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Never before has an “integrated” planning1 approach to municipal 

wastewater (i.e., sewage2) and storm water3 management been used for a region 

spanning multiple cities.4 A plan developed in Hampton Roads would be the 

first. If approved by the US Environmental Protection Agency (EPA) and the 

Virginia Department of Environmental Quality (DEQ), this plan5 delivers an 

estimated $2 billion reduction in environmental compliance costs to the cities in 

the Hampton Roads region while meeting or exceeding the region’s Chesapeake 

Bay clean-up obligations. The plan also counteracts land subsidence, which fur-

thers efforts to equip Hampton Roads with resilience to sea level rise, restores the 

badly depleted volume of ground water in the Potomac aquifer, and reduces or 

eliminates saltwater contamination of that ground water.

A New Approach to Water for 
Hampton Roads Cities
by James T. Lang and Christopher Kane
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Features of the “SWIFT” Plan
The Hampton Roads Sanitation District 
(HRSD) operates nine major sewage treat-
ment plants in Hampton Roads with each 
plant obligated to comply with discharge 
limits imposed in their Virginia Pollution 
Discharge Elimination System permits. HRSD 
developed the Sustainable Water Initiative For 
Tomorrow (SWIFT) as a way to deliver multi-
ple regional benefits, including responding to 
the EPA’s demand that HRSD and eleven cities 
in the Hampton Roads Region reduce the pol-
lution they are releasing into the Chesapeake 
Bay.6 SWIFT creates annual savings for the 
region because HRSD can deliver pollution 
reduction at a price per pound far lower 
than the cost the cities must pay to deliver an 
equivalent quantity of pollution reduction 
in their Municipal Separate Storm Sewer 
System (MS4) permits. Nutrient trading, 
accomplished through use of the Chesapeake 
Bay Watershed Nutrient Credit Exchange 
Program7 (enacted by the General Assembly 
in 2005), is the lynchpin that allows the HRSD 
to spread the cost savings among the eleven 
participating cities. As the EPA recognizes: 

Water quality trading is an approach 
that offers greater efficiency in 
achieving water quality goals on a 
watershed basis. It allows one source 
to meet its regulatory obligations by 
using pollutant reductions created 
by another source that has lower 
pollution control costs. Trading capi-
talizes on economies of scale and the 
control cost differentials among and 
between sources.   

 (EPA, Office of Water Quality Trading 
Policy, at 1 (Jan. 13, 2003)).
 HRSD proposes to implement SWIFT at 
seven of its sewage treatment plants by pu-
rifying the incoming wastewater to drinking 
water standards. Next, SWIFT injects8 the ef-
fluent into the Potomac Aquifer (the primary 
source of ground water for eastern Virginia) 
instead of discharging it into the James, York, 
and Elizabeth Rivers, thus generating millions 
of pounds of pollution credits annually. The 
cities in the region could draw upon this mas-
sive quantity of credits, valued at $2 billion, 
via the Nutrient Credit Exchange Program for 
use in eliminating inefficient requirements 
that would otherwise be imposed on them in 
their MS4 permits. SWIFT makes sure the re-
gion does its part to clean up the Chesapeake 
Bay while enabling environmental compliance 

dollars to migrate to technologies that deliver 
the greatest bang for the buck. SWIFT also 
counteracts ground water scarcity and land 
subsidence, two further issues of major con-
cern in Hampton Roads. 

Restoration of the Chesapeake Bay
The Chesapeake Bay is the largest estuary in 
the United States, and is one the largest and 
most biologically productive estuaries in the 
world. Yet, the bay absorbs pollutants from 
multiple sources: 
•  chemicals put into the air from car/airplane/

locomotive exhaust and industrial smoke-
stacks; 

•  chemicals and sediment carried by storm 
water flowing off of lands modified by agri-
cultural and urban development; 

•  chemicals that flow out of pipes carrying the 
contaminated wastewater from industrial 
operations; 

•  chemicals and bacteria from pipes carrying 
the effluent of sewage treatment plants; and

•  chemicals and bacteria from ground water 
that is contaminated by septic systems. 

 One of the major negative impacts from 
these pollutants (among many) is low-oxygen 
“dead zones” that pop up during summer 
at various places in the bay and which are 
caused by nitrogen and phosphorous pollu-
tion delivered by sources mentioned above. 
The aggregate size of dead zones in the bay 
for the 2016 summer season was estimated at 
1.58 cubic miles (or 2.3 million Olympic-size 
swimming pools).9   

 The combination of dead zones, loss of 
grasses on the floor of the bay, overfishing, 
and introduction of disease-carrying organ-
isms (to name a few) have devastated the fish, 
crab, and oyster fisheries. The oyster fishery 
provides an instructive example. There, “the 
decline in oysters has meant a loss of more 
than $4 billion [between 1980 and 2010] for 
the economies of Maryland and Virginia.”10 
These cost figures are consistent with conclu-

... this plan delivers an estimated $2 billion reduction 

in environmental compliance costs to the cities in the 

Hampton Roads region while meeting or exceeding the 

region’s Chesapeake Bay clean-up obligations. 
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sions reached by the EPA in its report on the 
cost of nutrient pollution that was issued in 
2015:

Excessive nutrient loading to water-
bodies can lead to over-enrichment 
and algal blooms, resulting in a 
myriad of adverse economic effects 
in sectors that include commercial 
fisheries, real estate, and tourism and 
recreation, and an increase in health 
care and drinking water treatment 
costs. Additionally, mitigation mea-
sures that local governments use to 
reduce the effects in the water (such 
as algal blooms) can cost millions of 
dollars for a single year of treatment. 

 (EPA, A Compilation of Cost Data 
Associated with the Impacts and Control of 
Nutrient Pollution at III-1 (May 2015)).
 Waters that drain into the bay emanate 
from six states (Virginia being one) plus the 
District of Columbia, giving rise to the classic 
“Tragedy of the Commons.”11 Action by the 
federal government is the technique the Clean 
Water Act selected to overcome the Tragedy of 
the Commons paradigm.12 On December 29, 
2010, the EPA established the Chesapeake Bay 
Total Maximum Daily Load (Bay TMDL).13 
The bay TMDL establishes numerical limits 
on pollutant loads (measured in pounds) 
for nitrogen (including nitrogen deposit-
ed by air into the bay), phosphorous, and 
sediment that can enter the tidal portion of 
the Chesapeake Bay watershed.14 The SWIFT 
program responds to the bay TMDL in the 
two geographic areas of the Chesapeake Bay 

known as the James River Basin and the York 
River Basin. The chart below shows the extent 
to which SWIFT can meet the needs of the 
eleven cities in the region:  
(see chart below)  

Restoration of Ground Water
Although the HRSD’s primary motivation 
for the SWIFT project is reducing nutrient 
and sediment discharge into the bay, there 
are a number of other significant water issues 
in the Hampton Roads region that require 
a long-term comprehensive solution. These 
problems include: depletion of ground water 
in the Potomac Aquifer; land subsidence both 
natural and due to aquifer depletion; sea level 
rise caused by climate change and exacerbated 
by land subsidence; and, threat of saltwater 
intrusion into and contamination of the 
aquifer. Depletion of the Potomac Aquifer 
is similar to the “Tragedy of the Commons” 
paradigm that occurs with historical pollution 
flowing into the bay.
 The Potomac Aquifer underlies a vast 
region from North Carolina to New York. 
Thousands of industries and half a million 
households take water from the aquifer. (The 
estimate for Hampton Roads is approxi-
mately hundreds of industries and 25,000 
households.) Today this equates to permitted 
withdrawals of around 147 million gallons per 
day (MGD), with actual withdrawals totaling 
115 MGD.15 Another 40 MGD of withdrawals 
occur from an estimated 200,000 unpermitted 
“domestic” wells located throughout eastern 
Virginia.16  When this level of ground water is 

Credits Available for Use by the Eleven Cities (all units shown in pounds)

HRSD Bay TMDL  
Allocations

HRSD Post Swift Loads 
(2030)

Credits Available for Use by the 
Eleven Cities

Nitrogen

James River Basin 3,400,000 500,000 2,900,000

York River Basin 275,927 25,000 250,927

Phosphorus

James River Basin 300,009 50,000 250,009

York River Basin 18,395 2,000 16,395

Sediment

James River Basin 14,000,000 700,000 13,300,000

York River Basin 1,400,00 98,000 1,302,000
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pumped from an aquifer system, water levels 
and water pressure decrease. The natural 
“mound” of subsurface fresh water and 
related pressure keeps adjacent saltwater from 
contaminating the freshwater in the aquifer. 
When the pressure and size of this mound 
decrease, the risks of saltwater contamination 
into the aquifer increase. Pumping ground 
water out of the aquifer also affects the level 
of the water table. Over the past 100 years 
the water table has dropped at some loca-
tions from 31 feet above sea level to 200 feet 
below.17 
 In addition, the Potomac Aquifer system 
is made up of many horizontal layers of 
clay and sand separated by ground water. As 
ground water is eliminated from the aqui-
fer these horizontal layers of clay and sand 
move closer to one another, which causes 
the surface land to subside. This man-made 
subsidence is in addition to the naturally oc-
curring subsidence due to long-term geolog-
ical settlement conditions resulting from the 
existence of glaciers thousands of years ago. 
Land subsidence magnifies and worsens the 
negative effect of sea level rise18 due to climate 
change. Indeed, land subsidence in Hampton 
Roads “causes more than half the relative 
sea-level rise” with “aquifer-system compac-
tion [explaining] the majority of observed 
land subsidence.”19 Thus, depleting the aquifer 
increases the risk and significance of flooding 
in the region. The flood risk in the Hampton 
Roads region is second only to New Orleans 
in the United States.20 
 Moody’s Investor Service, a leading pro-
vider of credit ratings, research, and risk anal-
ysis, is performing a “Coastal Virginia Credit 
Focus Review” to assess how sea level rise/
recurrent flooding would affect the Moody’s 
rating for bonds issued by Virginia Beach.21  
In response to the Moody questionnaire the 
city confirmed that it spent $43.8 million for 
flood-control projects over the last five years, 
and would spend an additional $135 million 
over the next ten years.22 
 In addition, an Intergovernmental 
Planning Pilot Project (IPP) was formed, with 
broad federal, state, and local government 
participation, for the purpose of coordinating 
“sea level rise preparedness and resilience 
planning” for Hampton Roads. Following 
two years of work, the IPP issued a resolution 
dated June 27, 2016, executed by all of its 
members (save one), calling for the formation 
of an entity to facilitate and plan actions that 

will make Hampton Roads resilient to the 
impacts of sea level rise.23  
 When fully built out by the year 2030, 
SWIFT will replenish the aquifer by injecting 
120 MGD back into the Potomac Aquifer.24 
The source for the ground water replen-
ishment will be the purified wastewater 
discharged from seven of HRSD’s sewage 
treatment plants. The SWIFT advanced treat-
ment process purifies the water to levels equal 
to or better than the current aquifer water 
and to levels that match the chemistry of the 
ground water in the aquifer (which eliminates 
the possibility for new problems).25 SWIFT, if 
approved, should reverse the degree of land 
subsidence and substantially replenish the 
aquifer.

Conclusion
SWIFT is an unprecedented integrated 
planning win-win. The HRSD’s trailblazing 
effort to integrate municipal wastewater and 
storm water management compliance for the 
Hampton Roads region will, if approved, cap-
italize on economies of scale and control cost 
differentials that will clean up the bay while 
delivering an estimated $2 billion reduction 
in environmental compliance costs to the 
cities in the Hampton Roads region. SWIFT 
will, in addition, counteract land subsidence, 
which furthers the efforts to equip Hampton 
Roads with resilience to sea level rise, restore 
the badly depleted volume of groundwater 
stored in the Potomac Aquifer, and reduce 
or eliminate saltwater contamination of that 
groundwater. 

Endnotes:
1  EPA issued a memorandum in 2012 encour-

aging “integrated planning approaches to 
municipal wastewater and storm water man-
agement.” EPA, Integrated Municipal Storm 
water and Wastewater Planning Approach 
Framework (June 5, 2012). Integration in this 
context means that the “NPDES requirements 
for separate sanitary sewer systems, combined 
sewer systems, municipal separate storm 
sewer systems and at wastewater treatment 
plants may be included in an integrated plan.” 
EPA, Integrated Municipal Stormwater and 
Wastewater Planning Approach Framework, 
at page 3 (May 2012).  

2  Sewage treatment plants receive municipal 
wastewater, treat it and then discharge the 
treated effluent to rivers, lakes, or the ocean. 
The Clean Water Act, enacted in 1972, created 
the National Pollution Discharge Elimination 
System (NPDES) permit program, 33 U.S.C. 
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§1342 which, among other things, imposed 
new pollution control requirements on 
sewage treatment plants designed to protect 
water quality. The Clean Water Act also cre-
ated a funding mechanism to pay for sewage 
treatment plan upgrades. 33 U.S.C. §§1281 
to 1299. There are more than 16,000 publicly 
owned sewage treatment plants in the United 
States. https://www.dhs.gov/water-and 
-wastewater-systems-sector (site visited Jan. 
22, 2017). 75 percent of the population has its 
wastewater treated by these plants, with the 
remainder of the population using a septic 
system. Id. In the first twenty-five years fol-
lowing adoption of the Clean Water Act, the 
federal government spent over $60 billion on 
sewage treatment plant upgrades. 

3  Although an obvious point source discharge, 
the EPA initially attempted to exempt storm 
water discharges from the NPDES permitting 
requirement, a strategy that was ruled illegal 
in Natural Resources Defense Council v. Costle, 
568 F.2d 1369 (D.C. Cir. 1977). The Clean 
Water Act amendments in 1987 imposed 
very specific NPDES permit requirements in 
respect to storm water through the addition 
of 33 U.S.C. §1342(p).  

4  According to the trade group National 
Association of Clean Water Agencies 
(NACWA), several cities are attempting 
or have adopted “integrated” planning 
for their municipal wastewater and their 
stormwater management:  Durham, New 
Hampshire, Cincinnati, Ohio, Santa Maria, 
California, Columbus, Ohio, Washington, 
DC, Evansville, Indiana, Lawrence, Kansas, 
Seattle, Washington, Spokane, Washington, 
Springfield, Missouri, and Victor Valley, 
California.  See, https://www2.nacwa.org/
index.php?option=com_content&view= 
article&id=1767&Itemid=356 (site visited 
Feb. 15, 2017) (integrated plans and/or per-
mits for many of these municipalities can be 
downloaded from NACWA’s Integrated Plan 
e-library).  

5  Mayfield, “Hampton Roads cities are lining up 
for $2 billion in pollution reduction credits,” 
The Virginian-Pilot, March 9, 2017, at 3.

6  The EPA demand might have never been 
made if it were not for the actions by a group 
of environmental citizen-suit plaintiffs, led by 
the Chesapeake Bay Foundation. They filed 
suit against the EPA for its failure to comply 
with the duty to clean up the Chesapeake Bay 
pursuant to the Clean Water Act. See, Fowler 
v. EPA, case no. 1:09cv005 (D. D.C. complaint 
filed Jan. 5, 2009). The case settled with the 
EPA agreeing to promulgate a Total Maximum 
Daily Load for the Chesapeake Bay not later 
than December 31, 2010. 

7 Virginia Code §§62.1-44.19:12 to .15.

8  There are examples around the country where 
wastewater treatment plants are injecting 
purified wastewater effluent into the ground 
water aquifer. The largest, at 100 million gal-
lons per day, is in Orange County California. 
It is the Ground Water Replenishment System, 
jointly created by the Orange County Water 
District and the Orange County Sanitation 
District, and has been operating since 2008. 
GWRS Technical Brochure, at page 4.  
http://www.ocwd.com/media/4267/gwrs 
-technical-brochure-r.pdf (site visited Jan. 
22, 2017). Other examples include Scottsdale, 
Arizona (20 million gallons per day), El 
Segundo, California (12.5 million gallons per 
day), El Paso, Texas (10 million gallons per 
day), and Los Alamitos, California (3 million 
gallons per day). 

9  National Oceanic and Atmospheric 
Administration, Chesapeake “Dead Zone” to 
be Average to Slightly Smaller (June 13, 2016) 
http://www.noaa.gov/media-release/ 
chesapeake-bay-dead-zone-to-be-average-to 
-slightly-smaller) (site visited Jan. 8, 2017).

10  Chesapeake Bay Foundation, On the Brink: 
Chesapeake’s Native Oysters (2010) (quoting 
assessment made by National Oceanic and 
Atmospheric Administration).

11  Daniels, The Tragicomedy of the Commons, 
2014 B.Y.U. L. Rev. 1347 (2014); Thompson, 
Tragically Difficult: The Obstacles to 
Governing the Commons, 30 Envtl. L. 241 
(2000).

12 See especially 33 U.S.C. section 1313(d).
13  Notice of Availability of the Chesapeake Bay 

TMDL, 76 Fed. Reg. 549 (Jan. 5, 2011). The 
American Farm Bureau Federation and the 
Pennsylvania Farm Bureau, as plaintiffs, lost 
in the legal action that they filed seeking to 
overturn the Bay TMDL. American Farm 
Bureau Federation v. EPA, 984 F. Supp. 2d 289 
(M.D. Pa. 2013), aff ’d, 792 F.3d 281 (3rd Cir. 
2015).

14  The numerical limits in the TMDL “cap” 
the amount of pollution that can enter the 
Bay. This “cap”, when joined with nutrient 
trading (through use of the Chesapeake 
Bay Watershed Nutrient Credit Exchange 
Program, see supra note vi) is a classic use of 
the “Cap and Trade” approach to pollution 
control. These Cap and Trade systems reduce 
“emissions by setting a limit on pollution and 
creating a market.” See, https://www.edf.org 
/climate/how-cap-and-trade-works (site 
visited Jan. 27, 2017). “[C]ap and trade is a 
government-mandated, market-based ap-
proach to controlling pollution by providing 
economic incentives for achieving reductions 
in the emissions of pollutants.” See, https://
en.wikipedia.org/wiki/Emissions_trading (site 
visited Jan. 27, 2017).
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15  Jamie Mitchell & Daniel Holloway, SWIFT: 
Sustainable Water Initiative for Tomorrow, 
at 4 (Sept. 20, 2016) (paper presented at 
2016 Hampton Roads Water Symposium) 
(copy on file with authors and also avail-
able at http://www.hrpdcva.gov/uploads/
docs/02_HRSD%20Sustainable%20Water%20
Initiative_D%20Mitchell%20and%20%20
J%20Holloway.pdf (site visited Jan. 27, 2017)). 

16 Id.
17 Id. at 5.
18  For an excellent discussion of sea level rise 

in Virginia, see, Henry R. Pollard, Primer on 
Coastal Flooding Issues, at 1-7 (Jan. 20, 2017) 
(paper presented at VBA Annual Meeting 
2017) (copy on file with authors).

19  U.S. Geological Service, Land Subsidence 
and Relative Sea-Level Rise in the Southern 
Chesapeake Bay Region at 17 (2013).

20  Forbes Tompkins and Christina DeConcini, 
Sea Level Rise and its Impact on Virginia 
(June 2014) http://www.wri.org/publication/

sea-level-rise-virginia (site visited Jan. 22, 
2017).

21  James K. Spore letter to Mayor and City 
Council Members (March, 6, 2015) (copy on 
file with authors). 

22 Id.
23  Resolution of The Steering Committee of the 

Hampton Roads Sea Level Rise Preparedness 
and Resilience Intergovernmental Planning 
Pilot Project (June 27, 2016) (copy on file 
with the authors).

24  Jamie Mitchell & Daniel Holloway, supra note 
xiv at 32.

25  “Ensuring the ‘geocompatibiity’ of the fin-
ished water with the native ground water is a 
key factor in achieving success on the overall 
project.” Landers, Virginia Utility Aims to 
Eliminate Most Discharges to Surface Waters, 
Civil Engineering 20, 22 (November 2016) 
(to avoid problems, the ionic strength of the 
finished water must be compatible with the 
ionic strength of the native ground water).
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