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1.0 INTRODUCTION

Northern Indiana Public Service Company (NIPSCO) has retained D'Appolonia
Consulting Engineers, Inc. (D'Appolonia) to assess the influence of
construction dewatering at NIPSCO's Bailly Generating Station, Nuclear |
(Bailly N~1) on groundwater levels in the vicinity of Cowles Bog which is

located within Indiana Dunes National Lakeshore (IDNL) (Figure 1).

D'Appolonia has provided services as a geotechnical consultant in and
around th~ ndiana Dunes area since 1959 at the site of Midwest Steel
Company, s nce 1963 at the site of Bethlehem Steel Corporation (BSCO) and
since 1966 at the site of the Port of Indiana. A part of D'Appolonia's
responsibility has been large scale subsurface investigations and construc~-

tion dewatering using deepwell and wellpoist systems,

The U.S. Geological Su-vey (USGS) in cooperation with the National Park
Service (NPS), has published two reports; 78-138 and 80-1105 (References
1 and 2 respectively, relative to effects of construction dewatering on

groundwater levels within IDNL.

Reference 1, issued in January 1979, summarizes a two year study of soil
and groundwater conditions within a study area located north of U.S. 12,
between the Port of Indiana and Mineral Springs Road in Porter County,
Indiana., The study area is outlined in blue on Figure 2. A portion of
IDNL is adjacent to NIPSCO's Bailly Generating Station where two fossil
fuel plants are operating and a nuclear generating unit is under construc-
tion. The principal objective of the USGS study was to investigate

the effects of construction dewatering on the groundwater levels within
IDNL. The USGS constructed a digital model of the groundwater regime for
this purpose. The finite-difference model (Trescott 1975) was used to
simulate and predict changes of groundwater fiow in three dimensions

throughout the study area,.
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At a meeting on January 31, 1980 NPS informed NIPSCO that the USGS, using
the model, had predicted groundwater changes of up to 0.5 feet at Cowles
Bog (over B00O feet away) resulting from NIPSCO's pressure relief system.
Because this prediction is inconsistent with observed data in the area,
NIPSCO requested that D'Appolonia review the soil parameters used in the

USGS report. The results of this review were submitted in Reference 3.

Reference 2, issued in September 1980, is a supplement to Reference 1
directed specifically towar? determining the effect of Bailly N-1 construc-

tion dewaterirg at Cowles Bog.

This report e compasses a study of References (1), (2), soil data,
pumping tests and observations during construction in the Indiana Dunes
area since 1959. Based on our ..alysis of all available data, it is our
view that the pressure relief system proposed for Bailly N-1 dewatering

will not affect the water level at Cowles Bog.
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2.0 SITE CONDITIONS AND SOIL PARAMETERS

The study area consists of land owned principally by Bethlehem Steel
Corporation (BSCO), NIPSCO and NPS. Throughout the BSCO site (Burns
Harbor Plant) over B0O borings were drilled, five of which were drilled
within the IDNL. Over 120 soil borings were drilled on the NiPSCO
property (Bailly Generating Station). Over 400 observation wells and
over 70 dewatering wells were installed within the study area. Two field
pumping tests were conducted to obtain in situ permeability; one in 1963

at the BSCO site and another in 1979 at Bailly N-1 site,

Reference 1 describes the study area as approximately 80Z iadustrialized
land and 20% national lakeshore. Surficial physical features include the
interdunal ponds (Poud Nos. 1, 2, 3 and 7), the fly-ash settling ponds
(Pond Nos. 10, 11, 12 and 13) and the Great Marsh which contains an area

known as Cowles Bog, designated as a National Landmark.

Reference | divides the soils into four unites, The following descriptions

of these units are extracted from Reference 1.

* Urit 1, unconfined aquifer, consists primarily of fine
sand with lateral hydraulic conductivity of 167 ft/day.

The saturated thickness ranges from 0 to 35 feet.

“ Unit 2, confining layer, consists chiefly of clay with a

thickness ranging from 0 to 80 feet.

- Unit 3, confined aquifer, consists chiefly of fine to
medium sand with lateral hydraulic conductivity equal
to that of Unit 1. The thickness cof the unit ranges

from 0 to B0 feet.
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N Unit 4, primarily silt and clay with a thickness ranging
from 60 to 140 feet. The characteristics of Unit 4 are

not considered in this report.

Relying upon numerous borings, pumping tests and knowledge gained

through 21 years of experience in the area, soil conditions and layering

can be reliably defined at the BSCO and NIPSCO sites. This is not true

for the IDNL portion of the study area since logs of only five borings

and one water supply well (Wl) are available for analysis. Although USGS
irstalled over 30 observation wells within IDNL, adjacent to Bailly N-I,

soil sampling was conducted in only one of these. The remaining were

installed by driving or jetting. However, these data are sufficient to
identify some of the contradictions in the data between Reference 1 and several
logs which are selected from the above mentioned logs The contradictions

are discussed in detail in section 3.3 of this report.

D'Appolonia's review of all available data indicates that the permesble
soils (Units 1 and 3) within the study area should not be modeled as two
aquifers (vnconfined and confined) separated by a practically impervious
layer (Figures 3 and 4). Generally there is one aquifer which is partly
unconfined and partly confined because the confining layer is absent in
many locations. The sands of Unit 1 and Unit 3 are directly connected
not only through many large openings in the confining layer (Unit Z) but
also to Lake Michigan as a line source. A detailed description of the
confining layer is presented in Reference 3. The simplifying assumption
used in modeling is inconsistent with the actual statigraphy in the study

area.

During review several discrepancies were disccvered between the actual
conditions and the conditions presented in Reference | relating to BSCO
dewatering wells. These differences introduce serious errors which

preclude reliable model results.
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The major points from Reference 3 can be summarized a: follows:

l. A large body of field data relative to soil parameters
within the study area has been collected over a 20-year
period; the USGS reports ignored or misused much of this

data.

2. There are significant discrepancies between the actual
field data and the data and assumptions used by the USGS.

For example:
a. The wrong permeabilities were used for Units 1 and 3,

b. The USGS study incorrectly modeled the top elevations of

Unit 2.

¢. Unit 3 is connected to the sands that lie above Unit 2
through many large openings and it is also connected to Lake

Michigan. Unit 2 is not continuous as the USGS assumed.

d. Units 1, 2 and 3 are different in shape and in

thickness from thrse used in the model.

e. There are major differences between actual ground water

levels and those assumed by the USGS.

f. Two different aquifers (unconfined and confined)
do not exist throughout the study area as modeled
by the USGS; in many areas they are connected and

act as one.
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The radius of influence (the limit of lateral extension of a

cone of depression) for the pressure relief system was calculated
using actual permeabilities obtained from pumping test results
and found to be less than 950 feet. Accordingly, the system
cannot have any effect on Cowles Bog which is located over 8,000

feet from the Bailly N-1 site.

The radius of influence from the pressure relief system
will not reach the bog area even if it is assumed that
Unit 2 is continuous throughout the study area with an

opening ("window") only under the bog.

For these reasons it is concluded that the model, as

‘resently constructed, does not accurately predict ground-
water fluctuations and cannot be used to support the conclusion
that the pressure relief system will affect the Cowles Bog
area. One may safely argue, a posteriori, that a model reflec~-
ting a drawdown at B000 feet under these circumstances contains

inherent error because the result is manifestly wrong.
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3.0 REVIEW OF USGS REPORTS

D'Appolonia's initial review was limited to soil parameters used in the
USGS Raport 78-138. After the USGS Report 80-1105 was released, at
NIPSCO's request, D'Appolonia performed a review of both USGS reports.
The following is an analysis of pertinent issues addressed in both USGS

reports,

3.1 USGS REPORT 78-138 (Reference 1)

3.1.1. "Unit 3 consists chiefly of a gray, fine to medium sand but
contains thin lenses of sandy clay, clay, and sand and
gravel. Thickness of unit 3 ranges from 0 to 80 ft
(fig. ©). The unit is thickest beneath the ceatral and
scuth-central parts of the study area. Where unit 3 is

absent, unit 4 merges with unit 2." (p. 14, Par. 3)

In the 5000 by B000 foot area between NIPSCO's east property line and
Cowles Bog, no boring has been drilled deep enough to determine the
thickness of Unit 3. Accordingly, Figure 9 showing "thickness of unit 3"
in that area is speculative, This figure is included in Appendix B.
3.1.2 ",.averase lateral hydraulic conductivity of 167 ft/day *
for unit 1 This value is at the upper end of the range of
lateral hydraulic-conductivity values reported for this unit

in Porter and LaPorte counties . . ." (p. 15, Par, 1)

The site is not in LaPorte County. On site and near site values of

permeability are available. Permeability calculated by the authors is

"at upper end of reported values" but was used as a representative

average value,

* 589 x 10™% cm/sec
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The most reliable procedure for determining the average in situ permea-
bility of a water-bearing formation is a field pumping test (Reference
4). 1In 1963 a field pumping test was conducted at the BSCO site prior to
any deep well dewatering activity. The average in situ permeability of
the sands was calculated to be 250 x 10~ cm/sec or 71 ft/day. Extensive
dewatering throughout more than 1000 acres regularly confirmed this as a

representative value of average permeability.

In 1979 a field pumping test was conducted in Unit 3 at the site of
Bailly N-1 (Reference 7). Using 80 feet as the thickness of Unit 3 and
an average transmissivity of 12,000 GPD/ft, it vas found that the resulting

average permeability is 70 x 1074 cm/sec or 20 ft/day.

The permeability used in the model for Unit | and Unit 3 is two to eight
times higher than the average permeability obtained from these field

pumping tests,

A permeability of 1 x 10°% cm/sec for "fine silty sand with clay" (a

part of Unit 3) was determined by D'Appolonia using the USGS log of
observation well 107 (Appendix C). The permeability of 589 x 10-4

cm/sec used in the model is about 600 times higher than actual permeability
at observation well 107. Additional details regarding permeability

within the study area are contiined in Section 4.0 of Reference 3 and

Section 3.3 of this report.

Based on the abuve it is concluded that the permeabilities used in the
model do not reflect site conditions. Di:fferences in actual permeabilities
vary too much to be used as a constant throughout the study area.

Further, the value of a finite diffeirunce model lies precisely in the

ability of introducing a large number of variables.

IAPTPOLANILA



3.1.3 "Lines of ~ual transmissivity for units | and 3 were obtained
by multiply ag the average hydrau!ic-conductivity value by
thickness, as determined from the thickness maps for each
unit, The distributions of transmissivity for units 1 and 3
are shown in figures 11 and 1z, respectively. Although the
preceding technique can lead to a systematic estimate of
transmissivity either too high or too low, th:se wmaps (figs.
11 and 12) did not require adjustment during model analysis."

(p. 15, Par. 3)

Because the coefficients of permeability used by the authors are incorrect
and the absence of information from deep borings in the area between
NIPSCO's east property line and Cowles Bog, the estimate of transmissivity
as shown in Figures 11 and 12 (Reference 1) is invalid. Any transmissivity
lines drawn between NIPSCO's east property line and Cowles Bog are

speculative. Figures 1l and 12 from Reference | are includea in Appendix B.

3.1.4 "A map (fig. 16) showing the approximate configuration of the
October 2&, 1976, potentiometric surface of unit 3 provides a
base map for the unit before dewatering at the nuclear
excavation site or pumping at the coal-fired plant. Pumping
at the plant began in January 1977, and dewatering at the

nuc lear excavation site began in March 1977." (p. 31, Par. 3)

On Figure 16 of Reference 1, the Unit 3 pntentiometric contour north

of Bailly N-l1 near the lake is shown at elevation 600. The ground
surface elevation in this area is betweer 580 to 585 feet. Using this
elevation implies that Unit 3 is a free-flowing artesian aquifer which is
not the case, as no artesian head was encountered during drilling cpera-
tions in the arez. The USGS report does not recognize that Unit 3 is
not, in fact, a confined aquifer and the cocntour variation should have

alerted the USGS to a flaw in its application of the model.
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3.1.5 "Constructing the map of the potentiometric surface of unit 3
involved adjusting the water levels in Bethlehem Steel Corp.
wells in unit 3 in a manner similar to that done for wells in
unit 1. A deciease in water levels in Bethlehem Steel Corp.
observation wells from September 1976 to January 1977 ranged
from 0.60 to 4.4 ft. Water levels for the Geological Survey
wells in unit 3 for October 26, 1976, were estimated by
following the trends of the water level in the unit in
Bethleher Steel Corp. wells from September 1976 to April
1977, when water levels were available for all the Geological
Survey v :11s. The adjustment required was an increase of 2.0
ft. over April water levels. The potentiometric surface of
unit 3 on October 26, 1976, constructed by the preceding
method, is shown in figure 16. Although not based on data
for this date, the map of this surface for October 26 represents
an approximation that is probably accurate within the contour
interval of the map and should allow a reasonable interpretation

of the flow direction in unit 3 on this date." (p. 31, Par. 5)

The model was calibrated using these estimated water levels which are
"probably" accurate within the contour interval. The contour interval is

S feet and there is only one data point in the northern half of the study
area and no data points in the vicinity of Cowels Bog (Figure 6) indicating
that model ¢ alibrations were not performed with an accuracy sufficient

to predict water level changes as small as a tenth of a foot.

3.1.6 ". .At present (1977) it [BSCO] is pumping 5 wells, althov
it has pumped more than 70 wells at different times.
Information on well locations, well construction, historic
water levels, and specific-capacity tests for the major wells
constructed during the last 5 years was made available to the
"

Geological Survey by Bethlehem Steel Corp. during the study.
(p. 49, Par. 1)
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In Reference 1, Figures 13 and 25 show only one well while Figures 16 and
26 show three wells (See Figures 5 and 6, this report). All these
figures are for water levels on October 26, 1976, Table I (Page 49,
Reference 1) shows four wells to be active on that date. The USGS is
aware that all of these wells are fuily gravel-packed (Pages 15 and 49,
Re ference 1), Therefore, all the wells are pumping from both Unit 1 and
Unit 3, yet in Table I the USGS lists wells 6 and 73 as pumping only from
Unit 3. Accordingly, the model derived water levels as presented in
Figures 25 ~nd 26 are incorrect, as the well data has been incorrectly

incorporated into the study.

3.1.7 "Water is pumped for domestic use in Dune Acres and in the
southeast part of the study area, but this pumpage is minimal
and has only a very localized effect on ground-water levels."

(p. 52, Par. 5)

This may be relevant to the study objectives of Reference 1. It is not
true for Reference 2 in which the study objective is to assess the
influer : of construction dewatering at Bailly N-1 on Cowles Bog (Figure
1) over 8,000 feet away. Using the model, the USGS predicted groundwater
level changes as far as the Cowles Bog area. If this 1s correct, all
wells within a radius of approximately 10,000 feet from Cowles Bog should
be incorporated into the model particularly when the study is attempting

to determin. water level changves as small as one tenth of a foot.

3.1.8 Figure 11, Reference 1, "Transmissivity of Unit 1,

October 26, 1976."

Figure 11 (Reference 1) is included in Appendix B and shows thac Unit 1

is absent in the southeast corner of the study area.
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Figures 13 and 25 (Reference 1) then show groundwater levels for Unmit I
in the area where Unit 1 is supposedly absent. Obviously this is incorrect

(Figure 5 of this report).

3.1.9 Figure 16, Reference 1, "Potentiometric surface of Unit 3,
October 26, 1976".
Figure 26, Reference 1, "Model-derived steady state potentio-

metric surface of Unit 3",

Figure 16 shows observed water levels in Unit 3 (see Section 3.1.5) for
October 26, 19756, and Figure 26 shows the model derived water leveis for
the same time. Data from these two figures is summairized and presented
in Figure 6 of this report. It can be seen that water levels in nit 3
are not in good agreement particularly for model calibration and that
groundwater levels for Unit 3 are shown in the area where Unit 3 is

absent north of Bailly N-1.

3.2 USGS REPORT 80-1i05 (Reference )

3.2.1 'A variation or "discontinuity" in the hydraulic characteris-
tics of the confining unit (unit 2) beneath Cowles Bog would
intensify water-level declines in unit 1 in the vicinity of
Cowles Bog resulting frorw construction dewatering. With the
"discontinuity", a simulation of simultaneous decline of the
seepage mound and the second phase of dewstering indicates
that water levels in unit 1 in Cowles Bog would be below

"reference water levels" (water levels, as simulated in the

model, that would have been present in unit 1 on October 26,
1976, if there had been no seepage from the fly-ash ponds)
after 18 months. For a comparable simulation without the

"discontinuity," water levels did not decline below the
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".eference levels."” Model results with the "discontinuity"
present also indicate that the artificial recharging of unit
1 near the excavation cannot completely make up water-level
declines below "reference levels" within the area of Cowles
Bog after 18 months of simultaneous decline of the seepage

mound and the second phase of dewatering...' (p. 1, Par. 4)

The accuracy of “reference water level" is commented upon in Reference I,

Page 31 and is reproduced below:

"Constructing the map of the potentiometric surface of unit 3
involved adjusting the water levels in Bethlehem Ste 1 Corp.
wells in unit 3 in a manner similar to that done for wells in
unit 1. A decrease in water levels in Bethlehem Steel Corp.
observation wells from September 1976 to January 1977 ranged
from 0.60 to 4.4 feet. Water levels for the Geological Si:vey
wells in unit 3 for October 26, 1976, were estimated by following
the trends of the water level in the unit in Bethlehem Steel
Corp. wells from September 1976 to April 1977, when water
levels were available for all the Geological Survey wells. The
adjustment required was an increase of 2.0 feet over April
water levels. The potentiometric surface of unit 3 on October
26, 1976, constructed by the preceeding method, is shown in
figure 16. Although not based on data for this date, the map

of this surface for October 26 represents an approximation that

is probably accurate within the contour interval of the map and

should allow a reasonable interpretation of the flow direction

in unit 3 on this date." (underlining added for emphasis)

The map of the water surface has an accuracy of 5 feet, and yet it is

used as "reference water levels". These were used throughout Refereace 1

¢4 2 studies to predict drawdown, which will introduce error.

DAPTPOLAONILA
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¥s .Because of the close proximity of the model boundary to
the bog, model simulation can only yield maximum and minimum
estimates of the impact of the seepage-mound decline and
construction dewatering for simulations of the "discontinuity"
beneath Cowles Bog. The maximum and mirnimum estimates of
impact are derived by simulating a constant=-flux boundary and
a constant-head boundary, respectively, at the east edge of
the model. The difference between the maximum and minimum
impacts is significant, particularly for simulation of
seepage-mound decline, but the model cannot be used to
determine which boundary condition best simulates the aquifer
system. A new expanded model, which places the east boundary
farther away from Cowles Bog to eliminate the effects of that
boundary on water levels near the bog, would be needed to
refine the estimates of the impact of construction dewatering
and seepage-mound decline on water levels in the vicinity of
the bog. Also, if possible, the storage properties of the
marsh, which are not incorporated in the present model, could

be included.' (p. 2, Par. 1)

Moving the east boundary farther to the east (away from the bog area)
will not "refine" the predicted drawdown in the bog area but simply force
the predicted drawdown to become greater. There are unlimited locations
the east boundary and correspondingly unlimited predicted drawdowns in
the bog area for this computer model. The modeling error is endless
unless the radius of influence of the /:watering wells is taken into

consideration when establishing the .odel boundary.

The storage properties of the marsh cannot be excluded from the model as

it is a year round wetland and virtually eliminates any predicted drawdown.

1
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3.2.3 'The USGS and the NPS have collected new hydrologic data in
the vicinity of Cowles Bog. These data suggest that (1) the
confining unit (unit 2), normally present between the uncon-
fined aquifer (unit 1) and the confined aquifer (unit 3), may
be thin or absent; (2) the vertical hydraulic conductivity
of unit 2 may be greater than it is elsewhere; or (3) a com-
bination of items (1) and (2) may exist in the area of the
bog. This "discontinuity" in the confining unit would greatly
enhance the hydraulic connection between the unconfined and
confined aquifers and could intensify the impact of construc-
tion dewatering on water levels at Cowles Bog, particularly
if a large part of the water pumped from the excavation came

from unit 3.' (underlining added) (p. 3, Par. 3)

Item (1) states that the confining unit may be thin or absent. There are
many locations within the study area where unit 2 is absent or is very

thin (References 1, 2 and 3),

Item (2) above states that the vertical hydraulic conductivity may be
greater, This condition exists in all locations where unit 2 is absent.
Conclusions based on the "new data" are speculative. The expression "may
be" is hypothetical and generates hypothetical results. There are no

deep soil borings within the bog area and its surroundings. To speculate
as to the characteristics of Unit 3 using hypothetical dats to define the
soil strata results in an unrealistic assessment of the effect of consiruc-

tion dewatering on Cowles Bog.

3.2.4 ", . The cbjectiver “he study were to (1) review all sig-
nificant hydrolog silected at the NIPSCO Bailly site
since the study by Meyer and Tucci (1979) and determine whether
the data could be used to refine their estimates of effects of
construction dewatering on ground-water levels in the Lakeshore,

" (p. 3, Par. 4)
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The study did not "review all significant hydrologic data", or if it did,
it failed to incorporate these into its analyses. Reference 2 ignores
the permeability determined from a key pumping test conducted by NIPSCO.
The resulting value of 70 x 10™% cm/sec (Reference 7) is more than

eight times smaller than the permeability 167 ft/day or 589 x 10~4

cm/sec used by the USGS in its computer model. Further, the NIPSCO
pumping test yielded a radius of influence of only 600 feet. This is

confirmed by other tests and observations in the area.

3.2.5 ". .In the south one-third of the excavation, the water
levels in both units | and 3 have declined about 11 feet.
The nearly equal water-level decline in the two units also
suggests that the hydraulic conn:ction between the two
aquifers is good in that area, especially because little
water has been removed directly from unit 3. The signi-~
ficance of this hydraulic connection was investigated further
by examining the results of phase | dewatering for model

experiments K through Z of Meyer and Tucci (1979)." (p. 4, Par. 2)

The above discussion identifies a "good" hydraulic connection at only one
location whereas there are many hydraulic connections throughout the
study area which have not been considered (References 1, 2 and 3). In

many cases Reference 2 relies on assumptions rather than data.

3.2.6 " Pumping directly from unit 3 for reduction of hydrostatic
pressure in that unit was sinmulated in revised experiments §$
and U by assigning a constant head of 583.7 feet above NGVD
to unit 3 at the model node representing the sc /th one-third
of the excavation and then holding it constant throughout the
18-month duration of phase 2 dewatering. Selection of this
water level to represent the average requirement for reduction
in hydrostatic pressure in unit 3 under the excavation was
based on data presented in the report by Sargent and Lundy
(1979)." (p. 15, Par. 3)
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On November 7, 1979, the groundwater level in Unit 3 inside the slurry
wall was 589.8 (Figure 5 of Reference 2). Experiments S and U simulated
drawdown to el. 583.7, creating 6.1 feet water level change in Unit 3.
The calculated radius of influence (R) for this case, using the equation

widely accepted (see Section 5.0), is:

R= 3 Ulﬂ)' K=3x (6.1) U589' 444 feet.
Where R= ladius of influence (feet)
AH= Drawdown at point of withdrawal (feet)

K= Permeability expressed in 10™% cm/sec units

This calculated Radius of Influence is vastly less than the 8000 foot
distance to Cowles Bog. Even allowing for considerable error in permea-

bility, the radius of influencs does not extend to Cowles Bog.

3.2.7 ". . .Simulated water-level declines in unit 1 for revised
experiment U are only slightly greater than those produced by
experiment U of Meyer and Tucci (1979). This near agreement
indicates that simulation of an extended phase | dewatering,
a lower maintenance of the water level in the excavation for
phase 2 dewatering, and direct pumping from unit 3 produce an
estimated impact on water levels within the Lakeshore that
differs little from those estimated by M yer and Tucc’

(1979). The model-calculated rate of pumping from the
excavation at the end of revised experiment U was 819 gal/min
of which 816 gal/min is from unit 3 and 3 gal/min from unit
1. The total rate compares fairly closely with the 710
gal/min for experiment U of Meyer and Tucci (1979, table

4)." (p. 15, Par. 4)
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fnitl l and 3 are connected inside and cutside the slurry wall. Pumping
rates of 816 gpm from Unit 3 and 3 gpm from Unit 1 are unrealistic.

It is reasHnai e to expect that wore than 3 gpm will come directly from
Unit 1 through the steel sheet piling at northeast cornmer of the excava-

tion, and indirectly via Unit 3 which is connected to Unit 1 outside the

slurry wall.

3.2.8 Figure 9, Reference 2, "Model-simulated water -level declines
in Unit 3 after 18 wirths of phase 2 comstruction dewatering

(revised experiment U)"

Figure 9 shows 2 feet of water level decline in Unit 3 north of Bailly
N-1 excavation site. According to the USGS reports, unit 3 does not
exist in this area. The drawd wn is incc.rect and illustrates that the

model simulestion is inapplicable.

3.2.9 " . .Whetker the actual ground-water system will behave in
the .ame manaer as the model simulation depends on how well
the model simulates the physical properties of the ground-water
system and the artificial recharge of water for mitigation.
Therefore, these model simulations should not be viewed as
precise predictions of what will occur in the field. but

rather as an estimation of what may occur." (p. 27, Par. 1)

Thie is true for all models. The USGS model does not simulate actual
physical site properties. More importantly, the model is incorrectly

used to predict drawdown beyond the radius of influence, a contradiction

the USGS reports fail to address.

3.2.10 'The ground-water mound in unit 1 at Cowles Bog is probably
due to a thinning or absence of the confining unit (unit 2)

beneath the center of the bog that normally separates units
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1 and 3, or a greater value of the vertical hydraulic
conductivity of unit 2 beneath the center of the bog than
elsewhere, or a combination of both factors. The variation
in one or both of the characteristics of the confining unit,

' results in a better

hereafter termed a "discontinuity,'
connection between the two aquifers (units 1 and 3) than
elsewhsre., Upward flow from unit 3 to unit 1 through the
confining unit (unit 2) is well documented in the study area
and throughout the Lakeshore. For example, upward flow is
evident at well 108, about 2,000 feet northeast of Cowles
Bog and east of Mineral Springs Road (fig. 14), where

the water level in uait 3 was about 2.2 feet higher than the
level in unit 1 in February 1980. The better hydraulic
connection beneath Cowles Bog apparently allows greater
quantities of ground water to discharge upward from unit 3
intc unit 1 through the "discontinuity" than where the
confining unit is present and thus to produce the mound

in unit 1 at the bog. Other documented "discontinuities" in
the confining unit include one at the west end of pond 1 and
another in the south part of the study area (Meyer and
Tucci, 1979, fig. 7). There also may be a "discontinuity"

under the south part of the excavation.' (p. 27, Par. 4)

Flow from Unit 3 to Unit 1 is not documented. In many areas it has been
documented that the flow is from Unit 1 to Unit 3. At the Bethlehem

Steel Corp. plant site, shallow piezometers showed higher groundwater
levels than the deep piezometers prior to the plant dewatering in 1963.

The USGS piezome “ers 103 and 104 (Figure 2) show the same water level;

the USGE piezometer G6 sihows a water level in unit 1 higher than piezometer
102 in Unit 3. The USGS piezometers 107 (in Unit 3) and 108 (in Unit 1)

cannot be used for comparison because 107 is screened in a layer of silty
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gsand with clay and it is out of order. According to the data, it is

doubt ful if 107 was working properly from the time of installation. The

USGS statement ", . Upward flow is evident at Well 108

" 18 incorrect

because the screen of Well 108 is located in Unit 1 and Uait 2 is present

at that location, therefore, it cannot record water levels in Unit 3.

3.2.11

'Although the hypothesis of the "discontinuity" in the
confining unit at Cowles Bog has not been proven with direct
evidence such as test borings and corings, the mound in unit
| indirectly supports it. The USGS and NPS will continue to
gather data that will expand and refine the present under-
standing of the hydrology of Cowles Bog. For now, the
hypothesis that a "discontinuity" exists in the confining
unit underlying Cowles Bog is assumed, and the model simu-
lations that follow incorporate this "discontinuity".'

(p. 33, Par. 2)

Results derived from a hypothetical case are themselves hypothetical and

inconclusive.

They do not provide a reasonable engineering definition of

the impact of the NIPSCO dewatering on Cowles Bog.

3.2.12

', .Thus, for all model simulations involving the "disconti-

nuity" in the confining unit at Cowles Bog, both constant-head
and constant-flux boundary conditions were used in both

units 1 and 3 along the east edge of the model. The two
boundary conditions result in maximum and minimum effects on
water levels at Cowles Bog caused by seepage-mound decline

and construction dewatering. Although the storage properties
of unit 1 were considered in the simulations, the scorage
properties of the Great Marsh were not., Standing water in

the marsh and witer in the organic mat could moderate

water-level declines.' (p. 34, Par. 1)
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The standing water in the marsh must be conside.ed in the computer model
because the marsh has an area of several hundred acres and the elevated
portion of the bog has an area of 10 acres. This large body of available
water would virtually eliminate the water level decline if indeed it

were influenced by the NIPSCO dewatering.

3.2.13 "Evaluation of data collected at the NIPSCO Bailly site
since December 1977 indicates that, of experiments K-~Z by
Meyer and Tucci (1979, tables 3 and 4), experiments S and U
are the ones that best simulate field conditions. These two
experiments assum-.J that the lateral hydraulic conductivity
of the slurry wall around NIPSCO's excavation is equal to
the design value 2.8 x 104 ft/day and that the vertical
hydraulic connection between units 1 and 3 under the south
one-third of the excavation is good. Model analysis indicates
that the vertical hydraulic conductivity of the confining
unit between units 1 and 3 under the excavation is a more
sensitive parameter than the slurry-wall lateral hydraulic
conductivity in the simulation of water levels near the
excavation. Further, the good vertical hydre  lic connection
between units ] and 3 yields results that are more consistent
with field data regardless of what value of the laceral
hydraulic conductivity of the slurry wall was used in

the simulations." (p. 48, Par. 1)

Based on the above, Experiment S and U best simulate field conditions,
but Figure 37 (Experiment S) of Reference 1 shows 5 feet of drawdown for
the same experiments in Unit 3 north of Bailly N-1 where Unit 3 is
absent. Also, Figure 9 (Revised Experiment U) Reference 2 shows 2 to 5
feet drawdown in Unit 3 where it is absent. This is a contradiction or

inaccuracy of the "best" simulated experiments.
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3.2.14 'Recently collected data indicate that a ground-water mound
exists in unit 1 at Cowles Bog. The mound is probably
produced by the upward discharge of ground water from unit 3
into unit 1 through a "discontinuity” in the confining unit
that normally separates the two aquifers. A simulation of
water~level decline due to phase 2 dewatering, including the
"discoatinuity," indicates that phase 2 is close to equili-
brium aftec 18 wonths in the vicinity of the bog. Simulations
also indicate that the "discontinuity" could cause intensified
water~level declines in unit 1 at Cowles Bog during phase 2
construction dewatering and that water-level declines below
the "reference level"™ at Cowles Bog cannot be eliminated
completely by either the proposed mitigation plan or any
remnant of the seepage mound present after 18 months of
simultaneous phase 2 dewatering and seepage mound decline.’

(p. 48, Par. 3)

The radius of influence from dewatering in Unit 3 at Bailly N-1 site will
not reach the bog ar.a (see Section 5.0). Even if it is assumed that it
will reach the bog area, it will not cause intensified water level
changes in Unit 1 near the bog area because the 10 acre elevatea portion
of the bog is encompassed by 240 acres of wetland. The wetland around
Cowles Bog 18 also connected to another several hundred acres of -retland

on the east side of Mineral Spring Road.

3.2.1% "beca. se the flow model has not been verified, it can only
be used in a general way to evaluate the effect of construc-
tion dewatering and decline of the seepage mound on ground-
water l-vels in and near the Lakeshore. Until the model-
simulated estimates of water-level decline can be compared
with measured declines, the accuracy of the simulated

declines can not be determined.. ." (p. 48, Par. 4)
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The flow model has not been verified, therefore, the accuracy of the
simulated deciines is unknowr. However, as previously stated, because
the model is predicting drawdowns beyond the radius of influence,

it is safe to conclude that either the model or its application is

incorrect.

3.2.16 ". . .A new expanded model, which places the east boundary
farther away from Cowles Bog to eliminate the effects on
water levels near the bog, would be needed to refine the
estimates of the impact of construction dewatering and
seepage-mound decline on water levels in the vicinity of the
bog. More field data, detailing the stratigraphy and
hydrology of the area, would need to be collected to further

refine, calibrate, and verify the model." (p. 49, Par. 1)

Ideally the boundary should be established at tae radius of influence of
the pumped well (or wells). Arbitrarily setting the boundary to include
areas of interest while ignoring the radius of influence presupposes and

' drawdown to occur in all areas included in the model

in fact "forces'
simulation. That fact alone renders meaningless drawdown predictions
between the radius of influence and the boundary where the boundary

is arbitrarily extended beyond the radius of influence.

3.3 DISCUSSION OF SOIL DATA

D'Appolonia compared soil stratigraphy used by the USGS with the actual
data at 13 locations. Thre comparisons of soil stratigraphy and permea-
bilities are illustrated on Figures Cl through Cl3 presented in Appendix
C. 'the data used by the USGS in their model was taken from Figures 6, 7,
8, 9 and 10 of Reference ! and are reproduced in Appendix B. Actual soil

conditions are derived from USGS piezometer instalilation logs and so1il
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boring logs by Sargent & Lundy, and D'Appolonia. Permeabilities assigned
to the actual soil conditions are based on published correlations and
pumping tests within the study area (see Appendix A). These comparisons
have been limited only to those data points near Cowles Bog and those of

major importance. The thirteen locations are shown on Figure 2.

Some of the differences revealed by the comparisons in Appendix C are

outlined below:

1. The actual soil layers are substantially different than those

used in the USGS model.

a. Unit 2 is actually much thicke:. in the northeast area
adjacent to Cowles Bog than assumed in the USGS model.
As a result, the extent of impervious soils is greater

than modeled by the USGS.

b. Unit 3 in the east and south areas around Cowles Bog consists
of silty sand with clay. These soils will exhibit a coeffi-
cient of permeability 30 to 600 times less than the value

modeled by the USGS.

¢. There are no soil borings available for comparison west of
the bog area except piezometer 102 which is located approxi-
mately 3000 feet away. This boring exhibits a clay layer
sandwiched within Unit 3 which will greatly reduce groundwater

flows.

d. Because there are no soil borings in the Cowles Bog area and

the large area surrounding the bog, little or no soil
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information is available for the computer program. The soil
parameters for Units 1, 2 and 3 have been assumed by ths
USGS studies and those assumptions are inconsistent with the

best data available.

From these boring logs the soils consist of many interbedded
clay and sand layers. The clay layers vary from 3 to 5 feet in
thickness and will drastically reduce the overall transmissivity
of Unit 3. Accordingly, the radius of influence is diminished.
The USGS did not account for the multi-layering system in

modeling the groundwater regime.
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4.0 REVIEW OF USGS MODEL

The NPS retained the USGS to assess the effect of Bailly N-l1 construction
dewatering on water levels within the IDNL boundary including the

Cowles Bog area. This assessment has been conducted by simulating the
subsurface flow regime using a finite difference computer program deve-
lopad by Trescott (Reference 9). The results of simulations are presented
in References | and 2. As shown in this report, the USGS model results
contradict hydrologic principles by indicating drawdowns, water levels
and time to equilibrium values which are grossly inconsistent with
previous experiencz, actual observations, calculations, and actual
pumping tests in the area. A review of the modeling discloses several
significant items that result in either meaningless or unreliable

results, The modeling is discussed below.

D'Appolonia did not have access to all the computer input and output data
while conducting this review. Therefore, input errors, truncation errors

and errors in interpreting the output data are not addressed.

4.1 GRID SYSTEM

The grid system has two major faults, the close proximity of the model
boundary to the bog and the increasing grid size between Bailly N-1 and
the bog. The following instructions are st forth in the User's Manual
for this computer program (Reference 9):

e Boundaries within the project area should be located accurately.

e Distant boundaries can be located approximately and with fewer

nodes by expanding the grid.

e Place nodes closer together in areas of rapidly changing trans-

missivity in each layer.
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The grid system was established for the study conducted in Reference |
which was concerned with the western portion of the IDNL property

and this area is modeled with a reolatively fine grid. However, in the
second study, Reference 2, Cowles Bog is the area of ma jor concern;

yet it is represented by some of the coarsest grids in the mo<

Certainly, a "discontinuity in Unit 2" would represent an "area of

rapidly changing transmissivity", and Figure 14, of Reference 2, shows

that water levels near Cowles Bog vary considerably within relatively

small lateral distances. Yet this assumed discontinuity is represented

by only one node. The Ccwles Bog area study should not have been per formed

using a grid designed for the study in Reference 1.
4.2 INPUT DATA

Key input parameters used in the model are incorrect, the most reliable
data (that obtained from pumping tests) was not used at all, and some of

the data used was improperly interpreted.

Omission of the storage properties of the Great Marsh is significant.
There is over 200 acres of standing water contiguous to Cowles Bog.

There is an additional several hundred acres of standing water east of
Mineral Springs Road, which is directly connected to Cowles Bog through

a culvert and Unit 1. As mentioned on page 34 of Reference 2, "standing
water in the marsh and water in the organic mat could moderate water
level declines" (underlining added). It is our view that several hundred
acres of standing water immediately available to the Cowles Bog area will

of fset any hypothetical water level declines.

Inaccurate representation of site conditions is discussed in detail in

Sections 2.0 and 3.0 of this report and is summarized below for convenience.
e Units 1 and 3, particularly in the western portions of the study

area, are connected and they constitute a single unconfined

aquifer,
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e Observed water level readings at Units 1 and 3 are different than

those used by USCS.

e The actual hydraulic conductivities, hence transmissivity used for

Units 1 and 3, are different than shown in both USGS reports.
® The dewatering wells at the BSCO plant were improperly modeled.

In addition, permeabilities of Units |1 and 3 are not constant as assumed

in the analyses. Therefore, the resulting transmissivities are incorrect
(Figures 11 and 12 Reference !, which are included in Appendix B). It is
difficult to understand the purpose of using an intensive finite difference
mode ling procedure, and then assume the same permeabilities in Unit 1 and
Unit 3 throughout the entire study area. This is particularly true when
the available data indicates permeabiiity variations of up to 600 times
less than the values used in the model. Using mcre realistic permeability

values will greatly reduce drawdowns within the IDNL property.

There is a critical lack of stratigraphic data, particularly in the
northeastern portion of the study area (the Cowles 3og and the Great
Marsh area). This was not adequately considered in discussing the
accuracy of the model results. On page 33 of Reference 2 the USGS

states:

"However, the lower vertical hydraulic conductiv.ty of the confining
unit used in Experiments S and Revised S produced a better simulation
of the observed difference between water levels in Units 1 and 3

in Cowles Bog than Experiments U and Revised U",

The nearest observation well to Cowles Bog, which measured water levels

in Unit 3, is over 2000 feet away. Yet differences i. water levels
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between Unit 1 and Unit 3 at Cowles Bog are presented and predicted to

the nearest 0.1 foot (Table 3, Reference 2). Accuracy of 0.1 feet at a
distance of 8000 {eet is precluded by errors and oversimplifications in
the input data. In fact, the distance alone precludes that level of

accuracy.

4.3 MODEL LIMITATIONS

[n the User's Manual (Reference 9, page II-14) it is stated that some
features such as the necessary logic to permit an aquifer to change from
artesian to water table conditions can be added to the three dimensional

models with changes in the code. Alsc, Reference 1, Page 53 states:

"The finite difference model of Trescott (1975) for simulation
of unsteady or steady, confined or unconfined, groundwater
flow in three dimensions was used to simulate the movement of
groundwater in the unconsolidated rocks underlying the study

area”.(underlining added),

We interpret these statements to mean that the program as used by the
USGS, does not permit an aquifer to change from artesian (confined) to
water table (unconfined) conditions, This repre.ents a major breach in
the model logic, considering that a change from confined to unconfined
conditions does in fact occur in several areas. Such a condition would
occur at the assumed discontinuity under Cowles Bog where the drawdown is

predicted to one tenth of a foot.

4.4 MODEL CALIBRATION

Calibration of the model is not sufficiently accurate to predict drawdowns
to the nearest foot, and certainly not to one tenth of a foot Comparison
of Figures 4, 5, and 6 of Reference 2 show water level drawlown variations
in excess of 2 feet in close proximitv r the NIPSCO excavation wher

input data is relatively plentiful Feference 1, Page 34 recognizes _his.
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"Althovgh not based on data for this date, the map of this

surface for Cctober 26 represents an approximation that is

probably accurate within the contour interval of the map

and should allow reasonable interpretation of the flow direc-

tion in Unit 3 on this date" (underlining added).

This refers to Figure 16 (Reference 1) which has a contour interval of 5

feet. Other water level inconsistencies include:

e Water levels are shown to exist in Unit 3 where Unit 3 does not

exist, north of Bailly N-1.

e The 605 contour is drawn through the northeastern portion of the
study site without a data point on which to base the location of

this interval.

At Cowles Bog the measured water levels vary between elevations 604 and
608, as shown in Figure 14, Reference 2. Yet in the model both Unit 1
and Unit 3 water levels are calibrated to elevation 605, While this may
be the "best model experiment", it is certainly not sufficiently accurate
to predict drawdowns to 0.1 feet, considering variations between the

simulated and observed drawdown where observed data is available.

4.5 BOUNDARY CONDITIONS

The USGS has mentioned throughout Reference 2 that the finite difference
model boundary was too close to Cowles Bog to obtain a good estimate of

the drawdown values and that:
"A new expanded model, which places the east boundary farther

away from Cowles Bog to eliminate the effects on water levels

near the bog, would be needed to refine the estimatecc of the
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impact of construction dewatering and seepage-mound decline on

water levels in the vicinity of the bog" (Reference 2, Page 49).

A misconception exists with the premise that extending the boundary
eastward will produce more accurate drawdown resuits at Cowles Bog.
Inherent in models such as this, is the fact that if the eastern boundary
were extended Detroit {over 200 miles to the east) the model would
show drawdowns ir South Bend, Indiana (about 50 miles to the east), and
the model would correspondingly indicate greater drawdown in Cowles Bog.
Conversely, if the boundary were placed west of Cowles Bog then the model
would accurately show no drawdown at Cowles Bog. The concept of a radius
of influence thus becomes essential to obtain rel ' able valves from finite
difference modelirn,. The eastern boundary of the study area at its
presert location, represents a radius of influence ten times greater

than observations, experience, and calculations support.

4.6 OVERALL MODEL STRATEGY

*n .he paper "Groundwater Modeling: An Overview', (Reference 10), authors
James Mercer and Charles Faust, experts in finite difference modeling,

state:

"Of course confidence in any predictive results must be based on (1)
a thorough understanding of the model limitations, (2) the accuracy
of the maps with observed historical behavior, and (3) knowledge of

data reliability and aquifer characteristics."

As mentioned above, and elsewhere in the report, a model which cannot
handle aquifers which may vary from artesian to water table conditions .s
used, Very little of the available historical data has been used. 7.4
none exists in the Cowles Bog area. And most impor.antly, there is a

critical lack of subsurface stratigraphic data throughout the north-
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eastern portion of the study area, and that which is known, has been
incorrectly used in many cases. For these reasons, it is D'Appolonia's
view that extended study (Reference 2) should not have been conducted

without better input parameters.

Mercer and Faust also state:

"Perhaps the worst possible misuse of a model is blind faith in
model results. Calculations that contradict normal hydrologic

intuition almost always are the result of data input mistakes, a
'bug' in the computer program, or misapplication cf a model to a

problem for which it was not design»d. Proper application of a

groundwater model requires an understanding of the specific aquifer.

Without this conceptual understanding the whole exercise becomes a

meaningless waste of time and money."(emphasis added)
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5.0 DEWATERING AND RADIUS OF INFLUENCE

Construction dewatering at Bailly N-1 is designed to be conducted in two

phases:

Phase I, Dewater within the slurry wall in Unit 1 to provide a dry
excavation for the placement of footings. Phase I dewatering
was activated on March 17, 1977 and is still in progress
(Nov. 1, 1980/, The average water levels in Unit 3
beneath the pottom of the excavation were at elevation
590.6 on August 14-16, 1978; at elevation 589.8 Nov. 7,

1979; and at elevation 589.2 Sept. 24, 1980. This indicates

.nat wa.er levels have reached steady state in Unit 3.

Phase 11, The purpose of pumping from Unit 3 is to reduce the
hydrostatic pressure in Unit 3 beneath the bottom of the
excavation. The piezometric surface must be reduced to
cievativn 583.7 fur cvonsutruction. The average water level
beneath the bottom of the excavation for the past two
years has been 589.9. Accordingly, the additional required
drawdown (from the present level) in Unit 3 beneath the

bottom of the excavation for Bailly N-1 is 6.2 feet.

Feference 2 states that drawdown may occur at Cowles Bog over 8,000

feet away from the location of the Bailly N-1 pressure relief system.

Mie presumes that the radius of influeance (the limit of lateral extension
of a cone of depression) must be in excess of 8,000 feet. To assume that
the radius of influrace of a wellpoint system in a fine sand media will
extend over 8,000 feet is unrealistic, contrary to the engineering
literature, pumping tests and observed data at the BSCO and NIPSCO

sites.
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The radius of influence was discussed in detail in Reference 3. The
main points are repeated for emphasis because disregarding this constraint

of the model precludes obtaining reliable drawdown data at Cowles Bog.

The radius of inf) ence (R) for both artesian and gravity flows can be

estimated from the following equation (Reference 4, p. 150):

R= C(H-hy) Y K EQ. 1

where R= Radius of influence, feet
H-h, = Drawdown in the well, feet
K= Permeability expressed in 10™% cm/sec units
C= Dimensionless constant
C= 3 for artesian and gravity wells

C= 1.5 to 2.0 for a single line of wellpoints

Equation | was verified using pumping tests on wells in the Mississippi
River Valley by the U.S. Army Corps of Engineers. It was also verified
for a line of wellpoints by the Moretrench Corporation (Reference 5, p.
307). This equation was verified for dune sand at the BSCO site and on

many other dewatering projects engineered by D'Appolonia.

For verification of Equation 1 at Bailly N-1, data from a NIPSCO pumping
test conducted in 1979 was used (Section 4.0, Reference 3). Using a
permeability of 70 x 10™% cm/sec and a drawdown of 26 feei at the test
well, the resulting value of the radius of influence is 653 feet. This
value is in excellent agreement with the radius of influence of 600 feet

observed at the end of the test,
Using Equation 1 and in the extreme case C=3 and the permeability from

the pumping tests, the radius of influence can be calculated for a

maximum groundwater change (from initial static water level) of 20 feet
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in Unit 3 et Bailly N-l. This results in a radius of influence of
approximately 500 feet for the permeability of 70 x 10™4 cm/sec, that
obtained from the pumping test at the NIPSCO site. Using the permeability
obtained by the pumping test at the BSCO site, the radius of influence is

approximately 950 feet.

Even if the USGS model permeability of 589 x 10™% cm/sec is used (which
has been shown to be excessively high and inconsistent with other data)
with 20 feet of drawdown at Bailly N-1, the radius of influence is only

approximately 1450 feet.

The following table is a summary of calculated radii of influence for

different permeabilities.

Drawdown in Unit 3 Coefficient Radius of
at Bailly N-1 ¥ Permeability Data Influence Ratio to
(feet) - (1074 cm/sec.) Source (feet) _8000 Feet
20 70 NIPSCO pumping 500 16:1
test
20 250 BSCO pumping 950 8:1
test
20 L 89 USGS assumed 1450 551

Based on the above, it ias evident that Cowles Bog is beyond the influence
of the pressure relief system at Bailly N-1. Accordingly, the groundwater
level at Cowles Bog will not be altered as a result of construction

dewatering at Bailly N-1.
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6.0 GROUNDWATER DATA IN THE COWIES BOG AREA

Cowles Bog is located in the Great Marsh acea which is a part of IDNL

(Figure 2). Reference 1, Page 8, describes this area as:

", . .The Great Marsh occupies part of the northeastern quarter of
the study area. The Great Marsh is wet during most of the year,
when the water table is at or near the surface. Ditches “hat were
dug years ago to help drain the marsh ire still present. Two of
these ditches cross the eastern boundary of the study area, but
discharge through them is .inimal. The marsh area also contains an
area known as Cowles Bog, waich was designated as a National Natural
Landmark by Congress in 1%65. There is some question as to the
exact location uf .. Lug aud whether or not that particular part of

the wetland is in fact a bog (William Hendrickson, National Park

Service, oral commun., 1977)."

Reference 8 provides some of the details of the hydrological data in this

area.

“"A 2-inch diameter stainless steel well, screened in the sand
bottom, established that there is a positive hydrological pressure
below the elevated mat. The pressure was sufficient to cause a
flowing well which carried water a little more than 3 feet above the
mat surface or 8 and a half feet above the level of the water which
surrounds the elevated island. A pressurized source of ground water

of significant dimension is thus shown to exist in Cowles Bog."

The following statement on Page 27, Reference 2 further describes

the witar level in the bog area as:

% .Water levels in unit | within the mound are as much as 5 feet

higher than in unit 1 beneath the surrounding marsh area. The mound
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apparently coincides with a topographic rise that is also as much as

5 teet higher than the land or open~water surface - the surrounding

marsh."

Comparison of data quoted avove from Reference 5 and Reference 2 leads to
the conclusion that water levels within _.owies Bog are changing as much
as 3.5 feet in a matter of months, indicating that even if changes of a
few inches "pred: :ed" by the USGS model were accurate, it would not ma.
any difference, particularly in view of the fact that the bog is surround.

by a large recharge area of several hundred acre feet.

Water levels for 16 USGS piezometers (screened in Unit 1) are plotted on
Figure 7, Eleven piezometers are insi: the bog snd five are in the
marsh area surrounding it. The maximum difference between water levels
measured in the bog i1s approximately six feet and in the marsh area,
approximately five feet. 1In November 1979, the piczometers inside and
outside the bog area show the lowest readings, and in March 1980 the
highest. The changes are in the range of 1 to 2 feet. This apparently
represents the seasonal change for that period and is typical for the
area. The water level changes in piezometers (Figure 7) foliow the same
geneval trend and do not exhibit anv anomalies inside or outside Cowles
Bog. In turn, this indicates that changes in water level in the bog area
are reflected in the marsh area. If it is assumed that the USGS computer
model simulations are corroct in predicting water level changes in Cowles
Bog, the changes will be offset by recharge with marsh water before they
can occur. It is unrealistic to predict any water level changes in the

bog area without taking into account the surrounding marsh water.
Further, on Page 27, Reference 2 states:
"The ground-water mound in unit 1 at Cowles Bog is probably duc

te 2 thinning or absence of the confining unit (unit 2) beneath

the center of the bog that normally separates units 1 and 3, or
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a greater value of the vertical hydraulic conductivity of unit

2 beneath the cencer of the bog than elsewhere, or a combination
of both factors. The variation in one or both of the character-
istics of the confining unit, hereafter termed a "discontinuity,"
results in a better connection between the two aquifsrs (units

1 and 3) than elsewhere. Upward flow from unit 3 to unit 1
through the confining nit (unit 2) is well documented in the

study area and throughout the Lakeshore."

Even assuming that the USGS hypothesis is correct regarding a "disconti-

nuity" of Unit 2 at the bog, this would not be unique as Unit 2 is absent
in many locations (as a small or large opening) throughout the study area
(References 1, 2 ad 3). Both USGS reports show Unit 2 as being absent

ir & southern hal’ ' of the study area (Figure 7, Appendix B).

There are dunes located north and northwest of the elevated portion of
Cowles Bog. These dunes have groundwater levels higher than the marsh
(wetland) due to the recharge of the rainfall in the dunes area. At

the pottom of the marsh areas semi-confining layers are sometimes formed
which covers the Unit | sand. The high groundwater table in the dunes

"artesian" flow in the lower marsh area.

could produce some localized
This phenomenen is explained in Reference 11, Page 47. This is the
"upward flow" from Unit 1, not from Unit 3. (Upward flow from Unit 3 to

Unit 1 is also discussed in Section 3.2.10)
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7.0 CONCLUSIONS

Based on a review of USGS reports No. 78-138 (icference 1) and 80-1105
(Reference 2) and all available field data, we have reached the following
conclusions relative to the effects of construction dewatering at NIPSCO

Bailly N-1 on the groundwater levels at Cowles Bog (IDNL).

e The radius of influenc: of NIPSCO's pressure relief system calcula-
ted through the use of actual field data and demonstrated permea-
bilities, is less than 950 feet. Furthermore,even when the
erroneous coefficient of permeabilities assumed by the USGS is
used, the radius of influence does not exceed 1450 feet. Therefore,
the pressure relief systsm -~annot have any effect on Cowles Bog

which is located more than 8000 feet from the site of dewatering.

e The possible drawdown predicted by the USGS modeling exercise is
wrong and unreliable; first, because a substantial body of actual
field data available for the study area was ignored or misused in
the model; secondly, because the assumptions used for the modeling
bear little resemblance to actual field data; and finally, because

of defects in application of the model itself.

The bog area is well beyond the calculated radius of influence of the
proposed dewatering system. Accordingly, the system will not cause a
groundwater level decline in the bog area. Further, analysis shows that
the distance between the bog area and Bailly N-1 is so great that the
calculated radius of influence would not reach the bog even if the

permeabilities used in our calculations were in substantial error.

IANPIPOILANILA



Simply stated, the radius of irfluence of NIPSCO's pressure relief system
cannot be assumed to extend over 8)00 feet to the Cowles Bog area under
any reasonable application of hvirologic principles., Further studies of
possible drawdown in the Cowles Bog area, suggested by the USGS, are not

warranted.

Respectfully submitted,

/ %, ¢ 4'44/?2“

Richard F. ifxssette

< é;¢211 //% r'ﬁzjraizlc

Stevo Dobrijevic

RFB/SD/1sb

Project No. MW79-720
November, 1987
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APPENDIX A

REPRESENTATIVE COEFFICENT OF PERMEABILITY
OF SOILS IN 10 *cm/sec UNITS

[ COEFFICIENT OF PERMEABILITY
TYPE NAVFAC FOUNDATTON BASIC SOILS USED FOR
OF P-418 ENGINEERING ENGINEERING COMPARISUN
SOIL (Ref.4) (Ref.5) (Ref.6)
Silty Clay 0.01 0.01
Silt 0.50 0.50
Sandy Silt 5-20 10
Silty Sand 20-50 1 20
(If clayey, use 1)
Silcty Sand
and Gravel 4
Very Fine Sand 50-200 50 100
Fine Sand 200-500 200 40 200
Fine to
Medium Sand 500-1000 500 500
Medium Sand 1000-1500 1000 1000 1000
.
Medium to
Coarse Sand 1500-2000 1500 1500
Coarse Sand 4000
3000
Coarse Sand
and Gravel 2000~5000 3000
NOTE: Coefficient of Permeability by pumping test:

At BSCO site K = 250 x 10'“cm/sec

At NIPSCO site K= 70 x lo—acm/sec
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APPENDIX C
COMPARISON OF SOIL DATA

(For Explanation and Conclusions See Section 3.3)

Comparison of Soil Data at Dune Acres Well No. |

Figure c1*

The actual thickness of Unit 2 clay encountered is approximately 55 feet,
wvhereas the thickness used in the model is only 12 feet. The actual
thickness of Unit 3 is approximately 12 feet instead of 45 feet used in
modeling. The permeability of Unit 3 is about 1/3 of that used in
modeling. The surface elevation of the Unit 3 sand is about 42 feet
below the elevation used in the stuldy. There are major differences in

physical properties and limit the reliability of the modeling results.

Comparison of Soil D.ta at USGS Piezometer 101

Figure C2

Soil boring data indicates that U. it 2 is in fact two layers, one 19 feet
thick and the other 9 feet. The model assumes an uninterrupted 40 foot
thickness. The materials encountered at Unit 3 consist of clayey

sands, clay, and sand. Permeabilities of these materials are 3 to 30

times lower than the value used in the study.

Comparison of Soil "ata at USGS Piezometer 102

Figure C3

lUnit 3 materials at this location vary from a coarse to fine sand with
permeabilities varying from 3 times lower to 3 times higher than the
value used in modeling. The actual stratigraphy shows a clay layer
embedded between sand so that vertical flows will be affected within

the aquifer.

* Figures Cl through Cl3 are included in this Appendix.
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Comparison of Soil Data at USCS Piezometer 103

Figure C4

Unit 2 was not encountered at this location, however, the model assumes

a fifteen foot thickness for Unit 2. The Unit 3 sands encountered are
approximately 92 feet thick not 70 foot thick as modeled. Permesabilities
of the actual sand vary from 2 times more to 600 times less than the
value used in the study. Lack of Unit 2 in this boring is significant as
the actual case indicates an unconfined aquifer whereas it was modeled as
a confined aquifer. The groundwater level was modeled about 5 feet above

the existing ground surface,

Comparison of Soil Data at USGS Piezometer 105

Figure CcS

The actual Unit 3 sands have variable awouncs of silt with permeabilities
up to 600 times smaller than the value used in the study. Also, the
actual thickness of the Unit 3 secils is about 77 feet, not the 55 feet

that was modeled.

Comparison of Soil Data at USGS Piezometer 107

Figure C6

The thickness of Unit 2 material is about 2 feet, whereas it was modeled
as 5 feet, The actua! Jnit 3 sands are silty with clay and about 600

times less permeable than that used in the study.

Co.vnarison of Soil Data at Boring 705

figure Cc7

Although this boring is shallow, it represents the only data available at
this location. Permeabilities of the upper Unit 1 sands are similar to

the values used in the model. Information is lacking for Units 2 and 3.
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Comparison of Soil Data at Boring 706

Figure Cc8

This boring shows that the upper Unit | sands are about 3 times less

permeable than the values used in the model.

Comparison of Soil Data at Boring 709

Figure C9

The Unit | sands have permeabilities of about 3 times less than that
modeled. Also, the Unit 3 sands encountered are only about 18 feet

thick not 55 feet as was modeled. The actual permeabilities of Unit 3

are 3 times less than the value used in the study. Unit 2 was encountered
at an elevation about 12 feet below that wscsd in the model study and the
surface elevation of the Unit 3 sands is about 17 feet below the elevation

mode led .

Comparison of Soil Data at Boring 712

Ejgure cl0

The Unit | sands have permeabilities 3 to 30 times less than the value
used in the study. The actual thickness of the Unit 2 clays is more than
44 fest and not the 5 feet used in the model resulting in more than a

39-foot difference in elevation of Unit 3.

Comparison of Soil Data at Boring 715
Figure Cll

Sands encountered in this boring are silty sands and clayey silty
sands having permeabilities 30 times less than the value used in the
study. Unit 2 clays were not encountered, although Unit 2 was modeled at

ithis location.
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Comparison of Soil Data at Boring B-79-1
Figure Cl12

Actual Unit 2 clays are only about one foot thick, not 18 feet thick
as used in the study. There are no other soil borings in this area

to identify Unit 2 and Unit 3, The thicknesses shown are assumed,

Comparison of Soil Data at Boring B-79-3

Figure Ci3

The Unit 2 clay encountered is only 1 to 2 feet thick and not 18 feet
thick as used in the model. The Unit 3 sands were encountered about 15
feet higher than the elevation used in the study. There are no other

borings in this area to identify Unit 3,

Comparison of Soil Data in the Cowles Bog Area

There are approximately 12 USGS piezometers installed in the Cowles Bog
area, These are shown on Figure 2. The piezometers are shallow and soil
information is available only from 7 to 20 feet. No deep borings were
drilled to locate Units 1, 2 and 3. Hence, the thickness and permeability
determinations of the units in this area for model analysis must have

been assumed.

Comparison of Soil Data in the Area Surrounding Cowles Bog

There are no deep soil borings in the one square mile area surrounding
the Ccwles Bog to define Units 1, 2 and 3., It is overly simpliscic to
merely assign soil layer thicknesses and permeabilities over so large an

area with little or no subsurface data,.
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SATURATED THICKNESS | .':;F 990 SAND AND GRAVEL | 1000
[ — — it
0.002 UNIT 2 580
Lo 560 .
g CLAY l IMP
589 | UNIT 3 el 990 |
.. 540 i
| Kty |
| - 530
* SAND 200
| 520
‘ SHALE GRAVEL SAND | IMP
| 510
0.459 | UNIT 4
| 500
3 490
LEGEND FIGURE C |

COMPARISON OF DATA

Dune Acres Well No |

BAILLY GENERATING STATION
NUCLEAR |
PREPARED FOR

NORTHERN INDIANA PUBLIC SERVICE CO.

DAPPOLAONILA




DR AW NS MW 79 -720A 3

. v

w

<

CHECKED BY

/] N
-y

Z

DRAWN

DATA POINT USGS Piezometer |Q| _ LOCATION_N. 1,508,651+ E. 489,329+
DATA USED BY USGS. ACTUAL DATA (¥
— — e e e e el S} IR e ——— — —— e
K SOIL DESCRIPTION 38'0‘3 PROF| SOIL DESCRIPTION K™
N = —se - == ?: aamee sy S s —
‘ + 630 v ;
f‘ G S+
620 _Q&C;r e -
610 1Jf
1 ; + 600 4.=I| FINE BROWN SAND 200
5 Sl z
® - S590 T
w | UNIT | Lants, U A2 ¢ o Fwlie!
gl 589 | SATURATED THICKNESS [ 4 sg0 oy |
& | ce+ SAND & FINE GRAVEL | 500
: + 570 - e T
A GRAY CLAY W/FINE |
560 TO MED. GRAVEL 'MP.
= | !
Rt 550 - .
0.002 UNIT 2 SAND, MEDIUM, GRAY, | 5
| SOME SILT |
| R&O GRAY CLAY W/ =
GRAVEL (FINE) |
530
SAND ( MED. - FINE) | ,,
W/ LITTLE CLAY |
w520 |
589 UNIT 3 GRAY CLAY |_IMP.
¥' L 510 ..'.' S !
| LA 7y FINE SAND | 200
I = I
! . CLAY W/SAND & | o
0.459 UNIT 4 FINE - MED. GRAVEL | |
- 490 - |
LEGEND FIGURE C 2
cor RMICON OF DATA
K - PERMEABILITY EXPRESSED F.ezometer 101
IN 107 %M/sec UNITS ENERATING STATION
» - ESTIMATED s fLiAR :p
IMP - PRACTICALLY IMPERVIOUS NORTHFRN INDIANA FLBLIC SERVICE CO
(1) - INDICATES REFERENCE OF ® S
Sl & IVARPPIOILADNILA




DATA PZINT USGS Piezometer 102

LOCATION N. 1,507,596% E. 493,395¢%

LEGEND
K - PERMEABILITY EXPRESSED
IN 10" 9CM/c0c UNITS

# - ESTIMATED
IMP  PRACTICALLY IMPERVIOUS

(1) - INDICATES REFERENCE OF
APPENDIX C

<
S DATA USED BY USGS. (') ACTUAL DATA 3 °
- S : soi. | L&Y [soiL | S #
a1 K SOIL DESCRIPTION PROF PROF| SOIL DESCRIPTION K
g
z@ { |
a % | G.S, |
8z ,‘ - 620 {6124 = e
T —d | |
: v g10 |
| ! _.': ".",'_ L'GHT BROWN, E |Of)o
LN 589 | UNIT | Yt MEDIUM SAND S
; | SATURATED THIC “NESS| ' 4 600 |
‘ : |
> -
mﬂ'l» |
ofo CLAY, DARK GRAY, |
g SOME ORGANIC | IMP.
£Ig| 0002 UNIT 2 MATE RIAL :
Q.
o COARSE GRAY SAND, 13,0007
3 + CLAY /TUMP. 4
5[ | | |
N8 o {271 SAND, MED/COARSE, || 500
-4 | Eeon ;
S ’ -850 JT
S s |
; L4 " '. = '.-‘.. ’
i .k 5404 S FINEZ MED BROWN | 500
589 | UNIT 3 e ] SAND
| R RO
? 203 CLAY IMP
| b s20 47T 2
il g0 Jiii] FINE BROWN SAND 200
- 500 CLAY W/ INTERBEDDED| |\ o
s # % : S SILTY LAYERS ~
: . 430

FIGURE C 3
COMPARISON OF DATA
USGS Piezometer 102

BAILLY GENERATING STATION
NUCLEAR |
PREPARED FOR

NORTHERN INDIANA PUBLIC SERVICE CO.

IARPIOLADNTLA




K - PERMEABILITY EXPRESSED

IN 10°9CM/50c UNITS

* - ESTINATED
IMP - PRACTICALLY IMPERVIOUS

{1) - INDICATES REFERENCE
APPENDIX C

OF

o | DATA POINT USGS Pnezometer IO3_ LOQAT‘QEJ.“_JEP_S.?_S_',t_____ _E_ 496,645 *
S DATA USED BY USGS () ACTUAL  DATA (3
SN SRR “Tsorc | E* BV o T VPRI STes-ag
ol K | SOIL DESCRIPTION |PROF JPROZL S0IL. osscmpno~ K
é wlr.:::;:.;:--.—:u-.:r'..- szzeaes _,_;‘-.__.._,‘__:‘,;-:;44_,._»_.‘,., f;-::::::r::_ r‘::..,—_i' e
Ou | UNIT | - 630 -
x5 | SATURATED THICKNESS | |
| | i Veis ||
a> o & el ey ~k— aaalice, 1 6.5
I T 620 1ei7+
i'j 0.002 UNIT 2 610 s s
33 L 600 SAND - BROWN,
I _ MEDIUM 11,000
-l L ( COURSE AT 20')
olo 1 305
I3
§§ - 580 t
V14 o |
| 589 UNIT 3 seay 970 |
TI% {
18 Bl sc0- SAND - GRAY SILTY, | |
> W/ SOME CLAY |
am
...___4 e J
e 1
'} s404.2)] SAND - MEDIUM, GRAY | 1,000
I SAND - FINE , CLAYEY |
$30 - |
520 - |
0.459 UNIT 4 |
s CLAY - SANDY, LENSES |
OF MED. SAND, | IMP.
500 STICKY.
490
LEGEND FIGURE C 4

COMPARISON OF DATA

USGS Piezometer 103
BAILLY GENERATING STATION
NUCLEAR I
PREPARED FOR

NORTHERN INDIANA PbBLIC SERVICE CO.

IAAPTPOLADNILA




_«
AbD

-y

"3

MW

DRAWING

DATA POINT JSGS Puezometer OS5 LO \,ATW)I\_N___L 04,036 ¥ E. 492, 68

o o v - ‘Y ! : ~»-'-‘i
DATA USED BY USGS (0 | ACTUAL DATA (3
o ELEY: fsorr] r *
K SOl. DESCRIPTION PROF | PROE| SOIL DESCRIPTION K*
$ == _ ; + z — = =

"l NUMBE R

4

’.'l/

. T 1
630 {
620
1 - ledsel+
610 T——-—"“ NN e eI RS SIS Syt Ce L, [ LCSSSs S

C <E Lww
APPROVED BY 2oy ¥

BY

— — — — — e — et

UNIT | &
589 | SATURATED THILKNESS‘

m INIT 2 ol R 2 e
O 02 I UN 2 ——————f—— —\ SRAY CLAY  e=—=tn ;qu—Jti

o o Svo

£ .

Y

DRAWN

: ‘:“" ""{q;ﬂr\ L4 NE / ME
| ND ME SILT ANC
:i CLAY

589 UNIT 3

INE BROWN SAND _
(| QUICKSAND" ) Fd
0.459 UNIT 4

SANDY SILT W/ LENS! ' e
= CAND . SOME CLAY | N

LEGEND IGURE
""""" COMPARISON OF DATA

PERMEABILITY EXPRE USGS Piezometer 105
N 1O %Em s, ANITS il - = -
IN ; N BAILLY GENERATING STATION
ik NU’;LEAR i
MP - PRACTICALLY IMPERVIOUS NORTHERN IN DIANA PUBL E CO

APPENDIX

IC SERVIC
INDICATES REFERENCE OF DAPPORON L




L (r)-

INDICATES REFERENCE OF
APPENDIX C

NORTHERN INDIANA PUBLIC SERVICE CO

~ | DATA POINT USGS_Piezometer lQ? LOCATION N. 1,509,681+ E. 499,625+
~ N T LRV, DOt S &
o DATA USED BY USGS. ' ACTUAL  DATA ‘%’
B Jrriomerena - - - —— —— e ————— -
A RO N ;rsow ELEV. oo | %
: | SOlL osscmp.no~ PROF PROF sou. osscmpnou K
§ F:c'-"——-ﬁ:“' —-’T: = S sS -&'———w—»—— [ —l == ’JW = —= %—» LT o T L‘_‘—"—_:—':
- F 630
33 |
62 + 620 -
6104 6s
i 6045 *
- ——— e —— — — — — y -y i ‘.'-‘ |
sl UNIT | f""“*":’"soo GREY, WELL SORTED |
] 589 | SATURATED THICKNESS: " MEDIUM SAND | 1,000
>0
olol 0.002 UNIT 2 |
<2 BLUE GREY CLAY ,—+\ IMP. —
gt |
Oler |
:
SR
N o - GREY,FINE, SILTY | |
g(; sas ST SAND W/ CLAY
@ 3
3 L 550
ik 540 |
- 530
520
0.459 UNIT 4 510 BLUE GREY CLAY | \mp
W/ SAND , VERY HARD | :
500 -
- 490 — :
LEGEND FIGURE C 6
g TS, oot COMPARISON OF DATA
LA AR B s TN USLS Piezometer I07
IN 107" Vsec UNITS BAILLY GENERATING STATION
it NUCLEAR |
. ESTIMATEC OREPARED FOR
IMP - PRACTICALLY IMPERVIOUS

IDARPION ADNILA




DATA POINT BORING 705

LOCATION _N. |,509,128 E. 492,630

[+ o
S DATA USED BY USGS. ACTUAL DATA (4)
r~ = o ELEV Ty A s A O
ol K SOIL DESCRIPTION S PO0E|  SOIL DESCRIPTION K *
Z Sy ! T
‘é& - 630 + i |
i3 | |
52 | Le20 4 | |
t G.S. | ]
. | { 613 | |
| I o, Ty T
f | ‘ - 61 0 - :,' ."' -
| | .45 MED. DENSE BROWN | ,4q
| | 5% FINE SAND
e X —t 600 4
% TR SN S [
w5l s89 | UNIT | 90 Jien \COARSE SAND - | 500
am |SATURATED THICKNESS|: | ° ol | SOME GRAVEL |
W ! Xty
=l | | !| DENSE BROWN FINE |
g 1 5804 || SAND - SOME COARSE]||
Ola | LSAND - SOME _GRAVEL 1
S | 570 4 | |
2(2/0.002 | UNIT 2 | f ;
» : 560 4 :
z | i |
x> + B t
<dm | i i
& I - 550 I
E |
| - 540 4 ‘:
| ' |
! ‘ t‘
589 UNIT 3 | |
| |
; | i
: ;
0459 | UNIT 4 | E
i ; |
LEGEND FIGURE C 7
COMPARISON OF DATA
K - PERMEABILITY EXPRESSED Borinq 705
IN 10°9¢M/5ec UNITS BAILLY GENERATING STATION
» ESTIMATED NUCLEAR |

IMP - PRACTICALLY IMPERVIOUS

(1) - INDICATES REFERENCES OF
APPENDIX C

PREPARED FOR
NORTHERN INDIANA PUBLIC SERVICE CO.

IDAPTPOILANILA




DATA POINT BORING 706

LOCATION N. 1,508,283 E. 493,580

IN 10°%CM/50c UNITS

» - ESTIMATED

IMP - PRACTICALLY IMPERVIOUS
(1) -INDICATES REFERENCE OF
APPENDIX C

BAILLY GENERATING STATION

NUCLEAR |
PREPARED FOR

NORTHERN INDIANA PUBLIC SERV

IDARPPIOLADNILA

o
S DATA USED BY USGS. ! ACTUAL DATA (%)
4 U ’ “Tsoic | E-EV- [soiL *
4y K I SOIL DESCRIPTION PROF PROE| SOIL "ESCRIPTION K
g% } ' - 630 -
x5 | | |
gz ! : »620 4 |
G.S
. | 612
i S * T *'° 1 Loose sRowN FINE
i1 SAND 200
Ege | UNIT I Soeh 600 i
589 |SATURATED THICKNESS |/ "%.| VERY LOOSE BROWN | ..o
| A ~ 41 FINE SAND - TRACE
)@ | ik 590 OF ORGANIC MAT'L e
B —T ‘ VERY SOFT TO SOFT | |
e | GRAY ORGANIC sn.j"’:mp
ol 580 TRACE OF SHELLS
u% ‘ l
0002 | T 2 '| STIFF GRAY SILTY
il i s704 || CLAY- TRACE OF
s | || ROCK FRAGMENTS
R 3 || SAND SEAM 1
- 1 i 560 - |
e | L ; -
a | itk 550 | 5
| ) 5404
589 | UNIT 3 ey 530
o} s20 4
' r- 510
| ©2 %} s00-
0459 | UNIT 4 .
| 490 -
LEGEND FIGURE C 8
. J COMPARISON OF DATA
K - PERMEABILITY EXPRESSED Boring 706

ICE CO.

e



o | DATA POINT BORING 709 LOCATION N. 1,506,953 E. 499,133
<1
o DATA USED BY USGS. ‘" ACTUAL DATA ‘*’
. : s S soi. | E-EV Isoi A *
o K SOIL DESCRIPTION PROF| PROF| SOIL DESCRIPTION K
S : - 630 4
23 |
1 I |
a | - 620 |
Al | : i
<. [9 | v, 610 1465, |
“““““ 7 604 <3
IO TOPSOIL ]
3‘; .Hl K }w'."w n
e | TS S, | 200
2 w—“——— - . :.“:'. \S AND 2 0 O
izl Sl .00 MED. DENSE GRAY FINE SAND
ol . HARD GRAY SILTY CLAY - IMP
<2 S TRACE OF ROCK FRAGMENTS ’
i | w1580
ol% ; : ~*®-| VERY DENSE GRAY FINE 200
, ‘s’.a| SAND - TRACE OF COARSE
. | 570 S\ SAND - TRACE OF GRAVEL
Ji| 98° UNIT 3 “fe"| MED.DENSE GRAY FINE SAND| 200
SE #=et» TRACE OF COARSE SAND - [+————1
ot ‘22 SOME  GRAVEL || 200
. MED. DENSE GRAY FINE
x> | SAND lMP.
= | HARD GRAY SILTY CLAY
= | SOME S4ND SEAMS 1/8 J
i
0.459 | UNIT 4
I
|
i
|
;
I
LEGEND FIGURE C 9
T ) COMPARISON OF DATA
IN 107 7*%/sec UNITS BAILLY GENERATING STATION
A NUCLEAR |
» ESTIMATED PREPARED FOR
IMP. - PRACTICALLY NORTHERN INDIANA PUBLIC SERleE CO.
(1) INDICATES REFERENCE OF IDAPPITPOLADNILA




e

e ER s 72081

DATA POINT _BORING 712 LOCATION N.I1,509,322 E. 499,095
DATA USED BY uscs'" : ACTUAL DATA ‘¥
BT . A e U/
K SOIL DESCRIPTION 1288;: PROE|  SOIL DESCRIPTION K*
=
3 - 6301 .
| L 620 -
B A FTY
________ L Bl 604 | ~""STONE ROAD -
- el 600 s BROWN _SAND 200
“>:] LOOSE GRAY FINE SAND - 200

TRACE OF ORGANIC MAT'L 50
VERY LOOSE DARK SILTY SAND

st | UNIT | S
989 SATURA'ED THICKNESS [ ;-

i

B 590

CHECKED BY
APPROVED BY

Z N
re0 3o 82

DRAWN

| BY

$
!

O0O02
V.00& UNIT 2 KARD GRAY SILTY CLAY - IMP
| LR TRACE OF ROCK FRAGMENTS
< 7580
REEA VERY STIFF GRAY SILTY
] CLAY - TRACE OF ROCK IMP
e FRAGMENTS
- £ 570 HARD GRAY_ SILTY CLAY - IMP
%/ "OF ROCK EBAEMENI
589 UNIT 3 - '} 560 VERY STIFF TO HARD GRAY |
- SILTY CLAY - TRACE OF | [MP
2 ROCK FRAGMENTS
et 950 VERY STIFF GRAY SILTY . _IMP 1
' ; \CLAY - SOME SAND SEAMS
! kt/B"
- 540 4 |
ooy e 530 -
|
520 ;
| J
|
Sl 10 4
0. 459 | UNIT 4 e |
500 | !
| |
asod | '
LEGEND FIGURE C 10
- COMPARISON OF DATA
K PERMEABILITY EXPRESSED Boring 712
r qc / <
S 8T e LTS BAILLY GENERATING STATION
B s NUCLEAR !
» ESTIMATEL PREPARED FOR
IMP. PRACTICALLY IMFERVIOUS NORTHERN INDIANA PUBLIC SERVICE CO
hd
(1) INDICATES REFERENCE OF DAPPITOIONILA

APPENDIX C




o~ | DATA POINT _BORING 715 LOCATION N. 1,507,700 E. 496,750
<1
o DATA USED BY usGs'" o ACTUAL DATA ¥
) T T8 ey omseohgere g %
ol K SOIL DESCRIPTION  |3ROF (3&',';1' SOIL DESCRIPTION K
g‘(: - 630 A |
23 | | | |
@D | ‘ |
6z I 620 A |
ol< 1 l - 610 16.8
- S R Ava | 605 |
J\ : 2 : PEAT IMP.
3 | UNIT |
2 58° |SATURATED THICKNESS | CODSE FINE BROWN SILTY 150
%7 camamon f MEDIUM DENSE FINE / 208
@ | BROWN 2
ey 0-002 | UL & MEDIUM DENSE GREY 20
1P ! CLAYEY SILTY FINE SAND
wiE l TRACE OF COARSE SAND
Sla | TRACE OF GRAVEL
g DENSE GREY FINE Sil'Y l
- | L 570 SAND - TRACE OF COARSE [| 20
oS | SAND - | RACE OF GRAVEL | |
1 TR T
8 - ‘ ‘
| - 560 SAND | |
. | MEDIUM DENSE GREY FINE |
a0 | ! SILTY SAND - TRACE OF ||
o 589 | UNIT 3 - 550 4 COARSE SAND |
| |
| - 540 4 |
| - 530 4
| |
| 520 -
| i
T I |
i 510 - 2
| ] |
0.459 | UNIT 4 e |
? |
| 490 | |
LEGEND FIGURE C Il
COMPARISON OF DATA
K - PERMEABILITY EXPRESSED BORING 7158
- 4emy. .. 1) )
o e R e ANTS BAILLY GENERATING STATION
ARG NUCLEAR |
" RS THRRIES PREPARED FOR
IMP - PRACTICALLY IMPERVIOUS NORTHERN INDIANA PUBLIC SERVICE CO
(1) INDICATES REFERENCE OF D2AIPPOIAON LA
APPENDIX C




(o)

SR M A MW 797204 I3

DATA POINT BORING B-79-1

LOCATION_N. 1,507,489 E 492,532

DATA USED BY uses. "

ACTUAL  DATA ®

SOIL

SOIL DESCRIPTION PROF

ELEV

SOIL
PROF.

SOIL DESCRIPTION

W W

0l

CHECKED BY

————qp_—.————.—._ﬂ___m
! = ¥,
e

589

FETYUTE T

|
| UNIT |
'SATURATED THICKNESS |:%i:%

- 630

G.S.

619.25

- 620

N X
FILL 4

oo x )
v

SAND, FINE TO MEDIUM,

TRACE OF GRAVEL . 500

Rl 610 4

|
|

APPROVED BY

0.002

UNIT 2

ZJN

/o 30 8¢

DRAWN

BY

589

.
LR

UNIT 3

- 590 .1
pr——

25| SAND, FINE TO COARSE,

580 L

.
.
.

o

2271 SAND, FINE TO MEDIUM,
- 600 4157 :

500

TRACE OF GRAVEL

/TMP "\

CLAYEY SILT

. 1000

———

5701
<00 4

550 A

’

T

540 4

:

530 4

>

520 A1

0.459

UNIT 4

1
|
!

LEGEND

K -

IMP
(1)

PERMEABILITY EXPRESSED
IN 10°%¢M/5ec UNITS

- ESTIMATED

- PRACTICALLY IMPERVIOUS

INDICATES REFERENCE OF
APPENDIX C

4+
TR 8 el T W R e ™ 4 By el WRE @GN s wal S By POV e &
o By oia Sy . s Y Th g - . o P o
. LN .. A e KRl WA Pswe P
v v, e - X0 W o Dol <hE X0 i Y .
vt * . P - e. = ey e - .
SR v . . » . e e &Y A
sen ;. . P EPENTS. | v . o e i
% v - . . aw . T - -« L4 o ® w -
. » ¥ ine PrN e 0 Re o SR g g o LA S 2 R LR
F ¥ e Sl v 4y b S v on 94 e 9 e e S 0% ¥y

500 4

- 510 -

\TRACE OF GRAVEL

490 -

J

NOTE
FOR DETAILED
DESCRIPTION , SEE
BORING LOG B-79-I

FIGURE CI2
COMPARISON OF DATA
BORING B- 79~ |

BAILLY GENERATING STATION
NUCLEAR |
PREPARED FOR

NORTHERN INDIANA PUBLIC SERVICE CO.

DAPPPOLONLA




« | DATA POINT _BORING B-79-3 LOCATION N. |,507,379 E. 492,537
o !
o DATA USED BY USGS.'" ACTUAL DATA '3’
" soiL | ELEY [soiL
ol K SOIL DESCRIPTION PROE PROF| SOIL DESCRIPTION K*
‘é& - 630 |
23
@D
oz - 620 4
Lc? < } SAND, FINE TO MEDIUM 500
o e s i Ay = L 610 —___ PEAT — 1 NF
s | UNIT | i so0 it
!SATU RATED THICKNESS : .= 27| SAND, FINE TO MEDIUM 500
L -..": " u’.o":
> |@
Sg - CLAYEY SILT  —-LdE___J
bt (9]
Slar
zlal 0.002 UNIT 2 S°rii  SAND, FINE TC COARSE | 1000
2 570 4=
;( -
2™ -
L B R
- b 560 NOTE
E. i FOR DETAILED
an s . DESCRIPTION SEE
« | ik 550 4 |  BORING B-79-3
| o |
| |
i o' oF 5401
589 | UNIT 3 s | {
i I 530 4
St 520 -
: -510 '
- X e !
e | et 500 1 l
T R e
| 490
LEGEND FIGURE C 13
A COMPARISON OF DATA
1 . n
K Pt,RME_IiBC:\.ITY EXPR‘ESSEQ BORING B-79-3
IN 0T e UNITS BAILLY GENERATING STATION
s | NUCLEAR |
# - ESTIMATED PREPARED FOR
R ; NORTHERN NDIANA PUBLIC SERVICE CO
IMP. - PRACTICALLY IMPERVIOUS 2 .
Tg&%ﬁq{)ﬁi EFERENCE OF ] )‘\ﬂ’l’( ,!“ ).‘& H.\




LIST OF REFERENCES FOR
APPENDIX C

I'SGE Report 78-138, Figures 6, 7, 8, 9 and 10 (See Appendix B)

Well Log No. 1, October 16, 1953, City of Dune Acres, Porter

County, Indiana, Layne Northe:n Co., Inc. Mishawaka, Indiana.

Division of Water, Department of Natural Resources, State of
indiana, Water Well Logs for USGS Wells 101, 102, 103, 105 and

107, Y‘ort’_g!’ﬁ(\)nx‘.t‘\'l Indiana.

D'Appolonia Consulting Engineers, Inc., Chesterton, Indiana,
Boring logs 705, 706, 709, 712 and 715, Project No. 70-114.
Sargent & Lundy, Engineers, Chicago, Illinois, Bor ing Logs
B-79-1 and B-79-3, Project Number 5560-31.
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