
Mayor and Council
Executive Session, Special Session (4th Voting Session) and

Executive Session
February 11, 2025

Agenda
"The City of Hagerstown will inspire an inclusive, business-friendly, and sustainable community with clean,

safe, and vibrant neighborhoods."
"The City of Hagerstown shall be a community focused municipality"

The agenda and meeting packet is available at www.hagerstownmd.org/government/agenda
"Leave nothing for tomorrow which can be done today" – President Abraham Lincoln

EXECUTIVE SESSION

3:00 PM 1. EXECUTIVE SESSION – Council Chamber, 2nd floor, City Hall
3:00 PM 2. The Mayor and Council will meet in Open Session only for the purpose of voting to

close its meeting to discuss matters that the Open Meetings Act permits it to discuss
in Executive/Closed Session.

4:00 PM SPECIAL SESSION

4:00 PM 1. Approval of the Purchase of Tuition for Nineteen (19) Cadets to Attend the Washington
County Police Academy

4:00 PM 2. Approval of the Purchase of Flock Safety Platform LPR’s
3. Approval of a Memorandum of Understanding with the Washington County Forensic       

Response Team (FRT)

4:00 PM WORK SESSION

4:10 PM 1. Request for Lights at Wheaton Park – Scott Myers, Fellowship of Christian Athletes
4:20 PM 2. Hagerstown Sister City – Mike Keifer, Liaison with Hagerstown, Indiana
4:30 PM 3. Pangborn Park Fishing Discussion - Eric Deike, Director of Public Works
4:50 PM 4. AFSCME Local 3373 Labor Contract Tentative Agreement – Donald Francis, HR

Director
5:00 PM 5. Edgemont Reservoir - Nancy Hausrath, Director of Utilities
5:20 PM 6. Water/Wastewater Rate Model Update -  Nancy Hausrath, Director of Utilities
5:40 PM 7. State Revolving Fund (SRF) for Maryland Department of the Environment (MDE)           

Water/Wastewater – Nancy Hausrath, Director of Utilities

CITY ADMINISTRATOR'S COMMENTS

MAYOR AND COUNCIL COMMENTS

ADJOURN



REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
EXECUTIVE SESSION – Council Chamber, 2nd floor, City Hall

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description
February_4__2025_Executive_Session.pdf Executive Session Agenda



 

 

 

*AUTHORITY: Annotated Code of Maryland, General Provisions Article:  Section 3-305(b) 

(Subsection is noted in parentheses) 
 

 

City Hall • Council Chamber • 1 East Franklin Street • Hagerstown, MD  21740  

 301.739.8577, Ext. 113 • Telephone for the Hearing Impaired 301.797.6617 

 

 

MAYOR AND CITY COUNCIL 

EXECUTIVE SESSION 

FEBRUARY 4, 2025 

AGENDA 
   

Vision Statement: 

The City of Hagerstown will inspire an inclusive, business-friendly, and sustainable community with clean, safe and 

vibrant neighborhoods.” 
 

Mission Statement: 

“The City of Hagerstown shall be a community focused municipality.” 

 
                      

The agenda and meeting packet is available at www.hagerstownmd.org/government/agenda  

***************************************************************************************************** 

 

3:30 p.m.  EXECUTIVE SESSION 

 

1. To consider the investment of public funds; (#5) 

 

* Loan Repayment Offer 

 

2. To consider a matter that concerns the proposal for a business or  

industrial organization to locate, expand, or remain in the State; (#4) 

 

* Business Proposal 

 

3.  To conduct collective bargaining negotiations or consider matters that relate to the  

 negotiations; (#9) 

 

* Local AFSCME 3373 Contract Negotiations  

 
 

  

 

 

http://www.hagerstownmd.org/government/agenda


 

 

 

EXECUTIVE SESSION AGENDA 

City Hall • Council Chamber • 1 East Franklin Street • Hagerstown, MD  21740  

 301.739.8577, Ext. 113 • Telephone for the Hearing Impaired 301.797.6617 

 

CITY OF HAGERSTOWN, MARYLAND 
 

PUBLIC BODY:    Mayor & City Council                       DATE:                          February 4, 2025                                                              

PLACE:  Council Chamber, 2nd floor, City Hall               TIME:                                         3:30 p.m.                                                                                                
 

AUTHORITY:  ANNOTATED CODE OF MARYLAND, GENERAL PROVISIONS ARTICLE:  Section 3-305(b): 

   1. To discuss: 

[   ]  (i) the appointment, employment, assignment, promotion, discipline, 

demotion, compensation, removal, resignation or performance 

evaluation of appointees, employees, or officials over whom it has 

jurisdiction; or 

[   ]  (ii) any other personnel matter that affects one or more specific individuals; 

 

[   ]   2. To protect the privacy or reputation of individuals with respect to a matter that is not 

related to public business; 

 

[   ]   3. To consider the acquisition of real property for a public purpose and matters directly 

related thereto; 

 

[X]   4. To consider a matter that concerns the proposal for a business or industrial organization 

to locate, expand, or remain in the State; 

 

[X]   5. To consider the investment of public funds; 

 

[   ]   6. To consider the marketing of public securities; 

 

[   ]    7. To consult with counsel to obtain legal advice; 

 

[   ]      8. To consult with staff, consultants, or other individuals about pending or potential  

litigation; 

 

[X]   9. To conduct collective bargaining negotiations or consider matters that relate to the 

negotiations; 

 

[   ]  10. To discuss public security, if the public body determines that public discussions would 

constitute a risk to the public or public security, including: 

      (i) the deployment of fire and police services and staff; and 

 (ii)  the development and implementation of emergency plans; 

 

[   ]  11. To prepare, administer or grade a scholastic, licensing, or qualifying examination; 

 

[   ]  12. To conduct or discuss an investigative proceeding on actual or possible criminal 

conduct; or 

 

[   ]  13. To comply with a specific constitutional, statutory, or judicially imposed requirement 

that prevents public disclosures about a particular proceeding or matter; or 

 

[   ] 14. Before a contract is awarded or bids are opened, discuss a matter directly related to a 

negotiation strategy or the contents of a bid or proposal, if public discussion or 

disclosure would adversely impact the ability of the public body to participate in the 

competitive bidding or proposal process. 

 

[   ]       15.        Administrative Function 



REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
The Mayor and Council will meet in Open Session only for the purpose of voting to
close its meeting to discuss matters that the Open Meetings Act permits it to discuss in
Executive/Closed Session.

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:



REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Approval of the Purchase of Tuition for Nineteen (19) Cadets to Attend the Washington County
Police Academy

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description

Motion_WC_Police_Academy_Tuition_for_19_Cadets.pdf MOTION: WC Police
Academy Tuition 19 Cadets

CONSENT_FORM_-_WCPA.pdf CONSENT FORM
INVOICE_-_WCPA.pdf INVOICE





















REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Approval of the Purchase of Flock Safety Platform LPR’s

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description
CONSENT_FORM_-_FLOCK_GROUP.pdf CONSENT FORM
QUOTE_-_FLOCK_GROUP.pdf QUOTE
SOLE_SOURCE_-_FLOCK_GROUP.pdf SOLE SOURCE LETTER





















REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Approval of a Memorandum of Understanding with the Washington County Forensic       
Response Team (FRT)

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description
MOU_-_FORENSIC_RESPONSE_TEAM.pdf Motion: FRT





































REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Request for Lights at Wheaton Park – Scott Myers, Fellowship of Christian Athletes

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:



REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Hagerstown Sister City – Mike Keifer, Liaison with Hagerstown, Indiana

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:



REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Pangborn Park Fishing Discussion - Eric Deike, Director of Public Works

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description

Pangborn_Park_Fishing_Council_Packet.pdf Pangborn Park Fishing
Discussion

PangbornParkPond_LetterofSupport_MDNR.pdf Letter Support: Md Dept
Natl Resources

Pangborn_Pond_Letter_BHCWG.pdf Letter Support: Big Hunting
Group
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REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
AFSCME Local 3373 Labor Contract Tentative Agreement – Donald Francis, HR Director

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description
AFSCME_Local_3373_Labor_Contract_-
_Tentative_Agreement.pdf

MEMO: AFSCME Local
3373 Tent Agree















REQUIRED MOTION
MAYOR AND CITY COUNCIL
HAGERSTOWN, MARYLAND

Topic:
Edgemont Reservoir - Nancy Hausrath, Director of Utilities

Mayor and City Council Action Required:

Discussion:

Financial Impact:

Recommendation:

Motion:

Action Dates:

ATTACHMENTS:
File Name Description

MEMO_EDGEMONT_DISCUSSION_02112025.pdf MEMO EDGEMONT
RESERVOIR

EDGEMONT_SPILLWAY__STUDY_FINAL_RPT_2016.pdf SPILLWAY
EVALUATION 2016

EDGEMONT_RESERVOIR_PMP_EVALUATION_DRAFT_2019.pdf 2019 PMP REPORT
WARNER_HOLLOW_DAM-
EDGEMONT_2019_PROJECT_ESTIMATE.pdf 2019 MEMO

PLAN_VIEW_1991_EDGEMONT_DRAWING.pdf 1991 PLAN VIEW
DRAWING

PLAN_VIEW_PRELIMINARY_DRAWINGS.pdf PRELIMINARY
DESIGN PLAN VIEW



CITY OF HAGERSTOWN, MARYLAND 
 

Utilities Department  
1 Clean Water Circle • Hagerstown, MD 21740 

Telephone: 301-739-8577, ext. 650 
Website:  www.hagerstownmd.org     

 

 
 

February 5, 2025 
 

 
To: Scott Nicewarner, City Administrator 
 
From: Nancy Hausrath, Director of Utilities 
 Tyler Puffenberger, Deputy Director of Utilities 
 
Action: Discussion – Edgemont Reservoir 
 
 
At the direction of the Mayor and City Council, staff met with Hazen and Sawyer to discuss the Edgemont 
Reservoir Project and the water appropriation permit to enable the City to use the reservoir as the source water for 
the Breichner Plant. I attached the memo from August 2019 because there has not been significant change.  
 
The most positive update is that Maryland Department of the Environment (MDE) has received the Final Draft of 
the Statewide Probable Maximum Precipitation (PMP)Study Report. Hazen and Sawyer are assisting with the 
review to include possible changes associated with climate change/climate resiliency. As a reminder, the City has 
completed three (3) PMP Evaluations using Maryland, Pennsylvania, and Virginia planning and design criteria. 
Included with this memo is the 2019 PMP Study and the 2016 Geotechnical Study.  
 
In conversation with Hazen and Sawyer, they indicated they did not expect the new Maryland Study to 
significantly impact the current preliminary design (plan view is attached). I find it helpful to compare the 
proposed design with the design from the 1991 reservoir improvements – the plan view drawing of the earther 
dam and emergency spillway is attached for comparison.  
 
Staff have been working with MDE since 2018 on the development of appropriation based on historical climate 
data. The most recent appropriation permit application requested average daily appropriation of 2.75MGD with a 
maximum withdraw of 4.8MGD. The current appropriation 0.7MGD daily average and 4.8MGD maximum 
withdraw. is MDE will require the City to maintain Maryland Method Flow-by at all times – this work is 
incomplete at this time but could be as high as 2.2cfs (current flow-by is 0.2cfs). It is important to note that Raven 
Rock is a cold water fishery and there is concern for thermal pollution associated with the dam naturally spilling 
during the summer months.  
 
Staff submitted a new funding application as requested by MDE for the Edgemont work. The application was 
submitted in January 2025 with a total funding request of $34,100,000. Included in this application is $4,100,000 
local share for engineering services (study, design, bidding, and construction management) and $3,000,000 
construction contingency. Construction estimate is $27,000,000.  
 
Staff will be available to discuss work completed and answer questions.  
 
 
 
 
 

http://www.hagerstownmd.org/


Report of
Geotechnical Exploration

Edgemont Reservoir
Spillway Floor and Toe Seepage Near MW-5

Washington County, Maryland

Triad Project No. 03-06-0643

Prepared For:

City of Hagerstown Utilities
Department – Water Division
51 West Memorial Boulevard
Hagerstown, Maryland 21740

Prepared by:

1075-D Sherman Avenue
Hagerstown, Maryland 21740

www.triadeng.com

January 11, 2016

TRIAD Listens, Designs & Delivers



January 11

Ms. Nancy Hausrath
City of Hagerstown Utilities
Department
51 West Memorial Boulevard
Hagerstown, Maryland 21740

RE: Report of Geotechnical Exploration
Edgemont Reservoir
Spillway Floor and Toe Seepage Near MW
Washington County
Triad Project No.

Dear Ms.

In accordance with your request, we have completed a geotechnical exploration
Reservoir
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Edgemont Reservoir
Spillway Floor and Toe Seepage Near MW-5

Washington County, Maryland
Triad Project No. 03-06-0643

FOREWORD

This report has been prepared for the exclusive use of the City of Hagerstown for
specific application to the Edgemont Reservoir in Washington County, Maryland. The
work has been performed in accordance with generally accepted geotechnical
engineering practices. No other warranty, expressed or implied, is made.

Please note that Triad is not responsible for any claims, damages or liability associated
with any other party’s interpretation of the data or re-use of these data or engineering
analyses without the express written authorization of Triad. Additionally, this report
must be read in its entirety. Individual sections of this report may cause the reader to
draw incorrect conclusions if considered in isolation from each other.

The conclusions and recommendations contained in this report are based, in part, upon
our field observations and data obtained from the field exploration at the site. The
nature and extent of variations may not become evident until construction. If variations
then appear evident, it may be necessary to re-evaluate the recommendations
presented herein. Similarly, in the event that any changes in the nature, design, or
location of the facilities are planned, the conclusions and recommendations contained
herein shall not be considered valid unless the changes are reviewed and the
conclusions are modified or verified in writing by Triad.

PROJECT PURPOSE AND SCOPE

Seepage in the vicinity of MW-5 was first discovered in early 2014. Since this seepage
was discovered, a drain pipe was installed to observe the seepage and quantify the flow
rate and has been continuously monitored by Triad and the City since its discovery. In
order to further explore the cause and extent of the observed seepage near MW-5,
additional geophysical survey work, test borings, installation of new monitoring wells
and further monitoring of the seepage and groundwater elevations has been performed.
The additional exploration was performed to aid in the determination of the most
appropriate remedial action for the observed seepage. As part of the exploration, Triad
has also reviewed all past documentation associated with the seepage to include a
report titled “Edgemont Reservoir Investigation of Leakage with Remedial Grouting”,
dated November 1968, prepared by Whitman Requardt and Associations, a report titled
“Edgemont Dam (Ogee-Weir) Geophysical Survey”, dated May, 1995, prepared by
Whitman, Requardt and Associates, correspondence from MDE and the detailed
geotechnical exploration performed by Triad, dated February 2, 2009.

Two distinct areas of the spillway have shown signs of distress, including cracking and
settlement. These two locations have also been monitored routinely since they were
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first observed. In order to further explore the observed cracking within the spillway floor,
the observed spillway retaining wall movement and the seepage under the spillway floor
Triad performed 3 concrete cores within the spillway floor within areas of obvious
distress and adjacent to the existing retaining wall and performed Wildcat penetrometer
testing. A ground penetrating radar (GPR) scan to locate rebar as well as to image any
potential voids or seepage paths was also performed. The exploration scope was
performed to aid in the determination of the most appropriate remedial action for the
spillway seepage, observed spillway floor cracking and the observed retaining wall
movement.

Based on the most recent annual inspection performed by MDE on May 19, 2015, the
current condition of the dam is considered unacceptable due to ongoing seepage
problems at the right abutment and under the spillway. In summary, The Edgemont
Reservoir is classified as a High Hazard Dam meaning that failure of the dam could lead
to catastrophic damage and loss of life. Based on the current EAP and detailed breach
analysis completed in October 2015, a total of 77 property owners would be affected if a
failure of the embankment would occurred. In addition, 13 bridge/culvert type structures
and up to 8 miles of roadway would be inundated during a breach. Any structural
damage to the railroad bridge could result in a long-term delay of the railroad track use.
The following sections of this report will evaluate and determine the most appropriate
remedial action to restore the embankment to a condition acceptable to MDE.

FIELD EXPLORATION

Spillway Floor

The first phase of our exploration consisted of a Ground Penetrating Radar (GPR) scan
of the spillway floor within areas to be evaluated to delineate the approximate location of
the existing reinforcement steel. The GPR scan identified reinforcement steel within the
top portion of the slab. The GPR scan indicated that reinforcement steel was spaced
approximately 12 inches on center each way. The GPR reflects the first object
identified, as a result scanning past the rebar was not possible. Due to the size of the
reinforcement steel and difficultly coring through the steel, the GPR testing was
performed to estimate the location of the reinforcement steel and assist in positioning of
the subsequent cores to avoid as much of the reinforcement steel as possible.

The second phase of our exploration included performing concrete cores and Wildcat
probes. The Wildcat probe testing equipment consists of a 35 pound drop hammer
connected to steel rods with a cone shaped tip at the end of the rods. The steel rods
are driven into the subsurface materials by dropping the hammer 15 inches by freefall.
The number of blows (drops) to drive the rods a distance of 10 cm is recorded in
increments. The Wildcat probes were performed to evaluate the condition of the
subgrade materials, determine the extent of any soft soil zones and estimate a depth of
existing weathered rock and/or possible bedrock.

In summary, three (3) locations within the concrete spillway floor were cored utilizing a 4
inch diameter diamond impregnated core barrel. The thickness of the concrete cores
ranged from 12 inches to 18 inches. Void space was encountered below the cores at 2
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of the locations. Within the void space a tape measure was extended in multiple
directions approximately 5 feet. Void space is present below the existing retaining wall
and is anticipated to extend beyond 5 feet in areas. Below the slab/void space crushed
gravel was observed. A summary of conditions encountered at each test location is
provided in the table below.

Wildcat probes were performed after removal of the cores. The Wildcat logs are
provided in Appendix B. In summary, medium to very dense materials were generally
encountered at each core location with isolated very loose to loose wet soil zones
located at core locations C-1 and C-3 as summarized above. Very dense subgrade
conditions were encountered at core location C-2 below the existing aggregate. Upon
completion of the coring and Wildcat probes, monitoring well covers were set flush with
the spillway floor for further observation. The approximate test locations are shown on
Figure A-2 contained in Appendix A.

Toe Seepage Near MW#5

The first phase of the exploration included performing two-dimensional (2-D) electrical
resistivity testing at the same location along the toe of the embankment as performed
during our previous exploration. The electrical resistivity survey was completed to
compare the results with the previous exploration and to aid in determining the locations
for additional monitoring wells in the area of the observed seepage. The results of the
electrical resistivity survey are shown in the cross sections in Appendix A.

The electrical resistivity survey was performed utilizing an R-8/IP@ Automatic Earth
Resistivity System. The electrode spacing was 5 feet with a total array spread of 390
feet. Effective imaging depths are approximately 24 percent of the total array length,
i.e. approximately 65 feet, and effective resolution is approximately 50 percent of the
electrode spacing. Resistivity imaging data was processed and inverted using AGI=s
proprietary 2D resistivity inversion software, EarthImager, to generate the inverted
resistivity section. Two-dimensional electrical resistivity imaging is a geophysical
technique utilized to measure the in-situ resistivity of earth materials, i.e. an assessment
of how difficult it is to pass an induced electrical current through the subsurface.
Resistivity is nothing more than the inverse of conductivity. Therefore, resistivity
imaging is a measurement of the conductivity of the subsurface materials at a site.
Generally, soils are more conductive than competent bedrock and can be imaged with
this technique. Zones of increased seepage in soil and bedrock will generally exhibit

Core No.
Concrete

Thickness (in.)
Void Space under

concrete (in.)
Wildcat Probes

C-1 12 7
Very Loose materials

encountered from 1.6 to 2.4 feet

C-2 14 None
Very Dense Materials

Encountered

C-3 18 6
Very Loose materials

encountered from 1.4 to 1.7 feet.
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elevated moisture. Consequently, they are more conductive than the surrounding
bedrock or other soils.

In summary, results of the resistivity testing along the downstream toe of the slope
generally correspond well with the existing surface conditions and previously performed
resistivity testing with a slightly more pronounced area of seepage on the most recently
performed resistivity testing in the vicinity of MW-5. The shallow groundwater
conditions and new surface seeps located in the vicinity of monitoring well MW-5
correspond well within the lower resistive materials illustrated on the resistivity section.

Based on the results of the resistivity testing and location of the existing seeps, 3
borings and monitoring wells were installed to help further evaluate the existing
seepage and determine the appropriate remediation. In general the subsurface soils
consisted of tan brown clayey silt, sandy gravel and silty sand and gravel in a medium
dense to very dense condition and moist to wet. Wet soil conditions were encountered
in all borings. Detailed descriptions are provided on the boring logs included in
Appendix B. The approximate test locations are shown on Figure A-2 contained in
Appendix A.

CONCLUSIONS AND RECOMMENDATIONS

The subsurface information obtained from the field exploration, evaluation and review of
previous studies, our past experience with similar projects, and the noted design criteria
were the basis for our assessment of the geotechnical issues currently existing at the
site. Our geotechnical recommendations associated with the spillway floor and
observed seepage near MW-5 are summarized here-in.

During our field exploration 3 monitoring well covers were installed within the spillway
floor and 3 monitoring wells were constructed near MW-5. At this time, we recommend
that the reservoir continue to be allowed to fluctuate naturally in order to obtain
additional data from the recently installed well covers and monitoring wells. However,
the city should be prepared to lower the reservoir prior to a major storm event. We
recommend that the new monitoring wells be gauged with existing wells. Concurrent
with the monitoring well gauging, the monitoring well covers within the spillway floor
should be removed to allow for visual inspection of the conditions under the spillway.

Spillway Floor

As previously mentioned, cracking within the spillway floor and settlement of the
western spillway concrete retaining wall (left wall if looking downstream) has been
observed. This exploration was performed to evaluate the subsurface conditions,
investigate the cause of the settlement and to determine the most appropriate
remediation method. Settlement within these areas was first observed during the initial
field exploration performed in 2006. Monitoring points on the wall were ultimately
established and have been intermittently monitored. No significant signs of wall
movement have been recorded. However visual observations of concrete cracking and
spalling of the spillway floor adjacent to the wall appear to have worsened slightly.
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In summary, based on the results of the field exploration void space below the spillway
floor was encountered at core locations C-1 and C-3 and ranged in thickness from 6 to
7 inches. The void space also extends under the existing retaining wall foundation and
distances of up to 5 feet surrounding the core locations of C-1 and C-3. The voids
encountered at the core locations are also relatively consistent with the seepage flow
paths and mass deficiencies as mapped by the original geophysical exploration
previously performed and summarized as part of the Geotechnical Report dated
February 2, 2009. For reference a copy of Figure 5, Gravity and SP Data Comparison,
from the geophysical exploration is included in Appendix A.

It is apparent that the seepage under the spillway has caused subsurface erosion and
settlement over the past 20 years to create the voids. In addition, during the monitoring
of the new observations wells, flow was observed below the spillway floor within C-1.
The flow was observed after a precipitation event and it is our opinion that the flow is a
direct result of the precipitation event and buildup of water behind the retaining wall.
This can be verified by past observations of the wells with no flow at the same reservoir
level of 6.6 feet below the top of OGEE weir. The flow direction post precipitation event
was observed to come from under the western spillway wall trending towards the center
of the spillway. It is our opinion that the settlement within the spillway floor and
settlement of the western spillway wall are a direct result of the observed voids, and
possibly softening of the subgrade bearing soils. These conditions likely exist due to
the existing seepage issues both during higher reservoir elevations and from
precipitation events resulting in settlement and erosion of the subgrade materials.

As previously mentioned, the reinforced concrete encountered in the cores within the
spillway floor ranged from 12 to 18 inches thick. Due to the thickness of the concrete
and reinforcement, the spillway floor concrete is generally spanning across the majority
of the existing void space without showing any visual signs of settlement with the
exception of the area near the western spillway concrete retaining wall where excessive
surface cracking and settlement has been observed.

Although the void space appears to be isolated to the left side of the spillway floor in
close proximity to the retaining wall, the overall extent of the void space has not been
determined at this time. Therefore, we recommend that additional probes be performed
to evaluate the extent of the existing voids. The probes should be performed on an
initial 20 foot grid pattern across the bottom of the spillway floor. Where voids are
encountered below the concrete, additional probes should be performed to further
delineate the area of the voids. The probes should be performed utilizing a 1 inch bit
and hammer drill. Upon completion of the probes, additional cores and well covers
should be installed as necessary. The final location of the cores and well covers will be
determined at the completion of the probe investigation. At this time, we anticipate that
an additional 3 cores and well covers will be installed. The monitoring period should
extend through June of 2016.

Upon completion of the additional exploration and monitoring period, final
recommendations for remediation of the spillway floor and retaining wall will be
provided. At a minimum, all void space located below the spillway floor and retaining
wall foundation should be filled by pressure injecting a low slump grout. This will be
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required to stabilize, support and maintain structural integrity of the slab and retaining
wall foundation. Detailed recommendations for the grouting operations will be provided
upon completion of the additional probing and monitoring period.

Consideration to performing an extensive grouting program to reduce the amount of
seepage under the spillway and through the embankment should be evaluated.
However, the final determination would be based on continued monitoring of the
reservoir to include the settlement of the spillway floor and retaining wall, seepage
control through the spillway and seepage control at the toe of the embankment. If
performed we anticipate that this type of grouting program would include, at a minimum,
a grout curtain along the upstream side of the ogee weir extending beyond each
headwall a minimum distance of 100 feet, grouting directly below the spillway floor,
grouting under the existing retaining wall foundation and through the existing
embankment and into the embankment foundation soils. This curtain wall would consist
of a series of drilled and pressure grouted columns that would extend into the
underlying bedrock. The spacing between the grout columns would vary depending on
the overall grout volume required at each specific location. If selected, Triad would
consult a qualified grouting contractor and develop a detailed grouting program and
associated cost estimate.

Toe Seepage Near MW-5

As previously mentioned, in early 2014 a new area of seepage has been observed at
the toe of the dam near MW-5. Due to the seepage development, further exploration of
the area was performed. The exploration included performing resistivity testing along
the toe of the embankment, performing additional borings and ultimately installing
additional monitoring wells. The work was performed to determine the most appropriate
remediation method to control the existing seep. Monitoring of the seepage flow has
been performed by the City of Hagerstown every 2 weeks when the reservoir elevation
is below 6.5 feet and every day when above 6.5 feet. The reservoir level is monitored
by SCADA and text message alarms which are sent to City personnel a minimum of
once daily as well as at alarm levels when the reservoir reaches the critical level of -6.5
where seepage typically begins. Additionally, City staff receives alarm messages at -
4.5 feet, -3.0 feet and -0.5 feet, with a follow up message one hour after any alarm so
that the rate of change is known.

The City has been monitoring the seepage flow and groundwater elevations of the new
wells for approximately 6 months. When active, the water observed from the seep has
been clear with no visual signs of sediment. The seepage is generally not present when
the reservoir elevation is below the level of 7 feet below the top of the weir. The results
of the most recent monitoring period are included in Appendix C of this report. In
summary, the new wells are showing similar trends in groundwater elevations in relation
to original wells with the shallowest elevations present within MW-7 located directly
north of the new seep. MW-8, located to the south of the existing seep has ground
water elevations just slightly shallower then the existing water elevations within MW-4.
Based on the new well data and visual observations, it is our opinion that the seepage is
generally isolated to the area near MW-5.
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Although the seepage has been clear and generally concentrated in the area of MW5,
the seepage discharges in an uncontrolled manner at the toe of the embankment. The
discharge point is in the general vicinity of the large sycamore tree that was removed
from the toe of the embankment in 2010. Due to the uncontrolled discharge, there is
the potential for undesirable subgrade softening, settlement and erosion at the toe of
the embankment. This condition will ultimately lead to stability issues within the
embankment and should be remediated.

Therefore, we recommend that a toe drain be constructed to containerize and discharge
the seepage in a controlled manner. Due to the seepage occurring at the toe of the
embankment and the existing water lines it may be necessary to construct a portion of
the toe drain as a berm. Preliminary construction details have been provided in
Appendix D of this report.

As previously mentioned, based on the data obtained over the past monitoring period,
the elevation of approximately 6 to 7 feet below the top of weir is generally an elevation
where the existing seepage at the toe of the embankment stops flowing at the surface.
At this time, several options have been discussed to help maintain the reservoir
elevation at a consistent elevation of approximately 6 feet below the top of weir. These
options have included the preliminary evaluation of installing a notch in the existing weir
to a depth of 6 feet below the top of weir or installation of an actuating valve attached to
the 24 inch main discharge pipe. A final decision of the most suitable option will be
decided after the monitoring period and further discussions with MDE.

Summary of Recommendations

Provided below is a summary of the recommendations outlined in this report. The
recommendations are categorized by priority and timelines should ultimately be
established after discussions with MDE and further monitoring. Therefore, this task list
should be considered a preliminary task list that is subject to change.

1a Spillway Floor Evaluation
Additional probes should be performed to evaluate the extent of the existing
voids located below the spillway floor and retaining wall foundation. The probes
should be performed on an initial 20 foot grid pattern across the bottom of the
spillway floor. Where voids are encountered below the concrete, additional
probes should be performed to further delineate the area of the voids. The
probes should be performed utilizing a 1 inch bit and hammer drill. Upon
completion of the probes, additional cores and well covers will be installed as
necessary. The final location of the cores and well covers will be determined at
the completion of the probe exploration. At this time, we anticipate that an
additional 3 cores and well covers will be installed.

1b Construct Blanket/Toe drain
Due to the existing seepage condition, a blanket/toe drain should be constructed
to containerize and discharge the seepage in a controlled manner. Due to the
seepage occurring at the toe of the embankment and the existing water lines it
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will be necessary to construct a portion of the toe drain as a berm. Preliminary
construction details have been provided in Appendix D of this report.

1c Control Reservoir Elevation
At this time, the existing reservoir elevation is fluctuating naturally to allow for
monitoring of the existing and new wells and seepage flow at various reservoir
elevations. If significant precipitation events are anticipated, the City manually
lowers the reservoir elevation by using the 12 inch lines that discharge at the
existing Breichner Plant. However, at the completion of the monitoring period it
is required that the reservoir be maintained at an elevation of 6 feet below the top
of weir on a consistent basis. Several options have been discussed to help
maintain the reservoir elevation at a consistent elevation of approximately 6 feet
below the top of weir. These options include installing a notch in the existing weir
to a depth of 6 feet below the top of weir or installation of an actuating valve
attached to the 24 inch main discharge pipe or potentially the 12 inch pipe valves
located at the existing Breichner Plant. Either option will increase the volume of
water that can be controlled when lowering the reservoir elevation. It should be
noted that cutting a notch in the weir is a permanent change to the weir. If, in the
future, the City wishes to utilize the full capacity of the reservoir elevation the
notch would need to be filled. Whereas installation of an actuating valve allows
the City the flexibility to raise the reservoir elevation higher than 6 feet below the
top of weir without additional future work. A final decision of the most suitable
option will be decided after the monitoring period and discussions with MDE.

4) Filling Voids Under Spillway Floor and Retaining Wall Foundation
Upon completion of the additional exploration and monitoring period, final
recommendations for remediation of the spillway floor and retaining wall will be
provided. At a minimum, all void space located below the spillway floor and
retaining wall foundation should be filled by pressure injecting a low slump grout.
This will be required to stabilize, support and maintain structural integrity of the
slab and retaining wall foundation. Detailed recommendations for the grouting
operations will be provided upon completion of the additional probing and
monitoring period.

5) Perform Extensive Grouting Program
Provided that the recommendations above are performed and the reservoir
elevation is maintained at a minimum depth of 6 feet below the top of weir,
extensive grouting may not be required. However, the final determination would
be based on continued monitoring of the reservoir to include the settlement of the
spillway floor and retaining wall, seepage control through the spillway and
seepage control at the toe of the embankment upon completion of the
recommendations summarized above. If these existing conditions cannot be
remediated and controlled, an extensive grouting program will be required
upstream of the existing OGEE weir, within the existing spillway, under the
existing retaining wall and through the existing embankment and into
embankment foundation materials.
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6) Complete Removal of the Embankment/Structures and Restoration
In order to completely eliminate any risks associated with the reservoir and
possible failure of the embankment complete removal of the embankment and
associated structures would be required. If performed, restoration of the stream
and area would be required.

At a minimum, task items 1a, 1b, 1c and 4 should be performed to reduce the risk of the
embankment and spillway instability due to current seepage issues and settlement. The
initial immediate task actions should include 1a, 1b and 1c. Upon completion of task 1a,
task 4 design can be completed and the grouting work can also be performed.

Upon completion of tasks (1a-1c and 4) and further monitoring of seepage flows,
monitoring well levels and spillway floor and wall settlement, a final determination of the
need for the extensive grouting program (task 5) can be determined. This determination
will also be based on the ultimate need of the water source.

At this time it is unclear about the long term viability of the Breichner Plant and the
ultimate need of the Edgemont water source. If the Breichner Plant is ultimately
upgraded and full capacity of the reservoir is required, we recommend that the
extensive grouting operations be completed to maintain stability of embankment and
spillway by substantially reducing the existing seepage.

If it is determined that the Breichner Plant is not needed and planned upgrades are not
performed we recommend that strong consideration be given to performing a complete
removal of the embankment and structures and performing restoration of the existing
stream and surrounding area to eliminate any the risks associated with embankment
failure.

The following table outlines the recommended repair actions and the associated
estimated design and construction costs.

Item Estimated Costs

1a. Spillway Floor Evaluation $18,000 to $25,000

1b. Construct Blanket/Toe drain $40,000 to $60,000

1c. Control Reservoir Elevation $75,000 to $250,000

4. Filling Voids Under Spillway Floor and
Retaining Wall Foundation

$75,000 to $150,000

5. Perform Extensive Grouting Program $2,000,000 to $2,500,000

6. Complete Removal of the
Embankment/Structures and Restoration

$3,000,000 to $4,000,000

* Estimated Costs should be considered approximate. Refined costs can be
obtained at the completion of the study period.
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** It is important to note that this reservoir is the raw water source for the W.M.
Breichner Water Treatment Plant. The Breichner Plant serves as a backup plant
to the R.C. Willson Plant in Williamsport. The current appropriation permitted by
MDE for the Breichner Plant is a daily average of 0.75 million gallons per day
with a peak day of 4.5 million gallons. This is considerably less than the total
customer demand for the City water production which is approximately 12 million
gallons per day.

At this time, the Breichner Plant is not operable and needs several upgrades
prior to being returned to service. These upgrades include the transition to
chloramines for secondary disinfection, enhanced filtration, a new SCADA
system, and various other upgrades. The current estimated costs for those
renovations are approximately $3,500,000 to $5,000,000. If the City decides to
commit the funds to upgrade the Breichner Plant, the City should also perform
extensive grouting in addition to the initial rehabilitation to reduce the risk of
failure in the embankment or spillway at the reservoir. The combination of the
plant upgrades and restoration work at the reservoir would result in estimated
costs of $5,700,000 to $7,800,000 to return the plant to service with a structurally
sound water source.

Consideration has also been given to performing a hydrogeological evaluation of
the groundwater conditions at the existing Breichner Plant and exploring the
viability of using groundwater as a primary and/or secondary water source. The
evaluation would consist of a subsurface exploration to locate areas of potential
groundwater for the installation of high volume groundwater wells. The wells
would be pump tested to determine the viability of using groundwater as the
source for the Breichner Plant. Fees associated with the evaluation, installation
of wells and pump testing would be on the order of $150,000 to $250,000.
Assuming the wells are a viable option, if the City wishes to proceed in this
direction, additional upgrades to the Breichner plant would need to be considered
based on the groundwater characteristics and new permit appropriations would
need to be established with MDE.

Funding Sources

The City submitted a funding application to the Safe Drinking Water Act (SDWA)
program for improvements to or removal of the Edgemont Reservoir due to deficiencies
observed and documented by the MDE Dam Safety Division during annual inspections.
The FY16 funding application was declined because the SDWA program will not fund
raw water storage projects. Please see the response letter from MDE regarding this
project included in Appendix C.

The City will continue to pursue funding opportunities that are available and recognizes
the potential consequences associated with the dam being in poor repair. The City
remains committed to addressing the deficiencies noted in this report and the inspection
by the MDE Dam Safety Group and will continue to work with MDE to restore the dam
to the agencies' satisfaction.
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GENERAL NOTES: In summary, generally higher resistivity values are interpreted to represent non-porous, competent bedrock (red to yellow) while lower resistivity

values (blue to green), are interpreted to represent moist or saturated soils and soil and/or water filled fractures.
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SP Data from AGI Sting R1 with drift correction.
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TRIAD ENGINEERING, INC.

KEY TO IDENTIFICATION OF SOIL AND WEATHERED ROCK SAMPLES

The material descriptions on the logs indicate the visual identification of the soil and rock recovered from the
exploration and are based on the following criteria.  Major soil components are designated by capital letters and
minor components are described by terms indicating the percentage by weight of each component.  Standard
Penetration Testing (SPT) and sampling was conducted in accordance with ASTM D1586.  N-values in blows per
foot are used to describe the relative density of coarse-grained soils or the consistency of fine-grained soils.

The MAJOR components constitute more than 50% of
the sample and have the following size designation.

The MINOR components have the following
percentage designation.

COMPONENT PARTICLE SIZE ADJECTIVE PERCENTAGE

Boulders
Cobbles
Gravel     -coarse 
                -fine
Sand        -coarse
                -medium
                -fine
Silt or Clay

12 inches plus
3 to 12 inches
¾ to 3 inches
#4 to ¾ inches
#10 to #4
#40 to #10
#200 to #40
Minus #200 
   (fine-grained soil)

and

some

little

trace

35 - 50

20 - 35

10 - 20

 0 - 10

Relative Density – Coarse-grained Soils Consistency – Fine-grained Soils

Term N-Value Term N-Value

Very Loose #4 Very Soft #2

Loose 5 to 10 Soft 3 to 4

Medium Dense 11 to 30 Medium Stiff 5 to 8

Dense 31 to 50 Stiff 9 to 16

Very Dense >50 Very Stiff >16

Soil Plasticity Plasticity Index (PI) Rock Hardness

None Nonplastic Term N-Value

Low 1 to 5 Very Weathered #50/.5

Medium 5 to 20 Weathered   50/.4

High 20 to 40 Soft   50/.3

Very High over 40 Medium hard    50/.2 to 50/.1

Moisture Description Hard    Auger Refusal

Dry - Dusty, dry to touch FIGURE NO. 1
Slightly Moist - damp

Moist - no visible free water  

Wet - visible free water, saturated
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WILDCAT DYNAMIC CONE LOG Page 1 of 1

Triad Engineering, Inc.

1075D Sherman Avenue PROJECT NUMBER: 03-13-0452

Hagerstown, MD 21740 DATE STARTED: 05-28-2015

DATE COMPLETED: 05-28-2015

HOLE #: WC-1

CREW: JRW/BAR SURFACE ELEVATION: 26" Below Slab Sur.

PROJECT: Edgemont Resevoir WATER ON COMPLETION: 31" BSS

ADDRESS: Warner Hollow Road HAMMER WEIGHT: 35 lbs.

LOCATION: Wash. Co., MD CONE AREA: 10 sq. cm

BLOWS RESISTANCE GRAPH OF CONE RESISTANCE TESTED CONSISTENCY

DEPTH PER 10 cm Kg/cm² 0 50 100 150 N' SAND & SILT CLAY

- 4 17.8 ••••• 5 LOOSE MEDIUM STIFF

- 50 222.0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••- VERY DENSE HARD

- 1 ft 60 266.4 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••- VERY DENSE HARD

- 12 53.3 ••••••••••••••• 15 MEDIUM DENSE STIFF

- 3 13.3 ••• 3 VERY LOOSE SOFT

- 2 ft 3 13.3 ••• 3 VERY LOOSE SOFT

- 12 53.3 ••••••••••••••• 15 MEDIUM DENSE STIFF

- 55 244.2 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••- VERY DENSE HARD
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WILDCAT DYNAMIC CONE LOG Page 1 of 1

Triad Engineering, Inc.

1075D Sherman Avenue PROJECT NUMBER: 03-13-0452

Hagerstown, MD 21740 DATE STARTED: 05-28-2015

DATE COMPLETED: 05-28-2015

HOLE #: WC-2

CREW: JRW/BAR SURFACE ELEVATION: 16" Below Slab Sur.

PROJECT: Edgemont Resevoir WATER ON COMPLETION: dry

ADDRESS: Warner Hollow Road HAMMER WEIGHT: 35 lbs.

LOCATION: Wash. Co., MD CONE AREA: 10 sq. cm

BLOWS RESISTANCE GRAPH OF CONE RESISTANCE TESTED CONSISTENCY

DEPTH PER 10 cm Kg/cm² 0 50 100 150 N' SAND & SILT CLAY

- 50 222.0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••- VERY DENSE HARD

- 50 222.0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••- VERY DENSE HARD
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WILDCAT DYNAMIC CONE LOG Page 1 of 1

Triad Engineering, Inc.

1075D Sherman Avenue PROJECT NUMBER: 03-13-0452

Hagerstown, MD 21740 DATE STARTED: 05-28-2015

DATE COMPLETED: 05-28-2015

HOLE #: WC-3

CREW: JRW/BAR SURFACE ELEVATION: 24" Below Slab Sur.

PROJECT: Edgemont Resevoir WATER ON COMPLETION: 35" BSS

ADDRESS: Warner Hollow Road HAMMER WEIGHT: 35 lbs.

LOCATION: Wash. Co., MD CONE AREA: 10 sq. cm

BLOWS RESISTANCE GRAPH OF CONE RESISTANCE TESTED CONSISTENCY

DEPTH PER 10 cm Kg/cm² 0 50 100 150 N' SAND & SILT CLAY

- 4 17.8 ••••• 5 LOOSE MEDIUM STIFF

- 12 53.3 ••••••••••••••• 15 MEDIUM DENSE STIFF

- 1 ft 25 111.0 •••••••••••••••••••••••••••••••• - DENSE HARD

- 2 8.9 •• 2 VERY LOOSE SOFT

- 10 44.4 •••••••••••• 12 MEDIUM DENSE STIFF

- 2 ft 20 88.8 ••••••••••••••••••••••••• 25 MEDIUM DENSE VERY STIFF

- 11 48.8 •••••••••••••• 13 MEDIUM DENSE STIFF

- 21 93.2 ••••••••••••••••••••••••••• - MEDIUM DENSE VERY STIFF

- 3 ft 19 84.4 •••••••••••••••••••••••• 24 MEDIUM DENSE VERY STIFF
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APPENDIX D

Blanket and Toe Drain



TYPICAL CROSS SECTION OF PROPOSED BLANKET DRAIN

NOT TO SCALE



TYPICAL CROSS SECTION OF PROPOSED TOE DRAIN

NOT TO SCALE



New Blanket/Toe Drain

Transition from Blanket Drain
to Toe Drain as needed based
on depth of existing water line.
A minimum of 1 foot of soil
cover should be provided
above existing water lines.
Blantket/Toe drain piping
should be installed with a
minimum slope of 1%.

Solid Pipe
(min. slope of 1%)

Note: Protect existing
monitoring wells during
construction. Where ground
surface elevations are modified
around existing wells the well
should be extended in order to
allow future well gauging.

Transition from
perforated to solid
pipe at bend

Aprx. Blanket/Toe

DATE: SCALE: PROJECT NO:
1075-D SHERMAN AVENUE
HAGERSTOWN, MD 21740

DRAWN BY: CHECKED BY: TRIAD
TRIAD ENGINEERING, INC.

www.triadeng.comSJG BAR

10/14/15 N/A
03-06-0643

Edgemont Resevoir Blanket/Toe Drain Location
Washington County, MD

Drain Location Preliminary Location Plan
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Background 

As part of the Edgemont Reservoir Rehabilitation project Hazen and Sawyer (Hazen) developed a Design 
Storm Evaluation Report for submittal to the Maryland Department of the Environment (MDE). The dam 
is a Category I structure and is, therefore, required by The Code of Maryland Regulations (COMAR) to 
safely pass the Probable Maximum Precipitation (PMP). It was determined from this evaluation that the 
storm capable of producing the largest inflow to the reservoir is the 72-hour duration PMP developed using 
Hydrometeorological Report No. 51, Probable Maximum Precipitation Estimates - United States East of 
the 105th Meridian (HMR-51) and Hydrometeorological Report No. 52, Application of Probable Maximum 
Precipitation Estimates – United States East of the 105th Meridian (HMR-52).  

The Design Storm Evaluation Report also included a preliminary analysis of the dam’s hydraulic capacity, 
which concluded that the existing spillway cannot safely pass the PMP. As a result, Hazen recommended 
that the existing spillway be replaced with a higher capacity spillway to improve the safety of the structure 
and bring it into compliance with MDE requirements. A preliminary spillway design was presented to the 
City of Hagerstown (City) in March 2019 for review. Given the magnitude of rehabilitation necessary to 
pass the PMP and potential increases in construction costs, the City requested a meeting with MDE Dam 
Safety to discuss design constraints. 

The MDE Dam Safety meeting took place on April 19, 2019, and several options were discussed regarding 
how to bring the structure into compliance. It was decided that the 6-hour duration PMP, as opposed to the 
72-hour presented in the Design Storm Evaluation Report, is an appropriate design storm for the dam given 
the short time of concentration for the reservoir’s drainage basin. It was also noted that additional PMP 
analyses based on the recent state-specific Virginia and Pennsylvania PMP studies may result in a sizeable 
reduction in the peak inflow of the design storm.   

In response to the meeting with MDE Dam Safety, Hazen evaluated the 6-hour duration HMR-51/52 
distribution PMP, the 6-hour TR-20/TR-60 distribution PMP, the updated Virginia PMP, and the recently-
released Pennsylvania PMP for Edgemont Reservoir. This Technical Memorandum (TM) presents the 
findings of this PMP evaluation with an emphasis on the Virginia and Pennsylvania PMP studies and their 
applicability to the project site.  

Virginia PMP Study Review 

In 2014, Virginia passed legislation that authorized a new Virginia PMP Study to be completed by 
December 2015. In accordance with this regulation, a statewide PMP study was completed under the 
direction of the Virginia Soil and Water Conservation Board and a Technical Review Board of experts to 
provide advice and expertise throughout the development of the study. The final report was prepared by 
Applied Weather Associates, LLC (AWA), the Executive Summary of which is provided in the appendices 
of this TM.  

Due to the nature of the drainage basins along the Virginia state borders, the PMP study incorporates areas 
extending into the surrounding states including a portion of central Maryland and southcentral 
Pennsylvania. Figure 1 shows that the Edgemont Reservoir drainage basin falls well within the boundaries 
of the Virginia PMP study domain.  
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Figure 1: Virginia PMP Study Domain - Edgemont Reservoir Project Site Indicated 

The Executive Summary of the Virginia PMP Study states: 

The storm based approach identified extreme rainfall events that have occurred in regions 
considered transpoitionable [sic] to locations in Virginia. These are storms that had 
meteorological and topographical characteristics similar to extreme rainfall storms that 
could occur over any location within the project domain. 

As part of the Study, a PMP Evaluation Tool and Database were developed to aid in the implementation of 
the study for applicable projects across the state. The tool is a Python scripted model designed to be run 
with ArcGIS. PMP values are created by the tool for general, tropical, and local storm types at user-supplied 
durations. Additionally, a PMP Temporal Distribution Calculation Worksheet was released in October 2018 
as a supplement to the tool.  

Hazen ran the PMP Tool and completed the Temporal Distribution Calculation Worksheet for the 
Edgemont Reservoir drainage basin. The results showed that the rainfall depth and inflow volume from the 
6-hour HMR-51/52 PMP are very similar to those of the 6-hour Virginia PMP (less than 2% variation). 
However, due to the differences in temporal precipitation distribution (see Figure 3), the Virginia PMP 
Study shows a reduction in peak inflow to the reservoir of approximately 35% versus the HMR-51/52 
distribution and 25% versus the TR-20/TR-60 distribution. If applied, the updated PMP could represent a 
significant cost savings to the City due to reduction in required spillway capacity.  
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Pennsylvania PMP Study Review 

In 2019, the Pennsylvania Division of Dam Safety published the Probable Maximum Precipitation Study 
for Pennsylvania. This study was also conducted by AWA, which is the same group that prepared the 
Virginia PMP Study. Similar to Virginia, the study provides gridded PMP values for any drainage basin 
within Pennsylvania, including regions adjacent to the state that drain into basins within Pennsylvania. The 
Edgemont Reservoir drainage basin is fully included in the Pennsylvania PMP Study domain (see Figure 
2).  

 

  Figure 2: Pennsylvania PMP Study Domain - Edgemont Reservoir Project Site Indicated 

An ArcGIS-compatible PMP Evaluation Tool and Database were also created to accompany the 
Pennsylvania PMP Study Report, as well as a PMP Distribution Spreadsheet. Hazen applied these tools to 
the Edgemont Reservoir drainage basin, and the results showed that the rainfall depth and inflow volume 
from the 6-hour Pennsylvania PMP are approximately 7.5% and 9% less than those of the 6-hour HMR-
51/52 PMP, respectively. However, similar to the Virginia PMP, due to the difference in temporal 
distribution determined by the Pennsylvania PMP study, the peak inflow to the reservoir is approximately 
30% less than that resulting from the HMR-51/52 distribution and 20% less than the inflow from the TR-
20/TR-60 distribution.  
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Summary 

It is clear from this analysis that temporal distribution of the PMP makes a significant impact on the peak 
inflow to Edgemont Reservoir. Figure 3 provides a comparison of the four distributions that were studied 
in this analysis, which include those from HMR-51/52, TR-20/TR-60, the Virginia PMP Study, and the 
Pennsylvania PMP Study. Results of the state-specific analyses prepared by AWA reflect the most current 
practices used for defining PMP, including comprehensive storm analyses procedures, extensive use of 
geographical information systems (GIS), explicit quantification of orographic effects, updated maximum 
dew point climatologies for storm maximization and transposition, and an updated understanding of the 
weather and climate throughout the states. These processes combined with the ArcGIS-based PMP 
Evaluation Tools and Databases provided temporal distributions that are more specific to the Edgemont 
Reservoir drainage basin.  

   

Figure 3: PMP Temporal Distribution Comparison 

This graph also demonstrates that there are discrepancies between the results of the Virginia and 
Pennsylvania PMP Studies. The Virginia PMP Study was accepted in 2016, while the Pennsylvania PMP 
Study was published and accepted in 2019. Section 13.2 of the Probable Maximum Precipitation Study for 
Pennsylvania explicitly states that “Efforts have been made to be consistent with previous work. However, 
the PMP depths provided in this study should be considered more reliable in cases where differences occur.” 
Figure 4 below is taken from the Pennsylvania PMP Study and demonstrates discrepancies in precipitation 
depths between the Pennsylvania and Virginia PMP studies where the study domains overlap. Since there 
is a difference in the rainfall depth over the Edgemont Reservoir drainage basin, the Pennsylvania PMP 
results will supersede those of the Virginia PMP. 
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Figure 4: Percent Change in Combined Storm Type 100 Square Mile 6-hour PMP  
from Virginia and Pennsylvania Statewide PMP Analyses 

A summary of the PMP Analysis results are presented in Table 1, and detailed information including the 
Virginia and Pennsylvania PMP calculation worksheets and the HEC-1 Outputs are provided in the 
appendices of this TM. 

Table 1: PMP Analysis Summary 

Distribution 
(100% PMP) 

Duration 
Rainfall Depth 

(in) 
Peak Inflow  

(cfs) 

Hydrograph 
Volume 
(1000 cf) 

HMR-51/52 72-hour* 39.83 15,690 188,216 
HMR-51/52 6-hour 27.07 14,618 119,781 
TR-20/TR-60 6-hour 27.07 12,727 119,781 
VA PMP Study 6-hour 26.62 9,571 117,398 
PA PMP Study 6-hour 25.02 10,046 109,902 

*Presented in Design Storm Evaluation Report 

Closing 

Hazen appreciates the opportunity to present the results of our Virginia and Pennsylvania PMP Evaluations 
to MDE Dam Safety. Each of these studies utilize a large set of storm data taking into account variations in 
topography, climate, and storm types and are intended to replace PMP values provided in HMR-52 for the 
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overall study domains. It is our assessment that, while both the Virginia and Pennsylvania PMP Studies are 
applicable to the Edgemont Reservoir project since its drainage basin falls within the PMP study domains, 
the Pennsylvania PMP results supersede previous studies and should be considered for the inflow design 
storm to Edgemont Reservoir. We look forward discussing these findings and continuing to collaborate on 
this important City of Hagerstown project. 
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Appendices: 
 Virginia PMP Study Executive Summary 

 Virginia PMP Watershed Calculation Worksheet 

 Virginia PMP Temporal Distribution Calculation Worksheet 

 Pennsylvania PMP Study Executive Summary 

 Pennsylvania PMP Evaluation GIS Tool Output 

 PMP Distribution Analysis 

 HEC-1 Model Output – 6-hour HMR-51/52 Distribution 

 HEC-1 Model Output – 6-hour TR-20/TR-60 Distribution 

 HEC-1 Model Output – 6-hour Virginia PMP Study Distribution 

 HEC-1 Model Output – 6-hour Pennsylvania PMP Study Distribution 
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Executive Summary 
During the 2014 Virginia General Assembly Session, the legislature passed (House Bill 1006 and 
Senate Bill 582) and the Governor approved on April 1, 2014 (Chapters 475 and 489 of the 2014 
Virginia Acts of Assembly), legislation that authorized a new Virginia Probable Maximum 
Precipitation Study to be completed by December 1, 2015.  The legislation directed “[t]hat the 
Department of Conservation and Recreation, on behalf of the Virginia Soil and Water 
Conservation Board, shall utilize a storm-based approach in order to derive the Probable 
Maximum Precipitation (PMP) for locations within or affecting the Commonwealth.  The PMP 
revisions shall be based on accepted storm evaluation techniques and take into account such 
factors as basin characteristics that affect the occurrence and location of storms and 
precipitation, regional and basin terrain influences, available atmospheric moisture, and 
seasonality of storm types.  The results shall be considered by the Virginia Soil and Water 
Conservation Board in its decision to authorize the use of the updated PMP values in Probable 
Maximum Flood calculations, thus replacing the current PMP values.” 
 
In accordance with this legislative direction, Applied Weather Associates (AWA), on behalf of 
the Virginia Soil and Water Conservation Board, completed a statewide Probable Maximum 
Precipitation (PMP) study for Virginia.  A Technical Review Board of experts, with additional 
ad-hoc participation by cooperating state and federal agencies, was established by the 
Department to provide advice and expertise throughout the development of the study.  The 
Technical Review Board met to review and discuss study progress and results in July and 
November of 2014 and April and October of 2015 and accepted AWA’s estimates for probable 
maximum precipitation (PMP) for Virginia. 
 
This study produced gridded PMP values for the project domain at a spatial resolution of 
approximately 2.5-square miles.  Variations in topography, climate and storm types across the 
state were explicitly taken into account.  A large set of storm data were analyzed for use in 
developing the PMP values.  These values replace those provided in Hydrometeorological 
Reports (HMRs) 40, 51, 52, and 56 (1965, 1978, 1982, and 1986 respectively).  The full PMP 
values for regions east of the Appalachian crest are valid from June through October.  For areas 
west of the Appalachian crest, the seasonality is similar, except that 100% of PMP from the 
general storm type can occur from September 15 through May 15 and the local storm can occur 
as early as April 15.  Results of this analysis reflects the most current practices used for defining 
PMP, including comprehensive storm analyses procedures, extensive use of geographical 
information systems (GIS), explicit quantification of orographic effects, updated maximum dew 
point climatologies for storm maximization and transposition, and an updated understanding of 
the weather and climate throughout the state. 
 
The approach used in this study followed the same philosophy used in the numerous site-
specific, statewide, and regional PMP studies that AWA has completed in the last fifteen years.  
This was the storm-based approach and it follows the same general procedures used by the 
National Weather Service (NWS) in the development of the HMRs.  The World Meteorological 



Organization (WMO) Manual on Estimation of PMP recommends this same approach.  The 
storm based approach identified extreme rainfall events that have occurred in regions considered 
transpositionable to locations in Virginia.  These are storms that had meteorological and 
topographical characteristics similar to extreme rainfall storms that could occur over any location 
within the project domain.  Detailed storm analyses were completed for the largest of these 
rainfall events. 
 
The data, assumptions, and analysis techniques used in this study have been reviewed and 
accepted by the Technical Review Board and the Virginia Department of Conservation and 
Recreation.  Although this study produced deterministic values, it must be recognized that there 
is some subjectivity associated with the PMP development procedures.  Examples of decisions 
where scientific judgment was involved include the determination of storm maximization factors 
and storm transposition limits.  For areas where uncertainties in data analysis results were 
recognized, conservative assumptions were applied unless sufficient data existed to make a more 
informed decision.  All data and information supporting decisions in the PMP development 
process have been documented so that results can be reproduced and verified. 
 
Sixty-six rainfall events were identified as having similar characteristics to rainfall that could 
potentially control PMP values at various locations within the state.  Several storm events had 
multiple Depth-Area-Duration (DAD) zones (also referred to as SPAS DAD zones) that were 
used in the PMP determination process.  A total of 78 storm DAD centers were used in the 
development of PMP for the state.  This includes 31 tropical storm rainfall centers, 25 general 
storm rainfall centers, and 23 local storm rainfall centers.  Note, the storm centered near Big 
Meadows, VA during October 1942 exhibited characteristics of both local and general storm 
types and was therefore evaluated as part of both the general and local storm PMP determination 
process. 
 
Seventy-eight individual storm centers were analyzed using the Storm Precipitation Analysis 
System (SPAS), which produced several standard products, including DAD values, storm center 
mass curves, and total storm isohyetal patterns.  National Weather Service (NWS) Next 
Generation Weather Radar (NEXRAD) data were used in storm analyses when available 
(generally for storms which occurred after the mid-1990's). 
 
Standard procedures were applied for in-place maximization and moisture transposition 
adjustments (e.g. HMR 51 Section 2.3 and Section 2.4).  New techniques and new datasets were 
used in other procedures to increase accuracy and reliability when justified by utilizing 
advancements in technology and meteorological understanding, while adhering to the basic 
approach used in the HMRs and in the WMO Manual.  Updated precipitation frequency analyses 
data available from the National Oceanic and Atmospheric Administration (NOAA) Atlas 14 
were used for this study.  These were used to calculate the Orographic Transposition Factors 
(OTFs) for each storm.  The OTF procedure provided explicit evaluations of the effects of terrain 
on rainfall and corrected for the lack of analysis in the "stippled' region of HMR 51.  The OTF 
procedure, through its correlation process, provided quantifiable and reproducible analyses of the 
effects of terrain on rainfall.  Results of these three factors (in-place maximization, moisture 
transposition, and orographic transposition) were applied for each storm at each of the grid 
points for each of the area sizes and durations used in this study to define the PMP values. 



 
Maximization factors were computed for each of the analyzed storm events using updated dew 
point and sea surface temperature climatologies representing the maximum moisture equivalent 
to the 100-year recurrence interval for dew points or +2 sigma for sea surface temperatures that 
could have been associated with each rainfall event.  The dew point climatology included the 
maximum average 6-, 12-, and 24-hour 100-year return frequency values, while the SST 
climatology provided the +2 sigma values.  The most appropriate duration consistent with the 
duration of the storm rainfall was used.  HYSPLIT model trajectories and NWS weather maps 
were used as guidance in identifying the storm representative moisture source region. 
 
To store, analyze, and produce results from the large datasets developed in the study, the PMP 
calculation information was stored and analyzed in individual Excel spreadsheets and a GIS 
database.  This combination of Excel and GIS was used to query, calculate, and derive PMP 
values for each grid point for each duration for each storm type.  The database allowed PMP to 
be calculated at any area size and/or duration available in the underlying SPAS data. 
 
When compared to previous PMP values provided in HMRs 40, 51, 52, and 56, the updated 
values from this study resulted in a wide range of reductions at most area sizes and durations, 
with some regions recognizing minor localized increases.  PMP values are highest near the coast 
and along the Blue Ridge.  These regions have exhibited past extreme rainfall accumulations that 
are the result of both moisture availability and topographic enhancement.  Regions along and 
near the coast are also affected by coastal convergence processes which act to enhance lift and 
provide an additional mechanism for enhanced rainfall production versus other locations in the 
study domain.  Minimum values are seen in the most protected interior valleys and in the 
transition region of the Piedmont between the coast to the Blue Ridge.  This is expected because 
of the lack of decrease in moisture and reduced or negative orographic effects relative to other 
regions. 
 
Commonwealth-wide it was found that on average, PMP values for local storms showed a 16% 
reduction at 6-hour 10-square miles and a 21% reduction at 12-hour 10-square miles.  For the 
longer durations, larger area sizes, Commonwealth-wide reductions were 30% at 24-hour 200-
square miles and 1000-square miles, and 25% at 72-hours 200-square miles and 1000-square 
miles.  Tables E.1-E.3 provide the average percent difference (negative is a reduction) from 
HMR 51 across each of the transposition regions analyzed.  After adoption of the study by the 
Virginia Soil and Water Conservation Board, and upon the effective date of associated 
regulations, impounding structure owners will have the opportunity to utilize this new data to 
review their spillway design capacity needs and determine rehabilitation requirements for their 
structures. 
  



Table E.1  Local storm PMP percent difference from HMR 51 PMP at 6-hour and 12-hour 10-square miles.  
Grayed out rows represent regions where either tropical or general storm PMP values were controlling. 

 

 

Table E.2  Tropical storm PMP percent difference from HMR 51 PMP at 24-hour and 72-hour 200- and 
1000-square miles.  Grayed out rows represent regions where either tropical or general storm PMP values 
were controlling. 

 

 

 



Table E.3  General storm PMP percent difference from HMR 51 PMP at 24-hour and 72-hour 200- and 1000-
square miles.  Grayed out rows represent regions where either tropical or general storm PMP values were 
controlling. 

 

 

 



Virginia 2015 PMP Watershed Calculation Worksheet (SEPTEMBER 2016 version)
Dam: Date: 4/23/2019

Company:

Engineer:

NOTES

Example Cell

Calculation Section A - Drainage Area to Dam
Information obtained from GIS shapefile / watershed boundary analysis or previously completed Dam Failure Analysis

Calculation Section B - Original HMR 51/52 Values
Information obtained from previously computed HMR 51/52 program (previously completed Dam Failure Analysis)

in / 6-hr

in / 12-hr

in / 24-hr

C. PLEASE ENSURE THAT ALL SUPPORTING DOCUMENTATION AND CALCULATIONS REQUIRED FOR THIS SUMMARY SHEET ARE

INCLUDED IN SUBMITTAL (ESPECIALLY INFORMATION FOR SDF CALCULATIONS IN SECTIONS E AND F).

B. PLEASE ENSURE CELLS WITH EMBEDDED CALCULATIONS (CELLS WITH NO BLUE COLOR) ARE REFERENCING THE CORRECT

NUMBERS. WHEN ADDING OR DELETING ROWS FOR GRID POINTS, CELLS WITH EMBEDDED CALCULATIONS MAY BE

REFERENCING THE WRONG INFORMATION. PLEASE CHECK CALCULATION CELLS!

Cells Requiring User

Input are

Highlighted in Blue

Note : This sheet should be used in consultation with the Guidance Document on New Probable Maximum Precipitation (PMP) Implementation (March 23, 2016) and the

Certification Form: Review of New Probable Maximum Precipitation Values (Effective March 23, 2016) Using the PMP Evaluation Tool .

6-hr HMR 51/52 PMP Value

24-hr HMR 51/52 PMP Value

2.350

Sq. Miles

27.1

31.3

34.8

1504.06
Drainage Area

12-hr HMR 51/52 PMP Value

Acres

Edgemont Reservoir Dam (NID MD00006)

Ann Nunnelley, EIT

Hazen and Sawyer

A. PLEASE ENSURE ALL RELEVANT SECTIONS ARE FILLED OUT (PLEASE SCROLL DOWN THROUGH ENTIRE WORKSHEET)



Calculation Section C - New 2015 PMP Values
Information obtained from new 2015 PMP GIS Evaluation Tool (see the PMP section of the DCR Dam Safety website for more details)

General Storm Events

Grid Pts Point X Point Y Zone 6 Hr. PMP 12 Hr. PMP 24 Hr. PMP
Controlling 6 Hr.

Storm

Controlling 12 Hr.

Storm

Controlling 24 Hr.

Storm

1 -77.55 39.625 5 16.0 18.6 20.0 SPAS_1339_1 SPAS_1339_1 SPAS_1201_1

2 -77.525 39.625 5 16.0 18.6 20.6 SPAS_1339_1 SPAS_1339_1 SPAS_1201_1

3 -77.55 39.65 5 16.0 18.6 19.9 SPAS_1339_1 SPAS_1339_1 SPAS_1201_1

4 -77.525 39.65 5 16.0 18.6 20.6 SPAS_1339_1 SPAS_1339_1 SPAS_1201_1

5 -77.55 39.675 5 15.9 18.4 19.5 SPAS_1339_1 SPAS_1339_1 SPAS_1201_1

15.9800 18.5600 20.1200

Local Storm Events

Grid Pts Point X Point Y Zone 6 Hr. PMP 12 Hr. PMP 24 Hr. PMP
Controlling 6 Hr.

Storm

Controlling 12 Hr.

Storm

Controlling 24 Hr.

Storm

1 -77.55 39.625 5 26.5 28.9 29.9 SPAS_1406_1 SPAS_1406_1 SPAS_1406_1

2 -77.525 39.625 5 27.5 29.9 30.9 SPAS_1406_1 SPAS_1406_1 SPAS_1406_1

3 -77.55 39.65 5 26.2 28.5 29.5 SPAS_1406_1 SPAS_1406_1 SPAS_1406_1

4 -77.525 39.65 5 27.3 29.7 30.7 SPAS_1406_1 SPAS_1406_1 SPAS_1406_1

5 -77.55 39.675 5 25.6 27.8 28.8 SPAS_1406_1 SPAS_1406_1 SPAS_1406_1

26.6200 28.9600 29.9600

Tropical Storm Events

Grid Pts Point X Point Y Zone 6 Hr. PMP 12 Hr. PMP 24 Hr. PMP
Controlling 6 Hr.

Storm

Controlling 12 Hr.

Storm

Controlling 24 Hr.

Storm

1 -77.55 39.625 5 20.00 30.7 30.7 SPAS_1491_1 SPAS_1491_1 SPAS_1491_1

2 -77.525 39.625 5 20.7 31.7 31.7 SPAS_1491_1 SPAS_1491_1 SPAS_1491_1

3 -77.55 39.65 5 19.9 30.5 30.5 SPAS_1491_1 SPAS_1491_1 SPAS_1491_1

4 -77.525 39.65 5 20.7 31.7 31.7 SPAS_1491_1 SPAS_1491_1 SPAS_1491_1

5 -77.55 39.675 5 19.5 29.9 29.9 SPAS_1491_1 SPAS_1491_1 SPAS_1491_1

20.1600 30.9000 30.9000

Governing PMP Values from Storm Events

6 Hr. PMP 12 Hr. PMP 24 Hr. PMP

26.6200 30.9000 30.9000

Average PMP Values:

Average PMP Values:

Average PMP Values:

Governing PMP Values for Watershed



Calculation Section D - Comparison Calculations - Original HMR 51/52 Values vs. New 2015 PMP Values

Calculation Section E - Current Flow and SDF for Dam in Question

hour

cfs

cfs

PMF storm

storm

Section Completion Options

Option A - The Dam in question has no previously completed (or approved) Inundation Study and will only be utilizing the Governing 2015 PMP values for the new Dam Failure

Analysis. Calculation Section E and Calculation Section F are not required as the SDF for the Dam in question will be calculated from the new Dam Failure Analysis. This option

only applies to Dams with no previously completed (or approved) Inundation Study on file with DCR Dam Safety.

HMR 51/52 Value, in/hr

27.068

31.307

34.791

Option B - All three of the new Governing 2015 PMP values decreased when compared to the previously completed HMR 51/52 values (negative values for all three storm

durations in the comparison column above). At this time, revisions to the existing Inundation Maps / EAPs for the Dam in question are optional and not generally required

[Please refer to the Guidance Document on New Probable Maximum Precipitation (PMP) Implementation for further details, restrictions, and exceptions]. Please fill out

information below in Calculation Section E Only. Calculation Section F is not required for this option.

-0.45

ComparisonGoverning 2015 PMP Value, in/hr

30.9

Option C - One or two of the new Governing 2015 PMP values increased when compared to the previously completed HMR 51/52 values (positive values for one or two storm

durations in the comparison column above). At this time, revisions to the existing Inundation Maps / EAPs for the Dam in question may be required depending on further

analysis of the Dam in question [Please refer to the Guidance Document on New Probable Maximum Precipitation (PMP) Implementation for further details, restrictions, and

exceptions]. Please fill out information below in Calculation Section E and Calculation Section F as both are required. It must be determined if either of these new increased PMP

values have become the controlling storm for the basin in question.

Storm Duration, hrs.

6

12

24

Information for this calculation section obtained from previously completed Dam Failure Analysis hydrology calculations (HEC-1 or HEC-HMS). Section provides existing

controlling storm for Dam in question, existing controlling flow (flow to Dam) from controlling storm for Dam in question, flow existing Dam in question can pass without

overtopping, storm event (SDF) existing Dam in question can pass without overtopping, and storm event (SDF) existing Dam in question must pass per Regulations.

TBD

Option D - All of the new Governing 2015 PMP values increased when compared to the previously completed HMR 51/52 values (positive values for all three storm durations in

the comparison column above). At this time revisions to the existing Inundation Maps / EAP's for the Dam in question will be required for the Dam in question [Please refer to

the Guidance Document on New Probable Maximum Precipitation (PMP) Implementation for further details, restrictions, and exceptions]. Please fill out information below in

Calculation Section E and Calculation Section F as both are required.

Flow existing Dam can pass without overtopping TBD

Storm event (SDF) existing Dam can pass without overtopping (calc) TBD

Storm event (SDF) existing Dam must pass per State DS Regulations 1.00 PMP

Current controlling storm duration for Dam (6, 12, or 24): TBD

PMF Flow TO existing Dam during controlling storm duration

-11.18%

-1.30%

-1.66%

Percent Difference, %

-3.89

-0.4130.9

26.6

Information for these calculations obtained from data provided in this spreadsheet. Section provides comparison between HMR 51/52 rainfall values and new 2015 PMP rainfall

values. Please review options presented below and DCR Dam Safety PMP Guidance Documentation to determine if SDF calculations are required (next section).



Calculation Section F - Revised Flow and SDF Calculations for Dam in Question

yes or no

hour

cfs

cfs

PMF storm

storm

Based on the revised flow / SDF values, can the Dam in question now pass the required

SDF per State DS Regulations without overtopping?
TBD yes or no

Controlling storm duration for Dam based on Revised Data (6, 12, or 24):

Storm event (SDF) existing Dam must pass per State DS Regulations

Revised Storm event (SDF) existing Dam can pass without overtopping (calc)

Flow existing Dam can pass without overtopping (From Calculation Section E)

Revised PMF Flow TO existing Dam during revised controlling storm duration

1.00 PMP

TBD

TBD

TBD

TBD

TBD

Information for this calculation section obtained from Calculation Section E and revised Dam Failure Analysis hydrology calculations (HEC-1 or HEC-HMS) (Please see DCR Dam

Safety PMP Guidance Document). Section provides information on the revised controlling 6-hr, 12-hr, or 24-hr storm duration (if revisions needed), revised controlling storm for

Dam in question (or previous controlling storm if no changes found), revised controlling flow (flow to Dam) from controlling storm for Dam in question, flow existing Dam in

question can pass without overtopping (information from Calculation Section E), revised storm event (SDF) existing Dam in question can pass without overtopping, and storm

event (SDF) existing Dam in question must pass per Regulations (information from Calculation Section E).

Did controlling storm duration for the Dam change based on revised flow / SDF data?



Virginia Department of Conservation

and Recreation, Division of Dam

Safety and Floodplain Mgmt.

600 East Main Street, 24th Floor

Richmond, VA 23219

Main Number: (804) 371-6095

Date:

Dam:

Dam Location:

Company: Example Cell

Engineer:

Average PMP Values by Storm Duration as Calculated through Virginia PMP Worksheet
6-Hour PMP 12-Hour PMP

GENERAL STORM EVENTS: Average PMP Values 16.0 18.6

LOCAL STORM EVENTS: Average PMP Values 26.6 29.0

TROPICAL STORM EVENTS: Average PMP Values 20.2 30.9

Governing PMP Values as Calculated through Virginia PMP Worksheet
Governing

6 Hr. PMP

26.6

Local

Duration

(hr.)

General

PMP (in)

Local

PMP (in)

Tropical

PMP (in)

6 15.98 26.62 20.16

12 18.56 28.96 30.90

24 20.12 29.96 30.90

Data for this section should be obtained from Dam's physical location (East / West of drainage divide per Map Tab) & curve tabs located

within worksheet. User shall evaluate PMP values to determine which value is controlling in order to choose correct temporal distribution

curve. User shall provide controlling curves utilized in dropdown cells below. Not all temporal distribution curves provided in this

worksheet will be utilized. It is up to the user to determine which curves are applicable for their Dam.

Cells Requiring User Input /

Selection are Highlighted in Blue

04/23/19

Calculation Section C - Required OUTPUT Information for Temporal Distribution Curve

24-Hour PMP

20.1

Calculation Section B - Required PMP Input for Temporal Distribution Curve Calculations

30.9

Ann Nunnelley, EIT

Hazen and Sawyer

Washington County, MD

Edgemont Reservoir Dam (NID MD00006)

This section is for internal calculation purposes only & will be auto-filled with information from Calculation Section A of this worksheet.

VA 2018 PMP Temporal Distribution Calculation Worksheet (Aug. 2018 Ver.)

Dam Location (State Drainage Perspective):

6-Hour Temporal Distribution Curve Utilized:

12-Hour Temporal Distribution Curve Utilized:

24-Hour Temporal Distribution Curve Utilized:

East

24-Hour EAST Tropical Curve (B Distribution)

12-Hour EAST Tropical Curve

6-Hour EAST Local Curve

This sheet should be used in consultation with VA PMP Temporal Distribution Training Document, Guidance Doc. on Dam Break Inundation

Zone Modeling & Mapping Procedures (current version), 2018 VA PMP Temporal Distribution Analysis (Effective June 28, 2018), and VA

2015 PMP Watershed Calculations Worksheet (current version) in conjunction with the PMP Evaluation Tool.

Data for this section should be obtained from Section C of the VA 2015 PMP Watershed Calculations Worksheet (current version)

Calculation Section A - PMP Values from VA 2015 PMP Watershed Calculation Worksheet

30.0

30.9

Governing Storm Type (General, Local, or Tropical) Tropical Tropical

Governing PMP Values for Watershed

Governing

24 Hr. PMP

30.9

Governing

12 Hr. PMP

1 of 4 August 2018 Version



Virginia Department of Conservation

and Recreation, Division of Dam

Safety and Floodplain Mgmt.

600 East Main Street, 24th Floor

Richmond, VA 23219

Main Number: (804) 371-6095

Calculation Section D - OUTPUT Information for Temporal Distribution Curve
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Virginia Department of Conservation

and Recreation, Division of Dam

Safety and Floodplain Mgmt.

600 East Main Street, 24th Floor

Richmond, VA 23219

Main Number: (804) 371-6095

Calculation Section C - OUTPUT Information for Temporal Distribution Curve
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Virginia Department of Conservation

and Recreation, Division of Dam

Safety and Floodplain Mgmt.

600 East Main Street, 24th Floor

Richmond, VA 23219

Main Number: (804) 371-6095

Calculation Section C - OUTPUT Information for Temporal Distribution Curve
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Executive Summary 

This study produced gridded PMP values for the project domain at a spatial resolution of 

approximately 2.3-square miles.  Variations in topography, climate and storm types across the state 

were explicitly taken into account.  A large set of storm data were analyzed for use in developing 

the PMP values.  These values replace those provided in Hydrometeorological Reports (HMRs) 

33, 40, 51, and 52.  The full PMP values are valid from May through October when no significant 

contribution from melting snow would occur.  Results of this analysis reflects the most current 

practices used for defining PMP, including comprehensive storm analyses procedures, extensive 

use of geographical information systems (GIS), explicit quantification of orographic effects, 

updated maximum dew point climatologies for storm adjustments, and improved understanding of 

the weather and climate related to extreme rainfall throughout the state. 

 

The approach used in this study followed the same philosophy used in the numerous site-specific, 

statewide, and regional PMP studies that AWA has completed.  This was the storm-based approach 

and it follows the same general procedures used by the National Weather Service (NWS) in the 

development of the HMRs.  The World Meteorological Organization (WMO) Manual on 

Estimation of PMP recommends this same approach.  The storm-based approach identified 

extreme rainfall events that have occurred in regions considered transpositionable to Pennsylvania.  

These are storms that had meteorological and topographical characteristics similar to extreme 

rainfall storms that could occur over any location within the project domain and were deemed to 

be PMP-type storm events.  Detailed storm analyses were completed for the largest of these rainfall 

events. 

 

Data, assumptions, and analysis techniques used in this study have been reviewed and accepted by 

the review board and the Pennsylvania Department of Environmental Protection with significant 

input provided by other study participants including the Federal Energy Regulatory Commission, 

the Natural Resource Conservation Service, Pennsylvania American Water, and various private 

consultants.   

 

Although this study produced deterministic values, it must be recognized that there is some 

subjectivity associated with the PMP development procedures.  Examples of decisions where 

scientific judgment was involved included determining which storms are used for PMP, 

determination of storm adjustment factors, and storm transposition limits.  For areas where 

uncertainties in data were recognized, conservative assumptions were applied unless sufficient 

data existed to make a more informed decision.  All data and information supporting decisions in 

the PMP development process have been documented so that results can be reproduced and 

verified. 

 

Ninety-eight rainfall events were identified as having similar characteristics to rainfall that could 

potentially control PMP values at various locations within the state.  Several storm events had 

multiple Depth-Area-Duration (DAD) zones that were used in the PMP determination process.  

This includes 32 tropical storm rainfall centers, 34 general storm rainfall centers, and 28 local 

storm rainfall centers.  Note, four storms exhibited characteristics of both local and general storm 

types and were therefore evaluated as both the general and local storm PMP determination process.   
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Each storm center was analyzed using the Storm Precipitation Analysis System (SPAS), which 

produced several standard products including DAD values, storm center mass curves, and total 

storm isohyetal patterns.  National Weather Service (NWS) Next Generation Weather Radar 

(NEXRAD) data were used in storm analyses when available (generally for storms which occurred 

after the mid-1990's). 

 

Standard procedures were applied for in-place maximization adjustments (e.g. HMR 51 Section 

2.3).  New techniques and new datasets were used in other procedures to increase accuracy and 

reliability when justified by utilizing advancements in technology and meteorological 

understanding, while adhering to the basic approach used in the HMRs and in the WMO Manual.  

Updated precipitation frequency analyses data available from the National Oceanic and 

Atmospheric Administration (NOAA) Atlas 14 were used for this study.  These were used to 

calculate the Geographic Transposition Factors (GTFs) for each storm.  The GTF procedure 

provided explicit evaluations of the effects of terrain on rainfall and corrected for the lack of 

analysis in the "stippled' region of HMR 51.  The GTF procedure, through its correlation process, 

provided quantifiable and reproducible analyses of the effects of terrain on rainfall.  Results of 

these factors (in-place maximization and geographic transposition) were applied for each storm at 

each grid point for each of the area sizes and durations used in this study to define the PMP values. 

 

Maximization factors were computed for each of the analyzed storm events using updated dew 

point and sea surface temperature (SST) climatologies representing the maximum moisture 

equivalent to the 100-year recurrence interval for dew points or +2 sigma for SST that could have 

been associated with each rainfall event.  The dew point climatology included the maximum 

average 3-, 6-, 12-, and 24-hour 100-year return frequency values, while the SST climatology 

provided the +2 sigma values.  The most appropriate duration consistent with the duration of the 

storm rainfall was used.  HYSPLIT model output, which represent model reanalysis fields of air 

flow in the atmosphere, and NWS synoptic weather maps were used as guidance in identifying the 

storm representative moisture source regions. 

 

To store, analyze, and produce results from the large datasets developed in the study, the PMP 

calculation information was stored and analyzed in individual Excel spreadsheets and a GIS 

database.  This combination of Excel and GIS was used to query, calculate, and derive PMP values 

for each grid point for each duration for each storm type.  The database allowed PMP to be 

calculated at any area size and/or duration available in the underlying SPAS data. 

 

When compared to previous PMP depths provided in HMR 51 the updated values from this study 

resulted in a wide range of reductions at most area sizes and durations, with some regions resulting 

in minor increases.  PMP depths are highest near the coast and along the ridges of the 

Appalachians.  These regions have exhibited past extreme rainfall accumulations that are the result 

of both moisture availability and topographic enhancement.  Regions along and near the coast are 

also affected by coastal convergence processes and direct access to low-level moisture which act 

to enhance lift and provide an additional mechanism for enhanced rainfall production versus other 

locations in the study domain.  Minimum values are seen in the most protected interior valleys.  

This is expected because of the decrease in sustained moisture availability and reduced or negative 

orographic effects relative to other regions.  
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The contributing watersheds to the majority of dams in Pennsylvania are relatively small in area 

size, less than 10-square miles.  Therefore, a significant amount of emphasis was placed on 

developing PMP and temporal patterns most relevant for smaller area sizes and quick response 

basins.  This included extensive analysis of short duration, high intensity rainfall accumulation 

patterns (local storms) and development of PMP depths for area sizes and durations that are 

important for these types of basins.  Providing PMP depths down to area sizes at 1/3rd-square miles 

and temporal accumulation patterns at 5-minute increments was a significant improvement for 

dam safety evaluations in Pennsylvania over what was previously available in the HMRs  

 

Statewide it was found that on average, PMP values for local storms resulted in a 25% reduction 

at 6-hour 10-square miles and a 26% reduction at 12-hour 10-square miles.  In general, the largest 

reductions were within the Appalachians, with smaller reductions in the eastern lower elevations.  

For the longer durations, larger area sizes, statewide reductions were 32% at 24-hours, 29% at 72-

hours for 200-square miles, 28% at 24-hour, and 24% at 72-hours for 1,000-square miles.  Tables 

E.1-E.3 provide the average percent difference (negative is a reduction) from HMR 51 across each 

of the transposition region analyzed.   
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Table E.1  Local storm PMP percent difference from HMR 51 PMP at 6-hour and 12-hour 10-square miles.  

Grayed out rows represent regions where either tropical or general storm PMP values were controlling. 

 
 

Table E.2  Tropical storm PMP percent difference from HMR 51 PMP at 24-hour and 72-hour 200- and 

1000-square miles.  Grayed out rows represent regions where general storm PMP values were controlling. 

 

 
 

Table E.3  General storm PMP percent difference from HMR 51 PMP at 24-hour and 72-hour 200- and 1000-

square miles.  Grayed out rows represent regions where tropical storm PMP values were controlling. 

 

Transposition Zone HMR 51 6hr PMP 6hr Change 6hr HMR 51 12hr PMP 12hr Change 12hr

1 - Coastal Plain 27.3 24.5 -10.1% 31.9 27.6 -13.5%

2 - Piedmont 27.0 23.2 -14.1% 31.3 26.1 -16.8%

3 - Ridge 26.6 19.8 -25.5% 30.7 22.0 -28.1%

4 - Valley 26.6 20.7 -22.3% 30.8 22.5 -26.9%

5 - Appalachian Plateau East 25.4 17.8 -29.9% 29.0 19.8 -31.6%

6 - Appalachian Plateau West 26.0 20.1 -22.7% 29.7 25.7 -13.6%

7 - Western Lowland 26.3 18.6 -29.0% 30.0 19.5 -34.9%

Statewide Domain 26.2 19.7 -24.7% 30.0 22.4 -25.5%

Local Storm 10 mi² Average PMP

Transposition Zone HMR 51 24hr PMP 24hr Change 24hr HMR 51 72hr PMP 72hr Change 72hr

1 - Coastal Plain 26.8 18.0 -32.8% 31.6 27.6 -12.7%

2 - Piedmont 25.9 16.7 -35.5% 30.6 25.6 -16.3%

3 - Ridge 24.8 19.2 -22.7% 29.3 21.0 -28.1%

4 - Valley 25.0 19.8 -20.6% 29.5 21.8 -26.1%

5 - Appalachian Plateau East 22.9 17.5 -23.7% 27.0 19.2 -29.1%

6 - Appalachian Plateau West 23.6 13.8 -41.3% 27.9 18.6 -33.0%

7 - Western Lowland 23.9 12.9 -46.0% 28.2 17.4 -38.2%

Statewide Domain 24.1 16.4 -32.1% 28.5 20.2 -29.1%

Tropical Storm 200 mi² Average PMP

Transposition Zone HMR 51 24hr PMP 24hr Change 24hr HMR 51 72hr PMP 72hr Change 72hr

1 - Coastal Plain 21.6 16.0 -25.9% 25.4 25.5 0.3%

2 - Piedmont 20.7 14.8 -28.4% 24.5 23.7 -3.1%

3 - Ridge 19.6 14.5 -25.6% 23.4 17.8 -23.9%

4 - Valley 19.8 15.1 -23.9% 23.6 18.4 -21.9%

5 - Appalachian Plateau East 18.0 13.3 -26.1% 21.8 16.2 -25.8%

6 - Appalachian Plateau West 18.3 13.3 -27.5% 22.3 15.8 -28.8%

7 - Western Lowland 18.5 12.4 -32.9% 22.6 14.8 -34.2%

Statewide Domain 18.9 13.7 -27.5% 22.8 17.4 -23.9%

Tropical Storm 1,000 mi² Average PMP

Transposition Zone HMR 51 24hr PMP 24hr Change 24hr HMR 51 72hr PMP 72hr Change 72hr

1 - Coastal Plain 26.8 16.6 -38.2% 31.6 20.5 -35.0%

2 - Piedmont 25.9 16.1 -37.8% 30.6 18.9 -38.3%

3 - Ridge 24.8 14.1 -43.2% 29.3 16.3 -44.2%

4 - Valley 25.0 14.6 -41.4% 29.5 16.9 -42.7%

5 - Appalachian Plateau East 22.9 12.9 -43.8% 27.0 14.9 -44.9%

6 - Appalachian Plateau West 23.6 15.5 -34.3% 27.9 16.0 -42.6%

7 - Western Lowland 23.9 15.0 -37.0% 28.2 15.2 -46.3%

Statewide Domain 24.1 14.6 -39.7% 28.5 16.2 -43.3%

General Storm 200 mi² Average PMP



Pennsylvania Probable Maximum Precipitation Study 

 

xv 

 

 

Transposition Zone HMR 51 24hr PMP 24hr Change 24hr HMR 51 72hr PMP 72hr Change 72hr

1 - Coastal Plain 21.6 15.0 -30.6% 25.4 17.5 -31.0%

2 - Piedmont 20.7 14.5 -29.8% 24.5 16.4 -33.1%

3 - Ridge 19.6 12.6 -35.3% 23.4 14.2 -39.2%

4 - Valley 19.8 13.2 -33.5% 23.6 14.7 -37.6%

5 - Appalachian Plateau East 18.0 11.6 -35.6% 21.8 13.0 -40.6%

6 - Appalachian Plateau West 18.3 12.1 -33.7% 22.3 15.1 -32.2%

7 - Western Lowland 18.5 11.8 -36.4% 22.6 14.1 -37.4%

Statewide Domain 18.9 12.4 -34.4% 22.8 14.4 -36.8%

General Storm 1,000 mi² Average PMP



Pennslyvania PMP Evaluation GIS Tool Output

1 HR 2 HR 3 HR 4 HR 5 HR 6 HR 12 HR 24 HR
Local 12.13 13.93 15.79 17.24 18.65 25.02 27.32 28.28

Tropical 3.71 6.07 10.16 10.16 10.16 14.42 16.68 16.99
General 10.08 10.08 11.98 12.99 15.15 17.65 27.12 27.12

1000 Local 1547_1 Local 1406_1

Local 1406_1 Local 1406_1

The storm specific distributions for use in HEC-HMS or other
 hydraulic routing programs will be available to the right.
The rainfall distributions are given in 1-hour increments.

A 5-minute timestep should be used in the hydraulic routing program to capture the peak of the storm.

24 HR

Input the rainfall data for the Local, Tropical, and General Storm directly from the PMP tool.
This data is available on the PMP_Basin_Average.csv file 

which is located in the CSV_ folder for the analyzed watershed.

3 HR 6 HR

12 HR

The green highlighted values in the table above are the controlling PMP values for the specified durations.
The Yellow highlighted Storm type below is the controlling storm for the specific duration.

- Use GIS program to view PMP_Points for your watershed to determine the controlling storm at each duration.
- If Local controls at all durations, only the Local_PMP_Points will need to be used.

- If other storms (General, Tropical) control at certain durations, make sure to use the correct PMP_Points file.
- If multiple storms control at a specific duration, i.e. more than one Local storm, try all distributions and choose the most 

conservative answer. 
 Select the appropriate storm from the red highlighted dropdown for each duration.

1 of 2



Pennslyvania PMP Evaluation GIS Tool Output

MIN INC MIN INC MIN INC MIN INC MIN INC
0 0.000 0 0.000 0 0.000 0 0.000 0 0.000

60 1.817 60 6.654 60 0.310 60 0.027 5 0.150
120 12.113 120 3.819 120 0.296 120 0.330 10 0.150
180 1.860 180 0.911 180 0.232 180 0.364 15 0.150
240 0.000 240 0.936 240 0.385 240 0.044 20 0.150
300 0.000 300 2.453 300 6.603 300 0.060 25 0.150
360 0.000 360 10.248 360 3.790 360 0.077 30 0.150
420 0.000 420 0.000 420 0.904 420 0.310 35 0.748
480 0.000 480 0.000 480 0.929 480 0.296 40 0.808
540 0.000 540 0.000 540 2.434 540 0.232 45 0.885
600 0.000 600 0.000 600 10.170 600 0.385 50 1.094
660 0.000 660 0.000 660 1.089 660 6.603 55 1.544
720 0.000 720 0.000 720 0.179 720 3.790 60 1.893
780 0.000 780 0.000 780 0.000 780 0.904 65 1.281
840 0.000 840 0.000 840 0.000 840 0.928 70 0.966
900 0.000 900 0.000 900 0.000 900 2.434 75 0.838
960 0.000 960 0.000 960 0.000 960 10.170 80 0.784

1020 0.000 1020 0.000 1020 0.000 1020 1.089 85 0.690
1080 0.000 1080 0.000 1080 0.000 1080 0.179 90 0.596
1140 0.000 1140 0.000 1140 0.000 1140 0.031 95 0.150
1200 0.000 1200 0.000 1200 0.000 1200 0.007 100 0.150
1260 0.000 1260 0.000 1260 0.000 1260 0.000 105 0.150
1320 0.000 1320 0.000 1320 0.000 1320 0.000 110 0.150
1380 0.000 1380 0.000 1380 0.000 1380 0.019 115 0.150
1440 0.000 1440 0.000 1440 0.000 1440 0.001 120 0.150

STORM SPECIFIC DISTRIBUTION

1406_1
24 HR3 HR 6 HR 12 HR

1547_1 1406_1 1406_1
2 HR Synth
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Edgemont Reservoir
Design Storm Evaluation - Storm Hydrograph Distribution Analysis
Project Manager: JGP
Project Number: 30065-014
Designer: AGN
Date: 12/30/2019
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Edgemont Reservoir
Design Storm Evaluation - Storm Hydrograph Distribution Analysis
Project Manager: JGP
Project Number: 30065-014
Designer: AGN
Date: 12/30/2019

Rainfall 
(in)

Peak Inflow 
(CFS) Max Elevation

20% 5.41 1,043 930.47
30% 8.12 2,241 931.37
40% 10.83 3,590 932.18
50% 13.53 5,016 932.90
60% 16.24 6,478 933.57
70% 18.95 7,959 934.17
80% 21.65 9,453 934.69
90% 24.36 10,968 935.04
100% 27.07 12,486 935.35

Rainfall 
(in)

Peak Inflow 
(CFS) Max Elevation

20% 5.41 1,356 930.73
30% 8.12 2,805 931.72
40% 10.83 4,379 932.60
50% 13.53 6,009 933.36
60% 16.24 7,682 934.06
70% 18.95 9,367 934.66
80% 21.65 11,057 935.06
90% 24.36 12,749 935.40
100% 27.07 14,441 935.71

TR-20/TR-60/SITES Distribution - HEC-1 Summary of Results

HMR52 Distribution - HEC-1 Summary of Results

Ratio of PMP

6-Hour Storm

6-Hour Storm

Ratio of PMP



Rainfall 
(in)

Peak Inflow 
(CFS) Max Elevation

20% 5.32 1,199 930.64
30% 7.99 2,218 931.43
40% 10.65 3,269 932.09
50% 13.31 4,326 932.67
60% 15.97 5,383 933.21
70% 18.63 6,436 933.74
80% 21.30 7,484 934.27
90% 23.96 8,530 934.73
100% 26.62 9,571 935.02

Rainfall 
(in)

Peak Inflow 
(CFS) Max Elevation

20% 5.00 1,252 930.67
30% 7.51 2,328 931.50
40% 10.01 3,436 932.17
50% 12.51 4,550 932.77
60% 15.01 5,660 933.34
70% 17.51 6,764 933.89
80% 20.02 7,863 934.43
90% 22.52 8,957 934.84
100% 25.02 10,046 935.13

VA PMP Distribution - HEC-1 Summary of Results

PA PMP Distribution - HEC-1 Summary of Results

6-Hour Storm

Ratio of PMP

6-Hour Storm

Ratio of PMP



***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 23APR19 TIME 17:17:06 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

X X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
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HEC-1 INPUT PAGE 1

LINE ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

1 ID EDGEMONT RESERVOIR DAM
2 ID PREPARED FOR HAGERSTOWN, MD
3 ID PREPARED BY HAZEN
4 ID PMP ANALYSIS
5 ID EXISTING LAND USE
6 ID 6 HOUR STORM EVENT - HMR52 DISTRIBUTION
7 ID JOB No.: 30065-014
8 ID FILE: EDGEMONT_HMR52DIST_6HR_EX.ih1
9 ID DATE: 2019-04-23

10 ID HYDROLOGIST: AGN
11 IT 2 01JAN18 900 1500
12 IO 4

* 20-100% PMP
13 JR PREC 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

14 KK B5
15 KM RUNNOFF HYDROGRAPH TO BASIN 5
16 KO 21
17 BA 2.35
18 PB 27.068
19 IN 5
20 PI 0.087 0.097 0.106 0.115 0.123 0.131 0.138 0.145 0.151 0.157
21 PI 0.162 0.167 0.171 0.175 0.178 0.181 0.183 0.185 0.194 0.222
22 PI 0.244 0.26 0.271 0.276 0.27 0.257 0.264 0.291 0.338 0.405
23 PI 0.579 0.928 1.115 1.337 1.61 1.633 1.627 1.616 1.575 1.148
24 PI 1.042 0.774 0.445 0.369 0.312 0.275 0.258 0.261 0.277 0.275
25 PI 0.267 0.253 0.234 0.209 0.186 0.184 0.182 0.18 0.177 0.173
26 PI 0.169 0.165 0.16 0.154 0.148 0.142 0.135 0.127 0.119 0.111
27 PI 0.101 0.092
28 LS 0 67
29 UD 1.045

30 KK R5
31 KM ROUTING BASIN 5 THROUGH RESERVOIR
32 KM OUTLET: EX OVER OGEE WEIR AND SPILLWAY
33 KO 21
34 RS 1 ELEV 929
35 SV 0 1.11 5.56 13.87 26.81 44.12 65.38 89.85 117.57 149.27
36 SV 185.14 224.84 246.14 257.05 268.25 279.62 288.23 303.13 311.88 321.39
37 SE 884 886 890 894 898 902 906 910 914 918
38 SE 922 926 928 929 930 931 932 933 934 934.5
39 SQ 0 15.7 44.9 181.8 539.4 1025.5 1614.3 2305.7 3096.1 3983.6
40 SQ 4967.4 5959.6 6920.7 7871.6
41 SE 929 929.1 929.2 929.5 930 930.5 931 931.5 932 932.5
42 SE 933 933.5 934 934.5
43 ST 934.5 700 2.6 1.5
44 ZZ
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***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 23APR19 TIME 17:17:06 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

EDGEMONT RESERVOIR DAM
PREPARED FOR HAGERSTOWN, MD
PREPARED BY HAZEN
PMP ANALYSIS
EXISTING LAND USE
6 HOUR STORM EVENT - HMR52 DISTRIBUTION
JOB No.: 30065-014
FILE: EDGEMONT_HMR52DIST_6HR_EX.ih1
DATE: 2019-04-23
HYDROLOGIST: AGN

12 IO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

IT HYDROGRAPH TIME DATA
NMIN 2 MINUTES IN COMPUTATION INTERVAL

IDATE 1JAN18 STARTING DATE
ITIME 0900 STARTING TIME

NQ 1500 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 3JAN18 ENDING DATE
NDTIME 1058 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .03 HOURS
TOTAL TIME BASE 49.97 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

JP MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS

JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
.20 .30 .40 .50 .60 .70 .80 .90 1.00

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

14 KK * B5 *
* *
**************

RUNNOFF HYDROGRAPH TO BASIN 5

16 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 0 PUNCH COMPUTED HYDROGRAPH
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT

ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1500 LAST ORDINATE PUNCHED OR SAVED

TIMINT .033 TIME INTERVAL IN HOURS

19 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 5 TIME INTERVAL IN MINUTES

JXDATE 1JAN18 STARTING DATE
JXTIME 900 STARTING TIME

SUBBASIN RUNOFF DATA

17 BA SUBBASIN CHARACTERISTICS
TAREA 2.35 SUBBASIN AREA

PRECIPITATION DATA

18 PB STORM 27.07 BASIN TOTAL PRECIPITATION

20 PI INCREMENTAL PRECIPITATION PATTERN
.03 .03 .04 .04 .04 .04 .04 .04 .05 .05
.05 .05 .05 .05 .05 .06 .06 .06 .06 .06
.06 .06 .06 .06 .06 .06 .06 .07 .07 .07
.07 .07 .07 .07 .07 .07 .07 .07 .07 .07
.07 .07 .07 .07 .07 .08 .08 .08 .09 .09
.10 .10 .10 .10 .10 .11 .11 .11 .11 .11
.11 .11 .11 .10 .10 .11 .11 .11 .12 .12
.14 .14 .15 .16 .16 .23 .23 .30 .37 .37
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.45 .45 .49 .53 .53 .64 .64 .65 .65 .65

.65 .65 .65 .65 .65 .63 .63 .54 .46 .46

.42 .42 .36 .31 .31 .18 .18 .16 .15 .15

.12 .12 .12 .11 .11 .10 .10 .10 .10 .10

.11 .11 .11 .11 .11 .11 .11 .10 .10 .10

.09 .09 .09 .08 .08 .07 .07 .07 .07 .07

.07 .07 .07 .07 .07 .07 .07 .07 .07 .07

.07 .07 .07 .07 .07 .06 .06 .06 .06 .06

.06 .06 .06 .06 .06 .05 .05 .05 .05 .05

.05 .05 .05 .04 .04 .04 .04 .04 .04 .04

28 LS SCS LOSS RATE
STRTL .99 INITIAL ABSTRACTION

CRVNBR 67.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

29 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 1.04 LAG

***

UNIT HYDROGRAPH
159 END-OF-PERIOD ORDINATES

10. 20. 30. 51. 75. 98. 126. 156. 186. 221.
261. 302. 345. 399. 453. 507. 571. 635. 699. 754.
807. 861. 903. 940. 977. 1005. 1025. 1045. 1060. 1063.

1066. 1069. 1065. 1062. 1059. 1039. 1019. 999. 976. 953.
929. 904. 877. 850. 820. 787. 753. 718. 678. 637.
597. 564. 530. 497. 472. 448. 425. 404. 383. 363.
345. 328. 311. 296. 283. 271. 259. 247. 234. 222.
212. 202. 192. 182. 172. 162. 153. 147. 140. 133.
127. 120. 113. 108. 103. 98. 93. 88. 83. 79.
76. 72. 68. 65. 61. 58. 55. 53. 50. 48.
45. 43. 41. 39. 37. 35. 33. 32. 30. 29.
27. 26. 25. 23. 22. 21. 20. 19. 18. 17.
16. 15. 15. 14. 13. 13. 12. 12. 11. 11.
10. 10. 10. 9. 9. 8. 8. 7. 7. 7.
6. 6. 5. 5. 5. 4. 4. 4. 3. 3.
3. 2. 2. 2. 1. 1. 1. 0. 0.

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

30 KK * R5 *
* *
**************

ROUTING BASIN 5 THROUGH RESERVOIR
OUTLET: EX OVER OGEE WEIR AND SPILLWAY

33 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 0 PUNCH COMPUTED HYDROGRAPH
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT

ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1500 LAST ORDINATE PUNCHED OR SAVED

TIMINT .033 TIME INTERVAL IN HOURS

HYDROGRAPH ROUTING DATA

34 RS STORAGE ROUTING
NSTPS 1 NUMBER OF SUBREACHES
ITYP ELEV TYPE OF INITIAL CONDITION

RSVRIC 929.00 INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT

35 SV STORAGE .0 1.1 5.6 13.9 26.8 44.1 65.4 89.8 117.6 149.3
185.1 224.8 246.1 257.0 268.3 279.6 288.2 303.1 311.9 321.4

37 SE ELEVATION 884.00 886.00 890.00 894.00 898.00 902.00 906.00 910.00 914.00 918.00
922.00 926.00 928.00 929.00 930.00 931.00 932.00 933.00 934.00 934.50

39 SQ DISCHARGE 0. 16. 45. 182. 539. 1026. 1614. 2306. 3096. 3984.
4967. 5960. 6921. 7872.

41 SE ELEVATION 929.00 929.10 929.20 929.50 930.00 930.50 931.00 931.50 932.00 932.50
933.00 933.50 934.00 934.50

43 ST TOP OF DAM
TOPEL 934.50 ELEVATION AT TOP OF DAM

DAMWID 700.00 DAM WIDTH
COQD 2.60 WEIR COEFFICIENT
EXPD 1.50 EXPONENT OF HEAD

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

(INCLUDING FLOW OVER DAM)

STORAGE .00 1.11 5.56 13.87 26.81 44.12 65.38 89.85 117.57 149.27
OUTFLOW .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ELEVATION 884.00 886.00 890.00 894.00 898.00 902.00 906.00 910.00 914.00 918.00

STORAGE 185.14 224.84 246.14 257.05 258.17 259.29 262.65 268.25 273.93 279.62
OUTFLOW .00 .00 .00 .00 15.70 44.90 181.80 539.40 1025.50 1614.30

ELEVATION 922.00 926.00 928.00 929.00 929.10 929.20 929.50 930.00 930.50 931.00
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STORAGE 283.92 288.23 295.68 303.13 307.51 311.88 321.39
OUTFLOW 2305.70 3096.10 3983.60 4967.40 5959.60 6920.70 7871.60

ELEVATION 931.50 932.00 932.50 933.00 933.50 934.00 934.50
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PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO 9

.20 .30 .40 .50 .60 .70 .80 .90 1.00

HYDROGRAPH AT B5 2.35 1 FLOW 1386. 2847. 4443. 6102. 7788. 9489. 11198. 12909. 14618.
TIME 4.30 4.27 4.23 4.20 4.20 4.17 4.17 4.17 4.17

ROUTED TO R5 2.35 1 FLOW 1367. 2827. 4409. 6079. 7677. 9441. 11162. 12873. 14587.
TIME 4.43 4.33 4.30 4.27 4.30 4.23 4.23 4.20 4.20

** PEAK STAGES IN FEET **
1 STAGE 930.79 931.83 932.72 933.56 934.40 934.99 935.41 935.77 936.10

TIME 4.43 4.33 4.30 4.27 4.30 4.23 4.23 4.20 4.20
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SUMMARY OF DAM OVERTOPPING/BREACH ANALYSIS FOR STATION R5
(PEAKS SHOWN ARE FOR INTERNAL TIME STEP USED DURING BREACH FORMATION)

PLAN 1 ............... INITIAL VALUE SPILLWAY CREST TOP OF DAM
ELEVATION 929.00 934.50 934.50
STORAGE 257. 321. 321.
OUTFLOW 0. 7872. 7872.

RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PMF W.S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

.20 930.79 .00 277. 1367. .00 4.43 .00

.30 931.83 .00 287. 2827. .00 4.33 .00

.40 932.72 .00 299. 4409. .00 4.30 .00

.50 933.56 .00 308. 6079. .00 4.27 .00

.60 934.40 .00 319. 7677. .00 4.30 .00

.70 934.99 .49 331. 9441. .80 4.23 .00

.80 935.41 .91 339. 11162. 1.17 4.23 .00

.90 935.77 1.27 345. 12873. 1.43 4.20 .00
1.00 936.10 1.60 352. 14587. 1.70 4.20 .00

*** NORMAL END OF HEC-1 ***
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***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 24APR19 TIME 09:53:40 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

X X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
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HEC-1 INPUT PAGE 1

LINE ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

1 ID EDGEMONT RESERVOIR DAM
2 ID PREPARED FOR HAGERSTOWN, MD
3 ID PREPARED BY HAZEN
4 ID PMP ANALYSIS
5 ID EXISTING LAND USE
6 ID 6 HOUR STORM EVENT - TR-20/TR-60/SITES DISTRIBUTION
7 ID JOB No.: 30065-014
8 ID FILE: EDGEMONT_TR-60DIST_6HR_EX.ih1
9 ID DATE: 2019-04-24

10 ID HYDROLOGIST: AGN
11 IT 2 01JAN18 900 1500
12 IO 4

* 20-100% PMP
13 JR PREC 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

14 KK B5
15 KM RUNNOFF HYDROGRAPH TO BASIN 5
16 KO 21
17 BA 2.35
18 PB 27.068
19 IN 6
20 PC 0 0.0067 0.0135 0.0204 0.0275 0.0348 0.0425 0.0508 0.0595 0.0687
21 PC 0.0783 0.0884 0.099 0.1102 0.1218 0.1343 0.1478 0.1629 0.18 0.2008
22 PC 0.2383 0.3 0.3757 0.4525 0.53 0.5908 0.623 0.6465 0.668 0.6875
23 PC 0.705 0.7208 0.736 0.7505 0.7643 0.7775 0.79 0.8019 0.8134 0.8246
24 PC 0.8354 0.8459 0.8561 0.8659 0.8753 0.8844 0.8933 0.9019 0.9103 0.9185
25 PC 0.9265 0.9344 0.9422 0.9498 0.9573 0.9646 0.9718 0.979 0.986 0.993
26 PC 1
27 LS 0 67
28 UD 1.045

29 KK R5
30 KM ROUTING BASIN 5 THROUGH RESERVOIR
31 KM OUTLET: EX OVER OGEE WEIR AND SPILLWAY
32 KO 21
33 RS 1 ELEV 929
34 SV 0 1.11 5.56 13.87 26.81 44.12 65.38 89.85 117.57 149.27
35 SV 185.14 224.84 246.14 257.05 268.25 279.62 288.23 303.13 311.88 321.39
36 SE 884 886 890 894 898 902 906 910 914 918
37 SE 922 926 928 929 930 931 932 933 934 934.5
38 SQ 0 15.7 44.9 181.8 539.4 1025.5 1614.3 2305.7 3096.1 3983.6
39 SQ 4967.4 5959.6 6920.7 7871.6
40 SE 929 929.1 929.2 929.5 930 930.5 931 931.5 932 932.5
41 SE 933 933.5 934 934.5
42 ST 934.5 700 2.6 1.5
43 ZZ
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***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 24APR19 TIME 09:53:40 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

EDGEMONT RESERVOIR DAM
PREPARED FOR HAGERSTOWN, MD
PREPARED BY HAZEN
PMP ANALYSIS
EXISTING LAND USE
6 HOUR STORM EVENT - TR-20/TR-60/SITES DISTRIBUTION
JOB No.: 30065-014
FILE: EDGEMONT_TR-60DIST_6HR_EX.ih1
DATE: 2019-04-24
HYDROLOGIST: AGN

12 IO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

IT HYDROGRAPH TIME DATA
NMIN 2 MINUTES IN COMPUTATION INTERVAL

IDATE 1JAN18 STARTING DATE
ITIME 0900 STARTING TIME

NQ 1500 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 3JAN18 ENDING DATE
NDTIME 1058 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .03 HOURS
TOTAL TIME BASE 49.97 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

JP MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS

JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
.20 .30 .40 .50 .60 .70 .80 .90 1.00

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

14 KK * B5 *
* *
**************

RUNNOFF HYDROGRAPH TO BASIN 5

16 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 0 PUNCH COMPUTED HYDROGRAPH
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT

ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1500 LAST ORDINATE PUNCHED OR SAVED

TIMINT .033 TIME INTERVAL IN HOURS

19 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 6 TIME INTERVAL IN MINUTES

JXDATE 1JAN18 STARTING DATE
JXTIME 900 STARTING TIME

SUBBASIN RUNOFF DATA

17 BA SUBBASIN CHARACTERISTICS
TAREA 2.35 SUBBASIN AREA

PRECIPITATION DATA

18 PB STORM 27.07 BASIN TOTAL PRECIPITATION

20 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.02 .02 .02 .03 .03 .03 .03 .03 .03 .03
.03 .03 .02 .02 .02 .01 .01 .01 .01 .01
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.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

27 LS SCS LOSS RATE
STRTL .99 INITIAL ABSTRACTION

CRVNBR 67.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

28 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 1.04 LAG

***

UNIT HYDROGRAPH
159 END-OF-PERIOD ORDINATES

10. 20. 30. 51. 75. 98. 126. 156. 186. 221.
261. 302. 345. 399. 453. 507. 571. 635. 699. 754.
807. 861. 903. 940. 977. 1005. 1025. 1045. 1060. 1063.

1066. 1069. 1065. 1062. 1059. 1039. 1019. 999. 976. 953.
929. 904. 877. 850. 820. 787. 753. 718. 678. 637.
597. 564. 530. 497. 472. 448. 425. 404. 383. 363.
345. 328. 311. 296. 283. 271. 259. 247. 234. 222.
212. 202. 192. 182. 172. 162. 153. 147. 140. 133.
127. 120. 113. 108. 103. 98. 93. 88. 83. 79.
76. 72. 68. 65. 61. 58. 55. 53. 50. 48.
45. 43. 41. 39. 37. 35. 33. 32. 30. 29.
27. 26. 25. 23. 22. 21. 20. 19. 18. 17.
16. 15. 15. 14. 13. 13. 12. 12. 11. 11.
10. 10. 10. 9. 9. 8. 8. 7. 7. 7.
6. 6. 5. 5. 5. 4. 4. 4. 3. 3.
3. 2. 2. 2. 1. 1. 1. 0. 0.

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

29 KK * R5 *
* *
**************

ROUTING BASIN 5 THROUGH RESERVOIR
OUTLET: EX OVER OGEE WEIR AND SPILLWAY

32 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 0 PUNCH COMPUTED HYDROGRAPH
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT

ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1500 LAST ORDINATE PUNCHED OR SAVED

TIMINT .033 TIME INTERVAL IN HOURS

HYDROGRAPH ROUTING DATA

33 RS STORAGE ROUTING
NSTPS 1 NUMBER OF SUBREACHES
ITYP ELEV TYPE OF INITIAL CONDITION

RSVRIC 929.00 INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT

34 SV STORAGE .0 1.1 5.6 13.9 26.8 44.1 65.4 89.8 117.6 149.3
185.1 224.8 246.1 257.0 268.3 279.6 288.2 303.1 311.9 321.4

36 SE ELEVATION 884.00 886.00 890.00 894.00 898.00 902.00 906.00 910.00 914.00 918.00
922.00 926.00 928.00 929.00 930.00 931.00 932.00 933.00 934.00 934.50

38 SQ DISCHARGE 0. 16. 45. 182. 539. 1026. 1614. 2306. 3096. 3984.
4967. 5960. 6921. 7872.

40 SE ELEVATION 929.00 929.10 929.20 929.50 930.00 930.50 931.00 931.50 932.00 932.50
933.00 933.50 934.00 934.50

42 ST TOP OF DAM
TOPEL 934.50 ELEVATION AT TOP OF DAM

DAMWID 700.00 DAM WIDTH
COQD 2.60 WEIR COEFFICIENT
EXPD 1.50 EXPONENT OF HEAD

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

(INCLUDING FLOW OVER DAM)

STORAGE .00 1.11 5.56 13.87 26.81 44.12 65.38 89.85 117.57 149.27
OUTFLOW .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ELEVATION 884.00 886.00 890.00 894.00 898.00 902.00 906.00 910.00 914.00 918.00

STORAGE 185.14 224.84 246.14 257.05 258.17 259.29 262.65 268.25 273.93 279.62
OUTFLOW .00 .00 .00 .00 15.70 44.90 181.80 539.40 1025.50 1614.30

ELEVATION 922.00 926.00 928.00 929.00 929.10 929.20 929.50 930.00 930.50 931.00
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STORAGE 283.92 288.23 295.68 303.13 307.51 311.88 321.39
OUTFLOW 2305.70 3096.10 3983.60 4967.40 5959.60 6920.70 7871.60

ELEVATION 931.50 932.00 932.50 933.00 933.50 934.00 934.50
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PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO 9

.20 .30 .40 .50 .60 .70 .80 .90 1.00

HYDROGRAPH AT B5 2.35 1 FLOW 1062. 2284. 3658. 5110. 6602. 8117. 9648. 11186. 12727.
TIME 3.67 3.57 3.53 3.50 3.47 3.47 3.43 3.43 3.43

ROUTED TO R5 2.35 1 FLOW 1044. 2271. 3624. 5088. 6568. 8022. 9609. 11154. 12698.
TIME 3.80 3.63 3.63 3.57 3.53 3.57 3.50 3.50 3.47

** PEAK STAGES IN FEET **
1 STAGE 930.52 931.48 932.30 933.06 933.82 934.56 935.04 935.40 935.73

TIME 3.80 3.63 3.63 3.57 3.53 3.57 3.50 3.50 3.47
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SUMMARY OF DAM OVERTOPPING/BREACH ANALYSIS FOR STATION R5
(PEAKS SHOWN ARE FOR INTERNAL TIME STEP USED DURING BREACH FORMATION)

PLAN 1 ............... INITIAL VALUE SPILLWAY CREST TOP OF DAM
ELEVATION 929.00 934.50 934.50
STORAGE 257. 321. 321.
OUTFLOW 0. 7872. 7872.

RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PMF W.S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

.20 930.52 .00 274. 1044. .00 3.80 .00

.30 931.48 .00 284. 2271. .00 3.63 .00

.40 932.30 .00 293. 3624. .00 3.63 .00

.50 933.06 .00 304. 5088. .00 3.57 .00

.60 933.82 .00 310. 6568. .00 3.53 .00

.70 934.56 .06 323. 8022. .27 3.57 .00

.80 935.04 .54 332. 9609. .90 3.50 .00

.90 935.40 .90 339. 11154. 1.27 3.50 .00
1.00 935.73 1.23 345. 12698. 1.57 3.47 .00

*** NORMAL END OF HEC-1 ***
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***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 23APR19 TIME 17:07:49 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

X X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
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HEC-1 INPUT PAGE 1

LINE ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

1 ID EDGEMONT RESERVOIR DAM
2 ID PREPARED FOR HAGERSTOWN, MD
3 ID PREPARED BY HAZEN
4 ID PMP ANALYSIS
5 ID EXISTING LAND USE
6 ID 6 HOUR STORM EVENT - VA PMP DISTRIBUTION
7 ID JOB No.: 30065-014
8 ID FILE: EDGEMONT_VAPMPDIST_6HR_EX.ih1
9 ID DATE: 2019-04-23

10 ID HYDROLOGIST: AGN
11 IT 2 01JAN18 900 1000
12 IO 4

* 20-100% PMP
13 JR PREC 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

14 KK B5
15 KM RUNNOFF HYDROGRAPH TO BASIN 5
16 KO 21
17 BA 2.35
18 PB 26.62
19 IN 6
20 PC 0.002 0.0045 0.0077 0.012 0.0177 0.0245 0.032 0.0403 0.0493 0.06
21 PC 0.0723 0.0858 0.1 0.115 0.1313 0.148 0.1647 0.1815 0.199 0.2165
22 PC 0.234 0.2515 0.2687 0.2855 0.303 0.3197 0.337 0.354 0.3707 0.3873
23 PC 0.404 0.4215 0.439 0.457 0.4753 0.494 0.514 0.534 0.5553 0.5775
24 PC 0.6007 0.625 0.65 0.6758 0.7023 0.73 0.7583 0.7868 0.816 0.8443
25 PC 0.872 0.899 0.9247 0.948 0.968 0.9847 0.996 1 1 1
26 PC 1
27 LS 0 67
28 UD 1.045

29 KK R5
30 KM ROUTING BASIN 5 THROUGH RESERVOIR
31 KM OUTLET: EX OVER OGEE WEIR AND SPILLWAY
32 KO 21
33 RS 1 ELEV 929
34 SV 0 1.11 5.56 13.87 26.81 44.12 65.38 89.85 117.57 149.27
35 SV 185.14 224.84 246.14 257.05 268.25 279.62 288.23 303.13 311.88 321.39
36 SE 884 886 890 894 898 902 906 910 914 918
37 SE 922 926 928 929 930 931 932 933 934 934.5
38 SQ 0 15.7 44.9 181.8 539.4 1025.5 1614.3 2305.7 3096.1 3983.6
39 SQ 4967.4 5959.6 6920.7 7871.6
40 SE 929 929.1 929.2 929.5 930 930.5 931 931.5 932 932.5
41 SE 933 933.5 934 934.5
42 ST 934.5 700 2.6 1.5
43 ZZ
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***************************************** ***************************************
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 23APR19 TIME 17:07:49 * * (916) 756-1104 *
* * * *
***************************************** ***************************************

EDGEMONT RESERVOIR DAM
PREPARED FOR HAGERSTOWN, MD
PREPARED BY HAZEN
PMP ANALYSIS
EXISTING LAND USE
6 HOUR STORM EVENT - VA PMP DISTRIBUTION
JOB No.: 30065-014
FILE: EDGEMONT_VAPMPDIST_6HR_EX.ih1
DATE: 2019-04-23
HYDROLOGIST: AGN

12 IO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

IT HYDROGRAPH TIME DATA
NMIN 2 MINUTES IN COMPUTATION INTERVAL

IDATE 1JAN18 STARTING DATE
ITIME 0900 STARTING TIME

NQ 1000 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2JAN18 ENDING DATE
NDTIME 1818 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .03 HOURS
TOTAL TIME BASE 33.30 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

JP MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS

JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
.20 .30 .40 .50 .60 .70 .80 .90 1.00

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

14 KK * B5 *
* *
**************

RUNNOFF HYDROGRAPH TO BASIN 5

16 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 0 PUNCH COMPUTED HYDROGRAPH
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT

ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED

TIMINT .033 TIME INTERVAL IN HOURS

19 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 6 TIME INTERVAL IN MINUTES

JXDATE 1JAN18 STARTING DATE
JXTIME 900 STARTING TIME

SUBBASIN RUNOFF DATA

17 BA SUBBASIN CHARACTERISTICS
TAREA 2.35 SUBBASIN AREA

PRECIPITATION DATA

18 PB STORM 26.62 BASIN TOTAL PRECIPITATION

20 PI INCREMENTAL PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .01 .00 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
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.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .00 .00 .00 .00 .00

.00

27 LS SCS LOSS RATE
STRTL .99 INITIAL ABSTRACTION

CRVNBR 67.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA

28 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 1.04 LAG

***

UNIT HYDROGRAPH
159 END-OF-PERIOD ORDINATES

10. 20. 30. 51. 75. 98. 126. 156. 186. 221.
261. 302. 345. 399. 453. 507. 571. 635. 699. 754.
807. 861. 903. 940. 977. 1005. 1025. 1045. 1060. 1063.

1066. 1069. 1065. 1062. 1059. 1039. 1019. 999. 976. 953.
929. 904. 877. 850. 820. 787. 753. 718. 678. 637.
597. 564. 530. 497. 472. 448. 425. 404. 383. 363.
345. 328. 311. 296. 283. 271. 259. 247. 234. 222.
212. 202. 192. 182. 172. 162. 153. 147. 140. 133.
127. 120. 113. 108. 103. 98. 93. 88. 83. 79.
76. 72. 68. 65. 61. 58. 55. 53. 50. 48.
45. 43. 41. 39. 37. 35. 33. 32. 30. 29.
27. 26. 25. 23. 22. 21. 20. 19. 18. 17.
16. 15. 15. 14. 13. 13. 12. 12. 11. 11.
10. 10. 10. 9. 9. 8. 8. 7. 7. 7.
6. 6. 5. 5. 5. 4. 4. 4. 3. 3.
3. 2. 2. 2. 1. 1. 1. 0. 0.

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

**************
* *

29 KK * R5 *
* *
**************

ROUTING BASIN 5 THROUGH RESERVOIR
OUTLET: EX OVER OGEE WEIR AND SPILLWAY

32 KO OUTPUT CONTROL VARIABLES
IPRNT 4 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IPNCH 0 PUNCH COMPUTED HYDROGRAPH
IOUT 21 SAVE HYDROGRAPH ON THIS UNIT

ISAV1 1 FIRST ORDINATE PUNCHED OR SAVED
ISAV2 1000 LAST ORDINATE PUNCHED OR SAVED

TIMINT .033 TIME INTERVAL IN HOURS

HYDROGRAPH ROUTING DATA

33 RS STORAGE ROUTING
NSTPS 1 NUMBER OF SUBREACHES
ITYP ELEV TYPE OF INITIAL CONDITION

RSVRIC 929.00 INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT

34 SV STORAGE .0 1.1 5.6 13.9 26.8 44.1 65.4 89.8 117.6 149.3
185.1 224.8 246.1 257.0 268.3 279.6 288.2 303.1 311.9 321.4

36 SE ELEVATION 884.00 886.00 890.00 894.00 898.00 902.00 906.00 910.00 914.00 918.00
922.00 926.00 928.00 929.00 930.00 931.00 932.00 933.00 934.00 934.50

38 SQ DISCHARGE 0. 16. 45. 182. 539. 1026. 1614. 2306. 3096. 3984.
4967. 5960. 6921. 7872.

40 SE ELEVATION 929.00 929.10 929.20 929.50 930.00 930.50 931.00 931.50 932.00 932.50
933.00 933.50 934.00 934.50

42 ST TOP OF DAM
TOPEL 934.50 ELEVATION AT TOP OF DAM

DAMWID 700.00 DAM WIDTH
COQD 2.60 WEIR COEFFICIENT
EXPD 1.50 EXPONENT OF HEAD

***

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

(INCLUDING FLOW OVER DAM)

STORAGE .00 1.11 5.56 13.87 26.81 44.12 65.38 89.85 117.57 149.27
OUTFLOW .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ELEVATION 884.00 886.00 890.00 894.00 898.00 902.00 906.00 910.00 914.00 918.00

STORAGE 185.14 224.84 246.14 257.05 258.17 259.29 262.65 268.25 273.93 279.62
OUTFLOW .00 .00 .00 .00 15.70 44.90 181.80 539.40 1025.50 1614.30

ELEVATION 922.00 926.00 928.00 929.00 929.10 929.20 929.50 930.00 930.50 931.00
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STORAGE 283.92 288.23 295.68 303.13 307.51 311.88 321.39
OUTFLOW 2305.70 3096.10 3983.60 4967.40 5959.60 6920.70 7871.60

ELEVATION 931.50 932.00 932.50 933.00 933.50 934.00 934.50
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PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO 9

.20 .30 .40 .50 .60 .70 .80 .90 1.00

HYDROGRAPH AT B5 2.35 1 FLOW 1199. 2218. 3269. 4326. 5383. 6436. 7484. 8530. 9571.
TIME 5.87 5.83 5.80 5.77 5.77 5.77 5.77 5.73 5.73

ROUTED TO R5 2.35 1 FLOW 1190. 2210. 3252. 4312. 5375. 6417. 7438. 8505. 9554.
TIME 5.97 5.90 5.90 5.87 5.83 5.83 5.87 5.83 5.80

** PEAK STAGES IN FEET **
1 STAGE 930.64 931.43 932.09 932.67 933.21 933.74 934.27 934.73 935.02

TIME 5.97 5.90 5.90 5.87 5.83 5.83 5.87 5.83 5.80
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SUMMARY OF DAM OVERTOPPING/BREACH ANALYSIS FOR STATION R5
(PEAKS SHOWN ARE FOR INTERNAL TIME STEP USED DURING BREACH FORMATION)

PLAN 1 ............... INITIAL VALUE SPILLWAY CREST TOP OF DAM
ELEVATION 929.00 934.50 934.50
STORAGE 257. 321. 321.
OUTFLOW 0. 7872. 7872.

RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PMF W.S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

.20 930.64 .00 276. 1190. .00 5.97 .00

.30 931.43 .00 283. 2210. .00 5.90 .00

.40 932.09 .00 290. 3252. .00 5.90 .00

.50 932.67 .00 298. 4312. .00 5.87 .00

.60 933.21 .00 305. 5375. .00 5.83 .00

.70 933.74 .00 310. 6417. .00 5.83 .00

.80 934.27 .00 317. 7438. .00 5.87 .00

.90 934.73 .23 326. 8505. .77 5.83 .00
1.00 935.02 .52 331. 9554. 1.33 5.80 .00

*** NORMAL END OF HEC-1 ***

Page 7 of 7



*****************************************                                                   ***************************************
*                                       *                                                   *                                     *
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     *
*               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    *
*            VERSION 4.1                *                                                   *          609 SECOND STREET          *
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       *
*  RUN DATE   12NOV19  TIME  09:09:57   *                                                   *           (916) 756-1104            *
*                                       *                                                   *                                     *
*****************************************                                                   ***************************************

                                                X     X  XXXXXXX   XXXXX           X 
                                                X     X  X        X     X         XX 
                                                X     X  X        X                X 
                                                XXXXXXX  XXXX     X        XXXXX   X 
                                                X     X  X        X                X 
                                                X     X  X        X     X          X 
                                                X     X  XXXXXXX   XXXXX          XXX

           THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

           THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
           THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
           NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
           DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL   LOSS RATE:GREEN AND AMPT INFILTRATION
           KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
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                                                       HEC-1 INPUT                                             PAGE  1

          LINE           ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10

             1           ID  EDGEMONT RESERVOIR DAM                                                        
             2           ID  PREPARED FOR HAGERSTOWN, MD                                                   
             3           ID  PREPARED BY HAZEN                                                             
             4           ID  PMP ANALYSIS                                                                  
             5           ID  EXISTING LAND USE                                                             
             6           ID  6 HOUR STORM EVENT - HMR52 DISTRIBUTION                                       
             7           ID  JOB No.:  30065-014                                                           
             8           ID  FILE:  EDGEMONT_PAPMPDIST_6HR_EX.ih1                                          
             9           ID  DATE:  2019-11-12                                                             
            10           ID  HYDROLOGIST:  AGN                                                             
            11           IT       2 01JAN19     900    1000                                                
            12           IO       4                                                                        
                         * 20-100% PMP                                                                   
            13           JR    PREC     0.2     0.3     0.4     0.5     0.6     0.7     0.8     0.9       1

            14           KK      B5                                                                        
            15           KM  RUNNOFF HYDROGRAPH TO BASIN 5                                                 
            16           KO                                      21                                        
            17           BA    2.35                                                                        
            18           PB   25.02                                                                        
            19           IN      60                                                                        
            20           PC       0   0.266   0.419   0.455   0.492    0.59       1                        
            21           LS       0      67                                                                
            22           UD   1.045                                                                        

            23           KK      R5                                                                        
            24           KM  ROUTING BASIN 5 THROUGH RESERVOIR                                             
            25           KM  OUTLET: EX OVER OGEE WEIR AND SPILLWAY                                        
            26           KO                                      21                                        
            27           RS       1    ELEV     929                                                        
            28           SV       0    1.11    5.56   13.87   26.81   44.12   65.38   89.85  117.57  149.27
            29           SV  185.14  224.84  246.14  257.05  268.25  279.62  288.23  303.13  311.88  321.39
            30           SE     884     886     890     894     898     902     906     910     914     918
            31           SE     922     926     928     929     930     931     932     933     934   934.5
            32           SQ       0    15.7    44.9   181.8   539.4  1025.5  1614.3  2305.7  3096.1  3983.6
            33           SQ  4967.4  5959.6  6920.7  7871.6                                                
            34           SE     929   929.1   929.2   929.5     930   930.5     931   931.5     932   932.5
            35           SE     933   933.5     934   934.5                                                
            36           ST   934.5     700     2.6     1.5                                                
            37           ZZ                                                                                
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*****************************************                                                   ***************************************
*                                       *                                                   *                                     *
*   FLOOD HYDROGRAPH PACKAGE  (HEC-1)   *                                                   *    U.S. ARMY CORPS OF ENGINEERS     *
*               JUN   1998              *                                                   *    HYDROLOGIC ENGINEERING CENTER    *
*            VERSION 4.1                *                                                   *          609 SECOND STREET          *
*                                       *                                                   *       DAVIS, CALIFORNIA 95616       *
*  RUN DATE   12NOV19  TIME  09:09:57   *                                                   *           (916) 756-1104            *
*                                       *                                                   *                                     *
*****************************************                                                   ***************************************

                          EDGEMONT RESERVOIR DAM                                                        
                          PREPARED FOR HAGERSTOWN, MD                                                   
                          PREPARED BY HAZEN                                                             
                          PMP ANALYSIS                                                                  
                          EXISTING LAND USE                                                             
                          6 HOUR STORM EVENT - HMR52 DISTRIBUTION                                       
                          JOB No.:  30065-014                                                           
                          FILE:  EDGEMONT_PAPMPDIST_6HR_EX.ih1                                          
                          DATE:  2019-11-12                                                             
                          HYDROLOGIST:  AGN                                                             

  12 IO          OUTPUT CONTROL VARIABLES
                       IPRNT           4  PRINT CONTROL
                       IPLOT           0  PLOT CONTROL
                       QSCAL          0.  HYDROGRAPH PLOT SCALE

     IT          HYDROGRAPH TIME DATA
                        NMIN           2  MINUTES IN COMPUTATION INTERVAL
                       IDATE      1JAN19  STARTING DATE
                       ITIME        0900  STARTING TIME
                          NQ        1000  NUMBER OF HYDROGRAPH ORDINATES
                      NDDATE      2JAN19  ENDING DATE
                      NDTIME        1818  ENDING TIME
                      ICENT           19  CENTURY MARK

                   COMPUTATION INTERVAL     .03 HOURS
                        TOTAL TIME BASE   33.30 HOURS

          ENGLISH UNITS
               DRAINAGE AREA         SQUARE MILES
               PRECIPITATION DEPTH   INCHES
               LENGTH, ELEVATION     FEET
               FLOW                  CUBIC FEET PER SECOND
               STORAGE VOLUME        ACRE-FEET
               SURFACE AREA          ACRES
               TEMPERATURE           DEGREES FAHRENHEIT

     JP          MULTI-PLAN OPTION
                       NPLAN           1  NUMBER OF PLANS

     JR          MULTI-RATIO OPTION
                     RATIOS OF PRECIPITATION
                     .20       .30       .40       .50       .60       .70       .80       .90      1.00

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

            **************
            *            *
  14 KK     *        B5  *                                                                             
            *            *
            **************
                          RUNNOFF HYDROGRAPH TO BASIN 5                                                 

  16 KO          OUTPUT CONTROL VARIABLES
                       IPRNT           4  PRINT CONTROL
                       IPLOT           0  PLOT CONTROL
                       QSCAL          0.  HYDROGRAPH PLOT SCALE
                       IPNCH           0  PUNCH COMPUTED HYDROGRAPH
                        IOUT          21  SAVE HYDROGRAPH ON THIS UNIT
                       ISAV1           1  FIRST ORDINATE PUNCHED OR SAVED
                       ISAV2        1000  LAST ORDINATE PUNCHED OR SAVED
                      TIMINT        .033  TIME INTERVAL IN HOURS

  19 IN          TIME DATA FOR INPUT TIME SERIES
                       JXMIN          60  TIME INTERVAL IN MINUTES
                      JXDATE      1JAN19  STARTING DATE
                      JXTIME         900  STARTING TIME

               SUBBASIN RUNOFF DATA

  17 BA          SUBBASIN CHARACTERISTICS
                       TAREA        2.35  SUBBASIN AREA

                 PRECIPITATION DATA

  18 PB                STORM       25.02  BASIN TOTAL PRECIPITATION

  20 PI            INCREMENTAL PRECIPITATION PATTERN
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
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                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01
                       .01       .01       .01       .01       .01       .01       .01       .01       .01       .01

  21 LS          SCS LOSS RATE
                       STRTL         .99  INITIAL ABSTRACTION
                      CRVNBR       67.00  CURVE NUMBER
                       RTIMP         .00  PERCENT IMPERVIOUS AREA

  22 UD          SCS DIMENSIONLESS UNITGRAPH
                        TLAG        1.04  LAG

                                                                ***

                                                          UNIT HYDROGRAPH
                                                    159 END-OF-PERIOD ORDINATES
                10.       20.       30.       51.       75.       98.      126.      156.      186.      221.
               261.      302.      345.      399.      453.      507.      571.      635.      699.      754.
               807.      861.      903.      940.      977.     1005.     1025.     1045.     1060.     1063.
              1066.     1069.     1065.     1062.     1059.     1039.     1019.      999.      976.      953.
               929.      904.      877.      850.      820.      787.      753.      718.      678.      637.
               597.      564.      530.      497.      472.      448.      425.      404.      383.      363.
               345.      328.      311.      296.      283.      271.      259.      247.      234.      222.
               212.      202.      192.      182.      172.      162.      153.      147.      140.      133.
               127.      120.      113.      108.      103.       98.       93.       88.       83.       79.
                76.       72.       68.       65.       61.       58.       55.       53.       50.       48.
                45.       43.       41.       39.       37.       35.       33.       32.       30.       29.
                27.       26.       25.       23.       22.       21.       20.       19.       18.       17.
                16.       15.       15.       14.       13.       13.       12.       12.       11.       11.
                10.       10.       10.        9.        9.        8.        8.        7.        7.        7.
                 6.        6.        5.        5.        5.        4.        4.        4.        3.        3.
                 3.        2.        2.        2.        1.        1.        1.        0.        0.

*** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

            **************
            *            *
  23 KK     *        R5  *                                                                             
            *            *
            **************
                          ROUTING BASIN 5 THROUGH RESERVOIR                                             
                          OUTLET: EX OVER OGEE WEIR AND SPILLWAY                                        

  26 KO          OUTPUT CONTROL VARIABLES
                       IPRNT           4  PRINT CONTROL
                       IPLOT           0  PLOT CONTROL
                       QSCAL          0.  HYDROGRAPH PLOT SCALE
                       IPNCH           0  PUNCH COMPUTED HYDROGRAPH
                        IOUT          21  SAVE HYDROGRAPH ON THIS UNIT
                       ISAV1           1  FIRST ORDINATE PUNCHED OR SAVED
                       ISAV2        1000  LAST ORDINATE PUNCHED OR SAVED
                      TIMINT        .033  TIME INTERVAL IN HOURS

               HYDROGRAPH ROUTING DATA

  27 RS          STORAGE ROUTING
                       NSTPS           1  NUMBER OF SUBREACHES
                        ITYP        ELEV  TYPE OF INITIAL CONDITION
                      RSVRIC      929.00  INITIAL CONDITION
                           X         .00 WORKING R AND D COEFFICIENT 

  28 SV            STORAGE          .0       1.1       5.6      13.9      26.8      44.1      65.4      89.8     117.6     149.3
                                 185.1     224.8     246.1     257.0     268.3     279.6     288.2     303.1     311.9     321.4

  30 SE          ELEVATION      884.00    886.00    890.00    894.00    898.00    902.00    906.00    910.00    914.00    918.00
                                922.00    926.00    928.00    929.00    930.00    931.00    932.00    933.00    934.00    934.50

  32 SQ          DISCHARGE          0.       16.       45.      182.      539.     1026.     1614.     2306.     3096.     3984.
                                 4967.     5960.     6921.     7872.

  34 SE          ELEVATION      929.00    929.10    929.20    929.50    930.00    930.50    931.00    931.50    932.00    932.50
                                933.00    933.50    934.00    934.50

  36 ST          TOP OF DAM
                       TOPEL      934.50  ELEVATION AT TOP OF DAM
                      DAMWID      700.00  DAM WIDTH
                        COQD        2.60  WEIR COEFFICIENT
                        EXPD        1.50  EXPONENT OF HEAD

                                                                ***

                                             COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

                                                   (INCLUDING FLOW OVER DAM)

            STORAGE        .00      1.11      5.56     13.87     26.81     44.12     65.38     89.85    117.57    149.27
            OUTFLOW        .00       .00       .00       .00       .00       .00       .00       .00       .00       .00
          ELEVATION     884.00    886.00    890.00    894.00    898.00    902.00    906.00    910.00    914.00    918.00

            STORAGE     185.14    224.84    246.14    257.05    258.17    259.29    262.65    268.25    273.93    279.62
            OUTFLOW        .00       .00       .00       .00     15.70     44.90    181.80    539.40   1025.50   1614.30
          ELEVATION     922.00    926.00    928.00    929.00    929.10    929.20    929.50    930.00    930.50    931.00
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            STORAGE     283.92    288.23    295.68    303.13    307.51    311.88    321.39
            OUTFLOW    2305.70   3096.10   3983.60   4967.40   5959.60   6920.70   7871.60
          ELEVATION     931.50    932.00    932.50    933.00    933.50    934.00    934.50
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               PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
                                 FLOWS IN CUBIC FEET PER SECOND,  AREA IN SQUARE MILES
                                                 TIME TO PEAK IN HOURS

                                                          RATIOS APPLIED TO PRECIPITATION
OPERATION       STATION     AREA    PLAN            RATIO 1  RATIO 2  RATIO 3  RATIO 4  RATIO 5  RATIO 6  RATIO 7  RATIO 8  RATIO 9
                                                        .20      .30      .40      .50      .60      .70      .80      .90     1.00

HYDROGRAPH AT        B5      2.35     1   FLOW        1252.    2328.    3436.    4550.    5660.    6764.    7863.    8957.   10046.
                                          TIME         6.60     6.60     6.57     6.57     6.57     6.57     6.57     6.57     6.57

ROUTED TO            R5      2.35     1   FLOW        1230.    2311.    3396.    4508.    5637.    6718.    7736.    8892.    9998.
                                          TIME         6.70     6.67     6.67     6.67     6.63     6.63     6.67     6.63     6.63

                                      ** PEAK STAGES IN FEET **
                                      1   STAGE      930.67   931.50   932.17   932.77   933.34   933.89   934.43   934.84   935.13
                                          TIME         6.70     6.67     6.67     6.67     6.63     6.63     6.67     6.63     6.63
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                                  SUMMARY OF DAM OVERTOPPING/BREACH ANALYSIS FOR STATION       R5                                  
                             (PEAKS SHOWN ARE FOR INTERNAL TIME STEP USED  DURING BREACH FORMATION)                                
                                                                                                                                   
                                                                                                                                   
     PLAN  1 ...............                  INITIAL VALUE     SPILLWAY CREST     TOP OF DAM                                      
                                ELEVATION         929.00             934.50           934.50                                       
                                STORAGE             257.               321.             321.                                       
                                OUTFLOW               0.              7872.            7872.                                       
                                                                                                                                   
                                                                                                                                   
                     RATIO     MAXIMUM      MAXIMUM    MAXIMUM    MAXIMUM    DURATION     TIME OF     TIME OF                      
                       OF     RESERVOIR      DEPTH     STORAGE    OUTFLOW    OVER TOP   MAX OUTFLOW   FAILURE                      
                      PMF      W.S.ELEV    OVER DAM     AC-FT       CFS       HOURS        HOURS       HOURS                       
                                                                                                                                   
                      .20       930.67         .00        276.      1230.       .00         6.70         .00                       
                      .30       931.50         .00        284.      2311.       .00         6.67         .00                       
                      .40       932.17         .00        291.      3396.       .00         6.67         .00                       
                      .50       932.77         .00        300.      4508.       .00         6.67         .00                       
                      .60       933.34         .00        306.      5637.       .00         6.63         .00                       
                      .70       933.89         .00        311.      6718.       .00         6.63         .00                       
                      .80       934.43         .00        320.      7736.       .00         6.67         .00                       
                      .90       934.84         .34        328.      8892.       .60         6.63         .00                       
                     1.00       935.13         .63        333.      9998.       .87         6.63         .00                       

*** NORMAL END OF HEC-1 ***
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August 12, 2019 

 
 
To:  Scott Nicewarner, City Administrator 
 

From:  Nancy Hausrath, Director of Utilities 
 William Luhn, Water Operations Manager 
 

Subject: Update on the Warner Hollow Dam/Edgemont Reservoir Project  
 
Action: Discussion 
 
Water Division Staff continues to work through the project challenges for the Edgemont Reservoir and the associated 
Water Appropriation Permit for Edgemont. I included the previous three project updates in this memorandum for 
reference.  
 
In our April meeting with MDE, MDE requested the City update the Probable Maximum Precipitation (PMP) 
Analysis using the Virginia methodology. The justification for this request was based on the constructability issues 
and expected cost increase for the reconstruction of the Ogee and Emergency Spillway. MDE Dam Safety is generally 
in agreement with using the VA PMP Study, which would result in less rainfall intensity and a subsequent reduction 
in dam improvement sizing.  However, MDE Dam Safety has not fully completed their review.  MDE has requested 
additional input on the comparison of the Virginia temporal distribution to the Pennsylvania temporal distribution 
because of the overlap between the two data sets. MDE’s wants to ascertain the two data sets are similar to one 
another near our project area. Additionally, MDE has requested from the author of the VA PMP Study a release of 
the data for use on this particular project. 
 
Jeremy Hise (Hazen and Sawyer) and City Staff met with MDE on May 30, 2019 to discuss the recently updated 
PMP analysis for the Reservoir and to acquire direction from the Maryland Department of Natural Resources (M-
DNR) for the additional requirements needed to determine safe yield and conservation flow (flow-by) that were 
discussed with City staff and MDE during a meeting on April 19, 2019. 
 
It was our hope that this meeting would result in clear direction so that the Edgemont Rehab design could be 
completed – design remains at approximately 35%.  To date, the approved City funding for the Evaluation and Design 
is $2,800,000 with the actual expenses to date totaling $917,000. However, the following direction was provided by 
MDE that will result in additional delays and increased expenses: 
 

1. M-DNR expressed concern for cold water fisheries downstream in the Little Antietam Creek, including 
native Brook Trout and other potentially endangered species. Fisheries would prefer a flow by that varies 
with natural stream flow, such as 85% passing using the Maryland Flow-By Method. Important to note 
is that water has not been diverted from Raven Rock to Edgemont for many years.  Fisheries would like 
to preserve the established aquatic habitat. Limiting flow in Raven Rock to 0.2 cfs for the entire year 
would not accomplish this goal. M-DNR would prefer to limit how much warm water overtops the dam 
– this has to be assessed via modeling to minimize spill and minimize use of Raven Rock. Action required 
is for Hazen to assess warm water overtopping with an updated modeling effort and will be presented to 
MDE and M-DNR at a follow up meeting to be scheduled.    
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2. MDE Water Supply will require use of the Maryland Flow-By Method with any new permit appropriation 
or increase in existing appropriation.  MDE is requiring the combined watersheds of Warner Hollow and 
Raven Rock to calculate the required flow-by, as prior to the dam those two streams would have 
combined.  There will not be a flow-by requirement for Warner Hollow – DNR noted there are no known 
fisheries that would be impacted by this warm water supply.  However, the total flow-by will increase 
for Raven Rock unless the flow-by calculated by the combination of both watersheds is above the flow 
along Raven Rock. It was also noted that any seasonal flow-by at Raven Rock would require seasonal 
modification of the diversion at Raven Rock. This will be accounted for in the design (i.e. removable 
weir, adjustable weir, etc.).  
 

3. M-DNR will require screening at Raven Rock, but not at Warner Hollow (Edgemont Reservoir/Warner 
Gap Hollow Dam).Screening requirements include 0.5 fps entrance velocity and 1 mm screen mesh 
sizing. Screens are required because trout will not spawn in the lake (warm water). Screening will only 
be necessary during spawning season (October 1st to April 30th).  However, DNR is concerned with adult 
trout getting into the reservoir during other times of the year.  Therefore, some amount of screening may 
be required throughout the year at Raven Rock to prevent adult trout from entering Edgemont Reservoir.  
 

4. MDE and M-DNR is also requiring an evaluation of the current condition of the existing fish ladder and 
it is uncertain if repairs or modifications will be required.  

 
Staff submitted an updated funding application to MDE in January 2019. The updated funding application reflected 
the most recent estimated construction project cost of approximately $12 million dollars. MDE completed their 
review of all projects submitted and the Edgemont Rehabilitation Project was not included on the State’s Intended 
Use Plan (IUP) for funding. As you will recall, MDE included this project on the previous IUP. 
 
Appropriation permit renewal applications have been submitted for the Edgemont and Potomac sources. As 
previously indicated, MDE is now requiring, in addition to the Capacity Management Study, a Screening Study for 
both sources. The purpose of the screening studies is to determine the impact on fish that can enter intake 
pipes/structures. At this time we are not clear on the exact requirements should MDE and M-DNR require the design 
and installation of improvements to prevent fish from entering the intakes at each source. 
 
Hazen and Sawyer is the Engineer of Record with MDE for Edgemont/Warner Hollow and for the RC Willson 
Appropriation permit applications and provided estimates for the additional requirements. The preliminary estimate 
to prepare the Screening Feasibility Study and Design at RC Willson is 200,000. The Edgemont Screening Feasibility 
Study and Design will also include a Diversion Pipe Evaluation is expected to cost $245,000. These estimates do not 
include construction phase engineering or actual construction costs. As you can see in the chart below, should MDE 
be amenable to permitting the City to utilize the Virginia Model for PMP, the cost to replace the ogee and spillway 
would decrease. Please note that the estimates below do not include the screening and diversion piping nor do they 
include any estimates for the Breichner Plant. If I were to provide a conservative estimate, I would plan for an $18M 
to $20M for the Edgemont/Breichner improvements. Because the RCW Plant intake is located on NPS land and 
extends into the Potomac, I would expect this to be a $3M to $5M dollar project. 
 

Date Basis Construction Cost Estimate 
03/03/2017 Ogee/Grout/Seepage $4,727,500 
1/23/2018 MD Hydrology Update Full Spillway/Grout/Seepage $10,608,000 
4/10/2019 MD Hydrology Update HMR 72-Hour Full Spillway/Grout/Seepage $12,934,00 
5/30/2019 VA PMP 6-Hour Full Spillway/Grout/Seepage $9,678,750 
5/30/2019 VA PMP 6-Hour 1-Foot Parapet Full Spillway/Grout/Seepage $8,816,000 
5/30/2019 VA PMP 6-Hour 2-Foot Parapet Full Spillway/Grout/Seepage $7,605,250 

 
Staff is available to answer and questions you may have or provide additional information. 



  
 Proposed Improvements – Site Plan 

 
 



 
 
 
 
 
 
 
 

 
 
 

March 5, 2018 
 

To:  Valerie Means, City Administrator 
 

From:  Michael Spiker, Director of Utilities 
 Nancy Hausrath, Water Operations Manager 
 

Subject: Warner Hollow Dam/Edgemont Reservoir Project  
 
Action: Discussion 
 
In accordance with direction provided by the Mayor and Council regarding the repair and restoration of the 
Edgemont Reservoir (Warner Hollow Dam), staff is reporting additional findings from the final Study/Evaluation 
of the Edgemont Reservoir to include additional work required and the revised cost estimate to complete this work.  
 
The end result of the Design Storm Evaluation (required by MDE) of the existing Ogee 
and Spillway is that it does not meet Dam Safety Standards. The existing ogee and 
spillway transition, and chute spillway cannot safely pass the Probable Maximum 
Precipitation (PMP Design Storm). Should the Mayor and Council decide to move 
forward with this work, the work will result in the removal and reconstruction of the 
existing concrete structures (ogee, transition spillway, and chute spillway).  The new 
design will result in a labyrinth weir for the spillway entrance thus increasing the length 
of the weir from 160 feet to 400 feet. In addition to the labyrinth weir, a new spillway 
transition, and chute spillway will be constructed – this will be done in a manner that 
addresses the ongoing seepage under the existing structure. 
 
The total estimated cost to repair the existing earthen dam and remove and replace the 
ogee and spillway structures to meet current Dam Safety requirements is $12,553,000. 
This will result in an estimated project increase amount of $6,745,500. Please note that the new estimate includes 
$1,945,000 for Engineering Services, $3,978,000 in Construction Contingency, and $6,630,000 in actual estimated 
construction expenses. The Contingency is higher than would be typical of most construction projects because of the 
ongoing seepage and higher potential for additional work once the concrete structures are removed. A detailed 
breakdown of the revised cost estimate can be found on page 2 of this memorandum.  
 
The project schedule will be modified once staff has received additional direction from the Mayor and Council 
based on the information provided herein and once we receive the funding ranking/rating from MDE. Please see 
attached memorandum from March 2017 for previous funding needs and project schedule.  
 
As a reminder and directly related to the Edgemont Reservoir restoration/rehabilitation project are the upgrades to 
the Breichner WTP. While an in-depth engineering evaluation has not been completed, a summary of needed 
improvements has been completed and the current estimate to upgrade the Breichner WTP is approximately $4.9 
million. 
 
Brief project update - staff continues to work on the Traveling Screen & Tank Mixing Project and will request Mayor 
and Council approval of the funding documents at the March 20th meeting. The EWIP project continues to move 
forward as well and is currently grant funded. 
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As always, staff is available to answer and questions you may have regarding the work completed to date and future 
planned work.  
 
 

Edgemont Reservoir Dam Rehabilitation  

Conceptual Budget Estimate  
 Budget 
Engineering Services  

Heavy Civil $280,000 
Structural Design $340,000 
Geotechnical Engineering $100,000 
Project Bidding $50,000 
Sub-Total $770,000 
  

Construction Services  

Construction Administration $200,000 
Dam Embankment Monitoring & Testing $250,000 
Grout Curtain Monitoring $80,000 
Spillway Monitoring & Testing $500,000 
Sub-Total $1,030,000 
  

Post Construction Services  

As-Built Surveys $15,000 
Monitoring Point Surveys $25,000 
Piezometer Readings $50,000 
Monitoring (12-Months) $55,000 
Sub-Total $145,000 
  

Construction  

Dam Rehabilitation $500,000 
Grout Curtain Enhancement $900,000 
Ogee Weir & Spillway Demolition $700,000 
Weir Structure Replacement $760,000 
Spillway Replacement $2,900,000 
Spillway Excavation $710,000 
Access Improvements $160,000 
Sub-Total $6,630,000 
Construction General Conditions & Division 1 (25%) $1,657,500 
Construction Contingency (35%) $2,320,500 
Construction Total $10,608,000 
  
 Budget 
Engineering Services $770,000 
Construction Services $1,030,000 
Post Construction Services $145,000 
Construction $10,608,000 
Project Total $12,553,000 



 
 
 
 
 
 
 
 

 
 

March 10, 2017 
 

To: Valerie Means, City Administrator 

From: Nancy Hausrath, Water Operations Manager 

               Michael Spiker, Director of Utilities 

Subject:  Edgemont Reservoir Improvements 

 
Action: Discussion 
 
Per previous discussions with the Mayor and Council, the following is supplied as a preliminary summary of findings 
resulting from the ongoing Edgemont Reservoir evaluation performed by Hazen and Sawyer Engineering. The 
evaluation of current conditions has been completed and preliminary recommendations are also complete. The 
primary focus of the evaluation was the repair and rehabilitation of the existing structures (earthen dam and the 
emergency spillway). To this end, the following improvements are being considered to address issues with both the 
earthen dam and emergency spillway: 
 

1. Dam Rehabilitation which will require actual work to the earthen embankment at the toe to include 
toe drains, seepage drains, and modifications to the plunge pool. Work may also include the 
installation of a chimney drain and toe drain outlets. The cost for this work is estimated at $500,000.  
 

2. Grout Curtain/Grout Enhancements which will include taking advantage of the work that was 
completed in the 1960’s and 1990’s upstream of the spillway and crossing the earthen embankment. 
Work will also include the installation of a new grout curtain that will essentially “weave together 
pre-existing grouting to new grouting” to create a grout mesh barrier. Testing and analysis will be 
ongoing throughout the installation to ensure the end effectiveness of the grout curtain. The cost for 
this work is estimated at $900,000. 
 

3. Spillway Re-Construction which will require the removal of a section of the existing emergency 
spillway and the ogee wall. Once partial removal of the structure is completed, an evaluation of the 
existing underdrain will occur as will an evaluation of the 30” raw water conveyance line from Raven 
Rock. Repairs will be made as required to address subsurface seepage issues under this structure.  
The cost for this work is estimated at $1,500,000. 
 

4. Access Improvements will be required to enable needed access of construction equipment. Where 
feasible, the access improvements will remain in-place. Because of the nature of the work and work-
site, some of the construction access improvements will have to be removed to allow for use of the 
reservoir. The cost for this work is estimated at $150,000. 

 
Because of the nature of this work, construction phase engineering and post construction services will be extensive 
and are estimated at $656,000. Construction phase engineering services will include general construction 
administration ($75,000), dam embankment monitoring and testing ($150,000), grout curtain monitoring ($60,000), 
and spillway monitoring and testing ($250,000). In August Mayor and Council reviewed and approved the Study, 
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Design and Bidding Engineering Proposal from Hazen and Sawyer with an estimated cost of $415,000. Total Design, 
Construction, and Post-Construction Engineering Services are estimated at $1,080,000. 
 
At this juncture, staff is recommending that we acknowledge the potential for latent conditions that can potentially 
increase and/or modify the scope of work and as such is including a sizable construction contingency of $1,677,500. 
It is possible that this contingency amount will not be fully utilized and it is staff’s hope that the contingency amount 
will not increase as a result of latent conditions discovered during construction.  
 
With the aforementioned in mind, the total estimated cost to complete the MDE Dam Safety Division required 
improvements to allow the City to place the Edgemont Reservoir back in service is $5,807,500. The below chart 
provides the estimated costs in table format.  
 

  Budget 
Engineering Services   
Heavy Civil $120,000 
Structural Design $230,000 
Geotechnical Engineering $30,000 
Project Bidding $35,000 

Sub-Total $415,000 
Construction Services   
Construction Administration $75,000 
Dam Embankment Monitoring & Testing $150,000 
Grout Curtain Monitoring $60,000 
Spillway Monitoring & Testing $250,000 

Sub-Total $535,000 
    
Post Construction Services   
As-Built Surveys $15,000 
Monitoring Point Surveys $15,000 
Piezometer Readings $50,000 
Monitoring (12-Months) $50,000 

Sub-Total $130,000 
    
Construction   
Dam Rehabilitation $500,000 
Grout Curtain Enhancement $900,000 
Spillway Reconstruction $1,500,000 
Access Improvements $150,000 

Sub-Total $3,050,000 
Construction General Conditions & Division 1 (25%) $762,500 

Construction Contingency (30%  - AACE Class 5 Estimate) $915,000 

Construction Total $4,727,500 
 Budget 

Engineering Services $415,000 
Construction Services $535,000 

Post Construction Services $130,000 
Construction $4,727,500 
Project Total $5,807,500 

 



 
The project continues to be on schedule – below is the schedule that was provided in August 2016 to both Mayor and 
City Council and MDE-Dam Safety. Important to note: at this time MDE-Dam Safety is satisfied with the progress 
and direction of the project and a Consent Agreement has not been drafted. It is Staff’s hope that we can continue in 
this manner and eliminate the need for a future Consent Agreement.  
 

Start Date End Date Duration Cumulative
Duration

1. Supplemental Investigation/Design Evaluation 6/1/2016 1/31/2017 8 8
2. Dam Recommendation Review by City and MDE 2/1/2017 3/31/2017 2 10
3. Design Contracting 4/1/2017 5/31/2017 2 12
4. Dam Repair/Rehabilitation Design (or Alternative Design) 6/1/2017 1/31/2018 8 20
5. Construction Bidding 2/1/2018 5/31/2018 4 24
6. Construction 6/1/2018 6/1/2019 12 36
7. Post Construction Monitoring 6/1/2019 6/1/2020 12 48

Milestone:

 
 

In order for City Staff, Engineering Staff and Contractors to work safely through the project’s completion, we 
recommend that hunting on Watershed Property be suspended. Additionally, staff continues to work with Aaron Cook 
of the MD Department of Natural Resources to utilize best management practices of our Watershed Management 
Plan. The Plan may include the thinning of select timber which will be presented to the Mayor and Council at a future 
work session.  
 
Directly related to the Edgemont Reservoir restoration/rehabilitation project are the upgrades to the Breichner WTP. 
De-commissioning is ongoing and will be completed this summer. While an in-depth engineering evaluation has not 
been completed, a summary of needed improvements has been completed and the current estimate to upgrade the 
Breichner WTP is approximately $4.9 million as detailed in the chart on the following page.  

It was requested that an estimated cost to decommission the Edgemont Reservoir and Breichner WTP  be provided 
and that estimate is between $3 and $4 million. Should a decision be made to t to proceed with decommissioning 
these facilities, staff would need to work Hazen to develop a scope of services.  
 
Attached to this memorandum are several schematics showing the areas that have been evaluated and the planned 
areas where the improvements will occur.  
 
As always, staff is available to answer and questions you may have regarding the work completed to date and future 
planned work.  
  



 
 

Costs to Renovate the Breichner WTP  

  Budget 
Engineering Services   
Civil $50,000 
Mechanical $250,000 
Discipline Engineering/Support $150,000 
Project Bidding $20,000 

Sub-Total $470,000 
    
Construction Services   
Construction Administration $125,000 
Monitoring & Testing $75,000 
Onsite Observation $250,000 

Sub-Total $450,000 
    
Post Construction Services   
As-Builts $25,000 
Miscellaneous $30,000 

Sub-Total $55,000 
    
Construction   
Ammonia Feed System $250,000 
SCADA System $650,000 
Clarifier Improvements $750,000 
Iron and Manganese Improvements $250,000 
Filter Renovations $225,000 
Analytical Equipment Replacement $150,000 
Raw and Finished Water Chemical Feed Improvements $175,000 
Miscellaneous Improvements $75,000 

Sub-Total $2,525,000 
Construction General Conditions & Division 1  (25%) $631,250 

Construction Contingency (30%  - AACE Class 5 Estimate) $757,500 

Construction Total $3,913,750 
  

 Budget 
Engineering Services $470,000 

Construction Services $450,000 
Post Construction Services $55,000 

Construction $3,913,750 
Project Total $4,888,750 

 
  



 
 
 
 
 
 
 
 
 
 

February 16, 2016 
 
TO:  Valerie Means, City Administrator 
 

FROM:  Michael S. Spiker, Director of Utilities  
Nancy Hausrath, Water Operations Manager 

 

SUBJECT: Edgemont Reservoir and W.M. Breichner Water Treatment Plant 
 

ACTION:  Discussion 
 

 Edgemont Background 
 
The Edgemont Reservoir (Warner Gap Hollow Dam) constructed in 1902 is the raw water supply for the W.M. 
Breichner Water Treatment Plant (BWTP). In 1993, major reservoir work was completed which resulted in 
modification of the spillway capacity, construction of a new intake tower, re-lining of the existing 30” cast-iron 
drawdown pipe, construction of a new concrete emergency spillway, and removal of 20,000 cubic yards of silt.  
 
Recent inspections (beginning in 2006) have revealed areas of concern near the left abutment of the downstream toe 
to include a wet area, missing and exposed toe-drain pipe, and tree root intrusions into the earthen embankment. As 
a result of the 2006 findings, the City contracted with Triad Engineering in 2007 to perform a geophysical 
investigation to determine the source and extent of the spillway channel seepage. This study included a microgravity 
survey, self-potential, and electrical imaging measurements which resulted in a schematic of subsurface moisture and 
seepage pattern.  
 
As a result of the 2007 Study and as required by Maryland Department of the Environment – Dam Safety Division 
(MDE-DS) and to control the seepage traveling beneath the dam and possibly through the lower portion of the dam, 
the City contracted with Triad Engineering to prepare plans and specifications to construct a subsurface interceptor 
drain and remove root intrusions – this work was completed in 2009/2010 in an effort to ensure stability of the 
structure.   
 

Current Status and Needs of Edgemont: 
 
In December 2013, a new seep formed at the toe of the earthen embankment near the left downstream abutment. The 
flow from this seep is directly related and proportional to the pool elevation in the reservoir and as such, the reservoir 
has been maintained a minimum of six (6) feet below the emergency spillway elevation.   
 
The City met with officials from MDE-DS in February 2014 to discuss this seepage and recommendations for 
remediation. Resulting from this meeting and subsequent site inspection(s), MDE-DS provided follow-up 
correspondence detailing the required work. This correspondence also provides notice that MDE-DS intends to draft 
a formal Consent Agreement to establish timeframes for permanent repair or removal of the Edgemont 
Reservoir/Warner Gap Hollow Dam (correspondence attached). This Agreement will be drafted following a second 
resistivity study to determine if the nature and magnitude of the seepage under the emergency spillway has changed 
significantly.  
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As required by MDE-DS, staff worked with Triad Engineering to complete the required engineering proposals for a 
Dam Breach Analysis, Geotechnical Evaluation of the Spillway Floor, and a Geotechnical Evaluation of the Toe 
Seepage. These proposals were presented to Mayor and City Council in November of 2014 for review and approval. 
A kick-off meeting was held on January 28, 2015 with Triad Engineering to complete this work. Triad Engineering 
completed the study and subsequent report (attached) which identifies needed work and preliminary engineering and 
construction estimates as follows: 
 

ESTIMATED COST

1.a. Spillway Floor Evaluation $18,000 to $25,000
1.b. Construct Blanket/Toe Drain $40,000 to $60,000
1.c. Control Reservoir Elevation $75,000 to $250,000
4. Filling Voids Under Spillway Floor and Retaining Wall Foundation $75,000 to $150,000
5. Perform Extensive grouting Program $2,000,000 to $2,500,000
6. Complete Removal of the Embankment/Structures and Restoration $3,000,000 to $4,000,000

Estimated costs should be considered approximate. Refined costs can be obtained at the completion
 of the study period

ITEM

 
 
Based on the most recent annual inspection performed by MDE on May 19, 2015, the current condition of the dam 
is considered unacceptable due to ongoing seepage problems at the right abutment and under the spillway. In 
summary, The Edgemont Reservoir is classified as a High Hazard Dam meaning that failure of the dam could lead to 
catastrophic damage and loss of life. Based on the current EAP and detailed breach analysis completed in October 
2015, a total of 77 property owners would be affected if a failure of the embankment would occurred. In addition, 13 
bridge/culvert type structures and up to 8 miles of roadway would be inundated during a breach. Any structural 
damage to the railroad bridge could result in a long-term delay of the railroad track use. The following sections of 
this report will evaluate and determine the most appropriate remedial action to restore the embankment to a condition 
acceptable to MDE.  Please note that remediation may include a recommendation to breach the reservoir and restore 
the site to its original condition. Should this occur, staff will likely recommend a hydrologic study to determine the 
viability of a ground water supply (well system) for the BWTP. 
 
To comply with Maryland Department of the Environment Dam Safety Division (MDE-DS) requirements, the City 
has retained the services of Triad Engineering. Triad Engineering, in conjunction with City staff, continue to collect 
monitoring well data (changes in ground water levels associated with reservoir pool elevation) and conduct routine 
dry and wet weather site inspections of the earth embankment.  
 

Current Status and Needs of the W.M. Breichner Water Treatment Plant: 
 
CIP C0405 contains requested funding of $4.3 million through FY19 for upgrades (engineering and construction 
costs) and CIP0820 contains requested funding for $600,000 for the required SCADA upgrades. These costs are 
based upon assumptions utilizing the current source of supply.  

Per our discussions detailed above regarding the dam/reservoir, engineering and design parameters may change if the 
current source of supply is no longer a valid option. The preliminarily discussion of the option of utilizing ground 
water supply (well system) with MDE and our engineering consultant is forthcoming. In order to utilize a well system, 
studies must occur detailing the aquifer/hydrologic capabilities of the site, local and state requirements, and final 
permitting through the MDE.  

The bulleted discussion points contain options related to the anticipated compliance, regulatory, public safety 
requirement and financial obligations of the Water Division. Any costs associated with the following are estimates 
derived through discussions between Staff and Triad Engineering; 
  



 
 

• The repair of the existing Edgemont dam (grout injection and sub-soil stabilization at the toe and repair 
of the spillway) may well approach $3to $5million. If repairs of this nature were to be completed, the City 
still has associated liabilities and responsibility for the operation of a dam that is over 110 years old. 

• If the cost benefit analysis of the Edgemont dam repairs exceeds a threshold of the costs associated with 
a change in water supply treatment, the breaching of the reservoir and restoration of the site is estimated 
at $3to $4 million. Total site restoration of the property may require the removal of the existing structures 
located at the reservoir.  

• Estimated study costs of the initial ground water system to be located at the BWTP are approximately 
$100,000 – this estimate can be refined should the Mayor and Council wish to pursue this option. 

• CIP CO405 will require further engineering studies to determine cost estimates required to attain the 
change in the source supply treatment parameters. 

• If the Edgemont dam was breached and the property returned to a more natural state, the need for a 
watershed protection area is eliminated. The consideration of the sale of a portion of the approximately 
1300 acres would greatly assist in the offset of any of the aforementioned costs associated with a change 
in water supply treatment. A major point of consideration would be retaining sufficient property utilized 
as a buffer for the Appalachian Trail per our 2006 agreement ($800,000 one-time payment).  

Staff is available to further discuss requirements, options, schedules, funding, etc., should you have questions 
regarding future requirements regarding the long term viability of the Edgemont Reservoir and the Breichner WTP.  
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	Meeting Agenda
	EXECUTIVE SESSION – Council Chamber, 2nd floor, City Hall
	The Mayor and Council will meet in Open Session only for the purpose of voting to close its meeting to discuss matters that the Open Meetings Act permits it to discuss in Executive/Closed Session.
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	Hagerstown Sister City – Mike Keifer, Liaison with Hagerstown, Indiana
	Pangborn Park Fishing Discussion - Eric Deike, Director of Public Works
	AFSCME Local 3373 Labor Contract Tentative Agreement – Donald Francis, HR Director
	Edgemont Reservoir - Nancy Hausrath, Director of Utilities
	Water/Wastewater Rate Model Update -  Nancy Hausrath, Director of Utilities
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