APPENDIX G

DELTA LEVEES AND CHANNELS
COST ESTIMATES

DELTA LEVEE SYSTEM INTEGRITY PROGRAM

CALFED =
Bay-Delta Program DRAFT
October, 1997

D—031681
D-031681



A . EE ws =

DELTA LEVEE AND CHANNELS
COST ESTIMATES

Foreword:

The following cost estimates only include costs for the various components of the
Delta Levee Base Level Protection Plan. Costs associated with other Elements of
the Delta Levee System Integrity Program are not yet available.

These cost estimates are for the earthwork only. They do not include all other
associated costs such as lands, easements, rights of way, relocations, etc.

These estimates are preliminary and are being developed and evaluated at a
programmatic level. More focused analysis and detailed estimates will occur in
subsequent refinement efforts. These estimates are provided in ranges because they
are very rough at this stage.
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Introduction

Cost estimates shown on Table G-1 only include costs for the following
components of the Delta Levee Base Level Protection Plan:

e Delta Levee Base Level Protection Plan without Ecosystem Restoration
Actions

¢ Ecosystem Restoration Actions Only for the various Delta Conveyance
Alternatives '

e Delta Levee Base Level Protection Plan implemented in concert with the
various Delta Conveyance Alternatives, with Ecosystem Restoration Actions

These cost estimates are for the earthwork needed to reconstruct all Project and
non-Project levees in the legal Delta up to the PL 84-99 standard. At this point,
they do not include all other associated costs such as lands, easements, rights of
way, relocations, etc. These costs need to be estimated and included.

Costs associated with other Elements of the Delta Levee System Integrity Program
are not yet available. These costs include:

Special Improvement Project Costs

Subsidence Control Costs

Emergency Management Costs

Costs for Continuing Investigation and Monitoring of Seismic Risk

o & o o

Assumptions:

) Quantities are based on a “typical” levee section for non-project levees and
proposed levee improvement cross sections.

° The ERPP restoration actions and the Delta conveyance actions are not
additive to the levee common program quantities. The ERPP actions
replace proposed “Base Level Protection Plan” levee improvements and are
to be included in the ERPP Program cost. The Delta conveyance
improvements are also in lieu of proposed “Base Level Protection Plan”
levee improvements and are to be included in the Water Use Efficiency
Program costs.

. Levees that already meet federal flood control criteria, such as those on
Holland Tract and Sargent Barnhart Tract, are assumed to not require
significant improvements. Federal Flood Control Project Levees, such as
Sacramento River Levees are also assumed to not require significant
improvements unless identified in the USACE’s 1993 report, Sacramento
River Flood Control Project Systems Evaluation -Lower Sacramento.
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COST ESTIMATES for DELTA LEVEE IMPROVEMENTS

Low High
(Millions $) (Millions $)

Base Level
Delta Levee Improvements Only
1,740 2,240

ERPP Actions
Alternatives 1& 2 425 485
(Only)
ERPP Actions
Alternative 3
w/5000 cfs LF. 485 550
(Only)
ERPP Actions
Alternative 3 :
w/15000 cfs LF. B - 1730 795
(Only)
Alternatives
1A, 1B, 1C 1,890 : 2,360
W/Base Level Improvements o
Alternatives
2A, 2B 1,775 2,220
W/Base Level Improvements
Alternative
2D, 2E . 1,690 2,120
W/Base Level Improvements
Alternatives
3A, 3B, 3E 1,820 2,280
W/Base Level Improvements - 4
Alternatives
3H : 1,650 2,070
W/Base Level Improvements
Alternative
31 1,860 2,325
W/Base Level Improvements
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Cost Summarization for Delta Levee Improvements With Habitat Benefits for Alternatives 1 and 2

. Habitat Cost in
Island Name Proposed Improvement Type Location (levee mile) Miles Acres Millions
llierson RD 551 4 miles of Snodgrass setback N . Lambert Rd south 4 12 22M - 24M
ew Hope RD 348  S. Fk Mokelumne leveeimp L = 1m.7.72-4.54 3.18 159 17.5M-20.7M
ew Hope RD 348  Beaver Sl levee setback N =~ Llm.4.54-3 1.54 4.62 8.5M-9.25M
Eanal Ranch RD2086 S. Fk Mokelumne levee imp L = lm. 2.25 - 4.60 235 11.75 12.9M-15.3M
anal Ranch RD2086 Hog Slough levee setback N =~ 1m.4.60-7.48 2.88 8.64 15.8M-17.3M
rack RD 2033 S. Fk Mokelumne levee imp L L.m. 1.3-0.00&0.00-1 2.3 11.5 12.7M- 15M
rack RD 2033 Sycamore Sl levee setback N = Llm.1-6.62 6.62 19.86 30.9M-33.7M
Staten RD 38. Isl tip cut-off SE corner 0.8m L straight line Im 10-13 0.8 4 4.4M - 5.2M
yler RD 563 Georgiana Sl levee setback N Ilm.8-6 2 6  1IM-12M
yler RD 563 Georgiana Sl tip cut-off 0.4m L straight line Im 10-8.504 2 22M-2.6M .
Sherman RD 341 San Joaquin R levee setback N Ilm.55-0 5.5 16.5 " 30.2M - 33M
witchell RD 1601  Three Mile Sl wave wallprotG =~ 1m.0-247 247 0 16.5M o

Lm.7-85&9.5-11.9 3.9 117 21.4M-23.4M
straight Ine Im 8.5-9.504 2 2.2M -2.6M

witchell RD 1601  San Joaquin R levee setback
Twitchell RD 1601  Isl tip cut-off on San Joag R

tradford RD 2059  San Joaquin R levee setback ILm5.82-2.10 3.72 11.16 20.5M -22.3M
ittle Franks Tract  Piper Slough levee imprmnt south levee by Bethel 1 5 5.5M - 6M
‘Webb RD 2026 San Joaquin R levee setback lm.10-6.8 32 96 17.6M -19.2M

enice RD 2023 Isl tip cut-off on San Joag R
enice RD 2023 Isl tip cut-off on San Joaq R

straight Ine Im 7.5-9.3 0.8 4 4.4M -5.2M
straight Im11.5-12.3 0.7 3.5 3.8M - 4.6M

edford RD 2041  Middle River levee impr lm. 1.74 - 0.7 1.04 52 57M-6.8M
iddle Roberts 524 San Joaquin R levee impr lm. 1.5-6.26 476 238 262M-31M
pper Roberts 544  San Joaquin R levee impr lm.0-6.11 6.11 30.55 33.6M-39.7M

tewart RD 2062  San Joaquin R levee impr
ossdale 2 RD2107 San Joaquin R levee impr
Paradise RD 2095  San Joaquin R levee impr
asson RD 2085 San Joaquin R levee impr
'gjver Junct RD2064 San Joaquin R levee impr

Lm. 0 (unit 1) -2.65 2.65 1325 14.6M-17.2M
Lm. 0 (unit 1)-2.37 237 11.85 13M-15.4M
ImO(unit2)-3 3 15 16.5M-19.5M
Imo0.5 (unit1)- 520 47 235 259M-30.6M
Lm. 0 (unit 1) - 5.53 5.53 27.65 30.4M -35.9M

unll onll onll sl el wnll il wul ealll el Al enll Al el d

Totals = 77.92 310.5 $426M - $484M
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Cost Summarization for Delta Levee Improvements With Habitat Benefits for Alternatives 3 With 5,000
l CFS Isolated Facility

Habitat Cost in
l)Island Name Proposed Improvement Type Location (levee mile) Miles Acres Millions
ierson RD 551 4 miles of Snodgrass setback N Lambert Rd south 4 12 22M - 24M
ew Hope RD 348  S. Fk Mokelumne levee imp L Llm. 7.72 - 4.54 3.18 159 17.5M-20.7M
ﬁew Hope RD 348  Beaver Sl levee setback N lm.4.54-3 1.54 4.62 8.5M-9.25M
anal Ranch RD2086 S. Fk Mokelumne levee imp L lm. 2.25 - 4.60 2.35  11.75 12.9M-15.3M
anal Ranch RD2086 Hog Slough levee setback = N L.m. 4.60 - 7.48 2.88 8.64 15.8M-17.3M
rack RD 2033 S. Fk Mokelumne leveeimp L - 1m. 1.3-0.00&0.00-1 2.3 11.5 12.7M-15M
Brack RD 2033 Sycamore Sl levee setback N & 1m.1-6.62 6.62 19.86 30.9M-33.7M
taten RD 38 Isl tip cut-off SE corner 0.8m L straight line Im 10-13 0.8 4 4.4M - 52M
Eyler RD 563 Georgiana Sl levee setback N lm.8-6 2 6  1IM-12M
Tyler RD 563 Georgiana Sl tip cut-off 0.4m L straight line Im 10-8.504 2 22M-2.6M.
herman RD 341 San Joaquin R levee setback N Ilm.55-0 5.5 16.5 = 30.2M - 33M
B witchell RD 1601  Three Mile Sl wave wall prot G lm.0-247 247 0  16.5M
Twitchell RD 1601  San Joaquin R levee setback N Lm.7-8.5&9.5-11.9 3.9 1.7 21.4M-23.4M
witchell RD 1601  Isl tip cut-off on San Joag R L straight Ine Im 8.5-9.504 2 - 22M -2.6M
Mradford RD 2059  San Joaquin R levee setback N =~ 1m 5.82-2.10 3.72 11.16 20.5M -22.3M
Little Franks Tract  Piper Slough levee imprmnt L south levee by Bethel 1 5 5.5M - 6M
ebb RD 2026 San Joaquin R levee setback N lm.10-6.8 32 9.6 17.6M-19.2M
“Venice RD 2023 Isl tip cut-off on San Joag R L straight Ine Im 7.5-9.30.8 4 4.4M - 5.2M
Venice RD 2023 Isl tip cut-off on SanJoag R L . straightlm11.5-12.3 0.7 3.5 3.8M - 4.6M
Izl[edford RD 2041  Middle River levee impr L  Im. 1.74-0.7 1.04 52 57M-6.8M
iddle Roberts 524 San Joaquin Rlevee impr L lm.1.5-6.26 476 238 262M-31M
pper Roberts 544  San Joaquin R leveeimpr L . . 1lm.0-6.11 6.11 30.55 33.6M -39.7M
tewart RD 2062 San Joaquin R levee impr L 1m. 0 (unit 1) -2.65 2.65 13.25 14.6M -17.2M
Mossdale 2 RD2107 San Joaquin R leveeimpr L lm. 0 (unit 1) -2.37 2.37 11.85 13M-15.4M
aradise RD 2095  San Joaquin Rleveeimpr L . Lm0 (unit2)-3 3 15 16.5M -19.5M
K asson RD 2085 San Joaquin Rleveeimpr L = LmO0.5 (unit 1)-5.20 4.7  23.5  25.9M -30.6M
River Junct RD2064 San Joaquin R leveeimpr L Lm. O (unit 1) -5.53 5.53 27.65 30.4M -35.9M
l\/landeville RD 2027 Old River levee impr N. Ilm7-11 4 - 12 _ 22M-24M
Holland RD 2025 Sand Mound Slleveeimpr N = Lm.6-5 1 3 5.5M - 6M
k:con RD 2028 Old River levee impr N  Lm.10-8 2 6 11M - 12M
cDonald RD 2030 Middle River levee impr N Im. 10-8 2 6 1IM-12M
mpire RD 2029 Little Connection Sl levee L lm.65-75 1 5 5.5M - 6.5M
iindge RD 2037 San Joaquin R levee impr N lm.5-7 2 6 11M - 12M
Totals = - 89.92 348.5 $492M - $556.5M
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Cost Summarization for Delta Levee Improvements With Habitat Benefits for Alternatives 3 With 15,000
' CFS Isolated Facility '

Island Name
Pierson RD 551

ew Hope RD 348
ew Hope RD 348

Proposed Improvement

Beaver Sl levee setback

Habitat Cost in

Type Location (levee mile) Miles Acres Millions
4 miles of Snodgrass setback N

S. Fk Mokelumne levee imp L

N

anal Ranch RD2086 S. Fk Mokelumne levee imp L
“anal Ranch RD2086 Hog Slough levee setback

N

Lambert Rd south 4

Lm. 7.72 - 4.54 3.18
lm.4.54-3 1.54
lm. 2.25 - 4.60 2.35
Lm. 4.60 - 7.48 . 2.88

12 22M - 24M

159 17.5M-20.7M
4.62 85M-925M
11.75 12.9M- 15.3M
8.64 15.8M-17.3M

rack RD 2033 S. Fk Mokelumne levee imp L Lm. 1.3-0.00&0.00-1 2.3 11.5  12.7M- 15M
Brack RD 2033 Sycamore Sl levee setback N Lm. 1-6.62 6.62 19.86 30.9M-33.7M
taten RD 38 Isl tip cut-off SE corner 0.8m L straight line Im 10-13 0.8 4 4.4M - 52M
yler RD 563 Georgiana Sl levee setback N = 1lm.8-6 2 6 1IM-12M
Tyler RD 563 Georgiana Sl tip cut-off 0.4m L straight line Im 10-8.504 2 2.2M - 2.6M
herman RD 341 San Joaquin R levee setback N lm.55-0 5.5 16.5 30.2M-33M
witchell RD 1601  Three Mile Sl wave wall prot G lm.0-247 247 O 16.5M
Twitchell RD 1601  San Joaquin R levee setback N lm.7-8.5&9.5-11.9 3.9 11.7  21.4M-23.4M
witchell RD 1601  Isl tip cut-off on San Joag R L straight lne Im 8.5-9.504 2 22M-2.6M
radford RD 2059  San Joaquin R levee setback N 1m 5.82-2.10 3.72 11.16 20.5M -22.3M
Little Franks Tract  Piper Slough levee imprmnt L south levee by Bethel 1 -5 5.5M - 6M
ebb RD 2026 San Joaquin R levee setback N Ilm.10-6.8 3.2 9.6 ~ 17.6M-19.2M
enice RD 2023 Isl tip cut-off on SanJoag R L straight Ine Im 7.5-9.3 0.8 4 " 4.4M -52M
Venice RD 2023 Isl tip cut-off on SanJoaqg R L . straightIm11.5-12.3 0.7 3.5 3.8M - 4.6M
Q}edford RD 2041  Middle River levee impr L Lm. 1.74-0.7 1.04 52 57M-6.8M
iddle Roberts 524 San Joaquin R levee impr L lm. 1.5-6.26 476 238 262M-31M
pper Roberts 544  San JoaquinR leveeimpr L = Llm.0-6.11 6.11 30.55 33.6M -39.7M
tewart RD 2062 San Joaquin R leveeimpr L Lm. 0 (unit 1) -2.65 2.65 13.25 14.6M-17.2M
Mossdale 2 RD2107 San Joaquin R levee impr L lm. 0 (unit 1) -2.37 2.37 11.85 13M-154M
aradise RD 2095  SanJoaquinR leveeimpr L = LmO(unit2)-3 3 15 16.5M-19.5M
asson RD 2085 San Joaquin R levee impr L ILm 0.5 (unit 1) - 5.20 4.7 23,5 25.9M -30.6M
River Junct RD2064 San Joaquin R levee impr L Lm. 0 (unit 1)-5.53 5.53 27.65 30.4M -35.9M
ldandevil]e RD 2027 Old River levee impr N lm.7-11 4 12 22M - 24M
Holland RD 2025 Sand Mound Sl leveeimpr N =~ lm.6-5 1 3 5.5M - 6M
Edacon RD 2028 Old River levee impr N Im10-8 2 6 11M - 12M
McDonald RD 2030 Middle River levee impr N lm.10-8 2 6 11M - 12M
Empire RD 2029 Little Connection Sl levee L lm.65-75 1 5 5.5M - 6.5M
l{indge RD 2037 San JoaquinR leveeimpr N ' Ilm.5-7 2 6 _1IM-12M
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Palm RD 2036 Old River levee impr N Llm.4-5 1 3 5.5M - 6M
rwood RD 2024 Old River levee impr N lm.05-15 1 3 S5M-6M
ower Jones RD2038 Middle River levee impr N lm.1-0 1 3 5.5M - 6M

Upper Jones RD2039 Middle River leveeimpr N Llm.0-1 1 3 5.5M - 6M
ictoria RD 2040  Old River levee impr N lm.7-9 2 6 11M - 12M
aradise RD 2095  Tom Paine Sl levee impr 0] none 6.5 26 32.5M
escadero RD 2058 Tom Paine S! levee impr 0] none 6.5 26 = 32.5M

étewart RD 2062 Paradise Cut levee impr 0] l.m. 0 -4.03 4.03 16.12 20.2M
tewart RD 2062 Old River levee impr 0] Lm. 5.63 (unit3)-1.5 4.13 16.5 20.6M
pper RobertsRD544 Middle River levee impr . O lm. 1.14-14.2 13.06 52.2 65.3M
iddleRobertsRD524 Middle River levee impr 0 none 35 14 17.5M
" Drexler Middle River levee impr O  none 4 16 20M
Totals = 137.6 533.3 $723M - $801M

victor2.del

D—0316288
D-031688



Draft Estimate of Levee Miles and Cost of Levee Earthwork for CALFED Alternatives 1, 2, and 3

Island/Reclamatign Levee ! Less | Carps Estimate Less Current Common Program | ERPP Modifications | ERPP Modifications | ERPP Modifications
District Miles | Project | Project Levee | Local/Other Design Improvements (same| Alternatives 182 | Alt 3 with 5,000 cfs | Alt 3 with 15,000 cfs
Sacto System Level for all alternatives) 2
Fix (millions) 1 Low High Low High Low High Low High
Andrus, Upper; RD 556 11.7 11.2 0 0 1.35 1.75 0 0 0 0 0 0
Bacon; RD 2028 143 0 0 HMP 38.6 50 0 0 55 6 55 6
Bear Creek 2.5 25 0
Bethany 52 0 5.2 unknown
Bethel Island MID 1.5 0 0 none 31 40.2 1] 0 0 0 0 0
Bishop; RD 2042 7.8 0 0 HMP/FEMA100-yr 0 0 0 0 0 0 0 0
Bishop East 0.6 0 0.6 unknown
Bixder; RD 2121 6.2 0 0 unknown
Boggs Dist; RD 404 53 4.1 0 HMP 3.2 4.2 0 0 0 0 0 0
Borrow Pond Area 2 0 2 unknown
Bouldin; RD 756 18 0 0 none 48.6 63 0 0 0 0 0 0
Brack; RD 2033 10.8 0 0 none 29.2 37.8 436 48.7 43.6 48.7 436 48.7
Bradford; RD 2059 7.4 ] 0 none 20 25.9 20.5 22.3 205 22.3 20.5 223
Brannan-Andrus RDs 2067/317/407 29.4 19.3 225 0 HMP 49.8 57.9 0 0 0 0 0 0
Byron; RD 800 19.3 0 96 HMP/PL-99 0 0 0 0 0 0 0 0
Cache Haas; RD 2098 11.6 1.6 10.8 0 Project 10.8 10.8 0 0 0 0 0 0
Canal Ranch; RD 2086 9.6 0 0 none 25.9 336 28.7 32,6 28.7 326 28.7 326
Chipps Island 2.6 0 26 unknown
Clifton Court 9.2 0 9.2
Collinsville 14 0 0 unknown
Coney; RD 2117 5.4 0 0 HMP 14.6 18.9 0 0 0 0 0 0
Deadhorse; RD 2111 26 0 0 HMP 7| 9.1 0 0 0 0 0 0
Delta Mendota 2.1 0 2.1 unknown ]
Decker 4.1 0 4.4 unknown 141 14.4 0 0 0 0 0 0
Drexler 4 0 4 unknown 10.8 14 0 0 0 0 20 20
Egbert; RDs 536 and 2084 10.7 10.7 0.8 0 none 0.8 0.8 0 0 0 0 0 0
Ehrheart; RD 813 47 0 0 none 12.7 16.4 0 0 0 0 0 0
Empire; RD 2029 9.5 0 0 none 256 33.2 0 0 55 6.5 55 6.5
Fabian; RD 773 18.8 0 0 none 50.8 65.8 0 0 0 0 0 0
Fay; RD 2113 1.6 0 0 none 43 5.6 0 0 0 0 0 0
Frank, Little 35 0 35 unknown 9.45 12.2 55 6 55 6 55 6
Glanville; RD 1002 13 0 0 HMP 35.1 455 0 0 0 0 0 0
Glide; RD 765 1.7 1.7 0 0 0 0 0 0 0 0 0
Grand; RD 3 29 29 1.7 0 PL-99/FEMA100-yr 1.7 1.7 0 0 0 0 0 0
Harbor Cove (Atlas); RD 2126 1.9 0 0 unknown 5.1 6.6 0 0 0 0 0 0
Harveys; RD 1609 12.4 0 . 12.4  |unknown 335 43.4 0 0 0 0 0 0
Hastings; RD 2060 16 16 2.1 0 PL-99/FEMA100-yr 21 2.1 0 0 0 0 0 0
1074 Common
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Draft Estimate of Levee Miles and Cost of Levee Earthwork for CALFED Alternatives 1,2,and 3

Island/Reclamation Levee Less Corps Estimate Less Current Common Program | ERPP Modifications { ERPP Modifications | ERPP Modifications
District Miles | Project | Project Levee | Local/Other Design Improvements (same| Alternatives 182 .| Alt 3 with 5,000 cfs | Alt 3 with 15,000 cfs
Sacto System Level for all alternatives) 2
Fix (millions) 1 Low High Low High Low High Low High

Holland; RD 2025 11 0 0 Bull 192-82/PL-99 0 0 0 0 55 6 5.5 6
Holland Land; RD 999 334 33.4 0.2 0.2 0.2 0 0 0 0 0 0
Holt; RD 2116 0.4 0 none 1.1 1.4 0 0 0 0 0 0
Hotchkiss; RD 799 6.3 0 none 17 22 0 0 0 0 0 0
Jersey; RD 830 15.6 0 none 421 54,6 0 0 0 0 0 0
Jones, Lower; RD 2038 9 0 HMP 243 315 0 0 0 0 55 6
Jones, Upper; RD 2039 9.3 0 HMP 251 326 0 0 0 0 5.5 6
Kasson; RD 2085 6.2 6.2 ’ 16.7 21.7 25.9 30.6 25.9 30.6 25.9 30.6
Kimball Island 1.9 1.9 -
King; RD 2044 9.1 0 HMP 24.6 31.9 0 0 0 0 0 0
Libby McNeil; RD 369 1.9 0.8 0
Liberty; RD 2003 14.5 0 unknown 39.1 50.8 0 0 0 0 0 0
Lisbon; RD 307 6.7 6.7 0 0 0 0 0 0 0 0 0
Little Mandeville; RD 2118 45 0 . hone
Los Medanos 5.6 0 56 ) -
Maintenance Area 9 19.6 19.6 6.4 6.4 6.4 0 0 0 0 0 0
Mandeville; RD 2027 143 0 HMP . 38.6 50 0 0 22 24 22 24
McComack-Williamson; RD 2110 8.8 0 nohe 23.8 30.8 0 0 0 0 0 0
McMullin; RD 2075 75 7.5
McDonald; RD 2030 13.7 0 HMP 37 48 0 0 11 12 11 12
Medford; RD 2041 5.9 0 none 15.9 20.6 5.7 6.8 5.7 6.8 5.7 6.8
Merritt; RD 150 ' 18.1 18.1 0.2 PL-99 0.2 0.2 0 0 0 0 0 0
Mildred; RD 2021 7.3 see comiments 0 0 0 0 0 0 0 0
Montezuma Flats 1.9 Q 1.9
Montezuma Island 0.4 0 04
Mossdale 2; RD 2107 42 4.2 0 FEMA100-yr 0 0 13 15.4 13 15.4 13 15.4
Naglee Burke; RD 1007 8.3 0 none 224 29 0 0 0 0 0 0
New Hope; RD 348 18.6 0 none 50.2 65.1 26 30 26 30 26 30
Oakley 6.7 0 0
Orwood; RD 2024 - ) 6.3 0 none 17 22 0 0 0 0 5.5 6
Palm; RD 2036 75 0 hone 20.2 26.2 0 0 0 0 55 6
Paradise; RD 2095 4.9 4.9 13.2 17.2 16.5 19.5 16,5 19.5 49 514
Pescadero; RD 2058 15.4 .6.7 HMP 5.9 77 0| 0 [ 0 325 325
Peters; RD 2104 8.4 8.4 8.3 8.3 8.3 0 0 0 0 0 0
Pierson; RD 551 14 6.8 0 FEMA100-yr 19.4 25.2 22 24 22 24 22 24
Prospect; RD 1667 10 2.9 none 19.2 24.8 0 0 [¢] 0 0 Q
Quimby; RD 2080 7 0 HMP 18.9 245 0 0 0 0 0 0

20f4 Common
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Draft Estimate of Levee Miles and Cost of Levee Earthwork for CALFED Alternatives 1,2,and 3

Ty

Island/Reclamation Levee | Less | Corps Estimate Less Current Common Program | ERPP Modifications | ERPP Modifications | ERPP Modifications
District Miles | Project | Project Levee | Local/Other Design Improvements (same| Alternatives 1&2 | Ait 3 with 5,000 cfs | Alt 3 with 15,000 cfs
' Sacto System Level for all alternatives) 2
. Fix (millions) 1 Low High Low High Low High Low High
Randall; RD-755 1.9 1.9
Rindge; RD 2037 15.8 0 HMP 42,7 55.3 0 0 11 12 11 12
Rio Blanco; RD 2114 4.2 0 nhone 1.3 14.7 0 0 0 0 0 0
River Junction; RD 2064 11.9 1.9 321 41.6 30.4 35.9 30.4 359 30.4 35.9
Roberts, Lower; RD 684 16 0 HMP 43.2 56 0 0 -0 0 0 0
Roberts, Middle; RD 524 12.2 6.1 none 32.9 27 26.2 31 26.2 31 437 48
Roberts, Upper; RD 544 15 10.6 none 40.5 52,5 336 39.7 33.6 39.7 98.9 105
Rough and Ready 55 3.2 see comments
Ryer; RD 501 20.6 20.6 16 PL-99 1.6 1.6 0 0 0 0 0 0
Sacramento Deepwater 26 26
Sargent Barnhart; RD 2074 6 15 1 FEMA100-yr 0 0 0 0 0 0 0 0
Sherman; RD 341 195 97 0.9 none 26.5 343 30.2 33 30.2 33 30.2 33
Sherman West 55 0 55
Shima; RD 2115 6.6 0 HMP 17.8 23.1 0 0 0 0 0 0
Shin Kee 3.6 0 3.6 9.7 12.6 0 0 0 0 0 0
SJCFCD Five Mile Slough 1.4 0 0
SJCFCD Fourteen Mile Slough 2 0 0
SJCFCD Mosher Slough 4.1 0 0
San Joaquin River; RD 17 16.2 16.2 0 FEMA100-yr 0 0 0 0 0 0 0 0
Smith Tract; RD 1614 2.2 0 HMP/FEMA 100-yr 0 0 0 0 0 0 0 0
Smith Ranch; RD 1608 43 0 0 FEMA100-yr 0 0 0 0 0 0 0 0
Spinner Island 0.8 0.8
Stark; RD 2089 35 2.8 0 " |HMP/FEMA 100-yr 0 0 0 0 0 0 0 0
Staten; RD 38 25.4 0 none 68.6 88.9 44 5.2 4.4 52 44 5.2
Stewart; RD 2062 12.3 12.3 PL-99 33.2 43 14.6 17.2 14.6 17.2 55.4 58
Sutter; RD 349 125 12.5 0.3 PL-99 0.3 0.3 0 0 0 0 0 0
Terminous; RD 548 21 0 49 HMP 56.7 735 0 0 0 0 0 0
Tinsley; RD 2108 none
Twitchell; RD 1601 14.04 25 7.9 HMP 31.2 40.4 40.1 425 40.1 425 40.1 425
Tyler; RD 563 2306 | 122 6.7 HMP 29.3 38 13.2 14.6 13.2 146 13.2 14,6
Union, East; RD 1 14 1 HMP 37.8 49 0 0 0 0 0 0
Union, West; RD 2 16.2 0 HMP 43.7 56.7 0 0 0 0 0 0
Van Sickle; RD 1607 - 3.8 0 none 10.3 13.3 0 0 0 0 0 0
Veale; RD 2065 5.7 0 0 none 15.4 19.6 0 0 0 0 0 0
Venice; RD 2023 12.3 0 HMP 33.2 43 8.2 9.8 8.2 9.8 8.2 9.8
Victoria; RD 2040 15.1 0, HMP 40.8 52.8 0 0 0 0 11 12
Wainut Grove; RD 554 6.1 1 15 FEMA 100-yr 0 0 0 0 0 0 0 0
3of4 Common
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Draft Estimate of Levee Miles and Cost of Levee Earthwork for CALFED Alternatives 1, 2, and 3

T3

|
1 Weber; RD 828
i

Island/Reclamation Levee | Less | CorpsEstimate|{ Less Current Common Program | ERPP Modifications | ERPP Modifications | ERPP Modifications
District Miles | Project | Project Levee | Local/Other Design Improvements (same| Alternatives 1&2 | Alt 3 with 5,000 cfs | Alt 3 with 15,000 cfs
Sacto System Level for all alternatives) 2
Fix (millions) 1 Low High Low High Low High Low High
Walthall; RD 2094 33 33 '
Webb; RD 2026 12.9 0 HMP/Bull 192-82 34.8 45.2 17.6 19.2 176 19.2 17.6 19.2
1.7 0 HMP/FEMA 100-yr 0 0 0 0 0 0 0 0
West island 3 0 3
West Sacramento; RD 900 13.6 13,6 FEMA 100-yr 0 0 0 0 0 0 0 0
Wetherbee; RD 2096 0.2 0.2
Winter; RD 2122 4.8 0 hone 13 16.8 0 0 0 0 0 0
Woodward; RD 2072 8.8 0 HMP 23.8 30.8 0 0 0 0 0 0
Wright-Elmwood; RD 2119 7.1 0 HMP 19.2 24.8 o 0 0 0 0 0
Yolano; RD 2068 8.7 8.7 0 0 0 0 0 0 0 0 0
Yolo Bypass Unit 4 3.6 3.6 )
Total Total Total Project Total Total Cost
Levee | Project Sac Levee Local/Other | Levee Upgrades
Miles | Levees Fix Estimate Levees {Millions)
1125 385 70.40 115 1740 2238 426 484 486 551 728 794
1 From US Army Corps of Engineers 1993 System Final Report - Lower Sacramento
2 Includes US Army Corps of Engineers Estimate for project Levee Repairs
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Draft Estimate of Levee Improvement Costs (Millions) for CALFED Alternatives 1to 3

D—031693

Island Name Earthwork Earthwork Earthwork Earthwork Earthwork Earthwork
Alt.1a, 1b, 1¢ Alt. 2a, 2b Alt. 2d, 2e Alt. 3a, 3b, 3e Alternative 3h Alternative 3i
Low High Low High Low High Low High Low High Low High
Andrus, Upper; RD 556 1.35 1.75 1.35 1.7 1.35 1.75 1.35 1.75 1.35 1.75 1.35 1.75
Bacon; RD 2028 386 50 38.6 50 38.6 50 38.6 50 38.6 50 38.6 50
Bear Creek
Bethany °
Bethel Island MID 31 40.2 31 - 40.2 31 40.2 31 40.2 31 40.2 31 40.2
Bishop; RD 2042 0 0 0 0 0 0 0 0 0 0 0 0
Bishop East
Bixler; RD 2121
Boggs Dist; RD 404 3.2 42 3.2 42 3.2 42 3.2 4.2 3.2 4.2 3.2 4.2
Borrow Pond Area
Bouldin; RD 756 48.6 63 36.4 472 0 0 36.4 47.2 0 0 48.6 63
Brack; RD 2033 487 §5.3 48.7 55.3 0 0 48.7 55.3 0} . 0 48.7 55.3
Bradford; RD 2059 304 35.2 304 35.2 30.4 35.2 304 35.2 30.4 35.2 30.4 352
Brannan-Andrus RDs 2067/317/407 49.8 57.9 " 498 57.9 49.8 57.9 49.8 57.9 49.8 57.9 49.8 57.9
Byron; RD 800 0 0 0 0 0 0 0 0 0 0 0 0
Cache Haas; RD 2098 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8
Canal Ranch; RD 2086 40.5 47.9 40.5 47.9 0 0 40.5 479 0 0 40.5 47.9
Chipps Istand )
Clifton Court
Collinsville .
Coney; RD 2117 14.6 18.9 14.6 18.9 14.6 18.9 14.6 18.9 0 14.6 18.9]
Deadhorse; RD 2111 7 9.1 7 9.1 7 9.1 7 9.1 7 9.1 7 9.1
Delta Mendota
Decker 111 14.4 11.1 14.4 1.1 14.4 11.1 14.4 11.1 14.4 11.1 14.4
Drexler 10.8 14 10.8 14 10.8 14 10.8 14 10.8 14 10.8 14
Egbert; RDs 536 and 2084 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Ehrheart; RD 813 12.7 16.4 12.7 16.4 127 16.4 12,7 16.4 12.7 16.4 12.7 16.4
Empire; RD 2029 256 33.2 25.6 33.2 25.6 33.2 25.6 33.2 25.6 33.2 256 33.2
Fabian; RD 773 50.8 65.8 50.8 65.8 50.8 65.8 50.8 65.8 50.8 65.8 50.8 65.8
Fay, RD 2113 43 5.6 4.3 5.6 4.3 5.6 4.3 5.6 4.3 - 56 4.3 5.6
Frank, Little 123 14.8 12.3 14.8 12.3 14.8 12.3 148} 12.3 14.8| - 12.3 14.8
Glanville; RD 1002 35.1 455 351 - 45,5 35.1 455 35.1 45,5 35.1 455 35.1 455
Glide; RD 765 0 0 0 0 0 0 0 0 0 0 0 0
Grand; RD 3 - 17 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Harbor Cove (Atlas); RD 2126 5.1 6.6 5.1 6.6 5.1 6.6 5.1 6.6 5.1 6.6 5.1 6.6
Harveys; RD 1609 335 434 33.5 43.4 33.5 43.4 335 43.4 335 43.4 335 434
Hastings; RD 2060 21 2.1 2.1 21 21 2.1 2.1 2.1 2.1 2.1 2.1 21
Holland; RD 2025 0 0 0 0 0 0 0 0 0 0 0 0
Holland Land; RD 999 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Holt; RD 2116 1.1 1.4 1.1 1.4 1.1 14 1.1 1.4 11 1.4 1.1 1.4
Hotchkiss; RD 799 17 22 17 22 17 22 17 22 17 22 17 22
Jersey; RD 830 42.1 54.6 421 54.Gi 421 54.6 42,1 54.6 42.1 54.6 421 546
Jones, Lower; RD 2038 24,3 315 24.3 31 .5| 243 315 243 315 24.3 31.5 24.3 NS5
Jones, Upper; RD 2039 25.1 32.6 25.1 32.6| 25.1 32,6 25.1 32.6 25.1 32.6 25.1 326
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Draft Estimate of Levee Improvement Costs (Millions) for CALFED Alternatives 1 to 3

Island Name Earthwork Earthwork Earthwork Earthwork Earthwork Earthwork
Alt.1a, 1b, 1c Alt. 2a, 2b Alt. 2d, 2e Alt. 3a, 3b, 3e Alternative 3h Alternative 3i
Low High Low High Low High Low High Low High Low High
Kasson; RD 2085 25.9 30.6 259/| 30.6 259 306 25.9 30.6 25.9 30.6 25.9 30.6
Kimball Island
King; RD 2044 - 24,6 31.9 24,6 31.9 24.6 31.9 24.6 31.9 24.6 31.9 246 31.9
Libby McNeil; RD 369
Liberty; RD 2093 39.1 50.8 39.1 50.8 39.1 50.8 39.1 50.8 39.1 50.8 39.1 50.8
Lisbon; RD 307 0 0 0 0 0 0 0 0 0 0 0 0
Little Mandeville; RD 2118
Los Medanos
Maintenance Area 9 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Mandeville; RD 2027 38.6 50 38.6 50 38.6 50 38.6 50 38.6 50 38.6 50
McCormack-Williamson; RD 2110 23.8 30.8 0" 0 0 0 23.8 30.8 0 0 23.8 30.8
McMullin; RD. 2075
McDonald; RD 2030 37 48 37 48 37 48 37 48 37| 48 37 48
Medford; RD 2041 18.9 24 18.9 24 18.9 24 18.9 24 18.9 24 18.9 24
Merritt; RD 150 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mildred; RD 2021 0 0 1] 0 0 0 0 0 0 0 0 0
Montezuma Flats
Montezuma Island
Mossdale 2; RD 2107 13 15.4 13 15.4 13 15.4 13 15.4 13 154 13 15.4
Naglee Burke; RD 1007 224 29 22.4 29 22.4 29 22,4 29 22.4 29 224 29
New Hope; RD 348 635 78.6 63.5 78.6 63.5 78.6 374 46.4 63.5 78.6 63.5 78.6
Oakley
Orwood; RD 2024 17 22 17 22 8.3 10.8 17 22 8.3 10.8 8.3 10.8
Palm; RD 2036 20.2 26,2 20.2 26.2 9.7 12.6 20.2 26.2 9.7 12.6 9.7 12.6
Paradise; RD 2095 216 26.1 216 26.1 21.6 26.1 21.6 26.1 216 26.1 21.6 26.1
Pescadero; RD 2058 5.9 77 59 7.7 5.9 7.7 5.9 7.7 5.9 7.7 5.9 7.7
Peters; RD 2104 8.3 8.3 8.3 8.3 8.3 83 8.3 8.3 8.3 8.3 8.3 8.3
Pierson; RD 551 30.6 35,2 8.6 11.2 30.6 - 35.2 30.6 35.2 30.6 35.2 30.6 35.2
Prospect; RD 1667 19.2 24.8 19.2 24.8 19.2 248 19.2 24.8 19.2 24.8 19.2 24.8
Quimby; RD 2090 18.9 245 18.9 24.5 18.9 245 18.9 24.5 18.9 24,5 18.9 245
Randall; RD 755 .
Rindge; RD 2037 42,7 55.3 27 55.3 2.7 55.3 27 55.3 2’7 55.3 42.7 55.3
Rio Blanco; RD 2114 113 147 1.3 14.7 1.3 14.7 11.3 14.7 1.3 14.7 11.3 147
River Junction; RD 2064 30.4 35.9 304 35.9 30.4 35.9 304 35.9 304 35.9 30.4 35.9
Roberts, Lower; RD 684 43.2 56 432 56 43.2 56 43.2 56 43.2 56 43.2 56
Roberts, Middle; RD 524 42.7 524 27 52.4 2.7 524 427 52.4 42.7 52.4 427 52.4
Roberts, Upper; RD 544 455 55.1 455 55.1 45.5 55.1 455 55.1 455 55.1 455 55.1
Rough and Ready
Ryer; RD 501 16| 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Sacramento Deepwater
Sargent Barnhart; RD 2074 0 0 0 0 0 0 -0 0 0 0 0 0
Sherman; RD 341 31.1 '33.9 311 33.9 31.1 339 31.1 33.9 3.1 33.9 31.1 33.9
Sherman West
Shima; RD 2115 17.8 23.1 17.8 23.1 17.8 23.1 17.8 23.1 17.8 231 17.8 23.1

20f3

Alimaty

D—03160914

D-031694



Draft Estimate of Levee Improvement Costs (Millions) for CALFED Alternatives 1 to 3

D—031695

Island Name Earthwork Earthwork Earthwork Earthwork Earthwork Earthwork
Alt1a, 1b, 1¢ Alt. 2a, 2b Alt. 2d, 2e Alt. 3a, 3b, 3e Alternative 3h Alternative 3i
. Low High Low High Low High Low High Low High Low High
Shin Kee 9.7 12.6 9.7 12.6 9.7 12.6 9.7 12.6 ) 9.7 12.6 9.7 12.6
SJCFCD Five Mile Slough
SJCFCD Fourteen Mile Slough
SJCFCD Mosher Slough
San Joaquin River; RD 17 0 0 0 0 0 0 0 0 0 0 0 0
Smith Tract; RD 1614 0 0 0 0 0 0 0 0 0 0 0 0
Smith Ranch; RD 1608 0 0 0 0 0 0 0 0 0 0 0 0
Spinner Island
Stark; RD 2089 0 0 0 0 0 0 0 0 0 0 0 0
Staten; RD 38 64.9 83.6 40.5 52 58.3 75.5 52.8 67.8 64.9 83.6 64.9 83.6
Stewart; RD 2062 40.6 51 40.6 51 40.6 51 40.6 51 40.6 51 40.6 51
Sutter; RD 349 0.3]- 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Terminous; RD 548 56.7 735 56.7 735 56.7 73.5 56.7 735 56.7 . 735 56.7 73.5
Tinsley; RD 2108
Twitchell; RD 1601 52.3 58.3 52.3 58.3 52.3 58.3 52.3 58.3 52.3 58.3 52.3 58.3
Tyler; RD 563 42 52 12.6 13.8 42 52 271 32.7 0 0 42 52
Union, East; RD 1 37.8 49 37.8 49 37.8 49 378 49 378 49 37.8 49
Union, West; RD 2 43.7 56.7 43.7 56.7 43.7 56.7 43.7 56.7 43.7 56.7 43.7 56.7
Van Sickle; RD 1607 10.3 13.3 10.3 13.3 10.3 13.3 10.3 13.3 10.3 13.3 10.3( . 13.3
Veale; RD 2065 15.4 19.6 15.4 19.6 15.4 19.6 15.4 19.6 15.4 19.6 15.4 19.6
Venice; RD 2023 37.4 47.6 37.4 47.6{ 37.4 47.6 37.4 47.6 374 47.6 37.4 47.6
Victoria; RD 2040 40.8 52.8 40.8 52.8 327 42.3 40.8 52.8 40.8 52.8 327 423
Walnut Grove; RD 554 0 0 0 0 0 ¢} 0 ) 0 0 0 0 0
Walthall; RD 2094
Webb; RD 2026 17.6 19.2 17.6 19.2 17.6 19.2 17.6 19.2 17.6 19.2 17.6 19.2
Weber; RD 828 0 0 0 0 0 0 0 0 0 0 0 0
Woest Island 0 0 0 0 0 0 0 0 0 0 0 0
West Sacramento; RD 900 0 0 0 0 0: o] . 0 0 0 0 0 0
Wetherbee; RD 2096
Winter; RD 2122 13 16.8 13 16.8 13 16.8 13 16.8 13 16.8 13 16.8
Woodward; RD 2072 23.8 30.8 23.8 30.8 238 30.8 23.8 308 23.8 30.8 23.8 30.8
Wright-Eimwood; RD 2119 19.2 24.8 19.2 24.8 19.2 24.8 19.2 24,8 19.2 24.8 19.2 24.8
Yolano; RD 2068 0 0 0 0 0 0 0 0 0 0 0 0
Yolo Bypass Unit 4
Total Costs: 1887 2361 1775 2221 1692 2121 1822 2278 1650 2069 1860 2326
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TABLE 4—1:

EXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS

s
1
.

E M
Page 1 of 6

'

LEVEE IMPROVEMENT EXAMPLES PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

Additionol minerol soil [ill 0 Increases freeboord ond flood protection.
ploced to improve stobility : © Increases landside slope stablity.
o tengthens seepage poth,

of1ood Stoge
Existing
Levee..

A, Piocement of Flii on Levee Crown ond Londside Slope
in Firm Minerol Soll Foundation Aregs

Firm foundation arecs, generolly
locoted In outer fringes of Delta
ond on old stream channels filked
with mineral solis.

a,
b,

Levee structural stabliity is improved.
Levee Imprevements stoy within general
footprint of existing levee and drain
ditch.

Relatively easlly maintained os ¢ flood
control levee.

Provides smoll increase in seismic

. stabliity.

Q.
b.
C.
d.

Requires import of mineral soil.
Represents a significont cost.

Provides no environmental enhancement.,
Provides no significont increase In
selsmic staobllity.

Addition of fIN moy result In short-
term instablliity ond/or cracking If
levee/foundotion system is weak.

b

Incregses freeboord and fiood protection.
Increases landside siope stablliity.
Lengthens seepoge path.

Placement of berm accounts for soft
foundation, ’

=aFlogd Stage
SMSL >

o o0 0

B. Placement of FHl on Levee Crown and Londside Slope,
Together with Landside Berm In Soft Foundotion Aregs

Most areas of Delta, but
especially applicable In areas
where soft foundotlon moteriat
exists.

]

b

Levee structural stobliity Is Improved.
Relatively easily malntoined s a flood
control levee.

Provides limited Increase In seismic
stoblilty,

Requires slgnificont import of mineral sofl i
Represents o significont cost. {
Provides no envirenmental enhancement.

Provides only slight Increose in E
selsmic stabliity,

Additlon of il moy result In short- .

t+erm instodllity and/or cracking if
staged~construction Is not used.

Seepage system moy need to be modified. e N
infringes on Inboard form lond or N
hobitgt orecs.

© Increoses freeboard ond flood protection.

o Increases landside slope stability.

o Significontly lengthens seepage poth,
stops concentroted seepoge orecs. |

o Placement of berm occounts for soft

gF 100d S rae
foundotion.

Cutoff Woll
(Slurry or sheetpile wolll

C. Placemant of Fil on Levee Crown, on Londside Slope, \
ond In Londside Berm n Soft Foundotlon Areos - Together
with Seepage Cutoff Wali (Slurry or Sheetplle Woll)

Areas of the Delta where both
soft foundotion matericls ond
significont, concentrated
seepage problems exist.

Q.
b.

tevee structurdl stablity Is improved,
Provides significant Improvement In
control of seepoge problems In levee.
Relgtively sasily mointoined 0s o flood
control lsvae, '
May provide moderote Improvement In
selsmic stabliity of levee If woter
levels Inboard of cutoff wall ore
greatly reduced within levee (reduces
omount of possible Nquefoction).

9

Requires significant Import of mineral soll,
Placement of flll represents a

significont cost.

Construction of cutcff wal represents

a mojor cost. b i
Provides no environmentol enhancement,

Levee ond foundotion may still be

unstable during earthquoke loading.

Additlon of £t moy result In short-

term Instabliity and/or craocking I¥
‘stoged-constructlon iIs not used.

Construction of cutoff wall moy result

in hydraoullc fracturing and/or levee

cracking If not corried out corefully.

Lowered ground water Inboord of wall

may result In differentiol settlement

and cracking.

Seepoge system moy need to be modified,
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EXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS

Page 2 of

LEVEE IMPROVEMENT EXAMPLES

PURPOSE

—

APPLICABLE AREAS

POSITIVES

NEGATIVES

i : 0.

Placement of Fill on Levee Crown, on Landside Slope,
ond In Laondside Berm In Soft Foundatlon Aregs - Together
vith Fliter/Oraln System on Landside Slope

°

Increoses freeboard ond flood protection.
Increases Ionds!de slope stabiity,
Lengthens seepage poth, stobllizes
concentroted lecks and prevents plping
eroston.

Placement of berm cccounts for soft
foundation.

Aregs of the Delta where both
soft foundatlon materials ond
significant, concentrated
seepage or Settlement and
cracking problems exist,

Levee structural staobility Is Improved.
Provides significont Improvement in
control of seepage problems In levee.
May prevent plping arosion assocloted
with both flood events ond moderate
egrthquoke-induced settlement ond
cracking,

4

Requires significant Import of mineral soll,
Placement of flll represents q
significont cost.

Construction of fliter/draln represents
-additional cost.

Provides no environmental enhoncement.
Levee ond foundation moy stil be
unstable during earthquaoke loading.
Addition of fil moy result in short-
term instablity ond/or cracking If
staged-construction Is not used,
Seepage system may need to be modified.
Seepage ond fiiter/drain system may
need to be malntalned.

infringes on inboard farm lond or
habitot oreos.

E

Plocement of Fill on Levee Crown, on Londside Slope,
and In Londside Berm In Soft Foundotion Areas - Together
with Fliter/Oraln System on Landslde Slope ond Toe Drain

°

Increases 'freeboard ond flood protection.
increoses londslde slope stabliity.
Lengthens seepage path, stobliizes
concentrated lecks ond prevents plping
eroslon through both levee ond foundation.
Plocement of berm accounts for soft
foundation, - T

Areas of the Delta where both
soft foundation materials and
significant, concentrated
seepoge or settlement ond
crocking problems exlist,
Particularly sulted where
piping erosion problems

exist within levee foundation,

Levee structural stoblity is improved.
Provides significant improvement In
control of seepoge problems In levee
Moy prevent plping erosion ossoclioted
with both flood events and moderote
earth quokerinduced settiement ond
cracking.

£,

9

Requires significant Import of minarat soll,
Placement of flil represents o
significant cost.

Construction of filter/draln on both
slope ond In trench represents additlonal
cost.

Provides no environmental enhancement.
Levee and foundotion moy still be
unstable during earthaquake looding,
Addition of fil moy result in short-
term instabllity ond/or cracking If
staged-construction Is not used.
Constryction of drain trench may couse
jevee Jistress or seepage problems 1f
not carried out corefully.

Seepage system may need to be modifled,
Seepoge ond fliter/drain system moy
need to be mainteined.

Infringes on Inboard form lend or
hobitat oreas.
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LEVEE IMPROVEMENT EXAMPLES PURPOSE APPLICABLE AREAS POSITIVES NEGATIVES
0 Incredses freeboard ond flood protection. Areos of the Delto where both 0. Levee structural stodbliity Is Improved. 9. Reauires significant import of mineral soll. [
oFlood Stoge 0 Increases londside slope stabllity. ’ soft foundotion moterlals ond b. Provides significont improvement In b. Placement of fil represents o i
WL © Lengthens seepoge poth, stabilizes lqueflable materlols exist control of seepoge problems in levee. signtficant cost.
concentrated lecks and prevents piping within levee ond/or levee ¢. Denslflcation reduces amount of c. Construction of fliter/drain represents
erosion through levee. foundation, slumping and cracking which moy occur additionot cost.
o Plocement of berm accounts for soft during an eorthquoke. Fitter/drain . d. Densliflcotion represents o mojor cost,
foundation. may prevent plping eroslon followlng e. Provides no environmentol enhoncement.
f,”gzmpcgg'?g: Grout gae:j;’s":fl 0 Densification of levee ond foundation an earthquake tond flood events), f. Addition of fll may result In short-
solls prevents/limits earthquoke-induced N . term Instabllity ond/or crocking If
flquefaction, staged-construction Is not used,
9. Densiflcgtlon construction moy cause
F, Plocement of FMl on Levee Crown, on Landside Stope, levee distress or seepage problems if
, ond In Landside Berm In Soft Foundotlon Areas - Together not corried out corefully.
' . with Ellter/Drgln System on Landside Slope. Denslfication h. Seepage system moy need to be modified.
of Levee ond Foundation Solls Using Vibroreplocment ; l. Seepage ond fliter/drain system moy
! {Stone Columns) or Compaction Grouting. N need to be maintained.
J. Infringes on Inboard form fond or
habltat aregs.
J Concrete or Reinforced Eorth | i
Wove Woil o Provides waove protection during high Areas of the Delto where 0. Provides wave protection, o ?rovld@s no significont Improvement 1
tides ond flood events tevee freeboard is of b. Relatively inexpensive, In:
gFlood Srage (Probably only on Interim mecsure). immediote concern, C. Can be constructed relatively - overall freeboard.
LT quickly. - structural stabliity,
-~ seepage control
. = plping eroslon,
6. Conmstruction of Concrete Wave Wall on Levee Crown - selsmic stobliity, .
b. Provides no environmental enhancemant,
:
heetpile © Provides waove protectlon during high Areas of the Delto where o Provides wove protection. o. Provides no significant improvement
/5 il tides and fiood events levee freeboord is of b. Relatively inexpensive, Ins
gFlood Stoge (Probably only an interim meosurel. Immediote concern, c. Con be constr.sted relotivély - overal fresboard,
L : . quickly, - structurd stabllity,
= seepage control.
* - plping eroslon,
- selsmic stobliity.
H, Construction of Sheetplie Wove Wall on Levee Crown b. Requires limited import of flli,
¢. Provides no environmentol enhancement,
d. Instaligtion of sheetplle woil may
result In cracking of levee If not
M corrled out with core.
|
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TABLE 4-1: FXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS
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LEVEE IMPROVEMENT EXAMPLES PURPOSE APPLICABLE AREAS POSITIVES NEGATIVES

[

o Provides recsonable on-site growth and Most areos In the Delta, but 0. Limited waterside vegetotion provides a. If Englneer's guidonce not folowed ond
Eaisring fgen ;7:';;‘:;’;:‘;5:“::3;,::',% regrowth of vegetotion while molntolning Impact on levee stabllity some riporion ond shaded cauatic vegetation becomes overgrown, then:
Keep minium pper 5 feet of mature tree g. 5:-":3::.‘75::;‘2:'" sofety, access, and Inspectabliity of must be first evaluoted on habltat, ~ Vegetation limits access for Inspection,

] et e e prottest ﬁﬁ%‘, Trimtrae 1ims up levees. a site by site basls, b. Limited woterside vegetotion provides molntenance, ond flood fighting,

1 \- Waterslde vegetation must be some wave protection for levee. - Vegetotlon encourages burrowing rodents,
integrated with wove ¢. Gross vegetatlon provides erosion ~ Downing of trees during Storms causes
protection systems such control for surfoce runoff. domoge to levees due to fallen root balls
os riprap to prevent d. Preservation of existing trees pulling out chunks of the levees.

] ) mojor levee eraosion. provides voluable riparion habitat, - Tree roots can also eventually provide o

seepage poth through levee when they decay.
b. Cannot be implemented on Federal levees.
c. Because levees require continual mointenonce
ond remediotion, some developed habitots
) need to be covered over with stabllizing berms.

L Maintenance of Vegetgtion on Existing Levee Slopes

D—0316929

Wertong (Totes o Increosss fresboord and flood protection.  Areads of Delto where soft a. Levee structural stobility s improved. a. Requires major Import of mineral soll.
Hodirer o incregses landside slope stobliity. foundation material exists b. Relatlvely easlly molntclined as a flood b. Plocement of londside flf represents
o Llengthens seepage poth. and_where waterside slope Is control levee. a signiflcont cost.
:’ © Pigcement of berm accounts for soft ! not steep (deep)l. Connot c. Provides limited Increose In selsmic ¢. Plocement of woterside fill represents
foundatlon, be used where channsl stabliity, o significont cost.
o Provides Waterside Wetland Habitat, copaclty Is severely d. Provides voluable Woterside Wetland d. Provides only limited incregse in
| » Hmited. Habltot (Waterside fll moy limit selsmic stabitity.
L - seoepage and improve waterside slope e. Limits channel copacity.
J. Plocement of FIi on Levee Crown ond Landside Slape, ' stabliity), f. Addition of il moy result in short-
Together with Landside Berm in Soft Foundotion Areas. term Instobllity and/or cracking If
Creatlon of Waterside Berm gt Meon Seg Leve! to Creote staged-construction Is not used.
i ”‘ﬁ Woterside Wetlond Hobitot, ' . i .. 9 Dredging moy be needed on-waterside. ‘
. h. Seepage system moy need to be modifled,
o Increases freeboord and flood protection, aregs of Delta where soft o, Levee structurol stabllty Is Impiroved. a. Requires major import of mineral soll,
] faporien 0 Increases londslde slope stablity. foundatlon material exlsts, b, Relatively eoslly malntalned as o flood b, Piacement of landside fl¥ represents
A o Lengthens seepage path, ond where waterside slope Is controf lavee. o slgnificant cost.
o Plocement of berm agccounts for soft not steep (deep), Connot ¢, Provides ilmited Increase In selsmic ¢. .Placement of woterside fll represents
foundotion, . be used where chonnel staobliity, a signiflcant cost.
o Provides Waterside Riporfan Habitot. copaclty us severely d. Provides valuable Waterside Riporion d. Provides only limited Increase In
limited, Hobitet (waterside fll moy limit selsmic stability.
I k. Placement of Fll on Levee Crown and Landside Stope, . seepage ond Improve woterside stope e. Limits chonnel capacity.
Together with Landside Berm In Soft Foundatlon Areas, . ! stabllity), f. Addition of Il may result In short-
Creation of Waterside Berm gbove Meon Seo Level to term instabllilty and/or cracking If
staged-construction Is nof used.

Create Waterside Riparion Hobltat.
- ¢ Dredglng moy be needed on woterside.

h. Seepage system may need to be modifled.
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TABLE 4-1

EXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS

Page 5 of 6

LEVEE IMPROVEMENT EXAMPLES

'PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

waterside siope stabliityl,

Requires mojor import of minerol solt,

o Incregses freeboard and flood protection.  Areas of Delto where soft a. Levee struzturol stoblilty Is improved, a.
Riporoen  Werrand fTutet o Increases tondside slope stabllity, foundation materlal exists, b, Relatively eoslly maintalned os o flood b. Placement of londslde fii represents
M S teirer o Lengthens seepage poth. and where channe! istands contral tevee, ‘ a significant cost.
o Plocement of berm occounts for soft ond channe! between Islond ¢. Provides limited Incragse In seismic ¢, Plocement of waterside fill represents
foundation, levee Is not too deep. staobllity, a signiflcant cost.
o Provides Waterside Riporlon and Connot be used where d. Provides vduable Woterside Riporian .d. Provides only Hmited Ir_xcreose n
wetloand Habitot. chonnel ¢apaclty is and Wetlond Habltat (Woterside seismic stobllity,
severely limited. fit may limlt seepage ond Improve @. Limlits chonnel capocity.
£, Addition of fill may result in short-

D-031700

Plocement of Fill on Levee Crown ond Landslde Slope, ing |
Together with Londslde Berm in Soft Foundation Areos. f:rm Insmbllflfy :'nd/z:r cr:ck ng; f
" Plocement of Fil between Channel Islond ond Levee to Create staged-construction is not used.

g. Dredging may be needed on woterside.

L.

Waterside Wetland and Riporion Kaobltat,

Seepage system moy need to be modified.
Channel Island reaqulres protection,

Increases freeboord and flood protection, .

Aregs of Delta where soft

[

Levee structural stablitty is improved.

Requires major import of mineral soll

Incregses landside slope stabliity. foundotion motericl exists, b. Relatively easlly maintalned os o flood b. Placement of londside Wil represents
Lengthens seepoge path. and where woterside slope control levea. a significont cost,
) Placement of berm accounts for soft is not too steep (deepl. ¢. Provides limited increcse in selsmic c. Placement of woterside sandy fill
, foundatlon, - Connot be used where stabliity. represents o significont cost.
i o Provides Recreotlon Area, chonnel copaclty Is d, Provides volugble Waterside d. Provides only limlted increcse In
severaly limited, Recreation Area, (Waterslde seismic stobllity.
il moy limlt seepoge ond improve e. Limits chonnel copacity.
M. Placement of Fil on Leves Crown and Landside Siope, voterside sope stablity) f. Addition of i may result In short-
Together with Londside Berm In Soft Foundotion Aregs. term Instabliity and/or cracking If
Plocement of Sand Beach on Waterside Slope to (reate staged-construction Is not used.
Recreation Areo. Q. Oredoing may be needed on woterside,
: - . h. Seepage system may need to be modifled.
E - N C I. Beach areo requires maintenancs.
o Incregses freeboord ond flood protection. A8 oreas of Deito, but 0. Levee structural stobliity Is Improved. 0. Requires significant Import of mineral soll,
0 incregses overall slope stabliity. especialy applicoble In areas b. Relotively easlly molntained as ¢ flood b. Fll placement and cost assoclated with
o Lengthens seepoge poth. where soft foundatlon materiol control levee, levee setbock grecter thon simply
f o0 Plgcement of berm occounts for soft exists, ¢, Provides fimited Increase In selsmic roising levee crown and adding berm,
v foundation. stablilty, c. Provides only limited Increase in
o Provides Woterside Rlporion Habltot. d. Lengthens seepage path. seismlc stoblilty.

d. Additlon of fll llkely to result in short~
term Instabliity ond/or crocking If
stagad-construction Is not used.

e. Seepage system moy need to be modifled.

. f. Infringes on inboord form lond or

hobltat arecs.

N, Pgrtiol Setback of Levee to Create Woterside Riporion Habltat,
Plocement of Fli on Levee Crown ond Londside Slope. Slope,
Together with Landside Berm In Soft Foundation Arees.

D—031700
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LEVEE IMPROVEMENT EXAMPLES

PURPOSE

APPLICABLE AREAS .

POSITIVES

NEGATIVES

Requires mojor import of mineral soll,

Reduces subsldence near levee by
Reaping organlc solls soturated.

e,
f

staged-construction Is not used.
Seepage system moy need to be modifled.
Significontly Infringes on Inboard form

o0 Increases chonnel capocity. Mony oreos of Delta, but a. Increases chonnel capaclty and Improves o.
© lmproves levee stobllity. possibly not In areas where flood control. b. FI 't and cost loted with
precteisting weriond  Servoch o Provides Waterside Wetlond Habitat. very thick loyers of soft b, New levee would be on engineered flil tevee setback greater thon simply
Leess ﬁ“‘f Srage  HORLISC Levet foundation material may and would not liquefy during seismic ralsing levee crown and adding berm.
- moke cregtion of new events, ¢, Foundation liquefaction could stifl
setback levees infeasible. ¢. Provides ¥gterside Wetland Habltot. couse fallure during future earthquoke.
d. New leves il llkely to result In short-
term instabllity and/or cracking If
‘1‘ 0. Complete Setback of Levee to Improve Channel Copaclt staoged-construction Is not used, This
N Improve Levee Structural Stabllity ond Provide Woterside could tempororily moke new levee less
Wetlond Hobltgt, relioble than existing levee,
e, Significontly infringes on Inboard farm
) lond or hobitat oreos.
o Increcses freeboord ond flood protection. Al areas of Defta, but a. Levee structural stabllity Is improved. 0. Requires significont Import of minerdl soll,
Leves Moiateasaceslaspection Riporion Hebirer 0 Increoses londside slope stablity. especially applicable In areas b. Relatlvely easlly maintolned as o flood b. Represents a significont cost.
o Lengthens seepoge path. where soft foundotion material control leves. c. Provides only slight Increagse In |
o Plocement of berm occounts for ‘soft exists, ¢. Provides Nimited Incregse In selsmic selsmic stabillty, ' i
foundation. stabliity, d. Addition of fll may result in short-
o Provides Landslde Ripgrian Hobitat. d. Provides Londslde Riporion Hobltat, term Instabliity and/or cracking if
e. Reduces subsidence neor levee by not staged-construction Is not used.
ting lond In hobitot area. a. Seepage system moy need to be modifled.
P, Plocement of Flil on Levee Crown ond Londslide Siope, £, Significantly Infringes on inboord form
Togather with Landside Berm In Soft Foundotion Arecs. * lend ond requires some lond to be token
Creation of Londside Riparlan Haobitat, ) out of agricuttural production, v
; | o
o Incregses fresboord ond flood protection. AN areas of Delta, but 0, Levee structural stoblity Is Improved. a. Reauires signlficont Import of minerol soll
1 0 Increoses londside slope stablitty. espacially applicable in oreos b. Relatively eoslly mointalned os o flood b. Represents o significont cost.
Moinrensacestnypsction wetiesd Tute Habiver o Lengthens seepage poth. where soft foundation material control levee. ¢. Provides only slight Increase In
a;ﬁ;t! ire tarerior rng O PIOCEMONT Of berm accounts for soft exlIsts ond slgnificont Inland c. Provides Wmlted Increase In selsmic selsmic stabliity.
\ 1 / [N foundation, subsidence is occurring. stOdIity. d. Additlon of il moy result in short-
~Sre- = o Provides Londslde Wetland Habltot, d. Provides Londside Wetland Habltat. term Instabllity andsor cracking if

D—031701

fand and requires some lond to be token
out of agricultura production. )
inland pond dnd dike systems require
maintenance. ’

Q. Flacement of Fit on Levee Crown ond Landslide Slope,
Together with Londslde Berm in Soft Foundation Areos.
¢reotion of Inboord Ponds and m—ﬂued Perimeter
Ditches for Londslde Wetlond Hobligt, e
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