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Entergy Nuclear

Post Office Box 31995
Jackson, MS 31995-1995

RE: Radial Well Withdrawal Impacts Calculation ENTGGG071-CALC-001
Grand Gulf Nuclear Station, Unit | '

Dear Rick,

Per your request, please find attached the calculation package ENTGGG071-CALC-001
Evaluation of Potential Impacts of Collector Well Groundwater Withdrawals, Grand Gulf
Nuclear Station, Unit 1. This analysis of the estimated drawdown resulting from

operation of the Grand Gulf Nuclear Station (GGNS) radial collector wells was

developed to support the Environmental Assessment (EA) of impacts resulting from
Extended Power Uprate. The EA is anticipated to be used to support a request to the
Nuclear Regulatory Commission for an Extended Power Uprate amendment of GGNS’
Operating License. It was also anticipated that this calculation would be used to support
the analysis of impacts of the radial collector well system in the Environmental Report for
License Renewal for GGNS..

If you have any questions or require additional information, please feel free to call me ét
(918) 663-7693.

e

/l‘ nes A. Thomas

Manager, Electric Utility Environmental Services
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1.0 PURPOSE

The Plant Service Water system (PSW) for Grand Gulf Nuclear Station (GGNS) is
supplied by radial (Ranney) collector wells installed along the bank of the Mississippi
River. There are four (4) existing radial wells — PSW-1, PSW-3, PSW-4, and PSW-5.
These radial wells are located in the floodplain that parallels the Mississippi River and
are designed to derive water from the Mississippi River via induced infiltration. The wells
withdraw groundwater from Mississippi River alluvial deposits east of the river.

Additional cooling tower make-up water is anticipated to be needed (~3,200 gpm) due to
the increase in heat load generated as a result of Extended Power Uprate (EPU), along
with the associated increase in water loss through evaporation, blowdown and drift. A
new radial well is being installed to ensure that plant service water availability is
maintained during EPU conditions since GGNS’ existing radial wells degrade over time
and thus cannot perform at their design capacity. Radial well PSW-6 is scheduled to be
installed north of the barge slip and operational in March 2012. Figure 1 shows the
approximate locations of the existing radial wells and PSW-6.

The purpose of the following analysis was to provide an evaluation of the radius of
influence effects on the Mississippi River Alluvial Aquifer due to pumping from all five
radial wells - PSW-1, PSW-3, PSW-4 and PSW-5, including anticipated pumping from
PSW-6, scheduled for installation in 2012. This includes the following:

e Determination of the aquifer drawdown effects due to pumping of the five (5)
radial wells at rates sufficient to supply PSW needs at EPU conditions; assuming
all five (5) radial wells are pumping at maximum Mississippi Department of
Environmental Quality (MDEQ) permitted capacity.

¢ Water withdrawal impacts related to operation of the PSW system on potential
offsite groundwater users.

This calculation is based on historic information and site conditions related to aquifer
characteristics developed for GGNS by other vendors. For example, aquifer geology
data mentioned in this calculation is based on data supplied by studies completed during
the licensing of GGNS Unit 1, and supplemented by recent site characterization studies
developed for the Combined Operating License (COL) Application developed for Unit 3.
This data is accepted without additional verification. Aquifer characteristics parameters
such as hydraulic conductivity (K), Transmissivity (T), aquifer thickness (m), line
recharge, and other are taken from previous GGNS calculations which were completed
by other vendors. The aquifer parameter values are representative of tests performed at
specific point locations representative of conditions at the time of the tests. These
values are accepted without additional verification. The verification of these parameters
is limited to confirmation that the values used are accurately drawn from the referenced
documents. Utilization of these aquifer characteristics in this calculation is based on best
professional judgment as being appropriate for the current calculation. Assumptions
cited in Section 4.0 and reflected as input values in the calculations in Section 6.0
contain no open assumptions that require future confirmation.
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2.0 SUMMARY OF RESULTS AND CONCLUSIONS

Drawdown at any specific point of a well field will be the cumulative drawdown at that
location from each well pumping within the area. The individual drawdowns from each
PSW well at the five (5) property line observation points (P1 and P3 through P6) are
summarized and totaled in Table 3 (nominal pumping rate Q,..) and Table 4 (maximum
pumping rate Qnax) to give an estimated cumulative drawdown amount at the specified
observation point:

Table 1
Groundwater Drawdown at the Property Line Observation Points (ft.)
at Nominal Pumping Rates Qe

PSW Well P1 P3 P4 P5 P6
PSW-1 3.75 2.52 1.68 0.11 0.09
PSW-3 0.74 0.81 0.78 0.17 0.13
PSW-4 0.40 0.44 0.45 0.31 0.25
PSW-5 0.26 0.28 0.29 0.39 0.32
PSW-6 0.17 0.18 0.19 0.74 0.90

Total 5.32 4.23 3.39 1.72: 1.69
Table 2

Groundwater Drawdown at the Property Line Observation Points (ft.)
at Maximum Pumping Rates Qn.x= 10,000 gpm

PSW Well P1 P3 P4 P5 P6
PSW-1 8.71 5.85 3.92 0.26 0.22
PSW-3 1.80 1.97 1.91 0.40 0.32
PSW-4 0.76 0.82 0.86 0.58 0.48
PSW-5 0.50 0.53 0.55 0.75 0.62
PSW-6 0.32 0.34 0.36 1.40 1.69

Total 12.09: 9.51 7.60 3.39 3.33

The greatest groundwater drawdown is estimated to be at the southern property
boundary, approximately 12.09 feet with all five (5) wells pumping at the 10,000 gpm, in
the vicinity of observation point P1. Assuming an average aquifer thickness of 81.20 feet
(Table 2, PSW-1), this results in a net reduction of the available aquifer thickness on the
southern property line at P1 of 14.89% [(12.09 ft./81.20 ft.) * 100=14.89%)]. If an
assumed aquifer thickness of 81.26 ft. exists similar to PSW-5 at Observation Point P5
(See Figure 3) on the GGNS northern property boundary, the reduction of available
capacity is 3.39 feet, or 4% [(3.39 ft./81.26 ft.) * 100 = 4.17%)].

Due to the recharge provrded by the MISSISSIppI Rrver groundwater withdrawals from the-
GGNS PSW well field would not be expected to have an impact on offsite- groundwater
-users west of the river.
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4.0 ASSUMPTIONS/DESIGN INPUTS
4.1 RADIAL WELL FLOW ESTIMATES

Based on input from Entergy, additional cooling tower make-up water is anticipated to be
needed (~3,200 gpm) due to the increase in heat load generated as a result of Extended
Power Uprate (EPU), along with the associated increase in water loss through
evaporation, blowdown and drift.

A maximum flow rate of 10,000 gpm was established from the MDEQ permitted well
capacities for all five (5) radial wells [MDEQ 2010]. The use of the maximum permitted
flow rates is not intended to indicate that actual well yields of 10,000 gpm could be
sustained. The use of Qun.x = 10,000 gpm is considered to provide additional
conservatism in the estimate of drawdown effects at the GGNS property boundaries.

Therefore, 10,000 gpm is established as the assumed maximum flow rate from each
radial well for this calculation.
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4.2 AQUIFER PROPERTIES

Historic pump testing data was reviewed for the existing PSW wells. This historic pump
test data was used to estimate relevant aquifer properties [Ranney 1975, Ranney 1983].
Aquifer properties (transmissivity, hydraulic conductivity, line recharge, thickness) and
observed drawdowns during pump tests are used below as input for the determination of
groundwater drawdown at the closest property boundary. Based on information from
Entergy, there have been no new pump tests performed in the area radial wells of the
GGNS site since 1983. However, the aquifer properties reported from those pump tests
remain valid estimates of aquifer conditions since the subsurface geology has not
changed since that time, and hydraulic conditions of the site have not been altered. That
is, the hydraulic settings (river location, river flows, and areas of recharge) have not
changed.

Groundwater drawdown due to pumping in the unconfined Mississippi River Alluvial
Aquifer at the location of the PSW radial wells (PSW-1, PSW-3, PSW-4, PSW-5, and the
proposed PSW-6) adjacent to the Mississippi River is dependent on two hydrologic
regimes within the aquifer surrounding the PSW wells. The groundwater aquifer on the
western side of the well field is dominated by recharge from the Mississippi River.
Although heavily influenced by the Mississippi River, the aquifer on the eastern side of
the river also receives recharge from local precipitation, local flooding events, and
discharge at the bluffs/floodplain interface from the Pleistocene age undifferentiated
terrace deposits (locally identified as the Upland Complex) (Figure 2). These are
described in the original Unit 1 licensing documents, as well as more recent evaluations
[Ranney 1975, Ranney 1983, GGNS 2008, GGNS 2009].

The calculations below use radial well information developed from collector wells PSW-
1, PSW-3, and PSW-5 pumping tests at conditions observed on October 9, 1983 at
12:30 hours [Bechtel 1986]. Mississippi River level was reported at 41.52 ft. msl and is
assumed to be consistent throughout the duration of the pumping test for all three wells
[Bechtel 1986].

Table 3 provides inputs for the calculations below based on the reference cited:

Table 3
Aquifer and PSW Well Parameters (Bechtel 1986]
Parameter PSwW-1 PSW-3 PSW-5
Total Flow rate (gpm) 4300 4100 5200
Hydraulic Conductivity
K 2085 2350 2500
(gpd/ft.?) f
Average Aquifer
M | hickness () 81.20 75.41 81.26
T | Transmissivity (gpd/ft.) 169,302 177,214 203,150
a gs;tance to line recharge 850 850 850
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The flow rates from PSW-1, PSW-3, and PSW-5 are used in the calculations to reflect
flow rates for comparison against the maximum assumed flow rates of 10,000 gpm per
well.

Hydraulic conductivity (K) for PSW-4 is listed as 1850 gpd/ft.> with a nominal pumping
rate of 5300 gpm, based on operations in 1988 [Hydro 1989]. As PSW-4 lies
approximately midway between PSW-3 and PSW-5, Transmissivity (T) used for
drawdown calculation is the average of the PSW-3 and PSW-5 (See values in Table 3),
or (190,182 gpd/ft.).

PSW-6 has not yet been installed at GGNS. Hydraulic conductivity (K) for PSW-6 is
assumed to be the average of the PSW-1, PSW-3 and PSW-5 values (in Table 2) and
calculated as 2312 gpd/ft.°>. A nominal pumping rate of 5300 gpm is also assumed to be
consistent with the PSW-4 estimation. Transmissivity (T) used for drawdown calculation
is the average of the PSW-1, PSW-3 and PSW-5 values in Table 3 (183,222 gpd/ft.).

4.3 MISSISSIPPIRIVER RECHARGE EFFECTS

Plant service water is supplied from radial collector wells located in the floodplain that
parallels the Mississippi River (Figure 4). The collector wells are designed to derive
water from the Mississippi River via induced infiltration.

Multiple assessments and yield calculations have been performed for radial wells
installed at GGNS. The distance to the “line source of recharge” has been assumed to
be approximately 850 ft. to the west of the wells [Bechtel 1986]. The ‘“line source of
recharge” is a theoretical line where the infiltration rate from the recharge source
(Mississippi River) is balanced with the groundwater withdrawal rate; therefore producing
a line of zero drawdown in the underlying aquifer. The line recharge distance is
measured from the pumping well. The Bechtel 1986 calculations derive line recharge
distances specific to PSW-1, PSW-3, and PSW-5 at the cited flows (Q) and river stage.
Bechtel did not calculate a line recharge distance for PSW-4 or PSW-6. ENERCON
uses an assumed line recharge distance of 850 feet in this current calculation package,
as a reasonable distance. Use of this line recharge distance is consistent with other
calculations performed by Bechtel [Bechtel 1986]. The Mississippi River is
approximately 3300 feet wide at the location of GGNS. Pumping from the GGNS PSW
wells on the eastern side of the Mississippi will not affect groundwater users on the
western side of the Mississippi River. '

Previous aquifer testing at the locations of PSW-1, PSW-3, and PSW-5 (Figure 5)
showed a sharp groundwater gradient from the Mississippi River bank to the pumping
well, and a more gradual, but limited, cone of depression on the landward side of the
well [Ranney 1983].
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4.4 MISSISSIPPI RIVER ALLUVIAL AQUIFER EFFECTS

East of the Mississippi River, the radial wells will draw groundwater not only from
induced infiltration from the Mississippi River, but also from the alluvial aquifer itself.
Groundwater pumping tests were conducted between 1975 and 1983 for aquifer
parameter and yield determinations; however, none of the tests were conducted at
pumping rates of 10,000 gpm [Bechtel 1986].

4.5 DRAWDOWN OBSERVATION POINT DISTANCES

Distances from each radial well (PSW-1, PSW-3, PSW-4, PSW-5, and PSW-6) were
developed by ENERCON to a point approximately corresponding to the nearest property
boundary. These distances were developed approximations using measurement
capabilities of publically available aerial photography software (Google Earth). These
distances are not surveyed distances, and therefore any drawdowns derived from the
calculations below are representative of the estimated effects at the specified distance
from the cited well. Figure 3 provides locations of observation points on the GGNS
property boundary and well locations. Using Equation 2, the distances in Table 4 were
used to calculate the drawdown at the GGNS property boundary for a location nearest to
each of the collector wells. Observation points P1, P3, and P4 are located on the
southern property boundary. Observation points P5 and P6 are located on the northern
property boundary (Figure 3).

Table 4
Distance (r) between PSW Wells ::deNearest Property Boundaries (ft.)
Observation Point
PSW Well P1 P3 P4 P5 P6
PSW-1 1050 1450 1920 8650 9450
PSW-3 3000 2850 2900 6700 7550
PSW-4 4650 4450 4350 5350 5900
PSW-5 5600 5400 5300 4500 5000
PSW-6 7400 7150 7000 3400 3050

4.6 RIVER STAGE

The calculations below use radial well information developed from collector wells PSW-
1, PSW-3, and PSW-5 pumping tests at conditions observed on October 9, 1983 at
12:30 hours [Bechtel 1986]. Mississippi River level was reported at 41.52 ft. msl and is
assumed to be constant. Actually, the river level at 41.52 ft. msl is a relatively low stage
of the river, and adds additional conservatism to the consideration groundwater
drawdown. Maximum well drawdown in each PSW is fixed, based on the established
pump intake elevation. The GGNS minimum water levels for each well are established
above the actual pump intake. The river level affects the available saturated thickness
of the aquifer, and in effect the available well yield is reduced when the river level
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declines because of a corresponding reduction of the aquifer saturated thickness. The
relationship between aquifer thickness and available yield is illustrated by Darcy's
equilibrium well equation:

Q = (K(H*-h?))/(1055 log R/r) (Driscoll 1986, pg. 213)
Where:

Q = well yield or pumping rate (gpm)

K = Hydraulic conductivity of the formation (gpd/ft.?)

H = static head measured from the bottom of the aquifer (ft.)
h = depth of water in the well while pumping (ft.)

R = radius of the cone of depression (ft.)

r = radius of the well (ft.)

As shown in Darcy’s equation, if the radius (R) of the cone of depression is assumed to
remain constant, the flow (Q) is reduced as the static head (H) decreases. If the flow is
held constant, the radius of the cone of depression is decreased, if the static head
decreases. The aquifer parameters (transmissivity, hydraulic conductivity) cited in Table
3 are based on the point in time where the river level was 41.52 ft. above mean sea
level. Al calculations below are based on assumption of a constant river stage and
aquifer potentiometric surface elevation of 41.52 ft. above mean sea level.

5.0 METHODOLOGY

ENERCON reviewed readily available hydrogeological reference literature for
methodologies to best estimate drawdown effects that would include the maximum
number of site conditions, such as recharge from the Mississippi River, other local
recharges, horizontal collector well design and operating conditions, and muitiple well
interferences. Most hydrogeologic references discuss recharge conditions such as
rivers, lakes, and local precipitation, but cite the need to use pump test data to predict
drawdown at distance. This is because site specific aquifer properties control
observable drawdown. Ultimately, ENERCON chose to use the equations previously
used for estimating radial well yield as most applicable, because the equations consider
the recharge from the river. Use of the same equations also provides for consistency of
evaluation methodologies. Equation 1 (Section 5.1) includes recharge from the river, as:
a line recharge boundary, although it does not include other recharge sources (e.g.,.
‘precipitation events). Therefore, it must be noted that the calculations performed below’
are conservative; and will overestimate the probable drawdown.
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5.1 EQUATIONS AND INPUT PARAMETERS

The method used for this calculation is based on the equations utilized by Bechtel in
1983 to determine drawdown interference effects between adjacent PSW well pumping
[Bechtel 1986]. Use of these equations is consistent with previous evaluations at the
site; and the equations take the recharge of the Mississippi River into account in the
evaluation. The equation for drawdown is derived from the following equation (Equation
1) for calculation of aquifer transmissivity:

foaZer2
527.7Q log(X22 1%

= < . (Equation 1) [Bechtel 1986, sheet 2 of 35, Attachment 2]

Where:
T = Transmissivity (gpd/ft.)
Q = Pumping rate, gpm
a = Distance from pumping well to the line source of recharge* (ft.)
r = Distance from pumping well to a selected observation point (ft.)
s = Groundwater drawdown at the selected observation point r (ft.)

* The “line source of recharge” is a theoretical line where the infiltration rate from the
recharge source (Mississippi River) is balanced with the groundwater withdrawal
rate; therefore producing a line of zero drawdown in the underlying aquifer.

Rearranging Equation 1 to solve for the groundwater drawdown (s) at an observation
point (r) yields the following:

aaZicZ
527.7Qlog(mT+r

S =

)

T (Equation 2)

6.0 CALCULATIONS

The following is an assessment of the drawdown, both individually and cumulatively, at
each of the five observation points specified in Table 1. The assessment will evaluate
the observation point drawdown for a nominal flow rate (Qa.), used in the Bechtel
assessment [Bechtel 1986]. A maximum flow rate of 10,000 gpm was established from
the MDEQ permitted well capacities for all five (5) radial wells, as requested by Entergy.
The use of the maximum permitted flow rates is not intended to indicate that actual well
yields of 10,000 gpm could be sustained. The use of Qmax = 10,000 gpm is considered
to provide additional conservatism in the estimate of drawdown effects at the GGNS
property boundaries.

The calculations below use radial well information developed from collector wells PSW-
1, PSW-3, and PSW-5 pumping tests at conditions observed on October 9, 1983 at
12:30 hours [Bechtel 1986]. Mississippi River level was reported at 41.52 ft. msl and is
assumed to be consistent. Actually, the river level at 41.52 ft. msl is a relatively low
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stage of the river, and adds additiona! conservatism to the consideration groundwater
drawdown.

6.1 ESTIMATED DRAWDOWN AT GGNS PROPERTY BOUNDARIES

6.1.1 PSW-1 Estimated Drawdown

Using Equation 2, and parameter values from Tables 1 and 2, the drawdown at each
observation point for a nominal flow rate (Qa..) of 4,300 gpm, and for a maximum flow
rate (Qmax) Of 10,000 gpm is as follows:

Q... = 4300 gpm Q...x = 10,000 gpm
PSW-1: Observation Point P1

527.7*4300*10g((4*85021:;z502)0‘5) 527.7*10000*log((“85°21+0235°2)°'5)
5= 169302 S = 169302
s=3.75ft. s =8.711t.
PSW-1: Observation Point P3

527.7*4300*log((4385°21:;§5°2)0'5 527'7*10000*103((4835021:;3502)0.s
5= 169302 S = 169302
s =2.52 ft. s =5.85ft.
PSW-1: Observation Point P4

527.7*4300*log((4*85021-;;‘;202)0‘5) 527.7*10000-«1og((-*”85"2;:;22"2)0'5
5= 169302 5= 169302
s=1.68ft. s =3.92ft.
PSW-1: Observation Point P5

527.7*4300*iog((4“85°2822§5°2)0'5 527.7*10000*103((4*85028:852502)&5
5= 169302 S = 169302
s=0.111t. s =0.26 ft.
PSW-1: Observation Point P6

527.7*430O*Iog((”‘“ssc’zg::z“z)o'S) 527.7*-10000-/«log((-4"'85"2:2’;5"2)0'5
5= 169302 5= 169302
s =0.09ft. s=0.22ft.
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The nearest property boundary to PSW-1 is near Observation Point P1 in Table 2
(southern property boundary) and is calculated to have a drawdown of 3.75 ft. at 4,300
gpm, and 8.71 ft. at 10,000 gpm. PSW-1 is approximately 8,650 ft. from the nearest
point on the northern property boundary (Observation Point P5), and is calculated to

cause approximately 0.11 ft. of drawdown at a pumping rate of 4,300 gpm, and
approximately 0.26 ft. of drawdown at a pumping rate of 10,000 gpm.

6.1.2

PSW-3 Estimated Drawdown

Using Equation 2, and parameter values from Tables 1 and 2, the drawdown at each
observation point for a nominal flow rate (Q,.,.) of 4,100 gpm, and for a maximum flow

rate (Qmax) of 10,000 gpm is as follows:

Q... = 4100 gpm

Q... = 10,000 gpm

PSW-3: Observation Point P1

527-7*4100*1°g((4333023+0§2°°2)0'5 527.7*10000*1og(‘54”‘35°23‘;i2°°2)0'5
5= 177214 §= 157212
s=0741. s=1.80ft.
PSW-3: Observation Point P3

527.7+4100-log (202850777, 527.7+10000+10g (4:25 42830707
5= 177214 $= 177214
s=081ft. s =1.97 ft.
PSW-3: Observation Point P4

527.7*4100*log((‘wsoz.,:izooz)o’5 527.7*10000*1og((4“35°22:i2°°2)°'5
5= 177214 5= 177214
s=0.78ft. s =1.91ft.
PSW-3: Observation Point P5

527,7*4100*log((4885°25;§;°°2)o's) s27.7*10000*1og((4“85°2;7'270°°23°'5
5= 177214 S = 177214
s =047 ft s=0.40 ft.
PSW-3: Observation Point P6

527.7*4100*log((488502?;:,?02)0‘5) 527.7*10000*1og((4“95°27;";25°230'5
5= 177214 5= 177714
s =0.13ft. s=0.32ft
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The nearest property boundary to PSW-3 is near Observation Point P3 in Table 2
(southern property boundary) and is calculated to have a drawdown of 0.81 ft. at 4,100
gpm, and 1.97 ft. at 10,000 gpm. PSW-3 is approximately 6,700 ft. from the nearest
point on the northern property boundary (Observation Point P5), and is calculated to
cause approximately 0.17 ft. of drawdown at a pumping rate of 4,100 gpm, and
approximately 0.40 ft. of drawdown at a pumping rate of 10,000 gpm.

6.1.3 PSW-4 Estimated Drawdown

Hydraulic conductivity (K) for PSW-4 is listed as 1850 gpd/ft.> with a nominal pumping
rate of 5300 gpm, based on operations in 1988 [Ranney 1983, Hydro 1989]. As PSW-4
lies approximately midway between PSW-3 and PSW-5, Transmissivity (T) used for
drawdown calculation is the average of the PSW-3 and PSW-5 (See values in Table 2),
or (190,182 gpd/ft.).

Q... = 5300 gpm Q,.., = 10,000 gpm
PSW-4: Observation Point P1
8302 446502405 wasn2iacsn2 0.5
527.7+5300+log (222212550 ) 527.7+10000+log (2222520 DA
5= 190182 5= 190182
s =0.40ft. s =0.76 ft.

PSW-4: Observation Point P3

(4+350% +4450%)0° (4+850%+4450%)%°3

o - 527:725300+log( o o — 527:7+10000+log( 2 )
150182 190182
s =0.44 ft. s =0.82 ft.
PSW-4: Observation Point P4
527.7*5300*log({4“85°24;:z5°2)°'5) 527.7*10000*iog((4*85"1*3':25"2)0'S
$= 190182 5= 190182
s = 0.45ft. s =0.86 ft.
PSW-4: Observation Point P5
527.7*5300*10;;(‘54“83°25;:‘;5°2)0'5 527.7*10000*log((4"‘35"25;22“2)0'5
5= 190182 5= 190182
s =0.31ft. s =0.58 ft.
PSW-4: Observation Point P6
527.7*saoo*mg({“w’zs;zzwz)0'5 527.7*10000*1og((4*35°2522i°°2)O'S)
S = 190182 S = 190182

s=0.25ft. s = 0.48 ft.
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The nearest property boundary to PSW-4 is near Observation Point P4 in Table 2
(southern property boundary) and is calculated to have a drawdown of 0.45 ft. at 5,300
gpm, and 0.86 ft. at 10,000 gpm. PSW-4 is approximately 5,350 ft. from the nearest
point on the northern property boundary (Observation Point P5), and is calculated to
cause approximately 0.31 ft. of drawdown at a pumping rate of 5,300 gpm, and
approximately 0.58 ft. of drawdown at a pumping rate of 10,000 gpm.

6.1.4 PSW-5 Estimated Drawdown

Using Equation 2, and parameter values from Tables 1 and 2, the drawdown at each
observation point for a nominal flow rate (Qavwe) and for a maximum flow rate (Qnax) of
10,000 gpm is as follows:

Q... = 5200 gpm Q... = 10,000 gpm

PSW-5: Observation Point P1

527.?*5200*10;;((4*85°25;§g°°2)0'3 527.7*10000*log((4”35°2222°°2)o's
5= 203150 5= 203150
s =0.26 ft. s = 0.50 ft.
PSW-5: Observation Point P3

527.7*szootiog((“”‘ss"zszimz)o'5 527‘7*10000*log(@“85025121002)0'5)
$= 203150 5= 203150
s =0.28 ft. s=0.53ft.
PSW-5: Observation Point P4

527.7*SZOO*io_g((d'*BSOZS;zzOOZ)0'5 527'7*10000*10g((438502-;50i002)0-5)
5= 203150 5= 203150
s =0.29 ft. s =0.55 ft.
PSW-5: Observation Point P5

527.7*5200*1og((4"85°24;‘;z°°2305 527.7*-10000*1055((4'85°i“;22°°2)0's
5= 203150 S= 203150
s =0.39 ft. s =0.75ft.
PSW-5: Observation Point P6

527.7*5200*1og((4“85°25;§z°°2)o's) 52?.7*10000*1og((4“85°25’;§z°°2)0'5
$= 203150 S = 203150
s =0.32ft. s =0.62 ft.
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The nearest property boundary to PSW-5 is near Observation Point P5 in Table 2
(northern property boundary) and is calculated to have a drawdown of 0.39 ft. at 5,200
gpm, and 0.75 ft. at 10,000 gpm. PSW-5 is approximately 5,300 ft. from the nearest
point on the southern property boundary (Observation Point P4), and is calculated to
cause approximately 0.29 ft. of drawdown at a pumping rate of 5,200 gpm, and
approximately 0.55 ft. of drawdown at a pumping rate of 10,000 gpm.

6.1.5 PSW-6 Estimated Drawdown

PSW-6 has not yet been installed at GGNS. Hydraulic conductivity (K) for PSW-6 is
assumed to be the calculated average of the PSW-1, PSW-3 and PSW-5 values (in
Table 2) and calculated as 2312 gpd/ft.2. A nominal pumping rate of 5300 gpm is also

assumed to be consistent with the PSW-4 estimation.

Transmissivity (T) used for

drawdown calculation is the average of the PSW-1, PSW-3 and PSW-5 values in Table

2 (183,222 gpdift.).
Q,,. = 5300 gpm

Q,... = 10,000 gpm

PSW-6: Observation Point P1

527.7*53oowiog((*“35°27:;‘;°°230‘5) sz7.7*-10000*1og((4*85"2;:“230'5
5= 183222 5= 183222
s =0.17 ft. s=0.321t.
PSW-6: Observation Point P3
-527.7*saoodog((*”asoz?:;;soz50‘5 527.7*-10000*103((4xssoz.,.:;sozjo's
5= 183222 5= 183222
s =0.18 ft. s =0.34 ft.
PSW-6: Observation Point P4
527’-7*5300*103((4*85027:;‘:,00230'5 527.7*10000*10g((*“35°27::;°°2)°'5)
5= 183222 5= 183222
s =0.19 ft. s = 0.36 ft.
PSW-6: Observation Point P5 _
527.7*SSOO*IQg(G“SSOzB:i‘;OOZ)o'5 527,7»»-1000()*10g((4“35023:22°°230'5
5= 183222 5= 183222
s=0.74 ft. s=1.40ft.
PSW-6: Observation Point P6
s = 527'7*5300*108((4*85023;:zsoz)oJ) o _ 5277+10000+l0g '43850:;:3_;,‘;502305)
183222 183222
s =0.90 ft. s =1.69ft.
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The nearest property boundary to PSW-6 is near Observation Point P6 in Table 2
(northern property boundary) and is calculated to have a drawdown of 0.90 ft. at 5,300
gpm, and 1.69 ft. at 10,000 gpm. PSW-6 is approximately 7,000 ft. from the nearest
point on the southern property boundary (Observation Point P4), and is calculated to
cause approximately 0.19 ft. of drawdown at a pumping rate of 5,300 gpm, and
approximately 0.36 ft. of drawdown at a pumping rate of 10,000 gpm.

6.1.6 Cumulative Estimated Drawdown

Drawdown at any specific point of a well field will be the cumulative drawdown at that
location from each well pumping within the area. The individual drawdowns from each
PSW well at the five (5) property line observation points (P1 and P3 through P6) are
summarized and totaled in Table 3 (nominal pumping rate Q,..) and Table 4 (maximum
pumping rate Qnay) to give an estimated cumulative drawdown amount at the specified
observation point:

Table 3
Groundwater Drawdown at the Property Line Observation Points (ft.)

at Nominal Pumping Rates Q..

PSW Well P1 P3 P4 P5 P6
PSW-1 3.75 2.52 1.68 0.11 0.09
PSwW-3 0.74 0.81 0.78 0.17 0.13
PSW-4 0.40 0.44 0.45 0.31 0.25
PSW-5 0.26 0.28 0.29 0.39 0.32
PSW-6 0.17 0.18 0.19 0.74 0.90

Total 5.32 4.23 3.39 1.72 1.69
Table 4

Groundwater Drawdown at the Property Line Observation Points (ft.)
at Maximum Pumping Rates Q.= 10,000 gpm

PSW Well P1 P3 P4 P5 P6
PSW-1 8.71 5.85 3.92 0.26 0.22
PSW-3 1.80 1.97 1.91 0.40 0.32
PSW-4 0.76 0.82 0.86 0.58 0.48
PSW-5 0.50 0.53 0.55 0.75 0.62
PSW-6 0.32 0.34 0.36 1.40 1.69

Total 12.09 9.51 7.60 3.39 3.33

The greatest groundwater drawdown is estimated to be at the southern property
boundary, approximately 12.09 feet with all five (5) wells pumping at the 10,000 gpm, in
the vicinity of observation point P1. Assuming an average aquifer thickness of 81.20 feet
(Table 2, PSW-1), this results in a net reduction of the available aquifer thickness on the
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southern property line at P1 of 14.89% [(12.09ft./81.20ft.)*100=14.89%). If an assumed
aquifer thickness of 81.26 ft. exists similar to PSW-5 at Observation Point P5 (See
Figure 3) on the GGNS northern property boundary, the reduction of available capacity
is 3.39 feet, or 4% (3.39/81 .26*100=4.17).

‘users west of the rlver

Calculatlon of the groundwater drawdown effects at the GGNS property boundanes duej.
to pumping all five PSW wells at an assumed.maximum: flow rate of 10,000 gpm each,.
resulted in-a calculated cumulative drawdown at the closest point on the southern'=
property boundary - (observation point P1, Figure 1) of approximately 12.09 feet, or
14.89% .of the available aquifer thickness, and 3.39 feet.or 4%: of available- aquifer:
thickness at northern property boundary.;
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Figure 1

GGNS Radial Well Locations
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Figure 3
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Figure 4
Radial Well Schematic
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Figure 5
December 9, 1983 Groundwater Potentiometric Surface
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Experience has shown ‘that the design like of laterals is generally between 25 and 40 years.
Given the sile's water quﬁlily and production rates, lateral design life ol 25 to 30 years should

be expected.

New laterals would be oriented in the 1807 scetor from parallel 1o the river fo toward the river
and be constructed of 12-inch ) stainless steel (similar to PSW Well No. 4. Installation of
new laterals would generally-require 4 to 6 months to complete and normally be performed with
the. well off line. 1t is possible that some production from the weli could be maintained during
the process by manifolding selected laterals, but this would may he add 10 percent to the overall

cost.

3.2.4 I\;uw Radial Collector Well

In the carly and mid 1980's several investigations were conducted to evaluate additional sites for
new radial collector wells (Ranmey, 1980, 1984). Based upon those reports and the projected
I'SW supply nceds, two sites-appear viable-for consideration. These sites referred to as Well

2 and. Well 6 are shown on Figure 7.

Proposed Well. 2 is located midway hetween PSW Well No. 1 and Well No. 3 while proposed
Well € is focated about 1700 feet north of PSW Well No. 5. Given the hetter performance and
water quality of PSW Well Nos. 4 and § and higher projected yield of Well 6 (8000 - 10.000-
gpm) dnd loss interference-with existing wells, it is recommended that. Well 6 be the next site

lor any new radial collector well. Costs lor the developmentof Well 6 would be slighily higher-

3-6

PAGE NO. 2 of 2
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Yield of Collector 4

The following values and Equation 5 were utilized to determine

Collector 4 yield under mean low conditionss

-

Grade Elevation
Elevation Top of Potentlial Aquifer

Elevation Base of Aguifer

Bffective Distance to Line Source of

Recharge, a
Hydraulic Cénductivity, K
Ground Water Temperature,
Test Conditions
Design Témperature,
Mean Low Condition’
Average Lateral Length
Radius of Late:als; ry,
Radius of Caisson, rg
Elevation Centerline of lLaterals
Vertical Position of Laterals, %1
Design Pumping Level

Average Saturated Thickness, m'

m' = 83 & 21 = 52 feet
2

Therefore,

—f 5

75 ft. (MSL)
65 ft. (MSL)
~-43 ft. (MSL)

850 ft.
1,850 gpd/ft2

620F

600F

208 ft.

0.5 ft.

10. ft.

~38 ft. (MSL)
78 ft.

-22 ft, (MSL)
52 ft.
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Well Performance = PSW Well 4

Figure 16 = Monthly Production Trends illustrates the pumping
level in PSW Well 4 .as it fluctuates in rcsponse to changes in
the Mississippi River level and pumping rate. Also shown ig the

water level in necarby obscrvation well BW8A.

As shown in Figure 16, during 1988 FBW Well 4 was operated it
ratcs ranging trom 5350 to 9760 gpm, Pumping lecvels ranged from a
high of +20.5 fcet MI. in Marcli (which was doincident with a

| relatively high river level of +63,0 feer MSL and a low pumping
rate of 5350 gpm) and a low of -—14.% feet MSL ‘in August

! (coinciding with low river level conditiong of” +35,6 feet MSL).

Figure 17 = W Well 4 Monthly Operating T'rends presents graphs
of Wator ‘Témpératiitc, Appdrent Specific Capacity and 17 ffer—
ential, As shown, during 1988 ground watcer temperature as meas-
ured in PSW Well 4 :[fmg(:d from a low of 51 dégrecs Fuh.r’c'nhci.t in
March to a high of 81 degrees in September and with some modera-

tion, closcly mirrored river temperature.

The apparent specific capacity of BW Well 4 fluctuuted consider-
ably during 1988 ranging between 104.9 and 260.6 gpm/ft which
may also indicate possible problems in data collection. Differ-
ential water level between PSW Well 4 and Observation Well PW8A,
with the exception of Fcbruary, remained at low levels Of around

2 to 4 feet/1000 gpm,

—41-




