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assistance program, political beliefs, or reprisal or retaliation for prior civil rights activity, in any  

program or activity conducted or funded by USDA (not all bases apply to all programs). 
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U.S. Department Agriculture Natural Resources Watershed: Neshaminy Creek Watershed Conservation Service May2015 

Watershed Rehabilitation Worksheet County(s): Bucks 

Sponsoring Local Organization(s): Hydrologic Unit Code: 

Bucks County Board of Commissioners Watershed Project Number: 
Bucks County Administration Building Watershed Site Number: 
55 East Court Street 
Doylestown, PA 18901 NID Number: 

D. National Economic Development (NED) Account 

1~ ~pi~ i~ ~t~~~~; :~~~~~fW~r~~~~~f9P~~~~ ~i: i No Action 
ilie~!~)i!t~=~~~=ihi; =~lie~t= ! = ! = ! = ! = ! = ! = ! = ! = ! = ! = ! = ! = ! = ! = 
NED Benefits and Costs Alt 1 
Proiect Investment $2 891 000 
NRCS 
Soonsors $2 891 000 
NED Plan3/ 
Beneficial Annual 
Adverse Annual 
Net Beneficial $0 
noni:>fH tn Cost 'Ratio 
Comnarison of NED Benefits and Costs (Table 6) 4/ No Action 
Agricultural Related 
Non-Agricultural Related 
Other - Cost Avoidance 
Other Puroose - Recreation 
Other Puroose - Municioal Water Suoolv -
Other Puroose -
Total RP.m~fih: ( (I 

Averai!e Annual NED Costs (Table 4) No Action 
Amo1i ized Installation $88.300 
Other Direct Costs-
Ooeration, Maintenance, and Replacement -Total A ·1

- ~ 5/ 41:: QQ 1(1(1 

Averal!e Annual Flood Damal!e Reduction (Table 5) No Action 
A ncultural 

Floodwater - Crop and Pasture 
Floodwater - Other A2: 
Sediment and Erosion - Sediment 
Sediment and Erosion - Channel 

Floodwater - Urban 
Other 

uction benefit 
es 

$99 300 

State(s): I Pennsvlvania 

020402010303 

422020 

Core Creek Dam (PA-620) 

PA00802 

Rehabilitation 

Alt 2 
$6 192 000 
$4230.000 
$1.0t-.') 000 

@ 
$4 40~ 200 
$206.600 

$4 201 600 
211 

Rehabilitation 
$63.100 
$254 600 
$88.300 

$3.369.700 
$632 500 

$0 
41::,t J.(I~ ') (1(1 

Rehabilitation 
$189 100 

$0 
$17,500 

( ')(It;; /;;(1(1 

Rehabilitation 

36 200 

146 000 

ENTER ALL END NOTES (FOOTN OTES) FOR ABOVE TABLE IN SECTION L 
3/ IfNED plan is negative describe reasoning using NWPM 505.35B(l)(iv). 
4/ Price Base 2018. 
5/ Amortized over 85 years (82 years - service life and 3 years - implementation) at 2. 75% discount rate. 
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Appendix A  

COMMENTS AND  RESPONSES  

This  activity  is  Categorically  Excluded  under  the provisions  of  NEPA.   Public and  interagency  

input was  received  during  project planning  as described  in  Consultation,  Coordination,  and  Public 

Participation.   No  comments  were received  on  the draft document.  
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Appendix B  

PROJECT MAP 
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Figure B-1 

Project Location Map 

Core Creek Dam (PA-620) 

Bucks County, PA 
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Figure B-2 

Project Watershed Map 

Core Creek Dam (PA-620) 
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Figure B-3 

Runoff Potential from Future Land Use in Drainage Area 

Core Creek Dam (PA-620) 
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Appendix C  

SUPPORT MAPS  
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Figure C-2 

Core Creek Dam (PA-620) Rehabilitation Alternative Profile View 
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Figure C-3 

Core Creek Dam (PA-620) Future Without Federal Project Alternative Plan View 
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Figure C-4 

Core Creek Dam (PA-620) Future Without Federal Project Alternative Profile View 
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Figure C-5 

Core Creek Dam (PA-620) Decommissioning Alternative Plan View 
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Figure C-6 

Core Creek Dam (PA-620) Decommissioning Alternative Profile View 
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Figure C-7 

Core Creek Dam (PA-620) Wetlands Map 
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Figure C-8A 

Core Creek Dam (PA-620) Breach Inundation Map 
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Figure C-8B 

Core Creek Dam (PA-620) Breach Inundation Map 
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Figure C-8C 

Core Creek Dam (PA-620) Breach Inundation Map 
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Figure C-9 

Core Creek Dam (PA-620) FEMA Map 
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Figure C-10A 

Core Creek Dam (PA-620) Existing and Rehabilitation Frequency Flood – 100-Year 
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Figure C-10B 

Core Creek Dam (PA-620) Existing and Rehabilitation Frequency Flood – 200-Year 
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Figure C-10C 

Core Creek Dam (PA-620) Existing and Rehabilitation Frequency Flood – 500-Year 

USDA-NRCS C-15 June 2018 
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INVESTIGATIONS AND ANALYSES REPORT  
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D.1  INTRODUCTION  
This  Appendix  provides supplementary  information  regarding  the investigations  and  analyses conducted  for  the 

project.   The administrative record  contains  additional information  relevant to  each  of  the sections  in  this  Appendix.  

D.2  EXISTING  DATA  

NRCS provided  the following  existing  data from  its  archived  files  to  the Project Team:  

▪ As-Built Plans  ▪ Design  Documentation  

▪ Detailed  Report of  Geology  Investigations  ▪ General Work  Plan  &  Supplements  

▪ Soil Mechanics Reports  ▪ Watershed  Work  Plans  

▪ Breach  Inundation  Studies  ▪ Supporting  Documentation  

▪ Stream  Hydrology  Studies  ▪ Environmental Studies  

▪ Bathymetric Survey   

D.3  EFFECTS ANALYSIS  
Ecological,  cultural,  and  socio-economic  effects  of  alternatives were evaluated  using  the NRCS-CPA-52 –  
Environmental Evaluation  form.   This  analysis  was conducted  with  consideration  to  the public participation  scoping  

requirements  set forth  in  the National Watershed  Program  Manual (NWPM)  by  considering  the potential 

occurrences  of  and/or  project impacts/risks  to  the list of  31  natural resources  and  other  issues of  concern  presented  

in  Section  501.24  Part B  of  the NWPM.   The information  presented  in  the Plan-EE  is  an  overview  of  the relevant 

watershed  characteristics  compiled  from  existing  information.   In  addition,  various  websites, as referenced,  were 

used  to  provide information  on  natural resource  conditions  at the site.   On-site observations  were conducted  to  

confirm  and  supplement the compiled  site information  presented  in  this  report.  

Once  alternatives  were formulated,  the Project Team  evaluated  the effect of  each  alternative on  relevant resource  

concerns  and  special environmental concerns.   The Dam  Rehabilitation  alternative involves minimal changes to  the 

existing  features and  functions  of  the dam  and  the construction  will be confined  to  the existing  dam  and  auxiliary  

spillway.  

A  Pennsylvania  Natural Diversity  Inventory  search  was completed  to  determine potential impacts  to  threatened  and  

endangered  species.  Additional correspondence  was exchanged  with  U.S. Fish  and  Wildlife Service (USFWS) and  

Pennsylvania Fish  and  Boat Commission  (PAFBC)  concerning  the extent of  the alternatives.    

The USFWS National Wetlands  Inventory  (NWI)  mapping  tool was used  to  review  NWI  maps.   Wetlands  are 

present at the upper  reaches of  Lake Luxembourg  and  along  Core Creek  as it enters  Lake Luxembourg.   Wetlands  

are also  mapped  along  a small  unnamed  tributary  feeding  into  Lake Luxembourg.   A  wetland  delineation  was  

conducted  in  the immediate area  along  Core Creek  downstream  of  the dam  spillway  in  September  2015.   An  open  

water  was  observed  within  the  auxiliary  spillway  outlet and  was  delineated  at the high-water  mark.   No  other  

wetlands  were identified  near  the dam  embankment and  auxiliary  spillway  footprints.  

The No  Action/Future Without Federal Project (FWOP)  includes removal of  a portion  of  the existing  embankment 

to  allow  flood  flows  to  pass  unimpeded  as explained  below  in  section  D.5.   The FWOP  would  impact the hydrology  

upstream  and  downstream  from  the dam  resulting  in  transport of  sediment downstream  of  the dam.   The hydrologic 

changes would  have some effect on  wetlands  located  in  the existing  reservoir  storage pool, by  changing  the depth  

and  duration  of  floodwater.   The change would  also  increase  flood  flow  depth  and  duration  downstream,  including  

increased  streambank  erosion  and  increased  flood  damages.  The portion  of  the dam  removed  with  the FWOP  has  

little or  no  habitat value,  so  the primary  on-site effects  will be small  improvements  in  habitat value at the site of  the 

embankment.  

USDA-NRCS   D-2  June 2018  
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D.4  ECONOMIC AND  SOCIAL  EFFECTS  
Service  Life.   The limiting  factor  for  the anticipated  service life of  the rehabilitated  structure is  functional life of  the 

principal spillway  and  auxiliary  spillway  structures.  The anticipated  life of  the remaining  sediment pool is 

approximately  85 years  at the expected  sedimentation  rate.   This  supports  a project service life of  82 years  and  

allows  up  to  3  years  for  implementation.    

Economic Analysis  Summary.   The Project Team  observed  the dam  site and  the flood  impact zones below  the dam.  

The predominant land  uses in  the benefit area  were qualitatively  inventoried  and  the changes observed  from  the 

original plan  and  supplements  were noted.   The benefits  for  the project were indexed  from  Supplemental Watershed  

Work  Plan  No.  5  to  current dollars  (2018)  and  prorated  for  Core Creek  Dam  based  on  the ratio  of  Average Annual 

Flood  Prevention  Benefits  for  each  dam.   Indexing  was completed  using  procedures consistent with  National 

Watershed  Program  Handbook  604.1  (B).  

The results  of  this  Project Benefit Analysis  will be used  to  determine the relative benefit/cost ratio  for  each  Project 

alternative by  comparing  the average annual benefit with  the  amortized  rehabilitation  costs.  

The following  is  brief  outline of  the Project Benefit Analysis:  

1.  Inventory  the previous  Supplemental Watershed  Plans  and  determine the most recently  calculated  benefits.  

2.  Allocate the Watershed  Work  Plan  benefits  to  the appropriate project (Core Creek  Dam).  

3.  Evaluate substantial changes in  number  of  houses and  businesses with  reduced  flood  damages.  

4.  Determine the appropriate economic  indices for  each  of  the benefit items.  

5.  Calculate all economic indices  for  each  price base.  

6.  Update the flood  damage reduction  benefits  allocated  to  the Core Creek  Dam  to  current values.  

7.  Calculate the value of  remaining  with  and  without flood  damages.  

The original benefits  in  the Neshaminy  Creek  Watershed  Plan  and  supplements  were assigned  to  each  planned  

measure in  the 1967  Watershed  Plan  based  on  a September  1957  Price Base.   Supplemental  Watershed  Plan  No.  5  in  

2001  updated  benefits  to  a 1999  Price Base.   Therefore,  the original benefits  for  Core Creek  Dam  will be based  on  

Table 5  –  Estimated  Average Annual Benefits  in  Supplemental Watershed  Work  Plan  No.  5.   The remaining  flood  

damages  were based  on  values  from  the Environmental Assessment prepared  for  Supplemental Watershed  Work  

Plan  No.  5.   

 

Although  the benefit analysis  described  results  in  a large amount of  uncertainty  in  the potential National Economic 

Development (NED)  benefits  and  costs  of  the respective alternatives,  the potential variation  will not affect the NED 

plan  selection,  thus  an  abbreviated  analysis  can  be used  per  Economic and  Environmental Principles and  Guidelines 

for  Water  and  Related  Land  Resources  Implementation  Studies (P&G)  section  1.7.2(a)(4)(ii) and  2.1.1(b)(2).  

Population-At-Risk.   The population-at-risk  was  estimated  based  on  the dam  breach  inundation  zone  and  affected  

structures from  the Emergency  Action  Plan  (EAP)  and  the Evaluation  of  Potential Rehabilitation  Projects  worksheet 

included  in  the NRCS Dam  Rehabilitation  Assessment Report, August 26,  2010.   

Land  Use Change Analyses.  Changes to  the land  use composition  of  the  downstream  benefit area  since  the last 

supplement were considered.   Small changes  in  the land  use of  less  than  one percent were identified  within  the 

downstream  area.   Since  there is  no  significant change to  the land  use downstream  from  Core Creek  Dam,  no  update 

will be made to  the project benefits  for  land  use changes.   The observed  increase in  development,  which  relates  to  

changes in  agricultural land  use,  within  the floodplain  downstream  from  Core Creek  dam  since  Supplemental Work  

Plan  No.  4  is  summarized  in  the table below:   

USDA-NRCS   D-3  June 2018  
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Floodwater 
Observed Floodplain Development 11 

Retarding Structure 2000 2013 2000 2013 
(Sq. Ft.) (Sq. Ft.) (Acres) (Acres) 

PA-620 20,328,917 20,365,696 466.7 467.5 
1
' Land use changes to development are insignificant. 

It is not anticipated that there will be any significant changes in the future to the land uses in the benefit area 
downstream from the Core Creek Dam. It appears that the cmTent land usage may be the build-out for the area 
below the dam. 

Economic Index. P&G section l.7.2(a)(4)(ii) and 2 .l.l(b)(2) allows abbreviated procedw-es to evaluate project 
benefits. Consequently, indexing will be used instead ofhydrologic and economic evaluation for updating the 
benefits for those areas where no substantial land use changes have occtmed. The original and supplemented 
project benefits were indexed to Price Base 2018 consistent with the tools provided at the NRCS Economics Web 
Site: 

http://www.nrcs.usda.gov/v.'Ps/portal/nrcs/main/national/technical/econ/tools 

The project benefits were last updated in 2001 (Price Base 1999) in Supplemental Watershed Work Plan No. 5 for 
Nesharniny Creek Watershed. 

Updated flood control benefits were calculated consistent with P&G and NREH Prut 611 . Benefits represent costs or 
damages that would occw- in the absence of the Project. Indexing methods are described in P&G 2 .1.1 (b )(2). The 
following table describes the benefits and the indexes used: 

Benefit Item Index 1999 Base 
2018 Index from 
Value 1999 

Floodwater Damage 
Urban Consumer Price Index 166.60 246.819 1.48 
Am cultural Prices received bv fanuers 95.00 157 1.65 

Recreation Consumer Price Index 166.60 246.819 1.48 

Municipal Water Supply Consumer Price Index 166.60 246.819 1.48 

NED Analysis. The P&G was used to determine the NED Altemative. This altemative is defined as that which 
maximizes the net benefits consistent with protecting the Nation's environment. The economic evaluation was 
perfo1med in accordance with Chapter 2, Section 4 of the P&G and the NRCS National Watershed Progrrun Manual 
(Parts 501.11 A(2); 501.12 C; 505 .35 B (1) (iii)-(1 V); 505 .35 E-F). 

D.5 ENGINEERING 
Surveys. To supplement data from available as-built drawings, the Project Team conducted a topographic field 
sw-vey of the site October 2015 to supplement the data available from the as-built drawings. The sw-vey included one 
profile along the centerline of the dam crest, one profile of the auxilia1y spillway (inlet channel, control section, and 
exit channel) and one profile through the dam embankment at the principal spillway. Additional spot elevations were 
collected along the upstream and downstream faces of the dam embankment, auxilia1y spillway, and around the outlet 
stmcture. Sw-vey point elevations were obtained using a sw-vey grade GPS receiver with an OPUS solution. 

The horizontal datum for sw-vey, GIS files and land use layers was based on the No1th American Datum of 1983 
(NAD83) using the Pennsylvania State Plane coordinate system, No1ih Zone. The vertical datum is the National 
Geodetic Ve1tical Datum of 1929 (NGVD29) and is based on the principal spillway 60-inch diameter pipe inve1t and 
con-esponding elevations on the inlet and outlet stiuctures as depicted on as-built plans entitled "Neshaminy Creek 
Watershed, Multiple Pwpose Dam PA-620, Bucks County, Pennsylvania", dated March 1971, Sheet No.17. 
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The bathymetric and  sediment  survey  of  the permanent pool area  was performed  in  May  2013  by  Princeton  Hydro,  LLC  

in  NAVD 88  vertical datum.  Review  and  results  of  this  survey  are provided  in  the Sediment Survey  &  Storage 

Elevation  Memorandum.  

Breach Inundation Study.   The breach  analysis  used  in  this  plan  was  provided  by  the PADEP,  Division  of  Dam  

Safety.   The breach  analysis  met all  the PADEP,  Division  of  Dam  Safety’s  criteria and,  provides an  incremental 

breach  analysis  based  on  modeling  of  storage capacity  and  reservoir  surface area  for  normal pool and  maximum  

storage elevations.   The peak  breach  discharge used  for  developing  the inundation  maps  ranged  from  96,223  cfs  to  

131,132  cfs  using  an  incremental analysis.   This  exceeds  the TR-60  upper  bound  condition  of  a 48,960  cfs  minimum  

peak  breach  discharge considering  dam  embankments  less  than  103  feet tall.   The hydrologic and  hydraulic analyses 

were also  approved  by  the PADEP. The NRCS State Conservation  Engineer  concurs  with  the high  hazard  

classification  assigned  to  this  dam.   The results  of  the breach  were used  to  generate the flood  inundation  maps  for  

the current Core Creek  Dam  Emergency  Action  Plan.  

Flood  Storage Capacity.   The flood  storage curve for  existing  conditions  was developed  using  the ArcGIS Surface-

Volume Tool.  The floodwater  retarding  storage capacity  of  Core Creek  Dam  was determined  by  evaluating  the 

cumulative storage capacity  below  the auxiliary  spillway  crest and  above the normal pool elevation.  

Runoff  Curve  Number.  The Runoff  Curve Number  (CN)  development for  the Core Creek  Dam  watershed  was  

carried  out by  following  the methodology  from  NRCS TR-55.   ArcHydro  GIS tools  and  the U.S. Army  Corps  of  

Engineers  (USACE)  HEC-GeoHMS software were used  to  combine the 2010  Land  Cover  data provided  by  Bucks  

County  with  the corresponding  NRCS Soil Survey  Geographic Database (SSURGO)  soil types,  to  develop  an  area-

weighted  CN for  the entire watershed.  

Watershed  boundary  and  drainage lines  for  the Core Creek  Dam  watershed  were developed  from  the DEM obtained  

from  the 3.2-feet LiDAR  data using  the Arc Hydro  tools.   The resulting  drainage area  is  approximately  9.28  square 

miles,  which  is  slightly  less  than  the drainage area  of  9.57  square miles  indicated  in  the Final Design  Report 

(Reference  2).   The difference  is  likely  due to  the use of  more accurate topographic data and  state-of-the-art GIS 

tools.   Further  processing  of  available data included  the joining  of  NRCS SSURGO soils  data with  tables indicating  

their  corresponding  Hydrologic Soil Groups  based  on  soil type.   Undesignated  urban  soil types  and  Hydrologic Soil 

Groups  C/D were conservatively  assigned  to  Hydrologic Soil Group  D.  

The 2010  land  Cover  classification  was assumed  representative of  the current Land  Cover  conditions  in  the Core 

Creek  Dam  watershed.  CN values were assigned  based  on  a GIS layer  obtained  by  merging  (Geometric Union)  soils  

and  land  cover  data and  a Curve Number  Lookup  Table,  developed  following  NRCS TR-55  guidance.  

The area-weighted  CN for  the Core Creek  Dam  watershed  was calculated  using  the spatially  distributed  CN 

shapefile in  ArcGIS (Attachment A-1).   The computed  area-weighted  CN for  the Core Creek  Dam  watershed  is  

81.2.  The Final Design  Report indicates  two  CN values, 82  (for  1-day  rainfall duration)  and  67  (for  10-day  rainfall 

duration).  The 10-day  CN reported  in  the Final Design  Report was obtained  using  Table 21.2  of  the National 

Engineering  Handbook,  Section  4  - Hydrology,  Chapter  21  - Design  Hydrographs.   This  was  replaced  by  NRCS 

TR-60,  which  was issued  after  the Final Design  Report was  completed.  

 

The CN value for  the projected  future land  cover  conditions  was  developed  based  on  the Future Land  Cover  map  

provided  by  Bucks  County.   Three  additional Land  Cover  categories are present, “Town  Center”,  “Employment 

Area”,  and  “Emerging  Suburban  Area”.  
 

Time of  Concentration.   The Time of  Concentration  (Tc)  for  Subwatersheds  A  and  B  was  developed  using  the 

segmental/velocity  approach,  described  in  TR-55,  and  the USACE  HEC-GeoHMS software.   An  automated  tool in  

HEC-GeoHMS uses the terrain  to  determine the paths  with  minimal slope for  shallow  concentrated  flow,  sheet flow,  

and  open  channel flow.   The HEC-GeoHMS tool develops  a preliminary  longest flow  path  using  the DEM,  which  

can  be adjusted  as needed.   The adjustments  include identifying  the locations  of  flow-type transitions  from  sheet 

flow  to  shallow  concentrated  flow,  and  from  shallow  concentrated  flow  to  channel flow.  

Precipitation Data.   Precipitation  data for  the Core Creek  Dam  watershed  was  derived  using  the following  sources:  

•  Hydrometeorological Report 51  –  Probable Maximum  Precipitation  (PMP)  Estimates, United  States  East of  

the 105th  Meridian,  which  provides PMP  values for  various  storm  durations; and  
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•  NOAA  Atlas  14,  Volume 2  (Ohio  River  Basin  and  Surrounding  States)  –  Provides rainfall depth-duration-

frequency  data for  13  Mid-Atlantic and  central states.   The data can  be accessed  online at 

http://hdsc.nws noaa.gov/hdsc/pfds/  

Rainfall depth  from  the above-mentioned  sources  was  used  to  develop  design  hydrographs  and  evaluate the principal 

spillway  capacity; stability  and  integrity  of  auxiliary  spillway; and  dam  capacity  (top  of  dam  elevation).   The initial 

routing  elevation  for  the Principal Spillway  Hydrograph  (PSH)  simulations  is  the highest between  the lowest 

ungated  principal spillway  inlet,  the anticipated  elevation  of  the sediment storage,  or  the water  surface elevation  

associated  with  significant baseflow.  

Technical Release 60  (TR-60)  design  criteria require that the  principal  spillway  capacity  be evaluated  by  routing  the 

PSH with  a combined  1-day/10-day  100-year  return  period  rainfall.   Two  methods  for  estimating  runoff  volumes  were 

considered: (1)  the runoff  curve number  procedure and  (2)  runoff  volumes based  on  stream  gage studies  (TR-60,  

Figures 2-1(a)  and  2  1(b)).   The procedure that results  in  the higher  auxiliary  spillway  crest  elevation,  when  the PSH is 

routed  through  the structure,  will be used.    

The initial routing  elevation  for  the Stability  Design  Hydrograph  (SDH)  and  Freeboard  Hydrograph  (FBH)  

simulations  is  the highest between  the lowest ungated  principal spillway  inlet,  the anticipated  elevation  of  the 

sediment storage,  the water  surface elevation  associated  with  significant baseflow,  or  the pool elevation  after  10  days  

of  drawdown  from  the maximum  stage attained  when  routing  the PSH.  

The top  of  dam  elevation  and  integrity  of  the auxiliary  spillway  (e.g.,  head-cutting  and  breaching)  were evaluated  by  

routing  the FBH.   For  “High  Hazard” dams,  such  as the Core Creek  Dam,  the FBH is  generated  by  a PMP  storm.   A  

short duration  (6-hour)  and  long  duration  (24-hour)  storms  were analyzed  and  the most critical result used.   The 

stability  of  the auxiliary  spillway  (e.g.,  erosion  and  scour  along  the exit channel)  was evaluated  by  routing  the SDH.   

The PADEP  commonly  requires the temporal distribution  of  the PMP  to  follow  the Hydrometeorological Report 

51/52  critically  stacked  distribution  or,  for  drainage areas  less  than  10  square miles,  a distribution  based  on  USACE  

EM 1110-2-1411.   For  Core Creek  Dam,  the Project Team  developed  a HEC-1  model using  the hydrologic inputs  

for  the SITES model (RCN and  Tc)  to  apply  the EM 1110-2-1411  distribution.  

The analysis  of  the existing  Core Creek  Dam,  based  on  current NRCS design  and  safety  criteria,  found  that the dam  

did  not provide sufficient detention  storage for  the PSH, adequate erosion  resistance  in  the  auxiliary  spillway  for  the 

SDH,  and  indicated  that the dam  would  be overtopped  during  the FBH storm  event.  

Sediment Volume.   The Project Team  conducted  a survey  in  October  2015  to  supplement data from  the available 

as-built drawings.   According  to  the topographic survey,  the top  of  dam  elevation  ranges  from  118.07  feet NGVD29  

and  120.51  feet NGVD29.  

Based  on  the 1964  Reservoir  Sedimentation  Design  Summary  (Form  NRCS-ENG-309),  the original design  included  

a conservation  pool with  a volume of  260.7  acre-feet for  sediment storage,  corresponding  to  a period  of  100  years.  

Princeton  Hydro  conducted  a bathymetric assessment of  Lake Luxembourg  in  May  2013  to  measure water  depths  

and  sediments  thickness,  as  well to  evaluate sediment physical and  chemical characteristics.  The survey  was 

conducted  by  establishing  a set of  pre-defined  transects  at 100’  intervals.  Transects  were subsequently  surveyed  

utilizing  a Knudsen  Echosounder  in  conjunction  with  a Trimble ProXH GPS unit.  The areas  of  the lake which  were 

too  shallow  to  obtain  clean  signals from  the echosounder  were surveyed  utilizing  a survey  rod  in  conjunction  with  

the Trimble ProXH GPS unit.  Water  depths  were recorded  with  the survey  rod  and  the rod  was subsequently  pushed  

through  the sediments  to  a point of  refusal for  the measurement of  unconsolidated  sediments.  

Based  on  the  Princeton  Hydro’s  survey,  the calculated  storage volume below  the normal pool elevation  of  102.5  feet 

NGVD29  is  1,381.0  acre-feet.  Based  on  Princeton  Hydro’s  survey  and  the publicly  available 2008  LiDAR  survey  
data from  Pennsylvania Spatial Data Access  (PASDA),  the calculated  storage volume below  the design  top  of  dam  

elevation  of  118  feet NGVD29  is  5,831.3  acre-feet, the calculated  detention  storage capacity  (between  the auxiliary  

spillway  crest elevation  and  the normal pool elevation)  is  2,183.6  acre-feet,  and  the calculated  surcharge storage 

capacity  (between  the design  top  of  dam  elevation  and  the auxiliary  spillway  crest elevation)  is  2,266.7  acre-feet.  

The calculated  total storage capacity  up  to  the auxiliary  spillway  crest is  3,564.6.  
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Based  on  the Princeton  Hydro’s  survey,  the entire  lake,  including  the portion  of  the lake east of  Woodbourne Road,  
had  approximately  190,000  cubic yards  (118  acre-feet)  of  unconsolidated  material below  normal pool (submerged  

sediment)  in  2013,  with  approximately  8.6% of  the lake being  filled  in.   The submerged  sediment volume was  lower  

than  the 50-year  and  100-year  design  submerged  sediment storage,  equal to  189.3  acre-feet and  233.3  acre-feet, 

respectively.   At the time of  Princeton  Hydro’s  survey  (2013),  about 62% of  the design  50-year  sediment storage 

requirement was filled  in  after  74% of  the 50-year  period.   The portion  of  the lake east of  Woodbourne Road,  which  

serves as  a large settling  basin  upstream  of  the main  body  of  the lake,  had  approximately  77,000  cubic yards  

(48  acre-feet)  of  unconsolidated  submerged  material (40% of  all  the unconsolidated  material in  Lake Luxembourg).   

The portion  of  the lake east of  Woodbourne Road  was approximately  69% filled.  

Princeton  Hydro’s  sediment survey  and  analysis  was  relative to  the sediment  storage capacity  below  normal pool  

volume,  which  represents  the submerged  sediment  storage.   The originally  planned  submerged  sediment storage 

capacity  for  100  years  was  233.3  acre-feet.  Based  on  Princeton  Hydro’s  survey,  the submerged  sediment storage 

volume remaining  below  the normal pool volume was  166  acre-feet in  2013.  

The 1964  Reservoir  Sedimentation  Design  Summary  (Form  NRCS-ENG-309)  reports  the computation  of  the value of  

sediment storage required  for  the first 50  years  of  structure life,  equal to  211.6  acre-feet, divided  in  189.3  acre-feet of  

submerged  sediment (85% of  the total sediment)  and  22.3  acre-feet of  aerated  sediment (15% of  the total sediment).   The 

document also  reports  the computation  of  the sediment storage required  for  the first 100  years  of  structure life,  equal to  

260.7  acre-feet, divided  in  233.3  acre-feet of  submerged  sediment (85% of  the total sediment)  and  27.4  acre-feet of  

aerated  sediment (15% of  the total sediment).   The value of  261  acre-feet, approximation  of  the value 260.7  acre-feet 

from  the 1964  Reservoir  Sedimentation  Design  Summary,  is  indicated  by  the Phase I  Diagnostic/Feasibility  Study  of  

Lake Luxembourg  as design  conservation  pool volume.  

The sedimentation  rate used  for  Rehabilitation  includes 1.83  acre-feet/year  for  submerged  sediment and  

0.27  acre-feet/year  for  aerated  sediment, resulting  in  a total sedimentation  rate of  2.10  acre-feet per  year.   The 

sedimentation  rate is  based  on  typical soil loss  rates  for  cultivated  land  using  form  SCS-ENG-309  and  NEH Section  3,  

Chapter  8.   The service life of  the submerged  sediment pool was  determined  to  be approximately  90  years  based  on  an  

available storage volume of  166.0  acre-feet,  a submerged  sedimentation  rate of  1.83  acre-feet/ year,  and  the passage of  

five years  since  the bathymetric survey.  

Total Storage Capacity.   Based  on  the May  2013  bathymetric assessment performed  by  Princeton  Hydro,  the 

maximum  water  depth  of  Lake Luxembourg  was  25.5  feet with  a mean  depth  of  7.8  feet.  The total water  volume of  

Lake Luxembourg  was 1,364  acre-feet.   In  general,  the lake is  shallowest in  the northeastern  end,  in  the portion  of  

the lake east of  Woodbourne Road.   The lake increased  in  depth  moving  toward  the spillway,  where the maximum  

depth  of  25.5  feet was located.  

The bathymetric survey  conducted  by  Princeton  Hydro,  below  the normal pool elevation,  was  used  in  conjunction  

with  the publicly  available 2008  LiDAR  survey  data from  Pennsylvania Spatial Data Access  (PASDA),  above the 

normal pool elevation,  to  develop  a total stage-storage curve (bottom  of  pool to  top  of  dam)  reflecting  the current 

conditions,  using  the Surface-Volume tool in  ArcGIS.  The tool calculates the area  and  the volume of  a digital 

elevation  model (DEM)  surface above or  below  a given  reference  plane.  

To  supplement data from  the available as-built drawings,  Amec  Foster  Wheeler  conducted  a topographic field  survey  

of  the site in  October  2015.   The survey  included  one profile  along  the centerline of  the dam  crest, one profile of  the 

auxiliary  spillway  (inlet channel,  control section,  and  exit channel),  and  one profile through  the dam  embankment at 

the principal spillway.   Additional spot elevations  were collected  along  the upstream  and  downstream  faces of  the 

dam  embankment, auxiliary  spillway,  and  around  the outlet structure.   Survey  point elevations  were obtained  using  a 

survey  grade GPS receiver  with  an  OPUS solution.   From  the Amec  Foster  Wheeler  survey,  the lowest and  highest 

top  of  dam  elevations  are 118.07  feet NGVD29  and  120.51  feet NGVD29,  respectively.  

Flood  Storage Capacity.   The flood  storage capacity  was determined  by  evaluating  the storage capacity  above the 

normal pool elevation  of  102.5  feet NGVD29.   Based  on  this  evaluation,  the current detention  storage capacity  

(between  the auxiliary  spillway  crest elevation  and  the normal pool elevation)  is  2,183.6  acre-feet and  the surcharge 

storage capacity  (between  the design  top  of  dam  elevation  and  the auxiliary  spillway  crest  elevation)  is  

4,450.3  –  2,183.6  =  2,266.7  acre-feet.  The calculated  total storage capacity  up  to  the auxiliary  spillway  crest 

elevation  is  3,564.6  acre-feet.  
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Site Walk.   The Project Team  conducted  a site visit to  document the current conditions  of  Core Creek  Dam  on  

October  8,  2015.   The site visit included  a visual review  and  photographic documentation  of  the exposed  areas  of  the 

dam  and  associated  structures.  

Principal Spillway Video  Inspection.   The Project Team  conducted  a robotic Televideo  (TV)  inspection  of  the 

principal spillway,  embankment drains,  and  auxiliary  spillway  drain  as part of  the documentation  of  the current 

conditions  of  Core Creek  Dam  (PA-620)  on  October  27,  2015.   An  IBAK® Proteus  360° Camera crawler  was  

deployed  to  perform  the principal spillway  pipe inspection.   The crawler  was  inserted  into  the pipe outlet at the SAF 

stilling  basin  and  was  remotely  operated  to  crawl the length  of  the spillway  and  obtain  photographs  and  video.   The 

spillway  was  inspected  to  identify  any  deformities,  sags,  cracks,  or  other  items  of  note.  

Based  on  the visual  inspection,  the inlet and  outlet of  the principal spillway  pipe are functioning  as designed.   The 

riser  structure appears  to  have sufficient structural and  hydraulic integrity  to  perform  its  function.   The outlet pipe 

appears  to  be  in  good  condition,  with  no  indications  of  movement, significant cracks,  deterioration,  settlement, or  

erosion  observed.   The flow  of  water  in  the outlet pipe was  approximately  five-inches  deep  at the time of  inspection.  

The water  flowed  freely  through  the 60-inch  diameter  pipe to  the SAF stilling  basin  with  no  observable backup  or  

loss  through  the pipe.  

Toe Drain Video  Inspection.  A  TV inspection  of  the Core Creek  Dam  toe drains  was conducted  on  October  27,  2015.  

The objective of  the inspection  was to  document the current  condition  and  identify  any  potential issues of  the toe 

drains.   Amec  Foster  Wheeler  used  a VuTEK® Pipe Camera  to  perform  the inspection.   This  equipment provided  

video  inspection  by  manually  pushing  camera through  the 12-inch  diameter  toe drainpipe.   

Both  toe drains  (left and  right)  were flowing  at the time of  inspection  with  about two-inches  of  flow.   The discharge 

from  the left toe drain  was  constant and  clear  with  no  visible turbidity.   The left toe drain  pipe appeared  clear  with  

no  observed  blockages, pipe deformation,  or  deterioration.   The right toe drain  flow  appears  to  have some turbidity  

and  it was  subject to  some material buildup.   The fragments  we saw  seem  to  be algae  or  bacterial bloom  fragments  

floating  in  the water.   They  were flocked  together  and  seemed  to  be neutrally  buoyant.  The heavier  material could  

also  be chemical precipitates like calcite.   Some rust was  observed  along  in  both  toe drains; however,  the rust 

appeared  surficial and  there was no  observable deterioration.   Very  fine silt, likely  dust, has  settled  in  the bottom  of  

both  toe drains  in  between  the corrugations.   The silt can  be from  initial construction,  bits  of  rust, and  detritus  from  

previous  minor  algae  or  bacterial blooms.   No  significant sediment or  larger  particulates where observed.  

The SAF stilling  basin  eight-inch  diameter  weep  holes were  inspected  for  potential clogging.   The discharge from  the 

four  weep  holes appears  to  be constant and  clear  with  no  visible siltation.   Several attempts  were made to  reach  the 

second  90° bend  on  each  toe drain  to  be able to  observe the straight run  sections  along  the toe of  the embankment.  

The Project Team  was successful in  obtaining  observations  up  to  20  feet of  the left toe drain  and  up  to  26  feet of  the 

right toe drain.  

Due to  the difficulty  of  navigating  the pipe camera through  the 90° elbows,  we could  not observe the conditions  of  

more than  14  feet of  the left toe drain  (beyond  the first 90°) and  the conditions  of  more than  20  feet of  the right toe 

drain  (beyond  the first 90°).  

The principal spillway  RCP  was reported  to  be in  good  physical condition.   The observable lengths  of  both  toe 

drains  for  the dam  are in  good  physical condition.   The right  drain  appears  to  be  subject to  some bacterial blooms/silt 

build-up.  Periodic inspection  and  cleanout should  be performed.    

Embankment and  Foundation Geology.   An  abbreviated  geologic investigation  of  the existing  dam  embankment was 

conducted.   The geology  investigation  included  borings  on  the dam  embankment (2),  borings  in  the auxiliary  spillway  

(5),  collection  of  samples, and  testing.   The geology  of  the dam  and  foundation  are based  on  information  acquired  

from  the geology  investigation  and  the investigations  and  analyses conducted  during  the original design  of  the dam.  

Seismic Evaluation.  The Project Team  obtained  and  evaluated  existing  geologic,  geophysical, and  seismologic 

information  available and  prepare a seismotectonic evaluation  of  the area  to  determine that there are not “active”  or  
“capable” faults  at the site.   The study  included  an  assessment of  the suitability  of  existing  data to  evaluate 

definitively  the existence  of  faults  at the site.  
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Additionally,  the Project Team  obtained  a probabilistic seismic hazard  curve for  the site from  the USGS 

Earthquakes  Hazard  Program  and  based  the earthquake loading  on  an  annual exceedance  probability  of  1  X 10-4 

(e.g.,  a return  period  of  about 10,000  years  or  an  approximate probability  of  exceedance  in  50  years  of  0.5%).  

The USGS bases  the “U.S. Seismic Design  Maps” tool upon  the 2% probability  of  exceedance  in  50  years  (~2,500-year  

return).  We used  the USGS Geographic Deaggregation  Seismic Hazard  Program  (GDSH)  web  tool to  evaluate the 0.5% 

probability  of  exceedance  in  50  years  (i.e.,  ~10,000-year  return)  at the Core Creek  Dam  coordinates.  The GDSH tool 

provided  the Peak  Ground  Acceleration  (PGA)  of  0.328g  at the bedrock  “BC” boundary.   However,  the web  tool does 

not provide correction  of  the PGA  for  amplification  due to  the overburden  soil.   We estimated  the amplification  factor  

Fpga  for  the soil overburden  using  USGS Design  Maps  (USGS, 2015)  Detailed  Report web  tool for  a Site Soil 

Classification  “Site Class  C” (very  dense soil and  soft rock),  which  gave Fpga  = 1.20.   Therefore,  the corrected  peak  

ground  horizontal acceleration  is  PGAM = 0.394g.  

Slope Stability.   The Project Team  estimated  the slope stability  of  the existing  dam  by  numerically  modeling  a 

two-dimensional section  through  the embankment and  subgrade using  Geo-Slope International’s  Geo-Studio  2012  

software entitled  SLOPE/W  and  SEEP/W.   The soil strength  and  seepage properties  were obtained  from  the 1969  

design  report for  Core Creek  Dam.   

The Project Team  considered  four  general Conditions  to  evaluate the stability  of  the dam:  

•  Condition  1  –  the low  pool stage at the invert of  the inlet pipe to  evaluate end-of-construction  conditions  

(Not evaluated  due to  the age of  the dam).   

•  Condition  2  –  sudden  drawdown  form  the permanent pool to  the lowest ungated  stage.  

•  Condition  3  –  the flood  stage pool at the  crest of  the Auxiliary  Spillway.  

•  Condition  4  –  Pseudo‐ static Seismic analysis  at permanent  pool stage,  downstream  face using  horizontal 

seismic acceleration  of  PGAM  = 0.394g  for  the site.  

Condition  4  is  modified  from  the 2005  TR-60.   The Seismic and  Stability  Report provides a  summary  of  the TR-60 

stability  analysis  results  for  the cases analyzed.   Graphic outputs  were provided  for  each  stability  case as well as  the 

graphic output for  the simplified  seepage analysis.  

Additionally,  for  the 25  PA  Code §  105.97  (Pennsylvania Code,  2011)  criteria analyses, the Project Team  analyzed  

the following  four  general cases to  evaluate the stability  of  the dam.    

•  Case P1: Normal pool, Elevation  102.5  feet, with  steady‐ state seepage conditions.  

•  Case P2: Maximum  pool (crest of  dam)  (Elevation  118.0  feet NGVD29  per  as‐ built plans).  

•  Case P3: Sudden  Drawdown  from  permanent pool to  lowest ungated  discharge,  Elevation  102.5  feet to  

Elevation  89.0  feet (upstream  slope).  

•  Case P4: Pseudo‐ static Seismic analysis  at permanent pool stage,  Elevation  102.5  feet, downstream  face 

using  MCE horizontal seismic  acceleration  of  PGAm  = 0.114g  for  the 2,500-year  return  period.  

Because construction  of  the Core Creek  Dam  was  completed  46  years  ago  (1971),  the end-of-construction,  Case P5  

was  not evaluated.  

The Project Team  mapped  the location  of  two  M4+ earthquakes that occurred  since  1700  within  a 100-kilometer  

radius  of  the site.   Likewise,  two  faults,  approximately  3.9  km  south  southeast and  about 7.35  km  north-west of  the 

site were mapped.   As  there is  no  evidence  of  seismic activity  associated  with  these faults,  the Project Team  

considers  these faults  inactive and  incapable.   Using  USGS web  tools,  the 10,000-year  return  earthquake event to  

have a PGAM  = 0.394g  and  the 2,500-year  return  earthquake  event to  have a PGAM  = 0.144g  at Core Creek  Dam.  

Based  upon  the original design  soil parameters  and  current studies and  conservative assumed  conditions,  the 

seepage/stability  analyses  indicate that the dam  does not meets the current NRCS TR-60  slope stability  requirements  

for  pseudo-static (earthquake)  stability.   It does meet TR-60  slope stability  requirements  for  the flood  case and  for  

sudden  drawdown.   The dam  meets  the current 25  PA  Code §  105.97  standard  for  static and  earthquake stability  at 

normal  pool as  well as  for  the flood  case and  for  sudden  drawdown.  

The flattening  of  the downstream  slope is  required  to  meet TR-60  requirements.   Flattening  the downstream  slope to  

an  inclination  of  3.75-horizontal to  1.0-vertical (3.75:1)  to  create a sloping  buttress  and  creating  a keyway  extending  

down  to  bedrock  beneath  the toe of  the sloping  buttress  to  increase slope stability.   The keyway  extends  horizontally  
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about 36  feet downstream  from  the existing  toe-of-dam  and  down  to  bedrock,  about 10  feet beneath  the ground  

surface.   The toe of  the dam  is  shifted  about 50  feet downstream.   The material for  the buttress  and  keyway  in  the 

model consists  of  dense graded  shot rock  fill.  The proposed  buttress  material should  be checked  for  and  selected  for  

compatibility  with  the embankment soil in  accordance  with  filter  criteria.   A  filter  interval may  be needed  between  

the buttress  and  embankment soil.  

Downstream  Effects.   The existing  TR-20  Hydrologic Model for  the Neshaminy  Creek  Watershed  from  

Supplemental Watershed  Plan  No.  4  was imported  into  the NRCS WinTR-20  Hydrology  program  for  modeling  of  

downstream  discharges.  Information  on  the Core Creek  Dam  was updated  based  on  the completed  engineering  

studies  for  both  the existing  dam  and  a rehabilitated  dam  with  labyrinth  weir  auxiliary  spillway.   Computed  the 

hydrographs  above and  below  the junction  of  Neshaminy  and  Core Creek  for  use with  hydraulic modeling.  

The USACE  HEC-RAS version  5.03  hydraulic computer  model was used  to  analyze  the study  reach  of  Core Creek  

downstream  of  the Core Creek  Dam  and  the Neshaminy  Creek  above and  below  the junction.   The developed  

HEC-RAS model considered  two  scenarios  for  the 100-,  200-,  and  500-year  storm  events: 1)  Core Creek  Dam  as it 

exists  today  and,  2)  a rehabilitated  Core Creek  Dam.   Cross  sections  for  the HEC-RAS models were developed  using  

Pennsylvania 1-meter  DEM LiDAR  elevation  data and  supplemented  with  aerial imagery  collected  in  2013.   Stream  

centerlines were digitized  from  the available aerial photography.   Manning’s  n  values  were estimated  from  aerial 

photography  along  with  HEC-RAS User’s  Manual.   Bank  stations  were set based  on  LiDAR  data.   HEC-RAS results  

for  the 100-,  200-, and  500-year  flood  events  were mapped  based  on  the elevation  data from  the LiDAR  1-meter  DEM.   

The results  of  hydraulic study  indicated  that the downstream  impact of  both  the existing  Core Creek  Dam  and  

proposed  rehabilitation  are essentially  the same,  with  no  measurable impact to  Neshaminy  Creek  and  the flood  area  

directly  downstream  from  the Core Creek  Dam.    

Alternative Formulation.  The Project Team  completed  a conceptual/preliminary  engineering  analysis  to  determine 

the alternatives  to  be evaluated  in  detail.   The alternatives considered  included  the following:  

Alternative 1  - Future Without  Federal Project (FWOP)  (No  Action)  –  The FWOP  Alternative was identified  in  

coordination  with  NRCS and  the Sponsor  and  is  also  known  as the No  Action  Alternative.   The FWOP  Alternative 

is  a minimum  level Sponsor  breach  of  the dam,  as  directed  by  PADEP.  According  to  the National Watershed  

Program  Handbook,  FWOP  is  based  on  the course of  action  that the Sponsor  is  most likely  to  take in  the event that 

no  federally-financed  rehabilitation  works  were to  be undertaken.    

Alternative 2  -Rehabilitation  to  Current High  Hazard  Class  Dam  Standards  –  Multiple rehabilitation  options  were 

considered  during  the engineering  analysis  and  eliminated  from  detailed  evaluation  in  consultation  with  the Sponsor.   

The rehabilitation  options  considered  modifications  to  the auxiliary  spillway,  dam  crest and/or  principal spillway  to  

upgrade the dam  to  Current NRCS High  Hazard  Class  criteria.   Changes  included  widening  and  raising  the auxiliary  

spillway,  raising  the crest elevation,  modifying  the principal spillway,  armoring  the spillway  and  combinations  

thereof.   Alternatives  to  convert water  supply  storage to  flood  storage and/or  sediment storage were considered,  but 

not moved  forward  due to  not meeting  the purpose and  need  of  the Sponsor.   All the rehabilitation  options  include 

extending  the design  life of  the project an  additional 85 years  and  upgrading  the internal drainage controls  in  the 

dam.   The preferred  rehabilitation  option,  for  detailed  evaluation,  was  selected  based  on  effectiveness,  efficiency,  

constructability,  and  compatibility  with  the purpose and  need  for  the project.  

The Project Team  formulated  a matrix  of  dam  features,  deficiencies and  potential solutions  to  explore options  for  

dam  rehabilitation.   Options  were evaluated  in  consultation  with  the Bucks  County  Commissioners  and  based  on  

effectiveness,  efficiency,  constructability  and  compatibility  with  the purpose and  need  for  the project.  Rehabilitation  

options  considered  but dismissed  from  further  evaluation  included  the following:  

1.  Widen  the auxiliary  spillway  to  1,200  feet and  raise the control section  crest to  Elevation  113.2  feet, while 

maintaining  the design  dam  crest at Elevation  118.0  feet.  Dismissed  from  further  evaluation  due to  higher  cost 

and  social disruption.  

 

2.  Raise the dam  embankment crest to  Elevation  120.5  feet, while maintaining  the existing  width  of  the auxiliary  

spillway  and  raising  the control section  crest to  Elevation  113.2  feet.  Dismissed  from  further  evaluation  due to  

higher  cost,  from  upstream  property  easements,  relocations,  and  floodproofing.  
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3.  Widen  the auxiliary  spillway  to  800  feet and  raise the control section  crest to  Elevation  113.2  feet, while raising  

the dam  crest to  Elevation  119.2  feet.  Dismissed  from  further  evaluation  due to  higher  cost and  social disruption.  

 

4.  Replace  the principal spillway  conduit with  a new  108-inch  diameter  reinforced  concrete pipe conduit. 

Construct a new  concrete intake structure with  a total weir  length  of  80  feet at the existing  normal pool at 

Elevation  102.5  feet.  Lower  the existing  auxiliary  spillway  crest to  Elevation  110.5  feet while maintaining  the 

dam  crest at Elevation  118.0  feet.  Dismissed  from  further  evaluation  due to  higher  cost and  reduction  in  

downstream  flood  protection.  

 

6.  Fill the existing  auxiliary  spillway  with  an  earthen  embankment. Excavate a portion  of  the dam  crest (Elevation  

118.0  feet)  to  create a new  auxiliary  spillway,  armored  with  roller  compacted  concrete,  at Elevation  108.7  feet.  

Construct a concrete labyrinth  weir  with  a crest at Elevation  112.9  feet and  a crest height of  4.2  feet. Apply  

roller  compacted  concrete armoring  to  the downstream  face of  the embankment and  a portion  of  the valley  floor  

to  protect against erosion  during  overtopping  events.   Dismissed  from  further  evaluation  due to  higher  cost.  

 

7.  Lower  the auxiliary  spillway  surface and  install Fusegate® with  a crest Elevation  of  112.9  feet and  a crest 

height of  4.20  feet, while maintaining  the dam  crest at Elevation  118.0  feet.  Dismissed  from  further  evaluation  

due to  higher  cost and  higher  operation  costs.  

The selected  rehabilitation  alternative for  further  evaluation  in  consultation  with  the Sponsor  would  upgrade the dam  

to  Current NRCS High  Hazard  Class  criteria.   It would  include:  

5.  A  concrete labyrinth  weir  spillway  with  a crest elevation  of  112.90  feet, and  a weir  height of  4.2  feet will allow  

for  the passage of  required  FBH discharge,  while maintaining  the existing  spillway  width  of  550  feet.  This  design  

will have the capacity  to  contain  the full 24-hour  100-year  rainfall event with  a maximum  WSEL  of  112.78  feet 

without activating  the auxiliary  spillway,  and  pass  the FBH without having  to  widen  the existing  auxiliary  

spillway  footprint.  The estimated  FBH maximum  water  surface elevation  is  estimated  to  be 116.75  feet, which  is  

approximately  1.75  feet below  the design  settled  dam  crest elevation  of  118.00  feet.  

Alternative 3  -Dam  Decommissioning  with  Nonstructural and  Other  Measures  –  The Decommissioning  Alternative 

was  formulated  to  restore the stream  by  reconnecting  the upstream  and  downstream  channel in  a non-erosive manner  

and  restoring  the stream/river.   The entire  dam  embankment would  be excavated  to  allow  normal flows  and  up  to  

100-year  flood  flows  through  the site in  a non-erosive manner.   Accumulated  sediment would  not be removed.   

The Decommission  Alternative was developed  in  consideration  of  guidance  in  NRCS National Engineering  Handbook,  

Part 653,  Stream  Corridor  Restoration: Principles, Processes, and  Practices.  The Decommissioning  Alternative would  

eliminate flood  storage and  protection  provided  by  the dam,  which  could  possibly  expose downstream  properties  to  an  

increased  risk  of  flooding,  property  damage,  and  loss  of  life.   As  a result, the Decommissioning  Alternative alone would  

not meet the objective to  maintain  the downstream  flood  damage reductions  provided  by  the existing  project.  To  meet 

this  objective,  the decommissioning  alternative would  have to  be supplemented  by  other  measures such  as 

floodproofing  or  relocation  of  342  structures (58  Commercial and  284  Residential)  located  within  the 100-yr  floodplain.   

The number  of  structures was  estimated  based  on  the Zone A  100-year  floodplain  of  Neshaminy  Creek  from  the 

junction  with  Core Creek  to  the Delaware River.   The mapping  was  superimposed  on  the aerial imagery  of  the 

downstream  areas.   Based  on  the HEC-RAS modeling,  there were not structures found  to  be within  the 100-yr  

floodplain  between  Core Creek  Dam  and  the junction  with  Neshaminy  Creek.   No  critical  structures were found  to  be 

within  the 500-year  floodplain  of  Core Creek  below  the dam.  

Floodproofing  of  the structures  does not cause the same social disruption  as acquisition/relocation  of  the structures 

and  elevation  of  the structures  is  estimated  to  be less  costly  than  acquisition/demolition.   Therefore,  floodproofing  

was  used  to  supplement the decommissioning  alternative.  Floodproofing  would  likely  require elevating  of  the 

structures above the 100-year  flood  elevation  to  protect the structures  from  inundation  and  hydrodynamic loading  

associated  with  the flood  wave.  
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Alternative 4 -Acquisition/Relocation of At-Risk Structures and Other Non-Stmctural Measures (Floodproofing in 
the Inundation Areas) - These alternatives were fonnulated to remove the downstream hazard and allows the Core 
Creek Dam to be reclassified as a Low Hazard Class dam. Land use restrictions were considered to prevent future 
upgrades to High Hazard Class dam due to dov.'Il.stream development within the breach inundation area. The threat 
to human life from sudden dam failure would be reduced by relocating the residential and commercial structures and 
raising and/or relocating the roadways within the potential breach inundation. 

Cost Estimates. The Project Team prepared predictions of probable costs for all rehabilitation options. The 
predictions of probable costs are intended for comparing the options. Unless othe1wise noted predictions of 
probable costs were prepared using the RS Means method for engineering cost estimation. Comparison of costs to 
the rehabilitation option selected for detailed study is shown in the table below. 

Existing Option Option Option Option Option Option Option 
Feature Condition 1 2 3 4 5 6 7 

Estimated Percent of Least NIA 655% 123% 226% 144% 100% 203% 156% 
Cost Alternative 
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Appendix E  

OTHER SUPPORTING INFORMATION  
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Other 

SOLE SOURCE AQU FER - No 

effect 

REGIONAL WATER RESOURCE 

PLANS - A controlled breach of 

Core Creek Dam would result in 

the draining of Lake Luxembourg. 

This would have implications to 

both the Revised Restoration 

Management Plan for Lake 

Luxembourg and to the 

Neshaminy Creek Stormwater 

Management Plan that would 

require these plans to be revisited 

and updated. 

Removing the dam may improve 

water quality in Core Creek by 

eliminating Lake Luxembourg and 

increasing the vegetated riparian 

buffer, which will reduce solar 

exposure to the stream and 

prevent excessive increases in 

water temperature and reductions 

in dissolved oxygen. 

SOLE SOURCE AQU FER - No 

effect 

REGIONAL WATER RESOURCE 

PLANS - Improvements to the 

dam would result in positive effects 

which may need to be reflected in 

an update to the Neshaminy Creek 

Stormwater Management Plan. t 

is anticipated that the effect of 

Alternative 1 will more effectively 

control the 100-year design storm 

when the watershed achieves the 

build-out condition. 

Improvements to the dam will likely 

have no impacts on water quality 

in Lake Luxembourg in Core 

Creek. 

NOT 

meet 

PC 

NOT 

meet 

PC 

SOLE SOURCE AQU FER-

Core Creek Dam is not 

located in an area with an 

underlying Sole Source 

Aquifer. 

REGIONAL WATER 

RESOURCE PLANS- The 

Revised Restoration 

Management Plan for Lake 

Luxembourg/Core Creek 

Watershed, Core Creek Park 

was issued by the Bucks 

County Conservation District 

in March 2005. It provides 

recommendations for 

addressing TMDL pollutants. 

Delaware River Basin 

Commission (DRBC) 

developed several water 

management plans for the 

portions of the basin in which 

the Core Creek watershed 

lies. These plans include the 

Water Resources Plan for the 

Delaware River Basin (2004), 

the DRBC Comprehensive 

Plan (2001), the Pollutant 

Minimization Plan (2005). 

PA Dept. of Environmental 

Protection (PADEP) updated 

the Neshaminy Creek 

Watershed Restoration Action 

Strategy in 2004 with a 

summary of restoration needs 

that could be applied 

regionally across the 

watershed to address sources 

of stream impairment. 

Core Creek is subject to the 

Neshaminy Creek Act 167 

Stormwater Management 

Plan. 

PADEP administers the 

Southeast Regional Coastal 

Nonpoint Pollution Program 

Management Area on the 

behalf of National Oceanic & 

Atmospheric Administration 

(NOAA) to provide grants 

promoting coastal program 

policies. 

When the Act 167 Plan is updated, 

the impact on downstream flow 

rates should be assessed through 

the watershed model. Flow rates 

up to and including the 100-year 

storm event will increase, 

negatively impacting the Act 167 

Stormwater Management Plan. 

Entities eligible to receive Coastal 

Zone funds for projects within the 

Coastal Non-Point Pollution 

Boundary could apply for grants to 

reduce non-point sources of 

pollution within the riparian area 

along Core Creek. 

When the Act 167 Plan is updated, 

the impact on downstream flow 

rates should be assessed through 

the watershed model. There will 

be no change to flow rates up to 

and including the 100-year storm 

event. No change is anticipated to 

the Act 167 Stormwater 

Management Plan. 

Entities eligible to receive Coastal 

Zone funds for projects within the 

Coastal Non-Point Pollution 

Boundary could apply for grants to 

reduce non-point sources of 

pollution within the riparian area 

along Core Creek. 

NRCS-CPA-52,  April  2013 
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	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  D.1  INTRODUCTION  This  Appendix  provides supplementary  information  regarding  the investigations  and  analyses conducted  for  the project.   The administrative record  contains  additional information  relevant to  each  of  the sections  in  this  Appendix.  D.2  EXISTING  DATA  NRCS provided  the following  existing  data from  its  archived  files  to  the Project Team:  ▪ A
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  D.4  ECONOMIC AND  SOCIAL  EFFECTS  Service  Life.   The limiting  factor  for  the anticipated  service life of  the rehabilitated  structure is  functional life of  the principal spillway  and  auxiliary  spillway  structures.  The anticipated  life of  the remaining  sediment pool is approximately  85 years  at the expected  sedimentation  rate.   This  supports  a project service 
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  D.4  ECONOMIC AND  SOCIAL  EFFECTS  Service  Life.   The limiting  factor  for  the anticipated  service life of  the rehabilitated  structure is  functional life of  the principal spillway  and  auxiliary  spillway  structures.  The anticipated  life of  the remaining  sediment pool is approximately  85 years  at the expected  sedimentation  rate.   This  supports  a project service 

	Core Creek Dam (PA~20), Neshaminy Creek Watershed Supplemental Watershed Wort< Plan No.10 and Environmental Evaluation 
	Core Creek Dam (PA~20), Neshaminy Creek Watershed Supplemental Watershed Wort< Plan No.10 and Environmental Evaluation 
	Floodwater Observed Floodplain Development 11 Retarding Structure 2000 2013 2000 2013 (Sq. Ft.) (Sq. Ft.) (Acres) (Acres) PA-620 20,328,917 20,365,696 466.7 467.5 1' Land use changes to development are insignificant. 
	It is not anticipated that there will be any significant changes in the future to the land uses in the benefit area downstream from the Core Creek Dam. It appears that the cmTent land usage may be the build-out for the area below the dam. Economic Index. P&G section l.7.2(a)(4)(ii) and 2.l.l(b)(2) allows abbreviated procedw-es to evaluate project benefits. Consequently, indexing will be used instead ofhydrologic and economic evaluation for updating the benefits for those areas where no substantial land use 
	Benefit Item Index 1999 Base 2018 Index from Value 1999 Floodwater Damage Urban Consumer Price Index 166.60 246.819 1.48 Am cultural Prices received bv fanuers 95.00 157 1.65 Recreation Consumer Price Index 166.60 246.819 1.48 Municipal Water Supply Consumer Price Index 166.60 246.819 1.48 
	NED Analysis. The P&G was used to determine the NED Altemative. This altemative is defined as that which maximizes the net benefits consistent with protecting the Nation's environment. The economic evaluation was perfo1med in accordance with Chapter 2, Section 4 of the P&G and the NRCS National Watershed Progrrun Manual (Parts 501.11 A(2); 501.12 C; 505.35 B (1) (iii)-(1 V); 505.35 E-F). D.5 ENGINEERING Surveys. To supplement data from available as-built drawings, the Project Team conducted a topographic fi
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  The bathymetric and  sediment  survey  of  the permanent pool area  was performed  in  May  2013  by  Princeton  Hydro,  LLC  in  NAVD 88  vertical datum.  Review  and  results  of  this  survey  are provided  in  the Sediment Survey  &  Storage Elevation  Memorandum.  Breach Inundation Study.   The breach  analysis  used  in  this  plan  was  provided  by  the PADEP,  Division  of  D
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	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  •  NOAA  Atlas  14,  Volume 2  (Ohio  River  Basin  and  Surrounding  States)  –  Provides rainfall depth-duration-frequency  data for  13  Mid-Atlantic and  central states.   The data can  be accessed  online at http://hdsc.nws noaa.gov/hdsc/pfds/  Rainfall depth  from  the above-mentioned  sources  was  used  to  develop  design  hydrographs  and  evaluate the principal spillway  ca
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  Based  on  the Princeton  Hydro’s  survey,  the entire  lake,  including  the portion  of  the lake east of  Woodbourne Road,  had  approximately  190,000  cubic yards  (118  acre-feet)  of  unconsolidated  material below  normal pool (submerged  sediment)  in  2013,  with  approximately  8.6% of  the lake being  filled  in.   The submerged  sediment volume was  lower  than  the 50-ye
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  Site Walk.   The Project Team  conducted  a site visit to  document the current conditions  of  Core Creek  Dam  on  October  8,  2015.   The site visit included  a visual review  and  photographic documentation  of  the exposed  areas  of  the dam  and  associated  structures.  Principal Spillway Video  Inspection.   The Project Team  conducted  a robotic Televideo  (TV)  inspection 
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  Additionally,  the Project Team  obtained  a probabilistic seismic hazard  curve for  the site from  the USGS Earthquakes  Hazard  Program  and  based  the earthquake loading  on  an  annual exceedance  probability  of  1  X 10-4 (e.g.,  a return  period  of  about 10,000  years  or  an  approximate probability  of  exceedance  in  50  years  of  0.5%).  The USGS bases  the “U.S. Seis
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  about 36  feet downstream  from  the existing  toe-of-dam  and  down  to  bedrock,  about 10  feet beneath  the ground  surface.   The toe of  the dam  is  shifted  about 50  feet downstream.   The material for  the buttress  and  keyway  in  the model consists  of  dense graded  shot rock  fill.  The proposed  buttress  material should  be checked  for  and  selected  for  compatibil
	Core Creek Dam (PA-620), Neshaminy Creek  Watershed  Supplemental  Watershed  Work Plan No.10  and Environmental Evaluation  3.  Widen  the auxiliary  spillway  to  800  feet and  raise the control section  crest to  Elevation  113.2  feet, while raising  the dam  crest to  Elevation  119.2  feet.  Dismissed  from  further  evaluation  due to  higher  cost and  social disruption.   4.  Replace  the principal spillway  conduit with  a new  108-inch  diameter  reinforced  concrete pipe conduit. Construct a ne
	Core Creek Dam (PA~20), Neshaminy Creek Watershed Supplemental Watershed Wort< Plan No.10 and Environmental Evaluation Alternative 4 -Acquisition/Relocation of At-Risk Structures and Other Non-Stmctural Measures (Floodproofing in the Inundation Areas) -These alternatives were fonnulated to remove the downstream hazard and allows the Core Creek Dam to be reclassified as a Low Hazard Class dam. Land use restrictions were considered to prevent future upgrades to High Hazard Class dam due to dov.'Il.stream deve
	Existing Option Option Option Option Option Option Option Feature Condition 1 2 3 4 5 6 7 Estimated Percent of Least NIA 655% 123% 226% 144% 100% 203% 156% Cost Alternative 
	Core Creek Dam (PA-620), Neshaminy Creek Watershed Supplemental Watershed Work Plan No.10 and Environmental Evaluation 
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