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EXECUTIVE SUMMARY

An expansion of the existing Holtwood hydroelecpmwver plant (Holtwood) is proposed. The
plant is owned and operated by PPL Holtwood, LL@L(Pand located on the Susquehanna
River near Lancaster, PA. The existing plant capas approximately 107 MW, generated by
10 units passing 3,150 cfs each. The expansiarivies the construction of an additional power
house which will house two new units with an adudtil installed capacity of 80.6 MW. The
total flow through the new units will be 30,000 .cf$he existing units will remain operational
and two exciter units will be added in the existpmyverhouse giving the expanded plant a total
generating capacity of approximately 190 MW usirftper of 62,100 cfs.

The objective of this study is to simulate the flmathe existing and modified power plant
forebay. Under the existing condition, 31,500@dss from the lake under a skimmer wall into
the forebay. In the proposed condition, the skimwedl will be relocated towards the lake and
the forebay area will be expanded to accommodatediw turbine intakes and an additional
30,000 cfs in flow. This study investigates thadiless characteristics of the existing and
proposed forebays. The study also determineddirepfatterns at the fishlift discharge and the
potential for fall back over the spillway.

Results indicate that under the proposed conditfewater surface elevation in the forebay will
decrease by 0.2 to 0.3 ft from the existing conditiue to the increased headloss. The location
of the skimmer wall and the fishlift discharge &xed design parameters, however the
excavation scheme is varied. The final excavasireme limits the excavation depth to
elevation 140 ft. that excavation depth is achiév&lom the water surface, minimizing the need
for cofferdams in the forebay. Results also shimat tluring spill events at river flows of
100,000 cfs or less, the potential for fish to keck over the spillway is minimal. The region of
increased velocity near the spillway crest extarmpgream less than about 10 ft. Flow over the
spillway is also not expected to significantly atféhe flow to the power plant as the flow to the

plant is about 6 times greater per unit lengtrhefskimmer wall than the flow over the spillway.
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PROPOSED EXPANSION OF THE HOLTWOOD HYDROELECTRIC BBECT

REPORT #7
3-D NUMERIC MODELING OF THE FOREBAY

INTRODUCTION

An expansion of the existing Holtwood hydroelecfsmwver plant (Holtwood) is proposed. The
plant is owned and operated by PPL Holtwood, LL@L(Pand located on the Susquehanna
River near Lancaster, PA. The existing plant capas approximately 107 MW, generated by
10 units passing 3,150 cfs each. The expansiarivies the construction of an additional power
house which will house two new units with an aduhi#il installed capacity of 80.6 MW. The
total flow through the new units will be 30,000 .cf$he existing units will remain operational
and two exciter units will be added in the existpayverhouse giving the expanded plant a total

generating capacity of approximately 190 MW usirftpe of 62,100 cfs.

This is the seventh in a series of reports andseswn the flow patterns and headloss in the
power plant forebay under the existing and propasedlitions. Under the proposed condition,
flow into the forebay will almost double, increagithe water velocities in the forebay and across
the skimmer wall. The increase in velocity is extpd to result in an increase in headloss. To
offset the increased flow and minimize the incraaseelocity, forebay excavation is planned.
Two excavation schemes are considered, one hasisuam excavation elevation of 130 ft and
the other has a minimum elevation of 140 ft. Lingtthe excavation to elevation 140 ft results

in a substantial cost savings.

The report also considers the potential for thiebiatk of fish exiting the fishlift discharge. The
fishlift discharge is about 100 ft upstream of spdlway. At river flows between 61,500 cfs and
100,000 cfs, flow will pass over the spillway, riegg in the possibility that fish exit the fishilif
and move downstream over the spillway. Flow oliergpillway is included in the model to

determine the effect of the spillway on the flowitpens at the fishlift exit.
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Figure 1 shows an aerial overview of the modellesatd surrounding area. The area included
in the model is outlined in red. A basic geomocpihescription of the area was included in the
previous reports.

, s '| Model boundary
Spillway Holtwood
Powerhouse
"'T‘(E '
. TOR

Figure 1: Aerial photo of Susquehanna River doveash of Holtwood Project.

OBJECTIVE

The objective of this study is to use a 3D modgiredict the relative change in headloss in the
forebay. The change in headloss stems from apased flow through the forebay and proposed
excavation. In addition the model is being usevaluate the possibility of fall back, where fish
exiting the fishlift pass back over the spillway.
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APPROACH

The numerical model FLOW-3D is being used for &lihe three dimensional simulations.
FLOW-3D is a commercially available CFD softwarekege particularly well suited for steady
and unsteady free surface simulations. The maieds the fully three dimensional Navier-
Stokes equations on a structured hexagonal geder@l models are included in the solver for
computing the creation, transport and destructidanbulent kinetic energy (Flow Science,
2005).

FLOW-3D uses the Fractional Area/Volume ObstaclprBsentation (FAVOR) method (Hirt
and Sicilian, 1985) for the modeling of solid ole$ts, such as topology. The FAVOR method
allows complex shapes to be simulated without tegpto ‘stair stepping’ the boundaries. It
approaches the accuracy of more computationalnsive deformed boundary fitted grids.

The location of the free surface in FLOW-3D is catgal using the Volume of Fluid (VOF)
method (Hirt and Nichols, 1980). This formulaticonsists of three parts, a scheme to describe
the shape and location of the free surface, a ndethtrack the evolution of the shape and
location of the free surface through time and s@ancka means for applying boundary
conditions to the free surface. The simulationsdbinclude the movement of the air above the

water; it is assumed that the air has no signifiedfiect on the water movement.

Existing Bathymetry

Model bathymetry is derived from a point file prded by Kleinschmidt Associates (KA). The
point file contains the X, y, z coordinates of mgaments made on March 8, 2006 by KA.
Depth measurements were made from a boat usingralsg device; the horizontal location of
the sounder was determined by GPS. The verticairacy of the points is reported to be within
1 foot. The data set gives a good representafittmedorebay bathymetry within the skimmer
wall. Figure 2 shows an isometric view of the &rig condition bathymetry including the

existing power plant and the skimmer wall.
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Figure 2: Existing condition model bathymetry.
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Proposed Bathymetry

Two proposed excavation schemes were considereeé.firbt scheme (proposed condition 1)
considered excavation to an elevation of 130, wihesecond scheme (proposed condition 2)
considered excavation to elevation 140 ft. ThédleWar excavation scheme will have more
headloss do to the higher velocities; howeverad the distinct advantage that the cost per
excavated yard is significantly less. Figure 3vehthe proposed excavation scheme with a total
excavation depth of 130 ft. Figure 4 shows theagation scheme with an excavated elevation
of 140. Both figures also show six locations whemantitative water surface elevation
comparisons are made in the analysis. The sititotaprovide a general indication of water

level in the forebay and do not necessarily refleethead on a specific turbine.

Grid Generation

Grid generation in FLOW-3D involves the creatioradtructured mesh block over the model
domain. Cell spacing can vary along the threedioate directions (X,y,z) however, variations

in the grid spacing must be carried through theemodel domain. The ability of the model to
accurately reproduce the flow field is dependenthengrid resolution in the area of interest. A
smaller computational cell (higher resolution mgaeain capture smaller flow features than a
coarser grid. The finer grid however requires numeputational time to solve; both the number
of calculations increases because there are memeeaks and the allowable time step decreases.
This model and mesh is designed to evaluate theffedd under the skimmer wall, within in the
forebay and at the fishlift discharge. Figure 6w the computational mesh used in the area of

interest.

In general, the model resolution is at least 10fOk cells in the horizontal direction and 1.6nft
the vertical direction. In areas of interest arghlvelocity gradients near the power station, the
cell size decreases to about 2ft x 4ft in the toortial direction, the vertical cell size remains the
same. A 2 ft x 4 ft mesh can generally resolverfieatures which are 5 to 10 times larger than
the cell size. Therefore, flow separations smahlan about 15 to 20 ft are not captured. Itis
important to note that small flow separations areaxpected in the model because of the model
geometry. The total number of elements used imtbéel is about 2,000,000.
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Figure 3: Model overview with excavation to elegat130 ft.
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Figure 4. Model overview with excavation to elegat140 ft.
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Figure 5: Existing condition model with computaia mesh shown..
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Roughness

Energy dissipation in the model is the result oé&hmechanisms, turbulent mixing of the flow
field, form drag from the irregular shape of thek® and skin friction from the rough texture of
the rock. The first two mechanisms are typicaiy tominant form of energy dissipation in this
type of model. Accurate inclusion of the topolagyequired for the model to compute the
headloss from these two mechanisms. The sub-gaid soughness in the model is
hydraulically smooth, a good approximation for a@e surfaces and a reasonable

approximation for natural surfaces where form dsattpe dominant form of energy dissipation.

Boundary Location Definition

Model boundaries include a water level specifiexhglthe boundary outside the forebay. Water
enters the model through the boundary. The mddeliacludes mass sinks for each of the
turbines. A mass sink is a location within the mladbmain where water (mass) is removed.
The existing condition model has 10 sinks whilepghaposed condition has 2 additional sinks

for the new units. A mass sink is also used toehattraction flow to the fishlift exit, a mass

sink simulates flow across the spillway. Figureh®@ws the model boundaries, sources and sinks
on the proposed condition topology. Flow throuigd turbines is not simulated therefore; the
flow through each turbine is specified as a moaeingary condition. Flow at mass sinks is
gradually adjusted over time to minimize the cr@awf waves in the forebay. Each model is

run at one flow rate (full plant capacity) and dalee level (169.75 ft). The final design is also
evaluated at a second lake level of 172.4 ft. @dbshows the flow rates used in the simulations.

Positive flows enter the model domain and negdtoxes exit the model domain.

Table 1: Flow Rates and Water Levels Used in Samrks

Boundary Flow (cfs)
Units 1 through 10 -3,150 cfs each (all simulatjons
2 New Units -15,000 cfs each (all simulations)
Fishlift Exit -250 cfs (proposed condition simutats)
Existing Condition Lake Level 169.75 ft
Proposed Condition 1 Lake Level 169.75
Proposed Condition 2 Lake Level 169.75 and 40#%.
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Figure 6: Model boundaries shown on the existmgddition model.
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Initial surface elevation

The initial free surface throughout the model isadghe nominal lake level being simulated as
shown in Table 1. The initial water surface elewats important for creating numeric stability
at the beginning of the simulations; it does nécifthe final result. All water surface

elevations in this report are relative to Local ubat

Turbulence Model

For the flow field being simulated, at a minimunwa equation turbulence model is required.
The turbulence model simulates the creation, tramgmd dissipation of the turbulent kinetic
energy in the flow field. For these simulatiore RNG model is used. The RNG model
applies statistical methods for a derivation ofdkeraged equations for turbulence quantities.
The RNG model relies less on empirical constantspravides the framework for the derivation
of models at a range of scales. The equationsingée RNG model are similar to those of the
k-epsilon model. However, equation constants whrehdetermined empirically in the k-epsilon

model are explicitly computed in the RNG model.

Model Output

Model results are saved approximately every 100rs#during the simulation. Result files
include but are not limited to the water velocdgpth and pressure at each computational cell.
A model can be restarted from a result file makirgpssible to continue a previously completed
simulation. In addition to the results at each, ¢bké model stores the results at each boundary.
Flow across model boundaries is used in conjunatidim water surface elevation information to
determine when the model reaches steady statetmorsdi The model is run for a period of 15
to 20 minutes while monitoring the flow enteringttmodel and the water level at various points
in the forebay. Typically, after 15 minutes, sedavaves in the forebay have dissipated and

flow across the model boundary is constant.

11
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VALIDATION

Validation is a key component of every physical andherical model study. In the absence of
validation, the models can still provide importeglaitive information about model performance;
however absolute results should be interpreted edttiion. Validation data is not available for
the forebay model. To evaluate the relative mefithe proposed excavation schemes each is

compared to a numeric simulation of the existingditon.

RESULTS

Model results are analyzed to determine the headfothe forebay for the existing condition

and two proposed excavation schemes. Each modelumaat a lake level of 169.75, the full
pond level during normal operating conditions aqdas to the top of the flashboards. As a point
of comparison, the final excavation scheme is alscat a lake level of 172.40 ft, the anticipated
pond level at river flows of 100,000 cfs. In adulit the flow patterns in each model are
evaluated to determine the potential impact offthhebay modification on upstream and

downstream fish passage.

Figure 7 shows the predicted change in water seiddevation (headloss) between the lake and
six points inside the forebay. The six point ofngarison (shown in Figure 3) are representative
of the forebay water levels and are not indicatiVthe head on a specific turbine. Generally, an
increase in forebay water level results in an iaseain the head across the turbines. Proposal 1
uses a deeper excavation scheme than proposalr2latide to the existing condition results in
an increased forebay headloss of less than 0(25rithes) at the three representative points.
The maximum increase in headloss occurs at poimedr, the intake for Unit 1. The free surface
near point 1 is generally depressed compared &r atleas inside of the forebay because of high
velocities at that location. At point 2, the inased headloss is predicted to be less than 0.05 ft,

while at point 3 the increase is less than 0.1 ft.

Reducing the excavation depth in the forebay witease the water velocity and the headloss.
When excavation is limited to elevation 140 fte thaximum increase in headloss remains at
point 1, and is approximately 0.25 ft (3 incheA}.points 2 and 3 the increase in headloss is
0.18 ft and 0.14 ft respectively. The predictedevsurface elevation at points 4, 5, and 6 near

the new turbine intake is about equal for the twoagation schemes considered.

12
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Maintaining the lake at a water level greater théf.75 will decrease the headloss in the
forebay. Increasing the water level in the lake2l8b ft (elevation 172.40 ft) for the proposed
excavation scheme decreases the headloss betvidean@ 0.06 ft. In general, a higher pond
level will have less headloss in the forebay thémnger pond level. The differences in headloss
are predicted to be small.

13



ALDEN 2007-105_N1064

Headloss (ft)

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Head Loss Change Between Two Excavation Schemes

O Existing @ 169.75

OProposal 1 @ 169.75
W Proposal 2 @ 172.40
OProposal 2 @ 169.75

Station Location

Figure 7: Predicted headloss in the forebay feretkisting and proposed conditions.
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The change in flow patterns in the forebay is ctigrized by Figures 8, 9, and 10
showing the water velocity and direction at elematl 50 ft. for the existing condition,
proposal 1 and proposal 2. Elevation 150 ft. &sf7below the bottom of the proposed
skimmer wall and the complex flow separations @edty the skimmer wall. It is 10
feet above the shallower excavation depth of 140 f&he forebay bed elevation at the
skimmer wall varies from 110 to 115 ft, giving goeming height between the skimmer
wall bottom and the lake bed of 45 feet. At thersker wall, velocities for the proposed
condition are about double those of the existingddton. The increase in velocity is
significant when considering that headloss increasea function of velocity squared.
However, absolute velocities are relatively smatldoth the existing condition (1.5 ft/s)
and the proposed condition (3 ft/s). The velobigad under the skimmer wall for the
proposed condition is 0.14 ft. thus the increassatiloss due to the change in velocity is
less than 0.1 ft (the difference in velocity heé&the existing and proposed conditions).
Additional figures showing the velocity magnitudelalirection are included in
Appendix A. Contour plots are showing for the &rig condition, proposal 1, and
proposal 2 at elevations of 130, 150, and 16%s Worth noting that flow direction
immediately inside the skimmer wall varies sigrafily with depth. In the lower part of
the water column, flow is approximately normalhe skimmer wall, while in the upper
part of the water column it is about parallel te gkimmer wall.

Under the proposed condition, it is desirable teehthe flow distribution under the
skimmer wall as uniform as possible. The veloniggnitude at the skimmer wall is
shown in Figures 11, 12, and 13 for the existing @vo proposed conditions. Under the
existing condition, most of the flow enters theeloay through the three arched openings
near the power station. Under the proposed camditiflow is uniformly distributed
between the six openings under the skimmer wall.

During periods of spill when river flow exceeds ®10Q cfs but is less than 100,000 cfs,
the potential exists for fish exiting the fishlitt move downstream and pass over the
spillway. To determine the effect of the spillwigyw on the flow patterns at the fishlift
exit, simulations are run with a 50 and 100 foat+owerflow section at the spillway and
skimmer wall junction. Results for the 50 foot rawverflow section are shown in Figure

15
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14. The plant flow is 61,500 cfs and the rivemfls 100,000 cfs. Flow over the
spillway is 16.4 cfs per ft of spillway length atige pond level is 172.4 ft. Model results
show that the spillway flow does not significardlfifect the water velocity or direction at
the fishlift discharge. The result is reasonabtemconsidering that the flow under the
600 ft long skimmer is about 100 cfs per linearThis is about a factor of six greater
than the per unit length flow over the spillway.

16
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Figure 8: Water velocity at elevation 150, exigtaondition, lake level 169.75
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Figure 9: Water velocity at elevation 150, progbsendition 1, lake level 169.75
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Figure 10: Water velocity at elevation 150, praggbsondition 2, lake level 169.75
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Figure 11: Velocity at skimmer wall, existing catnohs
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Figure 12: Velocity at skimmer wall, proposal 1.
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Figure 13: Velocity at skimmer wall, proposal 2.
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Figure 14: Velocity vectors at elevation 169.59pgwsal 2, spillway flow of 16.4 cfs/ft.
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After the modeling was completed, it was proposeéliminate the non overflow section
to improve flow conditions at fishlift entrance Eliminating the non overflow section is
not expected to significantly alter the flow patteat the fishlift discharge. In Figure 14,
comparing the flow patterns along the dam whereetl®enot a non overflow section with
the flow patterns at the 50ft non overflow theresloot appear to be much difference. It
is therefore reasonable to assume that the noffl@vesection is not necessary to
prevent fall back of exiting the fishlift entranc#.future runs of forebay excavation
schemes are required, they will not include the onarflow section.

SUMMARY AND CONCLUSIONS

A FLOW-3D model of the forebay at the Holtwood @djis created. The model is used
to simulate flow under the existing conditions &wvd proposed conditions. Model
results show that flow patterns at the fishliftteatie not significantly affected by spill
flow. Therefore, it is believed that the propopedximity of the fishlift exit to the
spillway does not affect ‘fall back’.

Two proposed excavation schemes are considerésl shbwn that the shallower
excavation scheme results in an increased forebaglbss of less than 3 inches when
compared to the existing condition. The deepeaexiton scheme results in an

increased headloss of less than 2 inches as cothfmatiee existing condition.

The second proposed excavation scheme requireel@gs excavation depth than the
initial plan. Savings is achieved by reducing ¢ixeavation depth which reduces both the
total excavated volume and allows for the use 8 stly excavation techniques.
Excavation is also reduced by eliminating ineffeetexcavation at the northern end of
the forebay. There remains some proposed excavatithe northern end of the forebay
which can likely be eliminated without substangiaticreasing the headloss.

A proposed non overflow section which was includethe model does not appear to
significantly change flow patterns near the fighdischarge. The non overflow section is
very likely not necessary for preventing fall backhe premise can be tested in future
model runs.

24
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APPENDIX A

25
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Figure A-1: Water velocity at elevation 130, eixigtcondition, lake level 169.75
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Figure A-2: Water velocity at elevation 150, eixigtcondition, lake level 169.75
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Figure A-3: Water velocity at elevation 165, eixigtcondition, lake level 169.75
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Figure A-4: Water velocity at elevation 130, prepd condition 1, lake level 169.75.
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Figure A-5: Water velocity at elevation 150, prepd condition 1, lake level 169.75
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Figure A-6: Water velocity at elevation 165, prepd condition 1, lake level 169.75
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Figure A-7: Water velocity at elevation 130, prepd condition 2, lake level 169.75



ALDEN 2007-105_N1064

Figure A-8: Water velocity at elevation 150, prepd condition 2, lake level 169.75



ALDEN 2007-105_N1064

Figure A-9: Water velocity at elevation 165, prepd condition 2, lake level 169.75



