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FOREWORD

This document contains guidance specifying management measures for sources of nonpoint pollution in coastal
waters. Nonpoint pollution is the pollution of our nation's waters caused by rainfall or snowmelt moving over and
through the ground. As the runoff moves, it picks up and carries away natural pollutants and pollutants resulting
from human activity, finally depositing them into lakes, rivers, wetlands, coastal waters, and ground waters. In
addition, hydrologic modification is a form of nonpoint source pollution that often adversely affects the biological
and physical integrity of surface waters.

In the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA), Congress recognized that nonpoint
pollution is a key factor in the continuing degradation of many coastal waters and established a new program to
address this pollution. Congress further recognized that the solution to nonpoint pollution lies in State and local
action. Thus, in enacting the CZARA, Congress called upon States to develop and implement State Coastal Nonpoint
Pollution Contro! Programs.

Congress assigned to the U.S. Environmental Protection Agency (EPA) the responsibility to develop this technical
~ guidance to guide the States’ development of Coastal Nonpoint Pollution Control Programs, which must be in
conformity with the technical guidance. EPA developed this guidance by carefully surveying the technical literature,
working with Federal and State agencies, and engaging in extensive dialogue with the public to identify the best
economically achievable measures that are available to protect coastal waters from nonpoint pollution.

This "management measures” guidance addresses five source categories of nonpoint pollution: agriculture,
silviculture, urban, marinas, and hydromodification. A suite of management measures is provided for each source
category. In addition, we have included a chapter that provides management measures that provide other tools
available to address many source categories of nonpoint pollution; these tools include the protection, restoration, and
construction of wetlands, riparian areas, and vegetated treatment systems.

In addition to this "management measures” guidance, EPA and the National Oceanic and Atmospheric Administration
(NOAA) have jointly published final guidance for the approval of State programs that implement management
measures. That guidance explains more fully how the management measures guidance will be implemented in State

programs.

We at EPA strongly believe that, working together, the States, EPA, NOAA, other Federal agencies, and local
communities can achieve the goal of the Clean Water Act to make our waters fishable and swimmable. We hope
that the enclosed guidance will help us all achieve our common goal.

]
Mé’@/@r
Robert H. Wayland III, Director

Office of Wetlands, Oceans, and
Watersheds

iii






CONTENTS

Page
Chapter 1. Imtroduction ................ ... . . . . . . i 1-1
L Background .. ... .. ..t e e e PRI B3
A.  Nonpoint Source Pollution .. ......... ... e 1-1
1. What Is Nonpoint Source Pollution? ............. ... ... . ... ... ... 1-1
2. National Efforts to Control Nonpoint Pollution ....................cc....... 1-1
B. Coastal Zone Management ......................... e 1-2
C. Coastal Zone Act Reauthorization Amendments of 1990 .. ........................ 1-3
1.  Background and Purpose of the Amendments . ............................. 1-3
2. State Coastal Nonpoint Pollution Control Programs .. ........................ 1-4
3.  Management Measures Guidance . .......... ... ...t e e 1-5
D. Program Implementation Guidance .. ........... ... .0ttt 1-6
II.  Development of the Management Measures Guidance ..................c.vuiiiinnn... 1-7
A. Process Used to Develop This Guidance ............. ... ... ... . i, 1-7
B.  Scope and Contents of This Guidance . ............ ...ttt 1-7
1.  Categories of Nonpoint Sources Addressed . . ... ...... ..., 1-7
Relationship Between This Management Measures Guidance for
Coastal Nonpoint Sources and NPDES Permit Requirements for
Point SOUICES .. ... ...t et e e 1-8
3. Contentsof ThisGuidance .. ......... ..., 1-10
L.  Technical Approach Taken in Developing This Guidance . ............................ 1-12
A. The Nonpoint Source Pollution Process .. .......... ... ennnn.. 1-12
1. Source Control . ... ...t e e e s 1-12
2. Delivery Reduction . ............ .00t 1-12
B. Management Measures as Systems ... ... ... .. i i e 1-13
C. Economic Achievability of the Proposed Management Measures .. .................. 1-13
Chapter 2. Management Measures for Agriculture Sources ................. e 2-1
L Introduction . ........ . ... i e e e e e 2-1
A. What "Management Measures” AT€ ... ... ......uu ittt 2-1
B. What "Management Practices” Are ... ...........ttttiiinnnnneeretenannns 2-1
C. Scopeof This Chapter .. ... .. ...ttt ittt ettt teanaeneans 2-2



CONTENTS (Continued)

D. Relationship of This Chapter to Other Chapters
and to Other EPA Documents . . .. ...... ...ttt ittt ittt
E. Coordination of Measures . . .. ......... ...ttt e .
F.  Pollutants That Cause Agricultural Nonpoint Source Pollution ......................
Lo Nutmients . ... e e
2. Sediment . ... e e e
30 Amimal Wastes .. ... .. e e e e
. - e
S, Pesticides . ... ... e e
6. Habitat Impacts . . .. ... .. e
II. Management Measures for Agricultural Sources .. .......... ... ... ... . ... ..
A. Erosion and Sediment Control Management Measure . . ..........................
1. Applicability . ... ... .
2. DeSCHPHON . . . oottt e e e e
3. Management Measure Selection .. ........... ... ... . i i i,
4.  Effectiveness Information . ... ...... ... .. .. ... i i
5.  Erosion and Sediment Control Management Practices .......................
6. CostInformation . ... ... ... ... ... i
Bl. Management Measure for Facility Wastewater and Runoff from Confined
Animal Facility Management (Large Units) .................c0iiiiiirenn...
1. Applicability . . ... ... ... e
2.0 DeSCHPHON . . oo et e
3.  Management Measure Selection . ......... ... ... ... i i
4.  Effectiveness Information . . .............. . .. . i e
5.  Confined Animal Facility Management Practices . . .. ....................0...
6. Costlnformation .. ...... ... .. ... . i i e
B2. Management Measure for Facility Wastewater and Runoff from Confined
Animal Facility Management (Small Units) .................ovuiiineinannn...
1. Applicability . . .. ... . e e
2. DESCHPHON . . oo v vttt e e e e e e e e
3. Management Measure Selection ............. ...t
4.  Effectiveness Information . ... ......... ... .. ... e
5. Confined Animal Facility Management Practices . . .. .......................
6. CostInformation ........... ... . ... it e
C. Nutrient Management Measure ... .......... ...t tituiinnnnennenoenennnns
1. Applicability . . .. ... . e e e e e e
2. DESCOPHON . . . ..ot e e e e e
vi



I

V.

CONTENTS (Continued)

Page

3.  Management Measure Selection ........... ... ... ..., 2-53

4.  Effectiveness Information .. ... ... ... ... . . .. . i e 2-54

5. Nutrient Management Practices .. ............c...0iiiieiinnnnnnn, P 2-56

6. CostInformation ......................... T 2-60

D. Pesticide Management Measure . . .. ... ........ctttitttiinttriana 2-61
1. Applicability .. ... .. e e s 2-61

2. DESCOPHON . . .o v vttt et e e e e e 2-61

3. Management Measure Selection . .......... ... . . ... i i 2-63

4.  Effectiveness Information .. ..................... e e 2-63

5. Pesticide Management Practices . ...... e e e 2-68

6. Cost Information ................. O S 2-70

7.  Relationship of Pesticide Management Measure to Other Programs .............. 2-711

E. Grazing Management Measure . ... ........... . ...t 2-73
1. Applicability .. ... . e e e 2-73

2. DESCHPHON . . .ot e e e e 2-74

3. Management Measure Selection . ............. . ...ttt 2-75

"4, Effectiveness Information . . .. ... .. i i e e 2-75

5.  Range and Pasture Management Practices ............................... 2-78

6. CostInformation ........... ... i e 2-83

F. Irrigation Water Management Measure . . .. ... .. ... ... ittt innenn 2-88
1. Applicability .. ..... ... e e e 2-89

2. DesCription . ... .. ...ttt e e e e e 2-89

3. Management Measure Selection ......................... e 2-93

4, Effectiveness Information . ... ........ ... . ... . . i i e 2-94

S.  Iirigation Water Management Practices . ............ ... .. ... . .. ... .. 2-94

6. CostInformation .. ........ ...ttt 2-104
GlOSSaIY . . ottt e e e e e 2-107
R ereNCES . . ... e e i e e 2-114
APPEndix 2A .. L e e e e e e 2-121
Appendix 2B .. ... e 2-151

vii



CONTENTS (Continued) -

Chapter 3. Management Measures for Forestry ........... T
I Introduction . ... ... e e e e .
A. What "Management Measures” AT€ .. ... ... ...ouiitimrtuunnenenn e
B. What "Management Practices" Are ....................... F
C. Scopeof ThisChapter ............ .00t iiinnannnnnns e
D. Relationship of This Chapter to Other Chapters » -
and to Other EPA Documents .. ........... e e e e e e
E.  Background ..... ... ... e e
1.  Pollutant Types andImpacts ............. ... ... ... J
2.  Forestry Activities Affecting Water Quality .............. ... .. ... ... . .....
F.  Other Federal, State, and Local Silviculture Programs ........ e e e e e
I.  Federal Programs . ... .. ... ..ttt et
2. State Forestry NPS Programs .. ... ...ttt .
3. Local GOVEIMMENLS . . . .. vttt vttt etee s et ie e e ee s eeeenannneennn
II.  Forestry Management Measures . . ... ......cvvvvnununnsonnnnn., PR
A. PreharvestPlanning . ... ...... ... .
1. Applicability .. ... i e
2. DESCHIPHON . . o v v i ittt et e e e e
3. Management Measure Selection .......... ... .0 i i
4. Practices .................... e e e e e e e
B. Streamside Management Areas (SMAS) . ... .o ii it
1. Applicability . ............ .. i e
2. DESCHPHON . . v v ittt it e et e e e e
3. Management Measure Selection . ......... .. i
4. PrACCES .o vttt oottt SRR PR
C. Road Construction/ReCOnStUCHON . . . .. .t vvviiiiiiin s in e iiinee e,
1.  Applicability . ............... PR e e e
2. DeSCHPHON . . .. ittt et it e e e e e e
3.  Management Measure Selection ........... ... i
R e 1o & (el
D. RoadManagement ... ..........iuiinimienininineennenreroneronenensnas
1. Applicability ... ... ..o e
2. DESCHIPHOM . v v v e ettt et ettt e



T
P .

CONTENTS (Continued)

Page
3. Management Measure Selection ........... B ..., 355
4. Practices ........ ... e 3-55
Timber Harvesting . . .. ..o ittt ittt it ittt et s e e e e 3-59
1. Applicability .. ................... e e 3-59
2, Description ............ it e e e e 3-60
3. Management Measure Selection ...... [N e e 3-60
4. PractiCeS .. i i e e 3-64
Site Preparation and Forest Regeneration ..............covviiiinin, coe.. 369
1. Applicability . . ..o oo v e e e 3-69
2.  Description ............. TR I 3-69
3. Management Measure Selection .. ......... i i e 3-70
4, Practices ... ... ... e e e s 3-75
Fire Management ............ciuuiuuuntonioriioneininiainnniniinoninns 3-78
L Applicability . . ... oo e e e 3-78
R B LT 11« 3-78
3. Management Measure Selection . ........... ... i, 3-79
4, Practices .. ... e e s 3-80
Revegetation of Disturbed Areas .. .........ccoiiiii it ittt iy 3-82
1. Applicability .. ...t i e e 3-82
2. DesCHPHON . . vttt e e e e e 3-82
3. Management Measure Selection . ......... ... i 3-83
4, Practices ............... i e et e e 3-86
Forest Chemical Management .. ... ...ttt it rinnenens 3-88
1. Applicability . . ... o e e 3-88
2. DESCHPHON . . .ottt e e e e e 3-88
3. Management Measure Selection ......... ... ... ..o i 3-89
4, Practices ................ P 393
5.  Relationship of Management Measure Components for Pesticides
10 Other PrOgrams . . .. v v e v it e e it e e sttt naeenoeeensses 3-95
Wetlands Forest Management ........... ...ttt enenenn. . 397
1. Applicability .. . ... o e e 3-97
2. DesCription .. .....oitiiti i e e e e 3-97
3. Management Measure Selection . .......... ... . i i, 3-98
4. PracliCeS ... i i e e e e e e 3-99

ix



CONTENTS (Continued)

Page

I GlOSSaIY . . . it e e e e e e e 3-104
IV, REfETOIOES . . voe et s e e e e e e e e e e e 3-109
Appendix 3A L e e e e 3-121
Chapter 4. Management Measures for Urban Areas .. ............... e 4-1
L Introduction .. ... . e 4-1
A. What "Management Measures” Are . ... ... ... .. ...t 4-1

B. What "Management Practices” Are . ... ........ ... . ... e 4-1

C. Scopeof ThisChapter ....................0ouunnnn. e 4-1

D. Relationship of This Chapter to Other Chapters and to Other EPA Documents ........... 4-2
E. Overlap Between This Management Measure Guidance for Control of Coastal ,
Nonpoint Sources and Storm Water Permit Requirements for Point Sources .. ........... 4-3

1.  The Storm Water Permit Program . ... ... S 4-3

2. Coastal Nonpoint Pollution Control Programs . ... ............ ... v iinn.. 43

3.  Scope and Coverage of This Guidance .. ........... e 4-3

F.  Background .. ..... .. .. ... e e 4-4

1.  Urbanization and Its Impacts ............... e 4-5

2. Nonpoint Source Pollutants and Their Impacts . ............................ 4-7

3. OPPOItUMILIES . . ... oo ittt e e e e 4-10

II. Urban Runoff . . ... .. e e 4-12
A. New Development Management Measure .. ... ..........oiuiniiunnarnnneeenn 4-12

1. Applicability .. ........ ... .. F I 4-12

2. DeSCOiption . . . ..ot e 4-13

3. Management Measure Selection .......... ... ... .. . il iii i, 4-23

4. Practices ............... .. i, e 4-24

5.  Effectiveness and CostInformation ............. ... ... ... ... .. .. ... ... 4-35

B. Watershed Protection Management Measure .. ............ e .......... 4-36

1. Applicability . . .. ... e 4-36

2. DeSCOiption . ... ..ottt e 4-36

3. Management Measure Selection and Effectiveness Information .. ............... 4-37

4.  Watershed Protection Practices and Cost Information . . .. ......... e 4-42

5.  Land or Development Rights Acquisition Practices and Cost Information . ......... 4-51



CONTENTS (Continued)

Page
C.  Site Development Management Measure . ...............c.coutuerreennnienn... 4-53
L. Applicability . ... .. . e e 4-53
2. DESCHPHOM . . . vt e ittt et e e e et e 4-53
3.  Management Measure Selection ................. . i 4-55
4.  Practices and Cost Information for Control of Erosion During
Site Development . . ... ... ... e e e 4-55
5. SitePlanning Practices . . . . ... .. .t e e 4-60
HI. Construction ACtIVItIES . . . . . .. .ttt i ittt et e et ettt i e 4-63
A. Construction Site Erosion and Sediment Control Management Measure ............... 4-63
Lo AppHCability . ...t e e et e e e e 4-63
2. DESCIIPON . . ..ottt e e e e e e 4-63
3. Management Measure Selection ............. ... ... . 4-66
4.  Erosion Control Practices . ... ... ... ...ttt ittt 4-66
5. Sediment Control Practices . . ......... ... it 4-72
6.  Effectiveness and Cost Information . .............. ... ... ... ... ......... 4-73
B. Construction Site Chemical Control Management Measure .. ...................... 4-83
1. Applicability . . ... . e 4-83
2. DESCIiPHON . . ..o e e e e e e e 4-83
3.  Management Measure Selection .. ......... ... ... it 4-85
4. PIACHCES L. e e e et e 4-85
IV.  Existing Development . .... .. .. ..ttt ennannnnen 4-88
A.  Existing Development Management Measure .. ..............covuiiiinuennn... 4-88
1. Applicability . . ... e e 4-88
2. DESCI PO & v o vttt e e e e e 4-88
3.  Management Measure Selection . ............ .0 4-90
4, -Practices ............ . i D 4-90
5.  Effectiveness Information and Cost Information ........................... 4-94
V.  Onsite Disposal Systems . . ............ e e e e e 4-97
A. New Onsite Disposal System Management Measures ... .......... ..o 4-97
1. Applicability . ... ... e e 4-97
P 0 7T+ o |+ 1o + K PP 4-98
3. Management Measure Selection .. ............ . . i i 4-98
4. PIaCtiCES .. ... e e e e 4-99
5.  Effectiveness Information and Cost Information ....................... ... 4-110

xi



'CONTENTS (Continued)

B.  Operating Onsite Disposal Systems Management Measure .. .....................

1. Applicability ........ e e e e e e e e

2. DESCOPHON ...ttt it et e e e e e

3.  Management Measure Selection. .. ............ ... .. . i i,

4. PractiCeS .. ... .. e e

VI, Pollution Prevention . . .. ... ... . i e e e

A. Pollution Prevention Management Measure . . ............... vttt i,

1. Applicability .. ....... . e e e

2. DESCIIPHON . .. it e e e e e e

3. Management Measure Selection .. ......... ... .. ... ..t

4, Practices, Effectiveness Information, and Cost Information .. .................

VIL Roads, Highways, and Bridges .......... R
A. Management Measure for Planning, Siting and Developing Roads and

Highways . ... . i i i i i e e e e e e

1. Applicability . . ... .. e e

2. DESCIPHON . . .. ot i e e e

3. Management Measure Selection ........... ... .. .. i

4. PraCHCES .. ... e e e e e

5.  Effectiveness Information and Cost Information ..........................

B. Management Measure for Bridges .. .. ...... ... ... ... i i

1. Applicability . ..... et e e e e e e e e e

2. DeSCripion . . ...ttt e e e e e

3. Management Measure Selection . ............. . .. it

4. PractiCeS .. ... e e e

5.  Effectiveness Information and Cost Information ..........................

C. Management Measure for Construction Projects ................. ... ..........

1. Applicability .. ... ... e e e

2. Description . .................. e e e e e e e

3.  Management Measure Selection .............. e e

4. PractiCes .. ... .. ...t e e e e e

5.  Effectiveness Information and Cost Information .................... ... ...

D. Management Measure for Construction Site Chemical Control ....................

1. Applicability . . . ... .. s

2. DeSCHPHON . . ..ttt e e e

xii



CONTENTS (Continued)

Page

3. Management Measure Selection .............:........ ., e 4-146

4. PraCiCES .. .. e e e e 4-147

5.  Effectiveness Information and Cost Information .......... e e e 4-147

E. Management Measure for Operation and Maintenance .......................... 4-148

1. Applicability . . ... ... e e 4-148

2. DeSCHIPUON . ..ot e e e e e 4-148

3. Management Measure Selection ............. . ... ... . e, 4-148

4. PIACHICES .. ... e e e e 4-149

5. Effectiveness Information and Cost Information .......................... 4-150

F. Management Measure for Road, Highway, and Bridge Runoff Systems .............. 4-154

1. Applicability . . ... ... e e e e e e 4-154

2. DESCHPHOM . . ottt e e e e e e 4-154

3. Management Measure Selection ................ .. ... ... i i, 4-155

4. PIACHICES . . ittt 4-155

5.  Effectiveness Information and Cost Information ........ e e 4-155

6. Pollutants of Concern .......... ... ... ..t tiiiientntenrennannnnnan 4-156

VIII L (o111 o R 4-158
IX.  References . ............uin ittt ittt ittt ennnnna 4-161
Chapter 5. Management Measures for Marinas and Recreational Boating . . .. ................ 5-1
L Introduction .. .. ... ...ttt e e et e e e 5-1
A. What "Management Measures” ATE .. ... ...ttt ensnentnnnnnenennn 5-1

B. What "Management Practices” Are . ......... ... .. i 5-1

C. Scopeof This Chapter . ... ... ... ... .. ittt ittty 5-1

D. Relationship of This Chapter to Other Chapters and to Other EPA Documents ........... 5-2

E. Problem Statement . . .. ... .. ... .. e e 5-2

F. Pollutant Types and Impacts . . .. ... ..ottt esannenenns 5-3

1. Toxicityinthe Water Column .............. 0ttt enn. 5-3

2.  Increased Pollutant Levels in Aquatic Organisms . ...................coun. 54

3.  Increased Pollutant Levels in Sediments . . ............ .. oo, 5-4

4. Increased Levels of Pathogen Indicators . .............. . i, 5-6

5.  Disruption of Sediment and Habitat . . ............. ... . . i, 5-6

6.  Shoaling and Shoreline Erosion ............ ... ... i, 5-6

Xiii



II.

CONTENTS (Continued)

Page

G. Other Federal and State Marina and Boating Programs . .............. e 5-7
I.  NPDES Storm Water PrOgram . . . .. ....oooo oo 5-7

2. Other Regulatory Programs .. ...... ... .. ... . . . ... 5-8

H. Applicability of Management Measures . . ....................... .. ........... 5-8
Siting and Design . ... ... . 5-10
A. Marina Flushing Management Medsure . .............. . ... ... .t irrrnnnn. 5-11
L. Applicability . . ... o e 5-11

2. DeSCOPHON . . ...t e e 5-11

3.  Management Measure Selection . ............. .. ... ... i i ... 5-12

4. PractiCes .. ... e e e 5-12

B. Water Quality Assessment Management Measure . ..................c.c.0ouu..n 5-16
I, Applicability . .. ... . 5-16

2. Description .. ... ... .. e 5-16

3. Management Measure Selection ............ ... . ... . L i, 5-17

4. PractiCes ... ... .. e 5-17

C. Habitat Assessment Management Measure ................ ... ... ... 5-21
L. Applicability . .. ... e 5-21

2. Description . . ... ... .. 5-21

3. Management Measure Selection .. ............. . .. ... i 5-21

4. PractiCes ....... ... e e 5-22

D. Shoreline Stabilization Management Measure .. .............. ... 5-26
1. Applicability .. ......... . e 5-26

2. Description ......... ... e e 5-26

3.  Management Measure Selection . ............ ...ttt 5-27

4. Practices ... 5-27

E. Storm Water Runoff Management Measure . ............c..ivieiiieineinee.an 5-28
L. Applicability . . ... .. i e e e e e 5-28

2. DesCrption ... ...t e e e s e 5-28

3. Management Measure Selection . ............ .. ..t 5-29

4. PIactices .. ... e e 5-29

xiv



IIL.

CONTENTS (Continued)

Page

F.  Fueling Station Design Management Measure . ......... e e 5-40
1. Applicability . . .. ... e e 5-40

2. Description . ... ... ...ttt et et e e e 5-40

3.  Management Measure Selection .............. . ..., 5-40

L o v 1o & (/X 5-40

G. SewageFacilityManagementMeasure.................................:,... 5-42
L Applicability . . .. oot e 5-42

2. DESCHIPHON . . .. ittt e e e e e 5-42

3. Management Measure Selection ............. ... ... . ..., 5-43

T - 1o & (o 5-43
Marina and Boat Operation and Maintenance ................ 0. 0 titttniunnnnnnn. 5-46
A. Solid Waste Management Measure . ............. ...ttt 5-47
1. Applicability . . .. .. . e 5-47

2. DeSCOPtion . . . ..t e e e e e 547

3. Management Measure Selection ........... ... ... i i, 547

4. PractiCes ... ... e e e 547

B. Fish Waste Management Measure .. ............. .t ittuneinininrinnnunnenn.. 5-49
1. Applicability . . ... .. o e e e 5-49

2. DeSCOPHOM . . ..t e e e e e 5-49

3. Management Measure Selection ............ ... ... . ... i i, 5-49

4. PractiCes .. ... ... e e e 5-49

C. Liquid Material Management Measure .. .............citmuruinin e enrnnann. 5-51
1. Applicability . . ... .. . e e 5-51

2. DESCIIPHOM . . . .t vttt et e e e e 5-51

3. Management Measure Selection ............ ... .. i 5-51

4. PractiCes ... ...t ii ittt i e e e e 5-51

D. Petroleum Control Management Measure .......... e e e 5-53
1. Applicability . . ... .. e e e 5-53

2. DesCOPHON . .. ..ottt e e 5-53

3. Management Measure Selection .. .............ouiniiniiniiiiie . 5-53

4. Practices . ... ... ... e e e e 5-53



CONTENTS (Continued)

Page
E. Boat Cleaning Management Measure . ........ e e e e 5-55
1. Applicability . . .. ... e 5-55
2. DESCOIPHON . . .t ottt e e e e 5-55
3. Management Measure Selection ............... ..t 5-55
4. Practices . ... ... e e e e 5-55
F.  Public Education Management Measure .. .. ... .. ... iu ittt riinnernnnnn. 5-57
I Applicability . ... ..o e e e 5-57
2. DesCHiplOn . . v e e 5-57
3. Management Measure Selection ..........c.c.ii i i e e 5-57
4, Practices ........ e e 5-57
G. Maintenance of Sewage Facilities Management Measure .. ....................... 5-60
1. Applicability . . ... . e 5-60
2. Description .. ... . i e e e 5-60
3. Management Measure Selection . ........ ... i e e e 5-60
O o 1o e 5-60
H. Boat Operation Management Measure .............c.otiiiiiiiiin i, 5-62
1. Applicability . . ..o 5-62
2. DESCIIPHON . . .t e e e e 5-62
3. Management Measure Selection ............0iiiiiiiiiii e 5-62
4, PrACHCES .. .. i e e e e 5-62
IV, GlOSSary . ..t e e e 5-64
v R OreNCES . . i e e e e et s 5-66
APPEIAIX SA Lo e e 5-75
Chapter 6. Management Measures for Hydromodification: Channelization and
Channel Modification, Dams, and Steambank and Shoreline Erosion .............. 6-1
L INrodUCHON . . .ottt ittt e e e e e e e e 6-1
A. What "Management Measures” Are .. ........... ittt e 6-1
B. What "Management Practices” Are ................ F 6-1
C.  Scope of This Chapter ......... P 6-2
D.

Relationship of This Chapter to Other Chapters and to Other EPA Documents ........... 6-2



T

1L

IIL

CONTENTS (Continued)

Channelization and Channel Modification Management Measures . ......................

A

Management Measure for Physical and Chemical Characteristics of Surface
17 -

Lo Applicability . ..o oo e
2. DESCIIPHOM . o oot e e e e e e
3.  Management Measure Selection ...... e e e e e e
4, Practices ...........cciiiiiniinnn e e e e e e e e e
5. Costs for Modeling Practices . ... ... .. ..ottt
B. Instream and Riparian Habitat Restoration Management Measure ...................
1. Applicability . . ................. TP
2. DeSCOPHON . . .ottt e e e e e e s
3.  Management Measure Selection .............. . . . . . i
4. PracliCes .. v vttt e e e e e e
Dams Management MEasures ... ... ...ttt rneinneeen..
A. Management Measure for Erosion and Sediment Control .. .......................
1. Applicability . . ... oo e
2. DESCIIPHON . . vttt e e e e e e
3.  Management Measure Selection ............ ... . . i e
4. PracCtiCeS . ...t e e e e e e e e
5. Effectiveness for All Practices ................ e e
6. Costs for ALLPractices .. ... ...ttt ittt ittt irenniannanas
B. Management Measure for Chemical and Pollutant Control ........................
1. Applicability . ... ... e
2. DESCIIPHOD . . v . ottt e e e e
3. Management Measure Selection . ...............iiiitt i
4. Practices ........ e e e et e e e e
C. Management Measure for Protection of Surface Water Quality

and Instream and Riparian Habitat .. .. ......... ... ... ... ... ...
I Applicability . . .. ... e e e
2. DESCIIPHON . . .ttt e e e e e e
3. Management Measure Selection . ... .........c.ciit ittt
4, Introduction to Practices . . ... ...ttt it vt i e e e e e
5. Practices for Aeration of Reservoir Waters and Releases .....................
6.  Practices to Improve Oxygen Levels in Tailwaters .........................

xvii



CONTENTS (Continued)

Page
7. Practices for Adjustments in the Operational Procedures of Dams. =~
for Improvements of Water Quality . ....................... e 6-44
8.  Watershed Protection Practices ... .................... i 6-46
9.  Practices to Restore or Maintain Aquatic and Rlpanan Habitat . ................ 6-47
10.  Practices to Maintain Flsh Passage ......... [N e P, 6-50
11, Costs for ALLPIACHCES . . .. v vttt et it et e e e e e e e et 6-55
[V. Streambank and Shoreline Erosion Management Measure .. ........... T ...... 6-57
A. Management Measure for Eroding Streambanks and Shorelines .................... 6-59
L ApplCbility . ..« oete et AT 6-59
2. Description ......... ... .. ..., e e e 6-59
3. Management Measure SELECHON - . o v oot ettt e 6-60
4, PractiCes .. ...ttt e e e 6-60
5. Costsfor Al Practices . . ... ... . ittt e 6-82
Voo GlOSSAIY . . oot e e e e 6-85
2 S = (- (T 6-96
A. Channelization and Channel Modification . . ... .......... .. ... ... .. ..., 6-96
S JO 1 1 - 6-99
C. Streambank and Shoreline Erosion . . .. . ... ... ... . . . . 6-105
Chapter 7. Management Measures for Wetlands, 'Ripal/'ian‘Areas, and
Vegetated Treatment Systems . . . ... ... .. ... .. . ittt 7-1
I. Introduction . ............ RTINS e e e e e e 7-1
A. What "Management Measures” Are .. ... .. .. .. ..outiitntineternnerennnaaas 7-1
B. What "Management Practices” Are .............. e e e e 7-1
C. Scopeof ThisChapter .......................... e 7-2
D. Relationship of This Chapter to Other Chapters and to Other EPA Documents ........... 7-3
E.  Definitions and Background Information ............ R T 7-3
1. Wetlands and Riparian Areas ........................ e 74
2. VegetatedBuffers ............... ... . ... .. ..... e R 7-6
3. Vegetated Treatment Systems . ....................... e 7-6
II. Management Measures ..................... R R B 7-8
A. Management Measure for Protection of Wetlands and Ripaﬁan Areas ................. 7-8
1. Applicability .. ......... e 7.8
2. Description .............. [P e O 7-8

xviii



Page
3. Management Measure Selection . ............... .. .. e, 79
4, PIactiCeS . ...ttt i e e ettt e 7-18
5. Costs for All Practlces ............................................. 7-28
B. Management Measure for Restoration of Wetlands and Riparian Areas ............... 7-33
1.  Applicability . ..................... e e e e 7-33
2. Description ......... e e i et e e 7-33
3. Management Measure Selection ........... . ... .. i 7-33 .
4. PrACHICES . v o ittt e e et e e 7-34
5. Costsfor All Practices . . .. ...ttt ittt it i e eiaannaa 7-43
C. Management Measure for Vegetated Treatment Systems . ........................ 7-47
1. Applicability . . ...... e e e 7-47
2.  Description . ... .. e e e e e e 7-47
3.  Management Measure Selecuon ...................................... 7-48
S o T £ 1oL N 7-50
5.  Costs for All Practices .............. e e e e e e e 7-54
0 O € 10T ¥ P 7-57
Iv. References . ... ...t i it e e e e 7-59
Chapter 8. Monitoring and Tracking Techniques to Accompany Management Measures ......... 8-1
L IntroduCHOn ...t it i i e e e e e e 8-1
II.  Techniques for Assessing Water Quality and for Estimating
Pollution Loads . ... cv ittt i e e e 8-3
A. Nature and Scope of Nonpoint Source Problems ..................... P 8-3
B. Monitoring ObJectives .. ... ... ittt ittt ittt e 8-3
1.  Section 6217 Objectives .. ..........cc.vnnnn, P 84
2.  Formulating Monitoring Objectives . ....................... N 84
C. Monitoring Approaches ... .........cciuiitenrinuennineaeenunenornninsesns 8-4
L. General .. ... i e e e e e 8-4
2. Understanding the System to Be Momtored e e i 8-6
3. Experimental Design ........... ... . i 8-10
4, SiteLoCations .. ......cv ittt ittt e e e e 8-12
5. Sampling Frequency and Interval ............... ... .. it 8-13
6. Load Versus Water Quality Status Monitoring ..................... ... ... 8-15
7.

CONTENTS (Continued)

Parameter Selection .. ... .c0o ittt i e e e e e e 8-16

Xix



III.

Iv.

CONTENTS (Continued)

Page

8. Sampling Techniques . ... ... it i i 8-17

9. Quality Assurance and Quality Control .. ......... . . ... . ... i, 8-20

D, DataNeeds . ... ..o i i e e e e 8-21

E. Statistical Considerations .. .............. it iiiniit ittt 8-21

1. Variability and Uncertainty . . ... ... ... . it 8-21

2. Samples and Sampling ... . ... ... e e e 8-22

3.  Estimation and Hypothesis Testing ............. e e e 8-26

F. Data Analysis .. ... ...ttt e et e e 8-27
Techniques and Procedures for Assessing Implementation, Operation, and

Maintenance of Management Measures . ... ... . ... ..c.iuuunueneeoneeeneennenenn 8-32

Al OVeIVIEW ..t e e e e e e T 8-32

B. Techniques .............. ... ... ..., e e 8-32

1. Implementation .. ..... ... ...ttt 8-32

2. Operation and Maintenance .. .......... ...t tttttnn e 8-33

References ..............c v e e 8-61



Number
2-1

2-2
2-3
2-4
2-5
2-6
2-7

2-8
2-9

2-10
2-11
2-12
2-13
2-14
2-15
2-16
2-17
2-18
2-19
2-20
2-21

2-22
3-1
3-2
3-3
3-4
3-5

3-7
3-8

3-10

3-11
3-12

3-13
3-14
3-15

FIGURES

Pathways through which substances are transported from agncultural land

to become water pollutants .. ........ .. . . L i e
Sediment detachment and transport . . .. ... .. ... ... . i e e
Diversion . . . ... ... i e s e e
Strip-cropping and FOtAtIONS . . . . ..t it vttt it e
Gradient terraces with tile outlets .. ... ... ... ... . . . . . . e,
Gradient terraces with waterway outlet .. ......... ... . ..ttt i
Management Measure for Facility Wastewater and Runoff from Confined

Animal Facilities (large units) . ........ ... 0ttt i e e,
Example of manure and runoff storage system .. .............. i,
Management Measure for Facility Wastewater and Runoff from Confined

Animal Facilities (small units) .. .. ... ... ..ttt it e
Typical barnyard runoff management system . ............. ... .0ttt
Example of soil testreport . . .. ........... O
Example of Penn State’s quicktest form .......... ... ... ... ... . i i,
Example of work sheet for applying manure tocropland ... ........................
Factors affecting the transport and water quality impact of a pesticide ......... e
Source and fate of water added to asoil system . ....................... e
Variables influencing pollutant losses from irrigated fields .........................
Diagram of a tensiometer . . ... .. .. .. ...ttt e et e e
Schematic of an electrical resistance block and meter . .. ......... .. ... .. ... .. ......
Corn daily water use as influenced by stage of development ........................
Basic components of a trickle irrigation system . ............ ... .. i .,
Methods of distribution of irrigation water from (a) low-pressure underground

pipe, (b) multiple-outlet risers, and (c) portable gated pipe ........................
Backflow prevention device using check valve with vacuum relief and low pressure

drain ....... et e e e e e e e e e e e

Conceptual model of forest biogeochemistry, hydrology and stormflow .................
Comparison of forest land areas and mass erosion under various land uses ..............
How to select the best road layout .. ... ...... ... . .. it nrnennnnnn
Typical side-hill cross section illustrating how cut material, A, equals fill

material, B . ... .. PP
Alternative water Crossing SWUCIULES . . . . . . v ot vttt i vttt en e s i etne e iee e
Culvert conditions that block fishpassage ............ ... .o i,
Multiple culverts for fish passage in streams that have wide ranges of flows . ............
Soil loss rates for roadbeds with five surfacing treatments . . ............ .. ...
SMA pollutant removal ProCESSES . . . . o v v v vttt ittt ittt ittt it
Florida’s streamside management zone widths as defined by the Site Sensitivity

Classification . ... ... ... ..ttt i e ittt
Guide for calculating the average width of the RMZ .. ............. ... ... ... .. ...
Washington State Forest Practices Board (1988) requirements for leave trees

Imthe RMZ ... ittt et ettt
Uniform harvesting in the riparian zone .. .......... .. .. ... .. . it
Vegetative shading along a stream COUISe .. ... ...... ..ttt iinnnnneennnnn
Hlustration of road structure terms .. .. .......... i ernnnnnnn e



Number

3-16

3-17
3-18
3-19
3-20
321
3-22
3-23
3-24
3-25
3-26
3-27
3-28

3-29

3-30

4-1
4-2
4-3
4-4

4-5
4-6
4-7
4-8

5-1
5-2
5-3
5-4
5-5
5-6

5-8
5-9

FIGURES (Continued)

Page
Mitigation techniques used for controlling erosion and sediment to protect water
quality and fish habitat .. ........ ... ... .. ... . . 3-40
Diagram of broad-based dip design for forest access roads ......................... 347
Designof pole culverts . ... ... .. .. .. . . . . e e e 348
Design and installation of pipe culverts . ......... ... ... ... ...ttt i, 3-48
Brush bammier attoe of fill .. ... ... .. . ... 3-49
Dimensions of typical rock riprap blanket ............... ... ... ... ... ... 3-50
Culvert installation in streambed .. ... ... ... ... .. .. . . e 3-51
Culvert installation using adiversion . ............... ... ittt 3-52
Road maintenance examples . .......... ... i e e 3-54
Hypothetical skid trail pattern for uphill and dOWﬂhlll logging ............ . it 3-67
Relation of soil loss to good ground cover . . ... ... ... ... . i i 3-83
Soil losses from a 35-foot long slope by mulch type .. .. ... ... ... ... ... . ....... 3-87
Impervious roadfill section placed on wetlands consisting of soft organic
sediments with sand lenses .. ........... . . .. i e 3-100
Pervious roadfill section on wetland allows movement of ground water through
it and minimizes flow changes .. .......... ... . . . . . . . e 3-100
Cross-section of awetlandroad ......... ... ... ... .. . . .. . ., 3-100
Changes in runoff flow resulting from increased impervious area . ..................... 4-6
Changes in stream hydrology as a result of urbanization ............................ 4-7
Removal efficiencies of selected urban runoff controls for TSS ...................... 4-35
Predicted total nitrogen and phosphorus loadings in surface water runoff from the
Rhode River Critical Area under different land use scenarios . ....................... 4-39
Water velocity reductions for different mulch treatments .. ......................... 4-70
Actual soil loss reductions for different mulch treatments .......................... 4-71
TSS concentrations from Maryland construction sites . . .............c..viunuernn.. 4-81
Comparison of cost and effectiveness for erosion control practices . ................... 4-82
Example marina designs . ......... . i e e 5-13
Conceptual design of a sand filter system . ......... ... .. 0t 5-32
Schematic design of an enhanced wetpond system . ............. ... . i, 5-33
Schematic design of a conventional infiltration trench . .. .......................... 5-34
Schematic design of an infiltration basin .. ........... ... ... .. .. i oo, 5-34
Schematic design of a porous pavement SYSteIM . .. .. ...ttt i 5-37
Schematic design of a water quality inlet/oil grit separator .................... e 5-38
Examples of pumpoutdevices . ..........couiii i e 5-44
Example signage advertising pumpout availability ................. . ... . ... 000, 5-45
A cross-sectional view of a thermally stratified reservoir in mid-summer . .. ............. 6-26
Influence of photosynthesis and respiration-decomposition processes and
organic matter sedimentation on the distribution of nutrients and organic
matter in a stratified TESEIVOIr .. ... .. ... .. e e e 6-27
Air injection system for reservoir aeration-destratification .................. ... . ... 6-39
Compressed air diffusion system for reservoir aeration-destratification ................. 6-40
Autoventing turbine and hub baffle system used in the autoventmg turbines
at Norris Dam (French Broad River), Tennessee . . ... ......... .t irinrnnnnnnn 6-42



PN

Number

6-6
6-7
6-8
6-9

6-10
6-11
6-12
6-13
6-14
6-15
6-16
6-17
6-18
6-19
6-20
6-21

6-22
6-23

7-1
7-2
8-1

8-2
8-3

FIGURES (Continued)

Page
Cross-section of a spillway with a "flip-lip”" deflector .. ........................... 6-44
Three-bay labyrinth weir .. ................... ... e 6-45
Trap and haul system for fish by-pass of the Foster Dam, Oregon .................... 6-53
Cross-section of a turbine bypass system used at Lower Granite and Little
Goose Dams, Washington ... ....... ... .. i, .. 654
The physical processes of bluff erosioninacoastalbay ........................... 6-58
Schematic cross section of a live stake installation showing important design elements . ... .. 6-61
~ Schematic cross section of a live fascine showing important design elements . . .. ......... 6-62
Schematic cross section of a branchpacking system showing important design elements . . ... 6-63
Schematic cross section of a joint planting system showing important design elements . . .. .. 6-64
Schematic cross section of a live cribwall showing important design elements ............ 6-65
Continuous stone sill protecting aplanted marsh .. .............................. 6-66
_ Headland breakwater system at Drummonds Field, Virginia . . ... .................... 6-67
Vegetative stabilization site evaluation form ................. ... ... ... ... ..., 6-68
Schematic cross section of a timber bulkhead showing important design elements ......... 6-73
Schematic cross section of a stone revetment showing important design elements . . ........ 6-74
Schematic cross section of toe protection for a timber bulkhead showing
important design elements .. ... ... ... .. e 6-76
Example of return walls to prevent flanking in abulkhead ......................... 6-77
Wakes from two different types of boathulls . . .. ............ ... ... ... ... ..... 6-80
Cross section showing the general relationship between wetlands, uplands,
riparian areas, and a stream channel ............. ... .. . L o i i 7-5
Schematic of vegetated treatment system, including a vegetated filter strip
and constructed wetland . . ... ... e e e 7-55
Factors contributing to lateral differences in lake quality ............................ 8-8
Scatter plot of nitrate concentration versus depth below water table . .................. 8-28
Paired regression lines of pre-BMP and post-BMP total phosphorus loads,
LaPlatte River, VeITNONt . . .. . o i ittt ittt it ettt e et ottt et ettt e e, 8-29
Results of analysis of clustered pre-BMP and post-BMP data from Conestoga
Headwaters, Pennsylvania . ............. .. . ..ttt 8-30
Summary of fecal coliform at the beach on St. Albans Bay, Vermont . ................. 8-31
Trends in St. Albans Bay water quality, 1981-1990 ............ ... ... ... . .... 8-31

xxiii






Number

2-1
22
2-3
24
2-5
2-6
27
2-8

29

2-10
2-11
2-12

2-13
2-14
2-15
2-16

2-17
2-18

2-19
2-20
2-21
2-22
2-23
2-24
2-25
2-26
2-27
2-28
2-29
2-30
2-31
2-32
2-33

3-1
3-2
33
34

3-5

TABLES

Page
Relative Gross Effectiveness of Sediment Control Measures .. ...................... 2-15
Effects of Conservation Practices on Water Resource Parameters ..................... 2-17
Cost Of DIVErSIONS . . ...ttt ittt it e e et 2-27
L0 T ) N T 2-28
Cost of Waterways ........... e e e e e e 2-29
Cost of Permanent Vegetative COver . . .. ...... ...ttt 2-30
Cost of Conservation Tillage .. ......... ..ottt tnnntennnnenannn 2-31
Annualized Cost Estimates for Selected Management Practices from Chesapeake
Bay Installations . . ... .o v ittt i e et e e e e 2-32
Relative Gross Effectiveness of Confined Livestock Control Measures . ................ 2-37
Effectiveness of Runoff Control Systems . . . ....... ... .. o ... 2-38
Costs for Runoff Control Systems . ........ ... ittty 2-42
Concentrated Reductions in Barnyard and Feedlot Runoff Treated with
Solids Separation . . ... .. ...t et et et e e e 2-47
Nutrient Reductions Achieved Under USDA’s Water Quality Program ................. 2-55
Relative Effectiveness of Nutrient Management . .............. ... c.ocvvn s 2-55
Results of IPM Evaluation Studies .. ..........ccutittttt et eerninnnennnan 2-64
Estimates of Potential Reductions in Field Losses of Pesticides for
Cotton Compared to a Conventionally and/or Traditionally Cropped Field . . ............. 2-66
Estimates of Potential Reductions in Field Losses of Pesticides for
Com Compared to a Conventionally and/or Traditionally Cropped Field ................ 2-67
Estimated Scouting Costs by Coastal Region and Crop in the Coastal Zone
I 1992 e e e e e e e e e 2-71
Grazing Management Influences on Two Brook Trout Streams in Wyoming ............. 2-76
Streambank Characteristics for Grazed Versus Rested Riparian Areas .................. 2-76
The Effects of Supplemental Feeding Location on Riparian Area Vegetation ............. 2-77
Bacterial Water Quality Response to Four Grazing Strategies ....................... 2-77
Nitrogen Losses from Medium-Fertility, 12-Month Pasture Program . .................. 2-78
Cost of Water Development for Grazing Management . . .. .............cicvevn.. 2-84
Cost of Livestock Exclusion for Grazing Management ................ ... ..., 2-85
Cost of Forage Improvement/Reestablishment for Grazing Management ................ 2-85
Summary of ACP Grazing Management Practice Costs, 1989 and 1990 ................ 2-86
Summary of Pollutant Impacts of Selected Irrigation Practices . ...................... 2-95
Sediment Removal Efficiencies and Comments on BMPs Evaluated . .................. 2-96
Expected Irrigation Efficiencies of Selected Irrigation Systems in California ............. 2-97
Irrigation Efficiencies of Selected Irrigation Systems for Cotton .. .. .................. 2-97
Cost of Soil Water Measuring Devices ............. .. ..o i, 2-105
Design Lifetime for Selected Salt Load Reduction Measures . ...................... 2-106
State programs by region and frequency ....... ... .. i i e 39
Clearcutting Versus Selected Harvesting Methods .. ... ......... ... ... . o vt 3-14
Effect of Four Harvesting and Road Design Methods on Water Quality ................ 3-15
Comparison of the Effect of Conventional Logging System and Cable Miniyarder
0] 1 N 7| PN 3-16
The Relationship Between Slope Gradient and Annual Sediment Loss on an

Established Forest Road . ... . ...ttt ittt it tenereeanansanean 3-16



Number

3-6
3-7

3-17

3-18
3-19
3-20
3-21
3-22
3-23

3-24

3-25
3-26

3-27
3-28
3-29
3-30
3-31
3-32
3-33

3-34
335
336
3-37

3-38
3-39
3-40

TABLES (Continued)

The Effect of Skid Road Grade and Length on Road Surface Erosion .. ................
Costs and Benefits of Proper Road Design (With Water Quality Con51derat10ns)

Versus Reconstructxon (Without Water Quality Considerations) . .....................
Characteristics and Road Location Costs of Four "Mlmmum—Standard" Forest Truck

Roads Constructed in the Central Appalachians . .............. .. ................
Stable Back Slope and Fill Slope Angles for Different Soil Materials . .......... O
Comparison of Effects of Two Methods of Harvesting on Water Quality . . ... ... PPN
Water Quality Effects from Two Types of Logging Operations in the Alsea

Watershed . . ... . . e e e e
Summary of Major Physical Changes Within Streamside Treatment Areas . .............
Storm Water Suspended Sediment Delivery for Different Treatments ..................
Average Changes in Total Coarse and Fine Debris of a Stream Channel After

Harvesting . . .. ... e e e e e
Average Estimated Logging and Stream Protection Costs per MBF . ... ...............
Cost Estimates (and Cost as a Percent of Gross Revenues) for Streamside

Management ATEas . ... ... ...ttt ittt e e e e
Cost Impacts of Three Alternative Buffer Strips: Case Study Results with

640-Acre Base .. ... ... e e e e

Recommendations for Filter Strip Widths .. .. ........................... N
Stand Stocking inthe Primary SMZ ... ... ... ... .. ... . . ... . ... ...
Effects of Several Road Construction Treatments on Sediment Yield ..................
Effectiveness of Road Surface Treatments in Controlling Soil Losses ............ e
Reduction in the Number of Sediment Deposits More Than 20 Feet Long by

Grass and Forest Debris . ... ... . .t i e e
Comparison of Downslope Movement of Sediment from Roads for Various

Roadway and Slope Conditions . ... .......... ...ttt
Effectiveness of Surface Erosion Control on Forest Roads . .........................
Cost Summary for Four "Minimum-Standard” Forest Truck Roads Counstructed in

the Central Appalachians .. ...... ... ... . . . i i il
Unit Cost Data for Culverts .. .......... .. . ittt e
Cost Estimates (and Cost as a Percent of Gross Revenues) for Road Construction .........
Cost of Gravel and Grass Road Surfaces .......................... e e
Costs of Erosion Control Measures .. ... ... ...t iitiineneeeennnnn..
Comparison of Road Repair Costs for a 20-Year Period With and Without BMPs .........
Analysis of Costs and Benefits of Watershed Treatments Associated with Roads ..........
Comparative Costs of Reclamation of Roads and Removal of Stream Crossmg

SHUCHITES . . .. it it i et et et e e e e e
Water Bar Spacing by Soil Typeand Slope . . ............. ... ... ... e
Soil Disturbance from Roads for Alternative Methods of Timber Harvesting .............
Soil Disturbance from Logging by Alternative Harvesting Methods .. ........ ... .......
Relative Impacts of Four Yarding Methods on Soil Disturbance and Compaction

in Pacific Northwest Clearcuts .. ......... ...t nnnan. s S
Percent of Land Area Affected by Logging Operations . ..................cvveue...
Skidding/Yarding Method Comparison .............................. e
Analysis of Costs and Benefits of Skid Trail Rehabilitation in the Management

of Three Southern Timber Types in the Southeast .....................cc.tn..

Xxvi



Number

3-41

3-42

343

3-44

345

3-46

3-47

3-48

3-49
3-50

3-51
3-52
3-53
3-54

3-55
3-56

3-57
3-58
3-59
3-60
3-61

3-62
3-63

3-64
3-65

4-1
42
4-3

4-5

TABLES (Continued)

Page
General Large Woody Debris Stability Guide Based on Salmon Creek, Washington ........ 3-65
Deposited, Suspended, and Total Sediment Losses and Percentage of Exposed Soil
in the Experimental Watersheds During Water Years 1976 and 1977 for Various
Site Preparation Techniques . . ... ... ... . 0 e e e 3-71
Predicted Erosion Rates Using Various Site Preparation chhmques for
Physiographic Regions in the Southeastern United States . . ... ...................... 3-71
Erosion Rates for Site Preparation Practices in Selected Land Resource Areas
inthe Southeast ... ....... ... it i e e e e e 3-72
Effectiveness of Chemical and Mechanical Site Preparation in Controlling Water
Flows and Sediment Losses .. ....... ... .. i 3-72
Sediment Loss (kg/ha) in Stormflow by Site Treatment from January 1
to August 31, 1081 . . ... e e e i 3-73
Nutrient Loss (kg/ha) in Stormflow by Site Treatment from January 1
to August 31, 1081 . . L. e e e e 3-73
Analysis of Two Management Schedules Comparing Cost ard Site Productivity
inthe Southeast . . ... ... . . . . e e 3-74
Site Preparation Comparison . ... ... ... ..ttt ittt 3-74
Comparison of Costs for Yarding Unmerchantable Material (YUM) vs. Broadcast
BUMINg . . .o e e e e 3-75
Estimated Costs for Site Preparation ... ...... ... ... .00ttt 3-76
Estimated Costs for Regeneration . . ... ...... ... ... . ittt eninnnnnennns 3-76
Cost-Share Information for Revegetation/Tree Planting .................... ... ..... 3-76
Comparison of the Effectiveness of Seed, Fertilizer, Mulch, and Netting in
Controlling Cumulative Erosion from Treated Plots on a Steep Road Fill in Idaho ......... 3-84
Costs of Erosion Control Measures . ... ...ttt nnnsannns 3-85

. Economic Impact of Implementation of Proposed Management Measures on

Road Construction and Maintenance .. .. ... ..... .. ..ttt innnenn.s 3-85
Cost Estimates (and Cost as a Percent of Gross Revenues) for Seed, Fertilizer,
and Mulch . . ... e e e e e e, 3-85
Estimated Costs for Revegetation . ... ..... ...ttt itinneinnennereannnenns 3-85
Concentrations of 2,4-D After Aerial Application in Two Treatment Areas .............. 390
Peak Concentrations in Streamflow from Herbicide Application Methods ............... 3-90
Peak Concentrations of Forest Chemicals in Soils, Lakes, and Streams After
APPLCAHON . . oo ottt e e e 3-91°
Nitrogen Losses from Two Watersheds in Umpqua Experimental Watershed ............. 393
Total Nitrogen and Phosphorus Concentrations in Soil Water and Sedimentation
During Wet Season Flooding . ........ ... ... ... .. i, e e 3-99
Recommended Harvesting Systems by Forested Wetland Site . . .................... 3-102
Recommended Regeneration Systems by Forsted Wetland Type .. ................... 3-103
Estimated Mean Concentrations for Land Uses, Based on Nationwide Urban v
Runoff Program . .. ... ...ttt ittt it it et ittt it e e 4-7
Sources of Urban Runoff Pollutants ............ ... ... ... . i nn. 4-8
Percent of Limited or Restricted Classified Shelifish Waters
Affected by Typesof Pollution . ........... ...ttt 49
Example Effects of Increased Urbanization on Runoff Volumes .. .................... 4-14
Advantages and Disadvantages of Management Practices .......................... 4-15

xxvii



Number

4-6

4-7

49

4-10
4-11
4-12
4-13
4-14
4-15
4-16

4-17
4-18
4-19
4-20
4-21
4-22
4-23
4-24
4-25

4-26
4-27
4-28
4-29
4-30

4-31
4-32
4-33

5-2
5-3

TABLES (Continued)

Page
Regional, Site-Specific, and Maintenance Considerations for Structural
Practices to Control Sediments in Stormwater Runoff . ............................ 4-21
Effectiveness of Management Practices for Control of Runoff from
Newly Developed Areas ....... P T 4-25
Cost of Management Practices for Control of Runoff from ’
Newly Developed Areas .. ...... ... .. ittt ettt ireananns 4-29
Load Estimates for Six Land Uses in Alameda County, California .................... 4-38
General Effectiveness of Various Nonstructural Control Practices .. ................... 4-40
Watershed Management: A Step-by-StepGuide .. ..... ... ... ... .. ... ... ... .. .. 4-43
Items to Consider in Developing an Erosion and Sediment Control Plan .. .............. 4-56
State and Local Construction Site Erosion and Sediment Control Plan Requirements ....... 4-58
Erosion and Sediment Problems Associated With Construction ...................... 4-64
ESC Quantitative Effectiveness and Cost Summary .. ............. ... u.... 4-75
ESC Quantitative Effectiveness and Cost Summary for
Sediment Control Practices .. .......... .. .. i i 4-78
Existing Development Management Practices Effectiveness Summary .. ... ............. 4-91
States That Have Adopted Low-flow Plumbing Fixture Regulations .................. 4-100
Daily Water Use and Pollutant Loadings by Source . ............................ 4-100
Example Onsite Sewage Disposal System Siting Requirements ..................... 4-102
OSDS Effectiveness and Cost Summary ... .. ... ..... ..ttt eneeenineens 4-104
Reduction in Pollutant Loading by Elimination of Garbage Disposals ................. 4-111
Phosphate Limits in Detergents .. ... .. .. ... ... i 4-115
Suggested Septic Tank Pumping Frequency .. .......... .. .. ... ... iy, 4-117
Estimates of Improperly Disposed Used Oil and Household
Hazardous Waste . . ... ...ttt ittt ittt e ieeeneenaaaenn 4-120
Summary of Application Rates of Fertilizers from Various Studies . ........ e L4121
Recommended Fertilizer Application Rates .. .......................... ceeee 4-122
Watershed Chemical Control Standards . ....................... e 4-123
Waste Recycling Cost and Effectiveness Summary . .............. ... ... ... ..... 4-127
Effectiveness and Cost Summary for Roads, Highways, and Bridges
Operation and Maintenance Management Practices . .. ........................... 4-153
Highway Runoff Constituents and Their Primary Sources ......................... 4-156
Pollutant Concentrations in Highway Runoff .......... ... .. ... ... .. ... ... .... 4-157
Potential Environmental Impacts of Road Salts ... .............. ... .. ... ... ... 4-157
Boatyard, Pressure-washing Wastewater Contaminants and
Regulatory Limits in the Puget Sound Area .. ..........c.c. it iiiiunnnnnennn 5-5
Cost Summary of Selected Marina Siting Practices ... . ............. ... ... ... ... .. 5-20
Stormwater Management Practice Summary Information . . ... .................. . 530
Annual Per Slip Pumpout Costs for Three Collection Systems . ...................... 545
Approximate Costs for Educational and Promotional Material ....................... 5-58
Models Applicable to Hydromodification Activities ................. . .oviuiinna. 6-12
Approximate Levels of Effort for Hydrodynamic and Surface Water Quality
Modeling . ... .. e e e e e e e 6-13
Costs of Models for Various Applications . ... ... ...ttt titeneeeenn.. 6-18

xxviii

TN



P

Number

7-4 .
7-5
7-6
7-7
7-8
79
7-10

8-8
8-9
8-10
8-11

8-12°

TABLES (Continued)

Page

Sources for Proper Design of Shoreline and Streambank Erosion Control :
SIUCTULES . . ottt vt ittt e et e et ittt et st e et an s o e nnnansaanas 6-69
Froude Number for Combinations of Water Depth and Boat Speed ................... 6-79
Examples of State Programs Defining Minimum Setbacks .......................... 6-81
Effectiveness of Wetlands and Riparian Areas for NPS Pollution Control ............... 7-10
Range of Functions of Wetlands and Riparian Areas . . ... ......................... 7-19
Federal, State, and Federal/State Programs for Wetlands Identification, Technical Study,

or Management of Wetlands Protection Efforts ............................ PR 7-21
Federal Programs Involved in the Protection and Restoration of Wetlands and

Riparian Areas on Private Lands .. ... ...... .. ... ... i, 7-25
Total Costs for Wetlands Assessment Project Examples ....................... ... 130
Costs for Wetlands Protection Programs . ............ ... . i ... 7-31
Review of Wetland Restoration Projects . ........... ... ittt iimennnnn.. 7-36
Construction CostIndex .. ...... ... it il 7-44
Effectiveness of Vegetated Filter Strips for Pollutant Removal . .. .................... 7-49
Effectiveness of Constructed Wetlands for Surface Water Runoff Treatment ............. 7-50
Examples of Monitoring Parameters to Assess Impacts from Selected Sources ............ 8-17
Applications of Six Probability Sampling Designs to Estimate Means and

0 | PN 8-27
Typical Operation and Maintenance Procedures for Agricultural

Management Measures .. ... ... ...t itin et etnn it neeneeeiniaans 8-34
Typical Operation and Maintenance Procedures for Forestry

Management MEaSUIES . . .. ... ... ..uuuntiinuunmmnan oo nionenaennns e 8-40
Typical Operation and Maintenance for Urban

Management MEasUIes . . ... ... ... .uvintunnennoneneeneroeennnnannesennns 8-45
Typical Operation and Maintenance Procedures for Marinas and

Recreational Boating Management Measures . ............c.uuiuieeiinnnnenenenns 8-51
- Typical Operation and Maintenance Procedures for Hydromodication

Management MEasUres . . ... ... ... ...uuitiiuunmnoneernnnnioninnnesonennns 8-54
Typical Operation and Maintenance Procedures for Management

Measures for Dams . . ... .. .ttt e e e e 8-55
Typical Operation and Maintenance Procedures for Shoreline Erosion

Management Measures . . ... e e 8-58
Typical Operation and Maintenance Procedures for Management

Measure for Protection of Existing Wetlands and Riparian Areas .. ................... 8-59
Typical Operation and Maintenance Procedures for Management

Measure for Restoration of Wetlands and Riparian Areas ....... N 8-59
Typical Operation and Maintenance Procedures for Management

Measure for Vegetated Treatment Systems . ........... ... i, 8-60

xxix






	Guidance Specifying Management Measures For Sources Of Nonpoint Pollution In Coastal Waters
	FOREWORD
	CONTENTS
	FIGURES
	TABLES


