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I.       EXECUTIVE SUMMARY SCORECARD: 

Harrisonburg’s value in this Raw Water Supply Management Plan (RWSMP) is to ensure that 

the City will have future opportunity to: 

 sustain or alter current land use within the current City boundaries 

 bring into use the remaining undeveloped land within the current City boundaries 

 understand the requirements to provide water into future external markets.  

The underlying principle to the RWSMP is to provide a roadmap to a reliable 15.0 MGD 

raw water supply that will meet 12.9 MGD average annual water demand.  A scorecard of 

recommendations and the status of progress follows: 

VAC Local and Regional Water Supply Plan 

Plan Recommendation #1 Status - FY 2020

Maintain compliance with Virginia 
Administrative Code requirements for   
a regional and local water supply plan. 

 2013: Original “Plan” was adopted by 

resolution of City Council and approval by 

DEQ 

 2018: Updated “Plan” was reapproved 

 2023: “Plan” update and re-approval due

VWWP #16-0730 

Plan Recommendation #2 Status - FY 2020

Renew Virginia Water Withdrawal 
Permit #16-0730 

Comply with the requirements of the re-
issued permit 

 2016 permit was re-issued; expires 2031 

 Permit requirements: 

 Conservation Ordinance adopted 

 Install aquatic protection screens at all 

intakes:  $5.23 2025 CIP 

 Comply with maximum withdrawals
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Dry River 

Plan Recommendation #3 Status - FY 2020 

 Upgrade 55,000’ raw water pipe  

 Transition 1959 pipe to potable water 

 Decommission 1929 pipe 

 Decommission 1898 pipe 

 22,000 feet complete 

 11,400 feet 2030 CIP:  $5.6M 

Convert 16” pipe to potable status 

 21,600 feet 2035 CIP:  $11.5M

Convert 16” pipe to potable status 

North River 

Plan Recommendation #4 Status - FY 2019 

 Upgrade North River Pump Station  

 Variable output; energy efficient 

 Retire critical assets 

 Add power loss response 

 Model for PDPS & GMPS 

 NRPS: Add Energy AI Technology 

 20” pipe rehab & retirement 

 24” pipe rehab & retirement  

 NRS Project 100% complete   $1.6M

 Energy Optimizer install planned 2021 

 20” pipe corrosion protection 2022-2040 

 24” pipe retirement-post 2050 
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Silver Lake 

Plan Recommendation #5 Status - FY 2020 

 Address lease expiration with Dayton 

 Configure intake for temporary 

connection 

 Understand long term need to Silver 

Lake water 

 Lease revised and renewed 

 FY2022 CIP:  Intake project 

 Long term need has been identified in  the 

RWSMP

South Fork Shenandoah River 

Plan Recommendation #6 Status - FY 2020 

Finalize scope, cost, schedule, and 
completion of the South Fork 
Shenandoah River Raw Water Project 

90,000 feet pipe 
$41M – 

45,000 feet pipe complete 
45,000 feet 2022-2023 
PDPS 50% complete 
GMPS 25% complete 

 PD & GM PS……….  2022-2024

 256.1A……………… 2020-2021 
PDPS + 2,200 feet pipe 

 256.1B……………… 2020-2021 
256.1A + 17,275feet pipe 

 256.1C……………… 2022-2023 
256.1B + 9,479feet pipe 

 256.2ARX………….  2021-2022 
3 Bores-256.2A 

 256.2A ……………..  2022-2023 
Port Republic Road Corridor 

16,670 feet pipe 

 256.2B ……………..  Complete 
Port Republic Road to ECL 

 256.3A-E …………..  Complete 
ECL to WCL 

 256.4 ……………….  Complete 
WCL to Rt 33 

 256.5 A&B ………… Complete
WCL to WTP 
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II.        INTRODUCTION TO THE RWSMP: 

The RWSMP was drafted in the format of five components: 

1) Water demand forecasting takes focus upon how the usage of potable water will drive 

required raw water supply. 

2) Drought supply planning addresses water supply reliability with the inclusions of balance 

toward environmental stewardship. 

3) Optimized operations planning forecasts the most probable use of water supply sources 

considering water quality, treatability, electrical energy consumption and cost. 

4)  RISK Management provides insight to mitigate “what if” scenarios involving low 

probability / high consequence events (ie: contamination, power loss, unit failures) that 

might incapacitate the reliability of one or more water sources.  

5) “Asset Management” identifies the inventory of assets and their attributes as pertain to 

operating them effectively and efficiently throughout their life cycle and then retiring 

them at the most appropriate time. 
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III.        WATER DEMAND FORECASTING

Average Annual Daily City Sales (AADCS) 

A team of Harrisonburg City Departments have optimized the methodology and 

enhanced the use of GIS capabilities to better evaluate existing city water demands.  Using 

most recent sales and land use data from FY2019, the City departments of Economic 

Development, Community Development, IT & GIS, City Manager and Public Utilities have 

collaborated and determined that existing AADCS sales of 4.742 MGD have been 

generated as follows: 

Future Average Annual Daily City Sales (AADCS) 

Referencing the work completed by a team of Harrisonburg City Departments in 

understanding existing water use patterns in Harrisonburg in FY2019, the same team has 

collaborated to forecast future internal City water sales to reach 7.861 MGD by growing an 

additional 3.119 MGD.  The tabulation is shown below: 
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Future Average Annual Daily Demand (AADD) 

Average annual daily city sales are only one component of the total demand that 

must be reliably met by the water system.  Other components include external city sales, 

contracted commitments, potable water used in the treatment plant to backwash filters and 

unaccounted for water (inaccurately metered or not metered).  Shown in the table below is a 

tabulation for each component both in FY2019 and for the total future planning of 

Harrisonburg.  AADD was 7.6 MGD in FY2019 and is expected to grow to 12.9 MGD. 

                                     Average Daily Demand Forecast
Existing City Sales              4.7 MGD 

Existing External Sales              0.8 MGD 

Rockingham County Tier 1 Contract              0.5 MGD 

External Reserved Commitments              0.2 MGD 

WTP Processing              0.1 MGD 

Unaccounted water              1.3 MGD 

Existing Total Demand              7.6 MGD 

Future City Sales              3.2 MGD 

Open Market External Sales              1.1 MGD 

Rockingham County Tier 2 Contract              0.5 MGD 

WTP Processing              0.1 MGD 

Unaccounted water              0.4 MGD 

Demand Potential              5.3 MGD

Total            12.9 MGD 

 Existing and future sales were provided in previous sections of this document 

 Rockingham County Tier 1 contract commitments are firm; Tier 2 refers to the contract language that identifies an additional 

0.5 MGD without reason of denial.   

 External Reserved Commitments are letter commitments for easements for Daley (170,000 gpd) and Erwin Michael (90,000 

gpd). 

 WTP processing is backwash daily volume at future output and current unit volume generation rate (2.2%) 

 Unaccounted water loss is 15% 
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IV. TREATMENT AND RAW WATER SUPPLY CAPACITIES 

Shown in the graph below is the baseline for Harrisonburg’s forecasted need for raw water 

supply (and treatment capacity) throughout the year 2110.  The assumptions behind this 

forecast are 1.0 % average annual growth in average daily demand. 

The existing Harrisonburg Water Treatment Plant, when provided with adequate raw water 

supply, can be rated to 15.0 MGD at 6.0 gallons per minute per square foot of filter area.  This 

upgrade can be achieved with minimal capital investment.  Two factors will influence the 

average demand that the 15.0 MGD treatment facility can accommodate.  These influences are 

seasonal peak demand patterns and conservation.  

 By historic analysis, HPU has determined that the water treatment capacity must be 1.29 

times the average daily demand; this allows WTP output during the observed maximum 

two weeks period to refill the potable water system storage reserves (this is much like the 

engineering analysis that is typically performed to size reservoirs, but the format is 

reversed to determine input / output). 

 VWWP #16-0760 requirements for conservation are assumed to be in place and will 

reduce withdrawals by 10% during the most difficult drought conditions. 

The existing 15.0 MGD treatment plant can accommodate a 12.9 MGD annual average daily 

demand.  To capture the full value of this existing asset, Harrisonburg will need to market a full 

value of 12.9 MGD average daily demand and will need to match this demand with 15.0 MGD 

of raw water supply. 
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V.       BACKGROUND: 

A strong supporting raw water supply has given the City of Harrisonburg the opportunities 

to realize its current community, economic, social, cultural, and political status.  The City’s 

record for water supply planning has been quite impressive. The Harrisonburg journey began 

with the use of the “Big Spring” at Court Square in 1779. Appendix A of this document provides 

a chronology that recovers much of the history of this journey which is an evolution to status 

that now brings greatest attention to: 

 Under drought conditions: Balancing the reliability of raw water supply versus 

simultaneously providing environmental stewardship. 

 Under normal Operations: Managing the sustainability of assets through lifecycle analysis 

and through energy use. 

 Panning for emergency preparedness under risk. 

The graph below shows recent history and planning of Harrisonburg’s water supply. 
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An accounting of Harrisonburg’s most recent water supply planning is itemized below:

1990:  HPU emphasized rating NRI to 3 pumps at 7.6 MGD and developing Switzer Reservoir 
to the DEQ defined drought safe yield of 8.3 MGD. 

1995:  HPU abandoned Switzer pipeline project (due to environmental permitting 
constraints) in favor of overland flow to the Dry River Intake. 

2000:  Collectively, HPU 

 moved its focus to the Shenandoah River as the future drought and growth source. 

 abandoned the Switzer overland flow concept upon completion of in-situ studies with 
release of 8.3 MGD from Switzer Lake (resulted in recapture of 5.5 MGD at DRI). 

 removed DRI as partial drought source; augmentation from Switzer Lake reserves 
determined to be unacceptable at 132-180 days. 

 accepted request not to pursue NRI beyond the scrutiny of a proposed SWMA which 
recognized 5.5 MGD as the maximum safe environmental withdrawal. 

2005:  VWWP was issued and SFI intake structure was installed; withdrawal permitted to 8.0 
MGD. 

2010:  VWWP was re-issued with minimal influence on raw water planning strategy. 

2014: First rights to Silver Lake reverted from Town of Dayton to Harrisonburg. 

2016:  VWWP was re-issued with withdrawal restrictions at SFI (10%+recycle), NRI (12%) 
and DRI (0.5 MGD bypass).
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The following summarizes the future components of the RWSMP which has the foremost 

goal to provide reliable water supply for Harrisonburg’s comprehensive planning agenda.  

The sections of the document that follow provide greater detail of these planned activities. 

1) Prior to 2025 Harrisonburg will add a new water source by completing its Shenandoah 

Raw Water Project.  At the same time, and as an action of environment stewardship, 

Harrisonburg will give up 5.4 MGD capacity from North River during drought. 

2) Around 2030, Harrisonburg will engage bond funding to construct the 30” western source 

raw water pipe from Belleview Road to VPGA and then around 2035, Harrisonburg will 

engage bond funding to construct the 30” western source raw water pipe from VPGA to 

Cooper’s Mountain. 

3) Around 2035, Harrisonburg must pursue 1.0 MGD water supply for augmentation during 

drought. 

4) Around 2040, Harrisonburg must pursue an additional 0.9 MGD water supply for 

augmentation during drought. 
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VI.  OVERVIEW OF EXISTING RAW WATER SYSTEM 

Virginia Administrative Code (VAC) has incorporated requirements for water purveyors to 

develop a “Regional and Local Water Supply Plan”. This plan is then reviewed and approved by 

the Department of Environmental Quality (DEQ) to assure that the water purveyor has a grasp 

of their future demands.  In addition, the review requires a sustainable plan for use of available 

water supply to meet the forecast. . Recommendation #1 of this RWSMP is to maintain 

compliance with the requirements of VAC. 

The principles and recommendations established under VAC have been applied to 

Harrisonburg within its Virginia Water Withdrawal Permit #16-0730.  Highlights of the permit 

included 1) maximum instream withdrawals at all raw water intakes, 2) requirements for 

adoption of a conservation ordinance with specific conditions and 3) construction of eco-aquatic 

protection screens at all intakes.  Recommendation #2 of the RWSMP is to retain the permit in 

an effective status and to become and remain compliant with the requirements of the 

referenced permit. 

The City of Harrisonburg raw water system includes: 

Dry River Source 

North River Source 

Silver Lake Source 

South Fork Shenandoah River Source 
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 Primary source: Dry River provides approximately 50% of the annual raw water to the 
water treatment plant; Appendices B and C provide detailed information; highlighted 
topics include: 

Dry River preferred characteristics 

 Soft and pristine water quality. 
 Full range of delivery from 0.0 to 4.0 MGD. 
 Gravity delivery with zero energy requirements; this source is a key component to 

energy sustainability. 
 Effective and efficient treatment at the city water plant. 

Constraints to use of the Dry River Source include:  

 Water quantity: during times of drought the in-stream flow can approach zero as would 

be reflective of the “Dry River” nomenclature.  

 The City’s raw water system maximum conveyance capacity is currently 4.0 MGD.   

 Secondary source, North River provides approximately 50% of the annual raw water. 
Appendix D provides information in detail; highlighted topics include: 

North River preferred characteristics 

 Available 7.6 MGD supplement to Dry River 

Constraints to use of the North River Source include:  

 Withdrawal quantity during drought will become constrained to 12% of in-stream flow 

under VWWP 16-0730.  In-stream flows are small and variable in the presence of high 

withdrawal demands.  

 Water quality is subject to detrimental change due to agriculture in combination with the 

previously stated in stream flow characteristics; 

 Requires power demand and electrical energy consumption. (2,000+kWhrs/MG) 
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 Inactive source: Silver Lake; Appendix D provides details; highlighted topics include. 

Silver Lake preferred characteristics 

 Available supply of 1.5 MGD as drought conditions supplement to Dry and North River. 

 Low threat of contamination; appears to be an asset available for risk mitigation upon 

the loss of other sources. 

 Lower energy usage compared to North River and future Shenandoah River. 

(1,800+kWhrs/MG).  

Constraints to use of Silver Lake: 

 Town of Dayton’s reliance on Silver Lake. 

 Quality of water is characterized as groundwater under the influence of surface water 

and has an elevated level of hardness and algae growth. 

 Higher energy consumption than Dry River; (1,800+kWhrs/MG) 

 Permanent pump station asset is nonfunctional.  

 Future source: South Fork of the Shenandoah River; refer to Appendix G for additional 
information; highlighted topics include: 

Shenandoah River preferred characteristics 

 Maximum withdrawal limitations are per VWWP #16-0730 conditions. 

 In stream flow is highest of all sources with the intake located downstream of HRRSA in 

the lower watershed, best source for aquatic environmental stewardship. 

Constraints to use of Shenandoah River: 

 Highest energy consumption of all sources (3,100 + kW.hrs. /MG)  

 Withdrawal has been permitted at 10% in-stream flow (plus 66% of withdrawal in 

recognition of the recycle effect through discharge at the HRRSA sewer treatment). 

 Water quality is generally less desirable overall than other sources. 
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VII.        RAW WATER RELIABILITY UNDER DROUGHT MANAGEMENT 

Drought conditions dictate the critical parameters under which Harrisonburg must evaluate 

its water system reliability.  This section of the RWSMP has been prepared for Harrisonburg to 

understand how, when, and why its future demands will require proactive actions for 

providing raw water and treatment capacities.  As noted in the earlier section of the 

document, the framework of the RWSMP is to understand the concerns and benefits to fully 

utilizing the existing 15.0 MGD water plant capacity. 

Raw Water Capacity Analysis:  

Why? 

 Shown below is a future raw water supply inventory upon completion of the South 

Fork Shenandoah River Project (Phases 1 & 2) and the Dry River Upgrade Project.  Normal 

capacity will increase to 35.0 MGD; however, reduced to 11.6 MGD during drought. 

Source Normal Capacity Drought Capacity 

Dry River       4.0 - 13.6 MGD        0.00 -4.0 MGD 
North River                   7.6 MGD                   2.5 MGD 

South Fork Shenandoah River       9.1 - 13.8 MGD                   9.1 MGD 

Total 20.7 - 35.0 MGD       11.6- 15.6 MGD 
 At Dry River, completion of the 30” pipe will expand current 4.0 MGD capacity to 13.6 MGD.  Dry River is only reliable during 

drought with adequate reserves and releases from Switzer Lake.   

 North River is limited to 12% on-stream withdrawals. 

 The South Fork Shenandoah pipe capacity will accommodate 13.8 MGD; the pump station will be built to 9.1 MGD capacity in 

Phase 1 but will be expandable to pipe capacity in Phase 2.  At all times, intake will be limited to 10% instream withdrawal plus 

recycle.   

Conclusion to this analysis: 

With completion of the South Fork Shenandoah Project, Harrisonburg will not have 

enough raw water during drought to supply build out as forecasted.  Without augmentation 

from Switzer Lake, 3.4 MGD of added supply must be realized.  With Switzer and accepting 

the risk of 132 days maximum reliability, no additional source would be needed. 



18 

How?

There are generally two approaches for Harrisonburg to plan its raw water supply.  

Option 2 is the choice for this RWSMP with a modification available: 

1) Cap water sales to internal city growth only; thus, establishing the total future 

AADD at about 11.0 MGD.  This would require treatment and raw water capacities 

at 12.8 MGD.  Under this scenario, the City would leave 2.2 MGD capacity unused 

at the treatment plant but would reduce the need for added drought reliable raw 

water sources to only 1.2 MGD.  Silver Lake is available to offset 1.5 MGD of the 

drought shortfall.  

2) Take the aggressive growth perspective, fully utilizing WTP capacity at 15.0 MGD 

but extending future drought water supply needs to 3.4 MGD. The key 

understanding herein is that adding external market for rural or wholesale does 

commit Harrisonburg to pursuing added drought source water. It will be suggested 

that any available drought source be secured as it become available.

Under the aggressive growth approach, acquisition of new sources may be delayed 

by accepting the Risk of Switzer Reservoir during drought.  This can create some 

difficulty in continuing regular releases from Switzer as HPPU retains water for 

possible drought conditions.

Under either approach, the following are integral to the Harrisonburg RWSMP: 

 Silver Lake is available to offset 1.5 MGD of the drought shortfall. 

 The Shenandoah Pump Station can be upgraded to supply 13.8 MGD even though 

drought limitation may apply at 9.1 MGD.  This gives opportunity to use groundwater 

to augment the SFI intake waters.  Rockingham County wells can be considered for this 

purpose and can be obtained through modifications to the existing City County Water 

Agreement.

 With limited success, the City has identified groundwater near its western sources.

 Switzer Lake has potential for 1.1 billion gallons. Release rate can be estimated at 

150% of intake rate at Dry River.  Current intake capacity of 4.0 MGD would require 
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6.0 MGD release; Switzer Reservoir has 183 days of drought reliable source water 

under the stated conditions.

 The local Frazier quarry has undefined potential in the same context of augmentation 

as applied to Switzer Lake.

When? 

The graph below recaptures the growth trend from an earlier section of this document. The 

average growth rate of 1.0% is one quarter to one half percentage point more aggressive than 

observed over the previous 10 to 20 years records. 

2001-2020:  

Although the RWSMP agenda eliminates the associated future risk, Harrisonburg has relied 

on available water reserves in Switzer Lake during drought.  The risk of inadequate water 

supply with only 5.8 MGD is shown below:  

 Dry River  0.0 MGD; add 4.0 MGD when Switzer has reserves and full release. 

 New Sources 0.0 MGD 

 Total  5.8 MGD;        9.8 MGD 

2001 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

Forecast 6.72 6.29 7.47 8.15 8.76 9.31 9.87 10.42 10.93 11.18 11.20 11.22 11.33
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HARRISONBURG ANNUAL WATER USEAGE AND FORECAST
@1% Annual Growth Rate

HISTORIC TREND RECORDS
2001:2018---6.72-7.18 MGD 0.43% / YR.   
2008:2018---6.70-7.18 MGD   0.72% / YR.
2013:2018---6.43-7.18 MGD   2.33% / YR.
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1) To articulate the referenced risk, the following graph gives indication of actual 

minimum level of 

2) reserves that were incurred in Switzer Lake from 2008 through 2019. In the years of 

2009 and 2011 the City approached water supply deficit status. If the reserves at Switzer had 

exhausted, then the Dry River raw water supply may have been null. 

2020-2040:  

Referring to the Water Supply Planning Graph at 1.0% growth, by 2020 (most probably 

2024), the addition of the South Fork of the Shenandoah River will increase reliable drought 

water supply to 11.6. MGD without Switzer Lake and to 15.6+ MGD (pending intake capacity) 

with Switzer Lake.  The dependency on reserves in Switzer Reservoir, or the need for the 

suggested new drought reliable source) will not return until around the year 2045.   

 North River  2.5 MGD   

 Dry River   0.0 MGD add 4.0 MGD with Switzer augmentation 

 Shenandoah River  9.1 MGD 
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 Total           11.6 MGD       15.6 MGD  

It should be noted that VWWP #16-0730 engages several conditions of environmental 

stewardship when the Shenandoah source becomes active. 

1) Dry River: Withdrawals shall be adjusted at the Dry River Intake so that a minimum of 0.744 

c.f.s. (0.5 MGD) is released to the Dry River below the low-head dam.   

2) North River: At no time shall the withdrawals from North River exceed 12% of the stream 

flow as estimated at the intake. The City recognizes that North River is a target for water 

protection; this effort began with the proposed Surface Water Management Area (SWMA) 

in the 1990s and takes even greater focus under the Local and Regional Water Supply Plan 

(9VAC 780) and VWWP #16-0730 that are relevant today.  The withdrawal limitation has 

progressively decreased from the 1Q10 criteria of 13.6 MGD prior to the 1990s, to 5.5 MGD 

(13% MAF) with the SWMA, to 1.3 MGD (12% in-stream flow) with the VWWP. 

3) South Fork: At no time shall “Net Withdrawal” exceed 10% of the stream flow at the South 

Fork Intake. Net withdrawal equals the total volume withdrawn from the South Fork plus 

66% in recognition of the “Return Flow” at HRRSA. Under historic low flow in stream 

conditions, Shenandoah Project will provide 9.1 MGD of reliable water supply.   

Minimal reference is made to the planned improvements to the Dry River system in the 2020-

2040 era to upgrade delivery pipe to 30” diameter.  Although these system improvements are 

very significant to the RWSMP in terms of normal operations, there is little value to water supply 

during drought. 

Post 2045: As Harrisonburg moves toward the ultimate withdrawal need of 15.0 MGD, the 

following are possible additional water sources: 

 Groundwater in the Western Source Water Area 

 Groundwater in the Eastern Source Water Area (well locations have been identified) 

 Local quarries for limited use from storage 

 Contractual requirements for wholesale customers to provide water supply. 
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City of Harrisonburg Drought Condition RWSMP  

WTP 

15.0 MGD

DRI 

NRI 

SFI 9.1 MGD

Groundwater

3.4 MGD less 

Silver Lake 

2.5 MGD 

9.1 / 11.7                

MGD 

SFI 

12.5-13.8 
MGD 

SFI will be designed and commissioned in Phase 1 with 2 pumps 

operating to provide 9.1 MGD.  Phase 2 will provide a future 

option to expand the PDPS output to maximum 24” pipe capacity 

at 13.8 MGD. 
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VIII. RAW WATER SUSTAINABILITY UNDER NORMAL OPERATIONS: 

The system design is dictated by reliability of adequate source water under drought; 
however, the most common mode of operation will be under normal operating conditions.  As 
proposed, future WTP operating strategy shall require selection and proportioning of differing 
source waters among Dry River, North River, and the South Fork Shenandoah River.  Selection 
of normal operating conditions require consideration of the following: 

1) Raw water quality  
2) Effectiveness and efficiency of treatment 
3) Electrical power and energy requirements 

Shown in the table below are the preferred sources of raw water for each of the decision 

criteria as listed above.  Preferred sources are listed higher in the table.  Dry River is the 

preferred source for all three parameters.  The Shenandoah River is the least preferred source 

with respect to its higher specific energy requirements.  The North River is a difficult source to 

qualify or quantify for water quality and treatability because its makeup varies so widely with 

its high range of in-stream flows and its accompanying influences from agriculture. 

               Harrisonburg Source Water Preference Table 

Water Quality & Treatability Specific Energy 
Dry River Dry River 

Shenandoah River North River 
North River Shenandoah River 

The general theme for operations of the future Harrisonburg Raw Water System and 

Treatment Plant is generalized as follows: 

 Maximize the usage of raw water from Dry River 

 Minimize the usage of raw water from Shenandoah River:  

 Gap fill with raw water from the North River:                                                                                             
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Water Quality & Treatability

Dry River is a pristine source with little concern from human wastes.  The highest concern 

for this source is a corrosive index and an absence of alkalinity.  The corrosive characteristic, if 

not properly addressed at selected stages of conveyance and treatment, can be a concern as a 

contributing cause for leaching metal from pipes and plumbing.  The absence of alkalinity must 

be addressed to enhance the coagulation process that is essential to the water treatment 

process. 

The Shenandoah River is a lower watershed source.  This source is subject to more 

exposures to natural and human wastes.  Therefore, the variety of contaminants is greater; 

however, the higher volume of water creates an effect by which contaminant concentrations 

can be diluted to generally lower levels. 

The North River is a wild card for water quality and treatability.  The North River is 

downstream of Dry River and therefore has potential to have similar favorable water 

characteristics; however, quick rising tributaries and agricultural exposure can push 

contaminant levels to the undesired extreme for specific parameters such as TOC, bacteria, 

and nutrients.  

Specific Energy Management 

Specific Energy (SE) is the benchmark for managing energy and indirectly managing 

contributions to carbon emissions.  SE is simply the kilowatt hours of electricity required to 

pump one million gallons of water.  The lower the benchmark’s value, then the better is the 

energy optimization.  Within Harrisonburg’s Electrical Energy Management Plan (HEEMP), the 

concept of SE is: 

  strategically designed into the pump station and raw water system 

 tactically monitored and evaluated through automation controls

 operatively managed under asset management principles
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Strategic advantages for SE management currently exist at Dry River and North River.  

The Shenandoah source is not yet commissioned but the design and construction is active.  

The summary of system components and the raw water system features follow:  

 Dry River:  Since 1898, Harrisonburg has enjoyed the zero specific energy requirements 

to deliver raw water from the Dry River source.  

 North River: At North River, the future scheme to optimize energy management recognizes 

that North River will be the second most efficient raw water source (unless Silver Lake 

Pump Station becomes a permanent water source). Recommendation #4 of the RWSMP 

was a 2015 upgrade project that added variable speed drives to the North River Pump 

Station; this now allows the City to operate any pump at the most optimum output.  Shown 

below is the strategic design for operating from the North River source.  

NRPS 

 MGD   Pumps  SE  

           0.6                 1         3,924  

           0.9                 1         2,852  

           1.2                 1         2,319  

           1.4                 1         2,038  

           1.7                 1         1,898  

           2.0                 1         1,844  

           2.3                 1         1,840  

           2.6                 1         1,884  

           2.9                 1         1,958  

           3.2                 1         2,015  

           3.2                 2         2,137  

           3.5                 2         2,135  

           4.0                 2         2,063  

           4.6                 2         2,047  

           5.2                 2         2,086  

           5.8                 2         2,154  

           5.8                 2         2,280  

           6.0                 3         2,540  

           6.9                 3         2,669  

           7.1                 3         2,721  
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In FY2021, HPU will install monitoring equipment 

that will provide continuous feedback data for 

assessing pump output and specific energy 

performances as well as the condition of the raw 

water system head loss.  This is an AI advancement 

in asset management. 
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 South Fork Shenandoah River: Recommendation #6 of this RWSMP is to complete and 

commission the Shenandoah Project Phase 1. HPU has completed a preliminary 

engineering report (PER) for the pump stations; it will serve as a guide for the inaugural 

design for 600 horsepower pump motors (Capacity may expand to 900 horsepower units 

to deliver 13.8 MGD). The table shows the integration of SE into the initial design: 

MGD Pumps PDPS-SE GMPS-SE Total-SE

2.9 1 1,476 1,110 2,586

3.2 1 1,476 1,093 2,569

3.5 1 1,490 1,086 2,576

3.7 1 1,516 1,087 2,603

4.0 1 1,552 1,097 2,650

4.3 1 1,566 1,113 2,679

4.6 1 1,613 1,134 2,746

5.8 2 1,621 1,217 2,838

6.3 2 1,676 1,252 2,928

6.9 2 1,746 1,300 3,045

7.5 2 1,829 1,358 3,187

8.1 2 1,926 1,425 3,351

8.6 3 1,909 1,469 3,379

8.9 3 1,950 1,505 3,455

9.5 3 2,043 1,580 3,623

10.1 3 2,144 1,662 3,807

10.7 3 2,256 1,752 4,008

11.7 3 2,474 1,927 4,401

Combined PDPS and GMPS
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 Silver Lake: The City’s withdraw capacities of Silver Lake are now constrained to mobilizing 

temporary pumps.  Therefore, the Silver Lake source is currently not a viable permanent 

source. However, Recommendation #5 requires accommodations to engage temporary 

use of Silver Lake and to recognize possible options for future permanent arrangements. 

 Total Raw Water System: The Harrisonburg Raw Water System is a combination of the Dry 

River, North River and South Fork Shenandoah River components.  Shown in the table 

below are the SE optimum energy targets presented holistically for the future system.  

Source Flowrate MGD SE 

Option Minimum Optimum Maximum Minimum Optimum Maximum

DRI 0.0 0.0 4.0-13.6               0               0               0 

BWPS-1 0.6 2.3 3.2        3,924        1,840        2,015  

BWPS-2 3.2 4.6 5.8        2,137        2,047        2,280  

BWPS-3 6.0 6.0 7.1        2,540        2,540        2,721  

SRPS-1 2.9 3.2 4.6        2,586        2,569        2,746  

SRPS-2 5.8             5.8 8.1        2,838        2,838        3,351 

SRPS-3             8.6             8.6            11.7        3,379        3,379        4,401 

Shown in the graph below are the SE values for the HPU raw water system (971-1,210) and 

the NRPS component (1,993-2,219) between 2004 and 2020. Fy2020 was the most efficient for 

the system during which NRPS operated 359 kW.hrs./MG  (2,199 vs. 1,840) above optimum in 

allowance for house load and pump inefficiencies . 
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Specific Energy Management at the Tactical Level 

The goal of SE management at the tactical level is to monitor changing conditions 

and to provide a foundation for adapting operations to the prevailing conditions.  Under 

current conditions, water treatment plant operators continuously monitor SE from North River 

Pump Station.  The HPU SCADA system provides this information as a snapshot in a graphical 

display and by trending pattern in an SE versus timeline display.   

The current tool is very basic with limited comparison or valuation. As the design of the 

Shenandoah source moves forward, it will include considerations for: 

 Monitoring and manipulating data necessary to provide information that optimizes 

selection of options among combined sources of raw water

 Developing in-situ pump performance and specific energy curves

 Developing methodology to identify best performance among single and 

multiple source options.

 Transforming data into recommendations

 Implementing automated controls versus relying on a manual user interface to 

implement recommendations

Specific Energy Management at the Operation Level 

 The goals of SE management at the operation level are with choices and in predictive 

maintenance, preventive maintenance, repair maintenance and rehab/retirement decisions 

made under adopted asset management principles.   
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City of Harrisonburg Normal Operations RWSMP  

WTP 

15.0 MGD

DRI 

NRI 

SFI 

0.0 - 2.3
MGD 
MGD

0.0 - 3.2 
MGD

The     RWSMP emphasizes completion of the 30” raw waterline to Dry River

 2035:  11,400 feet pushing supply to 5.0 MGD 

 2040:  21,600 feet pushing supply to 14.6 MGD. 

9.5 – 13.6
MGD
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IX. RAW WATER RISK MANAGEMENT STRATEGY 

Risk planning for the Harrisonburg Raw Water System consisted of identifying and evaluating 

major potential risks to reliable water supply and then identifying potential countermeasures to 

reduce or mitigate the effects. The following risks were identified: 

 Total Loss of Water Source: The cause would most likely be contamination, effects 

from flood or other natural disasters, or a catastrophic failure of system infrastructure.  

Occurrence of this type is generally not easily or quickly remediated so multiple 

alternative sources are preferred as mitigation options.  

 Electrical Failures:  The cause would be failed service delivery by the electric purveyor 

through some type of grid failure. Occurrence of this type can generally be mitigated 

by installing an electrical backup generator.  In some cases, pumps using an alternative 

fuel can be used. 

 Unit Failure:  The cause would be mechanical, electrical or other physical failure of one 

or more units of the on-site infrastructure of the pump station, intake or conveyance 

system. Occurrence of this type can generally be mitigated by installation of duplicity 

for applicable components.  

 Drought: This Raw Water Supply Management Plan includes a section dedicated 

entirely to drought; this condition is a very prominent area of the planning agenda. 

The table as follows itemized each of the risks above.  The benchmark goal for success was a 

total raw water supply of 15.0 MGD or greater.  The evaluation included: 

 Independent loss of total source, power or single unit operations at each source.  

 Simultaneous loss of power at all sources 

 Simultaneous effects of drought at all sources; DRI included analysis with and without 

augmentation from Switzer Lake  

 Simultaneous loss of power to all sources during the effects of drought; DRI included 

analysis with and without augmentation from Switzer Lake  
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City of Harrisonburg Raw Water Risk Analysis 
Source SRI NRI DRI Total

Pumps Generator MGD Scenario Generator MGD Scenario MGD MGD 

Total Loss of Source 

…SRI (Mitigation #1) 
out of 
service None 0.0 3 pumps 

1 pump 
(demand) 7.6 max flow 4.0+ 11.6+ 

…NRI (Mitigation #2))  3 pumps 
1 pump 

(power mgmt.) 13.8 
out of 
service none 0.0 max flow 4.0+ 17.8+ 

…DRI (Mitigation #2) 
3 pumps 

1 pump 
(power mgmt.) 13.8 1 pump none 3.5 

out of 
service 0.0 17.5 

2 pumps None 9.2 3 pumps 
1 pump        

(power mgmt.) 7.6 
out of 
service 0.0 16.8 

Power Loss 

…SRI (Mitigation #3) 1 pump 1 pump 4.6 3 pumps 
1 pump

(power mgmt.) 7.6 max flow 4.0+ 16.2+ 
2 pumps 2 pumps 9.2 1 pump none 3.5 max flow 4.0+ 16.7+ 

…NRI 2 pumps None 9.2 None none 0.0 max flow 4.0+ 13.2+ 

…SRI & NRI (Mitigation #5) 2 pumps 
2 pumps

(reliability) 9.2 1 pump 1 pump 3.5 max flow 4.0+ 16.7+ 

Loss of Single Unit 

…SRI or NRI 2 pumps None 9.2 1 pump none 3.5 max flow 4.0+ 16.7+ 

…SRI or NRI 1 pump None 4.6 2 pumps none 5.7 max flow 4.0+ 14.3+ 

…DRI 
3 pumps 

1 pump
 (power mgmt.) 13.8 1 pump none 3.5 

out of 
service 0.0 17.3 

2 pumps None 9.2 3 pumps 
1 pump

(power mgmt..) 7.6 
out of 
service 0.0 16.8 

Drought 

…SRI & NRI &DRI
(Mitigation #4 & #7) 2 pumps 

1 pump  
(power mgmt.) 9.1+ 1 pump None 2.5 w/ Switzer 4.0 15.6 

…SRI & NRI &DRI
(Mitigation #4 and #7) 3 pumps 

1 pump 
(power mgmt.) 9.1+ 1 pump None 2.5 

wo / 
Switzer 0.0 11.6 

Drought + Power Loss 

…SRI & NRI &DRI
(Mitigation #6 and #7 or #8) 2 pumps 

2 pumps 
(reliability) 9.1 1 pump 1 pump 2.5 w/ Switzer 4.0 15.6 

…SRI & NRI &DRI
(Mitigation #6 and #7 or #8) 2 pumps 

2 pumps 
(reliability) 9.1 1 pump 1 pump 2.5 

wo / 
Switzer 0.0 11.6 

Mitigations 

DRI Upgrade 1:  Total loss of the SRI source supports upgrading DRI pipeline to 8.4 MGD minimum.   

SRI Generator Design  2: Total loss of NRI or DRI source supports 1 generator at SRI for power cost management. 
3: Loss of power at SRI supports 1 generator at SRI.
4: Drought effects at SFI would support 1 generator for power cost management. 
5: Loss of power at SRI and NRI supports 2 pump generator capacity at SRI
6: Loss of power at NRI during drought supports 2 pump generator capacity at SRI 

Drought Mitigation 7: Add 4.6 MGD reliable drought sources;   
8: Add 0.6 MGD and control reserves in Switzer Lake to provide up to 4.0 MGD during peak 
drought. Risky due to duration and counter-productive to downstream aquatic protection. 



32 

X.      ASSET MANAGEMENT 

“Asset Management” is defined as operating the inventory of assets effectively and 

efficiently throughout their life cycle and then retiring them at the most appropriate time.  The 

asset management approach at HPU is organized to include: 

 Inventory of the assets in registers and/or GIS 

 Defining Level of Service (LOS) to be provided to the customer 

 Assigning RISK value to each asset 

 Providing and using operating budget funds for maintenance (predictive, preventive 

and repair) 

 Providing and using CIP funds to rehabilitate and & retire assets.  

 Inventory

Individual asset records are of large volume and they are held in registers within the HPU 

GIS system.  On a cumulative level, attributes for Current Asset Replacement Value (CARV), 

Net Book Value (NBV) and Annual Depreciation (ADEP) have been summed to convey total raw 

water system value. These values for asset status at the end of FY2020 were as follows: 

Western Raw Water System CARV NBV ADEP 

Total Asset Summary $62,656,947 $39,496,938 $73,570

910161-48621 Western Utilities $34,435,402 $11,275,393 $73,570

Land  $2,023,500 $2,023,500 $0

Switzer Reservoir $26,198,045 $26,198,045 $0
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 Level of Service (LOS)

In simplest form, HPU desires that the raw water system function in a manner of reliability 

such that an interruption of delivery is invisible to the customers on the potable side of the 

water system.  Response to failure is grouped with potable assets under the “Potable Water 

Management Plan”. Other performance goals such as water quality, energy management and 

cost management have been discussed previously as pertained to normal operations.  

RISK

Risk comes with elevating levels of criticality and likelihood of failure.  Final quantitative risk 

analysis is not yet available, but from a qualitative perspective the risk has been defined 

around the previously stated LOS.  This qualitative analysis has been presented in previous 

sections pertaining to drought management and risk management.  

Operating Budget Maintenance 

Typical examples of predictive maintenance: 1)continuous SCADA monitoring of the NRPS 

for performance, vibration and heat parameters and 2) corrosion assessment of a section of 

the 20” North River pipe between Turner Ashby High School and Cargill facility at Dayton.  

(Shown in the red section below). 

Typical examples of preventive maintenance currently in play are the manufacturers          

recommended PMs for NRPS being placed in CMMS work order scheduling.  

Repair maintenance protocol calls for 7/24/365 available response. 
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Rehab & Retirement (R&R) 

For CIP funding purposes, HPU forecasts asset retirement dates and corresponding 

costs using Manufacturer’s Anticipated Service Life (MASL) and typical inflation rates.  

Funding is pursued from the forecasted cash flow as shown below: 

For the western raw system, a unique variance is in place.  

 Raw water assets (16” pipe) shown to retire in Fy2022 will be in-situ evaluated and 

rehabilitated to extend the useful life.  This pipe will be converted to potable status.   

 Raw water assets (20” pipe) shown to retire in Fy2037 will be provided corrosion 

protection with purpose to extend the useful life beyond 2037. 

 Raw water assets (12” pipe) shown to retire in Fy2043 will be in-situ evaluated and 

temporarily used to mitigate risk in the potable system until the 16” pipe is 

converted to potable status.  The 12” pipe will then be abandoned.   

 Other pipe in the system is schedule to retire beyond 2046 but is not shown above. 

The raw water pumping and conveyance system from the South Fork Shenandoah has 

not yet been commissioned and therefore it is not included in the planning.   
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XI  SUMMARY 

Individual recommendations of the RWSMP are as follows: 

 VAC Compliance – Recommendation #1

Harrisonburg shall complete the initial plan and all subsequent five years updates of 9-
VAC-780 Local and Regional Water Supply Plan. 

 Water Withdrawal Permit Compliance – Recommendation #2 

Harrisonburg shall operate within VWWP #16-0730 defined requirements when the 
South Fork Shenandoah River is commissioned. 
 Conform to maximum in-stream withdrawal limits at all raw water sources per 

permit. 
 Adopt and implement specified a conservation ordinances per permit. 
 Install screens for aquatic protection per permit. 

 Dry River – Recommendation #3 

With purpose toward optimal normal operations, CIP planning should direct the installation 

of a new parallel 30” diameter pipe that will be efficient and effective in the life cycle 

management of existing pipes while simultaneously expanding the maximum raw water 

delivery capacity to 13.6 MGD.  

Future expanded use of the Dry River source will require the City to better understand its 

management options in how to control releases from Switzer Dam Reservoir.  This will 

include balancing storage reserves versus releases for instream flow augmentation. 
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 North River – Recommendation #4

Upgrade the NRPS to 1) include variable speed pumps, 2) include risk mitigation against flood 

and power failure, 3) enhance electrical energy management and 4) facilitate integrating 

North River into a supply scheme that will include the Shenandoah River source.  

Implement advanced AI technology to enhance pump performance and energy management 

at NRPS. 

Consider lifecycle extension of the existing 20” and 24” pipe with corrosion protection and 

to then plan for replace of the 20“raw water pipe as it retires 

 Silver Lake – Recommendation #5

The City has now acquired the first right of withdrawal for the initial 1.5 MGD of water in 

Silver Lake but must develop means to use the water and to also remain supportive to the 

Town of Dayton for normal daily use.  In addition, Silver Lake has current and future value 

to Harrisonburg and should be used in terms of advantages toward energy efficiency, 

supplemental supply during drought, and contingency during catastrophic loss of one of its 

other sources.  

 South Fork Shenandoah River – Recommendation #6

For purposes of drought reliability, Harrisonburg should complete the South Fork 

Shenandoah project.  Sizing of the pumps stations and piping shall be adequate to deliver 

the 9.1 MGD drought limit flowrate plus additional capacity of 3.4 MGD to allow for raw 

water augmentation from groundwater. 
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The RWSMP closes as follows: 

 Rec #1: HPU is current and compliant with the “The Upper Shenandoah Basin Water 

Supply Plan” as a compliance tool to meeting Virginia Administrative Code 9-VAC-780

requirements for local and regional water supply planning. 



 Rec #2: HPU is currently in meeting applicable requirements of Virginia Water 

Withdrawal Permit #16-0730.   



 Rec # 1-6: The RWSMP has foundation to fully utilize the capacity of the existing water 

treatment plant at 15.0 MGD VDH rating which will allow for aggressive growth 

planning in the City plus some capacity to use toward the external market. 



 Rec #6: The RWSMP provides a roadmap for drought reliable water supply with an 

accompanying commitment to environmental stewardship. The South Fork Shenandoah 

Project is approaching 50% completion. 



 Rec # 1-6, emphasis #5: The RWSMP provides a roadmap for normal operating strategy

that balances quality, sustainability, energy management and environmental 

stewardship. The Western Raw Waterline is 40% completed with CIP funding scheduled 

at 20% and 40% for 2030 and 2035, respectively. 



 Rec #1-6, The RWSMP builds RISK management into the City’s future water supply.  



 The Harrisonburg Raw Water Supply Management strategy can be summarized: 



 “Maximize use of Dry River, minimize use of the South Fork of the Shenandoah River, 

gap fill with North River, and know the value of Silver Lake.” 
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            APPENDIX A:  HARRISONBURG WATER SUPPLY CHRONOLOGY 

History of Harrisonburg Water Supply: 

 1779 – Thomas Harrison deeds the “Big Spring” for public use. 

 1798 – Town Council commits $35.00 to wall the Big Spring (See Spring House replica at 
Court Square) 

 1890-s – Ten miles of hand laid 10” cast iron pipe supplies pristine waters from Dry Run, 
Gum Rum and Rocky Run surface water dams. 

 1914 – Construction of a 5 million gallons reservoir at Tower Street improves service 
reliability to town customers. 

 1920-s – Two projects significantly enhance water supply 
1. A 12” cast iron waterline was constructed in parallel to the previous 10” pipe. 
2. Construction of a 16 million gallons reservoir at Tower Street increases storage to 21 

million gallons. 

 1930’s – the Research Service in Washington D.C. designs and oversees town forces to 
construct a unique below ground collection gallery at Rawley Springs. 

 1950’s – A 16” cast iron waterline is constructed parallel to the 10” and 12” pipes from 
Rawley Springs. 

 1960’s – A pump station and pipeline for use of Silver Lake is implemented as the auxiliary 
drought supply option.  

Clean Water Act mandates filtration technology: City targets 5.0 MGD 

 1970’s – A 7.5 miles pipeline to the North River in Bridgewater and the city’s first filtration 
plant are placed in operation. Switzer dam is constructed as a flood control dam, but the 
City pays to increase the capacity for water supply purposes. 

 1980’s – The City’s filtration capacity is increased from 5.0 MGD to 7.7 MGD by operation 
management practices and without capital dollars; this is the first plant in the state to 
operate at 6 gpm/sf filtration. 

Annexation: City targets 10.0 MGD interm to 15.0 MGD 

 1989-1991: The City upgraded its water supply line from Silver Lake to Grandview Drive and 
then upgraded its North River Pump Station capacity rating to 7.6 MGD from VDH 

 1990-1993: The city’s filtration capacity is increased to 10.0 MGD, again without capital 
dollars. The plant remains today as the first 8 gpm/sf filtration plant in Virginia. 
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Annexation: City targets 10.0 MGD interm to 15.0 MGD 

 1991-1993: City considers a pipeline to Switzer Dam for long term planning agenda; this 
alternative was rejected due to environmental constraints  

 1993-1997: Bridgewater requests designation of the North River Surface Water 
Management Area; concludes with Harrisonburg statement to reject a supporting role. 
However, Harrisonburg established agenda to pursue an alternative source of water such 
that future needs can be met with no greater than 5.5 MGD withdrawals from the North 
River. 

 1993-1997: Harrisonburg pursues groundwater in the Dry River and North River corridors as 
an alternative to the Riven Rock to Switzer pipeline. This alternative was abandoned due to 
the small yields of recommended well sites. 

 1994: Dry River Underground upgrade 

 1995: Harrisonburg proposes to participate in Rockingham County’s construction of its 
“Three Springs Water Treatment Plant”; joint proposal rejected by Rockingham County. 

 1996-1999: City studies and chooses the South Fork of Shenandoah River as third raw water 
source. 

 1996-2009: Completed various sections of 30” pipe between Dry River Intake and Water 
Treatment Plant 

 1999: VWWP #98-1672 issued for ten years 

 2000: City evaluates the optimum location for WTP for Shenandoah water source 

 2001: Groundwater source evaluated on South Fork of Shenandoah River as an 
augmentation source to the river intake for purposes that would address temporary 
concerns for water quality and for environmental stewardship. 

 2002: Harrisonburg evaluates Dry River Dam as an enhancement of the Dry River water 
supply; alternative abandoned due to environment objections and cost. 

 2002: Shenandoah pipeline easement acquisition begins. 

 2004: Remnant of old hydroelectric dam removed on South Fork of Shenandoah River 

 2005: City constructs intake in South Fork of Shenandoah River 

 2005: Shenandoah project organized into 20 different subprojects which are in various 
phases of planning, design, construction, managerial and closure. 

 2007-2011: Completed various phases of 30” pipe to Shenandoah River 

 2009: VWWP #98-1672 re-issued for five years 

 2014: Dayton’s water lease rights at Silver Lake expire; Harrisonburg gains first right of 
withdrawal. 

 2015: Bridgewater Pump Station Upgraded 

 2016: VWWP #16-0730 re-issued to replace VWWP #98-1672; 15 year period 
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                               APPENDIX B: DRY RIVER SOURCE 

                     Longitude 78.971      Latitude 38.371  

                                   Intake Capacity 4.0 MGD 

Dry River Source: 

The Dry River was Harrisonburg’s original viable raw water source when commissioned in the 

late 1890’s.  Maximizing the use of the Dry River source water remains an inherent priority to 

the City’s past, current, and future raw water management strategies.  Use patterns for this 

source are typically constant and at 100% capacity (4.0 MGD) under all scenarios of normal 

operations.  Harrisonburg’s withdrawal is a regulated under VWWP #16-0730. The City is 

required to bypass a minimum of 0.5 MGD around its intake to maintain an in-stream flow.  The 

bypass originated through a handshake agreement with local Verona based DGIF staff during 

the drought in the late 1990’s and has been carried forth through the withdrawal permit. 

DEQ has not rated the Dry River for a safe yield; however, records from a long removed stream 

gage station, as well as common observations, suggested the flow approached nearly zero on 

many occasions.  The following graph displays the frequency of stream flow quantities from 

1947; this was a drought type year that was selected arbitrarily from the limited data that is 

available.  Significant to the graph is the following frequency of low flow events.  

 23 days throughout the year the flow was less than 1.0 MGD; 

 75 days the flow was below the City’s current system conveyance capacity of 4.0 MGD; 

 On 129 days the flow was below (thus 236 days the flow was above), the future 

expanded raw water pipe network conveyance capacity at 13.5 MGD.  
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Harrisonburg Assets: 

The City obtained access to the Dry River in the 1890s by installing 55,000 feet of 10” pipe that 

began at Dry River/Rocky Run/Gum Run intakes at Rawley Springs and extended to the 

reservoirs that were located within the City borders.  Near the years of 1923 and 1947, 12” and 

16” diameter pipes were respectively installed in parallel to the 10” diameter pipe. Along the 

way in 1934, a unique combined surface water / subsurface alluvial groundwater intake 

structure was installed; later to be upgraded in the early 2000’s. The structure consisted of a 

concrete dam, a bar screen, underground collection pipe and a collection gallery.  See 1934 ENR 

Article that follows.  

Until 1970 the pipe system conveyed potable water until the addition of the water treatment 

plant at Grand View Drive.  At that time all pipes were converted to raw water conveyance from 

Rawley Springs to the new water treatment plant; exception was the 10” diameter pipe that 

was retained to convey potable water, but in the direction from the new water treatment plant 

to Rawley Springs.  Since early 2000s, the City has embarked a concept to install a new 30” 

diameter pipe, accompanied by conversion of the 12” and 16” pipes to potable water.  This 

provides a progressive engagement of life cycle management approach to retire older assets 

and to simultaneously expand raw water conveyance capacity to 13.5 MGD when completed.  

The current Dry River Raw Water System currently includes the following assets: 
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 30” pipe:  17,805 feet 

 30 pipe:    7,405 feet 

 16” pipe: 45,036 feet 

 12” pipe: 25,108 feet 

Zero energy consumption is a primary advantage to maximizing the Dry River source as 
follows: 

system:  143 feet TDH 
energy:  0 kW-hrs/MG by gravity delivery 
power:  0 kW 

Dry River Risk: 

Harrisonburg’s Dry River source is most susceptible to natural disaster and contamination 

whereas mechanical, electrical, and control failures are not as prominent with the inherent 

gravity intake features.  In recent history, the hurricane events of 1985 and 1993 saw the pipe 

conveyance system lost for a substantial period of time.  In contrast, no major contamination 

has been incurred from the Dry River; however, five miles of river bed in the upstream 

watershed can in some places be easily contaminated by a vehicular accident along the highly 

traveled Route 33 corridor.  The frequent small in-stream flow in the presence of a contaminant 

poses special attention to this concern. 
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APPENDIX C: SWITZER DAM ON DRY RIVER SOURCE 

Dry River Source with Switzer Dam 

Unlike conditions of 1947 in Dry River, the in-stream flow can be influenced by operations of a reservoir located 

upstream.  Approximately five miles upstream of the City’s Dry River intake is the aforementioned reservoir 

known as Switzer Dam.  In the 1970s, the City added water supply functions to the original designed flood control 

dam.  Switzer Dam was designed and constructed to hold 1.6 billion gallons of water; it has been rated by DEQ 

to have a safe yield of 8.3 MGD.  Initially, the City could not use the water supply privileges until financing bond 

payments had been completed; a status which has now long passed (1990).  There are currently no formal 

restrictions to the City’s use of the dam.  

Through the wetter part of the annual season the dam is at overflow level where flow out of the dam nearly 

equals flow into the dam (exception for precipitations and evaporation).  During other times when the water is 

below overflow level, actions to control releases from the dam would be through one of the five gates in the 

outlet tower.  One gate is a drain gate and two others are below a significant benchmark of 400,000,000 gallon 

reserve storage level.  The remaining two gates are strategically placed above the 400,000,000 level.  Controls 

for the gates are not readily usable and therefore it is somewhat infeasible for the City to make adjustments to 

the gate settings.   

Informally, the City has engaged two environmental stewardship activities; the first to maintain a minimum 

400,000,000 gallons in reserve and the second to maintain a release of water from the reservoir. The reserve 

storage concept was initiated by informal discussion with DGIF staff in the 1990s for purpose of protecting 

aquatic life in the lake.  The release was is in recognition of certain local groups who expect the City to maintain 

a minimum release from Switzer Dam for the purpose of sustaining fish and aquatic life in the immediate 

downstream reaches of Skidmore Fork, a tributary to Dry River.  The City generally leaves the second highest 

gate at a partially opened position and thereby allows the discharge to vary from approximately 8.0 MGD when 

water level is at overflow to 0.0 MGD when water level is at the open gate level.  The stationary positioning of 

the gates, plus some escape of water from outlet structure leakage, generally provided environmental 

stewardship for both in lake and downstream aquatic protection. 

In the fall season of a dry 1999, the City evaluated the dam release and intake capture relationship during the 

peak season for evaporation / transpiration.  General conclusion was that a release of 8.3 MGD maintained a 

capture of 5.5 MGD at the City’s intake located five miles downstream.  During the study the water reservoir 

above 400,000,000 gallons was exhausted in 132 days. The Switzer Dam release – City intake recapture 

relationship must be recognized and refined in the RWSMP.     
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APPENDIX D: NORTH RIVER SOURCE 

                     Longitude 80.847      Latitude 37.662  

                                   Intake Capacity 7.6 MGD 

North River Source 

The North River source was commissioned in the early 1970s.  The North River has given 

Harrisonburg a significant tool to adjust for daily and seasonal variations in demand.

Harrisonburg’s Bridgewater Pump Station (BWPS) withdraws raw water from the North River. 

DEQ has rated North River to have a safe yield of 13.6 MGD. The source water has been under 

demand from Harrisonburg, Bridgewater, and irrigation practices such that a “Surface Water 

Management Declaration” was considered in the 1990s.  The declaration did not move forward 

but Harrisonburg informally declared that its intention was not to use the North River beyond 

5.7 MGD in times of drought. Under current VWWP regulations in combination with historic low 

flow in-stream records, the withdrawal is regulated by VWWP #16-0730 to no more than 12% 

of the in-stream flow. Harrisonburg’s available withdrawal may be limited to 1.3 MGD. 

Harrisonburg Assets 

The City obtained access to the North River in 1970.  The Bridgewater Pump Station / Intake and 

20” pipe to adjoin the Silver Lake System (see Appendix F) were constructed. In the early 1990s, 

a 24” pipe was constructed in parallel to the pipe system from Silver Lake to Route 33. In the 

early 2000s, another 24” pipe was extended in the Route 33 corridor to the water treatment 

plant.  These latter additions were made to accommodate growth from the 1983 City annexation 

by increasing North River capacity to 7.6MGD.   

The current North River Raw Water System includes: 
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 20” pipe:  26,312 feet 

 24” pipe: 12,591 feet 

 24” pipe:    3,969 feet 

 Pump Station and Intake 

A check valve in the 24” diameter pipe at the North River Valve Vault (NRVV) is scheduled for 

installation in 2016 and will provide risk reduction from back flow and from the introduction of 

higher pressures during static conditions. As a second risk management effort, the pipe network 

was isolated and separated to convey only North River water until it adjoins with the Dry River 

network at the water treatment plant. These arrangements provided risk reduction through 

prevention, mitigation, and enhanced recovery toward potential pipe ruptures.   

The Virginia Department of Health rates the pump station at 7.6 MGD.    At the intake is an in 

stream concrete structure where bar screens provide protection from debris entering into two 

parallel pipes that route water to the pump station wet well. From 1970 until mid 2015, the 

station had three vertical turbine pumps in active service; each pump driven by a 350 horse-

power motor.  The pumps and motors were started with across the line configurations and then 

operated at full speed for any and all individual pumps and motors.  Output performances with 

one, two, and three pumps in parallel operations provided the City wastewater treatment plant 

with 3.7 MGD, 5.7 MGD, and 7.6 MGD, respectively.   

Electrical power and energy usage are constraints to using this source. The Bridgewater Pump 

Station at the North River is the single biggest demand for electricity for HPU as it accounted for 

2,283,200 kW-hrs of usage or 63% of the total water system energy usage in FY 2014.  The 

associated power demand was 530+ kW. 

system:  3,950 gpm @ 514 feet TDH @ 79% PE & 90% ME 
           energy:  2,150 kW-hrs/MG  
           power:      530 kW plus house load
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North River Risk 

Harrisonburg’s North River source is most susceptible to several potential causes of risk. 

 The hurricane event of 1985 inundated the pump station with severe impacts upon 

electrical equipment. 

   As for contamination, recent alerts have been issued due to contamination from 

agricultural activities which are intense along the banks of the North River and 

upstream tributaries of Dry River and Mossy Creek.  As similar to Dry River, the 

frequent small in-stream flow in the presence of a contaminant poses special attention 

to the concern. 

   And finally, the Bridgewater Pump Station has potential for mechanical, electrical and 

instrumentation failure.  Generally, the City has in place some abilities to operate one 

pump under most causes of mechanical, electrical, and instrumentation duress.   

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Transfer kWhrs / MG 2140 2070 2140 2148 2215 2115 2084 2046 1998 2036 1993

Energy kWhrs 2,832 2,462 2,865 2,862 2,956 2,489 2,228 2,278 2,256 2,310 2,283
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APPENDIX E: SOUTH FORK SHENANDOAH RIVER SOURCE 

                     Longitude 78 43.8’      Latitude 38 20.2’  

                                   Intake Capacity  TBD MGD 

South Fork of the Shenandoah River Source 

Harrisonburg’s Power Dam Road Pump Station will withdraw raw water from the South Fork of 

the Shenandoah River; the withdrawal is permitted under Virginia Water Withdrawal Permit 

#16-0730.  The lower reaches of the water shed lends to a lesser quality of raw water as 

compared to other available sources.   A submerged structure is located in stream where bar 

screens provide protection from debris entering into two parallel pipes that route water to the 

pump station wet well.  At the same location, DEQ has rated the in stream safe yield at 78.0 

MGD. 

Harrisonburg Assets 

The intake structure and pump wet well are a unique collaboration between the City, DEQ, and 

various agencies responding under the input format of the Virginia Marine Resources 

Commission. The City pump station is located in an abandoned hydroelectric canal at the site of 

the original turbines; the initial intake design proposed to somewhat resurrect the hydroelectric 

concept that used a flow through side stream to bring source water to the turbines (pumps).  

The concept was also planned to facilitate boat access through the canal to overcome the 

hindrances to float travel caused by the in-stream dam remnants.   

Through collaboration previously mentioned, an alternative concept was chosen.  The concept 

avoided placement of difficult to maintain small screens into the mainstream river. The in 

stream hydroelectric dam remnants were removed, an intake with debris screen was installed 

at an alternative in stream location, and a flow through pump station wet well was installed at 

the site of the original turbines.  The latter was a unique installation that allowed water to flow 

continuously from the in-stream structure to the pump wet well and then back into the original 

canal as it returns to the mainstream of the river.  This unique design retained provisions to 
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avoid the intake and impingements of aquatic organisms by pumps and upon smaller screens, 

respectively, while allowing the City to have its 2 millimeter micro-screens located for easy 

access and repair. VWWP #16-0730 requires the City to re-evaluate using 1 millimeter size 

screens. 

The pump station housing structure has been constructed on the old turbine support structures.  
The pumps to this facility are expected to be three units with 500 horsepower motors.  The 
operation and control configuration will be much similar to the North River Pump Station as the 
latter’s 2015 upgrade will serve as a model for the final design at Power Dam Road Pump Station.  
The Power Dam and Goods Mill Pump Stations have not yet been commissioned but have the 
following characteristics: 

system  2,778 gpm @ 651 feet TDH @ 72% PE & 90% ME 
energy: 3,108 kW-hrs/MG  
power:                    705 kW 

note:  subject to change with final design decisions 

Shenandoah River Source Risks: 

In contrast to the Dry River and North River, the Shenandoah River has a much higher in-stream 

flow pattern with characteristics that are typical of its location in the lower drainage basin. 

Changes in flow rate and water quality generally occur over longer durations. More pollution 

and more dilution are prevalent; the latter has significant mitigation influence. And finally, the 

future Power Dam Road Pump Station will have potential for mechanical, electrical and 

instrumentation failure.  Future design will attempt to mitigate these risks.   
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APPENDIX F: SILVER LAKE SOURCE 

                     Longitude 79.057      Latitude 38.521  

                                   Intake Capacity 0.0 MGD 

Silver Lake Source 

Harrisonburg owns Silver Lake.  DEQ has rated Silver Lake to have a safe yield of 1.5 MGD.  The 

City’s withdrawal is a grandfathered activity as compared to a Virginia Water Withdrawal 

permit.  The feed location to Silver Lake is an underground spring opening from which the 

groundwater enters into Silver Lake.  The Town of Dayton has installed horizontal well screens 

into the spring by which raw water is routed through a manifold and suction pipe to the Town’s 

pump station.  In contrast, the City’s intake pipe lays supported on wooden cross ties from the 

pump station structure to a location just outside the spring / lake interface.  The City’s intake 

location is not ideal from the perspectives of both water quality and water quantity.  As for 

water quality, City intake water is subject to high algae contents which have significant 

deleterious effects to water treatment filter operations.  As for water quantity, the City has first 

rights to 1.5 MGD.   

Formal privileges and restrictions upon the City’s withdraws are relevant to a contractual 

relationship with the Town of Dayton. The Silver Lake source was purchase by the City in 1947 

as a drought supplement to the Dry River source.  The purchase, however, came with significant 

restrictions in the format of first rights of withdrawal to the Town of Dayton.  The Town has held 

a ninety nine year lease of first rights to water withdrawal under a contract that preceded the 

City’s1947 purchase.  The lease ran from 1915 to 2014. 
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Harrisonburg Assets 

Upon purchase, the City immediately constructed a pump station plus 10,854 feet of 16” pipe 
from Silver Lake to adjoin the Dry River pipe system at Route 33.  Silver Lake Pump Station is 
inactive but has the following characteristics:   

system:     929 gpm @ 378 feet TDH @72% PE & 90% ME 
energy:  1,805 kW-hrs/MG  
power:                     137 kW 

As the need for water grew, the City operated the pump station as a significant component for 

water supply, but not without careful respect to the Town of Dayton.  Beginning with mild 

drought conditions, the City’s raw water supply from the Silver Lake source would come into 

unreliable status that depended upon the relationship between the available water and the 

unrestricted withdrawals made by the Town of Dayton.   This constraint prevailed as significant 

in the City’s water management operations until the North River source became available in 

1970. 

From 1970 until 1990, the City used Silver Lake under limited application except for the 

catastrophic effects of the hurricane of 1985 which disabled both the Dry River and North River 

sources for a short period of time.  As the 1990’s approached, the pump station needed 

consideration for an upgrade as it had reached the end of its useful life and became non-

functional.  Given the City’s longer term raw water supply needs, the smaller safe yield of Silver 

Lake, the water quality and quantity issues, and contractual obligations / future considerations 

to the Town of Dayton, the City opted not to invest at Silver Lake but to undertake efforts to the 

South Fork of the Shenandoah River.   In conclusion, the decision to upgrade the Silver Lake 

Pump Station was delayed until the City could consider its own first rights to the water and with 

perspective to the progress made towards the Shenandoah project.   
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Silver Lake Risks: 

The Silver Lake source is fed from groundwater feed that is under the influence of surface 

water. Although the surface water influence is a concern for contamination, its risk for 

exposure is far less than any other Harrisonburg raw water source.  The Silver Lake Pump 

Station is currently out of operations and considered to be in non-salvageable status. 

Obligations and Considerations 

The Town of Dayton lease agreement for Silver Lake expired in 2014.  On July 29, 2014, the City 

of Harrisonburg and the Town of Dayton entered into an extension of the Silver Lake Lease 

Agreement therein permitting the Town of Dayton to continue its withdrawal of raw water from 

Silver Lake. However, the terms now give Harrisonburg the first right of withdrawal for the first 

1.5 MGD. 

It should be noted and addressed that the City has little ability to effectively capture raw water 

from Silver Lake unless it gains access to the spring.  Two options can achieve this goal.  

Harrisonburg can either share the current infrastructure owned by the Town of Dayton or the 

City can obtain sole ownership of the infrastructure by purchase or new installation.  Condition 

No. 4 in the referenced lease extension provides to Harrisonburg the former option. The lease 

follows on the following pages. 
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APPENDIX G: VAC LOCAL AND REGIONAL WATER SUPPLY PLAN 

Internal Compliance 9VAC25-780 

The Commonwealth of Virginia is comparatively a water rich state; however, following the 

drought of 1999-2002 the state engaged a statute (9VAC25-780) calling for Local and Regional 

Water Supply Planning.  Under this statute each locality was required to submit a plan that 

identified their water needs throughout 2040.  The City was one of 48 plans submitted by the 

2011 deadline.  The City optioned to submit the plan using a regional approach that culminated 

by action of Harrisonburg City Council to adopt the “Upper Shenandoah River Basin Water 

Supply Plan” 

The information from 48 plans has been under review by the Department of Environmental 

Quality (DEQ) with purpose to develop a State Water Resources Plan (SWRP).  The purpose is to 

make recommendations that will protect all beneficial uses to the maximum.  DEQ has analyzed 

the data and has forecasted that the daily statewide water usage will increase by 32% to 450 

MGD by 2040.  In a proactive approach, DEQ has published a list of 12 recommendations that 

reflects how they plan to meet the intent of the statute base on the data in the SWRP.  DEQ’s 

intentions toward Harrisonburg are on display in the reissuance of VWWP #16-0730.    

Update 9VAC-780 

At current status Harrisonburg has made no updates to the original submittal.
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Part I – Special Conditions 

 

A. Authorized Activities 

 

1. This permit authorizes the operation of an integrated surface water supply project to withdraw 

surface water at the following intake locations as described in Part I.D: 

a. South Fork Intake on the South Fork of the Shenandoah River  

b. North River intake on the North River, a tributary to the South Fork of the Shenandoah 

River 

c. Dry River intake on the Dry River, a tributary to the North River  

2. Authorized activities shall be conducted as described in the Joint Permit Application dated July 2, 

2014 and received July 2, 2014, as well as supplemental materials, revisions and clarifications 

received through January 29, 2016. 

 

3. The permittee shall notify the DEQ prior to any impacts to surface waters, including wetlands; and 

of any modifications to any of the intake structures. Any additional impacts, modifications, or 

changes shall be subject to individual permit review and/or modification of this permit.   

 

B. Permit Term 

 

1. This permit is valid for fifteen (15) years from the date of issuance.  A new permit may be 

necessary for the continuance of the authorized activities, including water withdrawals, or any 

permit requirement that has not been completed.  If the authorized activities will continue beyond 

the expiration date of the permit, submittal of an application for reissuance shall be made within 

180 days of the date of permit expiration. 

 

C. Standard Project Conditions 

 

1. The activities authorized by this permit shall be executed in such a manner that any impacts to 

beneficial uses are minimized.  As defined in § 62.1-10(b) of the Code, "beneficial use" means 

both instream and offstream uses.  Instream beneficial uses include, but are not limited to, the 

protection of fish and wildlife habitat, maintenance of waste assimilation, recreation, navigation, 

and cultural and aesthetic values.  Offstream beneficial uses include, but are not limited to, 

domestic (including public water supply), agricultural, electric power generation, commercial, and 

industrial uses.  Public water supply uses for human consumption shall be considered the highest 

priority. 

 

2. No activity shall substantially disrupt the movement of aquatic life indigenous to the water body, 

including those species that normally migrate through the area, unless the primary purpose of the 

activity is to impound water. 

 

3. Flows downstream of the project area shall be maintained to protect all uses. 

 

4. Virginia Water Quality Standards shall not be violated in any surface waters as a result of the 

project activities.  
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5. All required notifications and submittals shall include project name and permit number and be 

submitted to the DEQ office stated below, to the attention of the Water Withdrawal Permit 

Manager, unless directed in writing by DEQ subsequent to the issuance of this permit: Department 

of Environmental Quality-Office of Water Supply, P.O. Box 1105, Richmond, Virginia 23219. 

 

6. All reports required by this permit and other information requested by DEQ shall be signed by the 

permittee or a person acting in the permittee’s behalf, with the authority to bind the permittee.  A 

person is a duly authorized representative only if both criteria below are met.  If a representative 

authorization is no longer valid because of a change in responsibility for the overall operation of 

the facility, a new authorization shall be immediately submitted to DEQ. 

 

a. The authorization is made in writing by the permittee. 

 

b. The authorization specifies either an individual or a position having responsibility for the 

overall operation of the regulated facility or activity, such as the position of plant manager, 

superintendent, or position of equivalent responsibility.  A duly authorized representative may 

thus be either a named individual or any individual occupying a named position. 

 

7. All submittals shall contain the following signed certification statement: 

 

a. "I certify under penalty of law that this document and all attachments were prepared under 

my direction or supervision in accordance with a system designed to assure that qualified 

personnel properly gather and evaluate the information submitted.  Based on my inquiry of 

the person or persons who manage the system, or those persons directly responsible for 

gathering the information, the information submitted is, to the best of my knowledge and 

belief, true, accurate, and complete.  I am aware that there are significant penalties for 

submitting false information, including the possibility of fine and imprisonment for 

knowing violations." 

 

8. Any fish kills or spills of fuels or oils shall be reported to DEQ immediately upon discovery at 

(804) 698-4000.  If DEQ cannot be reached, the spill shall be reported to the Virginia Department 

of Emergency Management (DEM) at 1-800-468-8892 or the National Response Center (NRC) at 

1-800-424-8802. 

 

9. DEQ shall be notified in writing within 24 hours or as soon as possible on the next business day 

when potential environmentally threatening conditions are encountered which require debris 

removal or involve potentially toxic substances.  Measures to remove the obstruction, material, or 

toxic substance or to change the location of any structure are prohibited until approved by DEQ. 

 

 

D. Surface Water Withdrawals 

 

1. Surface water withdrawn from the South Fork of the Shenandoah River, the Dry River and the 

North River and authorized under this permit shall be only used for public water supply. 
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2. The safe yield of the surface water withdrawal project as authorized under this permit is the annual 

average daily volume of 11.88 million gallons per day (mgd). 

 

3. The combined total withdrawal of water from the permittee’s intakes on the South Fork of the 

Shenandoah River, the North River and the Dry River shall not exceed the limits established in the 

table below.  The withdrawal limits described as Tier 2 are to be phased in based upon 

documentation of a higher total demand growth rate in comparison with that used to forecast the 

Tier 1 withdrawal volume and/or completion of service agreements and related capital 

improvements necessary to begin water service to new customers that would cause demand to 

exceed the Tier 1 limits. 

 

Tier 

Maximum Daily 

Withdrawal 

(mgd) 

Maximum Annual 

Withdrawal (mg) 

1 12.24 3158 

2 15.33 4348 

 

a. Tier 1 contains the withdrawal limits to meet the justified demands of the Harrisonburg 

service area for the 15-year permit period ending in 2031.   

 

b. Tier 2 contains the withdrawal limits to meet the justified demands of the service area 

identified in Tier 1, plus additional demands documented by the submittal of one or more 

signed agreements for new customers and/or documentation of increased service to 

previously unserved portions of the City’s service area.  

 

4. The permittee may submit to DEQ for review and approval a request for authorization of 

withdrawal limits established for Tier 2.  Any such request shall include a justification for the 

requested increase in allowable withdrawal volumes.  Justification shall consist of one or more of 

the following: 

a. Sales or usage records over a minimum period of five years that indicate an 

increasing trend in demand growth rate that would cause the Tier 1 withdrawal 

limits to be exceeded prior to the permit expiration date, 

b.  A signed agreement(s) for providing water service to new commercial, 

industrial or municipal customer(s) that would cause the Tier 1 withdrawal 

limits to be exceeded prior to the permit expiration date ,  

c. A schedule for completion of capital improvements needed to supply water to 

new commercial, industrial or municipal customer(s) identified in Part I.D.4.b 

prior to the permit expiration date. 

 

Upon review and approval by DEQ of the request, the allowable maximum daily and maximum 

annual withdrawal volumes shall equal those listed for Tier 2 in Part I.D.3.  If the justification for 

an increase in withdrawal limits indicates that the demand will exceed the Tier 1 limits, but not 

reach the Tier 2 limits listed in Part I.D. 3 within the 15-year permit term, DEQ may revise the 

Tier 2 limits to equal the revised demand projected for the end of the permit term.  Unless and 

until a request is made and approved for Tier 2 limits, the total allowable withdrawal volumes 

equal the Tier 1 values in Part. I.D.3. 
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South Fork Intake: 

5. The permittee shall estimate stream flows at the South Fork Intake in units of cubic feet per 

second (cfs) on a daily basis by monitoring the stream flow gage described below and by applying 

the equation “Flows at the intake = QSF * 1.01,” where: 

 

a. QSF is the previous day’s provisional mean daily flow at the DEQ gage no. 01628500 

(South Fork Shenandoah River near Lynnwood, VA); 

 

b. 1.01 is the adjustment factor for drainage area. 

 

6. At no time shall Net Withdrawals from the South Fork Intake exceed 10% of the stream flow at 

the South Fork Intake as estimated using the equation described by Part I.D.5, where: 

a. Net Withdrawal = the total volume withdrawn from the South Fork intake minus Return 

Flow, where 

b. Return Flow = (FlowSFI * 0.1) * 0.66, where 

c. FlowSFI = flow at the South Fork Intake estimated as described by Part I.D.5, and 

0.66 represents the approximate portion of the total withdrawal returned to the South Fork of 

the Shenandoah River upstream via treated wastewater discharge 

d. Example calculation for the lowest recorded flow at DEQ gage no. 01628500 (84 cfs): 

i. FlowSFI = 84 * 1.01 = 84.8 cfs 

ii. Return Flow = (84.8 * 0.1) *.0.66 = 5.6 cfs 

iii. Maximum Net Withdrawal = 84.8 * 0.1 = 8.5 cfs 

iv. Maximum Total Withdrawal = 8.5 + 5.6 = 14.1 cfs (9.1 mgd) 

. 

 

North River Intake: 

7. The permittee shall estimate flows at the North River Intake in cfs on a daily basis by monitoring 

the stream flow gage described below and by applying the equation “Flows at the intake = QNR * 

0.75,” where: 

 

a. QNR is the previous day’s provisional mean daily flow at the DEQ gage no. 01622000 

(North River near Burketown, VA); 

 

b. 0.75 is the adjustment factor for drainage area. 

 

8. At no time shall withdrawals from the North River Intake exceed 12% of the stream flow at the      

North River Intake as estimated using the equation described by Part I.D.7.  

a. Example calculation for the lowest recorded daily mean flow at DEQ gage no. 01622000: 

i. Flow at the North River intake = 22 cfs * 0.75 = 16.5 cfs 

ii. Maximum allowable withdrawal from the North River Intake = 16.5 cfs 

* 0.12 = 2 cfs (1.3 mgd) 

 

Dry River Intake: 

9. The permittee shall estimate flows in the Dry River in cfs on a daily basis and adjust withdrawals 

from the Dry River intake so that a minimum of 0.774 cfs (0.5 mgd) is released to the Dry River 
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below the low-head dam at the Dry River intake.  No withdrawals will be allowed from this intake 

if the estimated flow at the intake is 0.774 cfs or less 

 

10. The permittee shall submit a plan to DEQ review and approval for monitoring stream flow at the 

Dry River intake within 120 days of permit issuance. The monitoring plan shall contain, at a 

minimum: 

 

a. A detailed description of the methodology used to monitor flow at the location of the 

intake to ensure that withdrawals will be in compliance with Part I.D.9. 

b. A detailed design and description of any existing or planned structure(s) to be used or 

installed for stream flow monitoring at the intake location. 

 

Intake Screens and Drought Management: 

11. Within two years of permit issuance, the permittee shall submit for DEQ review and approval a 

plan to install new screens at the South Fork intake, the North River intake and the Dry River 

intake in order to protect aquatic species from impingement and entrainment.  The plan shall 

include, at a minimum: 

 

a. A schedule for installing new screens at each intake that are designed so that screen 

openings are not larger than 1 millimeter in width and height and the screen face intake 

velocities are not greater than 0.25 feet per second.  The permittee may propose alternative 

screen mesh and intake velocity designs for each intake.  For each alternative design 

proposed, the plan shall include an entrainment/impingement monitoring strategy.  Each 

entrainment/impingement monitoring strategy shall be designed with the input of the 

Virginia Department of Game and Inland Fisheries (VDGIF) and shall include a schedule 

for implementation of entrainment/impingement monitoring.  The results of the 

impingement/entrainment monitoring shall be submitted to DEQ and VDGIF for review 

and approval.  If the monitoring results indicate that the proposed alternative design is not 

protective of aquatic species, maximum screen openings of 1 millimeter in width and 

height and a maximum screen face intake velocity of 0.25 feet per second will be required. 

b. Detailed design plans for each intake that will allow withdrawals at the maximum 

allowable rates while remaining in compliance with Part I.D.11.a. 

 

12. The permittee shall submit a drought management plan to DEQ for review and approval within 

120 days of permit issuance.  Any future revisions to the approved plan shall be submitted to DEQ 

for review and approval prior to implementing the change.  The plan shall include, at a minimum, 

the following: 

 

a. Development of drought stages, including when and how each stage will be implemented.  

The emergency drought stage shall be initiated when a drought emergency is declared by 

the Commonwealth of Virginia in the Shenandoah Drought Evaluation Region or by either 

Rockingham County or the City of Harrisonburg in compliance with either municipality’s 

Drought Management Ordinance.  

b. A description of the conservation measures to be implemented during each drought stage. 
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13. When a drought emergency is declared by the Commonwealth of Virginia in the Shenandoah 

Drought Evaluation Region or by either Rockingham County or the City of Harrisonburg in 

accordance with either municipality’s Drought Management Ordinance, the permittee shall 

implement either the provisions directed by the Commonwealth, the Drought Management 

Ordinance, the Drought Management Plan required by Part I.D.13 of this permit or the mandatory 

conservation measures as detailed in Attachment A of this permit, whichever is the most 

restrictive.  The permittee shall be responsible for determining when drought emergencies are 

declared.  The permittee shall retain records documenting that mandatory conservation measures 

were implemented during declared drought emergencies. 

 

E. Monitoring, Recordation and Reporting Conditions 

 

1. The permittee shall monitor withdrawals from the South Fork of the Shenandoah River, the North 

River and the Dry River on a daily basis using flow totalizer technology to confirm that the 

withdrawals at each intake are in compliance with this permit.  Such meters shall produce volume 

determinations within plus or minus 10% of actual flows. A defective meter or other device must 

be repaired or replaced within 60 days. A defective meter is not grounds for not reporting the 

withdrawals. During any period when a meter is defective, generally accepted engineering practice 

shall be used to estimate withdrawals and the period during which the meter was defective must be 

clearly identified in the report. 

 

2. On each day that pumping occurs, the permittee must monitor and record the following, for each 

intake: 

 

a. Date and time.  

 

b. Total amount of water withdrawn each day.  

 

c. The maximum rate of withdrawal that occurred each date (in gpm). 

 

d. The provisional stream flow in cfs as measured at the following stream gages: DEQ gage no. 

01628500 (South Fork Shenandoah River near Lynnwood, VA) and DEQ gage no. 01622000 

(North River near Burketown, VA) 

 

e. The provisional stream flow at the South Fork intake and at the North River intake in cfs as 

estimated in accordance with Part I.D.5 and Part I.D.7, respectively 

 

f. The stream flow at the Dry River intake in cfs as estimated in accordance with Part I.D.9 

 

 

3. The permittee shall submit a water withdrawal monitoring report to DEQ semi-annually.  The 

semi-annual monitoring period shall be as follows: January through June and July through 

December.  The daily records shall be tabulated by month.  The report shall be submitted to DEQ 

by January 31
st
 and July 31

st
 of every year within the permit term.    Submittal of the report may 

take the form of electronic reporting or another form determined to be acceptable by DEQ.  In the 
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event the electronic reporting system is not available, the permittee may submit the report by 

electronic mail.  The report shall include the following information: 

 

a. The permittee’s name and address. 

 

b. The permit number. 

 

c. The source(s) from which water is withdrawn. 

 

d. The location (latitude and longitude) of the water withdrawal. 

 

e. Information listed in Part I.E.2. 

 

f. The cumulative volume (million gallons) of water withdrawn each month and for the 

calendar year. 

 

g. The average daily volume (mgd) of water withdrawn as calculated the last day of the 

monitoring period.  

 

h. In the last report for the calendar year, the largest single day withdrawal volume (mgd) that 

occurred in the year and the month in which it occurred.  

 

i. The method of measuring each withdrawal. 

 

j. If during a semi-annual reporting period a drought emergency is declared, the report shall 

include a summary of mandatory conservation measures implemented during the drought 

event. 

 

4. Water withdrawal monitoring and reporting activities shall comply with this section, Part I.C, and 

Part II.  All records and information that result from the monitoring and reporting activities 

required by this permit, including any records of maintenance activities to the withdrawal system, 

shall be retained for the life of the permit.  This period of retention shall be extended automatically 

during the course of any unresolved litigation regarding the regulated activity or as requested by 

the State Water Control Board. 
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Part II – General Conditions 
 

A. Duty to Comply  
 

The permittee shall comply with all conditions of the VWP permit. Nothing in the VWP permit 

regulations shall be construed to relieve the permittee of the duty to comply with all applicable federal 

and state statutes, regulations and prohibitions.  Any VWP permit violation is a violation of the law, 

and is grounds for enforcement action, VWP permit termination, revocation, modification, or denial of 

an application for a VWP permit extension or reissuance. 

 

B. Duty to Cease or Confine Activity 

 

It shall not be a defense for a permittee in an enforcement action that it would have been necessary to 

halt or reduce the activity for which a VWP permit has been granted in order to maintain compliance 

with the conditions of the VWP permit. 

 

C. Duty to Mitigate 

 

The permittee shall take all reasonable steps to minimize or prevent any impacts in violation of the 

permit which may have a reasonable likelihood of adversely affecting human health or the 

environment. 

 

D. VWP Permit Action 
 

1. A VWP permit may be modified, revoked and reissued, or terminated as set forth in 9 VAC 25-

210 et seq. 

 

2. If a permittee files a request for VWP permit modification, revocation, or termination, or files a 

notification of planned changes, or anticipated noncompliance, the VWP permit terms and 

conditions shall remain effective until the request is acted upon by the board. This provision shall 

not be used to extend the expiration date of the effective VWP permit. If the permittee wishes to 

continue an activity regulated by the VWP permit after the expiration date of the VWP permit, the 

permittee must apply for and obtain a new VWP permit or comply with the provisions of 9 VAC 

25-210-185 (VWP Permit Extension). 

 

VWP permits may be modified, revoked and reissued or terminated upon the request of the permittee 

or other person at the board's discretion, or upon board initiative to reflect the requirements of any 

changes in the statutes or regulations, or as a result of VWP permit noncompliance as indicated in the 

Duty to Comply subsection above, or for other reasons listed in 9 VAC 25-210-180 (Rules for 

Modification, Revocation and Reissuance, and Termination of VWP permits). 

 

E. Inspection and Entry 

 

Upon presentation of credentials, any duly authorized agent of the board may, at reasonable times and 

under reasonable circumstances: 
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1. Enter upon any permittee's property, public or private, and have access to, inspect and copy any 

records that must be kept as part of the VWP permit conditions; 

 

2. Inspect any facilities, operations or practices (including monitoring and control equipment) 

regulated or required under the VWP permit; and 

 

3. Sample or monitor any substance, parameter or activity for the purpose of ensuring compliance 

with the conditions of the VWP permit or as otherwise authorized by law. 

 

F. Duty to Provide Information 
 

1. The permittee shall furnish to the board any information which the board may request to determine 

whether cause exists for modifying, revoking, reissuing or  terminating the VWP permit, or to 

determine compliance with the VWP permit. The permittee shall also furnish to the board, upon 

request, copies of records required to be kept by the permittee. 

 

2. Plans, specifications, maps, conceptual reports and other relevant information shall be submitted 

as required by the board prior to commencing construction. 

 

G. Monitoring and Records Requirements 
 

1. Monitoring of parameters, other than pollutants, shall be conducted according to approved 

analytical methods as specified in the VWP permit.  Analysis of pollutants will be conducted 

according to 40 CFR Part 136 (2000), Guidelines Establishing Test Procedures for the Analysis of 

Pollutants. 

 

2. Samples and measurements taken for the purpose of monitoring shall be representative of the 

monitored activity. 

 

3. The permittee shall retain records of all monitoring information, including all calibration and 

maintenance records and all original strip chart or electronic recordings for continuous monitoring 

instrumentation, copies of all reports required by the VWP permit, and records of all data used to 

complete the application for the VWP permit, for a period of at least three years from the date of 

the expiration of a granted VWP permit. This period may be extended by request of the board at 

any time. 

 

4. Records of monitoring information shall include: 

 

a. The date, exact place and time of sampling or measurements; 

 

b. The name of the individuals who performed the sampling or measurements; 

 

c. The date and time the analyses were performed; 
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d. The name of the individuals who performed the analyses; 

 

e. The analytical techniques or methods supporting the information such as observations, 

readings, calculations and bench data used; 

 

f. The results of such analyses; and 

 

g. Chain of custody documentation. 

 

H. Transferability 

 

This VWP permit may be transferred to a new permittee only by modification to reflect the transfer, 

by revoking and reissuing the permit, or by automatic transfer.  Automatic transfer to a new permittee 

shall occur if: 

 

1. The current permittee notifies the board within 30 days of the proposed transfer of the title to the 

facility or property; 

 

2. The notice to the board includes a written agreement between the existing and proposed permittee 

containing a specific date of transfer of VWP permit responsibility, coverage and liability to the 

new permittee, or that the existing permittee will retain such responsibility, coverage, or liability, 

including liability for compliance with the requirements of any enforcement activities related to 

the permitted activity; and 

 

3. The board does not within the 30-day time period notify the existing permittee and the new 

permittee of its intent to modify or revoke and reissue the VWP permit. 

 

I. Property rights 

 

The issuance of this permit does not convey any property rights in either real or personal property, or 

any exclusive privileges, nor does it authorize injury to private property or any invasion of personal 

rights or any infringement of federal, state or local law or regulation. 

 

J. Reopener 
 

Each VWP permit shall have a condition allowing the reopening of the VWP permit for the purpose of 

modifying the conditions of the VWP permit to meet new regulatory standards duly adopted by the 

board. Cause for reopening VWP permits includes, but is not limited to when the circumstances on 

which the previous VWP permit was based have materially and substantially changed, or special 

studies conducted by the board or the permittee show material and substantial change, since the time 

the VWP permit was issued and thereby constitute cause for VWP permit modification or revocation 

and reissuance. 
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K. Compliance with State and Federal Law 
 

Compliance with this VWP permit constitutes compliance with the VWP permit requirements of the 

State Water Control Law.  Nothing in this VWP permit shall be construed to preclude the institution 

of any legal action under or relieve the permittee from any responsibilities, liabilities, or other 

penalties established pursuant to any other state law or regulation or under the authority preserved by 

§ 510 of the Clean Water Act. 

 

L. Severability 
 

The provisions of this VWP permit are severable. 

 

M. Permit Modification 
 

A VWP permit may be modified, but not revoked and reissued except when the permittee agrees or 

requests, when any of the following developments occur: 

 

1. When additions or alterations have been made to the affected facility or activity which require the 

application of VWP permit conditions that differ from those of the existing VWP permit or are 

absent from it; 

 

2. When new information becomes available about the operation or activity covered by the VWP 

permit which was not available at VWP permit issuance and would have justified the application 

of different VWP permit conditions at the time of VWP permit issuance; 

 

3. When a change is made in the promulgated standards or regulations on which the VWP permit 

was based; 

 

4. When it becomes necessary to change final dates in schedules due to circumstances over which the 

permittee has little or no control such as acts of God, materials shortages, etc. However, in no case 

may a compliance schedule be modified to extend beyond any applicable statutory deadline of the 

Act; 

 

5. When changes occur which are subject to "reopener clauses" in the VWP permit; or 

 

6. When the board determines that minimum instream flow levels resulting from the permittee's 

withdrawal of water are detrimental to the instream beneficial use and the withdrawal of water 

should be subject to further net limitations or when an area is declared a Surface Water 

Management Area pursuant to §§ 62.1-242 through 62.1-253 of the Code of Virginia, during the 

term of the VWP permit. 

 

N. Permit Termination 
 

After notice and opportunity for a formal hearing pursuant to Procedural Rule No. 1 (9 VAC 25-230-

100) a VWP permit can be terminated for cause.  Causes for termination are as follows: 
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1. Noncompliance by the permittee with any condition of the VWP permit; 

 

2. The permittee's failure in the application or during the VWP permit issuance process to disclose 

fully all relevant facts or the permittee's misrepresentation of any relevant facts at any time; 

 

3. The permittee's violation of a special or judicial order; 

 

4. A determination by the board that the permitted activity endangers human health or the 

environment and can be regulated to acceptable levels by VWP permit modification or 

termination; 

 

5. A change in any condition that requires either a temporary or permanent reduction or elimination 

of any activity controlled by the VWP permit; and 

 

6. A determination that the permitted activity has ceased and that the compensatory mitigation for 

unavoidable adverse impacts has been successfully completed. 

 

O. Civil and Criminal Liability 
 

Nothing in this VWP permit shall be construed to relieve the permittee from civil and criminal 

penalties for noncompliance. 

 

P. Oil and Hazardous Substance Liability 
 

Nothing in this VWP permit shall be construed to preclude the institution of legal action or relieve the 

permittee from any responsibilities, liabilities, or penalties to which the permittee is or may be subject 

under § 311 of the Clean Water Act or §§ 62.1-44.34:14 through 62.1-44.34:23 of the State Water 

Control Law. 

 

Q. Unauthorized Discharge of Pollutants 
 

Except in compliance with this VWP permit, it shall be unlawful for the permittee to: 

 

1. Discharge into state waters sewage, industrial wastes, other wastes, or any noxious or deleterious 

substances; 

 

2. Excavate in a wetland; 

 

3. Otherwise alter the physical, chemical, or biological properties of state waters and make them 

detrimental to the public health, to animal or aquatic life, to the uses of such waters for domestic 

or industrial consumption, for recreation, or for other uses; 

 

4. On or after October 1, 2001 conduct the following activities in a wetland: 
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a. New activities to cause draining that significantly alters or degrades existing wetland acreage 

or functions; 

 

b. Filling or dumping; 

 

c. Permanent flooding or impounding; 

 

d. New activities that cause significant alteration or degradation of existing wetland acreage or 

functions. 

 

R. Permit Extension 

 

Any permittee with an effective VWP permit for an activity that is expected to continue after the 

expiration date of the VWP permit, without any change in the activity authorized by the VWP permit, 

shall submit written notification requesting an extension.  The permittee must file the request prior to 

the expiration date of the VWP permit.  Under no circumstances will the extension be granted for 

more than 15 years beyond the original effective date of the VWP permit.   If the request for extension 

is denied, the VWP permit will still expire on its original date and, therefore, care should be taken to 

allow for sufficient time for the board to evaluate the extension request and to process a full VWP 

permit modification, if required. 
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Attachment A – Water Conservation 

 

Mandatory Non-essential Water Use Restrictions 

 

The following non-essential water uses will be prohibited during periods of declared drought 

emergencies.  Please note the exceptions that follow each prohibited use.  These prohibitions and 

exceptions will apply to uses from all sources of water and will only be effective when the Governor of 

Virginia or the Virginia Drought coordinator declares a Drought Emergency.  Water use restrictions shall 

not apply to the agricultural production of food or fiber, the maintenance of livestock including poultry, 

nor the commercial production of plant materials, provided that best management practices are applied to 

assure the minimum amount of water is utilized. 

 

1. Unrestricted irrigation of lawns is prohibited. 
 

 Newly sodded and seeded areas may be irrigated to establish cover on bare ground at the 

minimum rate necessary for no more than a period of 60 days.  Irrigation rates may not exceed one 

inch of applied water in any 7-day period. 

 

 Gardens, bedding plants, trees, shrubs and other landscape materials may be watered with hand 

held containers, hand held hoses equipped with an automatic shutoff device, sprinklers or other 

automated watering devices at the minimum rate necessary but in no case more frequently than 

twice per week.  Irrigation should not occur during the heat of the day. 

 

 All allowed lawn irrigation must be applied in a manner to assure that no runoff, puddling or 

excessive watering occurs. 

 

 Irrigation systems may be tested after installation, routine maintenance or repair for no more than 

ten minutes per zone. 

 

2. Unrestricted irrigation of golf courses is prohibited. 

 

 Tees and greens may be irrigated between the hours of 9:00 p.m. and 10:00 a.m. at the minimum 

rate necessary. 

 

 Localized dry areas may be irrigated with a hand held container or hand held hose equipped with 

an automatic shutoff device at the minimum rate necessary. 

 

 Greens may be cooled by syringing or by the application of water with a hand held hose equipped 

with an automatic shutoff device at the minimum rate necessary. 

 

 Fairways may be irrigated between the hours of 9:00 p.m. and 10:00 a.m. at the minimum rate 

necessary not to exceed one inch of applied water in any ten-day period. 
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 Fairways, tees and greens may be irrigated during necessary overseeding or resodding operations 

in September and October at the minimum rate necessary. Irrigation rates during this restoration 

period may not exceed one inch of applied water in any seven-day period. 

 

 Newly constructed fairways, tees and greens and areas that are re-established by sprigging or 

sodding may be irrigated at the minimum rate necessary not to exceed one inch of applied water in 

any seven-day period for a total period that does not exceed 60 days. 

 

 Fairways, tees and greens may be irrigated without regard to the restrictions listed above so long 

as: 

 

o The only water sources utilized are water features whose primary purpose is stormwater 

management; 

 

o Any water features utilized do not impound permanent streams; 

 

o During declared Drought Emergencies these water features receive no recharge from other 

water sources such as ground water wells, surface water intakes, or sources of public water 

supply; and, 

 

o All irrigation occurs between 9:00 p.m. and 10:00 a.m. 

 

 All allowed golf course irrigation must be applied in a manner to assure that no runoff, puddling 

or excessive watering occurs. 

 

 Rough areas may not be irrigated. 

 

3. Unrestricted irrigation of athletic fields is prohibited. 

 

 Athletic fields may be irrigated between the hours of 9:00 p.m. and 10:00 a.m. at a rate not to 

exceed one inch per application or more than a total of one inch in multiple applications during 

any ten-day period.  All irrigation water must fall on playing surfaces with no outlying areas 

receiving irrigation water directly from irrigation heads. 

 

 Localized dry areas that show signs of drought stress and wilt (curled leaves, foot-printing, 

purpling) may be syringed by the application of water for a cumulative time not to exceed fifteen 

minutes during any twenty four hour period.  Syringing may be accomplished with an automated 

irrigation system or with a hand held hose equipped with an automatic shutoff device at the 

minimum rate necessary. 

 

 Athletic fields may be irrigated between the hours of 9:00 p.m. and 10:00 a.m. during necessary 

overseeding, sprigging or resodding operations at the minimum rate necessary for a period that 

does not exceed 60 days.  Irrigation rates during this restoration period may not exceed one inch of 

applied water in any seven-day period.  Syringing is permitted during signs of drought stress and 

wilt (curled leaves, foot-printing, purpling). 
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 All allowed athletic field irrigation must be applied in a manner to assure that no runoff, puddling 

or excessive watering occurs. 

 

 Irrigation is prohibited on athletic fields that are not scheduled for use within the next 120-day 

period. 

 

 Water may be used for the daily maintenance of pitching mounds, home plate areas and base areas 

with the use of hand held containers or hand held hoses equipped with an automatic shutoff device 

at the minimum rate necessary. 

 

 Skinned infield areas may utilize water to control dust and improve playing surface conditions 

utilizing hand held containers or hand held hoses equipped with an automatic shutoff device at the 

minimum rate necessary no earlier than two hours prior to official game time. 

 

4. Washing paved surfaces such as streets, roads, sidewalks, driveways, garages, parking areas, tennis 

courts, and patios is prohibited. 
 

 Driveways and roadways may be pre-washed in preparation for recoating and sealing. 

 

 Tennis courts composed of clay or similar materials may be wetted by means of a hand-held hose 

equipped with an automatic shutoff device at the minimum rate necessary for maintenance.  

Automatic wetting systems may be used between the hours of 9:00 p.m. and 10:00 a.m. at the 

minimum rate necessary. 

 

 Public eating and drinking areas may be washed using the minimum amount of water required to 

assure sanitation and public health. 

 

 Water may be used at the minimum rate necessary to maintain effective dust control during the 

construction of highways and roads. 

 

 

5. Use of water for washing or cleaning of mobile equipment including automobiles, trucks, trailers 

and boats is prohibited. 
 

 Mobile equipment may be washed using hand held containers or hand held hoses equipped with 

automatic shutoff devices provided that no mobile equipment is washed more than once per 

calendar month and the minimum amount of water is utilized. 

 

 Construction, emergency or public transportation vehicles may be washed as necessary to preserve 

the proper functioning and safe operation of the vehicle. 

 

 Mobile equipment may be washed at car washes that utilize reclaimed water as part of the wash 

process or reduce water consumption by at least 10% when compared to a similar period when 

water use restrictions were not in effect. 
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 Automobile dealers may wash cars that are in inventory no more than once per week utilizing 

hand held containers and hoses equipped with automatic shutoff devices, automated equipment 

that utilizes reclaimed water as part of the wash process, or automated equipment where water 

consumption is reduced by at least 10% when compared to a similar period when water use 

restrictions were not in effect. 

 

 Automobile rental agencies may wash cars no more than once per week utilizing hand held 

containers and hoses equipped with automatic shutoff devices, automated equipment that utilizes 

reclaimed water as part of the wash process, or automated equipment where water consumption is 

reduced by at least 10% when compared to a similar period when water use restrictions were not 

in effect. 

 

 Marine engines may be flushed with water for a period that does not exceed 5 minutes after each 

use. 

 

6. Use of water for the operation of ornamental fountains, artificial waterfalls, misting machines, and 

reflecting pools is prohibited. 
 

 Fountains and other means of aeration necessary to support aquatic life are permitted. 

 

7. Use of water to fill and top off outdoor swimming pools is prohibited. 

 

 Newly built or repaired pools may be filled to protect their structural integrity. 

 

 Outdoor pools operated by commercial ventures, community associations, recreation associations, 

and similar institutions open to the public may be refilled as long as: 

 

o Levels are maintained at mid-skimmer depth or lower; 

 

o Any visible leaks are immediately repaired; 

 

o Backwashing occurs only when necessary to assure proper filter operation; 

 

o Deck areas are washed no more than once per calendar month (except where chemical spills or 

other health hazards occur); 

 

o All water features (other than slides) that increase losses due to evaporation are eliminated; 

and 

 

o Slides are turned off when the pool is not in operation. 

 

 Swimming pools operated by health care facilities used in relation to patient care and 

rehabilitation may be filled or topped off. 
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 Indoor pools may be filled or topped off. 

 

 Residential swimming pools may be filled only to protect structural integrity, public welfare, 

safety and health and may not be filled to allow the continued operation of such pools. 

 

8. Water may be served in restaurants, clubs, or eating-places only at the request of customers. 

 

 



June 28, 2016

FACT SHEET
Virginia Water Protection Individual Permit No. 16-0730
City of Harrisonburg Public Water System, Rockingham County, Virginia

The Department of Environmental Quality (DEQ) has reviewed the application for reissuance of
Virginia Water Protection (VWP) Individual Permit Number 16-1730 and has determined that the
project qualifies for an individual permit. Based on the information provided in the application and in
compliance with §401 of the Clean Water Act as amended (33 USC 1341 et seq.) and the State Water
Control Law (Code of Virginia §§62.1-44.2 through 62.1-34.28) and regulations (9VAC25-210, et
seq.), DEQ has determined that there is a reasonable assurance that the activity authorized by this
permit will protect instream beneficial uses, will not violate applicable water quality standards, and
will not cause or contribute to significant impairment of state waters or fish and wildlife resources,
provided the permittee complies with all permit conditions. Surface water impacts have been avoided
and minimized to the maximum extent practicable.

The following details the application review process and summarizes relevant information for
developing the Part I - Special Conditions for permit issuance.

1. Contact Information:

Permittee Legal Name and Address:

City of Harrisonburg
2155 Beery Rd
Harrisonburg, VA 22801
Attn: Mr. A. Mike Collins, MSE, PE
Mike.Collins@harrisonburg.va.gov
540-434-9959

Property Owner Name and Address:
City of Harrisonburg
2155 Beery Rd
Harrisonburg, VA 22801
Attn: Mr. A. Mike Collins, MSE, PE
Mike.Collins@harrisonburg.va.gov
540-434-9959

Agent Legal Name and Address:

City of Harrisonburg
2155 Beery Rd
Harrisonburg, VA 22801
Attn: Mr. A. Mike Collins, MSE, PE
Mike.Collins@harrisonburg.va.gov
540-434-9959
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2. JPA Processing Dates:

Received Application: July 2, 2014
Joint Publication with VMRC of Received JPA: N/A (see Section 12)
Application Complete: August 26, 2014
Processing Deadline (120 days from Complete Application): December 26, 2014
Letter(s) sent to Local Government(s): July 14, 2014
Letters sent to Commissioner of Revenue: n/a, online search
Letters sent to VDH, VDGIF, VDCR, VMRC: July 11, 2014
1st Request for Additional Information Sent: July 22, 2014
Letters sent to Riparian Land Owners: July 15, 2014
Response to 1st Request for Additional Information Received: August 15, 2014
2nd Request for Additional Information Sent (via phone): August 15, 2014
Reminder: 2nd Request for Additional Information October 29, 2014
Response to 2nd Request for Additional Information Received: November 25, 2014
3rd Request for Additional Information Sent: February 2, 2015
Response to 3rd Request for Additional Information Received: April 29, 2015 & May 5, 2015
4th Request for Additional Information Sent: November 2, 2015 (via phone)
Response to 4th Request for Additional Information Received: November 12, 2015 (via meeting) and

December 29, 2015, January 29, 2016

Permit Fee Deposited by Accounting: August 26, 2014
Draft Permit Package Issued: May 16, 2016
Copy of Public Notice sent to DEQ Central Office: May 19, 2016
Copy of Public Notice sent to Admin. Board Planning: May 19, 2016
Public Notice Published: May 28, 2016
End of 30-Day Public Comment Period: June 27, 2016
Received Verification of Publication: June 3, 2016

3. Project Location:

The project consists of three separate existing surface water intakes that comprise an integrated surface
water supply project. These intakes are 1) the South Fork intake, 2) the North River intake, and 3) the Dry
River intake.

South Fork Intake (SFI):
The South Fork intake is located on the north bank of the South Fork of the Shenandoah River in
Rockingham County, Virginia. The location is southeast of Harrisonburg near McGaheysville and can be
accessed via Power Dam Road (County Rte 651).

City/County: RockinghamCounty
Waterbody: South Fork Shenandoah River
Basin: Shenandoah River
Subbasin: South Fork Shenandoah River
Section: 3
Class: IV



VWP Individual Permit No. 16-0730
June 28, 2016

Page 3 of 27

Special Standards: pH 6.5-9.5, ESW-16
HUC: 02070005
Latitude & Longitude (of intake): 38º20’11”N, -78º43’25”W
U.S.G.S. Quadrangle: McGaheysville
State Watershed No.: PS32
TMDL Status: None

North River Intake (NRI):
The North River intake is situated within the North River in Rockingham County at a location upstream
of the SFI. The site can be accessed via East Riverside Drive just south of the Town of Bridgewater.

City/County: Rockingham County
Waterbody: North River
Basin: Shenandoah River
Subbasin: South Fork Shenandoah River
Section: 5b
Class: IV
Special Standards: PWS, pH-6.5-9.5
HUC: 02070005
Latitude & Longitude (of intake): 38º22’9”N, -78º58’11”W
U.S.G.S. Quadrangle: Bridgewater
State Watershed No.: PS25
TMDL Status: None

Dry River Intake (DRI):
The Dry River intake is also located in Rockingham County and is upstream of both the SFI and the NRI
on the Dry River at Rawley Springs. The site can be accessed via Rte 33 north of Harrisonburg.

City/County: Rockingham County
Waterbody: Dry River
Basin: Shenandoah River
Subbasin: South Fork Shenandoah River
Section: 5c
Class: IV
Special Standards: PWS
HUC: 02070005
Latitude & Longitude (of intake): 38º31’14”N, -78º3’26”W
U.S.G.S. Quadrangle: Rawley Springs
State Watershed No.: PS18
TMDL Status: None

4. Project Description:

Project Purpose
The City of Harrisonburg (City) proposes the withdrawal of surface water from the three existing intakes
for public supply purposes to meet the water supply demands of the City. Raw water withdrawn from the
three sources will supply a single integrated water supply system via the City’s water treatment facility.
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On July 2, 2014, the City of Harrisonburg (City) requested an extension of VWP Permit 98-1672, which
authorized construction and withdrawal from a surface water intake on the South Fork of the Shenandoah
River for municipal water supply. The original permit was made effective on August 27, 1999 with a 10-
year permit term, and was modified on February 1, 2008 to extend the term of the permit for an additional
five years. The extended permit term expired on August 26, 2014, and, per 9VAC25-210-185, a VWP
permit cannot be extended beyond a term of 15 years. The application is, therefore, being reviewed as a
reissuance of the permit with a new application number (16-0730).

Withdrawal from the South Fork intake, which was previously authorized under VWP permit 98-1672,
will not occur until the pipeline extension project to connect the intake to the City’s water system has
been completed. Withdrawals from the NRI and DRI sources were previously excluded from the VWP
permitting requirements. However, with the inclusion of the SFI into the City’s integrated public water
supply infrastructure, total authorized system withdrawal has increased and all three sources have been
incorporated into the proposed permit.

Existing Water Supply System
The City currently withdraws water from the NRI and DRI intakes described above. According to the
Upper Shenandoah Water Supply Plan (USWSP) dated November, 2011 and attached to the Joint Permit
Application (JPA), flow to the latter intake is derived from a low-head dam across the Dry River and an
underground infiltration gallery. Flow to this intake is also supplemented by releases of water from
storage in the Switzer Dam near the headwaters of the Dry River. The NRI pump station is capable of
producing 7.6 mgd, while the Dry River intake/Switzer Dam combination is currently capable of
producing 5.5 mgd. The Dry River and North River are both tributaries to the South Fork of the
Shenandoah River.

5. Water Withdrawal Use, Need and Demand:

Purpose of Water Uses
The USWSP and the City’s Draft Raw Water System Management Plan (RWSMP, submitted to DEQ on
May 5, 2015), indicate that all three intakes will supply water to the City’s centralized public water supply
treatment plant. The City’s raw water optimization strategy, described in the RWSMP, is to fully
integrate all three withdrawal sources so that daily raw water supply can be optimized in response to
drought and system breakdowns. It is anticipated that this integration will occur during the 15-year
permit term. Therefore, all three withdrawal sources were incorporated into the permit evaluation and
permit conditions.

The application for the initial VWP permit 98-1672 for the SFI, issued in 1999, was spurred by a potential
petition by the Town of Bridgewater for designation of a Surface Water Management Area within the
region that included the new intake location. The modified VWP permit that expired in August, 2014
contained a condition (Part I. F.1) that the maximum daily withdrawal from the SFI shall not exceed 4.0
mgd, with the following exception: The maximum daily withdrawal from the SFI may increase to 8.0
mgd provided the combined same day withdrawal from the NRI and DRI withdrawals is less than or equal
to 8.0 mgd.
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Section 27 of the Joint Permit Application regarding the use and need for the withdrawal referred to the
USWSP, stating that the withdrawal water is to be used in accordance with the USWSP. The USWSP
(page 2-18) describes the proposed withdrawal project by explaining the above-described condition in
VWP permit 98-1672. This condition was described further by the City in its response to a request for
additional information dated August 15, 2014. Staff reviewed the requested withdrawal using the water
demand forecasted for Years 2030 and 2040 for the entire City of Harrisonburg water system because the
new intake would be used in conjunction with the City’s other existing intakes. The demand for the Year
2030 was reviewed because it is near the end of the 15-year permit term. Any proposed permit limits will
be based on water demand projections for the end of the 15-year permit term.

Basis of Need
The City’s population is anticipated to continue to grow steadily over the time period reviewed in the
USWSP. The table below lists the City’s projected population growth for the planning period. The
USWSP projections assume the same rate of growth as was experienced from 2000 to 2010. The Weldon
Cooper methodology uses a multilevel regression model that makes use of all census population estimates
from 1950 to 2010.

Table 1. Population Projections
Year City of Harrisonburg

USWSP Plan(1) Weldon Cooper(2)

2000 40,468 40,468
2010 48,914 48,914
2020 60,154 57,114
2030 73,977 65,768
2040 90,977 75,015

Notes:
(1) Obtained from Table 5-32: Current and Project Population Estimates – City of Harrisonburg,

Upper Shenandoah Water Supply Plan dated November, 2011.
(2) Projections published by the Weldon Cooper Center for Public Service, Demographics and

Workforce Group on November 13, 2012; downloaded from
www.coopercenter.org/demographics, 12/31/15 (2000 and 2010 values from Census).

According to information listed in Chapter 12 of the City’s Comprehensive Plan adopted May 10, 2011,
the City’s customers for water are primarily residential and commercial users (67% of 2007 average
annual demand). In their response to a request for additional information dated August 15, 2014, the City
stated that they expected increased growth in residential use due to population growth along with
significant growth in the number of larger customers over the next several years. This expectation was
reiterated by the City in a letter response to a request for their comments on modeling analysis results
dated December 15, 2015 and received on December 18, 2015.

Water Demand Projection
In the JPA, the applicant’s stated need for the intake is to provide potable water to the City’s customers in
accordance with the USWSP. The USWSP lists projected average annual water demands of 9.57 mgd in
2030 and 11.04 mgd for 2040, assuming a 2.5% annual average growth rate over the planning period from
2006.
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The applicant supplied additional information in the August 15, 2014 response from Chapter 12 of the
City’s 2011 Comprehensive Plan that outlined how the City’s future demands at build out were estimated
(Table 2). Demands from the year 2007 were added to additional future demand estimated for
development of presently undeveloped land both within the City and rural lands outside of the City for
certain landowners with contract commitments and for small areas along the Route 33 and Route 701
corridors. Wholesale future demand includes a current contract with Rockingham County for 0.5 mgd
that is expandable to 1.0 mgd. The expansion of this contract to supply water to Rockingham County was
assumed. The build-out demand values listed in Table 2 were revised in the Updated RWSMP dated
January 28, 2016 and received by DEQ on January 29, 2016.

Table 2. Summary of Harrisonburg projected build-out average daily demand (mgd) by customer type.
Category 2007 Demand Projected

Increase in
Demand

Projected
Demand at
Build-out(1)

Revised Build-
out Demand(2)

Within City (primarily
residential)

4.61 3.75 8.00 8.36

Rural outside City 0.63 0.37 1.00 1.00
Wholesale (Rockingham

County)
0.17 0.83 1.00 1.00

Commercial customers
(Michaels, Daley)

0.00 0.26 0.00 0.26

Water Treatment Backwash 0.17 0.09 0.28 0.26

Water Loss 1.17 -0.17 1.00 1.00
Total 6.75 5.13 11.28 11.88

1 From August 15, 2014 response to additional information.
2 From Updated RWSMP dated January 28, 2016

In their responses, the City explained that future growth in average annual demand could vary between
0.5% and 2.5% per year and that the demand at the end of the 15-year permit term would depend upon the
actual growth rate achieved. However, the applicant also provided a range of updated average daily
demand projections for 2030 and 2040 in the responses to requests for additional information received
August 15, 2014 and November 25, 2014. The applicant stated in the November 25, 2014 response that
the 1.0% growth rate was the most likely scenario.

Table 3. City of Harrisonburg Projected Future Average Daily Demand (mgd)
Year/Annual Growth Rate Upper Shenandoah WSP Harrisonburg Updated

2030/0.5% - 7.99
2040/0.5% - 8.40
2030/1.0% - 8.54
2040 1.0% - 9.43
2030/2.5% 9.57 10.42
2040/2.5% 11.04 11.28

Because the City’s water use has been and is projected to remain primarily for residential use, the future
average annual demand projections were checked in an approximate fashion by computing an
approximate per capita daily use for several previous and future years (Table 4). Per capita use rates
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computed using the ratio of the projected future average annual demands with corresponding Weldon-
Cooper population projections are roughly the same as those calculated using reported total Harrisonburg
system withdrawals and reported Weldon-Cooper population estimates for recent years. Because the end
of the 15-year permit term would be 2031, the projected average annual demand was determined by
linearly interpolating between the 2030 and 2040 projections that assumed a 1% per year growth rate.
Therefore, the resulting projected system-wide average annual demand for 2031 of 8.63 mgd for the 15-
year permit term is justified.

Table 4. Estimated Per Capita Water Use Rates: City of Harrisonburg

Year Reported Total
System Avg Annual
Withdrawal (mgd)

Projected
Total System
Avg Annual

Demand (mgd)

Population (1) Estimated
Per Capita

Demand
(gpcd)

1990 5.635 30707 184
1995 6.051 36000 168
2000 6.78 40468 168
2005 6.44 44326 145
2010 6.347 48914 130
2014 6.572 52612 123
2020 6.88 57114 125
2030 8.54 65768 130
2040 9.43 75015 126

(1) From www.coopercenter.org/demographics

In the JPA, the City proposed maximum daily, monthly and annual withdrawal volumes of 8.0 mg, 240
mg and 2920 mg, respectively, from only the SFI. However, because of the system integration, the
justification of maximum daily and annual withdrawal volumes was made for the entire surface water
withdrawal system. In a letter dated December 15, 2015 and received on December 18, 2015, the
applicant requested a system-wide daily maximum raw water withdrawal volume of 15.3 mg. This daily
maximum volume was revised upward to 15.33 mg in the updated RWSMP dated January, 28, 2016.
This projection was derived from the City’s most recent projections for its build-out condition. The
applicant requested that no maximum annual withdrawal volume be applied as a condition of the permit,
citing concerns regarding uncertainty in the rate of growth. The uncertainty stems primarily from
potential industrial customers that might abruptly increase the total system demand beyond what is
currently projected for 2031 based upon a 1% per year growth rate. There is concern that a higher growth
rate in demand plus new industrial customers could result in average daily demand reaching the average
annual build-out rate of 11.88 mgd during the 15-year permit term.

In their response to a request for additional information dated November 25, 2014, the City explained
that, for their system, the ratio between the maximum daily demand for treated water and the average
annual demand for treated water may be as high as a factor of 1.6. However, due to system storage and
reductions in weekend water usage, the projected ratio of maximum daily raw water demand to average
daily raw water demand is 1.33. This ratio was revised downward to 1.29 in the updated RWSMP
submitted to DEQ by the City on January 29, 2016. The City’s maximum daily withdrawals reported to
the Virginia Water Use Database (VWUDS) during the recent 5-year period (2010-2014) reached 6.2
million gallons (mg) at North River and 4.48 mgd at Dry River, with a combined annual average for the
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period of 6.40 mgd. If it’s assumed that these maximum withdrawals occurred on the same day, the
peak/average ratio would be (6.2+4.48)/6.40 = 1.67. However, with the addition of the South Fork intake
to the system and the stated need to optimize withdrawals between the three sources, it is unlikely that the
maximum daily withdrawals from each intake would be coincident on the same day. Therefore, the
updated ratio of 1.29 was accepted.

To account for the uncertainty in both the assumed annual growth rate and the potential for the
introduction of new industrial customers during the 15-year permit term, staff evaluated the City’s
system-wide demand using projections derived from both 1% and 2.5% growth rates listed in Table 3:

Growth rate 1%, 2031 projection:
 Average Daily: 8.63 mgd
 Peak (maximum) day: 8.63 x 1.29 x 1.10 = 12.24 mgd

− Peak Day Factor (1.29) obtained from application and supporting documentation.
− VDH certification added (10 percent capacity)

 Maximum Annual: (8.63 x 366) = 3158 mg

Growth rate of 2.5%, build-out projection:
 Average Daily: 11.88 mgd
 Peak (maximum) day: 11.88 x 1.29 x 1.10 = 16.86 mgd

− Peak Day Factor (1.29) obtained from application and supporting documentation.
− With VDH certification added (10 percent capacity)

 Peak (maximum) day without VDH certification: 11.88 x 1.29 = 15.33 mgd
 Maximum Annual: (11.88 x 366) = 4348 mg

The peak day raw water withdrawal (16.86 mgd) for the build-out projection that results from adding an
additional 10% for VDH certification is greater than the requested peak day withdrawal rate of 15.33
mgd; and it is also greater than the maximum daily system-wide raw water withdrawal rate that can be
achieved during the drought of record while maintaining instream flow criteria (see Section 7 below and
Appendix A). Therefore, the requested and calculated water demand volumes for the public water supply
withdrawal system listed in Table 5 below do not include VDH certification for the peak (maximum)
daily raw water demand for the build-out projection (Tier 2).

Table 5: Requested Water Demands and Calculated Withdrawal Limits

Note:
(1)See the Withdrawal Limitations and Instream Flow Requirement subsection under Section 7 below.

Requested
Water Demand
Volumes for
Permit Term

Staff Calculated
Withdrawal
Limits Tier 1 (1)

Staff Calculated
Withdrawal
Limits (Tier 2)
(1)

Average Daily
Volume (mgd)

- 8.63 11.88

Peak Day Volume
(mgd)

15.33 12.24 15.33

Maximum Annual
Volume (mg)

- 3158 4348
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The system-wide volumes calculated above by staff will be used as the basis for any potential permit
drafted for this project. (See the Withdrawal Limitations and Instream Flow Requirement subsection
under Section 7 below.)

Staff concluded that the water demand and statement of need is reasonable and has been adequately
justified by the application through the information submitted in the VWP permit application process.

6. Alternatives Reviewed:

The applicant referred to the alternatives presented by the USWSP that was attached to the application
and also supplied similar information in the RWSMP regarding alternatives. These consist of 1)
continuing to supply water only from the Dry River and North River sources that are connected to the
City’s single water treatment plant, 2) completion of the SFI connection so that all three sources are part
of one integrated surface water withdrawal system, and 3) incorporation of the Silver Lake source that is
owned by the City but currently contracted for use by the Town of Dayton into the existing system. The
RWSMP states that the use of Silver Lake would require coordination with Dayton and rehabilitation of a
pump station. It also mentions that this source could only be used to supplement the other sources and
may not be viable during droughts. The USWSP states that completion of the second alternative
(integration of the SFI with the DRI and NRI) will allow the City to meet its 2040 demand. The second
alternative was considered to be the preferred one by the applicant. Staff determined that the preferred
alternative was practicable.

7. Water Withdrawal Volumes and Instream Flow Requirements:

Staff reviewed the proposed withdrawal using the water demand volumes forecasted for the year 2031,
which represented the end of the 15-year permit term. Projected build-out demands were also evaluated
to estimate the safe yield of the surface water withdrawal system.

Water Withdrawal Volumes Requested in JPA
The applicant requested authorization for a maximum daily system-wide withdrawal volume of 15.33
million gallons.

Return Flow
Backwash from ponds at the City’s Water Treatment Plant (WTP), which averages approximately 0.027
mgd, is permitted under Permit # VA000674 of the Virginia Pollution Discharge Elimination System
(VPDES) Permit Program. These ponds discharge to Cooks Creek, which is a tributary to the North
River. Much of the water withdrawn by the City’s surface water withdrawal system is treated and
discharged at the Harrisonburg Rockingham Regional Sewer Authority (HRRSA) wastewater plant on the
North River and at the Virginia Poultry Growers Cooperative (VPGC) facility on Muddy Creek (a
tributary to the Dry River). The applicant stated that the lowest ratio of total wastewater discharge to
system-wide water withdrawal on record was 70%. The applicant anticipates that this proportion of return
flow to withdrawal will remain approximately the same through the permit period. However, the City also
provided information in the JPA that 82% of the projected build-out withdrawal rates would supply
sewered areas. For the cumulative impact analysis a 20% consumptive use rate was assumed to occur
within these areas during low flow (drought) periods. Therefore, a ratio of total discharge to total
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withdrawal of 66% (80% of the JPA’s noted 82%) was used in the cumulative impact analysis (Appendix
A).

Cumulative Impact Analysis
A cumulative impact analysis was conducted by staff on the proposed water withdrawal. This analysis
reviewed the withdrawal volumes requested to evaluate any potential cumulative impacts to existing
beneficial uses and existing water users and determine instream flow requirements to limit any impacts to
those existing beneficial uses. Based upon the results of the analysis, staff determined the proposed
project as limited in the draft permit, will protect existing beneficial uses while meeting the permittee’s
purpose and need.

A summary of staff’s modeling analysis is attached to this fact sheet (Appendix A).

Permit Withdrawal Limitations and Instream Flow Criteria
The permit limits surface water withdrawals to the volume justified based upon the application materials
submitted and staff modeling analyses. Based upon this information, the permit proposes the following
limits on the withdrawal volumes that are partially based upon the completion of capital improvements to
areas proposed to be serviced by the City, as identified in the JPA and additional informational submittals.

 The total withdrawal of water from the Dry River, the North River and the South Fork of the
Shenandoah River shall not exceed the limits established in the table below. The withdrawal
limits are to be phased in based upon documentation of a higher total demand growth rate in
comparison with that used to forecast the Tier 1 withdrawal volume and/or completion of service
agreements and related capital improvements necessary to begin water service to new customers
that would cause demand to exceed the Tier 1 limits:

Tier
Maximum Daily

Withdrawal
(mgd)

Maximum Annual
Withdrawal (mg)

1 12.24 3158
2 15.33 4348

a. Tier 1 contains the withdrawal limits to meet the justified demands of the Harrisonburg
service area for the 15-year permit period ending in 2031.

b. Tier 2 contains the withdrawal limits to meet the justified demands of the service areas
identified in Tier 1, plus additional demands documented by the submittal of one or more
signed agreements for new large-scale customers at and/or documentation of increased
service to previously unserved portions of the City’s service area.

The permit also limits withdrawals to no greater than an estimated flowby value at each intake location:

• The permittee shall estimate flows at or just below the DRI in units of cubic ft per second (cfs) on
a daily basis and adjust withdrawals so that a minimum of 0.774 cfs (0.5 mgd) is released to the
Dry River below the low-head dam at the intake. No withdrawals will be allowed if the estimated
flow at the intake is 0.774 cfs or less. The condition requiring a flowby of 0.5 mgd at the DRI is a
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continuation of the same flowby that the City maintains at this intake that was derived via a
previous agreement with the Virginia Department of Game and Inland Fisheries (DGIF).

• The permittee shall estimate flows at the NRI in cfs on a daily basis by monitoring stream flow at
the DEQ gage no. 01622000 (North River near Burketown, VA) and applying the equation
“Flows at the NRI = QNR * 0.75”, where QNR is the previous day’s provisional mean daily flow at
gage no. 01622000. At no time shall withdrawals from the NRI exceed 12% of the previous day’s
provisional mean daily flow at gage no. 01622000.

• The permittee shall estimate flows at the South Fork of the SFI in cfs on a daily basis by
monitoring stream flow at the DEQ gage no. 01628500 (South Fork Shenandoah River near
Lynnwood, Va) and applying the equation “Flows at the SFI = QSF * 1.01”, where QSF is the
previous day’s provisional mean daily flow at gage no. 01628500. At no time shall net
withdrawals from the SFI exceed 10% of the previous day’s estimated flow stream flow. The net
withdrawal equals the total withdrawal minus the volume of flow returned to the river by the
HRRSA, the VPGC and the City’s wastewater plant, all of which are located upstream of gage no.
01628500.

Safe Yield of the System
The safe yield of a surface water withdrawal project is the maximum volume of water that can be
withdrawn on an average daily basis during the drought of record (for the area in which the withdrawal is
located) to meet the needs of the project while still protecting the other existing beneficial uses of the
waterbody. This value is subject to change if a new drought of record occurs, or if changes to withdrawal
limitations in the permit are considered to protect beneficial uses. The safe yield value for the City’s
water supply system includes the condition that all three intakes have been combined into a single
network in which daily withdrawals from the individual intakes can fluctuate depending upon local
conditions. It should be noted that this value does not represent the total volume of water present at the
City’s intakes during the drought of record.

The safe yield of the City’s surface water supply system was determined based upon the operating rules
included in the permit under the conditions of the drought of record for the area in which the project is
located. The safe yield of the surface water supply system under these operating rules is the annual
average daily volume of 11.88 mgd based upon the 1998 - 2002 drought of record. The Tier 2 maximum
annual withdrawal volume was derived by multiplying this safe yield value by 366 days/year.

See Attachment A for more information on the determination of the safe yield.

8. Water Supply Plan Review:

The JPA was coordinated with DEQ Water Supply Planning staff on July 11, 2014, who responded on
July 24, 2014. The City incorporated the USWSP into the JPA, as described above. Also, as described
above, the USWSP addresses the need and adequacy of the City’s surface water withdrawal system. It
also notes that its 2040 projections for the City are based on completion of the “Shenandoah project”
(connection of the SFI to the integrated system). It was also noted that the USWSP documents the City’s
water shortage (drought and emergencies) ordinance.

9. Surface Water Impacts:
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The proposed withdrawal activity does not anticipate any additional surface water impacts.

Water quality impacts are expected to be temporary and minimal provided the permittee abides by the
conditions of the permit.

10. Compensation for Unavoidable Impacts:

Compensation is not required because impacts to surface waters are not proposed.

11. Site Inspection:

A site visit was conducted on March 11, 2015 during which no compliances issues or concerns were
noted. A summary of the site inspection is located in VWP Permit File No. 98-1672.

12. Relevant Regulatory Agency Comments:

As part of the application review process, DEQ contacted the appropriate state regulatory agencies. Any
relevant agency comments were addressed in the VWP individual permit Part I - Special Conditions.
Therefore, the staff anticipates no adverse effect on water quality and fish and wildlife resources provided
the applicant adheres to the permit conditions.

Summary of State Agency Comments and Actions
By email dated July 11, 2014, comments were requested from the following state agencies: Virginia
Department of Game and Inland Fisheries (DGIF), Virginia Department of Conservation and Recreation
(DCR), Virginia Marine Resources Commission (VMRC), and Virginia Department of Health (VDH).
Failure to provide comments within 45 calendar days of the DEQ request for comments infers that the
agency has no comments on the project activities.

VDH
VDH corresponded with DEQ on July 17, 2014 with a question regarding the permit history for the SFI.
Upon DEQ’s response, VDH replied on the same day that they had no comments at that time, but
requested an opportunity to review and comment on the proposed permit reissuance if the withdrawal
limits are reduced.

With the City’s proposal to incorporate the SFI into its integrated public water supply infrastructure,
total authorized system withdrawal has increased and all three of the City’s surface water intakes have
been incorporated into the proposed permit. Therefore, DEQ coordinated with VDH regarding this
change to the application on February 2, 2016.

VMRC
VMRC did not respond to the DEQ request for comments on the JPA. However, VMRC copied DEQ on
a letter to the applicant dated August 11, 2014 that stated that no permit was required from VMRC for the
project, provided that no additional structures were constructed within the ordinary high water limits of
the South Fork of the Shenandoah River.

DGIF
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DGIF provided comments to DEQ by email dated August 4, 2014; the comments are summarized below:
• According to DGIF records, Big Run and Onemile Run are located in the project area and are

designated wild trout waters. Based on the scope and location of the proposed work, they did not
anticipate that the project would cause adverse impacts upon these resources.

• To protect the aquatic environment and its residents from harm associated with habitat loss, DGIF
recommended that no more than 10% instantaneous flow be withdrawn from the South Fork
Shenandoah River at any given time. To protect resident aquatic species from impingement and
entrainment, DGIF recommended that the intake be fitted with a 1 mm mesh screen and that the
intake velocity not exceed 0.25 fps. DGIF also recommended further coordination with them if
the application is unable to adhere to these recommendations.

The special conditions of the permit address this recommendation for all three intake locations. The
applicant expressed concern that the existing SFI structure, which contains 2 mm screens, was originally
designed with the cooperation of DGIF and that changing the existing structure may not be cost effective.
Part I.D.11a contains a provision for allowing alternative screen mesh and intake velocity designs for
each of the intakes. Any alternative designs proposed must include an entrainment/impingement
monitoring strategy designed with input from the DGIF.

• This project is located within 2 miles of a documented occurrence of a state or federal threatened
or endangered plant or insect species and/or other Natural Heritage coordination
species. Therefore, DGIF recommended coordination with VDCR-DNH regarding the protection
of these resources.

Staff requested comments from DCR on July 11, 2014 (see below discussion regarding comments by
DCR).
With the City’s proposal to incorporate the SFI into its integrated public water supply infrastructure,
total authorized system withdrawal has increased and all three of the City’s surface water intakes have
been incorporated into the proposed permit. Therefore, DEQ coordinated with DGIF regarding this
change to the scope of the project on February 2, 2016.

DCR
DCR responded by email dated July 7, 2014, that they did not have any comments regarding the scope of
the project.

With the City’s proposal to incorporate the SFI into its integrated public water supply infrastructure,
total authorized system withdrawal has increased and all three of the City’s surface water intakes have
been incorporated into the proposed permit. Therefore, DEQ coordinated with DCR regarding this
change to the scope of the project on February 2, 2016.

13. Public Involvement during Application Process:

Riparian/Adjacent Landowner Notification and Local Government
Staff notified Rockingham County regarding the reissuance application on July 15, 2014.

Staff notified riparian landowners within one-half mile downstream of the South Fork intake location by
letter dated July 15, 2014. No responses were received from either Rockingham County or the four
riparian landowners. Notification letters to riparian landowners downstream of the DRI and NRI were not
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sent. Staff concluded that notifications were not needed because no project-related impacts are projected
at these intake locations. The addition of stream flowby criteria for these previously excluded intakes
may actually lessen any existing impacts.

Notifications of riparian and adjacent landowners were conducted in accordance with DEQ’s Guidance
Memorandum No. 11-2005 (Revised Local Government, Riparian Property Owner, Adjacent Property
Owner or Resident, and General Public Notification Procedures for VPDES, VPSA and VWP Permit
Applications and Draft Permits).

14. Draft Permit Public Comment Period:

The Public Notice was published in the Harrisonburg Daily News Record on May 28, 2016. The public
comment period ran from May 29, 2016 to June 27, 2016.

No public comments were received during the public comment period. Therefore, no changes have been
made to the permit conditions.

15. Special Conditions:

The following conditions were developed to protect instream beneficial uses, to ensure compliance
with applicable water quality standards, to prevent significant impairment of state waters or fish and
wildlife resources, and to provide for no net loss of wetland acreage and function through
compensatory mitigation and success monitoring and reporting.

Section A Authorized Activities

No 1 addresses the activity authorized by this permit.
No. 2 states that the authorized activities shall be conducted in accordance with the application materials

and any subsequent materials received during the application process.
No. 3 requires the applicant to notify DEQ of any changes to the authorized activities or of new activities

which require a VWP permit.

Section B Permit Term

No. 1 addresses the permit term and re-issuance process to ensure that all permit conditions are
completed.

Section C Standard Project Conditions

No. 1 addresses the requirement for the minimization of adverse impacts to instream beneficial uses.
No. 2 ensures that the project will be executed in a manner that limits the disruption of the movement of

aquatic life.
No. 3 ensures that downstream flows will be maintained to protect both instream and off-stream beneficial

uses.
No. 4 prohibits the violation of Water Quality Standards in surface waters as a result of project activities.
Nos. 5 through 9 set forth all reporting requirements concerning as required by the permit and current law

and regulations.
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Section D Surface Water Withdrawal Conditions

No. 1 restricts surface water withdrawal usage to public water supply.
No. 2 identifies the safe yield of the surface water supply system.
No. 3 states the withdrawal limits for the withdrawal system. The annual limit is based upon calendar

year. Tier 1 withdrawal limits are based upon the projected demands for the 15-year permit term.
Tier 2 withdrawal limits can be requested by the permittee and approved by DEQ based upon
additional demands that occur within the 15 year permit term due to new customers.

No. 4 describes the requirements for authorization of Tier 2 withdrawal limits and states that unless and
until Tier 2 limits are approved, the Tier 1 limits are in effect.

Nos. 5 and 6 describe the method for estimating stream flow at the SFI, define net withdrawal and limit
net withdrawal from the SFI to no more than 10% of the estimated stream flow. At the request of the
applicant, No. 6 includes an example calculation of the maximum net withdrawal allowed for the
lowest recorded stream flow at stream gaging station no. 01628500.

Nos. 7 and 8 describe the method for estimating stream flow at the NRI and limit total withdrawals from
the NRI to no more than 12% of the estimated stream flow. At the request of the applicant, No. 8
includes an example calculation of the maximum net withdrawal allowed for the lowest recorded
stream flow at stream gaging station no. 01622000.

Nos. 9 and 10 require the estimation of flow at the DRI, a minimum flow-by past the intake and require a
plan for monitoring flow at the intake.

No. 11 requires the submittal of a plan and schedule within two years of permit issuance for upgrading the
existing intake structures at all three intake locations in order to minimize impingement and
entrainment of aquatic species. It includes a provision for proposing alternative screen mesh and
intake velocity designs. Each proposal must include an entrainment/impingement monitoring strategy
developed with input from DGIF and a schedule for implementation of the strategy. Monitoring
results must be reviewed by DEQ and DGIF. If the monitoring indicates that the alternative strategy
is not protective of aquatic resources, the intakes must be designed with 1 mm screens and an intake
velocity of 0.25 fps.

No. 12 requires the permittee to submit a drought management plan to DEQ for review and approval
within 120 days of permit issuance. The plan shall include a description of the conservation measures
to be implemented during each drought stage.

No. 13 requires conservation measures to protect instream flows during a drought emergency. In this
occurrence, the permittee shall implement the most restrictive measures.

Section E Monitoring, Recordation and Reporting Conditions
Nos. 1 and 2 require the daily monitoring and recording of water withdrawal activities at all three intake

locations to determine compliance with the withdrawal limitations, and specify daily monitoring
requirements.

No. 3 requires the permittee to submit a water withdrawal monitoring report to DEQ semi-annually on the
schedule stipulated in the condition. The information shall be submitted electronically using the
Virginia Water Withdrawal Reporting System, and in the event the system is not available, via
electronic mail. These reporting requirements will also satisfy the annual reporting requirement of
9VAC25-200 et seq.

No. 4 states that the monitoring and reporting activities shall comply with the permit. Any records shall
be retained for the life of the permit and potentially longer due to any unresolved litigation.
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Appendix A – DEQ Modeling Summary

Introduction
The City of Harrisonburg currently obtains its water supply from two surface water intakes. One is
located on the North River near Bridgewater, and the second is located upstream on the Dry River at
Rawley Springs (Figure 1). According to the Upper Shenandoah Water Supply Plan (USWSP) dated
November, 2011 attached to the Joint Permit Application (JPA), flow to the latter intake is derived from a
low-head dam across the Dry River and an underground infiltration gallery. Flow to this intake is also
supplemented by releases of water from the Switzer Reservoir a few miles upstream near the headwaters
of the Dry River. The North River intake pump station is capable of withdrawing 7.6 million gallons per
day (mgd), while the Dry River intake/Switzer Dam combination is currently capable of producing 5.5
mgd. Both of these intakes were previously excluded from the requirements for a Virginia Water
Protection (VWP) permit due to their existence prior to July 1, 1989.

The South Fork intake, which was originally permitted under VWP permit 98-1672, is a new intake
structure located on the South Fork of the Shenandoah River in Rockingham County, Virginia (Figure 1).
Withdrawal from the South Fork intake has not yet begun operation because the pipeline extension project
to connect the intake to the City’s water system has not yet been completed. The Dry River and North
River are both tributaries to the South Fork of the Shenandoah River.

The USWSP and the City’s Draft Raw Water System Management Plan (RWSMP, submitted to DEQ on
May 5, 2015), indicate that all three intakes will supply water to the City’s centralized water treatment
plant. The City’s raw water optimization strategy, described in the RWSMP, is a plan to fully integrate
all three withdrawal sources so that daily raw water supply can be optimized in response to drought and
system breakdowns. It is anticipated that this integration will occur during the 15-year permit term.
Therefore, all three withdrawal sources were incorporated into the permit evaluation and conditions.

The City’s projected system-wide average daily and maximum daily raw water demand volumes for the
15-year permit term (approximately 2031) were determined to be 8.63 mgd and 11.13 mgd, respectively.
The RWSMP included withdrawal rates for each intake location for normal and dry years for the City’s
build-out condition, which would occur after the 15-year permit term based upon the projected one
percent per year rate of growth that produced the permit term projections. The raw water optimization
strategy proposes a larger proportional usage of the more energy efficient Dry River and North River
intakes (relative to the South Fork intake) for normal precipitation years when flows in these tributary
streams are normal to above normal. For dry or drought years, the South Fork intake will be relied upon
to supply the greatest withdrawals under the assumption that the South Fork of the Shenandoah would
have more water available with less downstream impact than the other two streams. The evaluation
described below considered the projected 15-year permit term and eventual build-out withdrawal
projections, as well as the previous permit condition.

Part I. F.1 of VWP permit 98-1672 stated that the maximum daily withdrawal from the South Fork intake
shall not exceed 4.0 mgd, with the following exception: The maximum daily withdrawal from the South
Fork intake may increase to 8.0 mgd provided the combined same day withdrawal from the North River
and Dry River intakes is less than or equal to 8.0 mgd. Therefore, the system-wide allowable maximum
daily withdrawal rate was 16.0 mgd. The permit did not contain conditions limiting the average daily or
maximum annual withdrawals.
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Figure 1. Location of Harrisonburg surface water intakes, nearby stream gaging stations and the Harrisonburg Rockingham
Regional Sewer Authority (HRRSA) wastewater plant discharge site

The goal of the modeling analysis was to estimate the potential impacts of proposed water withdrawals
from each of the three intakes upon existing beneficial uses, including both in-stream and off-stream uses.
The proposed withdrawal rates for each intake were compared to estimated stream flows at each intake
location during the drought of record period estimated for the South Fork of the Shenandoah river basin.
For the purposes of this analysis, withdrawals at rates less than 10% of the mean daily stream flow were
considered optimal for the South Fork and North River intakes. This criterion is based upon consistent
recommendations from the Virginia Department of Game and Inland Fisheries (DGIF) to limit
withdrawals to no more than 10 percent of instantaneous stream flow in order to avoid a significant loss
of habitat for aquatic species. This criterion was not appropriate for the Dry River as this intake location
commonly contains no flow during dry periods other than that released from Switzer Dam. The RWSMP
states that the City has maintained a 0.5 mgd (0.77 cfs) minimum flow-by at the Dry River intake. This
minimum in-stream flow condition was used for the evaluation of the Dry River withdrawals.

Model Inputs
Determination of Drought of Record Period
Gaging Station No. 01628500 (South Fork Shenandoah River near Lynwood) is located approximately 5
miles upstream of the South Fork intake. Gaging station No. 01622000 (North River near Burketown) is
located approximately 6.8 miles downstream of the North River intake. The proximity of these gages to
these two intakes indicates that their flow records are fairly representative of flow conditions at the gage
locations. Examination of daily discharge records spanning an 85-year period of record from these gaging
stations indicated that, for the South Fork gage the lowest annual mean and the lowest daily mean flows
occurred in 2002. The lowest monthly means for the months of July through September also occurred
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during 2002 at this gage. For the Burketown gage, the lowest annual mean and the lowest monthly mean
for July occurred during 1999. For each gaging station, the mean monthly flow was less than 50% of the
period of record mean monthly flow for 28 months of the 60 month period from 1998 through 2002.
Therefore, the multi-year drought period of 1998 through 2002 was determined to be the drought of
record for the South Fork basin.

There is no long-term stream flow gaging station located within the Dry River portion of the South Fork
basin. However, because the Dry River is a major tributary of the North River and ultimately the South
Fork, it was assumed to have the same drought of record period as the rest of the South Fork basin.

Calculation of Temporal Distribution of Withdrawals
Withdrawal rates were distributed by month according to the average of the total monthly withdrawal
volumes (Dry River and North Fork intakes) reported by the City of Harrisonburg to the Virginia Water
Users Database System (VWUDS) for the 2009-2013 period. The resulting monthly withdrawals were
then distributed evenly among each day of each month. Because the reported monthly withdrawals for
the 2009-2013 period did not vary significantly from year to year, the assigned monthly percentages did
not vary from year to year during the simulations. The monthly temporal distribution informs the
simulation as to how to distribute the proposed maximum annual demand over the twelve months of the
year.

Estimation of Stream Flow at the Intake Locations
Daily mean stream flow rates at the South Fork intake location were initially estimated by multiplying the
daily mean flow rates for 1998 through 2002 reported by gaging station 01628500 by 1.01, which is the
ratio of the South Fork intake drainage area (1090 square miles) to that of the gaged drainage area (1079
square miles). Likewise, daily mean stream flow rates at the North River intake location were estimated
by multiplying the daily mean flow rates reported by gaging station 01622000 by 0.75, which is the ratio
of the North River intake drainage area (461 square miles) to that of the gaged drainage area (615 square
miles).

The daily mean flows recorded at both gages for 1998 through 2002 were influenced by Harrisonburg’s
North River and Dry River withdrawals, which occur upstream of both gages. Flows recorded by the both
the South Fork station (01628500) and the North River station (01622000) are also affected by the
discharge from the HRRSA wastewater plant (Figure 1), which processes much of the water withdrawn
by the City from the two existing intakes. Therefore, the initial estimates of flow at the South Fork and
North River intakes were adjusted to account for the changes in the City’s upstream withdrawals and
wastewater discharges. For each dry-year withdrawal scenario discussed below, flow estimates at the
South Fork intake were first increased by an amount equal to the projected change (decrease) in upstream
Harrisonburg withdrawals (North River + Dry River), relative to the reported 1998-2002 (drought of
record) monthly withdrawals. The South Fork and North River flow estimates were also increased by an
amount equal to the estimated increase in wastewater discharge from the HRRSA plant. The reported
monthly wastewater discharge rates for 1998-2002 could not be used to determine the increase because
they are believed to include an unknown percentage of stormwater discharge. Therefore, a constant
percentage of the increase in the City’s total surface water withdrawal was assumed to be discharged as
wastewater. The City provided information in the JPA that 82% of the projected build-out withdrawal
rates would supply sewered areas. A 20% consumptive use rate was assumed to occur within these areas.
Therefore, 66% (80% of the JPA’s noted 82%) of the increase in total system-wide withdrawals was
assumed to be discharged and the mean daily flows at the South Fork and North River intakes were
increased by that amount.
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The VaHydro operational model was used to estimate stream flow at the Dry River intake location. These
simulations also incorporated flow released from Lake Switzer into the Dry River upstream of the intake.
According to the RWSMP, the main gate controlling releases is kept partially open. Consequently, the
release rate can vary from 8 mgd when the reservoir is full to zero gallons when the water level drops to
the elevation of the release gate. The releases from Switzer Dam were simulated using the VaHydro
operational model with stage-storage and release rules provided in the RWSMP for Switzer Reservoir.
With a linearly decreasing rate of release as water level declines from full pool (1600 mg, or 2273 ft
NGVD) to the elevation of the main release gate (2234 ft NGVD), the simulated reservoir storage
remained above the unusable storage level of 400 mg. A second simulation that assumed a 10% loss of
reservoir storage since the stage-storage data were first reported also indicated that usable storage would
not be completely depleted during the drought of record and that releases would be maintained (Figure 2).
During drought years when the natural stream flow in the Dry River is very low or even zero, it is
reasonable to expect that a significant portion of water released from Switzer Reservoir infiltrates to the
groundwater flow system beneath the bed of the Dry River and does not reach the City’s intake location
as surface water. It was assumed that two-thirds of the water released from Switzer Dam flows to the Dry
River intake during drought years. Therefore, the daily release rates were multiplied by 0.67, before
being added to the estimated stream flow for subsequent simulations in which flow at the Dry River
intake was estimated. For these simulations, the drainage area of Switzer Reservoir was subtracted from
the Dry River intake drainage area to avoid double-counting of stream flow from the reservoir area.

Figure 2: Simulated storage and water level elevation, Switzer Reservoir (MG = million gallons)

Withdrawal Comparisons
The adjusted daily stream flow rates at each of the City’s intake locations were compared to a series of
projected withdrawal rates for each intake. The objective was to determine the optimal combination of
withdrawal rates to minimize instances in which withdrawals would exceed 10% of estimated streamflow
during the drought of record. The withdrawal rates that were compared included: 1) the previous permit
condition, 2) a dry year build-out scenario with a withdrawal distribution between the three sources based
upon the RWSMP drought management scheme (labeled “Projected Build-out”), and 3) a series of
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alternate withdrawal distributions for both a dry year build-out scenario and for the 15-year permit term.
Table 1 lists the average daily and maximum daily withdrawal rates for each intake for the two former
scenarios, plus an alternate withdrawal distribution for build-out and a proposed distribution for the
permit term. The maximum daily values for the permit term distribution were derived using the same
peak to average ratio used for the RWSMP projections.

Table 1: City of Harrisonburg withdrawal scenarios:

Average Daily Withdrawal
(mgd)

Maximum Daily Withdrawal (mgd)

Scenario Dry North SF Total Dry North SF
Dry+
North

Total

Previous Permit
Condition

- - - - - - 8.00 8.00 16.00

Projected Build-
out (Dry Year): 1.37 4.37 6.14 11.88 1.77 5.64 7.92 - 15.33
Alternate Build-
out (Dry Year) 2.00 2.50 7.38 11.88 2.58 3.23 9.52 - 15.33
Proposed Permit
Term (Dry Year) 1.37 1.76 5.50 8.63 1.77 2.27 7.09 11.13

Previous Permit Condition:
The previous permit condition included only maximum daily limits on the South Fork (8 mgd) and on the
sum of North and Dry River withdrawals (8 mgd). Assuming that withdrawals of 8 mgd occurred at the
South Fork intake on a daily basis throughout 1998-2002, withdrawals exceeded 10% of adjusted
streamflow for a week or more during summer 2002 conditions (Table 3). Exceedances were reduced
somewhat when the withdrawal rate was reduced by 10% to account for conservation. A conservation
reduction of 10% was assumed because the summer of 2002 generally represented emergency drought
conditions when mandatory water conservation measures would take effect. Mandatory conservation
measures generally result in water use reductions of 10% to 15%. This particular comparison, however,
does not address the number of potential exceedances of the 10% criterion at the North or Dry River
intakes with this permit condition because it did not specify withdrawal volumes or in-stream flow criteria
for those locations.

Table 3: Number of days that withdrawal of 8 mgd at the South Fork intake would exceed 10% of adjusted streamflow under
the previous permit condition (10% conservation: withdrawal rate reduced by 10%)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 9 13 19 0 0 0 41

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0
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2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 7 9 9 0 0 0 25

Projected Build-out Conditions:
The City’s RWSMP listed build-out dry-year average and maximum withdrawal rates for each intake
(Table 1). Tables 4 – 6 display the criterion exceedances for each intake that resulted from simulations
comparing the withdrawal rates to the corresponding adjusted stream flow rates.

Table 4: Number of days that a flow-by of 0.5 mgd would not be maintained at Dry River: average withdrawal = 1.37 mgd
(no conservation).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1998 0 0 0 0 0 0 0 0 0 0 0 5 5

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 5: Number of days during which withdrawal would exceed 10% of adjusted streamflow at the North River intake;
withdrawal = 4.37 mgd:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 1 12 29 29 30 26 127

1999 7 0 0 0 0 20 31 31 5 0 0 0 94

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 5 3 27 31 30 30 126

2002 31 28 15 0 0 3 30 29 28 14 0 0 178

10% Conservation:

1998 0 0 0 0 0 0 0 3 23 20 27 14 87

1999 5 0 0 0 0 13 31 29 5 0 0 0 93

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 27 31 30 26 114

2002 31 28 8 0 0 0 25 27 27 6 0 0 152

Table 6: Number of days during which withdrawal would exceed 10% of adjusted streamflow at the South Fork intake;
withdrawal = 6.14 mgd:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 5 6 3 0 0 0 14

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0



VWP Individual Permit No. 16-0730
June 28, 2016
Page 23 of 27

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Average withdrawals of 0.77 mgd at Dry River maintained the required flow-by throughout the drought
of record without reducing the withdrawal due to conservation. However, the adjusted flow rate in the
North River is not high enough to sustain an average drought-year withdrawal rate of 4.37 mgd. At the
South Fork intake, exceedances of the 10% criterion were minimal at an average withdrawal rate of 6.14
mgd, and were eliminated with a 10% decrease in withdrawal due to conservation measures.

Based on these results, additional simulations were run with alternative build-out drought-year withdrawal
configurations among the three intake locations. The objective of these simulations was to find an
alternative distribution of drought-year average withdrawal rates among the three intakes with which
exceedances of in-stream flow criteria would be minimized. Withdrawal rates at Dry River and South
Fork were increased, while those at North River were decreased from the rates presented in the RWSMP.
Tables 7 – 9 list the exceedances that resulted from one alternative distribution (listed as “Alternate Build-
out (Dry-Year)” in Table 1). At South Fork, a 10% conservation reduction in withdrawals reduced the
number of exceedances significantly. At the North River intake, 10% conservation also reduced the
number of exceedances and a relaxation of the criterion to no more than 12% of flow eliminated them. At
Dry River, the simulated natural stream flow was zero during November and December of 1998 and the
rapid drop in the level of Switzer Reservoir reduced the flow rate of releases to the point where, for
several days there was insufficient flow at the downstream intake to maintain the 0.5 mgd flow-by and
still withdraw at a rate of 1.80 mgd.

The daily withdrawal rates in the simulations described above were based upon the average fluctuation in
reported monthly withdrawal totals from 2009-2013. The maximum daily withdrawal rates calculated
using this method are lower than those listed in Table 1, and therefore they only approximate the number
of days during which the withdrawals from each intake could exceed the in-stream flow criteria. The
simulation results were further examined to determine the system-wide maximum daily withdrawal rate
that could meet the instream flow criteria at each intake throughout the drought of record.

The HRRSA wastewater discharge is located downstream of the Dry River and North River withdrawals,
but upstream of the South Fork intake. Therefore, because a significant portion of the amount pumped
from the river at the South Fork intake is returned upstream, net withdrawal from this intake was
compared to the in-stream flow criterion rather than the total withdrawal. The net withdrawal equals the
total volume withdrawn minus the estimated fraction of that volume that is returned upstream via the
treated wastewater discharge. When net withdrawal was compared to river flow, the in-stream flow
criterion of 10% would be met throughout all but three days of the driest period on record (July –
September of 2002), using the build-out maximum daily total withdrawal at South Fork of 9.52 mgd listed
in Table 1. The comparison assumed a 10% reduction in the projected maximum daily withdrawal rate
due to conservation measures. Therefore it is anticipated that the City’s drought response plan would be
implemented during such an extreme drought period.

The minimum recorded flow at gage 01628500 on the South Fork was 84 cfs on July 8, 2002, which
equals an estimated minimum flow at the South Fork intake location of 84.8 cfs (54.8 mgd). Therefore,
the maximum net withdrawal rate that would meet the 10% criterion at this minimum flow is 5.48 mgd.
At the assumed average percent return flow (66%), this net withdrawal approximately corresponds to a
total withdrawal from the South Fork of 9.1 mgd. The maximum total withdrawal from the North River
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intake that would not exceed 12% of estimated river flow on any day during the same July- September
2002 driest period is 2.53 mgd. The simulation conducted to produce Table 7 also indicated that the 0.5
mgd flowby at the Dry River intake would be met throughout the same period with a maximum daily
withdrawal of 2.44 mgd. Therefore, a combined, system-wide maximum daily total withdrawal of 14.07
mgd (9.1 + 2.53 + 2.44) could be maintained during the drought of record while meeting each location’s
instream flow criterion. This volume exceeds the proposed system-wide maximum daily withdrawal rate
(15.33 mgd) reduced by 10 percent when emergency conservation measures are employed (15.33-1.53 =
13.80 mgd).

There is a significant amount of uncertainty in these simulations. For example, the percentage of flow
released from Switzer Reservoir that reaches the Dry River intake was estimated to be two-thirds. The
actual percentage of the release reaching the intake is probably highly variable and dependent upon
antecedent moisture conditions. Nevertheless, based on these simulations the projected build-out average
daily withdrawal rate of 11.28 mgd could be maintained during a drought of record year as long as there is
flexibility in the water withdrawal system to shift withdrawals between the intakes, depending upon
stream flow conditions. Allowing a larger percentage of flow (12%) to be withdrawn at the North River
intake may be justified by the fact that much of the water withdrawn (approximately two-thirds) is
returned to the river approximately 5 river miles downstream of the intake at the HRRSA wastewater
plant (Figure 1).

Table 7: Number of days that a flow-by of 0.5 mgd would not be maintained at Dry River: average withdrawal = 2.00 mgd.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 11 9 20

1999 0 0 0 0 0 0 0 0 0 0 1 3 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 11 9 15

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 8: Number of days during which withdrawal would exceed in-stream flow criteria at the North River intake; withdrawal
= 2.50 mgd:

Number of days that withdrawal exceeds 10% of flow at intake:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 11 18 2 0 0 0 16

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 4 8 23 0 0 0 25

Number of days that withdrawal exceeds 10% of flow at intake:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 7 8 0 0 0 0 1

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 2 4 18 0 0 0 5

Number of days that withdrawal exceeds 12% of flow at intake:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 9: Number of days during which withdrawal would exceed 10% of adjusted streamflow at the South Fork intake;
withdrawal = 7.38 mgd:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 9 14 19 0 0 0 36

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 7 9 10 0 0 0 13
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Permit Term:
Comparisons were also made using a dry-year withdrawal distribution derived from the average daily
demand justified for the 15-year permit term (Table 1). The numbers of stream-flow criteria exceedances
per month are listed in Tables 10-12. The simulated exceedances of the in-stream flow criteria were
minimal at the Dry River and zero at the North River and South Fork intakes.

Table 10: Number of days that a flow-by of 0.5 mgd would not be maintained at Dry River: average withdrawal =
1.37 mgd.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 5 5

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 11: North River Intake at projected permit term withdrawal of 1.76 mgd:

Number of days that withdrawal exceeds 10% of flow at intake:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 11 (continued): Number of days that withdrawal exceeds 12% of flow at intake:

10% Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0
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2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 12: Number of days during which withdrawal would exceed 10% of adjusted streamflow at the South Fork intake;
withdrawal = 5.44 mgd:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

No Conservation:

1998 0 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0 0

Determination of Safe Yield
The safe yield of a surface water withdrawal project is the maximum volume of water that can be
withdrawn on an average daily basis during the drought of record (for the area in which the withdrawal is
located) to meet the needs of the project while still protecting the other beneficial uses of the waterbody.
The safe yield value is subject to change if the drought of record changes or if the operating rules and/or
in-stream flow criteria that governed the determination of the safe yield value change.

The simulations described above indicated that total system-wide withdrawals less than or equal to the
projected build-out rate of 11.88 mgd will probably allow for daily adjustment of the withdrawal rates at
the three intakes so that the following in-stream flow criteria can be met:
 South Fork: withdrawal no greater than 10% of flow at the intake location
 North River: withdrawal at no greater than 12% of flow at the intake location
 Dry River: minimum flow-by of 0.5 mgd

Total system-wide withdrawals greater than those projected for Harrisonburg’s build-out condition may
result in situations wherein withdrawals at individual intakes cannot be adjusted to meet these in-stream
flow criteria. Therefore, the projected build-out average-day system-wide withdrawal rate of 11.88 mgd
can be considered the safe yield of the Harrisonburg water withdrawal system. This safe yield value
includes the condition that all three intakes have been combined into a single network in which daily
withdrawals from the individual intakes can fluctuate depending upon local conditions.

This safe yield value is subject to change if a new drought of record occurs, or if changes to withdrawal
limitations in the permit are considered to protect beneficial uses. It should be noted that this value does
not represent the total volume of water present at the City’s intakes during the drought of record.

Conclusion
Based on results of the modeling analysis conducted for the proposed project, the safe yield of the
proposed combined water withdrawal system is 11.88 mgd. The proposed withdrawal rates will provide a
reasonable margin of safety for protection of beneficial uses, provided that: 1) the system is sufficiently
connected to maximize flexibility in operation so that withdrawal sources can be shifted in response to
stream flow conditions, 2) conservation measures during severe drought conditions reduce maximum
daily demands by 10 percent, and 3) Switzer Reservoir water releases and water levels are controlled in
order to maximize the availability of water for the Dry River intake. The evaluation represented the
worst-case climatic conditions observed in the historic record. Therefore, potential impacts to beneficial
uses should be avoided during the permit term by implementing the above measures.
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funding for two applications:
1. Capital Rehabilitation and Retirement (R&R):
R&R is the retirement of existing assets at an optimum time near the end of their life cycle
but with opportunity to avoid ancillary financial, social or environment burden. The HPU CIP
process uses asset retirement date forecasts made from known installation dates and from
Manufacturer's Anticipated Service Life (MASL). The CIP process provides Future Asset
Replacement Cost (FARC) by inflating the Current Asset Replacement Cost (CARV) by two-and-
one-half percent annually to the retirement date.

2. Capital Growth (CG):
CG is the addition of new assets with the purpose of expanding service, capacity,
functionality or strategy of operations.

3. Revenue:
Because rates cannot be adjusted annually to meet the schedule of fluctuating costs, HPU
determines the sum and the uniform funding that is required throughout the immediate
upcoming 25 years period. The latter is the Annual Cost of Sustainable Service (ACSO) and is
used for funding and expense scheduling. Adjustments are made when rates will not support
the ACSO or when expenses are significant to require debt.

 

Explanation:  

Rehabilitation and Retirement (R&R):
100% CARV = $34,435,402
NBV = $11,189,485
25 Yr CARV = $11,275,393
25 Yr FARC = $11,275, 393
25 Yr ACSO = $451,016 - Abandoned for Capital Growth and corrosion funding $80,000/yr (2022-
2031)
ENR = 11,439

Capital Growth (CG):(*See additional page for description)
Part 1 Design: 11,000 ft from Belleview Rd to VPGA @ $10/ft: $110,000
Part 1 Easements: 11,000 ft from Belleview Rd to VPGA @ $10/ft: $110,000
Part 1 Construction: 11,000 ft from Belleview Rd to VPGA @ $400/ft: $4,400,000
Sum: $4,620,000 (Bond Fund 2030)

Part 2 Design: 22,000 ft from VPGA to Coopers Mountain @ $10/ft: $222,000
Part 2 Easements: 22,000 ft from VPGA to Coopers Mountain @ $10/ft: $222,000
Part 3 Construction: 22,000 ft from VPGA to Coopers Mountain @ $400/ft: $8,880,000
Sum: $9,324,000 (Bond Fund 2035)

Dry River Screens & Dam Design: $100,000
Dry River Screens & Dam Construct: $1,518,000 WW2018 = $2,000,000
Dry River Improvements Design: $20,0000
Dry River Improvements Construct: $100,000
North River Screens & Intake Design: $100,000
North River Screens & Intake Construct: $2,032,000 WW2018 = $3,000,000
SUM: $5,320,000 (Bond Fund 2022)

North River Pipe Corrosion Program: $800,000 ($80,000/yr - 2022-2031)
*See attached for Funding Strategy

 

Alternative:  

Limited oppurtunity to change project scope but schedule can be altered with acceptance of
risk. Screens at source intakes are mandated by VWWP 16-0730 (Alternaives to be negotiated)
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Expenditures: Prior 2022 2023 2024 2025 2026 Future Total

Planning $686,779 $686,779
Land $343,390 $343,390

Construction $5,837,624 $5,320,000 $13,944,000 $25,101,624
Equipment $0

Other Expenses $87 $80,000 $80,000 $80,000 $80,000 $80,000 $400,000 $800,087

Total $6,867,880 $5,400,000 $80,000 $80,000 $80,000 $80,000 $14,344,000 $26,931,880
 

Funding Sources: Prior 2022 2023 2024 2025 2026 Future Total
General Revenue $0

Enterprise Revenue $6,867,880 $80,000 $80,000 $80,000 $80,000 $80,000 $400,000 $7,667,880
Bond Proceeds $5,320,000 $13,944,000 $19,264,000

Grants $0
Capital Project Fund $0

Other Revenue $0
Total $6,867,880 $5,400,000 $80,000 $80,000 $80,000 $80,000 $14,344,000 $26,931,880

 

Operating Impacts: Prior 2022 2023 2024 2025 2026 Future Total
Personnel $0
Operating $0
Capital $0
Offsets $0
Total $0 $0 $0 $0 $0 $0 $0 $0
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Capital Improvement Program
FY2022 thru FY2026
Project Request Form

 
 
 

Project Title:    EASTERN SOURCE DEVELOPMENT (910161-48654)
Project Code:     proj203
Project Priority: Priority 2 Project Type: NEW      Start Date (FYE): 1999
Department:       2011 Status:       Active Completion Date (FYE): 2046

 

Description:  
Justifications:

Mandated
Remove hazards
x-Maintains service
Increase efficiency
x-Increase revenues
Improves service
x-New service
x-Convenience
x-Other

Goals and Objectives

O 12.1

Harrisonburg Public Utilities formats its Capital Improvement Program (CIP) to provide
funding for two applications:

1. Capital Rehabilitation and Retirement (R&R):
R&R is the retirement of existing assets at an optimum time near the end of their life cycle
but with opportunity to avoid ancillary financial, social or environment burden. The HPU CIP
process uses asset retirement date forecasts made from known installation dates and from
Manufacturer's Anticipated Service Life (MASL). The CIP process provides Future Asset
Replacement Cost (FARC) by inflating the Current Asset Replacement Cost (CARV) by two-and-
one-half percent annually to the retirement date.

2. Capital Growth (CG):
CG is the addition of new assets with the purpose of expanding service, capacity,
functionality or strategy of operations.

3. Revenue:
Because rates cannot be adjusted annually to meet the schedule of fluctuating costs, HPU
determines the sum and the uniform funding that is required throughout the immediate
upcoming 25 years period. The latter is the Annual Cost of Sustainable Service (ACSO) and is
used for funding and expense scheduling. Adjustments are made when rates will not support
the ASCO or when expenses are significant to require debt.

 

Explanation:  

Rehabilitation and Retirement (R&R)
100% CARV = $6,840,477
NBV = $6,487,754
25 Yr. CARV = $0
25 Yr. FARC = $0
25 Yr ACSO = $0
ENR = 11,439

Capital Growth (CG):
*See additional page for description

FY 2022: Sum: $20,188,084 - Bond Fund: $19,703,490
256.1C: 17,627 ft of pipe between Longley Rd & Oak Shade Rd $4,626,796
256.2A: 16,57 ft of pipe between Oak Shade Rd to Port Republic Rd $4,491,288
217.3: Power Dam pumps and electrical building $5,280,000
335.2:Goods Mill Pump Station (GMPS) pumps and electrical building $4,610,000
335.3: Power Dam Pump Station (PDPS) tank $1,180,000

Beyond: Sum: $947,464
256.6: 4,100 ft of pipe between Mt View WTP and WTP $947,464 - Bond Funded 2030
Project establishes isolated piping system to WTP for COF reduction and risk mitigation )

Funding Strategy
CG = Bond Funding 2022, 2030
Total CIP funding requires backloading R&R expenses and progressive rate adjustments

 

Alternative:  

Evaluate project under differing goals
Reevaluate project under partnership arrangements

 

 

Expenditures: Prior 2022 2023 2024 2025 2026 Future Total

Planning $2,391,046 $95,393 $57,000 $2,543,439
1



Land $2,158,904 $21,000 $2,179,904
Construction $20,652,022 $20,092,691 $869,464 $41,614,177

Equipment $0
Other Expenses $349,837 $349,837

Total $25,551,809 $20,188,084 $0 $0 $0 $0 $947,464 $46,687,357
 

Funding Sources: Prior 2022 2023 2024 2025 2026 Future Total
General Revenue $0

Enterprise Revenue $14,891,788 $14,891,788
Bond Proceeds $9,620,000 $19,703,490 $947,464 $30,270,954

Grants $68,615 $68,615
Capital Project Fund $0

Other Revenue $1,456,000 $1,456,000

Total $26,036,403 $19,703,490 $0 $0 $0 $0 $947,464 $46,687,357
 

Operating Impacts: Prior 2022 2023 2024 2025 2026 Future Total
Personnel $0
Operating $0
Capital $0
Offsets $0
Total $0 $0 $0 $0 $0 $0 $0 $0
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