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Section 1: Introduction

In preparing its permit application for expanding Shearon Harris Lake to support the addition of
two new nuclear generating units at the existing Harris Nuclear Plant site, Progress Energy
contracted with HydroLogics, Inc. to evaluate operating protocols for releases from and transfers
to the lake. This report provides an overview of the model used in this effort, the adjustments to
improve accuracy of the model, and analysis of the chosen alternatives.

Section 2: Overview of Cape Fear River Basin Hydrologic Model

HydroLogics developed the Cape Fear River Basin Hydrologic Model in 2004 to support the
State of North Carolina's river basin planning initiative. The model extends from the headwaters
of the Haw and Deep Rivers to the mouth of the Cape Fear River near Wilmington and operates
on a daily time step over the hydrologic record from 1930 to 2004. Based on input from a
technical review committee consisting of municipalities, North Carolina Division of Water
Resources (DWR), and the Army Corps of Engineers, the model incorporates all significant
reservoirs, demands, discharges and operating rules and policies for facilities throughout the
basin. A focal point of the model is Jordan Lake, which supplies drinking water to users in the
Triangle (Raleigh-Durham-Chapel Hill) area as well as flood control and minimum flows for
interests downstream. Available to stakeholders via remote access to the DWR server, the model
has many uses. The state can use it to assess basin-wide effects (on users and on environmental
flows) of potential future scenarios, including increased demands, new operating policies, new
reservoirs, and new instream flow regulations. Individual stakeholders can use the model to
assess the risks to their water supply and how potential alternatives may change those risks. The
model also offers users a robust platform to test and implement water shortage response plans,
including the ability to run forecasts and make real-time management decisions based on the
projected status of their system.

Some terms used in this report are defined as follows to assist the reader:

"Unimpaired" or "unregulated" flows refer to flows that would occur with no dams or other
'impairments' to the natural system.

"Regulated" flows are flows that occur with dams in place (i.e., in a 'regulated' system).

Section 3: Model Upgrades

To support the upcoming next round of Jordan Lake water allocations, DWR agreed to fund
upgrades to the model that included (1) updates to operating rules and physical data for a number
of municipal systems; (2) revision to the model weights to properly capture the relative priorities
for water allocation; (3) development of inflow data from 2004 to present that removes the
effects of upstream alteration from demands, reservoir operations, and wastewater returns; and
(4) updates of the Jordan Lake low flow protocol that curtails flows at Lillington to preserve
storage in the lake during drought.
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Most of the upgrades have been completed, although they will not be finalized until the technical
review committee formally endorses them. In the interim, the provisional upgrades have been
used to support modeling for this Harris Lake expansion project. Since the operation of Jordan
Lake in drought conditions affects pumped transfers from the Cape Fear River to Harris Lake,
we obtained approval from the Corps and DWR of the updated low flow protocol prior to
modeling Harris Lake operations. Further, to capture the severity of recent droughts, including
2007, we relied on a provisional inflow data set from 2004 to present that is based on reasonable
estimates of historic impairments throughout the basin. The inflow data set will be considered
finalized once the inflows account for the actual basin-wide impairments that have occurred
since 2004, which have yet to be compiled by DWR.

Some additional upgrades were required to the schematic and operations as they pertain to the
Harris Lake and its vicinity. First, we modified the schematic in the reach starting near
Buckhorn Dam down to Lillington to accurately reflect the plumbing as represented by current
and future withdrawals and wastewater returns. These flows affect the amount of water that can
be pumped from the river to supplement Harris Lake. Second, we incorporated a spill rating
curve for the lake to better capture the timing of releases into Buckhorn Creek downstream of the
dam. Third, as described below under inflow verification, we refined our estimates of inflow to
the project to better match historical operating data.

The detail of the model schematic around Harris Lake is provided in Figure 1 below. The nodes
of interest include Harris Lake (node 520), the auxiliary reservoir (node 528), Jordan Lake (node
470), the pumping station for planned transfers from the Cape Fear River to Harris Lake (node
495), net cooling water demand for Harris Lake (node 521), and the Western Wake Regional
Water Reclamation Facility wastewater discharge (930). Of critical importance to the study
evaluation are (1) measures of flows in the Cape Fear River from Jordan Lake down to Lillington
(node 550 that is downstream of node 510 and not shown in Figure 1); (2) pumping transfers to
the lake (arc connecting nodes 495 and 520); (3) elevations in Harris Lake; and (4) releases from
the lake into Buckhorn Creek (flow through arc 520.525 [minimum release] and arc520.526
[spill]). Note the purple arrows represent unregulated inflows and the brown arrow represents a
wastewater-only discharge.
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Figure 1: Model Schematic

Section 4: Inflow Verification

Due to limited resources and data for the original model and inflow development in 2004,
detailed verification of the inflows to Harris Lake had not occurred. The original inflow dataset
used back-calculated inflows based on the downstream gage at Buckhorn Creek near Corinth
(and adding back the historic change in lake storage, net evaporation, and net withdrawal), and
for the period when the gage flows were not available (pre-1972), we used the estimated
Lillington gain from our inflow dataset and adjusted for the lake's drainage area.

For this inflow update, we proposed to use the Middle Creek gage in the adjacent Neuse River
Basin, which has a similar drainage area and correlates very well with the back-calculated
inflows to the lake. [The Flat River gage, also in the Neuse basin but much further away from
Harris Lake, did not correlate well, nor did some other gages in the Cape Fear basin as suggested
by USGS]. However, we noticed that 5 percent of the monthly back-calculated data was
negative, which is physically impossible and raised concerns about the quality of the data.

In particular, the rating on the Buckhorn Creek gage was "good" through the early 1990s, but
deteriorated after this, with "poor" ratings in the mid-I 990s and post-2004 due to beaver dam
impacts. In addition, the accuracy of the net withdrawal data from Harris may have been less
accurate when only monthly data were available (1987 to 1999), compared with daily data when
they became available (2000 to present). For the months with negative inflows, we adjusted
them to remove the negatives while preserving the volume over the adjustment period so that the
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average flow over the period was preserved. By eliminating the unrealistic negative inflows, we
produced more accurate correlations with the Middle Creek gage.

The Middle Creek flows had first been unimpaired for the Cary wastewater return upstream that
has occurred for the last 20 years. This resulted in occasional negative unimpaired flows, which
are again physically impossible, and so these were adjusted in a similar manner.

Despite these changes, we determined that the correlations between the inflow data sets were
improved by excluding the back-calculated data and using only the Buckhorn Creek gage data
prior to the construction of Harris Lake in 1981 when these flows were not impaired. To be
exact, the correlations are based on overlapping data from Buckhorn Creek (adjusted for the
drainage area at the head of Harris Lake) and Middle Creek for the 1972 to 1980 period. We
relied on the USGS-developed Fillin program to compute these correlations and to fill in the
missing record for the Harris Lake inflows for the remaining inflow record (from 1930 to 1971
and 1981 to present).

We then ran these inflows through the Cape Fear model and matched the historical net
withdrawal and outflow from Harris Lake and compared computed and historic elevations. The
historic outflow was represented by the Buckhom Creek gage flow adjusted for the drainage area
at Harris dam.

Figure 2 shows the verification since mid-1999 using daily historic data, and Figure 3 covers the
1987 to 1999 period, when only monthly historic data were available.
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Figure 2: Inflow Verification from 1999 to 2009
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Figure 3: Inflow Verification from 1987 to 1999
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Since the focus of the model is on drought mitigation, we are most interested in the low flow
events. In four of the major droughts since 1999, the agreement is generally very good, with
computed and historic drawdowns matching very closely. The timing of refill in late 2007 does
not match exactly, causing some elevation differences that persist into subsequent years. The
agreement for the 1987 to 1999 data is generally not as good, but in many of the extreme
droughts, the elevations match quite well. The notable exceptions are 1991-92 and 1993.

Causes of error include accuracy of the gage data (principally the Buckhorn Creek gage, which
provides an estimate of the reservoir release), accuracy of the net withdrawal data, and inherent
limitations of correlations. For example, the poor rating of the Buckhorn Creek gage data in
2009 means the estimated discharge from the lake may not be very accurate, resulting in poor
elevation agreement even though the inflow data may be accurate. The net withdrawal data may
also subject to error, particularly during the 1987 to 1999 period when only monthly data were
available. Fillin uses long-term monthly correlations, and these correlations will not necessarily
capture the deviation of the predictor gage (in this case, the Middle Creek gage) in any given
month. Such deviation is likely to occur when gages are in different watersheds and
precipitation patterns differ.

It is important to note that multiple sources of data are used in the modeling, and because there is
inherent source of error in each, it is not surprising that the multiplicity of errors can result in
deviations between predicted and historical observations. However, through a very detailed
review of data and adjustments to our inflow development approach, we were able to achieve
good model agreement with historical data.

Once we obtained concurrence from Progress Energy, DWR, and other stakeholders that our
inflow methodology was sound, we began evaluating the monthly record as part of setting
instream flow targets. The modeling group noticed when looking at monthly flows that the
inflows in the winter months of 1934 were zero, which seemed highly unlikely. During this
time, the Middle Creek gage upon which we relied to fill in the missing record for Harris inflows
was itself filled in. To be consistent with our inflow methodology for the Neuse River Basin
Hydrologic Model, we had filled in the Middle Creek gage for its missing record (1930 - 1939)
by "scaling" to preserve the unimpaired flow at the downstream Neuse River at Goldsboro gage.
This produced a few months with zero flow. To make the flows more realistic, we used the
unscaled, filled-in values which ignored the preservation of flow at the Goldsboro gage. Using
these more realistic flows in a model simulation of the 1933-34 drought, the lake draws down by
the same amount but refills faster in early 1934 because the inflow is no longer zero. [The
inflow is still very small, as evidenced by other gages in the basin that were operating at that
time].

To support the instream flow evaluation, we also added a node for the Buckhom Creek gage
location and estimated its inflow (i.e., the accretion between Harris dam and the gage) by
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computing the unit runoff into Harris Lake (equal to the Harris inflow divided by its drainage
area) and multiplying by the incremental drainage area.

Through our detailed inflow verification efforts, we demonstrated to the stakeholders that the
model is a reliable tool for evaluating operating scenarios and supporting decision-making.

Section 5: Analysis of Alternatives

The evaluation of operating alternatives assumed a normal operating level of Harris Lake of 240
feet. Basin-wide demands and discharges (which affect water availability in the Cape Fear
River) are based on year 2050 projections that came from the approved 2004 modeling. This
future year scenario fits into the 40 year horizon (2015 to 2065) that the permit for the Harris
Lake expansion would cover. All alternatives were simulated over the hydrologic record from
1930 to present, which allowed us to understand how the system would have performed in a
large number of drought events.

* The modeling consisted of a wide range of alternative pump transfer and minimum release
protocols as developed by HydroLogics, HDR, Progress Energy, and resource agencies over the
course of nine all-day workshops. Performance measures also developed by the group were used
to narrow the list of alternatives from more than 20 down to two. Issues of concern to the
technical group included: (1) minimum lake level on cooling water supply reliability; (2)
frequency of drawdown and the impacts on lake wetlands and recreation; (3) amount and timing
of water pumped from the Cape Fear River on Cape Fear River habitat and recreation; and (4)
amount and timing of flows in Buckhorn Creek on Buckhorn Creek habitat. To facilitate
evaluation of the alternatives, we developed a matrix showing the alternatives and the relevant
measures of performance. This is shown in Table I for the two preferred alternatives:

(1) 6-7_EnhancedPumpRegimeAAdjustMarMay

(2) 6-7_EnhancedPumpRegimeB.

The "6-7 Enhanced" designates that the preferred alternative for releases to Buckhorn Creek is a
hybrid between two previously defined scenarios ("6" and "7") with an enhancement to the
pattern that provides pulse flows for increased variability. Pumping Regimes "A" and "B" are
defined later.
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Table 1: Results Matrix for Operating Alternatives
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The specific details of the preferred alternatives are described in detail in the report entitled
"Harris Advanced Reactor Project Instream Flow Study Report" prepared by HDR Engineering,
Inc. As with all alternatives, they prescribe a protocol for pumping from the Cape Fear River to
replenish Harris Lake and a minimum release into Buckhorn Creek. These alternatives prevent
pumping if it would cause flows in the Cape Fear River to drop below 600 or 700 cfs, depending
on the alternative, and allow for increased pumping as flows in the river increase up to a
maximum pump capacity. See Table 2 below for a summary of the pumping regimes.

Each run places a different limit on the pump flow thresholds. Both runs provide the same
release protocol for Buckhorn Creek, with releases based on a monthly baseflow pattern that
varies from low to high depending on antecedent inflows to the lake relative to the historical
percentiles. Monthly pulsing of a few days duration will be provided if no water has spilled from
the lake in the previous 30 days.

Withdrawal River flow Percent of Remaining March through May enhancement
Capacity* (cfs) threshold (cfs) flow flow in (Pumping Regime A only)

withdrawn river (cfs)

Pumping Regime A- 600 cfs floor
45 645 7 600 45 cfs withdrawal at 645 cfs river

flow threshold
90 690 13 600 90 cfs withdrawal at 900 cfs river

flow threshold
135 735 18 600 135 cfs withdrawal at 1350 cfs river

I flow threshold
180 780 23 600 180 cfs withdrawal at 1800 cfs river

I_ flow threshold
Pumping Regime A includes an enhancement for the March - May period. No more than 10% of river
flow will be withdrawn above the 645 cfs threshold during March through May to leave increased flows
in the river for anadromous fish spawning.

Pumping Regime B - 700 cfs floor
45 745 6 700 N/A
90 845 11 755 N/A
135 945 14 810 N/A
180 1000 18 820 N/A

*Based on original conceptual design of three 45 cfs pumps. Final configuration of number of pumps
and pump capacity may differ upon final design.

Table 2: Summary of Pumping Regime Alternatives
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While the matrix in Table I provided a useful summary of the results, the technical group relied
heavily on timeseries and probability distributions of flows and elevations to screen alternatives.
Sample output from both alternatives are shown below.

Figure 4 shows simulated elevations for the period of record for both pumping alternatives.
There are two bookend droughts which produce the lowest lake elevations of approximately 232
feet. These levels are well above the minimum acceptable elevation of 226 feet from a cooling
water supply reliability perspective.

Harris Lake Elevatlon

w:

Yaw.

I - I
Figure 4: Simulated Lake Elevation as a Timeseries

Given concern about the frequency of drawing down to levels that could impair wetlands and
recreation, we calculated the percent of time and the number of years (including consecutive
years) the lake would draw below 238 feet (drawdown of 2 feet from full) from March to April
and March to November (for wetlands) and 234 feet (drawdown of 6 feet from full) from March
to November (for recreation). Based on the targets using current operations (with a full pool of
220 feet and no minimum release), these alternatives at a full pool of 240 feet provided
acceptable frequency of drawdown as summarized in the matrix above. The probability
distributions are shown in Figures 5 and 6 for both alternatives for these two time periods,
respectively.
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Figure 5: Simulated Lake Elevation as a Probability Distribution (March to April)

Harris Lake Elevation from March to November
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Figure 6: Simulated Lake Elevation as a Probability Distribution (March to November)
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Another concern expressed by the group -- the frequency of fluctuating two feet within a two
week period-- was quickly ruled out since the lake's large storage volume would never fluctuate
that much over that short a time.

Figure 7 shows the outflows from the lake relative to the unregulated Buckhorn Creek flows that
would occur if the dam were not in place. The plot shows the results from the simulated 2007
drought year to provide sufficient detail. Through mid-February (each tick-mark on the x-axis is
a month), releases from the dam under both regulated alternatives are influenced by spill since
the lake is full. The spill is a function of the spill rating curve. Although the release protocol is
identical for both of these alternatives, the different Cape Fear pumping assumptions result in
different timing of refill of the lake and thus spill from the project. When the lake is not spilling,
the releases drop to the minimum from mid-February to mid-March and after April, varying
between the high, mid, and low base flow monthly patterns depending on the antecedent inflows
relative to the long-term averages. The baseflow releases were designed to meet the 80 percent
unregulated habitat criteria while also providing periodic pulses that approximate the timing and,
up to the capacity of the outlet works, the magnitude of unregulated flows.

Haris Outflow
11

U.

Yaw

nFigumre 7 Simulated LakeBOutflo I

Figure 7: Simulated Lake Outflows
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Another critical part of the alternatives evaluation focused on flows in the Cape Fear River as
measured downstream of the intake. Early on in the workshops, the stakeholders agreed to not
pump from the river if pumping caused the flows at Lillington to drop below the normal target of
600 cfs. Since this flow is well above that required to maintain 80 percent of the unregulated
habitat, this became the limiting factor early on. However, as the discussions continued, agency
representatives also expressed concern about flows for recreation from April to November and
anadromous fish spawning from March to May.

One of the alternatives addresses this by adding a spawning season enhancement from March to
May (pumping regime A alternative) where no more than 10 percent of the flow will be
withdrawn from the river during this time above the 645 cfs threshold. The 645 cfs threshold is
based on individual pump capacity of 45 cfs, so that turning one pump on would not cause the
flow in the river to go below 600 cfs. 1 The other alternative, pumping regime B, raises the river
flow threshold by 100 cfs to 745 cfs, meaning pumping would never cause the flow in the river
to drop below 700 cfs.

The resulting flows in the river are shown in Figures 8 and 9 as probability distributions for
March to May and April to November, respectively. Figure 8 shows a slight improvement in
flows (about 2 percent) using pumping regime A modified from March to May. Notice flows
rarely drop below 600 cfs, which is the normal Lillington target. These excursions occur when
Jordan Lake is in drought operation and the associated targets at Lillington drop to as low as 300
cfs or disappear entirely.

1 Note that the pumping increments used in this analysis are based on the original conceptual design for the water
withdrawal system as outlined in the Environmental Report submitted as part of the Combined Operating License
Application to the Nuclear Regulatory Commission. The final design of the system may use a slightly different
pumping configuration, so the pumping capacity used for this analysis (between 45 cfs and 180 cfs) is more
important than the number of pumps or individual conceptual pump size.
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Flow downstream of Harris Transafr (Mar-May)
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Figure 8: Simulated Flows Downstream of Harris Transfer Location (March to May)

Figure 9 shows even less difference between the alternatives. It also shows flows dropping
below 600 cfs in about 20 percent of the days in the record from 1930 to present. Flows of
below 300 cfs occur when the Lillington target disappears and Jordan Lake is required to make
during drought operations a much smaller minimum release.

Flow downstram of Harris Transfer (Apr - Nov)
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Figure 9: Simulated Flows Downstream of Harris Transfer Location (April to November)

14



The final plot shows the frequency of pump activation. Each alternative assumes up to four
pumps will operate, each with a capacity of 45 cfs2. For a large majority of the days, the pumps
do not operate because either the flows in the river are too low (that is, the pumping threshold
has not been met) or Harris Lake is full and any pumped transfers would simply be returned to
the river as spill. Using pumping regime B as the example, the results show that four pumps
would be operating about 22 percent of the days. At least one pump would be operating 27
percent of the days. No pumps are operating on 73 percent of the days, and of these days, about
55 percent of the time (or 40 percent of all days in the record) the lake is full and about 45
percent of the time (or 33 percent of all days in the record) the flow in the river is too low.

Activation of Cape Fear River Transfer Pumps
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Figure 10: Pump Activation Frequency

2 See previous note regarding pumping capacity versus number and size of pumps
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