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Content

 Scope of the Issue
 Hydrologic alteration & natural infrastructure under the 

CWA, AWIA, WIIA.
 Framing it under the CWA/Assessment-Listing Program
 Opportunities & Challenges for Restoration
 Barriers – Dams/Causeways
 Large Hydro 
 Withdrawals 
 Stream Crossings 
 Stormwater



Discussion

 What are you doing/what do you know or do that 
would help others on this topic? 

 Is your assessment methodology working well to 
accurately identify waters impaired due to 
hydrologic alteration? 

 Are you able to make linkages between alteration 
and biological impairment? Alteration and water 
quality impacts? 

 Have you partnered to work on restoration of 
hydrologically altered waters? 



Discussion

 What do you need to better understand this topic? 
We have training on multiple topics that can be 
modified to get you the information you need. 

 What additional information would be beneficial to 
states and tribes on this topic? Case studies? Data 
or information? 

 Would additional training on the state-of-the-
science be helpful on this topic? 



USGS Assessments Define National 
Scope of the Issue

“Human influence on watershed 
hydrology is extensive and… 

…may be the primary cause of  
ecological impairment in river and 
stream ecosystems.”

- Carlisle, Wolock and Meador, USGS, 2010
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USGS Assessment 2020

Human activities have altered flow 
in 1.2 million stream miles of the 
Nation’s rivers and streams.

Dams, diversions, water withdrawals, 
impervious cover alter water in 
predicatable yet sometimes 
unintentional ways. 

In every Region assess, these 
changes associated with loss of 
native fish, invertebrates and the 
ability of aquatic life to survive and 
reproduce.



Hydrologic Alteration 
 Dams/Impoundments
 Withdrawals

 Surface Water
 Ground Water

 Channelization/       
Canalization

 Culverts/Stream      
Crossings

 Impervious Cover/ 
Storm Water 

 Diversions/Inter Basin 
Transfers

 Valley Fill
 Loss of riparian
 Rate of change, timing 

and  delivery of flows



Clean Water Act 
Section 101(a) Goals and Policy

The objective of 
this chapter is to 
restore and 
maintain the 
chemical, physical, 
and biological 
integrity of the 
Nation's waters
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CWA and Hydrology

 CWA 502(19) definition of “pollution” is “ …the man-
made or man-induced alteration of the chemical, 
physical, biological, and radiological integrity of 
water.”

 EPA should publish information on pollution caused by…
 “changes in the movement, flow, or circulation of any navigable 

waters   . . . including changes caused by the construction of 
dams, levees . . . or flow diversion facilities.”  

 “salt water intrusion resulting from reductions of fresh water 
flow from any cause, including extraction of ground water, 
irrigation, obstruction, and diversion….  CWA 304(f).



Section 305(b) Guidelines (1997)

 Causes/stressors are those pollutants or other stressors 
(e.g. flow and other habitat alterations..) that contribute 
to the actual or threatened impairment of designated uses 
in a waterbody.

 Flow alteration refers to frequent changes in flow or 
chronic reductions in flow that impact aquatic life (e.g., 
as flow regulated rivers or a stream with excessive 
irrigation withdrawals.)



2006 IR Guidance

Which segments should states include in Category 4c?
 Segments should be placed in Category 4c when the states demonstrates that the 

failure to meet an applicable water quality standard is not caused by a pollutant, 
but instead is caused by other types of pollution. 

 Pollution, as defined by the CWA is “the man-made or man-induced alteration of 
the chemical, physical, biological, and radiological integrity of water” (section 
502(19)).

 Examples of circumstances where an impaired segment may be placed in 
Category 4c include segments impaired solely due to lack of adequate flow or to 
stream channelization. 

July 29, 2005 (page 56)

(See also July 31, 2004, page 8, 2004 IR Guidance)



Cause of Impairment Group Miles Threatened or Impaired

Pathogens 20,655

Organic Enrichment/Oxygen Depletion 11,005

Sediment 10,844
Cause Unknown - Impaired Biota 7,128
Mercury 6,810
Habitat Alterations 6,695
Nutrients 5,488
Metals (other than Mercury) 2,098
Turbidity 1,655
Salinity/Total Dissolved 
Solids/Chlorides/Sulfates

1,511

Algal Growth 1,451
pH/Acidity/Caustic Conditions 1,204
Polychlorinated Biphenyls (PCBs) 988
Cause Unknown 802
Flow Alteration(s) 653
Ammonia 558
Pesticides 475
Dioxins 300
Nuisance Native Species 30
Radiation 24
Noxious Aquatic Plants 22
Taste, Color and Odor 12

R4 Rivers and Streams EPA HQ 
counts

http://ofmpub.epa.gov/waters10
/attains_index.control

http://ofmpub.epa.gov/tmdl_waters10/attains_region_cy.cause_wbtype_detail?p_region=4&p_cause_group_name=FLOW%20ALTERATION(S)&p_wbtype=STREAM/CREEK/RIVER&p_wtype_display=Rivers%20and%20Streams&p_sz_column=%20size_1&p_sz_unit=miles',%20'Definition',%20'width=640,height=400,toolbar=1,location=1,directories=0,status=1,menuBar=1,scrollBars=1,resizable=1




State Methodologies 
Summary

“Water bodies affected by these forms of pollution are not overlooked or ignored; they are 
identified in Category 4C of the Integrated Report.” - Idaho

“The assessor considers all of the information related to the segment, including…the 
existence of potential pollution sources…and whether the impairment is explained by the 
presence of degraded habitat or other non-pollutant causes.” – Illinois

“The majority of the river miles that are not supporting one or more designated uses 
indicated by poor biological communities have been highly modified by channel 
maintenance…(including channel straightening, dredging, riparian vegetation removal, and 
snag removal)…therefore, these river miles are placed in Category 4C.” -Michigan
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State Methodologies

“Rhode Island is concerned that excessive withdrawals of water 
from certain streams of adjacent aquifers could severely impact 
the quantity and quality of stream water available during low 
flows….Impacts to the aquatic habitat occur due to loss of 
riverbed area covered by water, receding wetlands, loss of 
vernal pools and inadequate instream water depth for a 
healthy, reproducing fish population.” – Rhode Island. 
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Aging Infrastructure 
& Extreme Weather Events



Authorizes the construction of various water-related 
infrastructure projects, requires analysis of existing 
projects, provides guidance and authorizes funding for 
drinking water system improvements, and provides guidance 
and authorizes funding for other miscellaneous programs 
related to improving water quality. 

EPA National Water Program Guidance (FY 20-21)”The Office of Water looks 
forward to working in partnership with states and tribes to integrate the implementation 
of AWIA into the national water program.” (David Ross)
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America’s Water Infrastructure Act 
(AWIA) (Oct 2018)



AWIA Excerpt

Section 1149. Inclusion of Alternative Measures 
for Aquatic Ecosystem Restoration. Use of natural 
and nature-based features in carrying out a project to 
restore and protect aquatic ecosystem or estuary.
Natural infrastructure for flood risk management or 
hurricane and storm damage risk reduction.



Water Infrastructure Improvement Act 
(WIIA) of 2019

 Amends the Clean Water Act to define and promote 
green infrastructure and EPA’s integrated planning 
framework in enforcement and permitting. It also 
provides increased technical support through a new 
Municipal Ombudsman position. 

 Section 502 of the Clean Water Act defines green 
infrastructure as "...the range of measures that use 
plant or soil systems, permeable pavement or other 
permeable surfaces or substrates, stormwater harvest 
and reuse, or landscaping to store, infiltrate, or 
evapotranspirate stormwater and reduce flows to 
sewer systems or to surface waters."



Water Infrastructure Improvement Act 
(WIIA) of 2019

 Section 402(s) (33 U.S.C. § 1342). Allow NPDES to 
incorporate integrated plans to address compliance 
with Clean Water Act; such integrated plans can 
include innovative projects to reclaim, recycle, or reuse 
water and include green infrastructure

 Section 519 (33 U.S.C. § 1379). Green Infrastructure 
should be promoted into permitting, enforcement and 
other regulatory programs; EPA should promote GI 
throughout the public and private sectors.
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Restoration of Hydrologically Altered Waters



Impact: Marine and Coastal Waters



Impact: Altered Flows in Coastal Areas

As early as 1953, the vital importance of flows to the fisheries of Texas bays 
and estuaries was recognized (Hildebrand and Gunter, 1953, Powell et al 
2002) 
 Effects of Decreased River Flow on Estuary Ecology (Copeland 1966) noted: 

Impacts to sea grass, salinity, oyster beds, mangroves, marsh lands and soft 
bottom un-vegetated habitats can all degrade due to changes to timing and 
delivery of freshwater flows. 

 Instream flow has been identified as a major factor for healthy ecological 
systems in estuaries, affecting all levels of physical, chemical and biological 
functions. (Poff et al 1997). 

 H. Dickson Hoese’s ended his 1967 paper in a plea to address the 
“pressure of rising salinities (due to decreased freshwater inflow]”. 

 Conceptional Model of Estuarine Freshwater Inflow Management “estuarine 
ecologists have been bemoaning the lack of attention paid to [decreased 
freshwater flows]” for a very long time. (Albers 2002)



National Estuary Programs

Every NEP in Region 4 identifies hydrologic 
alteration as a critical factor in estuary health 
or impairment.

Every NEP in Region 4 has identified 
goals/objectives related to restoration of 
hydrologic alteration.



Impact: Freshwater Low Head Dams





Water Quality Impact of Dams: 

Physical/Biological Impacts

 Significant biological impacts, for 
instance TN has found macros 
adversely affected in most of the 
streams sampled with only 4 out 
of 75 passing biocriteria. NC 
noted sharp increase in tolerant 
taxa.

 Lack of flow or no flow
 Adverse affects on habitat
 Alteration of sediment transport.
 Fragmentation
 Loss of fish passage 
 Increased evaporation 

Chemical Impacts

 Altered temperature

 Elevated iron

 Elevated manganese.

 Increased nutrients. (Ammonia was 
the most frequently elevated 
nutrient in the TN study, chlorophyll 
a increases and increased 
periphyton biomass also noted in 
the NC study.)

 Low DO

(Arwine, et al. 2006, NC DWR, 2011, 
Stallins & Ignatius, 2011)
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Dams

Estimated 2 – 2.5 million 
dams in the US 

Estimates range that as 
high as 75-90% may  
not longer be used for 
any purpose.

Only around 90,000 are 
including in the ACOE 
National Inventory of 
Dams. 

(Graf 1993, Stallins & 
Ignatius, 2011, EPA 
2016)
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Restoration: Dam Removal 
Rivers, American (2019): American Rivers Dam Removal Database. figshare. 
Dataset. https://doi.org/10.6084/m9.figshare.5234068.v6
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Maine’s Penobscot opens up 1,000 river miles 
restoring shad, > 2 million alewives, baby eels, 
sea lamphrey, perch and brook trout. 





Howle & Turner Dam

Dam originally 
part of the Mill 
economy in the 
early 1900s. Short 
period of 
hydropower in the 
1980’s. Obsolete 
by 1990.

Changed the 
physical, 
biological and 
chemical 
characteristics of 
the river. 

Impacted T&E 
species. 



 Data from 1992 
resulted in listing this 
section of the 
Tallapoosa River for 
organic enrichment/DO 
on AL’s 1996 303(d) 
list. 

 TMDL completed and 
approved by EPA in 
2002

 Segment moved to 
Category 4a. 



 In July 2006, 
waterbody still in 4a.

 Models run with gates 
closed, gates open 
and with dam 
removed. 

 TMDL revised after 
agreement with dam 
owner to continuously 
keep gates open.

 Flowing water allowed 
for less stringent limits 
for Heflin WWTP & 
Tyson Poultry. 



Howle & Turner Removal

Partners:
 AL Rivers & 

Streams Network
 US FWS Partners 

for F&W 
Program.

 US FWS Aquatic 
Habitat 
Restoration Team.

 ADEM
Dam Removed June 
2019. Photo: Bill Wilson/The Anniston Star



“Before the dam was completely removed from the river, fish 
of at least four species could be seen straining against the 
flow in salmon-like runs over the rubble and past the 
century-old barrier to migration.” US FWS

Howle & Turner Obsolete Dam Removal

Photo: Eric 
Spadgenske, 
US FWS



US FWS

The U.S. Fish and 
Wildlife Service, 
National Fish Passage 
Program (NFPP) is a 
federal program which 
provides financial and 
technical assistance to 
reconnect aquatic 
habitats through the 
removal of barriers. 

Photo Credit: Lisa Perras Gordon, EPA



Sediment filled in pond behind 
dam 
Stagnant & shallow
Low DO
Reduced upstream sediment 
sources

DAM REMOVED

Once the water was free-flowing:
DO rebounded
Aquatic life use was met
Removed from 303(d) list
https://www.epa.gov/sites/production/files/2015-
10/documents/nh_maxwell.pdf

https://www.epa.gov/sites/production/files/2015-10/documents/nh_maxwell.pdf


Impact: Functional Dams

Hydropower, Recreation, Flood Control, etc. 



Alteration: Hydropower

Changes to the:
 Natural flow regime.
 Timing and delivery of 

flows. Lower high 
flows. Higher low 
flows. Removal of 
natural variability of 
flows.

 Temperature.
 Chemical composition 

of water. 
 Natural rate-of-

change of water 
levels/scouring.
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Excerpt from NatureServ: Coldwater releases from 
Wolf Creek, Dale Hollow, and Center Hill Dams
continue to degrade Spectaclecase habitat in the 
Cumberland River system. The scouring effects 
caused by 40 years of operation of the Center Hill 
Dam for hydroelectric power generation has 
dramatically altered the river morphology for 7 
miles (12 km) downstream of the dam (Layzer et al. 
1993, p. 69). Layzer et al. (1993, p. 68) reported that 
37 of the 60 pre-impoundment mussel species of 
the Caney Fork River have been extirpated.
(Watters 2000, pp. 262–263) summarizes the 
tremendous loss of mussel species from various 
portions of the Tennessee and Cumberland River 
systems. 





Successful Reoperation: Green River, KY

 Changes to filling schedule 
and downstream releases. 

 Improved release schedules
 Improved mussel 

population/aquatic life.
 Significant decrease to 

turbidity.
 Decrease drinking water 

treatment downstream.
 Increased revenue to marina 

operators, lake recreation, 
downstream outfitters. 

 Benefits to Mammoth Cave 
Tourism. 

 Partners: State and Federal 
Agencies, ACOE, TNC.

 AWIA improvements continue to 
restore natural infrastructure on 
the Green through removal of 
locks and dams.

https://www.youtube.com/watch?v=_1RUizLermM

https://www.youtube.com/watch?v=_1RUizLermM


Successful Reoperation: Saluda in SC

 Seasonally variable flows 
included as articles in the 
FERC license.

 Spring flow releases to 
improve spawning.

 Enhanced flows to meet 
WQS.

 Restoration of rare 
species.

 Less fluctuation in reservoir 
levels.

 Earlier filling of reservoir 
for recreation

 Public safety 
improvements.
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Partners: South Carolina Gas & Electric 
Utility, NGOs, State and Federal agencies. 



Impact: Withdrawals



Alteration: Surface and Ground 
Water Withdrawals
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Restoration/Prevention: 
Improved Irrigation Techniques
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Published in December 
2016

Hosted on the under the 
Office of Water web.

Excellent discussion on the 
impacts of impoundments 
and withdrawals. 

Lots of case studies. 

Originally published in 
Region 4 as the Water 
Efficiency Guidelines for 
use in the Section 404 
program.

Restoration/ 
Prevention



6 Elements of 
Best C & E Practices

 System Accounting: Audit  to define water balance with free AWWA 
software
 Data Validity Score
 Non-revenue water

 Loss Minimization: Leak Management
 Infrastructure Leakage Index (ILI) , Economic Level of Leakage (ELL) , plan

 Metering: Meter all users and inputs, maintain & calibrate
 Conservation Rate Structure

 Full-cost pricing for system viability
 Rate structure that incentivizes conservation

 End User Profile & Practices
 Customer classes, seasonal use, plumbing age…
 Programs, ordinances, incentives

 Water Conservation & Efficiency Plan

May 2020
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Restoration/Prevention: Improved 
ground water permitting in Michigan
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Prevention: Planning for Ecological Needs 
in New Projects

Stream Flow : The Next Two Decades Balancing Human 
Use and Ecological Health (Connecticut, 2009)
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Prevention/Restoration: 
De Minimus for Antidegradation

Tennessee and Vermont WQS: 

 Antideg DeMinimis –5% of 7Q10 or 10% cumulative 
removal.

 Water  withdrawals will be considered de minimis if less 
than 5% of the 7Q10 flow of the stream is removed

 If more than one activity is authorized in a segment and 
the total of the impacts uses no more than 10% of the 
assimilative capacity, available capacity, available habitat, 
or 7Q10 low flow, they are presumed to be de minimus.
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Stream Crossings



Alteration: Stream Crossings

Multiple entries clog, scour out the 
streambed, cause flooding of roadway. 
No Aquatic Organism Passage (AOP)

Undersized perched culverts restrict flow, 
cause scouring, erosion. Restricts woody 
debris from being transported. No AOP.

Georgia’s Stream Crossing Handbook, US FWS, 2012





Adequate AOP Support 
ACOE New England

Webpage 
contains 
information on 
importance of 
connectivity, 
resources to 
understand 
impacts and 
permitting 
guidelines for 
properly 
designed 
sustainable 
culverts. 



Restoration: State and Local Support

Recommendation #2: Upgrade 
Vulnerable Stream Crossing 
Infrastructure.
 Supports upgrades across all 6 

New England states. 
 Develop easy-to-follow design 

templates that will readily go 
through permitting. 

 Acknowledges higher short-term 
cost but notes significant long 
term savings over 50 years. 

Supporting New England Co 
mmunities to Become River-Smart
(page 41)

http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1002&context=water_reports


Impact: High Flows/Stormwater



Alteration: 
Impervious Cover & Storm Water

61

Sediment, turbidity, nutrients, loss of base flow, altered timing and delivery of flow. 
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GI Approaches - Mitigate Urbanization Impacts

Site Scale Neighborhood Scale Watershed Scale

Atlanta City Hall
Atlanta, GA

Historic Forth Ward
Atlanta, GA

Cahaba River 
Watershed, AL



AL Flow Study - Urbanization Impacts

 Study identified significant 
increases in flashy flows over 
time

 Significant base flow 
reduction over time

 Increased erosion due to bank 
instability and morphological 
alteration

 Increased flooding, turbidity, 
sedimentation and habitat 
alteration

Watershed Scale



AL Flow Study – Associated TMDLs

 Siltation/habitat alteration
• 6 counties and 8 segments
• TSS/SSC
• Freshwater sp. diversity
• 11 threatend or endangered 

sp.
 Nutrients

• Entire watershed impaired 
(1,027 mi2) TP

• MS4s/NPS 65% TP reduction
• Majors 43 µg/l TP (ma/gs)
• Minors 300 µg/l TP (ma/gs)

Although considered voluntary, 
the Cahaba River Society and 
partners are planning GI 
throughout the watershed. 

Watershed Scale
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Restoration Success Story Co-Benefits

 Healthy bays and estuaries support 1,000’s of jobs and generate 
billions in revenue. 

 Healthy aquatic ecosystems support outdoor tourism and recreation
 6.1 million American jobs (that cannot be outsourced)
 $646 billion in outdoor recreation spending
 $39.7 billion in state/local tax revenue

 Economic benefits to rural communities

 Safe Recreation

 Minimizes drinking water costs

 Minimizes damage from natural disasters (hazard mitigation)

 Improved public safety



Thank you 

 Ralph Abele, R1, Flow Guru & Mentor
 Rosemary Calli, R4
 Leah Ettema, R3

 Chris Johnson, Alabama DEM
 Marion Hopkins, R4

 Kevin O’Donnell, Florida DEP 
 Bill Richardson, R3
 Kacy Sable, R4

 Margaret Stebbins, R4
 Dwayne Young, HQ

References available for all slides. 



Follow-Up

We encourage you to share challenges, restoration 
approaches, examples, case studies or any other 
information you have on this topic. 

Lisa Perras Gordon, EPA Region 4
gordon.lisa-perras@epa.gov
Marion Hopkins, EPA Region 4

hopkins.marion@epa.gov
Margaret Stebbins, EPA Region 4

stebbins.Margaret@epa.gov

mailto:gordon.lisa-perras@epa.gov
mailto:hopkins.marion@epa.gov
mailto:stebbins.Margaret@epa.gov


Discussion

 What are you doing/what do you know or do that 
would help others on this topic? 

 Is your assessment methodology working well to 
accurately identify waters impaired due to 
hydrologic alteration? 

 Are you able to make linkages between alteration 
and biological impairment? Alteration and water 
quality impacts? 

 Have you partnered to work on restoration of 
hydrologically altered waters? 



Discussion

 What do you need to better understand this topic? 
We have training on multiple topics that can be 
modified to get you the information you need. 

 What additional information would be beneficial to 
states and tribes on this topic? Case studies? Data 
or information? 

 Would additional training on the state-of-the-
science be helpful on this topic? 
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