by 

Whittemore (1997) indicated that the chloride concentrations east of the facility increase 

to the east, reaching the highest levels approximately 3.2 km (2 miles) east of the refinery 

at the beginning of the Johnson Oil Field. In addition, the closed municipal landfill is 

located in approximately the same location and the Whittemore study indicated that it was 

also contributing to the elevated levels of chlorides found in this area. 

Figure 40 (after Whittemore, 1997) below illustrates the sampling locations 

utilized as part of the 1997 study. As can be seen on this figure, samples were taken from 

the area of the Johnson Well Field and the old Municipal Landfill, in addition to samples 

of domestic wells located between the well field and the refinery. Table 9 (after 

Whittemore, 1997) below shows the chloride concentrations noted in samples taken from 

these locations. This table also indicates the concentrations of sulfate and bromide, along 

with the bromide/chloride and sulfate/chloride ratios for the waters. 

The 1997 study revealed that brine waters originating from the Johnson Well 

Field had a Br/el ratio in the range of 43.8 to 45.3 (after multiplying by 10,000). 

Whittemore reported that oil field brine was the primary saltwater source for all of the 

points sampled as part of the study, and the ratios ranged from 28.6 to 42.1 (after 

multiplying by 10,000). For samples taken in areas outside the intluence of the municipal 

97 



landfill. Whittemore reported that the percent of total chlorides in the groundwater 

samples attributed to oil field brine was no less than 84%. 

Table 9 shows that chloride concentrations in the Bowman and Tim Shaw 

domestic wells, located roughly 1.6 km (one mile) east of WW's 3, 8, and 9, were 2530 

ppm and 3130 ppm, respectively. The John Shaw well, located approximately 2.4 km (1.5 

miles) from the pumping wells, indicated a chloride concentration of 1566 ppm, and 

MW-7 located north of the John Shaw well but south of the old Municipal Landfill, 

showed a chloride concentration of 2360 ppm. Samples of the lease brine taken 

approximately 2 miles east of the water wells indicated chloride concentrations in excess 

of 100,000 ppm. The results of the initial study clearly show that brine from the Johnson 

Well Field has impacted the groundwater and is moving towards the refinery pumping 

wells. 

l)X 



-,I ( J 

66 

-----;-;;:;y-------::--::::"""':""'---:--::-----~...;;~=:------------"."'_ ...-; I 

\, 
, -
i,:' -
~ o . .-~ 

;~~-~., 

~~:';- ::, . 
~.... .

?-,': --~. 
, sc;....M 
~~.. !.,. 

~.-b. 

7" 
'~11 

.-.&..I,: 

~ '"' ~ 

) / 
/ 

/ 

J 



Table 9 - Results of the 1997 Whittemore Study 
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rcccivcll 

Dale 
analysis 

complelcll 

KGS 
project 
number 

KGS 
lab 

number 

Sp.c., 
lab 

pS/cm 

SO" 
mgiL 

CI 
mglL 

Ill' 
IIIg/L 

Br/C1 
.~ 10" 

SO"/('I 

1<> (iwrn)h~ !II 19-UJ W-J5CBBB J'(,'97 311 0/97 3/26197 BRID-OOI 970033 4773 III 1472 539 366 0.0754 

17 (iwpnlho: 112 1')-03 W-35C'BBC 3/(,/97 JlI0/'l7 3/26/97 BRID-002 970034 102 681 1.95 28.6 0.150 

I~ ( i~pprllh\.' q J 1')-03 W-J5CBCB 3/6/97 3/10/97 3/26/97 BRID-003 970035 3730 209 907 3M 34.1 ODO 

I M\V-III 19-1).1 W-J-ILJ88C 9/22 97 9/25/97 11/3!,)7 BRID-004 970404 2880 378 38() 163 421 0097') 

2 I\IW-2D 1')-03 W-J4DBCA 9/22/97 9/25/97 II/3N7 BRID-005 970405 7395 202 2110 710 337 00')57 

.j MW--I I')-03W-J-lDACA ()/22/97 9/25/97 11/3/97 BRID-006 970406 3230 1766 154 0.49 316 115 

." MW-."D 19-03"'-J4DABB 1011'97 10/8/97 I 1/3/<)7 BRID-009 970413 35XO 144 828 262 316 o 174 

I, ivl \\ -Cd) 1')-03 W-J-IDAAB IU/I N7 10/8/97 11/3/97 BRID-OIO 970414 2940 120 706 2.12 30 I o 170 

7 r-IW-7D 19-IJJ\\'-34CDAB 102'97 10/M/97 I 1/3/97 BRIO-Oil 970415 7810 900 2360 ').02 38.2 0.U381 

x t-I \\'-X 19-0JW-J-IDAAA IO/I/'!7 10/8/97 11/3/97 BRID-012 970416 3500 1546 394 1.48 37.6 392 

') I\IW-') I')-UJ W-J4ACCC 1011/97 10/S/97 11/3/97 BRID-013 970417 3400 217 729 2.52 34.6 O.29~ 

10 Ivl\\'-IO I')-03W-J4ACCD 10/1/97 10/8/97 11/3/97 8RID-014 970418 3480 850 868 272 314 0.0979 

II Tim Sh"\I \lell 2()-OJW-U3BBC ')/22/'!7 9/25/97 I 1/3/97 BRID-007 970407 9670 85.8 3130 12.4 39.7 0.0274 

12 N!cnC:"lh well 20-0JW-U2CBB 10:1/97 10/8/97 11/3/97 BRID-015 970419 2930 207 645 251 389 0321 

IJ .Illhn Shaw \\',11 19-0JW-34CLJ[) 1011/')7 10/8/97 I 1/3/97 BRID-016 970420 5480 191 15(,6 5.97 381 U.I12 

J .hlhns()n I.,"so: hrine 19-03W-35C 9'25/97 10/8/97 I 1/3/97 BRID-OOS 970412 173900 76 101500 457 45.0 0.0007 

1-1 .IllhllSt11l I <'"so: hrille II)-OJ W-J5C 10/2/97 10'XI9:' 11/3/97 BRID-017 970421 181000 72 105000 475 -153 OUOO7 
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Table 9 - Results of the 1997 Whittemore Study, Continued 

Map Sample Location Collection Collection Date KDHE CollectorDate 
locator identitication date time received analysis labG-

numberreported 
16 Geoprobe #1 19-03W-35CBBB 3/6/97 II :45 701104PT3/7/97 3/26/97 Poyer/Dallen~:mb" 
Il-\ Geoprobe #3 19-03W-35CBCB 3/6/97 3/7/97 3/26/97 701106PT15:45 Poyer/Dallen 
7 MW-7S 19-03W-34DAAB 10/1/96 10/2/96 10/8/96* 700582PT14:45 Medina 
7 MW-7D 19-03W-34CDAB 10/2/97 14:50 10/2/96 10/8/96* 700580PT Medina 
20 Bowman domestic well 19-03W-34CCC 9/12/96 9/13/96 11/3/97 700472PT Medina/Poyer 
I " ' John Shaw domestic well 19-03W-34CDD 10/1/97 10/2/96 700581PT15:45 10/8/96* Medina 
21 Fred Johnson stock well 20-03W-03 ADD 11/25/38 

co 

Sample 
identification 

Ca 
mg/L 

Mg 
mg/L 

Na 
mg/L 

Alkalinity 
as CaCOJ 

mg/L 

S04 
mg/L 

CI 
mg/L 

NOrN 
mg/L 

Br 
mg/L 

BrlC! 
x 104 

S04/CI NaCI 

Geoprobe #1 (J39 125 96.6 102 1543 5.68 36.8 0.066 0.063 
Geoprobe #3 503 73.2 132 198 959 3.39 35.4 0.206 0.138 
MW-7S 3% 47.8 437 363 78.1 1200 4.24 0.065 0.364 
MW-7D 525 78.4 750 363 82.8 2030 5.85 0.041 0.369 
Bowman domestic well 563 82.6 789 80.2 2530 6.71 0.032 0.312 
John Shaw domestic well 345 58.2 542 206 109 1380 7.00 0.143 0.393 
Fred Johnson stock well 508 180 202 60 2130 118 0.50 18.1 1.71 



6.2 Discussion Regarding the Current Source Identification Study 

6.2.1 Introduction 

The source identification study was undertaken in an attempt to add further 

verification to the sampling and modeling results with regard to source(s) of the chlorides 

impacting the water wells at the facility. As noted above, the 1997 Whittemore study had 

produced a characteristic BrlCI ratio that could be used for comparison against the results 

found from groundwater sampled from the wells used in the current study. 

One potential drawback to the method is that since the refinery processes crude 

oil, and the chlorides found onsite might have been brought onto the facility via the crude 

oil processed, it might be difficult to distinguish between the Johnson oil field brine and 

the brine originating from crude processed at the facility. This assumes that the chemical 

characteristics of all oil field brine is similar to that found from samples of the Johnson 

oil field brine. In addition, it is known that the refinery has processed crude from the 

Johnson oil field for a number of years. Fortunately, the results of the sampling did 

indicate marked differences between the chemical characteristics of the groundwater from 

the sampled wells, which provided for effective comparison to the Johnson oil field 

results. 

6.2.2 Results of the Current Source Identi fication Study 

Table 10 below illustrates the monitoring wells from which groundwater 

samples were taken for purposes of source identification. As noted above, these wells 

were also chosen as verification for previous sampling results. 
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Table to - Source Identification Monitoring Points and Results (Based on Whittemore, 2000) 

,::;:; 

Well number 110 D 15 D 20D 53 D 3D 8D LP-102 

Collection date m/d/yr 3115100 3115/00 3/15100 3115/00 3115/00 3/15/00 3/15/00 

13:00 

100 

80-100 

2430 

305 

360 

16.0 

0.876 

0.75 

0.147 

0.0038 

1.180 

28.7 

24.5 J 

Collection time 24 hr 10:41 11 :50 12:05 12:25 11:19 11 :30 

Well depth ft b1s 156 150 150 158 160 158 

Screened interval ft: b1s 136-156 60-150 60-150 58-158 115-160 118-158 

Lab Sp.c. US/cm 2080 1600 1460 2220 1370 2() IS 0 

Na Mg/L 95.5 74.5 

K Mg/L 3.7 3.0 

HC03 Mg/L 313 343 

CI Mg/L 476 250 174 397 238 484 

S04 Mg/L 45.2 8.5 3.2 0.5 46.7 35.5 

N03-N Mg/L 4.2 0.1 0.4 0.9 0.4 2.8 

Br (uncorrected) Mg/L 1.890 0.703 1.024 0.664 0.763 1.905 

Br (corrected) Mg/L 1.88 0.64 0.68 0.24 0.70 1.89 

I (total) Mg/L 0.0147 0.0699 0.381 0.482 0.086 0.0251 

103-1 Mg/L 0.0049 0.0008 <0.001 0.0052 0.0178 0.0081 

TDS Mg/L 1097 1107 

Na/CI Mass ratio 0.201 0.154 

Ca/Mg Mass ratio 12.5 10.9 

Ca/S04 Mass ratio 6.19 8.45 

S04/C1 MilSS ratio 0.0950 0.0340 0.0184 0.0013 0.196 0.0733 

(Ca+Mg)/Na Equiv. ratio 3.81 5.32 

I3r( uncorrd)/CI x 10000 39.6 28.1 58.9 16.7 32.1 39.4 

Br/CI x 10000 39.5 25.6 39.1 5.9 29.5 39.0 



Table 10 - Source Identification Monitoring Points and Results (Based on Whittemore, 2000), Continued 

t: 

Well number LP-103 LP-104 MW-21 S MW-47 S ZL-1 ZL-6 

Collection d<lte m/d/yr 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00 

Col1ection time 24 hr 13:20 14:20 12:40 11 :40 13:50 10:59 

Well depth ft bls 93 93 83 80 90 95 

Screened interv<ll ft bls 73-93 73-93 63-83 55-80 75-90 80-95 

L<lb Sp.c. uS/em 2070 2600 4290 2370 1820 1190 

N<l mg/L 160 123 

K mg/L 3.3 4.0 
-

Hem 
-
mg/L 411 445 

CI mg/L 254 519 1068 458 183 185 

S04 mg/L 181 198 5.4 <2.5 272 35.9 

N03-N mg/L 0.2 12.4 2.6 1.1 20.2 0.2 

[3r (uncorrected) mg/L 0.675 0.667 1.192 3.460 0.404 0.371 

8r (corrected) mg/L 0.64 0.66 0.07 3.11 0.39 0.37 

I (towl) mg/L 0.0469 0.0129 1.25 0.39 0.0172 0.015 
-

103-1 mg/L 0.0039 0.0055 0.0007 <0.001 0.0024 0.031 

TOS mg/L 1533 1169 

Na/CI mass r<ltio 0.308 0.671 
-

C<liMg m<lSS r<ltio 18.8 15.1 

Ca/S04 mass ratio 1.89 0.961 

S04/CI m<lSS r<ltio 0.713 0.382 0.0051 <0.005 1.486 0.194 

(C<l+Mg)/N<l Equiv. r<ltio 2.92 2.71 

nr(ul1corrd)/( '1 x 10000 26.6 12.9 11.2 75.5 22.1 20.0 

[3r/el x 10000 25.1 12.7 0.6 67.9 21.3 20.0 



Review of the infoTI11ation contained in the table reveals differences between the 

chemical composition of groundwater taken from the various sampling points. These 

differences are discussed in further detail below. As can be noted upon review of the 

infomlation discussed below, the results of the source identification study strongly 

support the modeling results and the field studies. 

The source study analysis indicated that monitoring well MW-11 OD and water 

well #8 have the highest Br/CI ratio correlation when compared to the ratio for the 

Johnson well field found as part of the 1997 Whittemore study. In addition, monitoring 

well ZL-6, a relatively shallow well located east of water wells 3, 8, and 9, also shows 

evidence of oil field brine contamination. The water from ZL-6 indicates mixing of oil 

field brine with fresh water, which is what the model results predict for a shallow well 

located in the area of ZL-6. The concentration of oil field brine noted in ZL-6 is most 

probably due to the influence of the cone of depression caused by the pumping wells, and 

associated mixing that will occur along the boundary between the brine and fresh zones. 

The source study also showed that the shallow point sources found on the 

facility, including the area around the old lime ponds, indicated distinct chemical 

differences from the Johnson well field brine samples. The Br/el ratio is distinctly 

different for the shallow point source regions, and there is also a difference in the 

sulfate/chloride ratio, the iodide concentration, and the nitrate concentrations. While the 

study results do not definitively point to a source for these shallow onsite samples, the 

results do show that Johnson oil-field brine is not the primary source. 

After review of the results from the CU1Tent study, Whittemore divided the 

monitoring wells into five different groups, based on the chemical constituents found in 
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the groundwater from each well (personal communication, 2000). These groups are 

discussed below: 

Group 1: Waters with a substantial chloride contribution from oil-field brine 

Well numbers WW#8 and 1100 

Whittemore reported that groundwater taken from these wells exhibits a Br/Cl 

ratio similar to the groundwater contaminated by the Johnson oil field brine to the east of 

the NCRA area. The sulfate/chloride ratios are low as would be expected for a mixture of 

fresh groundwater in the Equus Beds aquifer with small amounts of oil brine. The 

inorganic iodine content from both samples is low. The cation and Na/Cl ratios for these 

samples indicated that cation exchange has occurred (adsorption of Na and release of Ca 

and Mg into solution) during the migration of the Na-Cl chemical type of saltwater source 

(oil brine) into the Equus Beds aquifer. 

MW-llOD is a deep well and is located furthest east. As previously noted, all 

indications are that this well should demonstrate the most pronounced impact from the 

Johnson well field brine. In addition, model results show that WW#8 is the water well 

initially impacted by the plume originating from offsite to the east. Therefore, the 

chemical results for these two wells are in agreement with all other elements of the study. 

Group 2:	 Waters with a substantial chloride contribution from oil-field brine 

and a small contribution from an additional source low in sulfate, 

nitrate, and iodine 

Well numbers W\V#3, 150, ZL-6 
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These samples fit the mixing of oil-brine with fresh ground water in the Equus 

Beds that have been affected by a small additional chloride source. The waters have 

relatively low sulfate/chloride ratios and low nitrate and iodine concentrations. WW#3 

and ZL-6 are located on the east side of the facility. ZL-6 is a shallow well east of WW#3 

but west ofMW-110D, while WW#3 is one of the water wells located on the east side of 

the facility. The chemical results indicate that ZL-6 and WW#3 have been impacted by oil 

field brine, however not to the extent that WW#8 and MW-11 OD have been. The 

modeling and sampling results support this hypothesis. MW-150 is a shallow well 

located on the west side of the facility. The chemical results indicate that the 

contamination found in this well may consist of oil field brine, however given the 

location and the other chemical constituents, it is unlikely that the source is the Johnson 

oil field. 

Group 3a: Water with a mixed chloride source that could include some oil brine 

contamination and sorne other saline water that has a high sulfate 

concentration. 

Well number LP-I03 

This sample fits the mixing of oil field brine, saline water with a high sulfate 

concentration, and fresh ground water in the Equus Beds. The water has a substantially 

higher sulfate content and sulfate/chloride ratio than found in Group 2 but otherwise is 

similar based on low nitrate and iodine concentrations. Monitoring well LP-I03 is a 

shallow well located in the area of the old lime ponds, a suspected chloride source. 

Chlorides from this well are postulated to originate from refinery sources as water in the 
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old unlined lime ponds migrated through the vadose zone to the aquifer. The chemical 

results noted above support this hypothesis as a higher sulfate concentration would be 

expected for water that had been processed by the refinery, as sulfur and sulfur 

compounds are byproducts of the refining process. 

It appears, therefore, that the source for the chlorides found in groundwater 

samples from this well originate primarily from brine waters processed by the refinery. 

However, it must be noted that the refinery uses water from the water wells that have 

been impacted by brine from the Johnson well field. Until the ponds were taken out of 

service in 1994, much of the process water would have been ultimately directed to the 

lime ponds. While the water wells have been recently impacted when compared to the 

total time the lime ponds were in service, it is possible that a portion of the water from 

this well and the other lime pond wells may include brine from the Johnson well field. 

Group 3b: Water with a high nitrate content that has a mixed chloride source 

that could include some oil brine contamination and some other saline 

water that has a high sulfate concentration. 

Well number ZL-t 

This water fits the mixing of oil-brine and another saline water with a high 

sulfate concentration with fresh ground water in the Equus Beds. The water has a high 

nitrate content and a substantially higher sulfate content and sulfate/chloride ratio than the 

waters in Group 2 but has a low iodine concentration. 

Monitoring well ZL-l is located away from all refinery processes except the 

cooling towers, which are used to cool process water from the refinery. It is also located 
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immediately adjacent to a farm field currently producing cash crops. The relatively high 

nitrate concentration is undoubtedly due to the proximity of the fann field and the use of 

a nitrogen containing fertilizer (such as ammonia or ammonium) on the field. The 

incidence of high sulfate concentrations may be attributed to the process water, as there is 

some loss due to spray as water is taken through the cooling towers. As in the case of the 

lime pond wells, a percentage of the chlorides may originate from Johnson oil field brine 

that was introduced to the refinery process system and was subsequently introduced into 

the groundwater by the infiltration of spray from the cooling towers. 

Group 3c: Water with high nitrate and sulfate contents and elevated iodide 

concen tration. 

Well water LP-I02 

This sample has some similarities to water from well ZL-l but has a much 

higher iodide content. This suggests that it has been affected by waters similar to Group 

4a or 4b. As with the previous lime pond well samples, this sample had elevated sulfate 

levels and therefore the source is probably refinery process water. 

Group 4a: Waters with a relatively high iodide content and bromide/chloride 

ratio and low sulfate and nitrate concentrations. 

Well numbers MW-47 Sand 20 0 

Well water MW-47S has the highest Br/Cl ratio of all groundwater samples; the 

ratio is substantially greater than that of the Johnson oil field brine. Water from 200 has 

a much smaller chloride content than MW-47S, however it has a similar iodide content. 
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Whittemore proposed that water from MW-20D could possibly be a mixture of water 

from the MW-47S area with fresh ground water from the Equus Beds. While this is 

possible, based on groundwater flow, it is felt that based on the locations of the respective 

wells it is more probable that these wells represent separate point source releases of 

similar material at some point in the past. 

One of the distinguishing differences between Johnson oil field brine and brine 

from shallow sources on the refinery property was the presence of elevated levels of 

iodide in the refinery samples when compared 0 the Johnson oil field samples. The source 

of the high iodide content is unknown, as there are no refinery processes that use iodine 

or iodine compounds. It is possible that brine from other oil fields contain a higher iodide 

content, however this is speculation. Additional sampling and analysis of brine from other 

oil fields supplying crude to the refinery would be necessary to determine the true source 

of elevated iodide concentrations. 

Group 4b: Waters with a relatively high iodide content and low bromide/chloride 

ratio and low sulfate and nitrate concentrations. 

Well numbers MW-21S and MW-53D 

Well water MW-21 S has the largest iodide concentration of all the ground 

water. Groundwater from MW-53D could possibly be a mixture of water from the MW

21 S area with fresh ground water from the Equus Beds. MW-21 S is a shallow well and 

MW-53D is a deep well; the wells are located approximately 16.4 meters (50 feet) apa11. 

These wells are located close enough together so that the levels of iodide in the respective 

wells is governed by the migration rate of iodide through the aquifer from shallow to 
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deep. As MW-21 S is the shallow well and the source here is believed to be an onsite 

point source release, concentrations are higher in the shallow well. Continued monitoring 

of the wells over time should show a reduction in the difference between shallow and 

deep iodide concentrations. 

Group 5: Water with a relatively low BrlCI ratio, a high nitrate content and a 

moderately high sulfate concentration. 

Well water LP-I04 

Whittemore reported that the Na/Cl ratio from this well indicated saline water 

had migrated into the Equus Bed aquifer that was predominantly Na-Cl in chemical type. 

He postulated that cation exchange has occurred during leaching and transport that has 

decreased the NatCl ratio over time. The CatMg ratio is higher than for waters from 

wells 3D and 110D, suggesting that a saline water with an additional calcium source is 

included in the mixture affecting the ground water. 

Monitoring well LP-104 is one of four wells completed in the area of the old 

lime ponds. As such, it would be expected that the chemical characteristics of this well 

would be similar to that found in samples from LP-102 and LP-103. With regard to the 

sulfate content of LP-1 03 and the nitrate content of LP-l 02, this is true. However, the 

Br/Cl ratio for LP-1 04 is approximately half that found in the other lime pond wells. One 

potential explanation for the differences between LP-l 04 and the other lime pond wells is 

that LP-104 is located closest to the presently used large retention pond. Water softening 

of the refinery process water that is sent to the retention pond prior to discharge to the 

receiving stream will result in higher calcium and magnesium concentrations in the ponds 
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than would otherwise be naturally occurring. It is reasonable to suggest that infiltration 

from the retention pond has caused the differences in groundwater quality noted from this 

well. In particular, the higher Ca/Mg ratio and the calcium noted in groundwater from this 

well could stem from water supplied by the retention pond. 

Whittemore had also suggested that this water could be affected by infiltration 

of water with a low bromidelchloride ratio such as wastewater from the municipal 

treatment plant of McPherson. The retention pond has many of the same characteristics 

as the municipal waste water, (such as drinking water that has been softened) as it 

receives process water that has been treated by the onsite NCRA water treatment system. 
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CHAPTER 7
 

SUMMARY & CONCLUSIONS
 

A variety of studies have been undertaken in an attempt to discern the source 

location, fate and transport of the elevated concentrations of chlorides that have been 

noted in monitoring wells and pumping wells on and around the refinery facility. These 

studies included sampling of the monitoring wells, spatial analysis of chloride 

concentration data, investigation of the stratigraphic and lithologic properties of the 

vadose and saturated zone (the Equus Beds aquifer), numeric modeling of ground water 

flow beneath the study area, and geochemical source identification analysis for the 

potential sources of chlorides. These studies have revealed that the chlorides noted in 

ground water in and around the facility probably originate from two separate sources. The 

principle source originates from the Johnson Well Field approximately 2 miles east of the 

refinery. The remainder of the elevated chloride concentrations originate from localized 

shallow point sources primarily within the refinery operations area and tank farm. These 

point sources are probably the result of past releases on the refinery property and do not 

represent offsite sources. 

Numeric modeling studies indicate that the four onsite water supply wells are 

effectively controlling the extent of the chloride migration by capturing the plume(s) as 

it/they move into the water supply well radius of influence. As the radius of influence for 

the wells overlap, the wells can be regarded as a single system for purposes of plume 

migration control and remediation. 

Study of spatial patterns of chloride concentration and numerical modeling 

resu Its have shown that the shallow point source areas are being controlled by WW-10, 
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located essentially in the middle of the refinery. Point sources controlled by this well 

include the area around the old lime ponds, and area in the refinery operations area 

roughly bounded by MW-21, MW-15 and MW-13. Another point source located in the 

tank farm, in the area around MW-47, appears to be within the radius of influence, but far 

enough away so that its migration is controlled to a lesser extent than the other point 

sources are. 

The source originating from the Johnson Well Field is being controlled by the 

pumpage of water wells located on the east side of the facility (WW's 3, 8, and 9). 

Numerical studies have indicated that even after twenty years of migration, the east wells 

will continue to capture all of the chlorides migrating onto the refinery property. In 

addition, the numerical studies have shown that the chlorides will not migrate offsite, due 

in large part to the influence of the pumping wells, which divert the regional groundwater 

flow to the pumping wells. The net effect of the pumping wells has been to create an area 

on the refinery property between the pumping wells that is essentially free of elevated 

chlorides. Study has indicated that as long as the existing water wells continue to pump, 

this condition will remain stable. 

It is believed that the overall quality of the water captured by the pumping wells 

will continue to decline over time. The practices that resulted in the shallow onsite 

sources have been largely eliminated and there is no longer any appreciable influx of 

brine from activities associated with the Johnson Well Field. 

The Johnson Well Field and the Refinery have both been in operation since the 

1930's. Environmental regulations designed to cUl1ail sources of contamination from 

entering the groundwater have been in place only since the mid 1970's. Therefore, source 

11-1 



infiltration occurred for at least 40 years before the environmental regulations and a 

heightened sense of awareness regarding potential damage to the environment was 

recognized, resulting in the implementation of source reduction measures. 

Based on this and the results of the groundwater sampling, it is believed that 

these sources are generally large enough and there is enough source material trapped in 

the vadose zone that can migrate to the groundwater that no appreciable reduction In 

source renewal to the groundwater can be expected in the near future. 
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WATER WELL RECORD 

NE 

SE 

7 IClay, Dark Brown 

85 ISand, Lie:ht Brown' 

70 IClav, Lie:ht Brown to Gra 

59 ISand, 

20 IClav, Brown 

NS: Use typewriter or ball point pen. PLEASE PRESS FIRM!.Y and PRINT cleerly. Please ftilin blanks, underline or circle the correct answers. Send top three copias to K_as 
at Health and En"ronmenl. Bul1lllU at Water. Topeka. KsnsBS 6662~alaphone: 913-296-5545. Send ona to WATER WELL OWNER and llllaln ona for your records. 

35 IClav, Grav Brown 

30 IClav, Brown 

SW 

120 ISand, Lie:ht Brown 

150 ISand. Brown 

100 ISand, Lie:ht Brown 

160 ISand. Brown I IRW,Abovegrade 

125 
145 ~ 

162 ISand. Brown I IProject Name: NCRA Refinery 

MATERIAL: ~at cement 2 Cement grout ~entonite 4 Other . 

Is: From fl to 55 fl, From 55 fl to 57. ft, From ft to ftl 

the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well 

'c tank 4 Laterallines 7 Pit privy 11 Fuel storage 15 Oil v.eIVGas v.ell 

>f.6nes . 5 Cess pool. 8 Sewage lagoon 12 Ferli6~e~ storage @Other (specify below) 
rtightsewer hnes 6 Seepage Pit 9 Feedyard 13 InsecticIde storage r:efinery . 

from weU? 0 How many feet? 0 

RWELL OWNER NCRA 

Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
,ZlP Code : McPherson, Kansas 67460 Application Number: 

and direction from nearest town or city street address of v.ell if located within city? 

S. Main, McPherson, Kansas 

racbon 

.. McPherson I NW Y. NW Y. NE Y. 

~~~~~~~gc-n6~~~X: ~ DEPTH OF COMPLETED WELL .163. . . . .. ft. ELEVATION: 1482.89 ,. 
N l~ePth(s) Groundwater Encountered 1 ft 2 ft 3 ft 

it> , WELL'S STATIC WATER LEVEL fl below land surface measured on mo/day/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pumping. . . . . . . . . . . gpm 

Est Yield .. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Bore Hole Diameter .. 9.625 .. in. to 163 fl, and in. to fl 
I I I E I WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) fj 
2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only I1'O\Monitoring v.ey ... . . . . . . . . . . . . . . . . . .. ~ 

Was a chemlcaVbacteriologlcal sample submitted to DepartrneMes No ; If yes, moIday/yr sam~was m 

submitted Water Well Disinfected? Yes No,/ ~ 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. ~ 
Sleel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. -vf . 
ing diarreter 4 in. to 63 fl, Dia in. to fl, Dia in. to fl 

height above land surface 25.32 in., v.eight Ibs.lft Wall thickness or gauge No SeIL.80 . 

SCREEN OR PERFORATION MATERIAL 7 PVC 10 Asbestos-cement 

Sleel ('3\':;tainless steel . 5 Fiberglass 8 RMP (SR) 11 Other (specify) I -i 

Brass YGalvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

OR PERFORATION OPENINGS ARE: 5 Gauzedwrapped 8 Sawcut 11 None (open hole) 
Continuous slot 3 Mill slot f6'\Nire wrapped 9 Drilled holes 

l.ou\ered shutter 4 Key punched "r'Torch cut 10 Other (specify) . 
ERFORATED INTERVALS: From 63 ft to 163. fl, From ft. to . 

From fl to fl, From ft. to . 
From 57 fl to 163 fl, From It to . 
From fl to fl, From It to . 

1£'2 I Cl..::!~, ~!~~ ~ ~.." GeoCore # 809, # 

:lOR'S OR LANDOWNER'S CERTIFICATION: This water v.ell wa (1 constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

COI11lleted on (mo/day/year) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knoWedge and belief. 
'Wal8r Well Contractor's License No. . 527. . . . . . . .. This Water Well Record was corrpleted on (mo/;jay/yr) 11l15/99 . 

,lie business name of GeoCore Services, Inc. by (signature) 
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Shale, Blue Gra 
Sand, Brown 

WATER WELL RECORD 

NE 

SE 

40 ISand, Brown 

20 IClav, Brown 
10 IClay, Dark Brown 

30 IClav, Brown 

38 IClay, Gray Brown 

60 ISand, Brown 

35 IClav, Brown 

94 ISand. Brown 
90 ISand. Brown 

98 ISand. Brown I I 167D , Abovegrade 

64 ISand, Brown 
69 IClav, Grav Green 
80 ISand. Brown 

NoN 

SW 

116 ISand.Brown / I /ProjectName:NCRARefinery 

ractJon 

: McPherson I NW Y. NE Y. NE Y. 
and direction from nearest town or city street address of well if located within city? 

S. Main, McPherson, Kansas 

'1,EN~~\~~~~i61~?:OX: ~ DEPTH OF COMPLETED WELL .170 ft. ELEVAll0N: 1493.87 ,. 
N I~ePth(s) Groundwater Encountered 1 ft 2 ft 3 ft 

i <> i WELL'S STAllC WATER LEVEL ft below land surface measured on mo/day/yr . 

Pump test data: Well water \liaS •...NA .... ft after. . . . . . . . . . . hours pumping. . . . . . . . . .. gpm 

Est Yield .. NA gpm: Well water \liaS ..........• ft after. . . . . . . . . .. hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to 112 ft, and in. to ft 
I I I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ~ 

2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only tW\Monitoring weV . . . . . .. ~ 
Was a chemlcaVbactenologlcal sample submitted to DepartrneMes.........No......... ; If yes, moJday/yr san#'was m 
submitted Water Well Disinfected? Yes No..;' ~ 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. .. .. ~ 
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

'C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ../ . 

ing diameter 4 in. to 150 ft, Dia in. to ft, Dia in. to ft 

height above land surface 3A.44 in., weight Ibs.Jft Wall thickness or gauge No. . Sch. .40 . 
OF SCREEN OR PERFORAllON MATERIAL f7'\PVC 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass '-(RMP (SR) 11 Other (specify) I -i 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

OR PERFORAllON OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 

1 Continuous slot f3'v1iII slot 6 Wire wrapped 9 Drilled holes 

2 louYered shutler YKey punched 7 Torch cut 10 Other (specify) . 
PERFORATED INTERVALS: From 150 ft to 1.7D ft, From ft. to . 

From ft to ft, From ft. to . 
From 147 ft to 172 ft, From ft. to ................•.1 ;0 

From ft to ft, From ft. to . 

;'fER WELL OWNER: NCRA 
Sl Address, Box# : P.O. Box 1401 Board of Agriculture. Dillision of Water Resources 

~. ZIP Code : McPherson, Kansas 67460 Application Number. 

MATERIAL ~at cement 2 Cement grout ~ntonite 4 Other . 
Intervals: From ft to 1~;4 ft, From 1~~ ft to 147 ft, From ft to . 

is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well 

Septic tank 4 Lateral lines 7 Pit pri"Y 11 Fuel storage 15 Oil welVGas well 

Sewer .Iines . 5 Cess pool. 8 Sewage lagoon 12 Fertili~e~ storage 6 Other (specify below) 
(Watertight sewer hnes 6 Seepage pIt 9 Feedyard 13 Insecticide storage r.efinny . 

from wall? 0 How many feet? 0 

tlSlRU(;llONS: Use ty~ter Of' ball point pen. PLEASE PRESS FIRNI..Y and PRINT cle.ty. Pleae ftilin blenks, undllfllne Of' circle the correct~. SII'Id top thnle copies to Kenses 
DliI*llMnl of Health II'Id Emironment. Bureau of Weter. Top8lla. Kenna ll6iI2G-Oll!i1.'Ielep/lClne: 91$-296-5545. Send one to WATER WELL OWNER II'Id retain one fer your reconla. 

• .en i ~:::::~. ~:-:'.~':: GeoCore # 809, # 

CTOR'S OR LANDOWNER'S CERllFICAllON: TIllS water well wa 1 constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

!MIS cOlTPleted on (moJday/year) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my kno\W!dge and belief. 
'Wa\er Well Contractor's License No 527. . . . . . . .. This Water Well Record was completed on ~/day/yr) . _ J 11.15/99 . 

the business name of GeoCore Services, Inc. by (signature) 



GeoCore #I 809. #I 

Project Name: NCRA Refinery 

28 •Abovegrade 

WATER WELL RECORD 

NE 

SE 

NW 

SW 

racnon 

McPherson I NE Y. NW Y. NE Y. 
and direction from nearest town or city street address of'M3l1 if located within city? 

S. Main, McPherson, Kansas 

'1,EN~~~~~~~i61~P~OX: ~ DEPTH OFCOMPLETEDWELL .124 " fl ELEVATION: " .. 1492.35 " 
N I~Pth(S) Groundwater Encountered 1 fl 2 fl 3 fl 

'0 , WELL'S STATIC WATER LEVEL fl below land surface measured on moJdaylyr . 
Pump test data: Well water was NA fl after . . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Esl Yield .. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Bore Hole Diameter 8 in. to 125 .fl, and in. to fl 

I I I E IWELL WATER TO BE USED AS: 5 Pubtic water supply 8 Air conditioning 11 Injection 'M311 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 

2 Irrigation 4 ~ndu~trial 7 LalM'l ~nd garden only (iQ\Monitoring 'M3IV 
Was a chemcaVbactenologlcal sample SUbmitted to Departrne~es ......... No......... ; If yes, rro/daylyr sa~was 
submitted Water Well Disinfected? Yes No./' 

'E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. 

1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

'C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ,,;-: . 

ing diameter 2 in. to 99 fl, Dia in. to fl, Dia in. to fl 

height above land surface 29.76 in., 'M3ight Ibs.lfl Wall thickness or gauge No S.cIL .40 . 

OF SCREEN OR PERFORATION Mt\TERIAL {7\pvc 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (specify) 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 
1 Continuous slot f'3\AiII slot 6 Wire wrapped 9 Drilled holes 

2 Louvered shutter YKey punched 7 Torch cut 10 Other (specify) . 
N-PERFORATED INTERVALS: From 99 fl to 12.4 fl, From fl to . 

From fl to fl, From fl to . 
From 97 fl to 125 fl, From fl to ................•. 1 ;l1 

From fl to fl, From fl to . 

MA'TERlAL: ~at cement 2 Cement grout ~entonite 4 Other . 

InlBrvals: From fl to 9.4 fl, From 9.4 fl to 9.7. fl, From tt to ttl 
Is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water 'M311 

Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil 'M3IVGas 'M311 

SeYoerfines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage ®Other (specify below) I
Watertight Se'M3r lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r.efinery . 

from 'M311? 0 How many feet? 0 

'AlERWELL OVVNER NCRA 

Sl Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
Stale, ZlP Code : McPherson, Kansas 67460 Apptication Number: 

~ I 81 1"'''0'' ~.-! ~.~.... 1 I 1
82 CO_..I"" -_.. I 

tlSlRUCllONS: Use typ~tBf or ball point pen. PLEASE PRESS FIRNLY end PRINT clearly. Please 811 In blanks, underline or elide the correct answers. Send tQp three copies to Kensu 
DIpIrlment cI Health end En~ronment. Bureau cI WeIBf. ToPeke. Kensu 6e6~elephone:913-298-5545. Send one 10 WATER WELL OWNER and 181e1n one tlr your recants. 
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NE 

SE 

70 
61 

78 

56 

118 
120 

sw 

WJ 

'~N~~1~~~~'6'~?BNOX: lj DEPTH OF COMPLETED WELL 
N I~Pth(S) Groundwater Encountered 

, (J , WELL'S STAllC WATER LEVEL 

. 

Esl Yield 

Bore Hole Diameter 
I I I E IWELL WATER TO BE USED AS: 

1 Domestic 

2 Irrigation 

submitted 

OF BLANK CASING USED: 

1 Steel 3 RMP (SR) 

'C 4 ABS 

'ng diameter 2 in. to 

_height above land surface 32.88 
OF SCREEN OR PERFORATlON MATERIAL 

1 SIBeI 3 Stainless steel 

2 Brass 4 Galvanized steel 
OR PERFORATl ON OPENI NGS ARE: 

1 Continuous slot f3\\1i11 slot 

2 l.otM!red shutter VKey punched 
PERFORATED INTERVALS: From 

From 
From 
Fror:n 

racbon 

: McPherson I NW 1'. 
anaairection from nearest town or city street address of well i 

S. Main, McPherson, Kansas 
IlERWELLONNER NCRA 

St Address, Box # : P.O. Box 1401 
Slate, ZIP Code : McPherson, Kansas 67460 

Q. 9 1~lay, Ual"K Dwwn 
, 19 Clay, Red Brown 

24 - - - - -

MATERIAL ~at cement 
Intervals: From fl to 

is the nearest source of possible contamination: 
Septic tank 4 Lateral lines 

SeYoer lines 5 Cess pool 
Watertight sewer lines 6 Seepage pit 
'ion from well? 0 

Nl1RUCT10NS: Use ty~ter or llaIl point pen. 
DIpartmenl of Haelth lind Emlronment. BUl8&I of water. fililika. kens. 66620-0lllH:1elephane: 913-296-5545. 

• I I 

_ ClUR'S OR LANDONNER'S CER1lFICAll0N: 

_ corTlJleted on (molday/year) 

'Wate~ Well Contractor's Ucense No. . 
the bUSiness name of 

WATER WELL RECORD 

NE 1'. 

Board of Agriculture, Division of Water Resources 
Application Number: 

.119 ft. ELEVAll0N:	 1493.8 ,. 
1 fl 2 fl 3 fl 

fl below land surface measured on rno/day/yr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

.. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping gpm 

8 in. to 12n. fl, and in. to fl 
5 Public water supply 8 Air conditioning 11 Injection well ~ 

3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) B 
4 Industrial 7 Lawn and garden only fi'O\Monitoring well / .. . . . . . . . . . . . . . . . . . . .. ~ 

Was a chemicaVbacteriological sample submitted to Departme~es .........No..V ...; If yes, rno/day/yr sa~was ~ 
Water Well Disinfected? Yes No v" ~ 

5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. !:( 

6 Asbestos-Cement 9 Other (specify below) Welded . 

7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. .,;: . 

94 fl, Dia in. to fl, Dia in. to fl 

in., weight. Ibs.lfl Wall thickness or gauge No. . S.ch. .40 . 
f7'\pvc 10 Asbestos-cement 

5 Fiberglass 'VRMP (SR) 11 Other (specify) I -t 

6 Concrete tile 9 ABS 12 None used (open hole) 
5 Gauzed 'Mapped 8 Saw cut 11 None (open hole) 
6 Wire 'Mapped 9 Drilled holes 

7 Torch cut 10 Other (specify) . 
94 fl to 119 fl, From ft. to fl 

fl to fl, From ft. to . 
85 fl to 119 fl, From ft. to fll ;:0 

fl to fl, From ft. to . 

2 Cement grout ~ntonite 4 Other . 
83 fl, From 83 fl to 85 fl, From fl to . 

10 Uvestock pens 14 Abandoned water well 
7 Pit pri-.y 11 Fuel storage 15 Oil welVGas well 

8 Sewage lagoon 12 Fertilizer storage ®Other (specify below) ~ 
9 Feedyard	 13 Insecticide storage r.efinny . 

How many feet? 0 

I I	 I~ 
~ 

I I I	 I ~ 

255 •Abovegrade 
Project Name: NCRA Refinery 
GeoCore # 809. II I ~ 

This water wall waeconstructed, (2) reconstructed, or (3) plugged under my jurisdiction 

11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my km""1edge and belief. 

527. . . . . . . .. This Water Well Record :-vas completed on (mo~y/yr) #' 111.15/99. . . . . .. • 
GeoCore Services, Inc. by (signature) .,:::../4, /1 /); I ~ 

PLEASE PRESS FIRM/..Y and PRINT cle8l1y. Please fill In blenks, underline or circle the c~ ens-.. Send top thAM! copllll to Kens.. 
Send one to WAlER WELL OWNER end retBin one for your records. 



~ 

~ 

WATER WELL RECORD 

SE 

~E 

45 ISand, Brown 
43 IClav, Brown 

50 ISand, Brown 

90 ISand, Brown 

67 ISand, Brown 
73 IClav, Brown Gra 

5 Clay, Dark Brown Sand, Brown en 
m

15 Cia, Brown Shale, Blue Gra (") 
37 Clav, Grav Green 

NW 

165 ISand. Brown 12ID. Abovegrade 
125 ISand. Brown 

170 ISand. Brown I I IProject Name: NCRA Refinery 

171 IClav. Grav Green I I IGeoCore # 809. # 

sw 

:~N~~~~~~~'6~OJ4ox ~ DEPTH OF COMPLETED WELL .173 fl ELEVAllON: 1488.38 ,. 
N . I~ePth(s) Groundwater Encountered 1 ft 2 fl 3 fl 

i WELL'S STAllC WATER LEVEL fl below land surface measured on mo/day/yr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Esl Yield .. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to 1:73 .fl, and in. to fl 
I I I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) f5 
2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only t1O'\Monitoring weV ~ 

Was a chelT1lcaVbactenologlcal sample submtted to DepartmeMes No ; If yes, rno/day/yr sarnpttl'was m 
submitted Water WeD Disinfected? Yes No./ ~ 

5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. ~ 
6 Asbestos-Cement 9 Other (specify below) Welded . 
7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ~ . 

,ing diameter 4 in. to 153 ft., Dia in. to fl, Dia in. to fl 
height above land surface 25.68 in., weight Ibs.lfl Wall thickness or gauge No SelL .40 . 

OF SCREEN OR PERFORAllON MATERIAL {1\pvc 10 Asbestos-cement . I 
Steel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (specify) . . . . . . . . . . . . . . . . .. -t 

Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
NOR PERFORAllON OPENINGS ARE: 5 Gauzed lM'"apped 8 Saw cut 11 None (open hole) 

1 Continuous slot ~ill slot 6 Wire lM'"apped 9 Drilled holes 

Louwred shutter YKey punched 7 Torch cut 10 Other (specify) . 
.~PERFORATED INTERVALS: From 153 fl to 113 fl, From fl to f' 

From fl to fl, From fl to fl 
From 150 fl to 173 fl, From fl to fl ;a 

From fl to fl, From fl to . 

and direction from nearest town or city street address of well if located within city? 
S. Main, McPherson, Kansas 

CTOR'S OR LANDONNER'S CERllFICAllON: This water well wa~constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

completed on (mo/day/year) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowtedge and belief. 

Wafer Well Contractor's License No. . 527. . . . . . . .. This Water Well Record was completed on ( 

tie business name of GeoCore Services, Inc. by (signature) 

ractJon 

: McPherson I SE Y. NW Y. NE Y. 

'AlERWELL OIIVNER: NCRA 

Sl Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
IState. ZIP Code : McPherson, Kansas 67460 Application Number: 

~ 110 Isand, Brown I I 
,. 115 Clav. Brown ~ 

MATERIAL: ~at cement 2 Cement grout ~ntonite 4 Other . 
Intervals: From fl to If1.8 fl, From 1f18 fl to 150 fl, From fl to fl 
• the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well 

r'Sep!ic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well 

SINer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage ®Other (specify below) ~ 
Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r.efine..-y . 

from well? 0 How many feef? 0 

p_oo __ . IONS: Use typewrtler or ball polnl pen. PLEASE PRESS FIRMLY end PRINT clearly. Please ftll In blanks. undet1lne or circle the cornscl 8I1SW8lll. Sencllop Ihree copies 10 Kens• 
.~ at Heellh end Enlironmenl, Bureeu at Water, Topeka. kansas 6662O-Ollll1.1el~: 913-296-5545. Send one 10 WAlER WEll OWNER end retain one for your nscords. 



Project Name: NCRA Refinery 

20S , Abovegrade 

,GeoCore # 809, # 

WAlER WELL RECORD 

NE 

SE 

'NS: Use typ~ter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Pleese fill In blenks, underline or circle the correct~. Send top thr1le copl.. to Kans.. 
01 Heelth end EnlAronment. Bureau of Water. Topeka, Kansas 6662~e1ephone:913-291>5545. Send llfIlIto WAlER WELL OWNER and retllin one tJryour I8CDflls. 

sw 

tMlERlAL: ~at cement 2 Cement grout l:1entonite 4 Other . 
Is: From fl to 80 fl, From 80 fl to 83 ft, From fl to fll 

the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water v.ell 

'c tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil v.eIVGas v.ell 

~nes 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage ®Other (specify below) 
I_rtight sev.er lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r:efinery . 

from v.ell? 0 How many feet? 0 

raCOon 

: McPherson I NW Yo NW Yo NE Yo 
and direction from nearest town or city street address of well if located within city? 

S. Main, McPherson, Kansas 

t:j 6 I~JAJ'~AJ~UJU"J1 I I I 100 

." 18 Clay, Very Dark Brown 
24 ~ . ~ . ~ 

IlER WELL ONNER: NCRA 

1St Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
' lie, ZIP Code : McPherson, Kansas 67460 Application Number: 

'~~~1~~~g~i6'~?~ox: ~DEPTHOFCOMPLElEDWELL .110 fl ELEVA110N: 0 
N I\~~Pth(S) Groundwater Encountered 1 fl 2 fl 3 fl 

"j , WELL'S STA11C WAlER LEVEL fl below land surface measured on mo/daylyr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Esl Yield .. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Bore Hole Diameter 8 in. to un fl, and in. to fl 
I I I E IWELL WAlER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection v.ell 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 

2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only t1O\Monitoring v.e~ . . . . . . . . . . . . . . . . . . . . .. 
Was a chemlcaVbactenologlcal sample submitted to DepartmeMes.........No......... ; If yes, moIdaylyr sa~was 
submilted Water Well Disinfected? Yes No,/ 

5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. 

6 Asbestos-Cement 9 Other (specify below) Welded . 

7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ../ . 

ing diameter 2 in. to 85 fl, Dia in. to fl, Dia in. to fl 

height above land surface 24 in., v.eight Ibs.lfl Wall thickness or gauge No. . Sell. .40 . 
SCREEN OR PERFORA110N MAlERIAL (7\pvc 10 Asbestos-cement 

11 Steel 3 Stainless steel 5 Fiberglass "(RMP (SR) 11 Other (specify) I 

,i Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

OR PERFORA110N OPENINGS ARE: 5 Gauzed'Mapped 8 Saw cut 11 None (open hole) 
11 Continuous slot f'3\\fIli slot 6 Wire 'Mapped 9 Drilled holes 

Louwred shutter YKey punched 7 Torch cut 10 Other (specify) . 
PERFORAlED INTERVALS: From 85 fl to 11ft fl, From fl to f 

From fl to fl, From fl to . 
From 83 fl to 110 fl, From fl to . 
From fl to fl, From fl to . 
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llD t Abovegrade 

Project Name: NCRA Refinery 

.GeoCore # 809, # 

WATER WELL RECORD 

Brown 

NE 

SE 

NW 

sw 

MATERIAL: ~at cement 2 Cement grout (;J3entonite 4 Other 
Intervals: From ft to 139 ft, From 139 fl to 143 fl, From fl to 

•i11he nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water 'NElli 
Septic tank 4 Lateral lines 7 Pit pri"Y 11 Fuel storage 15 Oil 'NElIVGas 'NElli 

SeMr lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @Other (specify below) 
Watertight Se'NE!r lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r:efinery 

from 'NElli? 0 How many feet? 0 

and direction from nearest town or c:;ity street address of 'NElli if located INithin city? 
S. Main, McPherson, Kansas 

.111.15/99 

racbon 
: McPherson I NE Yo NW Yo NE Yo 

:l'ERWELL O\NNER: NCRA 
'. Sl Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 

lie, ZIP Code : McPherson, Kansas 67460 Application Number: 

6 Clay, Dark Brown 120 135 Sand, Brown 
t I 15 Clav, Lh~ht to Dark Brown 135 166 Sand, Brown 

30 Clav. Li2ht Brown 166 167 Shale, Dark Gra 

''1,EN~~~~~~~'61~?:OX: ~DEPTHOFCOMPLETEDWELL .166 fl ELEVATION: 1489.13 ,. 
N I~~Pth(S) Groundwater Encountered 1. fl 2 fl 3 fl 
,() i WELL'S STATIC WATER LEVEL fl below land surface measured on rno/day/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pumping gpm 

Est Yield .. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Bore Hole Diameter .. 9.625 .. in. to 161.5 fl, and in. to fl 
I I I E I WELL WATER m BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection 'NElli 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 

2 Irrigation 4 ~ndu~trial 7 Lawn ~nd garden only t'1O\Monitoring 'NEly . . . . . . . . . . . . . . . . . . . . .. 
Was a chemlcaVbactenologlcal salT4'le submitted to DepartrneMes No : If yes, moIday/yr sarnpt('was 
submitted Water Well Disinfected? Yes No '" 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. 
, S1ee1 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded 

'C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ~ 
,ing diameter .4 in. to 146 ft., Dia in. to fl, Dia in. to 

height above land surface 30.12 in., 'NElight Ibs.lfl Wall thickness or gauge No. . Sell. .40 
.oF SCREEN OR PERFORAllON MATERIAL f'T\PVC 10 Asbestos-cement 

!1 S1ee1 3 Stainless steel 5 Fiberglass '-(RMP (SR) 11 Other (specify) 

't2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORATION OPENINGS ARE: 5 Gauzed Yofapped 8 Saw cut 11 None (open hole) 

1 Continuous slot ~II slot 6 Wire wrapped 9 Drilled holes 
2 Louvered shutter VKey punched 7 Torch cut 10 Other (specify) 

PERFORATED INTERVALS: From 146 fl to 16.6. fl, From fl to 
From fl to fl, From fl to 
From 143 fl to 1.61.5 fl, From fl to ................•.1 ;Q 

From fl to fl, From fl to 

rtWlRUCTlONS: Use typeMiler or ball poinl pen. PLEASE PRESS FIRM/..Y and PRINT clearly. Ple.e III In blanks, und8l11ne or circle the correct ans~. Send top three copies 10 Kanses
i DilpIrInWII d Health and EnIoiltlnmenl, Bureau of Water. Topeka. Kanses 6662~e1ephone: 913-296-5545. Send one 10 WATER WEll OWNER and retain one for your records. 
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Project Name: NCRA Refinery 

10D • Abovegrade 

WAlER WELL RECORD 

NE 

SE 

45 

90 
72 

55 

61 

53 

171 

NoN 

169 

sw 

racbon 

: McPherson I NW Y. NW Y. NE Y. 

, I 112 I""allu, u.u.... I I I I • 
162 ..... _-' TL ...._ ~ 

and direction from nearest town or city street address of v.ell if located Vv'ithin city? 
S. Main, McPherson, Kansas 

d 5 I'--Iay , uar-K Vr-Ul't'II I I~ 
: 15 Clay, Brown (") 
. 29 . 

;rER WELL OIfI/NER NCRA 
'rSt Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
'Slate, ZIP Code : McPherson, Kansas 67460 Application Number: 

'1,EN'{:JX~~~~~~'6W~~X: ~DEPTHOFCOMPLElEDWELL 169 ft. ELEVATION: 1484.91 0. 

N I~~Pth(S) Groundwater Encountered 1 ft 2 ft 3 ft 
iO , WELL'S STATIC WAlER LEVEL fl below land surface measured on rno/day/yr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Esl Yi~1d .. NA gpm: Well water was fl after hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to 111 .fl, and in. to ft' 
I I I E IWELL WAlER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection v.ell ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) f5 
2 Irrigati~n 4 ~ndu~trial 7 l.a'Ml ~nd garden only IiO'\Monitoring v.e~ . . . . . . . . . . . . .. ~ 

Was a chemlcaVbactenologlcal sample submitted to Departme~es ......... No......... ; If yes, roo/day/yr samptfwas m 
submitted Water Well Disinfected? Yes No,/ ~ 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. ~ 
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

'C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ~ . 

ing diameter 4 in. to 149 ft, Dia in. to ft, Dia in. to ft 

height aboYe land surface 31.2 in., v.eight. Ibs.lft Wall thickness or gauge No. . S.ch. .40 . 
OF SCREEN OR PERFORATION MAlERIAL (1\r:rvC 10 Asbestos-cement 

. 1 Steel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (specify) I -i 

'2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORATION OPENI NGS ARE: 5 Gauzed 'Mapped 8 Saw cut 11 None (open hole) 

1 Continuous slot t'».1i11 slot 6 Wire 'Mapped 9 Drilled holes 

2 Louvered shutler VKey punched 7 Torch cut 10 Other (specify) . 
PERFORAlED INlERVALS: From 149 ft to 169 ft, From ft. to . 

From ft to ft, From ft. to . 
From 147 ft to l11 ft, From ft. to fl;lJ 

From ft to ft, From ft. to . 

MAlERiAL ~at cement 2 Cement grout l:,1entonite 4 Other . 
Intervals: From ft to H.2. ft, From 142 fl to 147 ft, From ft to ftl 

Is the nearest source of possible contamination: 10 UYestock pens 14 Abandoned water v.ell 
Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil v.eIVGas v.ell 

:SlMer.lines . 5 Cess pool. 8 Sewage lagoon 12 Fertili~e~ storage ®Other (specify below) 
Watertight sev.er lines 6 Seepage Pit 9 Feedyard 13 Insecticide storage r.efine~y . 

from v.ell? 0 How many feet? 0 

GeoCore # 809, # 

:lOR'S OR LANDONNER'S CERTIFICATION: This water v.ell wa 1 constructed. (2) reconstructed, or (3) plugged under my jurisdiction 

COI1'1lleted on (moiday/year) .11115/99. . . . . . . . . . . . . . .. and this record is true to the best of my knoWedge and belief. 
c-tWeier WeH Contractor's Ucense No. . 527......... This Water Well Record was completed on (rno/day/yr) .0 /./i .111.15/99 , • 

.~ business narne of GeoCore Services, Inc. by (signature) Lk.i.. I~ I ~ 
i\III1RUCnONS: USe typ8M1ler or bell poInl pen. PLEASE PRESS FIRM..Y end PRINT ctesly. PI_e til In bllnts. underline or circle Ihe correcl ensWIlI1I. Send lop Ihree copies 10 Kansas 
k~ of HelIIlh lII1d EnlAronmenl. Bureau at Water. TopeI(a. Kansas ll6iI2o.oOOf."'"lelephona: 913-296-5545. Send one 10 WAlER WELL OWNER end retain one for your records. 



~ 

~ 

lOS, Abovegrade 

WATER WELL RECORD 

NE 

SE 

29 

66 
58 
38 

17 

78 

NVII 

SW 

84 
86 

Project Name: NCRA Refinery 

120 

racbon 

: McPherson I 'NW Y. NW Y. NE Y. 
Ice and direction from nearest town Orcity street address of well if located within city? 

S. Main, McPherson, Kansas 

11H~N~~~~~~gc-tJPB~X: ~ DEPTI-f OF COMPLETED WELL .119. . . . .. ft. ELEVA110N: 148A.57 ,. 
N I~~PIh(S) Groundwater Encountered 1 ft 2 fl 3 ft 

,() I WELL'S STAl1C WATER LEVEL ft below land surface measured on mo/day/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pu~ing . . . . . . . . . .. gpm 

Esl Yield .. NA gpm: Well water was ft after. . . . . . . . . .. hours pU~ing . . . . . . . . . .. gpm 

Bore Hole Diameter 8 in. to 120 ft, and in. to ftl 

I I IE' WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 
1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) B 
2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only fici\Monitoring wey .. . . . . . . . . . . . . . . . . . . .. ~ 

Was a chemlcaVbactenologlcal sa~1e submitted to DepartmeMes No ; If yes, mo/day/yr samptfwas m 
submitted Water Well Disinfected? Yes No v' ~ 

5 Wrought iron 8 Concrete tile CASING JOIN1S: Glued Clamped. . . .. !< 
6 Asbestos-Cement 9 other (specify below) Welded . 

7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. .../ . 

Ising diameter 2 in. to 94 fl, Dia in. to ft, Dia in. to fl 

height above land surface 32.04 in., weight Ibs.lft Wall thickness or gauge No. . S.ch. .40 . 
OF SCREEN OR PERFORA110N MATERIAL (7\pvc 10 Asbestos-cement 

1 Steel 3 Stainless steel . 5 Fiberglass '-(RMP (SR) 11 Other (specify) I -l 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

:EN OR PERFORA110N OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 
1 Continuous slot t"3\.1i11 slot 6 Wire wrapped 9 Drilled holes 

2 Louvered shutter VKey punched 7 Torch cut 10 Other (specify) . . . . . . . . . . . . . . . . . . . . . . .. I 

N-PERFORATED INTERVALS: From 94 ft to 119 ft, From fl to ft 
From ft to ft, From fl to . 

1;0
From 92 ft to 120 ft, From fl to fl 
From ft to ft, From fl to f' 

IAlER WELL ONNER NCRA 
" St Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
State, ZIP Code : McPherson, Kansas 67460 AppUcation Number: 

IlS1RIJC11ONS: Use typewriler Of' 11811 point pen. PLEASE PRESS FIRM..Y and PRINT cllllll1y. PI...e III In blanks, underline Of' cIrclelhe correct an.-a. Send lop IhrH copies 10 Kan8B8 
0IpIIIment 01 Heelth end En-Aronment, Bureau of Waler, TopBka, Kans. 6662o.olll!r.'ielephone: 913-296-5545. Send one to WAlER WELL OWNER and retllln one for your A1CClIds. 

GeoCore # 809. # 

CTOR'S OR lANDONNER'S CERl1FICA110N: This water well wa (1 constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

was co~leted on (mo/day/year) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowtedge and belief. 
'Water WeD Contractor's Ucense No 5'27 This Water Well Record was co~leted on (moId~/yr) _111.15/99 . 

f1e business name of GeoCore Services, Inc. by (signature) 

MATERIAL: ~at cement 2 Cement grout ~entonite 4 Other . 
Intervals: From ft to 83,5 ft, From 83, fl to 9.2 ft, From ft to ft 

is the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water well 

''1 Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well 

8eY.er lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @Other (specify below) ~ 
Walertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r.efineJ."y . 

from well? 0 How many feet? 0 

ttJ 7 1~IClY' uarK DrUWll I I I~ 
~··1 11 Clay, Brown ~ 

13 



~ 

Project Name: NCRA Refinery 

111S, Abovegrade 

WATER WELL RECORD 

NE XI 

SE 

77 
69 

wv 

107 
110 

sw 

racbon 

McPherson I SE Y. NE Y. NE Y. 

GeoCore # 809, # I ~ 

.GlOR'S OR LANDONNER'S CERTIFICATION: This water well wa®constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

. completed on (mo/day/year) '.' t1l15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowledge and belief. 
Water Well Contractor's License No. . 527 This Water Well Record was completed on (rno/d~yr) 111.15/99 . 

tie business name of GeoCore Services, Inc. by (signature) I ~ 

1H'~N'{:JX~~~ss~~'6~O:OX: ~ DEPTl-fOFCOMPLETEDWELL 110 ft. ELEVATION: 1491.23 ,. 
N I~ePth(s) Groundwater Encountered 1 ft 2 ft 3 ft 

i I WELL'S STATIC WATER LEVEL ft below land surface measured on molday/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . . . hours pumping. . . . . . . . . .. gpm 

Est Yield .. NA gpm: Well water was ft after. . . . . . . . . .. hours pumping gpm 

Bore Hole Diameter 8 in. to U.o .ft, and in. to ft 
I I I E IWELL WATER 10 BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ~ 

2 Irrigation 4 Industrial 7 LaIMl and garden only t1O\Monitoring well / . . . . . . . . . . . . . . . . . . . . .. ~ 
Was a chemicaVbacteriological sample submitted to Departrne~es No.. .v ; If yes, rno/day/yr sa~was ~ 
submitted Water Well Disinfected? Yes No,/ ~ 

'E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINlS: Glued Clamped. . . .. ~ 
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

~C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ,,/ . 

Ising diameter 2 in. to 85 ft, Dia in. to ft, Dia in. to ft 

height above land surface 27.6. in., weight Ibs.lft Wall thickness or gauge No S.cIL .40 . 
OF SCREEN OR PERFORATION MATERIAL (7\PVC 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass '-(RMP (SR) 11 Other (specify) I -l 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ASS 12 None used (open hole) 
NOR PERFORATION OPENI NGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 

1 Continuous slot f3\\1i11 slot 6 Wire wrapped 9 Drilled holes 

2 Louvered shutter YKey punched 7 Torch cut 10 Other (specify) . 
PERFORATED INTERVALS: From 85 ft to 110. ft, From ft. to ft 

From ft to ft, From ft. to . 
From 82 ft to U.o ft, From ft. to ................•. 1 ;u 

From ft to ft, From ft. to . 

and direction from nearest tOIMl or city street address of well if located within city? 
S. Main, McPherson, Kansas 

MA.TERIAL: ~at cement 2 Cement grout l.:1entonite 4 Other . 
Intervals: From ft to 80 ft, From 80 ft to 82 ft, From ft to ft 

Is the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water well 

Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well 

8evoer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @Other (specify below) 
Waterlightsewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r.efineJ."y '1 

from well? 0 How many feet? 0 

IAlER WELL OVVNER NCRA 

,St Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
,Slate, ZIP Code : McPherson, Kansas 67460 Application Number: 

tj. 4 1\...llty , UltrK. DruWII I I I~ 
9 Clay, Brown 0 

" 28 - -

33 

!'lIIIs1RucnoNs: Use lyp~ter or bllli point pen. PLEASE PRESS FIRML.Y and PRINT clelll1y. PI_e.II In blanks, undelline or circle the correct IIIIS~. Send top three copies to Kans. 
'~ aI Health and Emironment. Bureeu aI wBler, Topeka, Kansas 666~elephone: 913-~. Send one to WATER WELL OWNER and retain one fer your records. 

• I I I I I ~ 

/ ."1 dJJ,I 



NE XI 

SE 

65 
55 

69 
86 

tm 

183 

112 

185 

SW 

105 

175 

MA.lERlAL: ~at cement 
Intervals: From fl to 

is the nearest source of possible contamination: 

Septic lank 4 Lateral lines 

Sevoer lines 5 Cess pool 
Watertight sellloer lines 6 Seepage pit 

from 1IIoe1l? 0 

, I 145 I··.......'~·u.m I 
150"" _. ",---- "-----

[j 10 I~lay, UUK orUWII I I 
35 Clay, Brown 

~ 40 -

raclJon 

: McPherson I SE NE Y. 

'~N'{:I~~~~~gcTI61~?~OX: lj DEPTH OF COMPLETED WELL .183 ft. ELEVATION: 149.7.06 ,. 
N I~~Pth(S) Groundwater Encountered 1 fl 2 fl 3 fl 
i 'WELL'S STATIC WATER LEVEL fl below land surface measured on rnoIday/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Est Yield .. NA gpm: Well water was ft after. . . . . . . . . .. hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to 185 .ft. and in. to fl 
I I 

1 Domestic 

2 Irrigation 

submitted 

'E OF BLANK CASING USED: 

1 Steel 3 RMP (SR) 
'C 4 ABS 

ing diameter 4 in. to 

height above land surface 25.56 
a= SCREEN OR PERFORATION MATERIAL 

~ 1 Steel 3 Stainless steel 

;2 Brass 4 Galvanized steel 
OR PERFORATION OPENINGS ARE: 

1 Continuous slot f3\\.1i1l slot 

2 Louvered shutter YKey punched 
PERFORATED INlERVALS: From 

From 
From 
From 

,TER WELL ONNER NCRA 

St Address. Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
lte, ZIP Code : McPherson, Kansas 67460 Application Number: 

and direction from nearest town or city street address of IIIoeIl if located 'Nithin city? 
S. Main, McPherson, Kansas 

", .cTOR'S OR LANDONNER'S CERTIFICATION: 

!_COC11lleted on (moiday/year) 
, .Waler Well Contractor's Ucense No 

.. business name of 

,lNITRUCTlONS: Use typ~ter or ball point pen. 
': I:IIpMment al Heelth end Em'ronment. Bureeu al Weter. Topike. Kanses 6662~eI.-e: 

WATER WELL RECORD 

Y. NE Y. 

I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection IIIoeIl ~ 
3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 5 
4 Industrial 7 Lawn and garden only (1Q\Monitoring 1IIoe1i/ . . . . . . . . . . . . . . . . . . . . .. ~ 

Was a chemicaVbacteriological sal1lJle submitted to DepartrneMes No..Y ; If yes. molday/yr samptf'was f\1 
Water Well Disinfected? Yes No v' ~ 

5 Wrought iron 8 Concrete tile CASING JOINlS: Glued Clamped. . . .. ~ 
6 Asbestos-Cement 9 Other (specify below) Welded . 
7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ,,/ . 

153 ft. Dia in. to ft, Dia in. to fl 

in., lIIoeight. Ibs.lfl Wall thickness or gauge No. . S.ch. .40 . 
f7'\pvc 10 Asbestos-cement 

5 Fiberglass '-tIRMP (SR) 11 Other (specify) 1 ~ 
6 Concrete tile 9 ASS 12 None used (open hole) 

5 Gauzed wrapped 8 Sawcut 11 None (open hole)
 
6 Wire wrapped 9 Drilled holes
 

7 Torch cut 10 Other (specify) .
 
153 fl to l83 fl. From ft. to . 

fl to ft. From ft. to . 
.151 fl to 185 ft. From ft. to _.1 :0 

fl to ft. From ft. to . 

2 Cement grout l:1entonite 4 Other . 
14.8 ft, From 148 ft to 151. fl, From fl to fl 

10 Livestock pens 14 Abandoned water IIIoeIi 

7 Pit pri~ 11 Fuel storage 15 OilllloelVGas IIIoeIi 

8 Sewage lagoon	 12 Fertilizer storage ®Other (specify below) I ~ 
9 Feedyard	 13 Insecticide storage r.efine~y . 

How many feet? 0 

I	 If\1 
n 

I I	 I ~ 

IllD , Abovegrade 

Project Name: NCRA Refinery 

GeoCore # 809, # ~ 

This water IIIoeII wa~constructed, (2) reconstructed. or (3) plugged under my jurisdiction 

11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knoYAedge and belief. 
527 This Water Well Record was completed on (mo~9;ly/yr) :...,J1J15/99. . . . . .. ~ 

GeoCore Services, Inc. by (signature) I.J"i£, /(t.fJ.A I • 

PLEASE PRESS FIRM/..Y end PRINT c1-'Y. Pleese jilin blanke. underline or circle the correct ens--.. Send top three copies to Kens.. 
913-296-5545. Send Cfle to WAlER WELL OWNER end retein one for your records. 



;ll 

m 
~ 

~ 

"' 
Project Name: NCRA Refinery 

1100 , Abovegrade 

GeoCore # 809, # 

WAlER WELL RECORD 

NE 

SE 

72 
66 

96 

61 

85 

SW 

105 

152 

125 
145 

157 
156 

MATERIAL: ~at cement 2 Cement grout l:,1entonite 4 Other . 
IrdllrVals: From ft to 13.0 ft, From 130 ft to 133 ft, From ft to ftl 

Is the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water well 
septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas weU 

SeMr.lines . 5 Cess pool. 8 Sewage lagoon 12 Fertili~e~ storage ®Other (specify below) 
'Watertight sewer lines 6 Seepage Pit 9 Feedyard 13 InsectiCide storage r.efinery . 

from v.ell? 0 How many feet? 0 

Q. 5 I~UIY' ualK DlUWII I I I I~ 
20 Clay, Red Brown t:'l 
53 - .. 

r!3CbOn 
: McPherson I NE Yo NE Yo NW Yo 

ITER WELL OWNER NCRA 
\$t. Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 

lie, ZIP Code : McPherson, Kansas 67460 Application Number: 

and direction from nearest town or city street address of well if located within city? 
S. Main, McPherson, Kansas 

'~~~~~~~~'61~?B~X: ~DEP1HOFCOMPLElEDWELL .156 ft. ELEVA110N: 1492.28 . 
N I\~~Pth( s) Groundwater Encountered 1 ft 2 ft 3 ft 
, 'WELL'S STA11C WAlER LEVEL ft below land surface measured on mo/day/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Est Yield .. NA gpm: Well water was ft after. . . . . . . . . .. hours pumping gpm 
Bore Hole Diameter .. 9.625 .. in. to 15.7 ft, and in. to ft 

I I I E IWELL WAlER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 
1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ~ 

2 Irrigation 4 Industrial 7 La...." and garden only (iQ\Monitoring well/ . . . . . . . . . . . . . . . . . . . . .. ~ 
Was a chemicaVbacteriological sample submitted to DepartmeMes.........No.Y.:.... ; If yes, mo/day/yr sa~was ~ 
submitted Water Well Disinfected? Yes No,/ ~ 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. ~ 
~1l Sleel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

'C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ~ . 

ing diameter 4 in. to 136 ft, Dia in. to ft, Dia in. to ft 
height above land surface 29.76 in., weight Ibs.lft Wall thickness or gauge No. . S.ch. .40 . 

. ;OF SCREEN OR PERFO~110N MAlERiAL. mpVC 10 Asbestos-c~ment I -l 
('1 Sleel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (Specify) . 

:~ Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORA110N OPENI NGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 

1 Continuous slot (3'\\.,i11 slot 6 Wire wrapped 9 Drilled holes 

2 LoUYered shutter VKey punched 7 Torch cut 10 Other (specify) . 
PERFORAlED INlERVALS: From 136 ft to 15.6 ft, From ft. to . 

From ft to ft, From ft. to . 
From .133 ft to 151 ft, From ft. to . 
From ft to ft, From ft. to . 

ClOR'S OR LANDOWNER'S CERTIFICA110N: This water well wa®constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

CO/l1lleted on (mo/day/year) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowledge and belief. 
'Water Well Contractor's License No. . 527. . . . . . . .. This Water Well Record was completed on (mo/d /yr) .. ';::'.1 ~ 11.15/99 , • 

II' the business name of GeoCore Services, Inc. by (signature) . ~ "' 

~tJlS1RUC110NS: Use typewriter or ball point pen. PLEASE PRESS FIRM.Y and PRINT cleBlly. Please III In blns. undelllne or circle the eotnlCt 811SWI!I1I. Send top thrBe coplH to K811SU 
'~illlplltrnent of Heelth end Emjrcnment, Bureau 01 Water. Topeka. Kansas 6662o.olliH:'1e1ephane: 913-296-5545. Send one to WATER WELL OWNER and retain OIla far your records. 



Project Name: NCRA Refinery 

GeoCore # 809, # 

108S, Abovegrade 

WATER WELL RECORD 

x 

NE 

SE 

~ 

sw 

,TER WELL OWNER NCRA 

:t Address, Box # : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
Ie, ZIP Code : McPherson, Kansas 67460 Application Number: 

and direction from nearest town or city street address of llllell if located within city? 
S. Main, McPherson, Kansas 

racbon 
: McPherson I SE Y. SE Y. SE Y. 

, I 85 I",emu, ....·6........ '1.... I I I
86 r"'_.. D_~ •••_ 

~+----,-;;;----t-;::;;-~n--;-;:;-- -----------+-.......,,,-+~,....-;:.-----t;:;.--"":"":~~--------------1~ 
~+-~~-+::7'-~.::-:-.":'.-.-=~:--------------+---+----+":"":':;'-"-'-=':"'::""""';;:""--------------I 

':TN~~1~~~g¥i61~?~OX: ~ DEPTH OFCOMPLETEDWELL 110 fl ELEVATION: 1494.42 '" ..,. 
N I \~~Pth(S) Groundwater Encountered 1 ft 2 ft 3 ft 
, 'WELL'S STATIC WATER LEVEL ft below land surface measured on rnoIday/yr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Est Yield .. NA gpm: Well water was " ft after hours pumping gpm 

Bore Hole Diameter 8 in. to U.o ft, and in. to ft 
I I I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection llllell 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 

2 Irrigation 4 Indu~trial 7 Lawn ~nd garden only IW\Monitoring lllley ...................... 
Was a chemlcaVbactenologlcal sample submItted to Departme~es No ; If yes, mo/day/yr sa~was 
submitted Water Well Disinfected? Yes No v'" 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. 
1 Sleel 3 RMP (SR) 6 AsbestOS-Cement 9 Other (specify below) Welded . 

'c 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ...;: . 

ing diameter 2 in. to 85 ft., Dia in. to ft, Dia in. to ft 
height above land surface 34.68 in., lllleight Ibs.lft Wall thickness or gauge No. . S.ch. .40 . 

:OF SCREEN OR PERFORATION MATERIAL f7'\pvc 10 Asbestos-cement 

11 Sleel 3 Stai nless steel 5 Fiberglass '-(RMP (S R) 11 Other (specify) . . . . . . . . . . . . . . . . . . I 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORATION OPENINGS ARE: 5 Gauzed lM'apped 8 Saw cut 11 None (open hole) 

. 1 Continuous slot ~II slot 6 Wire lM'apped 9 Drilled holes 

2 Louvered shutter YKey punched 7 Torch cut 10 Other (specify) . 
N-PERFORATED INTERVALS: From 85 ft to 11.0 ft, From fl to . 

From ft to ft, From fl to . 
1::0GRAVEL PACK INTERVALS: From 80 ft to 110 ft, From fl to ft 

From ft to ft, From fl to . 

MATERIAL: (1 }-leat cement 2 Cement grout l:1entonite 4 Other . 
tnlervals: From ":-ft ft to 78 ft, From 78 ft to 8.0 fl, From ft to ft 

Is the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water llllell 

Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 OilllllelVGas llllell I 
:"Sewer.lines . 5 Cess pool. 8 Sewage lagoon 12 Fertili~e~ storage ®Other (specify below) 
Watertight sellller lines 6 Seepage Pit 9 Feedyard 13 Insecticide storage r.efinery . 

from llllell? 0 How many feet? 0 

tlN81RUC110NS: Use typewriter or ball point pen. PLEASE PRESS FIRM/. Y and PRINT clearly. Please fill In blanks, under1lne or cln:le the correct ansWlllS. Send top three copies to Kansas 
, DIpIrtmenI of Health and Enlolronment. Bureau of water, Topilka, Kansas 6682O-OOO1.1elephone: 913-296-5545. Send one to WATER WEll OWNER and retain one lor your records. 
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WAlER WELL RECORD 

x 

NE 

SE 

45 IClay, Light Brown I 162 164 

65 'Sand, 1 169 I 170 
75 IClav, Gravish Brown 

40 IClav, Lil!ht Brown I 160 1 162 

85 ISand 
90 ISand 
95 1Sand. Brown 

NS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY lll1d PRINT clearly. Pleese fill In blanks, undlllffne or circle the correct8lllWWS. Send top three copies to Kans.. 
rA He8llh III1d Emjronmenl, Bureeu of Weier, TopeJie, Kansas 6662o.oCiiH':'1elephone: 913-296-5545. Send one to WAlER WEll OWNER 8Ild retaln one for your records. 

50 ISand, Grav I 164 1 168 
57 IClav, Gravish Brown 168 I 169 

NW 

SW 

100 ISand. I I 1108D , Abovegrade 

110 ISand. I I IProject Name: NCRA Refinery 

nn !~~..~. GeoCore#809,# 

ClOR'S OR LANDOINNER'S CERllFICAllON: This water v.ell wa 1 constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

COfT1lleted on (me/day/year) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowledge and belief. 
" Waler WeD Contractor's Ucense No. . 527. . . . . . . .. This Water Well Record was C0l1l>leted on (TO/day/yr) A .11115/99 . 
.:t1e business name of GeoCore Services, Inc. by (signature) 

5 Clay, Dark Brown 130 135 l~lI"u, , (J) 

I 15 Clay, Reddish Brown 135 ISO ISand, , ~ 
30 ClaY, Lil!ht Brown 150 160 

racoon 

: McPherson 'SE Y. SE Y. SE Y. I 32 

ITER WELL OINNER: NCRA 
Address, Box # : P.O. Box 1401 Board of Agriculture, Dillision of Water Resources 
"ZIP Code : McPherson, Kansas 67460 Application Number: 

and direction from nearest town or city street address of well if located within city? 
,~ S. Main, McPherson, Kansas 

'~~~1~~~~~~OB~X: ~DEPTHOFCOMPLElEDWELL .168 ft. ELEVAllON: 1494.S ,. 
N I\~~Pth(S) Groundwater Encountered 1 ft 2 ft 3 ft 
, 'WELL'S STAllC WAlER LEVEL fl below land surface measured on mo/day/yr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 
Esl Yield .. NA gpm: Well water was fl after hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to IJ.o .fl, and in. to fl 
I I I E IWELL WAlER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ~ 

2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only I1o'\Monitoring wey .. . . . . . . . . . . . . . . . . . . .. ~ 
Was a chemlcaVbactenologlcal sample submitted to DepartmeMes No ; If yes, rno/day/yr samptf"was m 
submitted Water Well Disinfected? Yes No./ ~ 

5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. < 
6 Asbestos-Cement 9 Other (specify below) Welded . 
7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ..,f . 

iog diameter 4 in. to .148 fl, Dia in. to fl, Dia in. to fl 

height above land surface 32.64 in., weight Ibs.lfl Wall thickness or gauge No. . s.eh. .40 . 
,OF SCREEN OR PERFORAllON MAlERIAL (7\pvc 10 Asbestos-cement 

if Steel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (specify) I -I 

, Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORAllON OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 

,1 Continuous slot ~i11 slot 6 Wire wrapped 9 Drilled holes ,. 
)2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . 

PERFORAlED INlERVALS: From 148 fl to 16.8 fl, From ft. to . 
From. . . . . . . . . . . . fl to fl, From ft. to . 
From 143 fl to IJO fl, From ft. to ................•.1 ;0 

From. . . . . . . . . . . . . . . . fl to fl, From ft. to . 

tM1ERlAL: (1 }!eat cement 2 Cement grout (:]3entonite 4 Other . 
Is: From Y fl to 141. fl, From 141. fl to 143 ft, From fl to . 

~iI fie nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water well 
;$eplic tank 4 Lateral lines 7 Pit prillY 11 Fuel storage 15 Oil v.eIVGas well 

....r .Iines . 5 Cess pOOl. 8 Sewage lagoon 12 Fertili~e~ storage @Other (specify below) I~ 
Watertight sewer hnes 6 Seepage Pit 9 Feedyard 13 InsectiCide storage r.efine~y . 

from well? 0 How many feet? 0 



.;)IUIU, 

Gravel, 

Project Name: NCRA Refinery 

GeoCore # 809, # 

106D , Abovegrade 

WATER WELL RECORD 

NE 

SE 

: Usa lypMl1ter or bail point pen. PLEASE PRESS FIRMLY and PRINT cleal1y. Please fiilln blenks, under1lne or circle the correcl answers. Send lop Ihree coptes 10 Kenses 
tI HuIIh end Enlironmenl. Bareau 01 Water. Topeka. Kanses 6662O-lllm:'1elephone: 913-298-5545. Send one 10 WAlER WEll OWNER and ralain one for your records. 

NN 

SW 

ractlon 

: McPherson I NE Yo NW Yo 
and direction from nearest town or city street address of INElIl i 

S. Main, McPherson, Kansas 

"'ERWELL OWNER NCRA 
(Sl Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources 

lie, ZIP Code : McPherson, Kansas 67460 Application Number: 

'~~~~~~~~'61~PB~X' ~DEPTHOFCOMPLETEDWELL. .155 ft. ELEVATlON: 1481.33 ,. 
N . I~~Pth(S) Groundwater Encountered 1 fl 2 fl 3 fl 
i i WELL'S STATlC WATER LEVEL fl below land surface measured on moIday/yr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping gpm 

Esl Yield .. NA gpm: Well water was fl after. . . . . . . . . .. hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to 15.7 .fl, and in. to fl 
I I 0 I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection INElIl 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 

2 Irrigali~n 4 ~ndu~trial 7 law1 ~nd garden only ti'O\Monitoring INElV 
Was a chemlcaVbactenologlcal sample submJtted to DepartmeMes No ; If yes, rrvJ/day/yr samptt"was 
submitted Water Well Disinfected? Yes No,/ 

5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. 
6 Asbestos-Cement 9 Other (specify below) Welded . 
7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. ~ . 

ing diameter 4 in. to .l3S ft., Dia in. to fl, Dia in. to fl 

height above land surface 3.4.92 in, lNElight Ibs.lfl Wall thickness or gauge No S.clL .40 . 
(F SCREEN OR PERFORATlON MATERIAL f7'\pvc 10 Asbestos-cement 

11 Sleel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (specify) I 

Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORATlON OPENINGS ARE: 5 Gauzed w-apped 8 Saw cut 11 None (open hole) 

z1 Continuous slot f3\\1ill slot 6 Wire w-apped 9 Drilled holes 

it louvered shutter YKey punched 7 Torch cut 10 Other (specify) . 
• PERFORATED INTERVALS: From .135 fl to 155 fl, From ft. to . 

From fl to fl, From ft. to . 
IAI

From .114 fl to 151 fl, From ft. to fl 
From fl to fl, From ft. to . 

MATERIAL: ~at cement 2 Cement grout ~ntonite 4 Other . 
Is: From fl to 121. fl, From Ul fl to 124 ft, From fl to fll 

II the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water INElIl 
!:tep!ic tank 4 Lateral lines 7 Pit pri\oY 11 Fuel storage 15 OillNEllVGas INElIl 

~Sewar.tines . 5 Cess pool. 8 Sewage lagoon 12 Fertili~e~ storage @Other (specify below) I
,tlaaertight selNElr lines 6 Seepage Pit 9 Feedyard 13 Insecticide storage r:efineJ:'y . 

.. from \\ell? 0 How many feet? 0 

~ 
~ 

~ 
m 
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~ 
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WA1ERWELL RECORD 

NE 

SE 

Clay, Brown Sand, en 
m

Clav, Black Sand, ~ 

IS IClav, Dark Brown I 150 U58 ISand, Brown 

90 ISand. I I IProject Name: NCRA Refinery 

70 ISand 

40 ISand, Brown I 175 I 177 IShale, Blue 

NS: Use typ~ter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearty. Please 611 In blanks. underline or circle lhe CCllT'llCl an.-rs. Send top three copies 10 KanslS 
II HelIlIh and Emironment. Bureau of Water. Topeka. Kansas 6662~elephone: 913-296-5545. Send one to WAlER WEll OWNER and retain one tbr your recads. 

55 IClav. Gra 
48 ISand, 
45 ISand, 

62 IClav. Grav Tan 

82 ISand. I I II07D ,Abovegrade 

32 IClav, Brown L170 L 175 [Shale, Red 
23 IClay, Brown I 163 I 170 IShale, Blue Gray 
18 IClav, Gray I 158 L1@ ISand, Blue Gra 

wv 

115 [Sand. IGeoCore #809, # 

sw 

ractlon 
: McPherson I NE Y. NE Y. SE Y. 
eana direction from nearest town or city street address of well if located within city? 
S. Main, McPherson, Kansas 

,lERWELL OVVNER NCRA 
Sl Address. Box # ; P.O. Box 1401 Board of Agriculture, Division of Water Resources 

lie, ZIP Code ; McPherson, Kansas 67460 Application Number: 

G1OR'S OR LANDOVVNER'S CER11 FICA110N: This water well wa~constructed, (2) reconstructed, or (3) plugged under my jurisdiction 

COIlllleted on (molday/year) 11115/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowledge and belief. 

j'Waterweu Contractor's License No.. ' 527 This Water Well Record ~s completedn(mo/daY/~ IJ' 111.1.5/99 , ~ 
.. business name of GeoCore Services, Inc. by (signature) • /I I. /' I • 

'~N~~~~~~gct~~~X: ~ DEPTI-l OFCOMPLElEDWELL .158 ft. ELEVA110N: 1411.59.. " ,. 
N l.~ePth( s) Groundwater Encountered 1................. fl 2 fl 3.... . fl 
, WELL'S STA11C WAlER LEVEL ft below land surface measured on mo/day/yr . 

Pump test data: Well water was NA ft. after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Est Yield .. NA gpm: Well water was ft after. . . . . . . . . .. hours pumping gpm 
Bore Hole Diameter .. 9.625 .. in. to 11.7 .ft, and in. to ft 

I I "I EIWELLWA1ERTOBEUSEDAS; 5 Public water supply 8 Air conditioning 11 Injectionwell ~ 
1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ~ 

2 Irrigati~n 4 ~ndu~trial 7 La'Ml ~nd garden only I1O\Monitoring wey ~ 
Was a chemcaVbactenologlcal sample submitted to DepartmeMes.........No......... ; If yes, mo/day/yr sa~was m 
submitted Water Well Disinfected? Yes No y' ~ 

5 Wrought iron 8 Concrete tile CASING JOINlS: Glued Clamped. . . .. !:( 
6 Asbestos-Cement 9 Other (specify below) Welded . 
7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. .y(. . . . . . . . . . .. 

ing diameter 4 in. to 138 ft, Dia in. to ft, Dia in. to ft 

, height abo-.e land surface 50.28 in., weight Ibs.lft Wall thickness or gauge No. . SelL .40 . 
OF SCREEN OR PERFORA110N MAlERiAL (7\pvc 10 Asbestos-cement 
1 Steel 3 Stainless steel 5 Fiberglass Y RMP (SR) 11 Other (specify) I -i 

'.2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
OR PERFORA11ON OPENI NGS ARE: 5 Gauzed \NI'apped 8 Saw cut 11 None (open hole) 

1 Continuous slot ~ill slot 6 Wire \NI'apped 9 Drilled holes 

2 LoUYllred shutter YKey punched 7 Torch cut 10 Other (specify) . 
PERFORAlED INTERVALS: From 138 ft. to 158. ft, From ft. to : . 

From ft to ft, From ft. to . 
From .123 ft to 11.7 ft, From ft. to ................•. 1 ;u 

From ft to ft, From ft. to . 

MA1ERJAL: (1}-leat cement 2 Cement grout ~ntonite 4 Other . 
lnlervals: From ~ ft to 121. ft, From 121. ft to 123 ft, From ft to . 

II the nearest source of possible contami nation: 10 U-.estock pens 14 Abandoned water well 
!Seplic tank 4 Lateral lines' 7 Pit privy 11 Fuel storage 15 Oil welVGas well 

~~r lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage 6 Other (specify below) 
'alertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r.efineJ:'y . 

from well? 0 How many feet? 0 



~ 

en 
m 
() 
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Sand, 

Sand, 

Clay, Pale Yellow 

Sand, 

Sand, 

Shale, Gra 

150 

125 
135 

165 

153 
158 

WATER WELL RECORD 

NE 

SE 

8 IClay, Very Dark Brown 

45 ISand, White 

55 ISand, 

42 IClav, Brown 

75 ISand. Tan 

12 IClav, Reddish Brown 

25 IClav, Brown 

50 ISand, 

15 IClav, Reddish Brown 

30 ISilt, Brown 

80 ISand. 1I05D , Abovegrade 

: Use typewriter or ball point pen. PLEASE PRESS FIRM/.. Y and PRINT clll8l1y. Please ftll In blanks, underline or circle the correct lIIlSWln. Send top three copies 10 Kanses 
of Health end EmAronmenl. Bureau of Weter. Topeke. Kanses 6862o-ollilr."Telephone: 913-296-5545. Send one to WAlER WEU OWNER end retain one for your racords. 

NVV 

105 ISand, I I IProject Name: NCRA Refinery 

115 ISand. I IGeoCore # 809, # 

sw 

racbon 

McPherson I NW Y. NW Y. SE Y. I 32 

ClORS OR LANDONNERS CERllFICA110N: This waler well waeconstructed, (2) reconstructed, or (3) plugged under rTrf jurisdiction 

cort'()leled on (moldaylyear) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knov.1edge and belief. 

Water Wen Contractor's Ucense No. . 527. . . . . . . .. This Waler Well Record :-vas COf11)leted~ (~/daYlyrh 111.16/99 . 
business narne of GeoCore Services, Inc. by (signature) 

'8 and direction from nearest town or city street address of well if located within city? 
South Main, McPherson, Kansas 

,tATER WELL OJIJNER NCRA 
C Sl Address, Box # : P.O. Box 140~ Board of Agriculture, Division of Water Resources 

itate, ZIP Code : McPherson, Kansas 67460 Application NUmber: 

MATERIAL ~at cerrent 2 Gerrent grout ~ntonite 4 Other . 

Intervals: From fl to 12.7 fl, From 127 fl to 133 ft, From fl to fll 

,) is the nearest source of possible contamination: 10 Uvestock pens 14 Abandoned water well 

,<8eptic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well 

:Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage ®Other (specify below) 
'atertightsewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r:efinny . 

from \WII? 0 How many feet? 0 

H 60 ISand, I I I . 70 Sand ~ 

11H'~N\YX~~~~~~'6~OB~X: lj DEPTH OF COMPLETED WELL .158 fl ELEVATION: 1482.68 ,. 
'. N I~~Pth(S) Groundwater Encountered 1 fl 2 fl 3 fl 

i 'WELL'S STATIC WATER LEVEL fl below land surface measured on mo/daylyr . 

Pump test data: Well water was NA fl after. . . . . . . . . .. hours pumping. . . . . . . . . .. gpm 

Esl Yield .. NA gpm: Well water was fl after hours pumping gpm 

Bore Hole Diarreter .. 9.625 .. in. to 165 fl, and in. to fl 
I Iv I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ~ 

2 Irrigati~n 4 .Indu~trial 7 Lawn and garden only I1O\Monitoring weV ...................... ~ 
Was a chemlcaVbacterJologlcal sample submitted to Departme~es ......... No......... ; If yes, mo/daylyr sam~was m 
submitted • Waler Well Disinfected? Yes No.,/ ~ 

'E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped " ~ 
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

'C 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. -../ . 

ing diameter 4 in. to 138 ft., Dia in. to fl, Dia in. to fl 

height above land surface 21.96 in., weight Ibs.lfl Wall thickness or gauge No S.cIL .40 . 
OF SCREEN OR PERFORATION MATERIAL (7'\pvc 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass '-(RMP (SR) 11 Other (specify) I -I 

Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 

~ 1 Continuous slot t'3\\1i1l slot 6 Wire wrapped 9 Drilled holes 

"2 LoUYBred shutter YKey punched 7 Torch cut 10 Other (specify) . . . . . . . . . . . . . . . . . . . . . . .. I 

PERFORATED INTERVALS: From 138 .. '" . fl to 15& fl, From fl to fl 
From fl to fl, From fl to . 
From 133 fl to 165 fl, From fl to ................•. 1 ;0 

From fl to fl, From fl to . 



en 
m 
~ 

~ 
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~ 

RWIMW , Abovegrade 

Project Name: NCRA Refinery 

GeoCore # 809. # 

WATER WELL RECORD 

NE 

SE 

: Usely~ter Q( bell point pen. PLEASE PRESS FIRM/..Y end PRINT clelllly. Ple..e ftll In bl8llks. underline Q( circle the COlT1lCt _-.. Send top three copi.. to Kens.. 
~ HHlth end Emlronment. Bu...... of Weter, Topeke. Kanses 6662o-ollll1.'1'elephone: 913-296-5545. Send one to WA'TER WELL OWNER end retain one lor your records. 

SW 

MAlERlAL: ~at cement 2 Cement grout ~ntonite 4 Other . 
Is: From fl to 51 fl. From 51 fl to 5.7. ft. From fl to fl 

lie nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well 
ic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well 

Hnes 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @Other (specify below) I ~ 
ightsev.er lines 6 Seepage pit 9 Feedyard 13 Insecticide storage r.efinery '1 

from well? 0 How many feet? 0 

:TQR'S OR LANDCNIINER'S CERllFICATION: This water well wa~constructed. (2) reconstructed, or (3) plugged under my jurisdiction 

~ted on (moldaylyear) 11/15/99. . . . . . . . . . . . . . .. and this record is true to the best of my knowledge and belief. 

"'.Well Contractor's License No. . 51.7 This Water Well Record was completed on (mo/daylyr) ., 11115/99 . 
business narne of GeoCore Services, Inc. by (signature) 

and direction from nearest tOVJl1 or city street address of well if located within city? 
S. Main, McPherson, Kansas 

racbon 

, McPherson I NW Y. NW Y. NE Y. 

tIER WELL ONNER NCRA 
Address. Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources 
,ZIP Code : McPherson, Kansas 67460 Application Number: 

'~~~~~~~~'61~?:OX: (jDEPTHOFCOMPLETEDWELL .150 fl. ELEVATION: ., , 1482.72 ,. 
N I\~~Pth(S) Groundwater Encountered 1 ft 2 fl 3 fl 
it> , WELL'S STATIC WATER LEVEL ft below/and surface measured on mo/daylyr . 

Pump test data: Well water was NA ft after. . . . . . . . . .. hours pumping gpm 

Est Yield .. NA gpm: Well water was ft after " hours pumping gpm 

Bore Hole Diameter .. 9.625 .. in. to 15.0 .fl, and in. to fl 
I I I E IWELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 

1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 5 
2 Irrigati~n 4 ~ndu~trial 7 Lawn ~nd garden only fi'ii\Monitoring wey . . . . . . . . . . . . . . . . . . . . .. ~ 

Was a chemcaVbactenologrcal sample submitted to DepartrneMes......... No......... ; If yes, moIdaylyr sam~was m 
submitted Water Well Disinfected? Yes No,/ ~ 

OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued Clamped. . . .. ~ 
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . 

4 ASS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . Threaded. -V: . 
ing diameter 4 in. to 60 fl. Dia in. to fl. Dia in. to fl 

height above land surface 33.12 in., weight Ibs.lfl Wall thickness or gauge No S.cIL .80 . 
SCREEN OR PERFORATION MATERIAL (7\pvc 10 Asbestos-cement 

Steel 3 Stainless steel 5 Fiberglass "s'RMP (SR) 11 Other (specify) I -l 

Brass 4 Galvanized steel 6 Concrete tile 9 ASS 12 None used (open hole) 
OR PERFORATION OPENINGS ARE: 5 GauzedlNl'apped 8 Sawcut 11 None(openhole) 

Continuous slot m.,.,ill slot 6 Wire lNI'apped 9 Drilled holes 

I.Duvered shutter YKey punched 7 Torch cut 10 Other (specify) . 
PERFORATED INTERVALS: From 60 , . fl to 15.0. fl, From fl to . 

From fl to ft, From fl to . 
From 57 fl to 150 fl, From fl. to ................•. 1 ;0 

From fl to fl, From fl to . 
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:..:-1.<····---··__• LAYNE-VVESTERN co.~LJ~ Lu-tlQ 

This sheet is to be filled in and mailed to oifice upon completion of well c:!i::. 3 
__Q.~Qp_e__Q~J._.~Q.!- ._":·1~ rh~. J;' ~PP..1 ._~g.p_~!; ? . .__________ _ _J"_UJHL _9_ .. "":l.~~::L ~ _ 

~ Nnme or ..iuu •	 DaLe 

I ttvtVIell No. J__.. .. - ._. I1~.£:_~_B~.~Jl~q~_. - - ....--- .. .... _ 
....,.;~ II.':" ::..	 Drlller'. nlln'r

7 h (5f,r V,,'- '.1. Is there a plug in welL .. .Y_Et~	 . .. . . 

2. Thickness of plug4.~.. JvQQfL.:_.J:..Q~.9.9n.Q.r§J.'t}1~hes 

3. Log of 'VeIl: 
_____Q. to ..J:.. 

_____:l:. to __.__4:~ __ .. __ 

Formation 
.;39.th 
9]._~ 

_ 
_ 

____4_~ 

____5.12 
to. Q.12 .. __.__ 

to ... __q,?__ __ _ 

'sSiJld.,y_..GJ,.QY_ 

Jin(:L.8J3.na. ... 

____6.~ .to Q.Q .. _.. __ g_oJa.:r§~ __5.~O.d 

____Q.Q __.. to . 7L.____ Cla:i~ .._ 

__. 7J. to 

__.~7. __.__ to ... _ 

!?.? _ 

~O._ .. _ 

Formation 
~-Q.:g·p9__~gQ.sl 

"'1 & Gr. 
-..,/--~y--------

__._~Q __ .__ to . J,.lQ __ .c_Q.l3r-s_e__Sand 

_ to 

_1-J:.~ __.__.to .. 

120 t__ " " __ 0._. 

_ 

~?.9 _ 
161' 6".. _ .. _ 

J..~ed. Fine--------sancf 
.c-O.ar.s.a.J3alld 

Gravel 
& 

4. Depth of well (ground level to top of plug) ------.J.6C'-'_3.'~__. ..	 feet 

5.	 Size and lengths of material left in well: 

A5 f et f . 1a . 1 shutter , , 
_____ .:t. • e 0 ._-- __ .. mc 11"C"t' n".=e screen 

____. by	 by . shutter cone 

l11C	 .________118 ~; ..-.-- f eet 0 f .__18. . h'mSl'de blan1c casmg 

___~_.lQ~:"_._. feet of .. __ ... 3n. __ . inch outside blank casing 

6. Amount of gravel used in welL_.. 5Q_ton. yards	 " 
7. Work on well began M?.Y.. J=1~--l~~J.---_-------- .	 ~ ~~_~. 

.	 Date
8. Well was completed ._._J)~l').~.. __ 7., __l~1.l..	 ~ __~_. 

9. Number of ,Yorldng days .- ~g	 
Date .:.. . 

·10. Test of well:
 
Power used E.:l§ Qt.J:.i.Q_.11.0.t 0 ;r' _
 

.C) '. 
J .-" ••~.

Duration of tesL __ J_Q hours " l~_" 
. G.c/ 

g.	 p. m. pumped ... __ l.9_QQ..: _ . 7"1". 
,':::.7

,( Standing water leveL__ ._Zg-'-::::,-- ----- feet ./
From ground 1 evel J .- 1

1Pumping water leveL.---~~~----:-------.. --feet 
-	 , . 

Drawdown . :?_~ ~_:.. -feet ~	 .. .
'. 11. Pump No... .. _.. __ . .wns inst:llled in this well by ~~_.s_~~·~~	 _ 

.	 In.tallcr'. Ham,.. i Relnnrks: . .	 .... .. _12. 

____________________________'..:.. ., - - .. _.. - .0_. _ .. _ _	 _ 
, 

.' 

, .~I etC/-) - !J -- /4 cJ () tfZ,
~\i-';;" -¥E!!... .-:'~.	 - = .	 -"'"-,..-;;;;:;... - 
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Iv'''; euu .i..Q:i;:;.l..... ;.:;.:~~'J,...;\Jj.J ~vl....'" ~ ~ __ ',,' ~_.-::::~ '.: v ' ... :....:-,I'-'~ .... --. '""--'","-._
 

:' I _. .~ ...... -
CV -J-t- :--:J ~.~, 

~''- ' / / ~~,~ /; i .' 
--:I"'~ U~( .;:'~~,' 

Tllig ~nce~ is to OC fi![Ccl ill and maiil2,j :'J o~tice '"Gall l:'lmpletion at 'scii 

1. __}l~_~;9n.c1J-- _~ 99.2~!,_a_ t;. j.._"{~ __B,~ f}::lJ~T..Y_A.;;;s 9.<; i.at ;LQn _ __-8.=-.2.Q.::-51. _ 
Nllm~ o( Job Dat. 

2.	 ---_ ~tc:;.~h.e_:r5..QIL __ -- .__ -------------~~~-~Q§-----------------
City	 Slate 

Layne	 . 
RQ¥_.s.en~Qr3. \Vcll No. 4.________________ _	 _ 

/1/ck H d CJ Drill~r·. N.rue 

4.. \Velllocation: _§9_Q!.·__~Q!:1_t}} __o_f_J.__~y!i~_~[~J_].. __~.9_"__3_'_ _ 
Give Di.tllnce led Direction :rom Pcrmllnent L~nd ~!ark 10 Well can be Ac,urately Located Several Yeo" (rom a 

,l l ~ , .' t 1 ,:.".' r: 1.. .. ' '~:. 

/ ----------------------------------------------------------------------------------------
8 2 ,--	 kit' 8-20 "7 ", b . ,- k' : :, .:."., ',; .\Vork began __ __.-:: :J.L ; wor comp e eo .. :-~ ..'jum er ot wor mg o~ys __~	 a5. 

6. Diameter, length and type of materbl left in well;	 , '( .. 
7. _-49 feet of !.-Z/~_Shu:t.t..e.r screen In2de of -Br.o.nz.e. .:.· No. --4:"..;. open 

ShuUer. Concrete. Aeyalone Armco. Bronn. St.ninlesa Sleel,	 Concrete l.1esh -. 

8. Zl.!.B~!.. __ feet of _12..__ inch inside casing mane or ..5t.d...._P.ipe.__ with JieJ.ded.. COimeCl 
Armco. Std. Pipe. Concrete Riveted, Welded. Sc:ew 

, - , - .) - (I:J 

9.	 119!A'~_ feet of _l8__ inch outside casing made of ..5t.d...._Pipe.__ with --\:Jelded-- connec 
Armco. Std. Pipe Rinted. Welded. Sc:e~-. < 

10.	 __10 yards of gravel used in well. Size .lJ.8_x_3./.8 
. , "'n ,L, .

11. Test of well. Did you use test or perm::ment pu inp? __T.e.s.t. ':' _ -----~---- _.:._--~-
f 511. of BCowl . ·Stalre.

7" Oil Lub Column '.'~. 
Pump No. ; geared head No. ;.._; ratio ; r. p. ro. ; pUlley:diam. _12. 

Big Continental ~ Drive Shaft . __ 
13. Power used .Eng.....; hOl'se power ; voltage	 ; r. p. m. _:. ; pulley diam. ; r.'p. m. _ 

Electric ~Iotor. En.ine 

14. Size of orfice 10 inch. by 3 inch. Orifice tube reading- _9_.'s' inches. , .' 

Hi. Pumpillg test-meaSUl'ements from ground levei:	 u\? 
r 

Time ·G.P.r.L Static Drawdown Punlping I 

__a';..1Q ___ _J..9):9____ ___ 7~'____ __~4.!J2~ __ 9.7..!.§::'_ 
( .....i.~J __9J-3..<2 ___ _J._Q,1:9_-=-_	 ___ 2.3_'____ __~Z~2~ __ ~_q,Q~J_~ 

1''1-'./ 

/?
 
-1.0.;-10___ _l.Ql..Q.. ___	 _.2.8~_..: ....__ 1JU!___
 

'i 1-"i) g/:r"	 -~-71.'----I, 

.11.;..3.0___ _.lQ.lu..___ - __ 7.~~ ___ _..2.8.!_____ l..Ql!___ 
• , I)" 

_:l~.;.J..Q___ _J._O_:19____ ___7~'____ __2,.8!_____ ;tOJ:!--
__~';-3..Q ___ _J..~'-1: ~____ ].J' 28'	 10'1'--- :---- ---------- -------. .I 

t	 '.. 8 ' .. '.L.. '.~;:";' c·i.':" ., 
__6-_L1Q ___ _J._<r!9____ ___2.3...'____ . _1:._~_____ . __Q.J:!--

I	 ) f .). , .• ".1 Hour I ..." .. L \. ••. :-:.. '-'.~ 

Recovery ill G minllte:3 Full in S:n:'m:..~u~"'.."t ..£.~ll.:---;.-\..=_-- ......;. '.1:.. f .1lG.	 --- .. _- ... _... _.. _--------,

J. ...., ... ~ /1 . 
'1. omer s pump l 

/. " n illS d' ll~LIS INo.. /.~, .::: . ... __ was . t a II e 111 t I' we II 1.uy -- .. .. _7 C t 
_,J 

------- -.----	 - .. _"7~ •. :\:-- 
_.-~:- - --- _. 

;1// ,f?(] - A"': /4/ 0/.3 "i (I 

i 



'\Vn.., .\';cHunder-rc:J.mcc!? _.Yc.s . From il'Z ~~I!._ :cet to 15& ':cct. botto:n 

Dy Reverse Rotary Hethod .from feet to feet. 

From feet to feet. 

If all-scrcen \V::13 not pbccd at bottom, sbte how :: ',',":1.3 sp:J.ced. .i. •.•L :
 

From feet to :cet; from :set to fect; from .. feet to feet.
 

Depth oiwell (from ground le\"(~l to top of plug) )...5.~._ feet Q inches.
 
• .1 

Was cement placed :1.round or between any of t::e casings? __ 1~ .
 

If so, state where, how much and method used. _1l7!-4!!_...nf_~8.!1__O...D..:~_-3/..8..I!_:l'lall_pipe.._.
 

YA~LP-~~'§'~lJJ"J~_S:_~W..eJlt~_(:LilL~_4.'!_hQJ.~ _ps._tLalllQu.~tOllL __ .14.k._bags__o.f_~eotent...
 

!:te.t~tJJS.Q..cj.._--------------------- - ---- . - __ -- ----_ -_ .• --..----------- -----,-------- .
 
,,

Log of well from ground level: 
Feet FeeL Formation FORSItETCn 

______Q to 2___ ..soil _ 

______~ to Q..Q___ J~r.9_'flL J~.~il.Y..J,._ ...'1.Qt:!1~__Y.9_J.,,1.9_':L.9A9y--§tT-~914s,
 

,.. , ..
_,;, to _:..________ _.s.Q.m.~.;,·.s.anQ.y--&1j:.-ce.a..~s-------:--------------

___~.§JL __ to Q..S___ .AQ£t_:-s.a.I]Q.~-gr-ay __~J.g.y_}'{,i~P __g1Ui.:rs_e._§aod lenses
 

,' __':~D.5._.;,_ to .1J.___ _Co.acse...-san.d_.and..~ra."le~,..-.c..lean.-and~· 

~o.ase, .:.. to :... ..; _ .~ ~ . .' 

~__.7.l.--- to ~----23--~ ...so£.t_.sa.nd.¥-_gr.ay_.cl..a.~------------------. _. . . ,~ 

.:.:_.:.J.3. to 24!1L1I _C~se.......sand_.1Uld....gr.a."le.l.---------------". . ... .
 
___24..t6.!.1_ to 26___ -Sa.f.t_ sand~-g.t:.a:y--cla..~---------...-------  .:' ! 

. ..~., 

____.71J..--- to -----94---· ..Med.._.t...o._.c..o.ar.se_.sand.~-.a.-f.elLclay----
_____.;. to _st.r.eal~ . _
 

W 9_4. to ..9./;]___ J~.r_cn:,J!t _&.~m._d..Y __.c_J:~y-- _ 

~ .9..6. to llO___ ...Me.d.._..t..a._.cnar...n.e_..s..arnLan.'Lg.t:aY..e.L _ 

', __iJJl to ~4.5 -.Merl. ... _.tA_c..o.ar..s.e. 5elod ..and_g.I:aY.el, .. _.. _
,1 . .
 

1.·j --------- to --------7- _f~jL!_J1j,J~=_Q.:;f\.Y._§ij:._I.:~~k§ ---'- 
'f to I • 

1_-145--- to ll8___ _C.o..ac:ie.. ....s<lll.d_.ancL..gr.a."le~_clnd_thicker 

~~~_~'~~~~_ to ~ __~~ :'.-gJ.~--s-tx~~~~§--_------ ~i-: ~ 
~ .. ~~~..;,~.;._ to 15.8_:"_ _GrJ:~.en.. ..5.0 f':L.._Sh..al..e... .; _ 

------------~--------------------------------

,~"'---+.:j7- to .--------.. 

Itemtll'ks:
i ~" . . 

'~U!!__casing.-l.e.f.t-..2.!.-.abo.Y.e-. g~o.und,-.maki.ng._t.o.t aJ.._ dep th. __ 
,~ I . , : 
i.:.tQi~t91L.9_t_P_iP ~__1S2.~! ~ _
 

~91_t1!!__Q.f__l.8!'..-PiR.fJ ~ ~ .~ ,;.._:... .
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WELL INFORMATION 

Lavne -Western Co. Inc. 
~ 

1. CONTRACT...~I~.t.i.Q.n9,:\. ...S;:.Q.9.P.~.~~.1;Jy'~ ...g~J.~r.·.~.~Y ... 
Association 

2. City, State ~·.!s:?h.~?;.~.9.P..J. ~~~~.?:.~ . 

.MI:::.P.he.r.so.n...COl1nty.~ .Ka.n.$.a..s 

3. Well No ~O at Test Hole No 

4. Well Location (attach map) 

.N~~.,....~~.L ••• ~U;:.l;{.1....$.~.~.! ~.I :~.:-. ~.Q.:: ?.I 

~.:':'.~.~ 

E3:::.~. ~.1i.1 

. 

. 

. 

.. 

5.	 Driller J.~ W.~~K~n.;? . 

6.	 DATE )jlQL.6.7. .. 

7.	 Date Started .. 

Completed . 

8.	 Drill Crew Man HI'S . 

9.	 Working Days 

Drilling . 

Other............... .. . 

10. MATERIAL IN WELL I WALL 

L!~OTH OIA. OAO! THICI(· MATUIAL TYPe NO. 
NUS IN.fT. 11'4. 11'4. NO. I 

~ire Wrao 
.070"Screen 18-8 Type 304 SS -35...!. C ~ - - xatJt 0"'111",. 

5 I 0" 18" .180 1 18-8 Type 304 SS 
Inner Casini' 

4~~ ~ .a..l15. Carbon Steel w....... - *'XII 

o.uter Casing 114 '..Q.: .375 Carbon Steel w..... . - - .. .,. 

I 
I 13. WELL DIMENSIONS11.	 GRAVEL 

Size .Jl.§ ~ JI..~ t1A*.E?.~ . . 156' 9" 
I A.	 ~~~~D;:~h ~~.~~~~;.~~.;~~ ..~~..~.~~~.~~ ..~.; 

Tons ~.~	 .. 
I Well) 

12.	 SEALING CASING 

Puddled Clay (Yes) (DO) 

With ......._... BAg'S BentoniU! Added
 

or 

With Bag'S Cement 

Seal Material Placed in 
Wen With..Halihw:t.on 

2" tremie 
Bottom of Well Screen 

Sealed With .S.A.s.t.e~l 

I 
I 

B. Height of Inner Casing 

(Above Ground Level) 

f..~ ~.~~ .. 

C. Distance to Top of Gravel... 9.9.! . 
(From Ground Level) 

D. Diameter of Drill Hole ... 3.0.~ ....~ ....3.a.~~ ..... 

. 
Comments Reverse rotary 

.. 

LW·39 



__ 

11. PUMPING TEST 

A. 

Permanent pump 

'ie6X~=x 
..._..l.l....in.BHC .3owI 1 8 tages 

Length of column .lA.Q Ft. 

Length of Bowl ? _ Ft. 

Length of suction = Ft. 

B• 'I d.Ll easure water 1 I 77'eve 10" ~ J. t. from top 01 ~ I..0.•••• n, II ORIFICE 

d ' lao . h' h'casmg w Ie IS 2 I 6" Ft b .. a ove grounC1. II . x _ . 

C. Length of airline .....J.4JL....Ft. from top of casing. . x _.•................. 

i 
, ,ilME 

0 I 

1 Hr. I 

I 

2 I 

3
 

4
 

5 I 

6 

7 I 

8 

.,: 

15 Min. 

30 I 
45 I 

60 

15. Pennanent 

INCHES I I 
ORifiCE ! 

MANOMETER ! OfIM 

- I 
0 

I 

I 
I 699 i 

I 

'. I I699 
I 

699 I 

I699 i 

. I 
f\qq I 

I 

I fiqq 
I 
I 

699 
I 

I 

I
I 

699 : 

I
, 

0 
I 

I0 

i 
0 

I 0 I
, 

I0 I 

_~~;{.l)_l§!..••....•••.... Pump No 
I.ayM 

.....LT. O.....OE 
I 

WATER 
READINO I, LEVEL 

I 77' 10" 

119' 7" 
.. 

119' 9~" 

.. 119' 9~" 

I 

I 

I 

119' 

119' 

119' 

119' 

119' 

9~" 

qJ.s1l 

9~" 

9~" 

9~" 

II 

I 

I 

_.J 0~}.?? installed by 

DRAW
 
DOWN
 

0 

: 

41' 

41' 

41' 

41' 

41' 

41' 

41' 

41' 

9 ' 

8 ' 

B' 

8 ' 

9" 

11~" 

11~" 

11~" 

IlJ.;1I 

11~1I 

11~" 

11~ II 

0"
 

8"
 

li" 

3" 

__.__•
 

Permanent air line length J:.1Q. _...Ft. Date _.._._ __ 
....... D., T_ 

http:l)_l�!..��....���
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..
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If 
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q. 
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lit. 
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LOG OF WEll 

Ft. 

n 

5 

, '7 

40 

55 

68 

80 

112 

120 

155 

In. 
i 

\ 

I 

to Ft. 

I 
::; 'I 

17 I 

4n 

55 

68 

80 

, , ? 

120 

155 

160 

-

In. j 
I 

Fonnation 

tOD soil 

brownish red c1av 

arav clay 

fine sand with c1av 

fine to coarse sand 

c1av with fine sand streaks 

m~n c:;",nn ~ Q'l"rl,,~l w/clav streaks 

clay with fine sand 

fine to med. sand within c1av lens 

qrav shale 

. 

;. 

,! 
I 
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I ~I'""' ! C\ I I • : 

. 1Q; . 
I ~ 

1-4---i---t , 

I 
! 

i I 

I I 1-
i 

-----r-' 
! :

----

I t, Ic\, 

--~~--~......-~ li~ 
I , K 

I \ I j -l-r IC' ! ~ 
• • --I

i i: 
f I' 

~' ' , /,,1'
c. ...: -!... ,-,', 



•• 

--.... ~,/ ,'. " -:-. :-..---...
-~·1\." ~~, 
, j, 1- ,~. -"".' i"\k.L~~~~ ~/ja,~_ L~UJ~'~ 

~ .; 

J	 ~ 4' .i ~;' ~[u-_. 
"'"ELL I:'fFOR:\IATIOl'i I" "	 ... 

'...J /-ii ~ '/ ._, "1~7""'/ 
_ .....	 I '_ 

N.	 C. R. r\.Lavne -Western Co. Inc. RCFINING r;iVjS;~~ 

1. CONTP.ACT....N~.1:;.~9.D.?:.~....~.;;:.::9.2 ... ~~§J.t.f.l.~.:J;:y. ...~~.~.9.S;:... I o. Driller ;:'".! W~.:h),..;; . 

...................... l?~.~ .r;. t-.~ .~. ~ ;,.;;.S~.~ ;.~.q .: ~.7.1. ~.7. . 

2. City, State J1t;R.h..'?,r.~.9.~·..' ~?,n~.~.s . 

3. 

4. 

.................. ~9.l::? Y.~~ .?~ .;;
NCR.;' 

Well Xo ~ at Test Hole No 
L #5 

Well Location (attach map) 
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6.	 DATE ~.~n~-';J:,r.Y L~.J ;".n.2 
.-/ 

7.	 Date Started .. 

Completed . 

3.	 Drill Crew Man Hrs . 

9.	 \Vorking Days 

Drilling . 

Other . 

10. MATERIAL IN WELL 
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OIA. I OAGE 
IN.. NO.". IN. 

WALL 
THICK. 

NESS IN. 
MATERIAL yy,! 
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XNMX 
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11. GRAVEL 

Size LI,..9:*)1.~9.L.).l.e..'~ ~ ~/8.~~ .. 

Tons h.S r., . 

12.	 SEALL~G CASING
 

Puddled Clay . ~ (No)
 

With Bags Bentonite Added 

or 

With J..O'Q.... Bags Cement, Halliburton 

Se.a.l Material Placed in 
Well VllfK 12.0..' t.C G.r.L .. 

Bottom of Well Screen 
Sealed With .S.t.9:;;..nJ~.?9....?.:l;~.~J ..R.~~ 

LW·39 

13.	 WELL DIMENSIO~S 

A. Total Depth J,.7)..~	 . 

(From	 Top of Inner Casing to Bottom of 

Well) 
~ . 

B. Height of Inner Casing L~ . 
; (Above Gro...md Level) 

C.	 Distance to Top of Gravel... ~.O.L .. 
(From Ground Level) 

D.	 Diameter of Drill Hole .. ).9.~'....t.9. ... ~.~..J..~ & 
38" hole to 173. 

Comments Reverse Circulation 
Drill Method. 
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LOG OF WELL 
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SUMMARY OF LABORATORY TEST DATA 
:\ Ix N Engineering & Environmental Services, Inc. ~;!" iIA-OOll/OJBEPORT TO: LABORATORY NO.
 

NCRA DATE:September 9, 1986
PROJECT:
 

GRADATION
 OTHER TESTSATTERBERG LIMITS LATERALMOISTURE DRYBORING DEPTH TYPE % PASSING
STRAINCOMPRESSION PRESSURECONTENT DENSITYNO. IN FEET FAILURE 

kif psi% pet PL PILL #4 #40 #200#10" 
q7A 0-3
 25.4 46
 100
17
 29
 99
 

q')qH Q7
 

5-6
 

1-'i 21 1
 49
 99
18
 31
 
ISep r:r:1in SiZE> Dist- r.llrv,24.2 48
 16
 97
 89
32
 99
 95
 

B 18.60-3
 44
 16
 28
 100
 98
 

3-5
 

99
 

1C). I
 ; l! e r; r;( illS i z (~ Il i ~; I l: II 1- V('40
 17
 '1221
 100
 99
 97
 

qR19 1
'i-o 44
 17
 99
 ~ ---_._-----~-------.._--- ~~ 

1 q 1
 Q~ Q~R1 1q 1 fIfI4f, 17
'i-6 'i 
qf,23.06-15
 34
51
 17
 100
 See Gri.\ ill S12~Jli.:H,__ CLlrvl
 

15-20
 

lillL 
18.9 44
 14
 30
 99
 94
98
 97
 

W-1
 25-3J .5
 7.6 See (;r31n Size f)i~;t CII[V,19
20
 I
 98
 98
 76
97
 

B-1
 13.45-6
 98.8 
-I> 1/Remo 13.4 K(,-emolded) = (1),lll 1:111:ded 97.8 I
ec 
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~ -


STEWART, WHITE AND ASSOCIATES, INC. 
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Appendix 2.. 
Data Used to Determine the Average Pumping Rate for the Four Water Suppl Wells 

Date WW3 WW8 WW9 WWIO 
30-Apr-98 400 710 680 409 
01-May-98 400 790 670 235 
02-May-98 396 800 750 303 
03-May-98 399 749 725 305 
04-May-98 405 745 770 344 
05-May-98 402 734 780 456 
06-May-98 399 741 780 452 
07-May-98 427 770 790 322 
08-May-98 398 760 795 216 
09-May-98 400 750 800 208 
IO-May-98 404 675 840 294 
11-May-98 395 640 780 345 
12-May-98 40 665 800 440 
13-May-98 400 670 590 305 
14-May-98 420 672 630 353 
15-May-98 420 670 700 220 
16-May-98 400 680 700 190 
17-May-98 403 690 725 151 
18-May-98 350 687 620 175 
19-May-98 420 628 710 200 
20-May-98 400 710 760 345 
21-May-98 410 704 800 436 
22-May-98 397 660 790 441 
23-May-98 401 706 790 468 
24-May-98 394 706 795 398 
25-May-98 401 690 860 217 
26-May-98 400 688 890 263 
27-May-98 400 688 725 179 
28-May-98 405 689 900 353 
29-May-98 399 720 800 452 
30-May-98 405 575 760 348 
31-May-98 403 707 860 440 
oI-Jun-98 399 700 850 452 
02-Jun-98 400 689 850 478 
03-Jun-98 398 698 900 474 
04-Jun-98 400 700 890 475 
05-Jun-98 403 718 880 269 
06-Jun-98 410 700 910 455 
07-Jun-98 392 728 850 449 
08-Jun-98 340 707 840 468 
09-Jun-98 400 710 870 466 
10-Jun-98 420 705 820 226 
II-Jun-98 398 701 840 460 
12-Jun-98 375 707 840 460 
13-Jun-98 400 705 850 341 
14-Jun-98 400 740 850 455 
15-Jlln-98 408 745 850 309 
16-Jun-98 410 715 850 452 
17-J lln-98 412 708 825 441 



18-Jun-98 395 722 900 457 
19-Jun-98 400 745 830 453 
20-Jun-98 397 720 860 452 
2l-Jun-98 385 727 850 450 
22-Jun-98 392 701 800 447 
23-Jun-98 397 717 860 446 
24-Jun-98 402 737 860 449 
25-Jun-98 400 711 850 442 
26-Jun-98 395 709 970 447 
27-Jun-98 391 744 850 456 
28-Jun-98 388 743 850 465 
29-Jun-98 400 705 850 419 
30-Jun-98 398 718 830 455 I 

01-Jul-98 417 762 800 435 
02-Jul-98 391 698 820 449 
03-Jul-98 412 805 700 470 
04-Jul-98 406 810 825 410 
05-Jul-98 395 736 825 420 
06-Jul-98 395 743 825 423 
07-Jul-98 425 812 820 478 
08-Jul-98 380 700 880 410 
09-Jul-98 412 720 825 480 
09-Jul-98 412 720 825 480 
10-Jul-98 400 720 800 430 
II-Jul-98 400 760 875 440 
12-Jul-98 422 721 850 385 
13-Jul-98 420 711 825 190 
14-Jul-98 394 736 850 385 
15-Jul-98 380 765 875 420 
16-Jul-98 413 740 825 412 
17-Jul-98 423 718 800 484 
18-Jul-98 405 747 875 439 
19-Jul-98 390 677 800 437 
20-Jul-98 405 774 925 483 
21-Jul-98 400 735 860 464 
22-Jul-98 400 637 810 440 
23-Jul-98 401 729 800 450 
24-Jul-98 420 802 750 361 
25-Jul-98 420 713 825 425 
26-Jul-98 400 695 750 404 
27-Jul-98 400 730 900 390 
28-Jul-98 406 596 740 303 
29-Jul-98 392 688 810 419 
30-Jul-98 400 785 750 340 
31-Jul-98 395 767 870 430 

01-Aug-98 400 675 780 400 
02-Aug-98 410 660 820 391 
03-Aug-98 409 619 770 426 
04-Aug-98 389 677 850 505 
05-Allg-98 419 680 800 480 
06-Allg-98 396 688 850 440 
07-Allg-98 400 700 760 198 



07-Aug-98 395 660 850 400 
08-Aug-98 410 754 880 406 
10-Aug-98 410 732 870 419 
ll-Aug-98 398 712 870 463 
12-Aug-98 399 688 880 438 
13-Aug-98 390 748 750 480 
14-Aug-98 397 715 900 430 
15-Aug-98 410 746 900 210 
16-Aug-98 395 700 900 408 
17-Aug-98 395 645 810 403 
18-Aug-98 405 758 900 425 
19-Aug-98 391 648 800 451 
20-Aug-98 407 685 900 460 
21-Aug-98 407 730 880 430 
22-Aug-98 411 721 760 415 
23-Aug-98 400 668 835 416 
23-Aug-98 422 740 890 360 
25-Aug-98 411 670 745 415 
26-Aug-98 402 682 890 428 
27-Aug-98 395 695 900 417 
28-Aug-98 400 700 900 200 
29-Aug-98 300 675 900 200 
30-Aug-98 400 670 750 422 
31-Aug-98 400 660 800 415 
oI-Sep-98 406 650 600 391 I 

02-Sep-98 412 673 725 406 
03-Sep-98 320 683 800 195 
04-Sep-98 413 796 900 431 
05-Sep-98 408 682 770 412 
06-Sep-98 407 693 900 426 
07-Sep-98 389 718 775 437 
10-Sep-98 391 666 675 420 
II-Sep-98 399 691 600 390 
12-Sep-98 404 700 870 422 
12-Sep-98 390 667 710 422 
13-Sep-98 420 665 810 404 
13-Sep-98 400 682 800 416 
14-Sep-98 400 730 890 410 
15-Sep-98 400 630 600 450 
16-Sep-98 392 773 900 374 
17-Sep-98 405 685 860 416 
18-Sep-98 410 690 810 401 
19-5ep-98 404 704 810 418 
20-Sep-98 400 718 900 441 
21-Sep-98 405 760 890 420 
22-Sep-98 400 730 890 440 
23-Sep-98 400 670 890 400 
24-Sep-98 400 680 8)0 390 
25-Sep-98 400 720 890 440 
26-Sep-98 410 747 900 420 
27-Sep-98 415 75: 900 427 
28-Sep-98 402 679 900 410 



29-Sep-98 400 680 790 480 
30-Sep-98 408 638 900 444 
30-Sep-98 408 638 900 444 
o1-0ct-98 400 623 900 439 
02-0ct-98 391 619 890 446 
03-0ct-98 380 640 890 390 
04-0ct-98 368 595 480 380 
05-0ct-98 370 668 890 420 
06-0ct-98 370 735 890 300 
07-0ct-98 370 610 790 415 
08-0ct-98 380 730 900 240 
09-0ct-98 383 570 600 293 
1O-0ct-98 381 628 700 397 
11-0ct-98 395 620 900 460 
12-0ct-98 376 610 900 444 
13-0ct-98 398 670 900 450 
14-0ct-98 368 620 900 432 
15-0ct-98 360 664 895 418 
16-0ct-98 365 630 895 410 
17-0ct-98 365 694 895 415 
18-0ct-98 350 684 890 293 
19-0ct-98 357 602 800 294 
20-0ct-98 354 575 895 350 
21-0ct-98 364 714 900 437 
22-0ct-98 362 641 670 376 I 

23-0ct-98 360 673 890 400 
24-0ct-98 355 612 660 412 
25-0ct-98 347 642 850 406 
26-0ct-98 352 618 800 254 
27-0ct-98 360 640 775 315 
28-0ct-98 350 645 870 421 
29-0ct-98 338 631 770 398 
30-0ct-98 346 635 720 400 
31-0ct-98 350 618 775 430 
01-Nov-98 355 656 720 395 
02-Nov-98 350 620 620 390 
03-Nov-98 348 665 880 208 
04-Nov-98 355 675 810 312 
05-Nov-98 356 695 900 312 
06-Nov-98 350 675 900 353 
07-Nov-98 350 641 890 350 
08-Nov-98 330 670 890 260 
09-Nov-98 340 650 890 230 
10-Nov-98 350 650 700 300 
I1-Nov-98 350 620 720 340 
12-Nov-98 330 700 890 190 
13-Nov-98 340 620 610 310 
14-Nov-98 340 748 900 310 
15-Nov-98 346 672 900 300 
16-Nov-98 363 667 900 429 
17-Nov-98 382 627 690 383 
18-Nov-98 351 643 8()0 307 



19-Nov-98 355 650 900 400 
20-Nov-98 349 620 620 390 
21-Nov-98 340 643 605 304 
22-Nov-98 342 707 890 305 
23-Nov-98 350 673 890 309 
24-Nov-98 338 633 900 400 
25-Nov-98 355 636 825 320 
26-Nov-98 356 657 640 250 
27-Nov-98 356 661 900 290 
28-Nov-98 349 648 720 357 
29-Nov-98 360 656 720 366 
30-Nov-98 347 716 900 292 
01-Dec-98 351 660 780 291 
02-Dec-98 347 542 425 282 
03-Dec-98 352 730 890 300 
04-Dec-98 350 675 640 337 
05-Dec-98 354 630 725 250 
06-Dec-98 368 630 575 248 
07-Dec-98 357 660 775 250 
08-Dec-98 340 627 825 250 
08-Dec-98 330 656 825 244 
10-Dec-98 350 730 780 135 
II-Dec-98 357 586 700 258 
12-Dec-98 352 604 700 291 
13-Dec-98 360 601 700 292 
14-Dec-98 351 715 750 213 
15-Dec-98 359 727 770 200 
16-Dec-98 347 620 680 237 
17-Dec-98 351 667 710 170 
18-Dec-98 360 610 640 300 
19-Dec-98 350 730 850 350 
20-Dec-98 350 650 890 300 
2l-Dec-98 340 700 800 250 
22-Dec-98 332 642 680 197 
23-Dec-98 346 669 710 193 
24-Dec-98 349 685 900 193 
25-Dec-98 347 627 690 342 
26-Dec-98 345 744 900 409 
27-Dec-98 349 685 895 445 
28-Dec-98 358 735 895 400 
29-Dec-98 350 693 745 350 
30-Dec-98 360 725 895 375 
31-Dec-98 356 665 865 400 
01-Jan-99 325 615 440 400 
02-Jan-99 352 650 870 354 
03-Jan-99 320 670 620 404 
04-Jan-99 313 702 650 299 
05-Jan-99 328 640 675 194 
06-Jan-99 349 7"_"l_" 895 194 
07 -Jan-99 348 740 895 415 
08-Jan-99 340 663 890 184 
09-Jan-99 350 646 750 287 



10-Jan-99 320 690 890 260 
II-Jan-99 370 660 900 370 
12-Jan-99 377 768 900 340 
13-Jan-99 380 725 268 440 
14-Jan-99 340 740 900 392 
15-Jan-99 360 718 900 246 
16-Jan-99 400 661 825 321 
17-Jan-99 370 700 900 389 
18-Jan-99 329 700 900 390 
19-Jan-99 390 670 900 375 
20-Jan-99 356 700 270 314 
21-Jan-99 350 650 195 350 
22-Jan-99 350 690 686 750 
23-Jan-99 353 665 600 337 
24-Jan-99 360 605 900 200 
25-Jan-99 351 628 750 345 
26-Jan-99 350 578 720 341 
27-Jan-99 340 610 790 341 
28-Jan-99 358 639 900 339 
29-Jan-99 348 604 725 342 
30-Jan-99 342 621 750 243 
31-Jan-99 337 594 650 235 
01-Feb-99 338 671 900 243 
02-Feb-99 350 590 875 250 
03-Feb-99 340 582 890 295 
04-Feb-99 348 607 890 350 
05-Feb-99 340 630 730 350 
06-Feb-99 350 650 890 360 
07-Feb-99 365 679 880 371 
07-Feb-99 345 660 890 370 
08-Feb-99 360 620 790 350 
09-Feb-99 345 627 825 361 
10-Feb-99 357 638 675 344 
II-Feb-99 348 700 900 420 
12-Feb-99 344 654 810 386 
13-Feb-99 430 664 900 356 
14-Feb-99 400 660 900 378 
15-Feb-99 400 665 900 379 
16-Feb-99 352 700 900 402 
17-Feb-99 350 700 900 365 
18-Feb-99 365 656 800 368 
19-Feb-99 375 700 900 391 
20-Feb-99 350 700 900 290 
21-Feb-99 430 674 900 370 
22-Feb-99 416 687 900 363 
23-Feb-99 401 648 900 370 
24-Feb-99 370 609 750 347 
25-Feb-99 400 680 890 365 
26-Feb-99 374 633 500 355 
27-Feb-99 365 693 930 370 
28-Feb-99 360 684 890 _~56 

01-Mar-99 350 644 870 350 



01-Mar-99 351 665 900 392 
03-Mar-99 390 660 860 360 
04-Mar-99 343 610 800 295 
05-Mar-99 375 682 870 366 
06-Mar-99 316 694 870 395 
08-Mar-99 400 696 900 375 
09-Mar-99 368 650 910 377 
10-Mar-99 395 625 875 368 
II-Mar-99 362 662 910 280 
12-Mar-99 400 665 890 330 
13-Mar-99 360 664 840 346 
14-Mar-99 348 670 625 228 
15-Mar-99 360 588 725 290 
16-Mar-99 346 615 770 262 
17-Mar-99 350 666 825 357 
18-Mar-99 350 610 780 301 
19-Mar-99 376 588 760 264 
20-Mar-99 358 568 755 300 
21-Mar-99 345 574 825 295 
22-Mar-99 324 557 800 253 
23-Mar-99 349 658 850 352 
24-Mar-99 354 636 870 273 
25-Mar-99 333 575 700 266 
26-Mar-99 358 700 910 322 
27-Mar-99 365 630 800 293 
28-Mar-99 345 661 900 346 
29-Mar-99 350 680 900 344 
30-Mar-99 340 638 620 287 
31-Mar-99 372 705 890 329 
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1-194 2J. 
1J.95 
1... 9"; 4 
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1493 '54 
14S4 
1-19356 
1"+£1428 
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1-4988 
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148462 
1..19919 
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1494 83 
149332 
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1..191 15 
1-49471 
149077 
150104 
1492 84 
148668 
148751 
148724 
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149164 
1484 56 
14856 
149081 
148839 
149186 
148715 
14918 
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148995 
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8177 
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1493 56 

141165 
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8160 
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8245 
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Flooded 
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1406 15 

140700 

140576 

1406 50 

140661 

1400 37 
140360 

1404 51 

140158 
140544 
1404 67 
1404 18 
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8244 
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140081 
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140516 
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140809 
1405 36 
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140557 

1406 65 
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140957 

140413 

140728 
1406 22 

140067 
140519 
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140414 

8117 
9350 
84 52 
9980 
9348 

8516 

77 57 
84 23 
8030 
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8468 

8258 

8330 

8530 

7790 

8772 

8376 
84 48 

939-1 
8712 
8995 
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140998 
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139936 

140520 
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140712 

140569 

1406 65 
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140957 

1404-41 

140747 
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140557 
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9190 
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9946 
9090 
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769-1 
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8566 

84 70 

8165 
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8526 
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9181 

8580 

8238 
8365 

9308 
84 30 
8970 
8826 
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1411 85 
140281 
1406 47 
1-\01 58 
140194 

140561 

140866 
1406 37 
140823 
1406 20 

140710 

1406 62 

1406 82 

140966 
140309 

1406 33 

140885 
1407 17 

140179 
140839 
140373 
140491 
1404 71 

81 33 
9392 
84 50 
10050 
9-125 

8518 

7745 
8444 
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8258 
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8526 
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8820 
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140982 
140079 
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140518 
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140569 
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140966 
140309 

140393 

140743 
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8108 
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10037 
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8513 
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9181 
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8362 
8462 

9480 
8747 
8970 
8900 
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141007140104 
1406.30 
1400.67 
139901 

1405,23 

140821 i1406 37 
1408 23 
1406,20 

140710 

1405 81 

1406 82 

1409 66 
1403,09 

140423 

140781 
1406 20 

1400.07 
1405 22 
1403.73 
140418 
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149381 8802 140579 8958 1404 23 8939 1404-43 8810 8930 1404 51 1404 66 Flooded Flooded 8829 140552 8926 1404 55 8914 1404,87 
IAN 
IAN 

3B 
39 

1494 09 9110 140299 9193 140216 9183 140226 Flooded Flooded 91 35 H0274 91 35 140274 91 35 140274 9140 140269 9280 140129 9263 140147 
149384 8800 140584 8856 1405 28 88.49 140535 Flooded Flooded Flooded Flooded 8805 140579 8880 140504 8871 140513 

IAN 40 149021 8314 140707 8353 1406 68 8348 1406 73 Flooded Flooded 8300 140721 8337 1406 84 8332 1406 89 8300 140721 8355 1406 66 8348 1406 73 
WI 41 1494 42 8776 1406 66 8776 1406 66 8776 1406,66 8782 1406 60 8782 1406 60 8782 1-1-06 60 Flooded Flooded 8775 1406 67 8775 1406 67 8775 1406,67 
WI 42 1494 04 9220 140184 9320 1400 84 9308 1400 97 Flooded Flooded Flooded Flooded Flooded Flooded 

43 149438 9200 1402 38 9290 140148 9279 140159 9115 140323 9145 1402 93 9141 140297 9230 140208 9254 1401 B4 9251 140187 9241 140197 9363 140075 9348 1400 90 
IAN 44 14917 8366 140804 8506 1406 64 84 89 1406 82 Flooded Flooded 8355 140815 8490 1406 80 8473 1406 97 8347 140823 85 00 1406 70 8481 1406,69 
WI -15 149134 
Wi 46 148881 Flooded Flooded Flooded Flooded Flooded Flooded 
Wi 47 148912 81 18 140794 8263 1406 49 8245 1406 67 81 13 140799 8232 1406 80 8217 1406 95 8010 140902 81 15 140797 8102 140810 
IAN 48 1487 73 7955 140818 8047 140726 8036 140738 Flooded Flooded Flooded Flooded 

IAN 49 14885 
50 1486 76 7814 140862 7970 140706 7951 140726 7836 140840 7985 1406 91 7966 140710 7804 140872 7940 1407 36 7923 140753 77 93 140883 7931 140745 7914 140762 

WI 51 149205 8433 1407 72 8768 1404 37 8726 1404 79 84 53 140752 8750 140455 8713 1404 92 84 25 H0780 8751 1404 54 8710 1404 95 84 20 140785 8770 1404 35 8726 1404 79 
IAN 52 149004 Flooded Flooded Flooded Flooded Flooded Flooded Flooded Flooded 
IAN 53 148906 8380 140526 8570 140336 8546 140360 84 05 8545 84 00 8590 nia n/a 
IAN 54 149174 84 75 1406 99 8545 1406 29 8536 1406 38 84 70 140704 8547 1406 27 8537 1406 37 84 55 140719 8543 1406 31 8532 1406 42 847B 1406 96 8545 1406 29 8537 1406 37 
~ 55 14877 8295 1404 75 8335 1404 35 8330 1404-40 8395 140375 8396 140374 8396 140374 8275 1404 95 8335 1404 35 8328 1404 43 8301 1404 69 8340 1404 30 8335 1404,35 
IAN 56 149204 8954 1402 50 8955 140249 8955 H0249 9104 140100 9105 140099 9105 1400,99 
WI 57 149209 8583 1406 26 8760 1404 49 8738 1404 71 8603 1406 06 8726 14~83 8711 1404 98 8570 1406 39 8740 1404 69 8719 1404 90 8575 1406 34 B6 70 140539 8658 140551 
IAN 58 1494 32 9064 140368 9065 140367 9065 140367 9024 1404 08 9024 1404 08 902-\ 1404 08 9068 140364 9069 140363 9069 140363 9089 140343 9090 140342 9090 140342 
WI 59 149393 9143 140250 9330 1400 63 9307 140056 91 30 140263 9263 1-1-0130 9246 140147 9122 140271 9342 140051 9315 140079 9156 140237 9345 140048 9321 140072 
IWI 60 1494 02 9064 1403 38 9093 140309 90 89 140313 9012 140390 9012 1403 90 90 12 140390 9070 140332 9090 140312 9088 140315 9083 140319 9104 140298 9101 1403,01 
IAN 61 1493 95 9230 140165 9463 139932 9-134 139961 
IAN 62 149516 9375 140141 94 93 140023 94 78 1400 38 9243 1402 73 9280 1402 36 9275 140241 9270 140246 9553 139963 9518 139998 9300 140216 9631 139885 9590 139926 
IAN 63 150182 9930 140252 9983 140199 9976 140206 9889 140293 9890 1402 92 9890 1402 92 9934 140248 9986 140196 9980 140203 9971 140211 10047 1401 35 100 38 140145 
IAN 64 1494 82 9268 140214 9335 140147 9327 140155 Flooded Flooded Flooded Flooded 9307 140175 9465 140017 94 45 140037 
IAN 65 14921 8800 1-10410 9080 1401 30 9045 140165 
IAN 66 149048 8329 140719 84 10 1406 38 84 00 1406 48 831-\ 140734 8388 1406 60 8379 1406 69 8310 140738 8382 1406 66 8373 1406 75 
t.fN 673 14934 
IAN 670 1496 74 
t.fN 58 149379 In Use In Use 
MW 69 
MW 1050 148516 
MW 1060 1484 24 
IAN 107D 1481 -;-8 

MW 1080 149722 
IAN 108S 149731 
WI 110D 1494 76 

"'" 111S 1.+9953 
MW2 2 149563 9095 1404 68 10020 139543 9904 1396 59 8998 1-10565 10000 139563 9875 1396 88 9020 1405 -\3 10045 139518 9917 1396 46 9033 140530 10070 1394 93 9940 1396 23 
RW 70 1485 
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WW 3 149401 
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WW 8 1494 6 
WW 9 1-\9069 

1 148646 7888 1407 58 7888 140758 7888 140' 58 
2 149592 9232 140360 9232 140360 9232 140360 
3 148725 8071 1406 5--l 8071 1406 5--l 80 "'1 1406 54 

ZL 4 14946 843B 141022 84 38 141022 843B 141022 
5 1-\9162 8342 1J.0820 8342 140820 8342 1-1-0820 
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