
Progress Energy

Serial:. NPD-NRC-2009-158 10 CFR 52.79
July 22, 2009

U.S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555-0001

LEVY NUCLEAR PLANT, UNITS 1 AND 2
DOCKET NOS. 52-029 AND 52-030
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 044 RELATED TO
ACCIDENTAL RELEASE OF RADIOACTIVE LIQUID EFFLUENTS IN GROUND AND SURFACE
WATERS

Reference: Letter from Brian C. Anderson (NRC) to Garry. Miller (PEF), dated May 19,2009,
"Request for Additional Information'Letter No. 044 Related to SRP Section 2.4.13
for the Levy Nuclear Plant Units 1 and 2 Combined License Application"

Ladies and Gentlemen:

Progress Energy Florida, Inc. (PEF) hereby submits our response to the Nuclear Regulatory
Commission's (NRC) request for additional information provided in the referenced letter.

A-response to the NRC request is addressed in the enclosure. The enclosure also identifies
changes that will be made in a future revision of the Levy Nuclear Plant Units 1 and 2 application.
If you have any further questions, or need-additional information, please contact Bob Kitchen at

(919) 546-6992, or me at (919) 546-6107.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on July 22, 2009.

Sincerely,

Garry D. Miller
General Manager
Nuclear Plant Development

Enclosure

cc: U.S. NRC Region II, Regional Administrator
Mr. Brian Anderson, U.S. NRC Project Manager

Progress Energy Carolinas, Inc.

P.O. Box 1551

Raleigh, NC 27602
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Levy Nuclear Plant Units I and 2
Response to NRC Request for Additional Information Letter No. 044 Related to
SRP Section 2.4.13 for the Combined License Application, dated May 19, 2009
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-02

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please describe the
process followed to determine the conceptual models for surface and subsurface pathways, and
to establish the site characteristics that affect transport of radioactive liquid effluents in ground
and surface waters that were evaluated, and to ensure that the most conservative of plausible
conceptual models has been identified.

PGN RAI ID #: L-0374

PGN Response to NRC RAI:

As part of the process of developing most-conservative models for assessing radionuclide
transport, supplemental literature reviews were performed of the Floridan aquifer system. The
reviews were performed independently of those in Subsection 2.4.12 in order to gain additional
insights of the regional hydrologic environment and water usage. This information included
published regional geologic and water resources information:

Florida Department of Natural Resources Hydro-geologic and Hydro-geochemistry
Survey Reports

Florida's DEP Source Water Assessment and Protection Plan

USGS Groundwater Atlas

USGS Use of Water in US - County Level Data

USGS Surface Water Monthly Statistics

NRCS Soils Data Mart

The conceptual models were developed recognizing (1) ground and surface water users, (2) site
conditions and characteristics, (3) subsurface and surface pathways, (4) most conservative
conceptual models for predicting radionuclide concentrations, and (5) site parameters important
to transport. Model complexity was kept to a minimum, opting instead to develop a conservative
approach that could straightforwardly account for the principal site characteristics and
parameters. Worst-case accidental release assumptions based on USNRC BTP 11-6 and
conservative radwaste tank radionuclide inventories from the AP1 000 DCD were used. Finally,
models were evaluated routinely to gain understanding of the interaction among parameters,
assumptions, and pathways.

The process focused on developing several conceptual models that could be qualitatively
considered prior to developing a most-conservative conceptual model. Ultimately, the process
established two most-conservative conceptual models to bound radionuclide transport and dose
consequences: the first model evaluated wells that take their supply from the Upper Floridan
aquifer which is the overarching concern near LNP; the second model evaluated the impact to
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users of surface water from the Lower Withlacoochee River, although no such users are
identified at this time.

Ground and Surface Water Users

The process identified possible users and locations as part of developing the conceptual
models:

Nearest existing off-site private wells in the direction of groundwater flow are 1.7 miles to
the west-southwest and 2 miles to the southwest (FSAR Table 2.4.12-206).

Off-site public wells are farther away or not in the direction of groundwater flow.

Four wells used for LNP's raw water supply (which includes potable drinking water) are
offsite on other property owned by Progress Energy Florida. The wells are more than 2
miles south of LNP 1 and 2 (CH2M Hill 2008 and LNP RAI 02.04.13-4).

All wells are permitted and take their potable supply from the Upper Floridan aquifer
(FSAR Subsection 2.4.12.2.1).

All public wells in the southwesterly direction of groundwater flow are at least 3.1 miles
away. LNP wells are more than 2 miles south of the plant. Radionuclide concentrations
at the nearest private wells will be greater than the concentrations at public and LNP
wells based on the closer proximity of the private wells and the direction of groundwater
flow.

There are no known users of the Withlacoochee River for domestic or public water
supplies (FSAR Subsection 2.4.1.2.10, paragraphs 2 and 3).

There are no known residential users of surface water within the 5 mile Progress Energy
Florida site survey area (FSAR Subsection 2.4.12.2.1, paragraphs 9 and 10).

Site Conditions and Characteristics

The process considered site conditions and characteristics that can impact well users:

The release is more likely to the surficial aquifer. The release would be from the lowest
floor elevation in the auxiliary building at about 34 feet bgs. This location corresponds to
approximately the middle of the surficial aquifer's 50 ft thickness (FSAR Subsection
2.4.13.2, paragraph 1).

The release occurs between the auxiliary building and the backfilled dewatering
"bathtub" structure. The "bathtub" consists of diaphragm walls (the tub's side walls)
keyed in to the pressure grouted Avon Park Formation (as the tub's bottom) in order to
minimize groundwater flow during excavation and construction (FSAR Subsection
2.5.4.6.2).

The soil in the surficial aquifer consists generally of fine sands with varying amounts of
silt that grade into mainly silty carbonates. The Upper Floridan aquifer consists of Avon
Park formation limestone (FSAR Subsection 2.4.12.1.2, paragraphs 4 and 8).

The surficial aquifer is not hydraulically confined from the underlying Upper Floridan
aquifer but gradually transitions into it without an abrupt bedding contact (FSAR
Subsection 2.4.12.1.2, par. 10; FSAR Subsection 2.4.13.2, paragraph 3).
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Groundwater flow paths are in similar directions: Upper Floridan aquifer is toward the
SW and WSW and the surficial aquifer toward the WSW (FSAR Figures 2.4.12-215 to
2.4.12-222). No significant variations in flow direction were observed during year-long
on-site groundwater investigations.

Observation well water elevations show that the hydraulic head gradients are relatively
small with little change through out the year (FSAR Subsection 2.4.12.2.2, paragraph 2).

Site data show downward vertical gradients from the surficial aquifer to the Upper
Floridan aquifer over the entire site (FSAR Subsection 2.4.12.2.2, paragraph 4; FSAR
Table 2.4.12-209). The gradients remained consistently downward through out the year.

Any radioactivity released to the surficial aquifer would, after a period of time, be
expected to migrate to the underlying Upper Floridan aquifer due to the downward
vertical gradient between the surficial and Upper Floridan aquifers (FSAR Subsection
2.4.12.2.2, par. 4; FSAR Subsection 2.4.13.2, paragraph 6).

Pathways could include migration (1) through the surficial aquifer or (2) in to the Upper
Floridan aquifer or (3) in both aquifers as radionuclides are carried from the spill location.

Seepage velocities are greater in the Upper Floridan aquifer than the surficial aquifer

(FSAR Tables 2.4.12-212 and 2.4.13-203).

Site conditions and characteristics that could impact surface water users were considered:

The subsurface release and initial pathway through the surficial and Upper Floridan
aquifers are similar to the well path described above.

The Lower Withlacoochee River traverses the southwest sector near LNP.

The river flows to the Gulf of Mexico with freshwater supplied to it from the Inglis Bypass
Channel's spillway (FSAR Subsection 2.4.13.2, paragraph 8).

Streamlines originating in the surficial aquifer are likely to resurface in the Lower
Withlacoochee River.

Some streamlines in the Upper Floridan aquifer can be assumed to surface in the Lower
Withlacoochee River due to the lack of a confining unit between the surficial and Upper
Floridan aquifers.

The site is relatively level, with very little variation in surface topography, with no rivers,
no streams, and no other major drainage features on-site (FSAR Subsection 2.4.12.1.2,
paragraph 2).

Surficial aquifer groundwater elevations can be seasonally high and near the surface
(FSAR Figures 2.4.1-204 and 2.4.12-215). However, the water table was also seen to
drop by about four feet between early spring and the summer (FSAR Figures 2.4.12-215
and 2.4.12-219).

Some surficial aquifer water may surface during seasonal highs in cypress and
depressional wetlands, which typically consist of isolated wetland basins. These
wetlands capture rain and surface run-off but are considered a preferential source of
recharge to the surficial and Upper Floridan aquifers (FSAR Subsection 2.4.12.1.2,
paragraph 3).
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Subsurface and Surface Pathways

The process for assessing consequences to ground and surface water users identified the
conceptual pathways described below.

A release to the surficial aquifer is considered plausible. The release takes place between the
auxiliary building and the back-filled dewatering "bathtub", which consists of diaphragm walls
and a pressure grouted Avon Park Formation bottom. The bathtub is not leak tight or maintained
or used for dewatering after construction. Therefore, a release followed by transport of
radionuclides through the surficial aquifer is plausible.

A direct release to the Upper Floridan aquifer is improbable; however, it is plausible that the
release eventually enters the aquifer because the surficial and Upper Floridan aquifers are not
hydraulically confined at LNP. The release is most likely to occur at the bottom of the auxiliary
building where the effluent tank is located. This elevation corresponds to about midway into the
surficial aquifer's 50-foot thickness.

Groundwater flow in the surficial and Upper Floridan aquifers is generally toward the Lower
Withlacoochee River and Gulf Coast. It is plausible that groundwater from the surficial aquifer
surfaces in the Lower Withlacoochee River. The river is initially fresh water but becomes
brackish near the coastline. Although the river is not used as a source for drinking water, it is
possible that the river is used for small scale irrigation purposes (for example, vegetable
gardens).

It is also plausible that some groundwater from the Upper Floridan aquifer surfaces in the Lower
Withlacoochee River, especially since there is no confinement with the surficial aquifer.

The migration of a small amount of radionuclides to retention pond "A" is improbable and
unimportant for assessing consequences. Migration upward to the pond is unlikely since the
release is about 25 ft below the bottom of the pond; no springs are present, and vertical
hydraulic gradients are persistently downward. If a very small amount of radionuclides reached
pond "A", it would be diluted in the pond.

The accumulation of trace amounts of contaminants in cypress basins or depressional wetlands
is possible but unimportant for assessing consequences. Any trace amount would be naturally
controlled within the wetlands; the wetlands are not used as a source of surface water. Upward
migration of contaminants is unlikely since the release is about 25 ft below grade and no springs
are present. To reach the wetlands, radionuclides need to be first transporte.d to the top of
aquifer by vertical dispersion (which is insignificant compared to advection) and then seep into
wetland basins. If trace amounts of contaminants seep into the wetlands, the effect would be
minor since the seepage would be diluted and remain in the wetland basins until ultimately
going to recharge of the aquifer. See also FSAR RAI 02.04.13-5.

The capture of contaminated groundwater flow by the site drainage ditches is not plausible
since the ditch bottoms are by design above the maximum potentiometric elevation of the
surficial aquifer.

It is not plausible that operation of the LNP well field will result in worst-case consequences.
The LNP well field is located more than 2 miles from the postulated spill site and outside of the
expected transport path. After 60 years of operation, the drawdown in the Upper Floridan
aquifer is only 0.1 to 0.2 ft along the transport path. Thus, the well field is (1) not expected to
impact the transport path and (2) would experience much lower radionuclide concentrations
than wells located closer to the spill site and on the transport path. See also FSAR RAI
02.04.13-4.
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Most Conservative of Plausible Conceptual Models

Well Users -
The most conservative conceptual model for well users was developed by considering a well
receptor on the site boundary. The receptor is located 2 km from the spill on the expected
transport path in the Upper Floridan aquifer.

The receptor location is closer to the spill site than the nearest private well (FSAR Figure 2.4.12-
213). This approach is used since the LNP site boundary does not extend to a natural barrier or
to Hwy 19 to the southwest. Future wells could be constructed closer than the nearest Progress
Energy Florida-surveyed well. The use of a well receptor at the boundary inherently makes
allowances for future users and predicts more conservative concentrations.

The spill is assumed to be released to the surficial path approximately 25 ft below the top of the
surficial aquifer or about mid-elevation in the aquifer. No credit is taken for retention of the
release between the auxiliary building and the dewatering "bathtub" structure (FSAR Subsection
2.5.4.6) used to minimize groundwater inflow during excavation and construction.

The spill is analyzed for the Upper Floridan aquifer. All wells are permitted by the water district
authorities and must take their potable supply from the Upper Floridan aquifer. Transport of
some radionuclides to the Upper Floridan aquifer is plausible because (1) it is not hydraulically
confined from the overlying surficial aquifer (FSAR Subsection 2.4.12.1.2, par. 10; FSAR
Subsection 2.4.13.2, par. 3) and (2) the persistence of downward vertical gradients from the
surficial aquifer to the Upper Floridan aquifer (FSAR Table 2.4.12-209). Therefore, transport
paths could include (1) migration in the surficial aquifer or (2) migration in to and then through
the Upper Floridan aquifer or (3) migration in both aquifers as radionuclides are carried from the
spill location. Based on review of the aquifer characteristics, a conservative analysis is
performed assuming an immediate release entirely to the Upper Floridan aquifer. This
assumption gives the highest radionuclide concentrations at the well receptor location.

Surface Water Users -
A conservative conceptual model was also developed as an alternate scenario for users of
surface water from the Withlacoochee River. There are no known users of the river for
domestic or public water supplies. However, it could conceivably be used for irrigation
downstream of where the discharge from the Inglis Bypass Channel enters the river.
Eventually, the river becomes too brackish for use as it flows to the Gulf.

For this scenario radionuclides are released and the contaminated groundwater surfaces in the
Withlacoochee River 7 km (4.3 mi.) away at the nearest location along the expected transport
path. Again, pathways could include transport through (1) the surficial aquifer or (2) the Upper
Floridan aquifer or (3) both aquifers. All radionuclides are assumed to be directly released to
and transported through the Upper Floridan aquifer. This assumption is conservative since it
results in the maximum radionuclide flux entering the river although it is less likely than transport
through the surficial aquifer or a combination of both aquifers. The activity entering the river is
then diluted by the river flow; no credit is taken for dilution by volume of water near where the
activity enters the river. River flow is assumed to be minimal, corresponding to the lowest
monthly average river flow.

The conservatism of assuming transport only through the Upper Floridan aquifer was confirmed
by also analyzing transport only through the surficial aquifer.
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Site Parameters Important to Transport

The process included development of hydrogeologic data from on-site investigations reported in
FSAR Subsection 2.4.12. In addition, testing was performed to determine site-specific
distribution coefficients. Data included:

Groundwater potentiometric contours and hydraulic gradients - Data was developed
from a total of 23 site wells and quarterly observations for the surficial and Upper
Floridan aquifers (FSAR Figures 2.4.12-215 to 2.4.12-222; FSAR Table 2.4.12-212).

Hydraulic conductivities in the surficial and Upper Floridan aquifers - Slug tests were
performed in 23 screened wells. The data was analyzed to determine ranges of
horizontal hydraulic conductivities for each aquifer (FSAR Table 2.4.12-210).

Vertical gradients between surficial and Upper Floridan aquifers -The gradients were
analyzed using data from six nested pairs of site wells (FSAR Table 2.4.12-209)

Subsurface conditions determined from site borings - 118 borings (performed in the
geotechnical evaluations) helped substantiate aquifer sedimentary deposits and
thicknesses.

Site-specific distribution coefficients (Kd) for cesium and strontium radionuclides -
Specimens included soil and limestone from 12 boreholes near the assumed spill
locations at both LNP units. Kds were obtained for the surficial aquifer and the Upper
Floridan aquifer (CH2M Hill 2009 and FSAR New Table 2.4.13-206). See also FSAR
RAI 02.04.13-10.

The process included consideration of spatial variability and uncertainties of site characteristics.
These considerations are incorporated in to the transport model's bases, assumptions and
parameters.

Straight-line groundwater flow is assumed to maximize predicted concentrations (FSAR
Subsection 2.4.13.2.1, paragraph 2).

Minimum distances to surface water or groundwater water user locations are used
(FSAR Subsection 2.4.13.2, paragraph 7 and 8).

Maximum values of hydraulic conductivity and gradient are used to calculate pore
velocities (FSAR Table 2.4.13-203).

Pre-construction hydraulic gradients are assumed to obtain pore velocities (FSAR Table
2.4.13-203). Installation of engineered drainage ditches could decrease hydraulic
gradients especially near the safety related structures, thereby reducing the post-
construction pore velocity.

The Upper Floridan aquifer is assumed only as deep as a typical public well near the site
(FSAR Subsection 2.4.13.2, paragraph 4). This assumption compensates for variations
in actual depth (which is not precisely determined) by allowing for less dilution across the
aquifer's thickness and increases the calculated concentrations in the receptor well.

Soil and weathered rock removed for excavation are used for backfill outside the
diaphragm wall (FSAR Subsection 2.5.4.5).

Site-specific Kds are based on samples obtained from different locations in both aquifers
(FSAR New Table 2.4.13-206). Minimum Kd values are used for transport analyses
allowing for variability across the site.
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Analyses are performed and reported for the worst-case aquifer when transport is
possible in either or both aquifers (FSAR Subsection 2.4.13.2, paragraph 6)

The radionuclide flux enters the river at one location irrespective of the actual distribution
along the river (FSAR Subsection 2.4.13.2.1, paragraphs 7 and 8). This assumption
maximizes the radionuclide concentrations in the river (which are taken at the one
location).

The process used to develop and quantify the conceptual models allowed for temporal
variability in groundwater levels, gradients and surface water flow.

Groundwater level variations are unimportant since the releases are always completely
below the potentiometric surfaces of both aquifers (FSAR Subsection 2.4.13.2,
paragraphs 1 and 2): no credit is given to releases to unsaturated regions.

The direction of groundwater flows are consistently in the same directions (FSAR
Figures 2.4.12-215 to 2.4.12-222).

Maximum pore velocities ("max of the max") are used in each aquifer irrespective of the
season or location (FSAR Table 2.4.13-203).

Seasonal variations in the Lower Withlacoochee River's flow are accommodated by
using the minimum monthly spillway flow from the Inglis Bypass Channel for dilution in
the river (FSAR Subsection 2.4.13.2, paragraph 8).

Temporal differences in the arrivals of the radionuclide peak concentrations are not credited
when assessing compliance to 10 CFR 20, Table 2's overall effluent concentration limit (see
FSAR Equations 2.4.13-6 and 2.4.13-7.)

References:

CH2M Hill (2008), Tech Memo No. 338884-TMEM-074, Rev. 1, "Revised Conceptual Well Field
Layout and Evaluation of Simulated Drawdown Impacts, LNP", November 2008

CH2M Hill (2009), Tech Memo No. 338884-TMEM-097, Rev 1, "Distribution Coefficients (Kd)
Measurements with Soil and Water", April 2009

LNP FSAR RAI 02.04.13-4

LNP FSAR RAI 02.04.13-5

LNP FSAR RAI 02.04.13-10

Associated LNP COL Application Revisions:

1. Revise FSAR Chapter 2.4.13.2, 3 rd paragraph from:

The surficial aquifer is not a well-developed aquifer system near the LNP site and no

users of surface water have been identified near the LNP site. The thickness of the
surficial aquifer system is approximately 7.6 to 15.2 m (25 to 50 ft.) in this region and
approximately 13.7 m (45 ft.) at the LNP site, as shown in Table 2.4.12-210.

To read:

The surficial aquifer is not a well-developed aquifer system near the LNP site and no
users of surface water have been identified near the LNP site. The thickness of the
surficial aquifer system averages approximately 15 m (50 ft.) at LNP site.
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2. Revise FSAR Chapter 2.4.13.2, 6 th to 8 th paragraphs from:

A substantial release of radionuclides directly to the Upper Floridan aquifer is unlikely
due to the overlaying surficial aquifer. However, the long-term effects of a release to the
surficial aquifer could have similar consequences because there is no significant
confinement between the surficial and Upper Floridan aquifers near the site, as
discussed in FSAR Subsection 2.4.12.1.2. Therefore, this evaluation conservatively
assumes the entire release is directly to the top of the Upper Floridan aquifer. This
approach is conservative because the greater seepage velocities in the Upper Floridan
aquifer result in predictions of greater nuclide concentrations downstream of the release.

Two cases are analyzed. The first and most important case, examines the nearest well
supplied by the Upper Floridan aquifer. The nearest well is conservatively assumed to
be 2 km (1.2 mi.) southwest of LNP 1 and 2. This location is in the direction of
groundwater flow and is on the LNP site boundary.

The second case examines the Lower Withlacoochee River, although there are no
identified users of this surface water. The focus of this evaluation is groundwater that
moves downgradient from LNP 1 and 2 and resurfaces within the Lower Withlacoochee
River, a distance of approximately 7 km (4.3 mi.). The Lower Withlacoochee River flows
to the Gulf of Mexico with freshwater supplied from the Inglis Bypass Channel. Minimum
flow into the Lower Withlacoochee River from the Inglis Bypass Channel is 22.4 m3/s
(790 cfs) based on monthly averages from 1990 - 2006 (Reference 2.4.13-201).

To read:

Most Conservative of Plausible Conceptual Models

The most conservative conceptual model for well users was developed by considering a
well receptor on the site boundary. The receptor is located 2 km from the spill on the
expected centerline of the transport path in the Upper Floridan aquifer.

The receptor location is closer to the spill site than the nearest private well (Figure
2.4.12-213). This approach is used since the LNP site boundary does not extend to a
natural barrier or to Hwy 19 to the southwest. Future wells could be constructed closer
than the wells determined in the Progress Energy Florida site survey. The use of a well
receptor at the boundary inherently makes allowances for future users and predicts more
conservative concentrations.

The spill is assumed to be released to the surficial aquifer approximately 25 ft below the
top of the surficial aquifer near the mid-elevation of this 50 ft thick aquifer. No credit is
taken for retention of the release between the auxiliary building and the dewatering
"bathtub" structure used to minimize groundwater inflow during excavation and
construction (FSAR Subsection 2.5.4.6.2).

The spill is analyzed for the Upper Floridan aquifer. All wells that receive permits from
the water authorities must take their potable supply from this source. Transport of some
radionuclides to the Upper Floridan aquifer is plausible because (1) it is not hydraulically
confined from the overlying surficial aquifer (FSAR Subsection 2.4.12.1.2) and (2)
persistent downward vertical gradients exist from the surficial aquifer to the Upper
Floridan aquifer (Table 2.4.12-209). Therefore, transport paths could include (1)
migration in the surficial aquifer or (2) migration in to and then through the Upper
Floridan aquifer or (3) migration in both aquifers as radionuclides are carried from the
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spill location. Based on the aquifer characteristics and pore velocity, a conservative
analysis is performed assuming an immediate release entirely to the Upper Floridan
aquifer. This assumption gives the highest radionuclide concentrations at the well
receptor location.

A conservative conceptual model is also developed as an alternate scenario for users of
surface water from the Withlacoochee River. There are no known users of the river for
domestic or public water supplies. However, it could conceivably be used for irrigation
downstream of where the discharge from the Inglis Bypass Channel enters the river.
Eventually, the river becomes too brackish for use as it flows to the Gulf.

For this scenario radionuclides are released and the contaminated groundwater
resurfaces in the Withlacoochee River 7 km (4.3 mi) away at the nearest location along
the expected transport path. Again, pathways could include transport through (1) the
surficial aquifer or (2) the Upper Floridan aquifer or (3) both aquifers. All radionuclides
are assumed to be directly released to and transported through the Upper Floridan
aquifer. This assumption is conservative since it results in the maximum radionuclide
flux entering the river although it is less likely than transport through the surficial aquifer
or a combination of both aquifers. The activity entering the river is then diluted by the
river flow; no credit is taken for dilution by the volume of water near where the activity
enters the river. River flow is assumed to be minimal, corresponding to the lowest
monthly average flow from the Inglis Bypass Channel of 22.4 m3/s (790 cfs) for the
period 1990 - 2006 (Reference 2.4.13-201).

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-03

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please clarify the
total thickness of the Floridan aquifer, in particular the Upper Floridan aquifer, at the LNP site.
The thickness of the Floridan aquifer above the Middle Confining Unit (MCU) should be clarified,
since the MCU appears to represent a practical lower boundary for the portion of the flow
system likely to be actively involved in transport of releases.

PGN RAI ID #: L-0375

PGN Response to NRC RAI:

The Upper Floridan aquifer (UFA) extends at least 500 ft above the middle confining unit (MCU)
near LNP. However, a region of only 250 ft is used in the transport analysis in FSAR
Subsection 2.4.13. This approach is conservative since it predicts greater concentrations in the
UFA at the nearest well receptor.

Site borings and regional information support that the UFA thickness is greater than 500 ft near
LNP. FSAR Subsection 2.4.12.1.2 identifies that the AD borings were drilled to depths of 500 ft
bgs and did not encounter the Middle Confining Unit (MCU). However, traces of the evaporate
deposits and quartz-infilled porosity typically associated with the MCU were observed
sporadically in borings below 400 ft indicating that the borings might be approaching the less
permeable MCU. Regional information in USGS Professional Paper 1403-F indicates the UFA
is approximately 750 ft while the Florida Department of Natural Resources estimates
thicknesses in the range from 600 to 800 ft. (USGS 1985: Figs 7, 10; FDNR 1992: Fig 63)
Thus, it is reasonable to conclude that the UFA is at least 500 ft thick near LNP.

Although the UFA is likely greater than 500 ft thick, the most productive interval of the UFA
appears to be at depths of approximately 30 to 60 m (100 to 300 ft.) bgs. This observation is
based on limited downhole geophysical testing and monitoring of drilling fluid losses at LNP
(FSAR Subsection 2.4.12.1.2). This productive depth is also consistent with the public and
private water wells near LNP where the wells need to be sunk only into the upper part of UFA to
obtain an adequate supply. FDEP's Source Water Assessment Program information shows that
the depths range from 80 to 250 ft for public wells (Table RAI 02.04.13-3). Private water supply
wells were determined by Progress Energy Florida's land use survey to range in depth from 20
to 450 ft bgs within 5 miles of the LNP site (FSAR Subsection 2.4.12.2.1).

The relatively impermeable MCU serves as a natural lower boundary for the migration of
radionuclides in groundwater. However, UFA wells are not sunk to this depth. Therefore, the
groundwater nuclide transport analysis uses a depth of 250 ft which is comparable to the
aquifer's more productive region and the observed well depths. This well depth, or alternatively
aquifer productive thickness used in the analysis, is conservative since it gives higher
concentrations than if dilution across the UFA's entire 500 ft thickness is assumed at the well.
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Table RAI 02.04.13-3

Public Supply Water Supply Wells near LNP

Distance Direction System ID Well ID DepthName

Buddy's Lakeside Park

Cannon Oaks Motor Home Park

Dan's Adult Motor Home Park

Driftwood Trailer Park

Fin N Feather

Forestry Youth Training Center

Inglis Water Dept.

Shady Oaks Campground

Sheriff Youth Ranch/Caruth

Village Pine Campground

4.5 mi

4.3 mi

3.5 mi

3.5 mi

3.2 mi

4.7 mi

4.3 mi

3.0 mi

4.2 mi

3.4 mi

ESE

ESE

SSW

SSW

SE

NE

SW

SSE
NNW

NNW

6384611 14836

14837

27384

8383

6384634 14861

14862

6384612 14838

14839

6382106 14816

6382121 14826

6384636 14864

6382056 14814

14815

6382112 14820

6384621 14848

6384610 14835

Program (FDEP 2008)

80'

na
na
na
na
na
na
na

150'
120'
250'
230'
230'
120'
na

180'

na = Not available

Reference: FDEP Source Water Assessment and Protection
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References:

USGS Professional Paper 1403-F, Hydrology of the Floridan Aquifer System in West-central
Florida, 1985.

FDEP, Source Water Assessment and Protection Program, Public Water Systems for Levy
County, Florida Department of Environmental Protection, 2008.

FDNR, "Florida's Groundwater Quality Monitoring Program - Hydrogeologic Survey", Special
Publication No. 32, Florida Department of Natural Resources, October 1992.

Associated LNP COL Application Revisions:

1. Revise FSAR Subsection 2.4.13.2 4 th paragraph from:

The Floridan aquifer is the principal source of potable water near the LNP site. The
Floridan aquifer is extensively developed with productive thicknesses of at least 76.2 m
(250 ft.), although most wells are screened across only the upper portions of the aquifer.
Public supply wells in the direction of groundwater flow are at least 8 km (5 mi.) from
LNP 1 and 2, as shown in Figures 2.4.12-208 and 2.4.12-212. The nearest resident in
the direction of groundwater flow is 2.7 km (1.7 mi.) west-southwest of LNP 1 and 2, as
shown in Figure 2.4.12-213.

To read:

The Floridan aquifer is the principal source of potable water near the LNP site. The
Upper Floridan aquifer is extensively developed as an aquifer system with a thickness of
at least 152 m (500 ft) to the MCU. Most wells are screened across only the more
productive, initial 30 to 60 m (100 to 300 ft) of the aquifer with well depths typically being
no more than 76 m (250 ft.). Public supply wells in the direction of groundwater flow are
at least 5 km (3.1 mi.) from LNP 1 and 2, as shown in Figures 2.4.12-208 and
2.4.12-212. The nearest resident in the direction of groundwater flow is 2.7 km (1.7 mi.)
west-southwest of LNP 1 and 2, as shown in Figure 2.4.12-213.

2. Revise FSAR Subsection 2.4.13.2, 10 th paragraph from:

The maximum concentration at a well in the Floridan aquifer is taken as the aquifer's
concentration at the distance downgradient from the point of release with vertical mixing
assumed in the aquifer. Again, a maximum concentration is determined as t approaches
xRd/lU. The maximum concentration at a well at distance x is

To read:

The maximum concentration at a well in the Upper Floridan aquifer is taken as the
aquifer's concentration at the distance downgradient from the point of accidental release
with vertical mixing across the well's depth within the aquifer. Again, a maximum
concentration is determined as t approaches xRd/U×. The maximum concentration at a
well at distance x is

3. Revise FSAR Subsection 2.4.13.2.1, text following Equation 2.4.13-7 from:

h is the productive depth of the aquifer.
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To read:

h is the productive depth of the aquifer taken as the depth of the well within the aquifer.

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-04

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please discuss LNP
groundwater usage from the Upper Floridan aquifer in relation to the projected impacts of
pumping on subsurface radionuclide transport pathways at the LNP site.

PGN RAI ID #: L-0376

PGN Response to NRC RAI:

LNP 1 and 2 have an anticipated average raw water withdrawal of 1.58 million gallon per day
(mgd) from the Upper Floridan aquifer (UFA). Raw water is used for service water,
demineralized water make-up, fire protection and potable water supply. Potable water service
will require up to 3.6% of the daily raw water supply based on an average demand of 56,800
gpd for two units.

The current conceptual design has raw water supplied by four wells south of the LNP site on
Progress Energy Florida owned-property, see Figure 02.04.13-4 01. Two wells are along
County Road 40 and two wells are located to the north on the east side of the heavy haul road.
The nearest supply well is approximately 3.5 km from LNP 1 and LNP 2 safety-related
structures.

Well Receptor Location
This response looks at the potential impact of well field pumping on the bounding radionuclide
concentrations in FSAR Table 2.4.13-205 for users of well water. The analysis in FSAR
Subsection 2.4.13 uses a well receptor located 2 km to the southwest of LNP 1 and 2. This
receptor is located on the site boundary along the centerline of the contaminated groundwater
flow, see Figure 02.04.13-4 01. This location gives the maximum radionuclide concentrations
for wells taking their supply from the UFA. No private or public well is expected to be closer to
LNP 1 and 2 in the direction of groundwater flow.

Impact of Well Field at LNP
The well field's drawdown has little effect on radionuclide transport. The nearest raw water
supply well is 3.5 km from the spill location and about 2.5 km away from the well receptor. The
well field is considerably south of the expected transport path in the UFA.

As part of the SWFWMD permitting process for the raw water wells, drawdown levels were
evaluated in the surficial and Floridan aquifers due to LNP and other permitted users. The
evaluation was based on the SWFWMD's regional District Wide Regulation Model, Version 2
(DWRM2) with refinements made by CH2M HILL to model groundwater impacts near LNP. The
evaluation included a MODFLOW simulation of LNP withdrawals (0.395 mgd for each of the four
wells) for 60 years, the expected life of the facility. The results of the evaluation are reported in
CH2M Hill (2008).
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Figure 02.04.13-4 02 gives the cumulative 60 year-drawdown due to operation of LNP and
adjacent permitted well users. The model predicts roughly the same amount of drawdown in the
surficial and Upper Floridan aquifers. The additional drawdown after 60 years of pumping is
less than 0.2 ft near the well receptor location as shown in Figure 02.04.13-4 02. The
drawdown shown on Figure 02.04.13-4 02 is referenced to the pre-development groundwater
elevations for the site.

Change in Flow to Well Receptor
An additional drawdown of 0.2 ft has little impact on flow to the receptor and the calculated
nuclide concentrations. The UFA hydraulic gradients at LNP are reasonably constant and
average about 5.3E-4 ft/ft to the southwest (FSAR Table 2.4.12-212). An average gradient is
appropriate for this discussion since it will be decades before the contaminant reaches the
receptor location (see transport times in FSAR Table 2.4.13-203) and the drawdown is based on
60 years of well field pumping. The expected drop in hydraulic head is about 3.5 ft between
release and well receptor using the average gradient and a 2 km straight-line transport distance.
The drawdown due to the well field is less than 0.2 ft at this same location. The pore velocity
and radionuclide concentrations were calculated for FSAR Table 2.4.13-205 using the maximum
UFA gradient of 7E-4 ft/ft determined in the onsite hydrological investigations. Therefore, the
predicted concentrations are expected to bound any potential small increase in flow to the
receptor caused by the well field. Furthermore, the pumping will serve to slow transport from
Progress Energy Florida-owned property (see Figure 02.04.13-4 03).

Change in Transport Path Direction
The direction of the radionuclide path approaching the well receptor location will be largely
unaffected by operation of the well field. The drawdown contours in Figure 02.04.13-4 02 show
that the well field may lead to a relatively small southeasterly component of groundwater flow
near the site's western boundary. The hydraulic gradient near the receptor (estimated from the
0.2 and 0.3 ft drawdown contours in Figure 02.04.13-4 02) is less than -3E-5 ft/ft ( (0.18 -
0.3)/4,000) ft/ft. This gradient is a small fraction of the UFA's gradient (i.e., 5.3E-4 ft/ft) along the
transport path toward the well receptor. Therefore there will be essentially no impact on the
groundwater flow to the receptor location. This position is substantiated by Figure 02.04.13-4 03
which shows that operation of the well field has virtually no impact on the gradients and flows in
the UFA. As such, there will be no effect on the bounding radionuclide concentrations
determined in FSAR Table 2.4.13-205 for wells.

Reference:

CH2M Hill, Tech Memo No. 338884-TMEM-074, Rev. 1, "Revised Conceptual Well Field Layout

and Evaluation of Simulated Drawdown Impacts, LNP", November 2008.

A copy of this document is available in the Progress Energy Florida reading room.



Enclosure to Serial: NPD-NRC-2009-158
Page 17 of 47

Figure RAI 02.04.13-4 01
Water Supply Well Locations

Source: LNP ER RAI 5.2.2-3 with annotated well receptor location
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Figure RAI 02.04.13-4 02
Simulated Cumulative SAS and UFA Drawdown, 60 years, 1.58 mgd

Source: 338884-TMEM-074, Rev. 1
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Figure RAI 02.04.13-4 03
Simulated Upper Floridan Aquifer Water Levels
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Associated LNP COL Application Revisions:

1. Revise FSAR Chapter 2.4.13.2, 5thparagraph from:

As discussed in FSAR Subsection 2.4.12.1.3, groundwater extracted from the Floridan
aquifer is used for potable and process water at the LNP site. Current conceptual
designs call for a system of two to four raw water wells. These wells will be
approximately 40.6 cm (16 in.) in diameter and about 91.4 m (300 ft.) deep. The wells
will be located near LNP 1 and 2, approximately 228.6 m (750 ft.) apart, on a north-south
axis. Flow of groundwater contaminants is away from these wells. Moreover, the wells
would be monitored for contaminants in the event of a significant accident and potable
usage would be restricted as appropriate.

To read:

As discussed in FSAR Subsection 2.4.12.1.3, groundwater extracted from the Upper
Floridan aquifer is used for potable and process water at LNP. Current conceptual
designs call for a system of four raw water wells. These wells will be approximately 40.6
cm (16 in.) in diameter and about 91.4 m (300 ft.) deep. The wells are located south of
the LNP site on Progress Energy Florida owned-property. Two wells are along County
Road 40 and two wells are located to the north on the east side of the heavy haul road.
The nearest raw water well is approximately 3.5 km from LNP 1 and LNP 2 safety-
related structures. The average daily withdrawal from the Floridan aquifer is 1.58 million
gallon per day (mgd).

2. Add text to FSAR Subsection 2.4.13.2 to read:

Operation of the LNP well field will have minimal impact on the direction of radionuclide
transport. Drawdown levels for the well field were analyzed as part of the process for
obtaining well permits from SWFWMD (Reference 2.4.13-206). The evaluation included
a MODFLOW simulation of LNP withdrawals for 60 years, the expected life of the facility.
The additional drawdown in the surficial and Upper Floridan aquifers after 60 years of
pumping is less than 0.2 ft southwest of LNP 1 and 2 at the postulated location of a well
on the site boundary.

The direction of the radionuclide path to the well receptor on the LNP site boundary will
be largely unaffected by well field pumping. The average hydraulic gradient is 5E-4 ft/ft
in the Upper Floridan aquifer in the direction of the spill path (Table 2.4.12-212). The
well field's drawdown will result in a smaller flow with gradient less than 3E-5 ft/ft
generally perpendicular to the spill path based on the drawdown contours in Reference
2.4.13-206. The gradient is a small fraction of the hydraulic gradient along the transport
path and has no significant influence on the groundwater flow to the receptor.

In the event of an accidental release, Progress Energy Florida is expected to monitor
water pumped from the well field and restrict its use as a potable water supply, as
appropriate.

3. Add the following reference to FSAR Subsection 2.4.16:

2.4.13-206 CH2M Hill Tech Memo No.: 338884-TMEM-074, Revised Conceptual Wellfield
Layout and Evaluation of Simulated Drawdown Impacts, LNP, Rev 1.
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Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-05

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please justify why
assuming a release at the top of the Floridan aquifer is conservative (FSAR Revision 0, page
2.4-79, 5 th paragraph). In particular, please discuss whether a release to the surficial aquifer
could result in a pathway to surface water, including marshes or ditches at the LNP site that are
closer than the nearest offsite well.

PGN RAI ID #: L-0377

PGN Response to NRC RAI:

A release to the top of the Upper Floridan aquifer (UFA) is appropriate for assessing the nearest
offsite well. All wells supplying potable water must be permitted by the water management
district authorities. The wells must take their supply from the UFA: the surficial aquifer is not
used as a potable water supply. Therefore, analysis of the potential radionuclide concentrations
in the UFA is appropriate for wells.

The waste effluent tank failure is used to assess the transport of radionuclides to groundwater
systems. The tank is located on the lowest floor elevation in the auxiliary building about 34 ft
below the nominal plant grade elevation of 51 ft (NAVD88) for safety related structures. The
surficial aquifer's pre-construction groundwater elevations range from about 37 to 42 ft
(NAVD88) during the year (see FSAR Figures 2.4.12-223 and 2.4.12-224). Therefore, the
release of radionuclides can occur 25 ft below the maximum surficial aquifer water elevation.

The surficial aquifer thickness at the site averages approximately 50 ft. The surficial aquifer is
not hydraulically confined from the underlying UFA but gradually transitions into it without an
abrupt bedding contact (FSAR Subsection 2.4.12.2). Downward vertical gradients from the
surficial aquifer to the UFA (FSAR Table 2.4.12-209) will cause the spill to move gradually
toward the UFA. Because the surficial aquifer and UFA are not hydraulically independent, the
eventual migration of radionuclides into the UFA is likely.

FSAR Subsection 2.4.13 analysis presumes the release starts at the top of the UFA instead of
in the surficial aquifer near the auxiliary building. This approach is conservative since the spill
can move from the surficial aquifer to the UFA where it moves faster away from the site.

The release to the top of the UFA is also conservative since less mixing and dilution occurs in
the aquifer for wells near to the release site, i.e., the concentrations are greater because
sufficient vertical dispersion has not occurred for the radionuclides to have reached the vertical
boundaries of the aquifer. By the time a spill moves farther from the release location, the
concentration is mixed over more of the aquifer's vertical thickness resulting in lower
concentrations. The supposition that the radionuclide concentration can be considered "well
mixed" at the receptor location is confirmed in the supporting calculations for the concentrations
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presented in FSAR 2.4.13-205. Well mixed is taken to mean that the release is within 10
percent of being vertically mixed across the vertical thickness.

The spill is released at a point, consistent with leakage exiting through a crack or flaw in the
building below the elevation of the outside water table.

The release to the UFA is also conservative for determining the ground water transport of
radionuclides entering the Withlacoochee River. This approach predicts larger concentrations
than if the radionuclide transport is assumed to be entirely in the surficial aquifer before entering
the river. The larger concentrations are due primarily to the greater pore velocities in the UFA
than in the surficial aquifer as shown in FSAR Table 2.4.12-212.

Site Surface Considerations

The surficial aquifer's highest water elevations were between 0 and 8 ft below ground surface
grade during the quarterly field investigations at LNP (FSAR Subsection 2.4.12.2.2) The
maximum surficial groundwater elevation at LNP safety-related structures is 42 ft (wells MW-
13S and MW-1 5S in FSAR Table 2.4.12-208). Quarterly potentiometric surface contours are
given in FSAR Figures 2.4.12-215, -217, -219 and -221.

Groundwater conditions near the surface are heavily influenced by the site's topography
because groundwater elevations are relatively high and largely unconfined. In the direction of
surficial aquifer flow, the site topographic elevation ranges from 39 ft to 42 ft (FSAR Figures
2.4.1-203 and 2.4.1-204) Comparison of the topographic and potentiometric contours shows
that some discharge into low lying areas is possible, especially during the early spring when
groundwater is typically at its highest.

The LNP site is relatively level with no rivers, streams, or major drainage features on-site.
Shallow furrows in many of the pine tree stands are remnant from the former site usage for
silvicultural activities. Run-off from the site is overland with storage provided in the wetlands
(FSAR 2.4.12.1.2). The wetlands consist mostly of cypress domes and depressional marshes
that exist mostly as isolated basins in stands of planted pine. Cypress domes are poorly
drained with water at or above ground surface during much of the year. The depressional
marshes may be seasonally flooded with surface waters and typically surround cypress domes
and wetland forested areas. Most of these marshes developed after the cypress swamps or
pine flat woods were logged (LNP Environmental Report Subsection 2.4.1.1.1). Standing water
in the cypress and depressional wetlands provide preferential recharge to the surficial aquifer.

If small amounts of contaminated groundwater were to reach these wetland bodies, the effect
would be minor since the seepage would ultimately go to recharge with any collected
precipitation or surface run-off. The waters are largely constrained to the isolated wetland
basins and are not used as private water supplies. Because neither streams nor major drainage
systems exist, groundwater seepage to wetlands does not discharge to surface waters.

Drainage System

The conceptual grading and drainage system near LNP 1 and 2 is based on a design
groundwater level of 42 ft (NAVD88). Continuous monitoring of observation wells for one year
at LNP 1 and 2 shows that the surficial aquifer's potentiometric elevation was at 42 ft (NAVD88)
for about two weeks; the remainder of the time the groundwater elevation was less than 41 ft
(NAVD88) (FSAR Figures 2.4.12-223 and 2.4.12-224). Interception of contaminated
groundwater flow by the drainage system is not credible since the bottoms of the ditches are at
elevation 42.5 ft (NAD88) or higher (FSAR subsection 2.4.12.5), which is above the maximum
potentiometric elevation.
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The drainage system's storm water retention ponds are wet retention ponds with a pond
elevation below the design groundwater level (S&L 2009). These ponds are unlikely to become
contaminated or contribute to the spreading of a radioactive spill. A release from the auxiliary
building would occur at about 25 ft below the design groundwater elevation. The downward
vertical gradient between the surficial aquifer and the UFA would cause the spill to move
gradually downwards towards the UFA rather than toward the top of the surficial aquifer. Even
in the event that a very small amount of contamination was intercepted at the bottom of storm
water pond "A", the radionuclides would be further diluted by the pond's inventory before
seeping as recharge as the surficial water table recedes during normal seasonal variations.
Furthermore, all storms of a magnitude of the 25-year, 24 hour reoccurrence, or less, will be
kept on-site and not discharged off-site.

Washout of possible contaminates from the storage pond due to a rapid influx of surface water
is unlikely. LNP storm water ponds are designed to store the 24 hour run-off for the 25-year
storm from their respective drainage areas. Each pond has an emergency spillway designed to
provide a controlled release of the peak 100-year runoff flow thereby protecting the ponds for
storms between the 25 and 100-year events (S&L 2009).

Conclusion

Capture of trace amounts of radionuclides in the wetlands or by an LNP stormwater retention
pond is possible, although transport of these traces beyond these bodies is unlikely. The
location of the postulated accident release is 25 ft below the maximum groundwater surface
elevation. The persistence of downward vertical gradients at the site makes interception of
other than trace amounts of radionuclides in the wetlands and retention ponds unlikely.
Naturally occurring retention and recharge to the underlying aquifers will mitigate any
radionuclides in the wetland basins. The stormwater ponds would retain any traces of
radionuclides intercepted at the bottom of the ponds.

Reference:

S&L, Report No. LNG-0000-XGR-001, "Conceptual Grading and Drainage", Rev 6, June 2009

A copy of this document is available in the Progress Energy Florida reading room.

Associated LNP COL Application Revisions:

None

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-06

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please clarify why
use of the one-dimensional advection-dispersion equation for solute transport in porous media
is appropriate at the LNP site.

PGN RAI ID #: L-0378

PGN Response to NRC RAI:

Use of the one-dimensional advection dispersion model in the evaluation in FSAR Subsection
2.4.13 is acceptable because it gives conservative estimates of radionuclide concentrations
when flow in the aquifer can be characterized as diffuse.

In a one-dimensional model, the primary axis is aligned to the centerline of a straight-line
transport path between release and receptor locations. This representation minimizes
radiodecay (travel time) due to the straight-line path to the receptor. For any given distance on
the path, concentrations are always greater than those off of the center-line. Therefore, the
representation gives maximum concentrations for the set of hydrogeologic parameters
appropriate to the site.

The use of the one dimensional model also incorporates two conservative analytical
assumptions to determine bounding radionuclide concentrations in FSAR Subsection 2.4.13.
First, the entire release is assumed directly into the Upper Floridan aquifer instead of the
surficial aquifer. This assumption is conservative as discussed in RAI 2.4.13-2 since only some
radionuclides will be transported in the Upper Floridan aquifer with its greater pore velocity than
the surficial aquifer. Second, the use of the one-dimensional model assumes the entire release
starts at the top of the Upper Floridan aquifer rather than within the aquifer. This assumption
gives higher concentrations in the upper regions where mixing across the aquifer's entire depth
may not have fully developed. The assumption is conservative for wells where credit is given
only for dilution across the well's partially penetrating depth within the aquifer.

Advection-dispersion models are acceptable when flow through the aquifer bedrock is largely
diffuse and Darcian conditions hold. FSAR Subsection 2.4.13.2.1 modeled radionuclide
transport using a well depth and Upper Floridan aquifer thickness of 250 ft. Within this depth,
the assumption of Darcian flow is reasonable even though some karstic development occurs in
the Avon Park Formation. This position is supported by observations of carbonate aquifer
characteristics, geophysical investigations, general flow modeling approaches used for the
Floridan aquifer, and dispersion data for carbonate aquifers.

Results of a sensitivity study are also reported for the spill accident evaluated in FSAR
Subsection 2.4.13. The study shows that the radionuclide concentrations remain acceptable for
pore velocities greater than those reported from the site investigations in FSAR Subsection
2.4.12 and previously used in the analysis in FSAR Subsection 2.4.13.
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Observations of Carbonate Aquifers

Hydraulic properties are important in predicting the transport of radionuclides. Quinlan (1989)
provides some guidance for selecting well locations to monitor contaminant spread in karstic

aquifers. He offers a conceptual model that includes a lower permeable matrix with water
moving through smaller conduits to larger ones eventually releasing at springs. This model
postulates a continuum of conditions bounded by two flow-types: (1) conduit flow which is

characteristic of flow resulting in springs and caves, and (2) diffuse flow which is characteristic
of less developed karstic systems with poorly integrated pores, joints, and tubes. The Floridan
aquifer is identified as an aquifer having slow transport velocities typically indicative of diffuse-
flow conditions. Quinlan observes that flow to most surface springs in the sponge-like
permeable Floridan aquifer is diffuse rather than conduit flow as is expected for most karstic
aquifers. Thus, the absence of streams, springs or other major drainage features at the site
(FSAR Subsection 2.4.1.2) and the tendency for diffuse flow to occur even when some spring
activity exists supports that subsurface flow is largely diffuse near LNP.

Geophysical Investigations

Limited karst features in the upper part of the Avon Park Formation suggests that diffuse flow
occurs locally near the site. The most productive interval of the Upper Floridan aquifer is at
depths of 100 to 300 ft bgs at LNP (FSAR Subsection 2.4.12.1.2). The site geophysical
investigations reveal typical Floridan ("plus sign") karst morphology in the Avon Park Formation
with chemical dissolution along vertical fractures and horizontal bedding planes in the carbonate

bedrock (FSAR Subsection 2.5.4.1.2.1). The vertical features are (1) limited to thicknesses of 5
ft, (2) largely in-filled with sediment, (3) randomly distributed, and (4) have no spatial

significance (i.e., two low density zones do not occur at the same depth in adjacent borings).
The site investigation also showed that at depths of 140 to 190 ft, the Avon Park Formation is
less susceptible to karstic activity from vertical infiltration. Below this depth, dissolution is more
gradual and caused primarily by groundwater movement throughout the aquifer. Therefore,
diffuse flow characteristics can be reasonably expected to exist in the aquifer depth where the
wells are typically extended.

USGS investigations also support the existence of diffuse flow in the Avon Park Formation.
Geophysical and hydraulic tests were conducted in the Old Tampa well field in Hillsborough
County, Florida (Robinson 1995). This work shows that diffuse flow occurs in the Upper
Floridan aquifer despite existence of different limestone hydrogeologic units and observed
heterogeneities within the units. Evaluation of field pumping test data substantiated that the
flow within the units was laminar and that Darcy's equation could be used to estimate hydraulic
properties (Robinson 1995). Other USGS geophysical studies were made in the Upper Floridan
aquifer in Highlands County, Florida (Ward 2003). The upper 200 ft of the Avon Park Formation
was carbonate rock with thin zones of grainstone and packstone. The study characterized the
flow as diffuse in the composite formation.

Flow Modeling

The assumption of Darcian flow has long been used in aquifer models including the Floridan

and other carbonate aquifers. The practice has provided reasonable predictions of aquifer
responses, especially at the regional level (Robinson 1995). In particular, SWFWMD's
MODFLOW model of the Floridan aquifer near LNP uses Darcian approximations to describe
the aquifer's characteristics (SWFWMD 2000, CH2M Hill 2008).
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Dispersion

Several reviews have examined groundwater dispersion in rock, sediments and soils. These
reviews accept use of the advection-dispersion model to characterize flow in media where
diffuse conditions are evident.

Dispersion is often observed to be non-Fickian near the source of contamination but becomes
Fickian at large distances or after longer travel times. Typically dispersion becomes Fickian
only after travel distances of tens to hundreds of meters from the contaminant source. At these
distances, sufficient spatial averaging has occurred permitting Darcian conditions to hold, i.e.,
Darcy's law is a macroscopic model and inherently requires averaging over a large enough
volume before it becomes operative (Andersen 1984).

The standard approach for characterizing dispersion involves use of the average linear (Fickian)
velocity and a dispersivity coefficient that represents deviations of velocity from the average.
Most attention has focused on longitudinal dispersivity which accounts for local variations in the
velocity field in the direction of groundwater flow in advective-dispersion models. The
dispersivity coefficient is generally considered scale dependent, increasing with distance from
the spill location until it achieves a steady value (Andersen 1984, Gelhar 1992, Schulze-Makuch
2005). Dispersivity, and hence the amount of dispersion occurring, is dependent on the media
and distance.

Dispersion is observed to be larger in carbonate rock because of the greater heterogeneity in
carbonates compared to other aquifer media. Schulze-Makuch offers that this is reasonable
since on a small scale carbonate's heterogeneities cause various flow behavior including
combinations of diffuse, fracture and conduit flows. The implication of greater dispersion is that
concentrations are lower along the principal direction of the transport path (longitudinal
dispersion) compared to other media with comparable seepage velocities.

FSAR Subsection 2.4.13 analysis assumes minimal dispersion in the Floridan aquifer. In
particular, literature and data correlations (Schulze-Makuch 2005) show that a reasonable
estimate of longitudinal dispersivity for a broad class of carbonate aquifers is more than 10
times greater than the value used in the FSAR analysis.

Sensitivity Study

A sensitivity study examines the impact of pore velocity on radionuclide transport at LNP. The
study uses the same model as in FSAR Subsection 2.4.13.2.1. Pore velocity was arbitrarily
increased by changing the hydraulic conductivity and porosity beyond the range of site-specific
values shown in FSAR Tables 2.4.12-212.

The sensitivity study in Table RAI 02.04.13-6 shows that the sum of the ratio of each
radionuclide concentration to its effluent concentration limit (ECL) ("sum of the ratios") at the
well receptor conservatively meets the acceptance criteria of 10 CFR 20, Appendix B. Tritium is
the only radionuclide contributor of significance. Similar sensitivity considerations for the
Withlacoochee River pathway show that the radionuclide "sum of the ratios" remains zero
percent as previously reported in FSAR Subsection 2.4.13. The "sum of the ratios" remains
unchanged because the radionuclides are decayed along the relatively long transport path and
diluted by the flow in the river. The studies show that substantial variations in site properties do
not lead to radionuclide concentrations that exceed the acceptance criteria used in FSAR
Subsection 2.4.13.
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Table RAI 02.04.13-6

Sensitivity Study - Effect of Pore Velocity and Parameter Changes

Well Receptor

Hydraulic Conductivity, K (1, 2)
Case Effective Porosity, ne Pore Velocity Y- {Conc i /ECLi}

FSAR Table 2.4.13-205 K = 54 ft/d; ne = 0.15 0.26 ft/d 0.7%

1 K 100 ftd; ne= 0.15 0.49 ft/d 4%

2 K= 150 ft/d; ne= 0.15 0.72 ft/d 8%

3 K =54 ft/d; ne= 0.09 0.43 ft/d 5%

4 K = 100 ft/d; ne = 0.09 0.79 ft/d 14%

5 K= 150 ft/d; ne= 0.09 1.2 ft/d 22%

Withlacoochee River

Hydraulic Conductivity, K
Case Effective Porosity, ne Pore Velocity 7 {Conc i /ECLi}

FSAR Table 2.4.13-204 K = 54 ft/d; ne = 0.15 0.26 ft/d 0%

6 K= 150 ft/d; ne= 0.09 1.2 ft/d 0%

(1) Percent of Limit Permitted by 10 CFR 20, Appendix B, Table 2 for Public Water
Supplies
(2) Conc-i and ECLi are the concentration and ECL for the i'th radionuclide, respectively.

References:

LNP FSAR RAI 02.04.13-2

Andersen, M. P., "Groundwater Transport - Advection and Dispersion" in Movement of
Contaminants in Groundwater, National Academy Press, 1984

CH2M Hill, Tech Memo, 338884-TMEM-074, Rev. 1, "Revised Conceptual Well Field Layout

and Evaluation of Simulated Drawdown Impacts, LNP", 2008

Gelhar, L., et al, A Critical Review of Data on Field-Scale Dispersion in Aquifers, Water Resour
Res., vol 28, no 7, pp 1955-1974, 1992

Quinlan, J., Groundwater Monitoring in Karst Terrains, EPA 600/X-89/050, 1989

Robinson, J., Hydrogeology and Results of Tracer Tests at the Old Tampa Well Field in

Hillsborough County, with Implications for Wellhead Protection Strategies in West-Central
Florida, USGS Water Resources Report 93-4171, 1995

Schulz-Makuch, D., Longitudinal Dispersivity Data and Implications for Scaling Behavior,

Groundwater, vol 43, no. 3, pp 443-456, 2005

SWFWMD, Aquifer Characteristics within the Southwest Florida Water Management District,

Report 99-01, February 2000

Ward, C.W., et all, Sequence-Stratigraphic Analysis of the Regional Observation Monitoring
Program (ROMP) 29A Test Core Hole and Its Relation to Carbonate Porosity and Regional
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Transmissivity in the Floridan Aquifer System, Highlands County, Florida, USGS Open File

Report 03-021, 2003

Associated LNP COL Application Revisions:

None

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-07

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please describe the
computer software used to implement the mathematical model described in FSAR 2.4.13.2.1.
Please describe the verification and validation procedures used to verify the accuracy of the
model, as implemented in the software.

PGN RAI ID #: L-0379

PGN Response to NRC RAI:

The groundwater radionuclide concentrations reported in FSAR Tables 2.4.13-204 and 2.4.13-
205 are determined in engineering calculation LNG-0000-GLC-003 using MicroSoft's EXCEL.
The calculation does not use a computer software model. The calculation includes descriptions
of the input, assumptions, methods, and results. It includes the EXCEL workbook used to
develop the calculation results reported in FSAR Subsection 2.4.13.

Calculation LNG-0000-GLC-003 is performed, reviewed and design verified in accordance with
the Project Quality Plan for the COLA Joint Venture Team's support of Progress Energy
Florida's LNP COL application. The plan defines applicable WorleyParsons nuclear quality
program procedures (NEP-03 and NEP-1 2) in effect for development, review, and design
verification of engineering calculations performed for the LNP COLA. In accordance with the
Project Quality Plan and the nuclear quality procedures, the verifier is selected by the lead
discipline engineer on the basis of their knowledge and skills. The project production unit lead
engineer concurs as to the selection of the verifier, their technical skills and independence, and
the verification method.

The verifier reviews the calculation to assess the appropriateness of assumptions, input data,
and the methods used. The scope of the review and verification extends to the data entry, cell
equations and output derived from the EXCEL workbook. The workbook is validated by manual
test calculations, exercising of the workbook to determine correct/expected operation, and for
reasonableness and accuracy of results obtained. The record of the verification, the
engineering calculation with its associated EXCEL workbook, and the calculation reference
documents are retained in the project quality archive.

Calculation LNG-0000-GLC-003 is available in the progress Energy Florida reading room.
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References:

Project Quality Plan, "Combined Construction and Operating License Application for Progress
Energy", PECOLA-1-HB-013-0001, Rev. 9, WorleyParsons

NEP-03, "Engineering Calculations", Rev. 5, Nuclear Engineering Department, WorleyParsons

NEP-12, "Design Verification", Rev. 4, Nuclear Engineering Department, WorleyParsons

LNG-0000-GLC-003, Rev. 2

Associated LNP COL Application Revisions:

None

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-08

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please list the
sources of the model parameters listed in FSAR Revision 0 Table 2.4.13-203.

PGN RAI ID #: L-0380

PGN Response to NRC RAI:

The model parameters are developed in FSAR Subsections 2.4.12 and 2.4.13. These
parameters are then summarized in FSAR Table 2.4.13-203 for use in the groundwater
transport models.

Observe that FSAR Table 2.4.13-203 contains parameters applicable to the surficial aquifer and
Upper Floridan aquifer (UFA) at LNP. However, the surficial aquifer's parameters are shown for
information purposes only. This purpose is consistent with FSAR Subsection 2.4.13.2, 6 th

paragraph, which states that the UFA has greater seepage velocities than the surficial aquifer.

Notes have been added to Table 2.4.13-203 identifying the sources of the parameters. The Kd
values and transport times for cesium and strontium have been revised based on the Kds from
the site-specific testing described in the response to RAI 02.04.13-10.

Reference:

LNP FSAR RAI 02.04.13-10
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Associated LNP COL Application Revisions:

Revise FSAR Table 2.4.13-203 from:

Table 2.4.13-203
Groundwater Parameters

Parameter Surficial Aq

Hydraulic conductivity, K 29 ft/day

Effective Porosity, ne 0.2

Head gradient, dh/dl 0.001 ft/f

Seepage velocity, U 0.15 ft/da

Bulk density 1.4 g/cm

Dispersivity 1 m

Cesium distribution coefficient, Kd 10 ml/g

Strontium distribution coefficient, Kd 2 ml/g

Other nuclides distribution coefficients, Kd 0 ml/g

Transport distance to nearest resident(a) NA

Cesium transport time(b) NA

Strontium transport time(b) NA

Other nuclides transport time(b) NA

Transport distance to Lower Withlacoochee River 7 km

Cesium transport time(b) 27,000 y

Strontium transport time(b) 5,700 yr

Other nuclides transport time(b) 380 yr

Notes:

a) Wells are installed in Floridan aquifer.
b) Transport time includes retardation effect and transport distance.

uifer

y
3

r

Floridan Aquifer

54 ft/day

0.15

0.0007 ft/ft

0.26 ft/day

2.4 g/cm
3

lm

10 ml/g

1 ml/g

0 ml/g

2 km

11,000 yr

1,200 yr

68 yr

7 km

39,000 yr

4,100 yr

240 yr

ft/day = foot per day
ft/ft = foot per foot
g/cm3 = gram per cubic centimeter
yr = year
km = kilometer
m = meter
ml/g = milliliter per gram
NA = not applicable/not available
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To read:
Table 2.4.13-203

Parameters Used in Groundwater Model Transport Analysis
Upper Floridan

Parameter Surficial Aquifer Aquifer

Hydraulic conductivity, K (a) 29 ft/day 54 ft/day

Effective Porosity, ne (b) 0.2 0.15

Head gradient, dh/dI (b) 0.0008 ft/ft 0.0007 ft/ft

Seepage velocity, U (c) 0.04 m/day 0.08 m/day

Bulk density (d) 1.4 g/cm 3  2.4 g/cm 3

Dispersivity (e) I m 1 m

Cesium distribution coefficient, Kd (f) 6ml/g 4 ml/g

Strontium and other nuclide distribution 0 ml/g 2 ml/g
coefficients, Kd (f)

Transport distance to nearest well (h) NA (g) 2 km (g)

Cesium transport time to nearest well (i) NA 4,500 yr

Strontium transport time to nearest well (i) NA 2,300 yr

Other nuclides transport times to nearest well (i) NA 68 yr

Transport distance to Lower Withlacoochee River 7 km 7 km
(h)

Cesium transport time to Lower Withlacoochee 20,600 yr 15,600 yr
River (i)

Strontium transport time to Lower Withlacoochee 479 yr 7,900 yr
River (i)

Other nuclides transport times to Lower 479 yr 240 yr
Withlacoochee River (i)

Notes:
a) Hydraulic conductivities are maximum values from FSAR Table 2.4.12-210.
b) Effective porosity and head gradient maximum values are from FSAR Table 2.4.12-212.
c) Seepage or pore velocity is calculated for this table using FSAR Equation 2.4.13-3.
d) Bulk densities are from FSAR Table 2.4.12-201 and Reference 2.4.13-203, Appendix B.
e) Dispersivity is from Reference 2.4.13-203 and FSAR Subsection 2.4.13.2.2.
f) Kd values are from FSAR Subsection 2.4.13.2.2.
g) Wells take their supply from the Upper Floridan aquifer.
h) Transport distances are down-gradient, southwest of LNP 1 & 2. See FSAR Subsection
2.4.13.2.
i) Transport times shown are based on transport distance X, seepage velocity U, and
retardation Rd: Transport time = X Rd/U where Rd is given by FSAR Equation 2.4.13-2.

ft/day = foot per day
ft/ft = foot per foot
g/cm3 = gram per cubic centimeter
yr = year
km = kilometer
m = meter
m/day = meter per day
ml/g = milliliter per gram
NA = not applicable/not available
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Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-09

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please provide the
tritium concentration as a function of time in the FSAR, or justify why this information is not
necessary.

PGN RAI ID #: L-0381

PGN Response to NRC RAI:

FSAR Subsection 2.4.13.2.1 describes the models used to calculate the maximum radionuclide
concentrations in the Withlacoochee River and nearest well. At these locations the nuclide
concentrations initially start out at zero, increase with time to reach their respective peak
concentrations and then eventually decrease to zero.

FSAR Equations 2.4.13-6 and 2.4.13-7 give the maximum concentrations for the river and well
receptor locations, respectively. These equations are used to calculate the concentrations
appearing in Tables 2.4.13-204 and 2.4.13-205.

Comparisons of the maximum concentration for each radionuclide to the nuclide effluent
concentration limit (ECL) in 10CFR20, Appendix B, Table 2 are shown in Tables 2.4.13-204 and
2.4.13-205. Because the evaluation for meeting 10CFR20 criteria is made using the maximum
nuclide concentrations, the criteria are satisfied for all other times. Specifically, the time-
dependent distribution is not important to demonstrating compliance to the acceptance criteria
when the maximum concentrations are used.

Tables 2.4.13-204 and 2.4.13-205 also show the sum of all the ratios of radionuclide
concentrations to the ECLs. The sum of the ratios is shown in the tables to demonstrate that 10
CFR 20, Appendix B, Table 2, criteria for mixtures of radionuclides are also satisfied at both
locations. Inspection of the tables shows that tritium is responsible for essentially the entire
dose at the river and well locations.

Figure RAI 02.04.13-09 shows the tritium concentrations in the river (Figure 1) and in the well
(Figure 2) as functions of time. The peak tritium concentration on each plot is the same value
as shown in FSAR Tables 2.4.13-204 and 2.4.13-205. The tritium peaks occur at the transport
times shown in FSAR Table 2.4.13-203 (240 y for the river and 68 y for the well) for nuclides
without retardation.
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Figure For RAI 02.04.13-09
Time-dependent Tritium Concentrations

Figure 1
Tritium Concentration in River From Floridan Aquifer
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Figure 2
Tritium Concentration in Well From Floridan Aquifer
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Reference:

LNG-0000-GLC-003, Rev. 2

Associated LNP COL Application Revisions:

1. Revise Subsection 2.4.13.2.3, 1st paragraph, from:

Table 2.4.13-202 identifies the radionuclide source term in the waste effluent
holdup tank and the public exposure effective concentration limit (ECL) for liquid
effluents given in 10 CFR 20, Appendix B, Table 2.

To read:

Table 2.4.13-202 identifies the radionuclide source term in the waste effluent
holdup tank and the public exposure effluent concentration limit (ECL) for liquid
effluents given in 10 CFR 20, Appendix B, Table 2.

2. Revise Table 1.1-201 (sheet 6 of 28) entry from:

ECL Effective Concentration Limit

To read:

ECL Effluent Concentration Limit

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-10

Text of NRC RAI:

Please provide site-specific measurements of Kd as required by 10 CFR 100.20(c)(3).

PGN RAI ID #: L-0382

PGN Response to NRC RAI:

The LNP groundwater analyses determined that only minimum Kd values were needed for
cesium and strontium to meet the 10 CFR 20, Appendix B acceptance criteria used in FSAR
Subsection 2.4.13. In lieu of using smallest, arbitrary values, the FSAR analysis opted to use
literature-based Kds that had a reasonable technical basis and had benefited from the EPA's
review. The FSAR analyses determined that the sum of the ratios of the radionuclide
concentrations to their respective effluent concentration limit (ECL) was 0.7 percent in the well
location (FSAR Table 2.4.13-205). The sum of the ratios of the ECL ratios was 0.0 percent at
the Withlacoochee River after dilution (FSAR Table 2.4.13-204).

Site-specific testing of soils and limestone from the Floridan aquifer has been completed at
Argonne National Laboratory (ANL) for cesium and strontium. Additional Kd tests were
performed for information purposes for cobalt, manganese, iron, silver, tellurium and cerium
although retardation is not credited for these elements in the transport analyses. Eight
limestone and eight soil samples were taken from LNP core borings. In addition, surficial and
Floridan aquifer groundwater samples from LNP wells MW-15S and MW-14D were collected for
preparation of the tracer solutions used in testing. The samples are identified in new FSAR
Table 2.4.13-206. The locations of the sample boreholes identified in Table 2.4.13-206 are
shown on FSAR Figure 2.5.4.2-201A.

Testing was performed using ANL's Standard Operating Procedure ACL-264, "Determination of
the Distribution Coefficient (Kd) in Soil Samples". ACL-264 is adapted from a standard test
method: ASTM D4319-93, "Standard Test Method for Distribution Ratios by the Short Term
Batch Method". ACL-264 identifies several precautions that avoid unrealistically high or low
results and includes alternate steps in the test method to avoid unrealistic values. The
procedure includes quality control measures such as blank runs, laboratory control standard
runs, and reference runs for each of the Kd batches.

The test first determined the concentration of exchangeable ions in soil and limestone samples
using a potassium nitrate overnight leach of representative samples. Next, a spiking solution
was prepared with site water as the solvent for tracer compounds used to test for the elemental
Kds. A second set of soil and limestone samples (i.e., samples not used in the leach tests)
were then saturated for 20 days in the spiking solution to ensure that the adsorbed and solution
concentrations were at equilibrium. Final groundwater equilibrated concentrations were
measured. Kds were then calculated using the initial concentrations in the soil and limestone
samples (based on the leach analysis), and the initial and final equilibrated groundwater
concentrations.
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The results of the testing revealed smaller Kds than the literature-based values previously used
for cesium and strontium. The Kds for cesium has been reduced from 10 ml/g (literature values
for surficial and Floridan aquifers) to 6 ml/g (test value for surficial aquifer) and 4 ml/g (test value
for Floridan aquifers). Similarly, the Kd for strontium has been reduced from 2 ml/g (literature
value) to 0 ml/g (test value) in the surficial aquifer. The Kd for strontium has been increased
from 1 ml/g (literature value) to 2 ml/g (test value) in the Floridan aquifer, the latter value being
the minimum value determined by testing.

The use of the site-specific Kds do not change the overall sum of the ECL ratios reported in
FSAR Table 2.4.13-204 for the Withlacoochee River and FSAR Table 2.4.13-205 for the well
receptor since only minimal Kd values are needed for cesium and strontium.

A description of the test program and revisions to FSAR Subsection 2.4.13 will be provided in
an update to the COL application.

References:

None

Associated LNP COL Application Revisions:

1. Revise FSAR Chapter 2.4.13.2.2 to describe site-specific Kd testing from:

Tritium, cesium, and strontium are typically the dominant contributors to the effective
concentration limits in 10 CFR 20, Appendix B, Table 2. Conservative (low value)
estimates are made for the distribution coefficient, Kd, of cesium and strontium, as
discussed below. Kd is assumed to be zero for all nuclides except cesium and strontium
in this analysis. Sorption is conservatively not assumed.

Distribution coefficients Kd for cesium and strontium were selected based on important
soil and chemical properties affecting the adsorption of radionuclide contaminants. Kd

values were assigned using U.S. Environmental Protection Agency (USEPA) guidance
for conservative selection of distribution coefficients (Reference 2.4.13-202).

Cesium's Kd correlates to the cation exchange capacity of the soil, or alternatively, its
hydrogen (ion) concentration (pH) and clay content. The Smyrna-Immokalee-Basinger
composite above the Floridan aquifer is mainly sand and fine sand with some silt as
shown in Table 2.4.12-201. NRCS data indicate that the composite soil has a cation
exchange capacity less than 5 milliequivalents/100 grams (g) and that the clay soil
content is less than 5 percent. (Reference 2.4.12-207) These conditions yield a minimum
Kd of 10 milliliters per gram (ml/g) for cesium in the surficial aquifer
(Reference 2.4.13-202).

An additional constraint for the selection of a minimum Kd for strontium is pH. The
Smyrna-Immokalee-Basinger composite has a pH ranging from 3.5 to 7.8, as shown in
Table 2.4.12-201 (Reference 2.4.12-207). The cation exchange capacity, pH, and clay
content result in a minimum Kd of 2 ml/g for strontium in the surficial aquifer
(Reference 2.4.13-202).

As discussed in FSAR Subsection 2.4.12.1.2, the Floridan aquifer consists primarily of
sandy limestone. The groundwater in the Floridan aquifer is essentially neutral with a pH
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of 7 (Reference 2.4.12-201). The minimum Kd for cesium and strontium in the Floridan

aquifer are 10 ml/g and 1 ml/g, respectively (Reference 2.4.13-202).

To read:

Tritium, cesium, and strontium are typically the dominant contributors to the effective
concentration limits in 10 CFR 20, Appendix B, Table 2. Conservative (low) values are
used for cesium and strontium's distribution coefficients, Kd, based on testing of LNP site
soils and limestone as discussed below. Kd is assumed to be zero for all other nuclides.

Cesium typically exists in ground water as an uncomplexed Cs' ion which adsorbs
strongly to most minerals. Strontium in aqueous solution exists principally as an
uncomplexed Sr"÷ ion which increases its likelihood of adsorption. Conversely, Sr÷÷ can
be de-adsorbed readily from the surfaces of solids unlike Cs'. As such, it can be
expected to have a smaller Kd than cesium (Reference 2.4.13-202).

Eight limestone and eight soil samples were taken from LNP core borings. In addition,
surficial and Floridan aquifer groundwater samples from LNP wells MW-15S and MW-
14D were collected. The samples are identified in Table 2.4.13-206. The locations of
the sample boreholes identified in Table 2.4.13-206 are shown on FSAR Figure 2.5.4.2-
201A.

Kd testing was performed at Argonne National Laboratory for cesium and strontium.
Testing methods were based on ANL's Standard Operating Procedure ACL-264,
"Determination of the Distribution Coefficient (Kd) in Soil Samples". The procedure
included quality control measures such as blank runs, laboratory control standard runs,
and reference runs for each of the Kd batches.

The test used site groundwater water as the solvent for tracer compounds used to test
for the elemental Kds. Soil and limestone samples were then saturated for 20 days in
the spiked tracer solution to ensure that the adsorbed and solution concentrations were
at equilibrium. Kds were then calculated using the initial concentrations in the soil and
limestone samples, and the initial and final equilibrated spiked groundwater tracer
concentrations.

The borehole locations, sample descriptions and measured Kds are shown in Table
2.4.13-206.

At LNP the Smyrna-Immokalee-Basinger composite above the Floridan aquifer is mainly
sand and fine sand with some silt as shown in Table 2.4.12-201. Minimum surficial
aquifer Kds are 6 ml/g for cesium and 0 ml/g for strontium based on the site-specific
tests. As discussed in FSAR Subsection 2.4.12.1.2, the Floridan aquifer consists
primarily of sandy limestone. Minimum Kds are 4 ml/g for cesium and 2 ml/g for strontium
for the Floridan aquifer. All values are based on testing of site samples.

2. Add new FSAR Table 2.4.3-206 which tabulates Kd test values for cesium and strontium.
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LNP COL 2.4-5 Table 2.4.13-206
Kd Values from Testing of LNP Samples

Kd for
Depth StrontiumBorehole/

Sample

Kd for
Cesium

ml/g

A-1 SS-5

A-5 SS-3

A-13 SS-6

A-14 SS-6

B-1 SS-11

B-1 SS-11 QC

GSC-10 SS-4

Description

Soil
(calcareous)

Soil
(calcareous)

Soil
(calcareous)

Soil
(calcareous)

Soil
(calcareous)

Soil
(calcareous)

Soil
(calcareous)

Soil

(ft bgs) ml/g

23.5

13.5

25

28.5

50

50

16.5

4

2

4

3

0.1

0.1

2

43

20

44

32

14

13

6

GSC-10 SS-5 QC (calcareous) 21.5 3 6

A-1 Limestone 89 - 90 7 30

A-1 QC Limestone 90 - 90.9 7 27

A-5 Limestone 73.8 - 74.8 59 4

A-13 Limestone 74.1 - 75 2 29

A-16 Limestone 69- 70.1 2 22

B-1 Limestone 75.9 - 76.8 4 8

GSC-10 Limestone 91.8-92.6 4 37

GSC-10 QC Limestone 92.6 - 93.5 3 42

Notes:

Kd testing results are from Reference 2.4.13-204.

Groundwater from wells MW-14D and MW-15S was used to prepare limestone and soil
batch runs, respectively.
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3. Revise FSAR Table 2.4.13-204 entries for Sr-90 from:

To read:

4. Revise FSAR Table 2.4.13-205 entries for Cs-1 37 and Sr-90 from:

To read:

Dilution Conc. Conc./
Nuclide Factor PCi/cm 3  ECL

Cs-137 0 0 0

Sr-90 1.5E-17 3.5E-22 7.1E-16

Dilution Conc. Conc./

Nuclide Factor iCi/cm3  ECL

Cs-137 1.5E-50 3.7E-51 3.7E-45

Sr-90 3.3E-29 7.9E-34 1.6E-27

5. Revise FSAR Table 2.4.13-203 to incorporate new Kd for cesium and strontium. See
response to RAI 02.04.13-09 for the revised table.

6. Add the following references to FSAR Subsection 2.4.16:

2.4.13-204 CH2M Hill, "Distribution Coefficients (Kd) Measurements with Soil and
Water", Tech Memo 338884-TMEM-097, Rev 1, 338884-DIT-034, Rev 1,
April 14, 2009

Attachments:

None
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NRC Letter No.: LNP-RAI-LTR-044

NRC Letter Date: May 19, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.13-11

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17 and 10 CFR Part 100, please discuss the

potential impacts of chelating agents on Kd values and on radionuclide transport in the FSAR.

PGN RAI ID #: L-0383

PGN Response to NRC RAI:

Chelating and complexing agents effectively increase the solubility of minerals in water. An
increase in solubility and a consequential decrease in sorption on to soils can reduce retardation
of nuclides and result in higher concentrations in the groundwater.

A complex is a compound consisting of a metal complex ion(s) and other ions of opposite
charge, or a complex ion(s) and a neutral species. The term chelate is used to distinguish
complexes formed where the ligand bonds to the metal atom through two or more atoms of the
ligand. The important distinction between a chelate and a complex is that a chelate is
coordinated to more than one donor site of the ligand, and therefore has much more stability
than simple complexes. The increased stability can increase the transport of the chelated-metal
cation compared to complexes, which typically dissociate back to free metal cations and ligands
after large dilution occurs (NUREG/CR-6124, p. 7.2).

Chemical decontaminants used to remove built-up radioactive activation and corrosion products
often use industrial chelating agents to form complexes to transition metals such as Fe, Co, Ni
and Mn. Transition metals have several oxidation states, notably +2, +3, +4 and +6 for most
transition metals of concern. Strong organic chelating agents of concern are principally amine-
polycarboxylic acids (e.g., EDTA, DTPA,), picolinic acid, and to lesser extent citric and oxalic
acids used in decontamination processes (NUREG/CR-6124, pp. x, 1.1; 10 CFR 61.2).

With the exception of cesium and strontium, the LNP groundwater transport analysis in FSAR
Subsection 2.4.13 does not credit retardation of radionuclides, i.e., Kd = 0 ml/g. All other
nuclide concentrations analyzed for the surficial and bedrock aquifer pathways are
conservatively bounded by the existing analyses. Thus, chelating agents need only be
evaluated for impact on the predicted groundwater concentrations of cesium and strontium in
the FSAR's analysis.

Cesium is an alkali metal. There is little, if any, tendency for cesium to form aqueous
complexes in soil and water environments because of the single available Cs÷ bond site. Thus,
the formation of inorganic complexes is not a major influence on cesium speciation and the
dominant aqueous species in most groundwater is the uncomplexed Cs÷ ion. Further,
complexation of cesium by common industrial chelates (such as EDTA) is believed to be poor
due to their low stabilities and the presence of competing cations (e.g., notably Ca+2 and Mg÷2)
at appreciably higher concentrations in groundwater. Therefore, aqueous complexation is not
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thought to influence cesium's behavior in most groundwater systems (USEPA 1999, Vol II, pp.

5.16, 5.17).

Chelating of alkaline earth cation Sr+2 is not expected to have a major impact. First, there is

little tendency for Sr+2 to form aqueous complexes with inorganic or organic complexants.

Studies of leached groundwater from contaminated sites have shown that essentially all

strontium in the leachates existed as uncomplexed Sr÷2. Second, Ca÷2 and Mg÷2 are important

competing cations in much greater concentrations in groundwater than Sr÷2. Third, FSAR

Subsection 2.4.13's groundwater transport analyses uses a conservative Kd = 2 ml/g for

strontium in the UFA. Relaxation to Kd = 0 ml/g, which represents worst case chelation for

strontium, marginally increases the calculated overall sum of the radionuclide to effluent
concentration limit (ECL) ratio at the well receptor by less than 0.3 percent. The reported sum

of the ECL ratios for the Withlacoochee River is unchanged. The potential impact of chelating

agents on strontium is not significant with respect to the predicted sum of the ECL ratios even

under the pessimistic assumption of no retardation.

Naturally Occurrinq Inorganic and Organic Complexants

Naturally occurring inorganic and humic ligands in soil can form aqueous complexes. Common

complexing inorganic ligands in groundwater are carbonates, sulfates, phosphates and

chlorides. In general, the inorganic complexes (if formed) tend to increase the potential for

transport through groundwater. Conversely, some complexes formed from humic acids readily

attach to soil particles and actually retard migration of the complexed cations (USEPA Vol. I, p.

2.4).

The formation of naturally occurring inorganic and organic complexes is not a major influence

on cesium or strontium in groundwater. There is little tendency for Cs÷ or Sr+2 to form aqueous

complexes in soil and water environments: uncomplexed Cs÷ and Sr+2 ions remain the dominant

species when released in to most groundwater (USEPA 1999, Vol II pp. 5.16, 5.18). The Kd

testing performed for LNP used site groundwater, soil and limestone samples. The Kd testing

(CH2M Hill 2009) performed with LNP soils and groundwater implicitly include the effects due to

naturally occurring complexing agents at the site.

Usage of Chelating Agents

FSAR Subsection 2.4.13 analysis assumes failure of a radioactive waste effluent tank. The

waste effluent tanks have the largest volume and potential radionuclide inventory as shown in

AP1 000 DCD, Rev. 17, Table 11.2-1. The inventory is due to reactor coolant activity from the

chemical and volume control system (CVS) , sampling systems, and miscellaneous leakage.

Chelates and complexing agents are not anticipated to be used during routine operation of the

AP1 000. Primary chemistry operations of the AP1 000 are in accordance with EPRI PWR
Primary Water Chemistry Guidelines. As such, the chemicals used on a routine basis are boric

acid buffered with 7-lithium hydroxide, gaseous hydrogen, and small amounts of soluble zinc

injected as a zinc acetate solution to reduce corrosion product build-up (AP1 000 DCD, Rev. 17,

Subsection 9.3.6.2.3.3). Hydrazine or hydrogen peroxide may be injected in small quantities at

start-up or during cooldown, respectively (AP1000 DCD, Rev. 17, Table 5.2-2). The reactor
coolant containing these chemicals and their compounds are normally routed through the CVS

mixed bed demineralizer and the liquid radwaste system vacuum degassifier before being sent

to an effluent hold-up tank.
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Chelating and complexation agents will not be introduced to the liquid radwaste system. If used
for decontamination, it is anticipated that the decontamination would be managed by a third-
party vendor who would take responsibility for disposal of the agents. Discharge of these
agents to or through plant waste systems is not anticipated.

Historically, there has been some use of EDTA in steam generator chemical cleaning and
advanced scale conditioning agent evolutions in the nuclear industry. However, these
applications are not routine. The use of chelating agents at LNP would need to be reviewed by
Progress Energy prior to implementation as would any maintenance activity that would use
EDTA or other industrial chelates.

Chelating agents are unlikely to have ever been used at the LNP site. The site was previously
used by a timber company prior to its acquisition by Progress Energy Florida. Southern yellow
pines were grown and harvested for wood fiber using modern silviculture practices. The site is
undeveloped except for a network of lime-rock roads that were constructed for logging and
hunting access.

References:

USEPA, "Understanding Variation in Partition Coefficient Kd Values", EPA-402-R99-004, Vols. I
and II, August 1999

NUREG/CR-6164 R. J. Serne, et al, "Characterization of Radionuclide Chelating Agent
Complexes Found in Low-level Radioactive Decontamination Waste," NUREG/CR-6124, March
1996

CH2M Hill Tech Memo, Distribution Coefficient (Kd) Measurements with Soil and Water, No.:
338884-TMEM-097, Rev 1, April 14, 2009

AP1000, Design Control Document, Tier 2, Rev. 17

Associated LNP COL Application Revisions:

1. Add a new subsection to the FSAR

2.4.13.2.3 Chelating Agents and Impact on Groundwater Transport

Chemical decontaminating agents that remove built-up radioactive activation and
corrosion products often use industrial chelating agents to form complexes with
transition metals such as iron, cobalt, nickel and manganese. Transition metals
typically have oxidation states +2, +3, +4 and +6 which allows the complex to
form. With the exception of cesium and strontium, the groundwater transport
analysis does not credit retardation of radionuclides, i.e., Kd = 0 ml/g, and these
nuclide concentrations for the Floridan aquifer pathways are conservatively
bounded for chelating effect by the existing analyses.

Unlike transition metals, aqueous complexing is not thought to greatly influence
cesium behavior in most groundwater systems. Cesium and strontium are
alkaline and alkaline earth metals, respectively. There is little tendency for
cesium or strontium to form aqueous complexes: Cs÷ is mono-valent; studies of
leachates from contaminated sites showed essentially all strontium existed as
uncomplexed Sr+2 (References 2.4.13-202 and 2.4.13-205). Complexing of Sr+2
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is believed to be poor because both cations must compete with naturally
occurring Ca+2 and Mg÷2 cations which are at appreciably higher concentrations
in groundwater.

The Kd testing described in LNP FSAR Subsection 2.4.13.2.2 used site
groundwater, soils and limestone samples. The results of the test implicitly
included the effects of naturally occurring complexes should they be present at
LNP.

The waste effluent tank radionuclide inventory is from reactor coolant received
from the chemical and volume control system (CVS), sampling systems, and
miscellaneous leakage. The use of chelates and complexing agents in the
AP1000 reactor coolant system is not anticipated for routine operation.
Chemicals involved on a routine basis are boric acid buffered with 7-lithium
hydroxide, gaseous hydrogen, and small amounts of soluble zinc injected as a
zinc acetate solution to reduce corrosion product build-up (AP1000 DCD, Rev.
17, Subsection 9.3.6.2.3.3). Hydrazine or hydrogen peroxide may be injected in
small quantities at start-up or during cooldown, respectively (AP1 000 DCD, Rev.
17, Table 5.2-2).

Chelating and complexing agents will not be introduced to the liquid radwaste
system. Historically, there has been some use of chelating agent EDTA in steam
generator chemical cleaning and advanced scale conditioning evolutions in the
nuclear industry. However, these applications are not routine. The use of
chelating agents at LNP would need to be reviewed by Progress Energy Florida
prior to implementation as would any maintenance activity that would use EDTA
or other industrial chelates.

Chelating agents are unlikely to have ever been used at the LNP site. The site
was previously used by a timber company prior to its acquisition by Progress
Energy Florida. Southern yellow pines were grown and harvested for wood fiber
using modern silviculture practices. The site is undeveloped except for a network
of lime-rock roads that were constructed for logging and hunting access.
Therefore, no residual chelating agents are expected to exist at the site.

2. Add the following references to FSAR Subsection 2.4.16:

2.4.13-205 R. J. Serne, et al, "Characterization of Radionuclide Chelating Agent
Complexes Found in Low-level Radioactive Decontamination Waste,"
NUREG/CR-6124, March 1996, US Nuclear Regulatory Commission

Attachments:

None


