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natural sand bottoms and side slope protection, which consists of a geotextile fabric
and riprap lining. Each basin has a gravel access ramp to allow maintenance of the

bottom.

Control Building
The layout of the Sedgwick Recharge Site Control Building is shown in Figure 1-34.

Water piped from the diversion site enters the building from the east. Within this
structure, the water can be diverted to the pre-sedimentation basin or directly to any
of the three recharge basins. Also included in the building is the polymer storage
tank, sampling line, sink, and table. Monitoring equipment located in the building are
a turbidimeter, conductivity meter, and water temperature gage. Displays of system

status and operation conditions are located on the west wall.

Monitoring Wells

There are 10 monitoring wells and piezometers at or near the Sedgwick recharge site,
as shown in Figure I-33. Some of these monitoring wells are instrumental with the
SCADA system for continuous monitoring. These wells are included in the Water
Quality Sampling Plan. The other piezometers are provided to obtain manual depth

to water measurements.

D. OPERATIONS AND MONITORING

1. RECHARGE OPERATIONS

Recharge operations at the Halstead Recharge System began on May 23, 1997 with the two

basins and the recharge trench and on August 26, 1997 with the recharge well. Subsequently,

operational tests of all three recharge components of the Halstead Recharge System were

conducted through the remainder of 1997 and continued through the end of 1999.

The term permit from the Kansas Division of Water Resources for the diversion (test) well at

the Halstead System establishes minimum flow in the Little Arkansas River for operation of 42

cfs or 20 cfs, depending on the season. A graph of Little Arkansas River stage at Highway 50

Wich-BR1.doc
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from the start of system operation through the end of 199) is shown in Figure I-35. The graph
also shows the minimum stage limit for operation. Stages for the summer and winter flow

limits according to the 1999 USGS rating table for the gage are as follows:

Flow River Stage
cfs (feet)
Summer minimum (April - September) 42 6.49
Winter minimum (October - March) 20 6.07

Current stage information can be obtained by use of a telephone connection to the gage and
from the Kansas USGS "real-time" Internet web page (http://www-ks.cr.usgs.gov/kansas/
equus.). The Equus Recharge Project web page also provides historic and current water

quality information.

Figure I-36 shows groundwater levels in selected monitoring wells and the river stage near the
diversion well near Halstead. The river stage at Highway 50 is also shown on this figure, as
this gage dictates the minimum stage for system operation. The monitoring wells are part of
the line of monitoring wells perpendicular to the river that were installed to evaluate river-
aquifer interaction. River stage and groundwater level data is collected by the USGS data
collection platform (DCP) at the site and transmitted by satellite to the main computer database
in Lawrence, Kansas. The “hydrologic connection” between the river and aquifer is clearly
shown by the response of groundwater levels to storm events. Operation of the diversion well
is clearly shown by drawdowns in the monitoring well data. Additionally, good
communication between the upper and lower aquifer zones near the river is indicated by the

parallel movement of gage levels in both shallow and deep monitoring wells.

The term permit from the Kansas Division of Water Resources for the diversion (test) well at
the Sedgwick System establishes minimum flow in the Little Arkansas River for operation of
40 cfs. River stage for this flow limit according to the 1999 USGS rating table for the gage is
3.62 ft. Operation of the Sedgwick Recharge System was initiated in October 1997. The

system was operated on a limited basis during that year before being shutdown for the winter.

Recharge operations and system testing at the Sedgwick Recharge System was continued in

Wich-BR1.doc 1-47
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years 1998 and 1999 when the river stage was above 40 cfs at the Sedgwick gage. Figure 1-37

shows a graph of Little Arkansas River stage at Sedgwick from the start of system operation

through the end of 1999.

A summary of system recharge operations through the end of 1999 for both systems is shown

in Table 1-6. The amount of recharge water lost due to evaporation at the recharge basins is

estimated to be negligible at both sites. Based on an average annual evaporation rate of 54

inches and an average annual basin operation time of 4 to S months, the water volume lost due

to evaporation through the end of 1999 is estimated in approximately 0.7 to 0.8 million gallons

at the Halstead Site and 1.2 to 1.5 million gallons at the Sedgwick site. This evaporation

volume represents less than one percent of the total volume recharged.

Table I-6
Equus Beds Recharge Demonstration Project

Recharge Volume through 1999

Halstead Recharge System

North Basin
South Basin
Recharge Trench
Recharge Well
Total

Sedgwick Recharge System

Southwest Basin

East Basin

North Basin
Pre-sedimentation Basin

Total

Total through Dec. 1999:

9,496,000
39,898,700
5,802,100
579.707.600
634,904,400 gallons

60,138,900
44,696,200
19,639,400
23.859.800
148.334.300 gallons

783,238,700 gallons
(2,404 acre-feet)
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Recharge tests were conducted vy manual (non-automated) operation of the system by Wichita
wellfield personnel in coordination with the Engineer and Contractor through February 1998.
Efforts included system startup and shutdown, daily water level measurements, installation of
temporary high level alarms, and 24-hour monitoring during specific operations. Since March
1998, the supervisory control and data acquisition (SCADA) system with associated
instruments and controls became operational and allowed automated operation of the recharge

systems during the rest of the demonstration period.

Figures I-38 and I-39 show the cumulative recharge volume through the end of 1999 at the
respective Halstead and Sedgwick sites. Average daily recharge rates for the Halstead and
Sedgwick recharge facilities, respectively, are approximately 670,000 gallons per day and
180,000 gallons per day for the entire period of project operation.

!

2. MONITORING PROGRAM

a. Deséription of Program Development
The Recharge Monitoring Program is based on the concept of diverting water from the

Little Arkansas River to the Equus Beds Well Field for recharge only when the river is at
"above-base" flow stages. The rate and quantity of recharge for all the different units must
be monitored by maintaining a water balance in each component of the recharge facilities
and by periodically determining the addition to groundwater storage through observation
and piezometer water level measurements. The collection of water-balance data includes

volumetric determination of system inflow and outflow amounts.

At the Halstead and Sedgwick Systems, respectively, the diversion well pump and the river
intake pump are activated by the control system when an above-base flow event occurs, as
measured by the respective USGS gaging station. The diversion well and the river intake
pumps are shut down when the event ends. The total volume of surface water diverted at
the Sedgwick Site is metered at the surface water intake, while the volume of groundwater
diverted at the Halstead Site is metered at the recharge units. Each recharge unit at both
recharge sites have a separate water meter and water level indicator so that detailed

information about basin, well or trench inflow and change of storage can be determined.
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Instrumentation is connected to Wichita's existing well field computer control system for
data acquisition, storage and transfer for analysis. The amount of water that is added to
underground storage in the depleted parts of the aquifer is evaluated by metering, periodic

measurements of groundwater levels and groundwater modeling.

Water Quality

Refer to Part II (by EPA) for detailed water quality monitoring information.

Monitoring of Recharge Activities and Storage

The demonstration facilities have been equipped with a supervisory control and data
acquisition (SCADA) system with associated instruments and controls for use in operating
and monitoring the Equus Beds groundwater recharge demonstration system. There is a
computer controlled, Master Programmable Logic Controller (PLC) located at the City
Hall. Operator workstations are located at the Water Treatment Plant and Equus Beds
Wellfield Headquarters. The Halstead Recharge Site, Sedgwick Intake Site, and Sedgwick
recharge sites are equipped with remote PLCs. The PLCs interact through a SCADA radio
communications network and are equipped with an uninterruptible power system (UPS).

The master radio and antenna are located at City Hall.

(1) Operator Workstations
The PLCs monitor and control the field equipment and transmit status information to
and receive control commands from the operator workstations through the SCADA
communications network. The operator workstations are equipped with an animated
graphical Windows software which is used to view the status of and interact with the
recharge system. The process and control capabilities include:
e  Start/stop motors
e  Open/close valves.
e  Auto/manual control of analog loops

e  Change setpoints for control loops

The operator workstation located at the Water Treatment Plant is a desktop unit

Wich-BR1.doc
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C.

located in the Plant Control Room. The operator workstation located at the Wellfield

Headquarters is a laptop computer.

2) PLCs
The PLCs communicate by a polling SCADA radio system using Modbus protocol.
The master PLC polls the remote PLCs with an internal polling table. The master
PLC also has a backup CPU. The master PLC has the following alarms:
e  Power failure
e  UPS active
e UPS alarm
e  Master radio alarm
e Intrusion
e CPU low battery alarm
e  Primary CPU switched to backup CPU

(3) Uninterruptible Power System
The master PLC and radio at City Hall and the remote PLCs and radios at the
demonstration sites are equipped with uninterruptible power systems (UPS). These
units automatically switch to battery inverter backup when normal power is lost.

When normal power is restored, these systems automatically switch back.

(4) Software Control Package
The operator workstations are equipped with a software control package for control,
display, monitoring alarms, data storage, and communication. These software
packages include detailed documentation and are Wonderware InTouch 6.0 Runtime,
Microsoft Windows NT 4.0, and Microsoft Excel 97. Wonderware InTouch is the
animated graphical Windows software. The windows designed for this project are

shown in Photographs I-7 and I-8.

Response Actions
If the MCL for atrazine or other monitored parameters are exceeded in the shallow or deep

monitoring well samples at the recharge sites, the nearest City well (No. 4 at the Halstead

Wich-BR1.doc
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potential impacts on the aquifer and assure compliance witn 1eaeral ana stare regulations.
These data describe and quantify the effects of the small-scale recharge demonstration
project on the aquifer and will be used to determine the technical, economic, and
environmental validity of the full-scale aquifer storage, recharge and recovery project.
The goals for analytical precision, accuracy, comparability, representativeness and

completeness are described in the Data-Collection/QC Report.

(1) Stream Flow and Water Levels
Stream water-surface elevation (stage) is determined at six streamflow-gaging
stations along the Little Arkansas River (see Fig. I-6) with non-submersible, pressure
transducers and was measured to the nearest 0.01 foot. The stage is recorded relative
to an arbitrary datum, which has been referenced to the elevation of the gage datum
(see Table I-7). Stage data is electronically recorded and transmitted by a data-
collection platform (DCP). The data then is transmitted by satellite to a
downlink site and then to the computer at the USGS office in Lawrence, Kansas.

These data are recorded every 15 minutes and transmitted at least every 4 hours.

Four of the six streamflow-gaging stations (Alta Mills, Highway 50, Sedgwick and
Valley Center) are operated as continuous streamflow or discharge stations, and
stage-discharge ratings are developed and maintained for these sites. The remaining
two gaging stations (near Halstead and Site TH-08) continuously record the water

elevation or stage of the stream.

Water levels in monitoring wells are recorded to the nearest 0.01 foot at 15-minute
intervals and transmitted from the same DCP as the colocated streamflow-gaging
stations at all of the sites listed in Table I-7, except sites TH-10-95, TH-02-95, TH-
06-95, and TH-12-95, which are measured only at the time of sampling. Water-level
sensing equipment consists of submersible transducers that transmit the water level to
the DCP. Water levels are recorded and then transmitted every 4 hours to the USGS

office in Lawrence, Kansas.
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Table I-7

Data-collection sites used during baseline data collection for the Equus Beds Ground-Water Recharge Demonstration Project (Ziegler and Combs, 1997)

[S. streamflow-gaging station; W, monitoring well; Q, surface-water sampling site; T, test well; —, information not available]
Gage or
Latitude Longitude well Approx. Approx.
U.S. Geological Type (degrees, (degrees, datum well screened
Data—collection Survey site of minutes, minutes, (feet above depth interval
site identification no. Site Name site Legal description seconds) seconds) sea level) (feet) (feet)
07143665 071443666 Little Arkansas River at Alta Mills, Kansas S 22S5-02W-30BBC 38°06'44" 97°35'30" 1,391.40 - -
Monitoring well at 380644097353001  Well at Alta Mills Gage w 22S-02W-30BBC 38°06'44" 97°35'30" 1,391.40 - -
07143665
TH-10-95 380424097343801  Well TH-10 near Alta Mills, Kansas w 235-02W-06DDD 38°04'24" 97°34'38" - 59.10 48.7-58.7
TH-02-95 380237097324401  Well TH-02 w 235-02W-16CDD 38°02'37" 97°32'44" - 54.00 43.6-53.6
07143672 07143673 Little Arkansas River at Highway 50 near S.Q 235-02W-28AABB 38°01'43" 97°32'25" 1,370.55 - -
Halstead, Kansas
07143680 07143680 Little Arkansas River at Halstead, Kansas S 23S-02W-34ADDD 38°00:27" 97°30'52" 1,371.00 - -
EB-145-A1 380028097311001  Well #1 at TH-04-95 w 235-02W-34ADDA 38°0028" 97°30'52" 1,371.00 48.00 37.647.6
PD-5 380028097311002  Piezometer well w 23S-02W-34ADDA 38°00°28" 97°31'07" 1,371.00 120.00 112-117
EB-145-A2 380028097310901  Well #2 at TH-04-95 w 23S-02W-34ADDA 38°00'28" 97°31'09" 1,371.00 47.00 3747
EB-145-A3 380028097311101  Well #3 at TH-04-95 w 23S-02W-34ADDB 38°00°28" 97°31'11" 1,371.00 70.00 60-70
EB-145-A4 380027097311401  Well #4 at TH-04-95 w 23S-02W-34ADCD 38°00'27" 97°31'14" 1,371.00 60.00 50-60
EB-145-A5 380025097312701  Well #5 at TH-04-95 w 235-02W-34ACDC 38°00"25" 97°31'27" 1,371.00 43.00 3242
Test well Test well at TH-04-95 T 235-02W-34ADDA 38°00'31" 97°31'10" - 136.50 75.9-136.5
07143770 07143770 Black Kettle Creek near Halstead, Kansas Q 24S-01W-21CCC 38°01'43" 97°31'13" - - -
TH-06-95 375304097291301  Well TH-06 near Halstead, Kansas w 24S-02W-01DCC 37°53'04" 97°29'13" - 41.00 30.640.6
07143930 071433930 Kisiwa Creek near Halstead, Kansas Q 24S-02W-14DDD 30°57'25" 97°30'05" - - -
07144050 07144050 Emma Creek near Sedgwick, Kansas Q 245-01W-21CCC 37°56'28" 97°26'39" -
07143950 07143950 Little Arkansas River at SW 84th Street near s,Q 24S-01W-29ABAB 37°56'28" 97°27'04" 1,345.00

Sedgwick, Kansas




Table I-7 {continued) .
Data-collection sites used during baseline data collection for the Equus Beds Ground-Water Recharge Demonstration Project (Ziegler and Combs, 1997)

[S, streamflow-gaging station; W, monitoring well; Q, surface-water sampling site; T, test well; -, inforrnation not available]
Gage or
Latitude Longitude well Approx. Approx.
U.S. Geological Type (degrees, (degrees, datum well screened

Data-collection Survey site of minutes, minutes, (feet above depth interval

site identification no. Site Name site Legal description seconds) seconds) sea level) (feet) (feet)
TH-08-A1 375628097270201  Well #1 at TH-08-95 w 24S-01W-29ABAA 37°56'28" 97°27°02" 1,345.00 40.00 30-40
TH-08-A2 375628097270401  Well #2 at TH-08-96 w 245-01W-29ABAB 37°56'28" 97°27'04" 1,345.00 53.00 43-53
TH-08-A3 375628097270801  Well #3 at TH-08-97 w 24S-01W-29ABAB 37°56'28" 97°27'08" 1,345.00 59.00 48-58
TH-08-A4 375628097271001  Well #4 at TH-08-98 w 245-01W-29ABBA 37°56'28" 97°27'10 1,345.00 58.00 46-56
TH-08-A5 375628097271701  Well #5 at TH-08-98 w 24S-01W-29BAAA 37°56'28" 97°271 7" 1,345.00 53.00 42-52
7144090 07144090 Sand Creek near Sedgwick, Kansas Q 24S-01W-34BCB 37°55'19" 97°25'36" - - -
7144100 07144100 Little Arkansas River at Fry Bridge near $,Q 25S-01W-15BBAA 37°52'59" 97°25'27" 1,340.00 - -

Sedgwick, Kansas
EB-142 375259097252701  Well #1 at 07144100 w 25S-01W-15BBAA 37°52'59" 97°2527" 1,340.00 - -
EB-142-A1 375300097253101  Well #2 at 07144100 w 25S-01W-10CCCD 37°53'00" 97°25'31" 1,340.00 - -
EB-142-A2 375300097253301  Well #3 at 07144100 w 255-01W-10CCCC 37°53'00" 97°25'33" 1,340.00 - -
EB-142-A3 375300097253501  Well #4 at 07144101 W 25S-01W-10CCCC 37°53'00" 97°25'35" - 57.50 47.2-57.2
EB-142-A4 375300097254201  Well #5 at 07144102 w 255-01W-9DDDC 37°53'00" 97°25'42" - -
TH-12-95 375140097243301  Well TH-12 near Valley Center, Kansas w 24S-01W-23BCC 37°51'40" 97°24'33" - 50.30 39.9-49.9
7144200 07144200 Little Arkansas River at Valley Center, S 25S-01W-36CBA 37°49'56" 97°23'16" 1,325.66 - -
Kansas

Monitoring well at 3754956097231600 Well at Valley Center gage w 25S-01W-36CBA 37°49'56" 97°23'16" 1,325.66 - -

07144200
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(2) Recharge Flow and Water Levels

&)

Halstead Recharge Site
At the Halstead Recharge Site, water flowrate and water levels were monitored at the

recharge basins, recharge well, and recharge trench with the SCADA System.
Flowrate and water-level sensing equipment consisted of flow meters and level-
indicating transmitters, respectively, at the North and South recharge basins, recharge
well and recharge trench. Monitoring wells H-1, H-4, H-7, H-10, H-13, and H-14 at
the Halstead Recharge Site (see Figure 1-29) are also equipped with level-indicating
transmitters. Flow and level data are transmitted by the Halstead Recharge Site
remote PLC through the SCADA radio communications network to the Master PLC

located at the City Hall, where they are recorded.

Sedgwick Intake and Recharge Sites
At the Sedgwick Site, the intake water flow and the recharge flow and water levels at

the recharge basins are monitored with the SCADA System. Flow meters and level-
indicating transmitters were used at those facilities for monitoring purposes.
Monitoring wells S-9, S-10, S-11, S-12, S-13 and S-14 at the Sedgwick Recharge Site
(see Figure I-33) were also equipped with level-indicating transmitters. Flow and
level data are transmitted by the Sedgwick Recharge Site remote PLC through the
SCADA radio communications network to the Master PLC located at the City Hall,

where they are recorded.
Water Quality

Sampling Network and Rationale

Sampling is conducted at the following locations as shown in Figures [-40 and I-41,

respectively, for the Halstead Recharge Site and the Sedgwick Recharge Site:

e Halstead Recharge Site:
- Sample tap in Control Building for recharge water.

- Two shallow monitoring wells on recharge site.
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- Two deep monitoring wells on recharge site (one upgradient and one

downgradient.

e Sedgwick Recharge Site:
- Sample tap in Control Building for recharge water.
- Two shallow monitoring wells on recharge site.

- Two deep monitoring wells on recharge site (one upgradient and one

downgradient).

The sample taps in the Control Buildings will provide a sample location to determine
an indication of water quality immediately before the water is recharged. The ‘
shallow monitoring wells p;'ovide water quality data on the ambient groundwater
(before recharge) and on the water quality changes in the aquifer (after recharge).

The monitoring wells at each site will be used to assure that no significant water .
quality degradation (concentrations exceeding the MCL) occurs and when, if ever, the

mitigation plan must be enacted. The mitigation plan is detailed above in Section 2.

Additional sampling and analysis were conducted for the Little Arkansas River and

selected monitoring wells as listed in Table I-8.

Sample Schedule, Locations, Frequency and Duration

Schedules for sampling with the sample location, frequency and duration for fiscal
years 1997 and 1998 are listed in Table I-8. Baseline and recharge sampling will

occur during recharge activities, which occur when the stream flow exceeds "above-

base" flow.

Sample Matrices, Target Analyte

Primary target analytes are atrazine and chlorides. These analytes of concern were
confirmed during two years of baseline sampling during the feasibility studies.
Baseline sampling and analysis for constituents identified in Table I-8 will continue

to comply with state and federal regulations.
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} PART III |
/ ANALYSIS and CONCLUSIONS

A. COST ANALYSIS

1. CONSTRUCTION COSTS

Construction of the Equus Beds Groundwater Recharge Demonstration Project (Project) was
completed in two contracts. Contract 1 included the construction of the demonstration facilities
for the Halstead and Sedgwick Recharge Systems. Contract 2 included the installation of the
SCADA system for system monitoring, data recording and control. The Project has a total

construction cost of $3,133,000 with Contract 1 costing $2,703,000 and Contract 2 costing
$430,000.

Construction cost items for the Project are described in Table III-1. Review of the table shows
{ general items and SCADA cost $622,000; the Halstead Intake System cost $1,027,000, and the
Sedgwick Recharge System cost $1,484,000. A detailed schedule of values for the Project is

[ included in the Appendices.
{ 2. SCHEDULE OF OPERATING COSTS

( The Halstead Recharge System began operation in May 1997 and continued operation through

December 1999. The Halstead System was operated for about 2,550 hours in 1997, 5,440

hours in 1998, and 4,520 hours in 1999. The operating hours for both November 1999 and

/ December 1999 were unavailable due to difficulties with the SCADA system and were
estimated in 250 hours per month. Tﬁe Sedgwick Recharge System began operation in October

l 1997. The system was tested for two weeks and then shut-down for the winter. System
operation was restarted on April 29, 1998 and continued through October 15, 1998. System
operation was again restarted on March 9, 1999 and continued through October 1999. The
Sedgwick System was operated for about 70 hours in 1997, 740 hours in 1998, and 3,020 hours
in 1999. The operating hours for both September 1999 and October 1999 were unavailable due

i -
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Table Il - 1

CONSTRUCTION COST SUMMARY

"~ ..:] . Total Cost
)

Components

__]jalstead and§__t_a_d_gwick Recharge Systems: __ﬁ—Q - - _‘_*__ - _M -

_General: ~ Mobilization, Demobilization, PowerSupply | 192,000

430,000 622,000

__SCADA:

" Pipeline: " Pipeline from Intake to Recharge Site 264,000

Vault, and ChiorineFeed =~~~ | 256,000

__Intake Site:  Site Work, Electrical, Diversion Well and Pump, Vaive/Meter |

_Recharge Site: __Site Work, Fence, Electrical, Control Building, Piping, Meters, | N
___ Recharge Basins, Recharge Trench, and RechrageWell | = 507,000 1,027,000

_Sedgwick Recharge System: S,
" Pipeline:______Pipeline from Intake o Recharge Site________ - |~ "212,000|

' Intake Site: Site Work, Electrical, Diversion Intake and Pump, Meter, 1
Chlorine Feed, PAC Feed, Polymer Feed, Control Building, |
Parallel Plate Seperator and Residuals Basins

s 840,000

_ Recharge Site:  Site Work, Fence, Electrical, Control Buiiding, Piping, Meters, |
Earthen Presedimantation Basin, Transfer Pump,and

Three Recharge Basins | 432000] = 1,484,000

rech$sum.wk4
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the river, monitoring wells at the recharge sites, and domestic wells adjacent to the recharge

sites. The type and number of samples collected from February 1995 through September 1999

and associated total costs are shown in Table I1I-3. All water quality monitoring was conducted

by the U.S. Geological Survey (USGS) in Lawrence, Kansas. USGS collected all samples and

performed organic analyses. Additionally, USGS provided cost share funding for the Project as
shown in Table III-3. The City of Wichita laboratory at the Central Water Plant performed all

inorganic and bacteriological analyses.

B. RESULTS AND DISCUSSION

1. TECHNICAL RESULTS

a.

Halstead Recharge System

(1) Recharge Basins

The two Halstead recharge basins were the first components of the demonstration
program to be brought into operation. The north basin has a bottom area of 0.35 acre
and the south basin has a bottom area of 0.20 acre. Each basin is about 12 feet deep
with the bottom of the basin below the surfacial clays. During construction, some spot
removal of clay lenses was required after the excavation was completed to the design

depth.

A significant clay layer exists from a depth of about 30 to 60 feet below ground
surface, preventing direct movement of the recharge water to the main aquifer and
causing water to “perch” above the clay layer. Drill logs from installed piezometers
and a monitoring well indicate that the intermediate clay layer in this area is laterally
extensive. The potentiometric water level in the lower aquifer was below the top of
the clay layer when recharge operations began. A map of pre-operation groundwater

levels in the main (lower) aquifer is shown in Figure III-1.

Testing conducted during 1997 and 1998 showed that, although the bottoms and

underlying sand layers of the basins are very permeable, recharge rates decreased
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considerably after the sand above the relatively shallow, intermediate clay layer
became saturated. While recharge rates of about 15 to 20 ft/day were observed during
the system startup, those rates stabilized at about 1 to 2 ft/day once the subsurface
sand layer was filled and "groundwater mounding" occurred. The change from
vertical flow to predominantly horizontal flow in the sand above the clay layer was the

cause for the lower recharge rates.

Similar results to those observed in 1997 and 1998 were obtained during the operation
of the Halstead recharge basins in 1999. Figure III-2 shows the recharge rates with
time and the associated water levels at both Halstead recharge basins. Figure III-2
also Shows the response of shallow groundwater levels in selected monitoring wells.
The rise in shallow groundwater levels is due to recharge through the basins or, to a
lesser extent, through the recharge trench (discussed below). A profile of the recharge
basins area showing the response of groundwater levels to recharge operations is
presented in Figure III-3. These two figures show that shallow groundwater
piezometric elevations near the basins are similar to the water level in the basin due to
groundwater mounding during recharge operations. Maps showing contours of
shallow water levels before and during continuous recharge events at the basins are
provided respectively in Figures ITI-4 and ITI-5. Those maps illustrate how shallow
groundwater rapidly saturates the sand bed above the intermediate clay layer in

response to continuous recharge events,

Typically, a shallow water depth should be maintained in the basins when a perching
layer is not present; however, when the piezometric levels rise above the bottom of the
basin, flows can be increased by raising basin water levels to increase static head. In
1998 and 1999, testing was conducted to evaluate the response characteristics of the
basins and the aquifer under different basin water elevations. Figure I11-6 provides a
graph of basin water depth (ft) vs. infiltration rate (ft/day) that illustrates the test
results. These tests showed that infiltration rates of up to 3 ft/day could be obtained
when the water elevation in the basins was raised to approximately 1,419 ft. (7 ft. and
8 ft. of water above the respective bottoms of the south and north basins). Above

water elevation 1418 ft. (USGS), the dike between the north and south basins is
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3

for the initial tests performed with the gvavity recnarge weus 1s snown n Figure 111-6.
As seen in this figure, operation of the basins with the gravity recharge wells resulted
in higher recharge rates for a given water depth as compared to the tests performed
before installation of these wells. Testing of the basins will continue through the

spring and summer of 2000 to collect additional data.

Recharge Trench

The recharge trench was initially recommended as a test facility in a peer review of
the recharge concepts because of the perched clay layer in the Halstead area. The
recharge trench allows a thin vertical flow zone down to the clay layer, which is easily
dispersed laterally. A "groundwater mound" is minimized using a linear recharge area
(trench), whereas a non-linear area, such as a basin, will cause greater "groundwater
mounding”. As discussed above, when this groundwater mound rises above the

bottom of the basins, vertical percolation ceases, resulting in reduced recharge rates.

The recharge trench has a history of minor operational problems caused by plugging
of the upper filter fabric by iron precipitation. Wichita wellfield personnel
periodically clean the filter fabric by wet shop vacuum as part of the normal operation
and maintenance requirements for continuing recharge operations. Infiltration rates of
up to 75 feet per day were obtained and the maximum recharge rate tested was about

120 gpm during the testing period.

In 1998, the recharge trench inlet structure was modified to minimize water aeration.
During June 1999, additional modifications were made to the recharge trench to
control water agitation and to reduce iron oxidation. Modifications include the
installation of distribution piping and use of floating covers. Tests showed that run
time was increased slightly; however, the filter fabric continues to experience

problems with iron fouling.

Recharge Well
The recharge well is screened below the extensive clay layer, from approximately 130

ft to 215 ft below the ground surface. This allows the demonstration project to
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recharge in the lower portion of the aquifer, whic.. ._____ ..._ o~ - _Stem to
respond as a confined aquifer. The recharge well was operated from August 1997
through the end of 1999 when the flow in the Little Arkansas River was above the
minimum limit. To extend the period of operation and data collection during cold

weather, Wichita wellfield personnel constructed an insulated building for the well.

During recharge operations, monitoring wells constructed in the lower aquifer showed
large changes of 10 to 15 feet in water levels, depending on pumping or recharge
conditions. Piezometric levels in the deep aquifer zone vary mainly in response to
changes at the recharge well. However, pumping from City water supply wells and
irrigation wells located over 1/2 mile away may also cause some fluctuations in
piezometric levels. The responses of groundwater levels in the recharge well and
associated piezometric levels in selected monitoring wells are presented in Figure I11-
9. The system recharge rates and groundwater levels in the shallow portion of the
aquifer above the intermediate clay layer are also shown in Figure I111-9. Recharge
rates were maintained at an approximate average rate of 750 gpm during system
operation. The observed rise in shallow groundwater levels is due to recharge through

the basins or trench.

Maps showing groundwater contours (deep aquifer) during recharge operations at the
end of 1997, at the end of the spring 1998, at the conclusion of the 1998 pumping
season, and in January 1999 are presented respectively in Figures I11-10, I1I-11, I11-12
and I1I-13. Recharge operations in the deep aquifer area resulted in the formation of a

30-foot-high ground water "mound" around the recharge well.

The recharge well was periodically redeveloped to remove sediment that could
potentially block the inside of the screen and reduce well performance.
Redevelopment is accomplished by surging the redevelopment pump 10 to 20 times
and then pumping to waste into one of the recharge basins for approximately one hour.
Well performance can be evaluated by monitoring the difference between the water
levels in the recharge well and a nearby monitoring well with time, as shown in Figure

I1I-14. A stable difference between the recharge well and monitoring well water
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with treated water from the Lamella unit. The tests were conducted to investigate

the following conditions:

. Effects of higher turbidity raw water compared to the initial runs

conducted in March 1999,

. Impacts of reduced flow rate on system performance,

. Performance of a new polymer that appeared to provide better water
clarity, and

. Effectiveness of a filter fabric on top the sand media.

Four infiltration runs with treated water from the pre-sedimentation basin were
conducted at this site to study the effects of using a new polymer (PRC 3070 S)

and a filter fabric on the top of the sand media.

Particle counting was conducted during some of the test runs to determine the
nature of particulates in the raw water, treated water from the Lamella unit,
treated water from the pre-sedimentation basin, and discharge from the column
tests at the recharge site. Particle count analyses were used to determine the
distribution of particle sizes in particular samples, influent, effluent and
backwash. Particle counters have sensors available in different-size ranges

which allow measurement of particle concentrations in these ranges.
The test conditions and observed results are summarized in Table III-4 for the
intake site column and in Table III-5 for the recharge site column. Main

observations and conclusions from the column infiltration tests include:

. Viability of Recharge Without Treatment

When raw water from the Little Arkansas River was processed through

the intake site column, the piezometer readings slowly decreased after
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Table llI-5
Sedgwick Reciarge Site Column Infiltration Results
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Test Date 05/24/99 | 05/25/99 | 05/26/99 | 05/27/99

Polymer Superfloc C|Superfloc C{ PRC 3070 | PRC 3070
587 587 S S
- _-|Approximate Flow Through 1,000 530 530 530
| Treatment System (gpm)
Raw Turbidity (NTU) >1000 >1000 808 650
Presed Effluent Turbidity NTU) 12 4 5 6
Initial Infiltration Rate (ft/day) 4,933 4,111 3,795 4,111
Final Infiltration Rate (ft/day) 27 36 143 129
Recharge Time (min) 211 450 285 441
Total Volume Recharged (gallons) 232 1,284 813 848
Water Temperature (degrees F) 65 67 69 71
Days of recharge @ 10 ft/day 8.9 49.3 31.2 325

* A filter fabric was placed on top of the media
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initial start-up, exhibiting a .iigher head over a longer period of time as
shown in Figure I1I-22 (raw water test on 3/26/99). The volume of water
passed through the column was high and the amount of particles drawn
deep into the bed appeared to be significant. This indicates that particle
removal takes place throughout the entire depth of the sand media when
raw water is applied to the column. This is not a desirable effect because
particles that are below the first 2 to 3 inches cannot be easily removed,
causing increased maintenance cost for media cleaning.

When raw water was applied to the column, infiltration rates of the raw
water stream were initially higher than those observed when treated
water from the packaged pretreatment (Lamella) unit was used. Since
particles in raw water pehetrate deeper into the media than floc particles
which pack on top of the media, the initial headloss through the column
is relatively small which results in higher initial infiltration rates.
However, the loss of infiltration capacity over time was observed to be
greater for the raw water compared to the water treated with polymer as
shown in Figure I11-23 (initial four-test summary). Based on this data,

all surface water should be treated before recharge.

. Low vs. High Turbidity Recharge Water

The turbidity of the water applied to the intake site column during the
initial tests on March 25 and 26, 1999 was lower than the turbidity
observed during the tests conducted in May 1999. Comparison of data
for these tests revealed that high raw water turbidities produce treated
waters which are easier to recharge (higher infiltration rates and larger
total recharge volumes) than those produced by low raw water
turbidities. Floc formation in low turbidity waters is slower and floc size
is smaller, resulting in greater floc carry over. This results in recharge

water with turbidity that causes earlier plugging of the test column.

. Effects of Reduced Flow Rate
Reducing the flow rate through the treatment system by about 50 percent,

-
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from 1,000 gpm to 530 gpm, resulted in a significant drop in treated
water turbidity. The lower turbidity of the treated water resulted in a
recharge volume increase of 1.5 times at the intake site and 5.5 times at
the recharge site columns. Reduced PAC carryover at lower flow rates is

believed to be the principal reason for higher recharge volumes.

The change in flow rate through the Lamella unit from 1,000 gpm to
530 gpm increased the rapid mix time from 30 seconds to 1 minute and
the flocculation time from 2 minutes to 4 minutes. The plate overflow
rate was reduced from 0.5 gpm/ft’ to 0.25 gpm/ft’. To evaluate which of
these changes had the biggest impact, half of the Lamella unit weirs were
plugged to increase the plate overflow rate back to 0.5 gpm/ft’. The
increase of overflow rate had no effect on the low Lamella effluent
turbidity, which leads to the conclusion that rapid mix and flocculation
times are the limiting factors for turbidity reduction in the Lamella

treatment unit.

Polymer Type

Two polymers were selected for testing in the pilot unit based on jar
testing conducted in July, 1998. Superfloc C-587 was used at the water
treatment plant and was also used for water treatment at the Sedgwick
Recharge System. As an alternative, PRC 3070C, supplied by Polymer
Research Corporation, was tested in the pilot treatment system.

The PRC 3070 S performed better than Superfloc C-587, yielding better
recharge rates and total volume of water passing through the test
columns. Analysis showed that particles generated from the addition of
PRC 3070 S were large in size and produced less headloss inside the

column.

Effects of Filter Fabric
The use of a filter fabric at the intake site column reduced both the

recharge rates and the total volume of water recharged through the
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column. The filter fabric was effective in reducing the solids which
penetrated into the sand media and may be an option to be considered

further for surface water recharge.

. Effects of Water Levels (Heads)
Column testing with high water levels (high head) has a tendency to

“pack” solids on top of the sand media. Lower water levels above the
media allow longer recharge times before plugging occurs. The solids do
not pack as tightly in the lower head application and lower head loss
occurs. This effect is described in water treatment literature and
emphasizes the need to remove as much turbidity as possible to prolong

recharge time between basin media cleaning events.

(c) Basin Bottom Sampling

In addition to the column tests, sampling was conducted in the existing Sedgwick
Recharge Basins to determine the depth at which particle removal occurred in the
basins. The southwest basin was essentially plugged at the time of the sampling
and the northeast basin had never been used. Both basins were sampled using a
I-inch diameter piece of schedule 80 PVC pipe. The pipe was driven into the
basin bottom to collect a sample of the bottom material. The procedure was
repeated.in three-inch increments to a depth of 1 foot. Each 3-inch depth of
sample was washed with 2 liters of low turbidity water to remove the fine
particles. The rinseate was then analyzed by the particle counting instruments to

determine the distribution of sediment from the recharge water with depth.

The turbidities detected in the water used to wash the samples from each basin
are shown in Table III-6. In these tests, the southwest basin was operated while
the northeast basin (control) had not yet been used for recharge. Analysis of the
bottoms of Basins 1 and 2 showed particles of powdered activated carbon (PAC)
carried over from the earthen pre-sedimentation basin. PAC particles are usually

less than 50 microns in size and sand particles are 300 microns, or more, in size.
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Table Il..l‘\.l
Basin Bottom Core Sampling Results

3t06 377 804
6t09 244 ' 660
9t0 12 357 618

The smaller size allows PAC to penetrate several inches into the sand bottom
‘which eventually reduces the recharge rate. Because of this potential plugging
concern, effective removal of PAC is important in extending the operation of the

recharge basins between maintenance events.

The test results indicate particles were removed from the recharge water in the
top two to three inches of the bottom sand. The layers sampled beneath the top
three inches were actually cleaner in the basin that received recharge than in the
basin that had never been used. This is believed to be a result of “washing” by
recharging large volumes of water through these layers. Based on the
observations made during the column tests, most of the plugging in this basin is
believed attributable to deposition of PAC. After the tests, the basin was
dewatered, dried and recharge water was reapplied with no substantial recharge
improvements. If most of the plugging were due to polymer accumulation, the
results would be different. Polymer consists of organic molecules that break
down by microbial action and by dewatering or drying. Infiltration

characteristics typically increase in a basin that is dried for a period of time.

(3) Simulated Surface Water Recharge Trenches
Recharge trenches have shown to be an effective method of maintainingyhigh recharge

rates with diversion well water in areas where subsurface clay layers cause significant
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groundwater mounding. Use of recharge trenches, however, was nct considered for
treated surface water because of expected problems with plugging caused by water
that contains some (carry-over) turbidity. For the same reason, treated surface water

was not considered for application with recharge wells.

To evaluate the potential of using treated surface water in trenches, four test cells (or
simulation surface water trenches) were installed in the southwest basin at the
Sedgwick Recharge Site by the City’s well field crew in August, 1999. The cells were
set up using the 11.5 ft diameter steel tube assemblies that were used in the initial
infiltration tests in 1995. The four cells were connected to the basin recharge inlet
pipes by PVC piping. Each cell had a water meter and a valve to control flow.
Different filter fabrics were installed in each of the three cells. No fabric was installed

in the fourth cell which was used as a baseline or control cell.

Limited testing of the simulated surface water trenches occurred in September, 1999
before the Sedgwick Recharge System was shut down and winterized. Additional

testing is planned in year 2000 to determine the viability of this recharge method.

Water Quality Monitoring
Over 4,300 water samples have been collected and analyzed through the end of fiscal year

1999 as part of the demonstration project. Baseline (or background) water quality data was
collected in 1995, 1996 and part of 1997. Once demonstration facilities became operational
in mid-to late-1997, additional water quality data were obtained in part of 1997, 1998 and

1999 to determine possible impacts caused by system operation.

Prior to recharge operations, the USGS obtained background samples from the monitoring
wells and the City supply well at each site. During operation, water quality samples were
collected by the USGS according to the approved Quality Assurance Protection Plan for
Water Quality Sampling and Analysis.

Graphs of chlorides, triazine (herbicide class that includes, among other compounds,

atrazine and cianazine), and specific conductance in the Little Arkansas River from samples

=
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at the Highway 50 gage are respectively shown in Figures I1I-24, 111-25, and 111-26. The
figures show the test results for the last several years in addition to the 1999 data. River
flow is also presented to illustrate the concentration variation of these parameters with the
volume of stream flow. Similar graphs of chlorides, triazine, and specific conductance
analyzed from samples obtained at the Sedgwick gage are respectively shown in Figures
II1-27, ITI-28 and I1I-29. As seen in Figures I11-24, I11-26, I1I-27 and III-29, increases in
river flow are usually accompanied by decreases in both chlorides and specific conductance
due to dilution. Similarly, dry weather periods are generally paralleled by higher
concentrations of chlorides and specific conductance. In contrast to the above
observations, Figures I1I-25 and I11-28 show that increases in river flow are usually
accompanied by increases in triazine concentrations. This can be explained by the fact that
that pesticide loads are expected to increase with increasing surface runoff from agricultural

areas, particularly at the beginning of each runoff event.

At the Halstead site, baseline water quality in the perched aquifer was relatively poor with
an approximate specific conductance of 1,400 pus/cm. After recharge began, water quality
immediately improved and eventually matched that of the recharge water (about 800
ps/cm). Water quality impacts also occurred in the lower aquifer due to the recharge well.
Initial specific conductance of the lower aquifer water was about 350 ps/cm. As recharge
operations continued and groundwater in the aquifer was replaced by recharged water, the
specific conductance rose to that of the recharge water, indicating that the aquifer water had
been replaced. Figure I11-30 illustrates the impact of recharge water on groundwater
quality (specific conductance) and the associated cumulative volume recharged at the

Halstead site through the end of 1998.

At the Sedgwick site, initial specific conductance approximately ranged from 550 ps/cm to
700 ps/cm in the shallow portibns of the aquifer and from 700 p.s/crﬁ to 800 ps/cm in the .
deep areas. Since the recharge water is collected directly from the river at the Sedgwick
site, its specific conductivity is relatively variable as compared to the Halstead site, which
uses river bank water for recharge. As a result of this, water quality in the aquifer is

expected to vary depending on the recharge water quality.
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Atrazine and chloride, among other water quality parameters, were extensively monitored
at the two sources of recharge water, the Halstead diversion well and the Sedgwick surface
water treatment system. Atrazine concentrations for various types of water are shown in
Figure ITI-31 for the Halstead Recharge System and in Figure I1I-32 for the Sedgwick

Recharge System. Chloride concentrations for various types of water are shown in

Figure I11-33 for the Halstead Recharge System and in Figure 11I-34 for the Sedgwick

Recharge System. These figures summarize the effect of demonstration recharge

operations on water quality with respect to background water quality levels.

Baseline concentrations of atrazine in the surface water (at the Highway 50 gage near
Halstead) during the study ranged from less than 0.10 to 46 pg/L' and chlorides ranged
from 8 to 400 mg/L (Ziegler et al., 1999). Atrazine concentrations are typically higher at
high river flows, depending on the timing of agricultural applications. Chlorides usually

decreased with flow with higher chloride concentrations occurring at low stream flows.

Atrazine con'centrations in the diversion well discharge ranged from less than 0.1 to
0.21 pg/L' (based on USGS data through July 1999) and were significantly less than the
EPA’s MCL of 3 pg/L. Chloride concentrations in the diversion well discharge ranged
from 22 to 78 mg/L (based on USGS data through July 1999), which is similar to the -
average aquifer chloride concentration of about 55 mg/L (Burns & McDonnell, 1994).

Atrazine concentrations in the treated surface water at the Sedgwick Site ranged from less
than 0.1 to 6.8 pg/L (based on USGS data through July 1999). Atrazine was detected above
the MCL of 3 pg/L in only one occasion (6.8 pg/L) due to a temporary failure of the
powered activated carbon feed system. All other detections were well below the MCL
level. Chloride concentrations in the treated surface water at the Sedgwick Site ranged
from 13 to 227 mg/L (based on USGS data fhrough July 1999), which is below the EPA’s
Secondary Maximum Contaminant Level (SMCL) of 250 mg/L (Ziegler, et al 1999) for

chloride.

'As determined by the ELISA detection method
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It is important to note that the above figures include many extra expenses associated with
the investigations needed to confirm feasibility of recharge and to develop design
parameters and data for a full-scale ASR system. Some of these extra costs include
additional controls, instrumentation, water quality monitoring, operation support, and a new
SCADA system. These costs are large compared to the total project cost and would
represent a much smaller percentage of the total construction budget in a full-scale facility.

Therefore, the actual full-scale project should reap the benefits of this work.

Evaluation of Annual Costs per 1000 Gallons of Recharge

One of the purposes of this report is to develop costs for the different recharge technologies
used during the Project which can be directly compared to each other and used as a
reference for other future ASR projects. Therefore, a cost analysis is conducted to
determine the cost per 1,000 gallons of recharge water for each recharge technology tested

during project operation as shown in Table III-8.

Recharge technologies used in the demonstration project had different recharge capacities,
followed distinct operating schedules and required different levels of maintenance and
monitoring. As a result of this, the costs for constructing the intake structures and items
that are common to all the recharge units, as well as monitoring and operating the recharge
systems cannot be éasily allocated to each recharge technology. For example, while the
Halstead Recharge Well was continuously operated during above-base flow events in the
Little Arkansas River at an average rate of about 750 gpm with little maintenance, the
Halstead Recharge Trench was operated intermittently at rates usually less than 100 gpm
with higher maintenance requirements. If the costs observed during the demonstration
project were directly translated into a common basis (i.e., cost per 1,000 gallons recharged),
units that were operated at less than their full capacity or required more extensive research
would appear to be more expensive than they actually are. Approaches used to overcome

this difficulty and estimate accurate recharge costs are described below:

*  Costs are developed for each type of recharge method (i.e., wells, trenches and basins)

as if that method were exclusively used in conjunction with the existing intake

~
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structure (i.e, either the induced infiltratio.r well or the surface water intake) and other
common facilities. By doing this, the approximation techniques needed to allocate the

construction costs of these facilities to each recharge unit are avoided.

e  To simulate full-capacity operating conditions, it was assumed that each type of
recharge method would use as many units as needed to match the hydraulic capacity of
the intake and the common facilities (i.e., 1,000 gpm at both the Halstead and
Sedgwick sites). Thus, the cost estimate includes one 1,000-gpm recharge well, eight
125-gpm recharge trenches, ten 100-gpm recharge basins in semi-confined conditions,
and one 1,000-gpm recharge basin in unconfined conditions at the Halstead Site.
Similarly, one 1,000-gpm presedimentation basin is required in combination with one

1,000-plus-gpm recharge basin® in unconfined conditions at the Sedgwick Site.

e  The time of operation for each recharge method depends on the precipitation patterns
in the area. As a conservative figure, it was assumed that each type of recharge

method runs 120 days a year at a fixed rate of 1,000 gpm (full capacity).

e  Since monitoring and labor costs associated with the demonstration project are not
representative of full-scale operations, these costs were excluded from the cost

projection.

Costs shown in Table III-8 reveal that full-scale recharge costs (excluding labor and
monitoring costs) are anticipated to range between approximately $0.60 and $1.30 per
1,000 gallons of water recharged depending on the intake type, required treatment of the

recharge water, recharge method, and local geology.
C. PROJECT TERMINATION
The Project is currently scheduled to run through year 2000. After the demonstration phase is

completed, the City will continue to operate the system to collect additional data and convert

facilities to the full-scale ASR system. This system is currently under conceptual design, then goes

% The three Sedgwick Recharge Basins have a combined recharge capacity of more than 1,000 gpm.
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through the final design and implementation phases. In the long term, the demons:ration facilities

will be incorporated to the full-scale ASR system and will remain in operation for the rest of the

project life.

D. CONCLUSIONS AND RECOMMENDATIONS

1. GENERAL CONCLUSIONS ON PROJECT FEASIBILITY

Based on the findings of the Project through the end of 1999, the Equus Beds Well Field ASR

Project is considered to be feasible and suitable for full-scale implementation. General

conclusions reached from Project development, construction, and operation, and associated

investigations and tests follow:

In general, the unconsolidated materials forming the Equus Beds Aquifer are coarse-
grained with intermediate fine-grained (silt and clay) units scattered throughout the area.
Although the fine-grained layers, where present, are anticipated to inhibit vertical
percolation of recharge water from the upper sand and gravel units, this is expected to be a
localized problem only due to the scattered nature of the silt and clay layers.
Consequently, the full-scale ASR Project is considered to be feasible based on location of

facilities using detailed, site-specific hydrogeological information.

Recharge basins are expected to work adequately in areas where no extensive clay layers
exist to impede vertical seepage of the recharge water. At locations where fine-grained
layers inhibit vertical percolation, the recharge basin concept will have to be modified to
improve recharge rates. At these locations, the installation of passive wells in the recharge
basins with may be an efficient alternative to improve infiltration rates. Recharge wells are

expected to be effective in recharging the deep aquifer zones in all areas.

Recharge operations are not anticipated to have any detrimental impacts on the long-term
aquifer water quality. Both chloride and herbicide (atrazine) concentrations in the aquifer
water, resulting from recharge operations, were substantially below regulatory maximum

contaminant levels the entire period of demonstration system operation.
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2. SITE SPECIFIC CONCLUSIONS

a. Induced Infiltration Recharge System at Halstead

(1) Diversion Well

The diversion well adjacent to the Little Arkansas River consistently diverts water
by induced infiltration with adequate quality for recharge at the Halstead Recharge

Site. To date no atrazine has been detected in the diverted water.

(2) Recharge Well

The recharge well conveys water into the deep portion of the aquifer with minimal
redevelopment and chlorination treatments at a nominal rate of 1,000 gpm.
Specific recharge capacity, an indicator of recharge well performance, stabilized
in the range of 25 gpm/ft-rise to 35 gpm/ft-rise during periods of continuous
operation for over two years of testing. A decrease in the well average recharge
specific capacity was observed at the end of 1999, which may indicate the need
for more frequent redevelopment. Based on the data collected during more than
two years of operation, it appears that the recharge water and aquifer water are
compatible with no appafent plugging or yield reduction of the aquifer.

Redevelopment of the recharge well was originally thought to be required on a

]

daily basis; however, the recharge well is redeveloped on a monthly basis to
exercise the pump. Annual treatment will be established as standard maintenance.
The recharge well can operate in cold weather.

The recharge well is an excellent method to recharge aquifers with thick surfacial

clay layers and interbedded clay lens.

(3) Recharge Trench

The recharge trench allows rapid recharge through surfacial clays.
The recharge trench infiltrates water at an initial rate of 75 feet per day through
the surfacial clay. The trench appears to recharge water more efficiently than the

basins in areas of perching clays.
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The geofabric in the recharge trench experienced clogging due to mineral
oxidation, primarily iron, after approximately seven days of continuous operation.
A wet-dry shop vacuum provides a simple means of removing mineral
precipitation from the geofabric for the test trench, but may be impractical for

larger systems.

(4) Recharge Basins

The recharge basins initially infiltrate water at a high rate until groundwater
mounding over a clay lens occurs depending on the water level in the basin. The
recharge rate decreases rapidly to about 1-2 feet per day after groundwater
mounding “floods” the bottom of the basin.

Increasing the water level over the basin bottom 4, 6, and 8 feet respectively
increases recharge rates from 1 foot per day to approximately 2, 3, and 4 feet per
day.

A clay lens located about 20 feet below the bottom of the basin caused
groundwater mounding to occur. To mitigate the effects of mounding, passive
recharge wells were added to the bottom of one basin in fall of 1999. These wells
penetrate the intermediate clay lens and convey water into the deep portion of the
aquifer (like the recharge well). Initial testing of the basins, after addition of the
gravity recharge system, showed a 400 percent increase in recharge rates. Testing

will continue in year 2000.

b. Surface Water Recharge System at Sedgwick

(1) Surface Water Treatment

Surface water diverted from the Little Arkansas River is adequate for recharge
after sedimentation and powdered activated carbon (PAC) are added.
Sedimentation removes solids and the PAC adsorbs pesticides periodically found
in the surface water of the Little Arkansas River.

The level of surface water treatment appears to impact the long-term recharge rate
and the need to clean the bottom of the recharge basin. Primary treaiment factors

for the recharge water are the turbidity, particlé counts (particle size ‘distribution),
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and PAC cafryover. The size and quantity of the particles in'the recharge water

directly impact recharge rates, time for a basin to clog, and basin restoration

method.

(2) Recharge Basins

o The recharge basins at Sedgwick infiltrate water at a rate of about 8 to 9 feet per
day with low heads (water levels). The limiting factor at the basins is the |
maximum supply quantity of 1,000 gallons per minute.

¢  Analysis of the bottoms of Basins 1 and 2 showed PAC carryover mixed with the
sand. PAC is usually less than 50 microns in size, which is smaller than sand
particles at more than 300 microns. PAC penetrates several inches into the sand
bottom and reduces recharge rates. Water levels can rise to 2-3 feet in a basin that
has experienced several “upset” conditions caused by high turbidity water and

PAC carryover.

(3) Surface Water Trench
o Based on the success of the recharge trench in maintaining high recharge rates
where perching clay layers are found, testing of this concept for surface water was
initiated in 1999 at the Sedgwick site. The main objective of these tests was to
determine the impacts of filtering the surface water sediments with a geofabric
placed on the trench media. This applicatioh may be appropriate for recharging
surface water in areas with deep surfacial clays that limit the feasibility of

recharge basins.
3. RECOMMENDATIONS

The following are generalized recommendations based on the aquifer's geology:

a. Areas with thick surfacial clay and intermediate clay layers

e A recharge well provides the best method to recharge large quantities of water.

e A recharge trench provides the second best method of recharge.
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Table B-2. Key water-quality constituents analyzed for comparison of total and dissolved concentratxons
(Ziegler and Combs, 1997)

[U.S. Geological Survey (USGS) collects the samples, and the city of Wichita provides analysis for all constituents except the triazine
herbicide screen. USGS determines specific conductance, pH. and water temperature during sample collection. MCL, Maximum Contaminant
Level for drinking water; HAL, recommended health advisory level; SMCL, Secondary Maximum Contaminant Level; MCL, HAL, and
SMCLs are based on total recoverable concentrations in water samples. uS/cm. microsiemens per centimeter; EPA, U.S. Environmental
Protection Agency: SM., standard methods; 1, U.S. Department of Interior; mg/L. milligrams per liter; pg/L., micrograms per liter; --, not

applicable)

u.s.
Environ-
mental
Protection Analytical Mean
: Agency method  Minimum recovery Compiete-
Storet! MCL, HAL, number?or reporting goal ness goal
code Constituent (unit of measurement) or SMCL? reference level {percent) (percent)
00416  Alkalinity, total (mg/L) -- SM 2320B 2.0 80-120 90
00916 Calcium, total (mg/L) - EPA 200.7 .03 80-120 90
00927 Magnesium?, total (mg/L) -- do. .05 80-120 90
00929  Sodium’, total (mg/L) 20 do. .05 80-120 90
00937 Potassium, total (mg/L) -- do. 07 80-120 90
00450 Bicarbonate, total (mg/L) -- SM 2320B 2.0 80-120 90
00447  Carbonate, total (mg/L) - do. 1.0 80-120 90
00945  Sulfate’, total (mg/L) 250 EPA 300.0 5 80-120 %0
00940  Chioride’, total (mg/L) 250 do. 5 80-120 90
00630  Nitrite plus nitrate, total (mg/L) 10 do. .02 80-120 90
00610  Ammonia¥, total (mg/L) 30 EPA 350.3 .007 80-120 90
00665 Total phosphorus (mg/L) ' - EPA 365.2 .03 80-120 9%
01045 Iron’, total (ug/L) ‘ 300 EPA 2007 10 80-120 %
01055 Manganese, total (ug/L) -~ do. 50 80-120 90
34757 Triazine herbicide screen, total (ug/L) - Thurman .05 80-120 90
and
others
(1990)

'U.S. Environmental Protection Agency data STOrage RETrieval system (STORET).
2U.S. Environmental Protection Agency (1995).
3Must be analyzed immediately after sample collection.
chmred for calculation of hardness.
50n U.S. Envionrmental Protection Agency (1995) MCL list.
6
HAL.
SMCL.



Table B-3. Key-plus water-quality constituent analysis for dissolved inorganic constituent concentrations and
Bacteria (Ziegler and Combs, 1997)

[U.S. Geological Survey (USGS) collects the samples, and the city of Wichita provides analysis for all constituents except the triazine herbicide
screen. USGS determines specific conductance, pH, and water temperature during sample collection. MCL, Maximum Contaminant Level for
drinking water; HAL, recommended health advisory level; SMCL. Secondary Maximum Contaminant Level; MCL, HAL. and SMCLs are based
on total recoverable cancentrations in water samples. uS/cm, microsiemens per centimeter: mg/L, milligrams per liter; EPA, U.S. Environmental
Protection Agency: SM, standard methods: I, U.S. Depantment of Interior, ug/L, micrograms per liter; mL. milliliters; --. not applicable]}

us.
Environ-
mental
Protection
Agency Analytical Mean

MCL, method Minimum recovery Complete-

Storet! HAL,or number’or reporting goal ness goal

code Constituent (unit of measurement) SMcL? refsrance lavel {percent) (percent)
00095 Specific conductance (uS/cm at 25 °C) - EPA 120.1 ! - 90
00400 pH>7 (standard units) 6.5-8.5  EPA 150.1 a0 - %0
00010  Water temperature’ (degrees Celsius, °C) -- EPA 170.1 - - 90
00076  Turbidity’ (nepholmetric turbidity unit) 5-1.0 SM 214A 1 - 90
00300 Dissolved oxygen (mg/L) -- I-1576-78 .1 - 90
00900 Hardness (mg/L) - EPA 200.7 1.0 80-120 90
00421  Alkalinity, dissolved (mg/L) - SM 2320B 2.0 80-120 90
70300 Dissolved solids’ (mg/L) 500 EPA 160.1 10 80-120 90
00915 Calcium?, dissolved (mg/L) . -- EPA 200.7 .03 80-120 90
00925 Magnesium®, dissolved (mg/L) - do. .05 80-120 %0
00930  Sodium’, dissolved (mg/L) 20 do. .05 80-120 90
00935 Potassium, dissolved (mg/L) - do. 07 80-120 90
29804 Bicarbonate, dissolved (mg/L) - SM 2320B 2.0 80-120 90
29807 Carbonate, dissolved (mg/L) - - do. 1.0 80-120 90
00945  Sulfate’, dissolved (mg/L) 250 EPA 300.0 5 80-120 90
00940  Chloride’, dissolved (mg/L) : 250 do. 5 80-120 %
00950 Fluoride’, dissolved (mg/L) 4.0 do. .01 80-120 9%
71870 Bromide, dissolved (mg/L) - do. 1 80-120 90
00955  Silica, dissolved (mg/L) - EPA 200.7 05 80-120 90
00613  Nitrite® (mg/L), dissolved 1.0 EPA 300.0 .01 80-120 9%
00631  Nitrite plus nitrate®, dissolved (mg/L) 10 do. 02  80-120 90
00608 Ammonia®, dissolved (mg/L) 30 EPA 3503 .007 80-120 90
00671 Orthophosphate, dissolved (mg/L) - EPA 3000 01 80-120 90
01106  Aluminum’, dissolved (ug/L) 50-200 EPA 200.7 10 80-120 90
01095 Antimony?, dissolved (ug/L) 6 EPA 200.9 25 80-120 90

01000  Arsenic?, dissolved (ug/L) ~50) EPA 200.9 1.0 20170 an



Table B-3. }.ey-plus water-quality constituent analysis for dissolved inorganic constituent concentrations and
bacteria-Continued (Ziegler and Combs, 1997)

u.S.
Environ-
mental
Protection
Agency  Anaiytical - Mean
MCL, method Minimum recovery Complete-
Storet’ HAL,or number?or reporting goal ness goal
code Constituent (unit of measurement) SMCL? reference fevel (percent) (percent)
01005 Barium®, dissolved (ug/L) 2,000 EPA 200.7 5.0 80-120 90
01010  Beryllium®, dissolved (ug/L) 4 do. 1.0 80-120 9
01020 Boron®, dissoived (ug/L) 600 do. 10 80-120 90
01025 Cadmium’, dissolved (ug/L) 5 EPA 213.2 N 80-120 90
01030  Chromium®, dissolved (ng/L) 100 EPA 200.7 8 80-120 90
01040 Copper’, dissolved (pg/L) : 1,300 do. 5 80-120 %0
01046 Iron’, dissolved (pg/L) 300 do. 10 80-120 90
01049 Lead®, dissolved (ug/L) 158 EPA 200.9 1 © 80-120 90
01056 Manganese, dissolved (pg/L) - EPA 200.7 5 80-120 90
71890 Mercury’, dissolved (ug/L) 2 EPA 245.1 02 80-120 90
01065 Nickel®, dissolved (ng/L) 100 EPA 200.9 1.0 80-120 90
01147  Selenium?, dissolved (ug/L) 50 EPA 270.2 20 80-120 90
01075  Silver®, dissolved (ng/L) 100 EPA 200.7 10 80-120 90
01080  Strontium®, dissolved (ug/L) 17,000 do. 1.0 80-120 %
01057  Thallium®, dissolved (ug/L) 20  EPA 2009 17 - %
01085  Vanadium, dissolved (ug/L) - EPA 200.7 9.0 80-120 90
01090  Zinc®, dissolved (ug/L) » 2,000 do. 50 80-120 90
00680 Total organic carbon (mg/L) - EPA 415.2 1 - 90
09723  Cyanide’, dissolved (ug/L) 200 SM4500-CN 1.0 80-120 %
34756 Triazine herbicide screen, dissolved (pug/L) Thurman and - 90
- others (1990) .1
31504 Total coliform bacteria’ (colonies/100 mL) 0 SM 909A 1.0 80-120 90
31625 Fecal coliform bacteria (colonies/100 mL) - SM 909C 1.0 80-120 90
00530  Suspended solids (mg/L) - EPA 160.2 4.0 - 90

1U.S. Environmental Protection Agency data STOrage and RETrieval system (STORET).
2y.5. Environmental Protection Agency (1995).

3Must be analyzed immediately after sample collection.

“Required for calculation of hardness.

50n U.S. Environmental Protection Agency (1995) MCL list,

HAL.

7SMCL.

*TT, Treatment technique.



Table B4. Key-plus water-quality constituents analysis for total inorganic constituent concentrations and
bacteria analyzed for ¢ omparison of total and dissolved concentrations (Ziegler and Combs,
1997)

[U.S. Geological Survey {USGS) collects the samples, and the city of Wichita provides analysis for all constituents except the triazine herbicide
screen, USGS determines specific conductance, pH, and water temperature during sample collection. MCL. Maximum Contantminant Level for
drinking water: HAL. recommended health advisory level; SMCL, Secondary Maximum Contaminant Level: MCL. HAL. and SMCLs are based on
total recoverable concentrations in water samples. 1S/cm, microsiemens per centimeter; EPA. U.S. Environmental Protection Agency: SM, standard
methods; I. U.S. Department of Interior; mg/L, milligrams per liter: pg/L. micrograms per liter: --, not applicable|

u.s.
Environ-
mental
Protection Analytical Mean
Agency method Minimum recovery Complete-
Storet! MCL,HAL, number’or reporting goal ness goal
code Constituent (unit of measurement) or SMCL? reference level (percent) (percent)
00900 Hardness, total (mg/L) - EPA 200.7 1.0 80-120 90
00416  Alkalinity, total (mg/L) -- SM 2320B 20 80-120 90
00916  Calcium®, total (mg/L) R EPA 200.7 03 7 80-120 90
00927 Magnesium“. total (mg/L) -- do. 05 80-120 90
00929  Sodium’. total (mg/L) 20 do. 05 80-120 90
00937  Potassium, total (mg/L) - do. .07 80-120 90
00450  Bicarbonate, total (mg/L) - SM 2320B 2 80-120 90
00447  Carbonate, total (mg/L) -- do. 1 80-120 %0
00945  Sulfate’, total (mg/L) 250 EPA 300.0 5 80-120 90
00940  Chloride’, total (mg/L) 250 do. 5 80-120 90
00951  Fluoride®, total (mg/L) 4.0 do. R 80-120 90
71870  Bromide, total (mg/L) - do. .1 80-120 90
00956  Silica, total (mg/L) : -- EPA 200.7 .05 80-120 90
00615  Nitrite®, total (mg/L) 1.0 EPA 300.0 .02 80-120 90
00630  Nitrite plus nitrate’, total (mg/L) 10 do. .02 80-120 90
00610  Ammonia®, total (mg/L) 30 EPA 350.3 007 80-120 90
00665  Total phosphorus (mg/L) -- EPA 365.2 .03 80-120 90
00678  Orthophosphate, total (mg/L) -- EPA 300.0 .01 80-120 90
01104  Aluminum’, total (ug/L) 50-200 EPA 200.7 10 80-120 90
01097  Antimony®, total (ug/L) 6 EPA 200.9 25 80-120 90
01002  Arsenic?, total (ug/L) 50 do. 10 80-120 90
01007  Barium’, total (ug/L) 2,000 EPA 200.7 5.0 80-120 90
01012  Beryllium’, total (ug/L) 4 do. 1.0 80-120 90
01022  Boron®, total (ng/L) 10 do. 10 80-120' 90

01027  Cadmium’, 1otal (ng/L) 5 EPA 213.2 . 80-120. 90



Table B4. Key-plus water-quality constituents analysis for total inorganic constituent concentrations and
bacteria analyzed for comparison of total and dissc lved concentrations--Continued (Ziegler and
Combs, 1997)

us.
Environ-
mental
Protection Analytical Mean

Agency method Minimum recovery Complete-

Storet! MCL, HAL, number?or reporting goal ness goal

code Constituent (unit of measurement) or SMCL? reference lovel (percent) {percent)
01034  Chromium’, total (ug/L) 100 EPA 200.7 8 80-120 90
01042  Copper’, total (ug/L) 1,3008 do. 5 80-120 %0
01045  Iron’, total (ug/L) 300 do. 10 80-120 %0
01051  Lead’, total (ug/L) 158 EPA 200.9 i 80-120 %
01055  Manganese, total (ug/L) - EPA 200.7 5 80-120 9
71901 Mercury’, total (ug/L) 2 EPA 245.1 02 80-120 90
01067  Nickel’, total (ug/L) 100 " EPA 200.9 1.0 80-120 90
01147  Selenium’, total (ug/L) ' 50 EPA 270.2 20 80-120 %
01077  SilverS, total (ug/L) 100 EPA 200.7 10 80-120 90
01082  Strontium®, total (ug/L) 17,000 do. 1.0 80-120 90
01059  Thallium’, total (ug/L) 2 EPA 200.9 1.7 - 90
01087  Vanadium, total (ug/L) - EPA 200.7 9.0 80-120 90
01092  ZincS, total (ug/L) 2,000 do. 5.0 80-120 %0
00680  Total organic carbon (mg/L) . EPA 415.2 01 - 90
00720  Cyanide’, total (ug/L) 200 SM 4500-CN 1.0 80-120 %0
34757  Triazine herbicide screen, total (ug/L) Thurman and .05 - 90

- others (1990)

1U.S. Environmental Protection Agency data STOrage and RETrieval system (STORET).
2y.S. Environmental Protection Agency (1995).

3Must be analyzed immediately after sample collection.

“Required for calculation of hardness.

50n U.S. Environmental Protection Agency (1995) MCL list.

SHAL.

TSMCL.

41T, Treatment technique.
























Table B-9. Limited U.S. Environmental Protection Agency Maximum Contaminant Level analysis for total
recoverable volatile organic compounds--Continued
U.S. Minimum
Environ- u.s. reporting
mentai  Geological level
Protection  Survey {schedule Relative

: Agency  analytical 1390/ Mean standard Complete-

Storet! MCLor  method  schedule recovery’ deviation® ness goal

code Constituent (unit of measurement) HAL? ) number 1380) {percent) (percent) (percent)
34496  1,1-Dichloroethane, total kug/L) - 0-3127-94°  3.0/0.2 118 4.6 90
32103  1,2-Dichloroethane?, total (ug/L) 5.0 do. 3.00.2 126 1.1 %0
34501 1,1-Dichloroethene?, total (ug/L) 7 do. 3.00.2 120 6.1 90
77093 cis-1,2-Dichloroethene?, total (ug/L) 70 do. 3.00.2 112 3.4 90
34546  trans-1,2-Dichloroethene’, total (ug/L) 100 do. 3.0/.2 116 48 90
34541  1,2-Dichloropropane?, total (ug/L) 5 do. 3.0/.2 108 5.7 90
77173  1,3-Dichloropropane, total (ug/L) - do. 3.0.2 100 12 90
77170  2,2-Dichloropropane, total (ug/L) - do. 3.0/.2 72 4.8 9
77168  1,1-Dichloropropene, total (ug/L) -- do. 3.00.2 108 3.8 90
34704  cis-1,3-Dichloropropene?, total (ug/L) 10 do. 3.00.2 77 5.4 90
34699 trans-1,3-Dichloropropene?, total (ug/L) 10 do. 3.0/.2 64 9.7 %0
34371  Ethylbenzene®, total (ng/L) 700 do. 3.0/.2 102 4.0 90
39702 Hexachlorobutadiene?, total (ug/L) 1 do. ~ 3.00.2 114 53 90

77223  Isopropylbenzene, total (ug/L) - do. 3.0/.2 102 4.1 %0
77356  p-Isopropyltoluene, total (ug/L) - do. 3.0/.2 104 44 - 90
78032  Methyl tert-butylether?, total (ug/L) 1 do. 3.00.2 - - %
34423  Methylene chloride?, total (pg/L) 5 do. 3.00.2 108 5.1 90
34696 Naphthalene?, total (ug/L) 20 do. 3.0/.2 100 4.2 90
77224  n-Propylbenzene, total (ug/L) -- do. 3.0/.2 102 6.7 90
77128  Styrene?, total (ug/L) 100 do. 3.0/.2 92 7.8 90
34516  1,1,2,2-Tetrachloroethane®, total (ug/L) 70 do. 3.00.2 100 30 90
77562 1,1,1,2-Tetrachloroethane®, total (ug/L) 70 do. 3.0.2 110 4.6 90
34475 Tetrachloroethene?, total (ug/L) 5 do. 3.0/.2 108 2.9 %0
34010 Toluene’, total (ug/L) 1,000 do. 3.00.2 114 45 90
77652  1,1,2-Trichioro [,2,2,-trifluoroethane, - do. 3.0.2 - - 90
total (ug/L)

77613  1,2,3-Trichlorobenzene, total (ug/L) - do. 3.0/.2 10 29 90
34551  1,2,4-Trichlorobenzene?, total (ug/L) 70 do. 3.6/.2 100 6.6 90















Table B-11. Full U.S. Environmental Protection Agency Maximum Contaminant Level analysis for total
recoverable concentrations of organochlorine and organophosphate pesticides (Ziegler and

Combs, 1997)

[U.S. Geological Survey (USGS) collects the samples. USGS provides sampling bottles, preservatives. and analysis (schedule 1334). MCL,
Maximum Contaminant Level for drinking water; HAL, recommended health advisory level: MCL and HAL are based on total recoverable

concentrations in water samples: pg/L. micrograms per liter: --, not applicable]

uU.S.
Environ- u.s.
mental Geological
Protection Survey Relative
. Agency analytical Minimum  standard Complete-
Storet! T MCL or method reporting deviation ness goal
code Constltuent (unit of measurement) HAL2 number level (percent) (percent)
Schedule 1334

39330  Aldrin®, total, water (ug/L) 1 0-3104-83° 0.01 17 90
39350 Chlordane?, total. water (ug/L) 2 do. 10 13 90
38932  Chlorpyrifos®, total (ug/L) 20 do. o - 90
39360 DDD, p,p'-, total, water (ug/L) - do. o1 13 90
39365 DDE, p,p’, total, water (ug/L) -- do. .01 19 90
39370 DDT, p,p’, total, water (ug/L) - do. .01 19 90
39040 DEEF, total (ug/L) -- do. .01 - 90
39570 Diazinon®, total, water (jig/L) 6 do. .0l 20 90
39380 Dieldrin%, total, water(ng/L) 2 do. .01 -- 90
39011 Disulfoton, total (pg/L) - do. .01 -~ 90
39388 Endosulfan I, total (ug/L) - do. .01 8.9 90
39390  Endrin’, total, water (ng/L) 2 do. .01 - 90
39398 Ethion, total, water (itg/L) - do. .01 7.4 90
82614  Fonofos®, total (ug/L) 10 do. ol - 90
39410 l-leptachloxJ , total, water (pug/L) 4 do. .01 15 90
39420 Heptachlor epoxide?, total, water (ug/L) 2 do. .01 - 90
39340 Lindane?, total, water (ng/L) 2 do. .01 12 90
39530 Malathion®, total, water (ug/L) 200 do. .01 32 90
39480 Methoxychlor®, p,p’, total, water (ng/L) 40 do. 01 8.5 90
39600 Methylparathion®, total (ug/L) 2 do. 01 9.2 90
39755 Mirex, total (ug/L) -- do. .01 34 90
39540 Parathion, total (ug/L} - do. .01 6.3 920
39516 PCB's’, gross, total, water (ug/L) 5 do. .10 -~ 90
39250 PCN's, gross, total, water (ug/L) - do. 10 - 90
39034 Perthane, total (pg/L) - do. .10 94 90
39023  Phorate, total (ug/L) - do. 01 -~ 90
39400 Toxaphene®, total , water (ug/L) 3 do. 1.0 - 90
39786  Trithion. total (ug/L) -- do. .01 7.6 . 90

'U.S. Environmental Protection Agency data STOrage and RETrieval system (STORET).
-2U.S. Envimomental Protection Agency (1995). On U.S. Envimomental Protection Agency (1995) MCL list. ~

YHAL. SWershaw and others ( 1987).
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Appendix B
CONSTRUCTION COST

EQUUS BEDS GROUNDWATER RECHARGE DEMONSTRATION PROJECT

WICHITA, KANSAS

item Description Scheduled
No. of Work Value Subtotal Total
Transfer Pump 2
17.a_|Earthwork 1,000
17.b. |Wetwell 6,000
17.c. |Submersible Pump System 10,0004
17.d. |Process Piping 2,200 19,200
SCADA
2|Sedgwick Recharge Conduit/Wire 5,580
12{Sedgwick Recharge instrumentation 48,760
CO1. |Sedgwick Recharge Site 1,215
CO2. |Sedgwick Recharge Site 565 56,090 431,880
3,132,305 3,132,305 3,132,305

Append-C.xls
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