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1. Project Background 

The Natomas Basin is surrounded by levees along the Natomas Cross Canal, Sacramento River, 
American River, the Natomas East Main Drainage Canal, and the Pleasant Grove Creek Canal.  
The Natomas Levee Improvement Program (NLIP) is locally sponsored by the Sacramento 
Area Flood Control Agency (SAFCA), in cooperation with the State of California Department 
of Water Resources, and includes construction of flood control improvements to the levees 
surrounding the Natomas Basin.  The objective of the NLIP is to provide the Natomas Basin 
with a 100-year level of flood protection as soon as possible, and establish Federal Emergency 
Management Agency (FEMA) accreditation for a flood with a 1 in 100 annual exceedance 
probability, and lay the groundwork to provide a 200-year level of flood protection over time. 

The proposed flood control improvements to the Sacramento River East Levee (SREL) include 
construction of an adjacent levee, with a higher crown elevation than the existing levee, on the 
landside of Garden Highway from Station 0+00 (Reach 1, beginning at the Natomas Cross 
Canal south levee) to approximately Station 666+50 (Reach 13, approximately 3,200 feet south 
of Power Line Road).  Currently, storm water runoff from the Garden Highway sheet flows 
from the centerline of the roadway (also the levee crown) towards both the landside and 
waterside edges of pavement, then continues to sheet flow down both the water and landside 
levee slopes. Construction of the new raised adjacent levee will impede the existing landward 
drainage flow.  As a result, a grass-lined drainage swale will be constructed to intercept the 
storm water runoff between the existing Garden Highway and new adjacent levee.  Storm water 
will be conveyed to new drainage inlets which will in turn flow to culverts under the roadway 
and discharge to the Sacramento River. The drainage swale has been designed to accommodate 
a 25-year storm event. In the event that the 25-year storm is exceeded, the northbound lane of 
the Garden Highway may experience flooding. 

Where possible, all proposed waterside drainage outfalls will be located either on property to be 
purchased by SAFCA, or property currently owned by the County of Sacramento, Reclamation 
District No. 1000 (RD 1000), or the Natomas Central Mutual Water Company (NCMWC).  
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Where design parameters dictate that a drainage outfall is necessary in areas where there is no 
public or quasi-public ownership of property available, the drainage outfall system will be 
located on private property and constructed within a permanent drainage easement.  A wider 
temporary easement will be needed during construction.  Upon completion of the project, the 
County of Sacramento, the roadway maintenance agency within the SREL Reach 6A through 
Reach 9B area of the NLIP, will assume ownership of the storm drainage system, as well as 
operation and maintenance responsibilities, within the drainage outfall easement area. 

1.1 Levee and Roadway Drainage Alternatives 

The following alternatives were evaluated for the levee and roadway drainage improvements: 

A.  Raising Garden Highway 

As part of the NLIP alternatives analysis, raising the Garden Highway was evaluated. This 
alternative would have allowed roadside drainage to exist as it does today, storm water runoff 
would sheet flow both landside and waterside of the centerline of the Garden Highway. This 
alternative was not selected due to several reasons; cost of replacing the entire Garden Highway 
pavement, the impacts to waterside improvements (driveways, landscaping, etc.) and the 
environmental and property owner impacts and costs for the   removal of encroachments (trees, 
fences, and other land improvements) on the Garden Highway levee to construct the cutoff 
walls and raise the levee.  The necessary closure of Garden Highway to construct the cutoff 
walls and raise the levee would create temporary local traffic impacts and may restrict access 
for local property owners.  

B.  Re-Sloping Garden Highway 

This alternative would construct the adjacent levee as proposed and rebuild the landward half 
of the Garden Highway so that the entire Garden Highway and the waterward slope of the new 
adjacent levee would drain towards the Sacramento River. No drainage swale or outfalls would 
be needed for this alternative.  Storm water runoff from the waterward slope of the levee would 
be intercepted by the newly reconstructed and re-sloped Garden Highway. This alternative was 
not selected due to the costs of both constructing a new adjacent levee and reconstructing the 
Garden Highway, as well as the additional drainage flows that would be directed to waterside 
properties. 

C.  Garden Highway/Adjacent levee drainage towards the landside 

This alternative would consist of the new adjacent levee next to the Garden Highway, a 
drainage swale between the new levee and the Garden Highway, and the discharge of storm 
water from the swale to the landside of the new levee. This alternative was not selected due to 
the criteria from the U.S. Army Corps of Engineers (USACE) and the Central Valley Flood 
Protection Board (CVFPB) as discussed in Section 4.a Design Standards, and costs and 
operations and maintenance associated with drainage towards the landside. Under normal 
circumstances, drainage would flow from the swale through the new adjacent levee via cross-
levee culverts, then to a drainage collection system along the landside levee toe.  The cross-
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levee culverts would need to have slide gates to close off this drainage during extreme flood 
conditions.  However, to provide drainage of the roadway under all rainfall and flood 
conditions, drainage from the swale would have to be pumped over or through the levee during 
these extreme events.  Drainage at the landside would need to be intercepted and collected at 
newly constructed or enlarged pumping stations. The storm water would then be pumped back 
across the new adjacent levee and the Garden Highway and discharged into the Sacramento 
River. The cost to construct several pump stations, the operations and maintenance costs and 
the power requirements for the pumps made this alternative infeasible. 

D.  Garden Highway/Adjacent levee drainage towards the waterside (Sacramento River) 

This alternative is the currently designed alternative. This alternative consists of the new 
adjacent levee next to the Garden Highway, a drainage swale between the new levee and the 
Garden Highway, and the storm water discharge to the river through culverts under the Garden 
Highway.  The proposed drainage configuration is described in more detail in the following 
sections. 

2. Purpose 

The purpose of this Technical Memorandum (TM) is to summarize the criteria and selection 
process for determining the location of the drainage outfalls on private property along Garden 
Highway within SREL-2B (Station 228+00 to 468+00) and to describe the design parameters 
of the new drainage system.  The existing property lines evaluated as part of this TM and the 
assigned property line numbers are shown on Figures 1 through 3. 

3. Storm Water Conveyance 

Storm water collected in the drainage swale located between the new adjacent levee and 
Garden Highway will be directed to roadside drainage inlets.  From the drainage inlets, storm 
water will be conveyed to the waterside slope of the Garden Highway levee through a 24-inch 
diameter reinforced concrete pipe buried underneath the Garden Highway.  The storm water 
will then be conveyed down the waterside slope of Garden Highway by means of a rock-lined 
chute or concrete trough where it will be collected in a catch basin and conveyed to the 
Sacramento River through a buried 24-inch diameter reinforced concrete pipe.  Finally, storm 
water will discharge into the river on to a riprap protected portion of the Sacramento River 
bank. 

4. Private Parcel Drainage Outfall Selection Criteria 

The following factors were considered in the selection of the private parcel drainage outfall 
locations.  In general, private parcel drainage outfall locations were selected based upon eight 
criteria: design standards, hydrology and hydraulics, drainage high points along Garden 
Highway, the Garden Highway Community Association (GHCA) NLIP Phase 2 Settlement 
Agreement ("GHCA Agreement"), property impacts, biological impacts, cultural impacts and 
hazardous material impacts. 
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Design Standards 

Conveyance of the runoff towards the landside of the new adjacent levee would require that 
storm drainage pipes and other structures penetrate through the new levee prism.  The USACE 
Engineering Manual (EM) 1110-2-1913 encourages keeping all drainage structures within the 
levee prism to an absolute minimum.  The EM also requires that any pipe penetrations include 
positive closure devices (valves or slide gates) to allow flow from the river to be closed off 
during high water events. 

The CVFPB Title 23 design standards are very similar to the USACE's and call for any pipe 
penetration through a levee to include a flap gate on the (waterward) end of the pipe and 
positive closure devices (valves or slide gates) to allow flow from the river to be closed off 
during high water events. 

Since a drainage pipe through the adjacent levee would potentially have an adverse effect on 
the performance of the new adjacent levee during a flood event, landward conveyance of runoff 
is not a viable option.  In addition, the closure devices, when activated, would preclude 
drainage from flowing through the drainage system and would result in flooding of the Garden 
Highway.   

Hydrology and Hydraulics 

For typical roadway drainage designs, Sacramento County roadway design standards call for a 
minimum 10-year storm event to be designed to prevent roadway flooding. During a CVFPB 
meeting, it was requested that the roadway drainage be designed for a 25-year storm event. 

Based on the required flow capacity of the roadside swale, the maximum distance between the 
high point and low point, or drainage inlet, is 2,720 feet. The roadside swale cross section 
depths were determined based on maximum 3 horizontal to 1 vertical (3H:1V) side slopes.  The 
horizontal width of the roadside swale varies but is restricted to a maximum of about 12 feet 
due to the placement of the swale between the existing Garden Highway and the new adjacent 
levee.  However, the drainage tributary area width varies slightly along Garden Highway.  The 
tributary area is bounded by the area between the centerline of the Garden Highway and the 
waterside hinge point of the new adjacent levee (See Figure 4).  The high point to low point 
distance (tributary length) is based on an average tributary width of 36 linear feet.   

Currently, the Garden Highway sheet flows storm water to both the landside and water side. 
Under existing conditions, the Garden Highway would flood only when the Sacramento River 
overtops the Garden Highway, which does not occur below a 200-year flood event. The new 
adjacent levee will obstruct the landward sheet flow of normal rain events. The drainage swale 
and outfalls have been designed to accommodate a 25-year storm event and drain to the 
Sacramento River. If a storm event exceeds this 25-year event, the northbound lane of the 
Garden Highway may experience flooding. However, as soon as the water level exceeds the 
centerline elevation of the Garden Highway, water will sheet flow towards the Sacramento 
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River, thus limiting the depth of flooding of the lane. The maximum water depth at the edge of 
the traveled way of the northbound lane (the lowest point of the northbound lane) would be 
approximately 0.35 feet if the 25-year storm is exceeded.  This condition would occur for only 
a short period of time. 

Drainage High Points Along Garden Highway 

In general, Garden Highway roadway intersections and access ramp locations act as roadside 
swale high points.  From north to south, within the SREL 2B (Reach 6A through 9B) project 
area, the following intersections and access ramps have the potential to act as high points:  

 Reservoir Road (Station 311+00) 

 Teal Bend Golf Club access  ramp (Station 325+75) 

 Landside private property ramp to APNs 201-0250-011, -12 & -013 (Station 338+50) 

 Landside private property ramp to APNs 201-0270-070 and -069 (Station 383+50) 

 Elkhorn Boulevard (Station 393+50) 

 North Bayou Road (Station 441+50) 

 Landside private property ramp to APNs 201-0330-043 and -042 (Station 458+40)  

Although these ramps and intersection could act as a high point, construction of a culvert across 
the intersection could move the control point to a different location.  With the identified high 
points at new and existing ramp locations, the outfall study zones between high points as shown 
in Figures 1 through 3 were created to evaluate the drainage outfall locations.  The outfall 
study zones between high points were used to identify the drainage outfall location that would 
have the least impact to private property and waterside riparian habitat. The limits of the outfall 
study zones are shown in Figures 1 through 3.  In general, a minimum of one storm drain 
outfall at a low point needs to be constructed between two high points.   

GHCA Settlement Agreement 

SAFCA and the Garden Highway Community Association settlement agreement included 
provisions regarding the waterside drainage outfalls located on private parcels.  The portions of 
the agreement pertinent to the location and design of the new outfalls are included in paragraph 
4 of the agreement, which states: 

"4. Drainage Lines. No roadside swales shall be included in the design of the 
new adjacent levee downstream of Power Line Road.  Consistent with sound 
engineering practices, and subject to the approval of the USACE, CVFPB, and 
the Regional Water Quality Control Board ("RWQCB"), any new drainage 
outfall lines required by the Project shall be buried pipes, located along property 
lines, and drain to the river.  If a property owner does not want a new drain line 
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located along the property line, he or she may request that the drain line be 
placed elsewhere on his or her property. 

SAFCA shall advocate the location, design, and outfall of the drain lines 
consistent with this provision to the USACE, CVFPB, and the RWQCB by way of 
one-time master letters, attached hereto as Exhibits B and D, approved as to 
form by the SAFCA Board as part of this Agreement and signed by the SAFCA 
Executive Director.  These letters, attached as Exhibits B and D, have received 
the prior approval of GHCA's attorney. 

If the property owner and SAFCA cannot agree on a location for a new drain 
line from among locations that are otherwise acceptable to the USACE, CVFPB, 
and the RWQCB, SAFCA agrees to pay the cost of a referee, who is a qualified 
registered civil engineer and agreeable to both parties, to decide the dispute over 
the location of the drain line."  

Consistent with this provision, the design team evaluated private property and biological 
conditions north and south of the existing property lines to determine the location having the 
least impact and selected locations for more detailed evaluation, design and construction. 

Property Impacts Along North and South Sides of Property Lines 

Several private property features were investigated in order to assess private property impacts.  
The investigation consisted of field observation, evaluation of the potential impacts and 
documentation of the magnitude of the impacts with a scoring system (impact score).  The 
features evaluated include utilities (electrical power poles, electrical lines under Garden 
Highway, telephone risers, propane tanks, water tanks and groundwater wells), accessory 
structures (decks, gazebos, patios, sheds), permanent structures within and near the proposed 
permanent drainage outfall easement, retaining walls, fences, minor driveways, major 
driveways, and vegetation (lawn and landscaping).  Septic systems and leach lines were not 
considered as part of this investigation because the locations of these improvements were not 
available during the field evaluation process. 

An impact score was assigned to each feature based on the anticipated impact a drainage outfall 
line would have on each feature.  The feature considered to be impacted the least due to 
relocation or reconstruction caused by a new drainage outfall was given the lowest score of "1".  
The features considered to be impacted heavily by a drainage outfall were given the highest 
score of "5".  The features and associated impact scores of a typical property are shown in 
Table 1.  Photographs of typical features and their individual impact scores are presented in 
Attachment A. 

Parcels that had no structures were given an impact score of “0” and were identified as a more 
highly desired location for a drainage outfall. 
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Table 1 - SREL-2B Private Property Common Features & Impact Scores 

Common Features Impact Score 

Electrical Power Poles 2 

Electric Lines under Garden Highway 2 

Telephone Riser 1 

Groundwater Well 5 

Propane Tank 4 

Complimentary Structure (deck, patio, gazebo) 2 

Permanent Structure in Easement 5 

Permanent Structure near Easement 3 

Retaining Wall 4 

Non-Decorative Fence 1 

Decorative Fence 2 

Minor Driveway 1 

Major Driveway 2 

Lawn 1 

Landscaping 2 

 
The total storm drain outfall impact scores at the north and south side of each property line are 
listed in Attachment B. 

For studies and field observation reference, numbers were assigned to each of the waterside 
private property lines located within the outfall zones.  The property line numbers and locations 
are shown in Figures 1 through 3. These property line numbers are referenced in the property 
and biological impact studies described here in and below. Areas approximately 20 feet north 
and approximately 20 feet south of the property lines were studied and are indicated as “North” 
and “South” in the impact analysis spreadsheets included in Attachment B and C. 

Biological Impacts 

SAFCA’s qualified biologist performed site investigations to determine biological impacts that 
would result from the possible construction of a storm drain outfall on the north or south side of 
the private property lines.  The biologist performed field observations and evaluated and 
documented the potential impacts to existing biological features. The biologist created an 
impact scoring system considering the relative value of the biological features. The biological 
features identified included ground cover, midstory vegetation, canopy and shaded riverine 
aquatic habitat (SRA).  Each biological feature was evaluated along the north and south of the 
property line and given a score of "0" (cover absent) to "5" (significant cover).  The 
memorandum of the biologist field observations and table showing the total biological impact 
scores are shown in Attachment C.  
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although it does not minimize impacts on biological resources.  These biological impacts will 
be mitigated as described in the NLIP environmental documentation. 

6. SREL 2B Overall Storm Drainage System Plan and Profile 

The overall storm drainage system plan and profile is shown in Figures 10 through 16.  These 
figures show the selected locations for the drainage outfalls, Garden Highway drainage swale, 
drainage swale high and low points, and drainage inlets  

7. Levee Embankment Drainage Outfall Configuration Alternatives 

For construction of the each individual private storm drain outfall there are currently four 
design alternatives being considered by SAFCA.  Alternative ‘A’ consists of a concreted cobble 
trough on the waterside levee slope conveying flow into a catch basin with a riprap apron at the 
toe of the slope.   Alternative ‘B’ consists of a three-sided concrete box-shaped trough on the 
waterside levee slope which would convey flow into a catch basin surrounded on three sides 
with splash control walls at the toe of the slope. Alternative ‘C’ consists of a rip rap trough on 
the waterside levee slope conveying flow into a catch basin with a rip rap apron at the toe of the 
slope.   Alternative ‘D’ consists of using a three foot wide concrete trough on the waterside 
levee slope with steps and side walls which would convey flow into a catch basin surrounded 
on three sides with splash control walls at the toe of the slope. The steps can also be utilized for 
pedestrian traffic when dry.  Representative sketches and photos of the four design alternatives 
are attached in Attachment D. 

Once the outfall location has been finalized, the property owner will have the opportunity to 
work with SAFCA and select one of the four drainage outfall configurations.
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Attachments 

Attachment A: Typical Property Features Photos 

Attachment B: Private Property and Biological Impact Score Matrix (Sorted) 

Attachment C: AECOM Biological Impact Technical Memorandum  

Attachment D: Drainage Outfall Configuration Alternatives 

Attachment E: Drainage Outfall Selections 
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Attachment A: Typical Property Features Photos 
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Typical Major Driveway (Impact Score: 2) 

 

Typical Vegetation - Lawn & Landscaping (Impact Score: 1 to 2) 
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Attachment B: Private Property and Biological Impact Score Matrix 
(Sorted) 



Outfall Study 
Zone

Property Line 
No.

Property 
Line Side

Electric Pole
Electric Lines 

under Garden Hwy
Telephone Pole Groundwater Well Propane Tank

Complimentary 
Structures (patios, 
gazebos, decks)

Permanent 
Structures (In 

Easement)

Permanent 
Structures (Near 

Easement)
Retaining Wall

Non-Decorative 
Fence

Decorative Fence Minor Driveway Major Driveway Lawn Landscaping
Total 

Property 
Impact Score

Total 
Biological 

Impact Score
Comments

1 South 1 1 0

1 North 1 1 20

2 South 0 11 Chain link Fence

2 North 1 2 3 9

3 North 0 12

3 South 2 2 12

3b North 1 2 3 6

3b South 0 20 Selected for Drain 19b

4 North 0 20

SREL-2B HDR Private Property & AECOM Biological Impact Score Sheet
Listed in Sequence from North to South

O
U
T
F
A
L
L

4 South 0 20

5 South 3 1 2 1 7 1

5 North 0 20 Decorative fence along HWY, Chain 
li k f l li i

6 South 0 10
Decorative fence along HWY, Chain 
link fence along property line to river

6 North 1 2 2 5 6

7 South 2 2 8 Non-Decorative along property line

7 North 1 1 2 4 12

8 North 1 1 7

8 South 2 4 2 2 10 5 Decorative fence along HWY and 
d l l

9 South 1 1 4
Decorative fence along HWY and 

down levee slope

9 North 2 1 3 3

10 North 5 1 2 8 2

10 South 5 2 1 2 10 6 Playhouse

11 South 2 2 4 5

 
S
T
U
D
Y
 
Z
O
N
E
 
F
O
R
 
D
R
A
I
N
 
1 11 South 2 2 4 5

11 North 2 1 2 5 6

12 North 2 5 2 2 11 2

12 South 2 5 2 2 11 6

13 North 2 1 3 9 Non-Decorative along property line

13 South 2 1 3 12

14 North 5 1 1 7 5

14 South 0 14

15 North 1 1 2 8

15 South 1 1 2 8
Debris pile near Hwy (unknown 

contents)

16 South 2 3 2 2 9 9

16 North 2 5 2 9 11 SMUD marked in middle of driveway

17 South 1 1 19
Non-Decorative along HWY, shed & 

patio impacts

17 North 1 2 1 2 6 18

1
9
B

17 North 1 2 1 2 6 18

18 South 2 1 3 3

18 North 0 20

19 South 2 2 4 2 10 7
Decorative fence along HWY, 

retaining wall along property line

19 North 2 4 4 2 2 2 16 6

20 South 1 2 3 7

20 North 2 1 2 5 8 RV parking

21 South 2 2 13

21 North 2 1 3 6 12

22 North 4 4 13

22 South 5 4 2 2 13 9 Decoative fence along HWY

SAFCA 

Natomas Levee Improvement Program
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Outfall Study 
Zone

Property Line 
No.

Property 
Line Side

Electric Pole
Electric Lines 

under Garden Hwy
Telephone Pole Groundwater Well Propane Tank

Complimentary 
Structures (patios, 
gazebos, decks)

Permanent 
Structures (In 

Easement)

Permanent 
Structures (Near 

Easement)
Retaining Wall

Non-Decorative 
Fence

Decorative Fence Minor Driveway Major Driveway Lawn Landscaping
Total 

Property 
Impact Score

Total 
Biological 

Impact Score
Comments

SREL-2B HDR Private Property & AECOM Biological Impact Score Sheet
Listed in Sequence from North to South

23 North 2 2 2 6 10 Decorative fence along HWY

23 South 2 5 4 2 2 2 17 12 Decorative fence along HWY

24 South 5 4 9 9
Balcony near property line, Decorative 

fence along HWY

24 North 3 4 2 2 11 13

25 North 3 2 5 14

25 South 4 2 5 2 1 2 16 7
Decorative fence along HWY and 

down levee

26 South 2 1 1 4 4
Spa and shed impacts, Decorative 

fence along Hwy
N D i f l

O
U

26 North 2 2 5 1 2 2 14 13
Non-Decorative fence along property 

line
27 North 1 1 2 1 5 5

27 South 5 1 1 7 3 Non-Decorative fence along property 
li28 South 1 2 3 6

28 North 2 3 5 12

29 South 1 1 9 Selected for Drain 20F

29 North 1 2 3 6 13

30 North 0 11

30 South 1 5 5 2 13 11

31 North 2 2 2 6 5

31 South 2 2 2 6 9

32 South 1 1 5 Shed near property line

32 North 2 2 4 5

33 South 0 10

33 North 2 1 3 10

34 South 1 1 13 Shed near property line, native trees

34 North 2 2 13

U
T
F
A
L
L
 
S
T
U
D
Y
 
Z
O
N
E
 

F
O
R
 
D
R
A
I
N
 
2
0
F

35 North 2 1 3 6

35 South 2 4 2 2 1 11 6

36 North 4 2 1 7 10

36 South 4 4 1 1 10 11

37 North 2 2 1 1 2 8 7 Gazebo

37 South 2 2 2 6 9

38 South 1 2 3 7
Non-Decorative fence along property 

line, Decorative fence along HWY

38 North 5 4 1 2 2 14 7

39 North 2 4 1 7 5

39 South 2 4 1 1 2 10 5

40 South 3 1 2 6 11

40 North 2 2 16

41 South 3 4 7 13 Decorative fence

41 North 2 4 2 2 2 12 13

42 North 2 2 10

42 South 5 2 2 9 12

43 South 1 1 4

43 North 5 2 2 9 11

44 South 0 14

44 North 4 4 14
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Outfall Study 
Zone

Property Line 
No.

Property 
Line Side

Electric Pole
Electric Lines 

under Garden Hwy
Telephone Pole Groundwater Well Propane Tank

Complimentary 
Structures (patios, 
gazebos, decks)

Permanent 
Structures (In 

Easement)

Permanent 
Structures (Near 

Easement)
Retaining Wall

Non-Decorative 
Fence

Decorative Fence Minor Driveway Major Driveway Lawn Landscaping
Total 

Property 
Impact Score

Total 
Biological 

Impact Score
Comments

SREL-2B HDR Private Property & AECOM Biological Impact Score Sheet
Listed in Sequence from North to South

45 North 0 18 Gas pipeline

45 South 1 1 19 Selected for Drain 22A

46 South 2 5 2 1 10 2

46 North 0 20 Decorative fence along HWY and 
d l P ibl d

47 North 2 2 2 6 11

47 South 2 2 2 6 11

48 North 2 2 4 5

48 South 5 2 7 8

49 North 0 20

O
U
T
F
A
L
L
 
S
T
U
D
Y

Z
O
N
E
 
F
O
R
 
D
R
A
I

2
2
A

49 South 0 20

50 North 0 20

50 South 0 20

51 South 2 5 4 11 3

51 North 0 16 Selectef for Drain 23E

52 North 0 13

52 South 0 18

53 South 2 2 4 14

53 North 2 2 19

54 North 1 1 7

54 South 1 1 7

55 North 2 4 1 1 8 6

55 South 5 4 1 10 4 Gazebo

O
U
T
F
A
L
L
 
S
T
U
D
Y
 
Z
O
N
E

F
O
R
 
D
R
A
I
N
 
2
3
E

Y
 

N

56 North 2 2 15

56 South 2 2 1 5 15 Playhouse

57 South 4 1 2 2 9 8

57 North 2 5 4 11 7
Decorative fence along Hwy, Non-

Decorative fence along property line

58 North 1 2 1 4 9 Decorative fence along Hwy, Non-
D i f l li58 South 1 2 2 5 9

59 South 2 4 6 9

59 North 5 3 1 2 2 13 11 Gas storage tank underground

60 North 0 10

60 South 2 5 3 10 10

61 South 0 6 Didn't evaluate

61 North 0 12

62 South 2 1 1 2 6 7

62 North 0 20 Decorative fence along Hwy

63 North 1 2 1 4 5
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64 South 0 20 Selected for Drain 24C

64 North 0 20

65 North 0 20

65 South 2 1 3 20 Dirt driveway, shed

66 North 1 1 11
Non-decorative fence along property 

line

66 South 2 1 3 11

67 North 2 2 16

67 South 2 3 5 15 Deck off house near property line

68 South 2 2 13
Sheds from each property on property 

line
68 North 4 2 6 12
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At HDR and SAFCA’s request, AECOM biologists conducted a visual survey of potential sites for  

waterside drainage outfalls along the Sacramento River East Levee (which would provide drainage for  

said levee once the Natomas Levee Improvement Program is complete) The survey was concentrated  

on identifying suitable alignments for the waterside drainage outfall pipes adjacent to and within 20 feet 

of the property lines, based on visible natural resources, specifically native and non‐native vegetation.  

The accompanying matrix displays a “ranking” of each of 68 potential sites and a value, ranging from 0  

to 5, which was given to each of four categories to quantify impacts to natural resources adjacent to 

property lines.  The four categories are: “ground cover”, which describes the herbaceous and woody 

vegetation within 3 feet of the ground surface; a value of zero corresponds to pavement, a value of one 

was given to sites with regularly maintained landscaping, lawns, or dirt driveways, a value of two to five 

was given to sites that ranged from being completely vegetated with unmanaged annual grasses to  

those that were completely vegetated with a complex of herbaceous and woody vegetation; “midstory”, 

which describes vegetation that occurs between the ground cover and the canopy populated by woody 

shrubs, young trees, small mature trees, and twinning vines; a value of zero to five was given based on  

the absence (zero) or presence and density (1 – 5) of vegetation in this layer; “canopy,” which describes 

the upper layer of vegetation composed of large mature trees; and “SRA” (shaded riverine aquatic 

habitat), which describes the potential for vegetation to provide shaded in‐water habitat for aquatic 

species.  

The most common tree species described below include valley oak (Quercus lobata), Fremont 

cottonwood (Populous fremontii), California sycamore (Platanus racemosa), Oregon ash (Fraxinus 

latifolia), alder (Alnus sp.), and box elder (Acer negundo). In general, waterside parcels have retained 

riparian (waterside stream zone) vegetation where it exists along the property lines.  

The following table is a numbered property line account written primarily in shorthand (i.e. unedited 

incomplete sentences) and summarizes field observations about the existing natural resources at each of 

the 68 potential sites that were surveyed. Questions and clarifications about the text below should be 

directed to John Downs or Mike Eng at AECOM at john.downs@aecom.com and mike.eng@aecom.com 

respectively.  

 



Property Line 
Number 

Natural Resource Field Observations 

1.  Densely vegetated riparian forest with thick understory to the north to Elkhorn pump plant. 

Chain link fence on property line. Landscaping and concrete driveway to south. Two native trees, 

possibly box elders, located south of property line; gangway to dock at the riverbank. Unable to 

determine extent of shaded riverine aquatic (SRA) habitat on riverbank. 

2.  Grade slopes to south on property line, large oaks and elderberry shrubs located within 20 feet 

of property line. North of property line, pines, Open understory with widely spaced very large 

oaks with diameter at breast height (DBH) greater than 24 inches.  Large cottonwoods and 

willows along top of riverbank. There is potential here to align discharge pipe through the area 

south of the property line but not within 20 feet of the property line without removing large 

oaks, cottonwood and willow at top of bank. 

3.  (A) Large, widely spaced oaks and cottonwood near property line, on levee slope, and at top of 

riverbank. Open understory with large elderberry shrubs. Would require removal of several large 

oaks and cottonwood. More suitable location north would not require removing large trees but 

may require removal of midsized oaks. (B) AKA 19A – The property line and area to the south 

exist as a heavily vegetated riparian forest. North of the property line the area is cleared and 

landscaped with a grass lawn, oleander at the top of levee and two redwood trees; the riverbank 

is covered with riprap overgrown with wild grape. If aligned north of the property line at this 

location most if not all trees could be avoided. 

4.  AKA 19B – A very densely vegetated riparian forest with well developed midstory and ground 

cover on both sides of the property line. An alignment here would require removal of several 

mature oaks, cottonwood and elderberry shrubs. 

5.  A very densely vegetated riparian forest of oaks, cottonwood, and willow with well developed 

midstory, ground cover, and a vegetated riverbank on the north side of the property line; a 

mature oak and landscaping including ornamental trees, a sidewalk and lawn exist south of the 

property line. 

6.  Mature oaks, pine and cottonwood exist along the property line. An asphalt paved driveway 

north of the property line provides a clear path to the riverbank. Other than one or two 

cottonwoods at the top of the riverbank that would need to be removed, this driveway provides 

an open alignment. South of the property line there are several large widely spaced oaks and box 

elder with an annual grass ground cover, mature oaks or box elder would require removal. 

7.  A fence exists at the property line; the area to the south of the property line is primarily open, 

vegetated with annual grasses, an open midstory with several large oaks parallel to the property 

line, willows and cottonwood at the top of the riverbank. To the north, the house is located 

within 10 feet of the property line and the area between the house and the property line is 

densely vegetated with ornamental and native species. The lot to the south is for sale. 

8.  The area to the north of the property line is primarily open, vegetated with annual grasses, an 

open midstory with several mature oaks near the property line. The top of the riverbank lacks 

vegetation. At approximatly 30 – 50 feet north of the property line there is a gap in the oaks with 

a clear path to the riverbank with no visible vegetation on the riverbank. South of the property 

line conditions are similar, however, the ground cover consists of a concrete parking pad, asphalt 

paved driveway, and closely spaced mature oaks. The lot to the north is for sale. 

9.  Mature oaks and cottonwoods exist along property line plus landscaped pines and other 

ornamental vegetation. Cottonwood and Oaks line the top of the riverbank. Areas between the 

levee toe and the top of the riverbank are open and covered by a lawn to the south and a 

gravel/concrete driveway to the north. 



Property Line 
Number 

Natural Resource Field Observations 

10.  Property line densely forested with redwood. North of property line there is a clear path to the 

riverbank within an asphalt driveway, this alignment would not require removing trees and root 

damage would be minimized. South of the property line there is a narrow path to the river 

between two large oaks and the redwood grove. No vegetation is visible at the top of the 

riverbank. On either side of the property line. 

11.  Large mature oaks located at the top of bank with a line of cypress trees along the property line. 

A large elderberry shrub, fruit tree, and shrubby landscaping located north of the property line, 

ornamental shrubs and a blue spruce with sentimental value to the owner are located south of 

the property line. Septic leach fields are located within the lawns on either side of this property 

line. 

12.  Large mature oak at the top of the riverbank with a line of redwood trees along the property line. 

A concrete driveway extends from the edge of pavement to the top of the riverbank on the north 

side of the property line. To the south, oaks and cottonwood line the top of the riverbank with 

asphalt paving and landscaping between the top of levee and the top of the riverbank. 

13.  Widely spaced large to medium size oaks exist on and near the property line. A small shrubby 

area of riparian vegetation exists at the top of the riverbank, minimal bank vegetation observed. 

Alignment through this site would likely require the removal of several mature oaks. 

14.  A grove of closely spaced mature oaks with an open understory and annual grass ground cover 

exists on and south of the property line. There is an asphalt driveway north of the property line 

that provides a clear path to the river with several small oaks and willows at the top of the bank. 

15.  Site consists of medium sized oaks widely spaced over an annual grass ground cover with 

minimal midstory composed of low canopy branches. Opportunities for alignment here include 

an alignment 30 to 40 feet north of the property line that would require the removal of one 

diseased oak and one cottonwood; south of the property line the is a very large oak on the levee 

slope and two oaks at the riverbank.  Minimal riverbank vegetation observed at this site. 

16.  Densely vegetated along property lines and north to the edge of the house which is within 20 

feet of the property line. South of the property line there is a fairly clear path through the 

driveway and lawn to the riverbank where there are several mature oaks and shrubby vegetation 

at the top of the riverbank. 

17.  On both sides of the property line exists a well developed mature riparian forest with large oaks, 

willow, elderberry, native blackberry and shrubby vegetation at the top of the riverbank. 

18.  North of the property line exists a well developed mature riparian forest with large oaks, willow, 

elderberry, native blackberry and shrubby vegetation at the top of the riverbank. South of the 

property line is a clear path to the riverbank through a landscaped lawn. Minimal riverbank 

vegetation observed. 

19.  North of the property line exists an area landscaped with small pines and shrubs, a concrete 

driveway and lawn. South of the property line there is a large pine at the top of levee, two large 

oaks, a fruit tree and shrubby landscaping. Mature oaks, cottonwood, and riprap line the edge of 

the riverbank on both sides of the property line. 

20.  The property line is vegetated with two large oaks at the top of the levee, ornamental shrubs, 

pines, and a large cottonwood near the top of the riverbank.  North of the property line is 

landscaped with a lawn and some shrubby ornamental vegetation. To the south the asphalt 

driveway provides a clear path to the top of the riverbank and terminates at a gangway. 



Property Line 
Number 

Natural Resource Field Observations 

21.  The property line is vegetated with a mix of widely spaced medium sized oak, cottonwood, a fruit 

tree with an open midstory and annual grass ground cover. Similar vegetation to the north of the 

property line with a house within 20 feet of the property line. South of the property line the 

vegetation is again similar with several large oaks within 20 feet of the property line and an 

opening through the oak grove near the middle of the lot. 

22.  The property line and the area within 20 feet to the north is vegetated with a mix of widely 

spaced medium sized oak and cottonwood with a open midstory and annual grass ground cover 

transitioning to a dense linear shrub line of oak, oleander and pine along the south side of the 

property line that is growing immediately adjacent a garage on the southern property. Black 

willow and other shrubby species occur at the top of the riverbank. 

23.  The property line at this site is densely vegetated with ornamental shrubby species, oak, pine, 

and cottonwood. The area between the property line and house to the north is filled with dense 

shrubby vegetation. A wide landscaped area of both native and ornamental species exists to the 

south between the property line and the concrete driveway. An open area between the top of 

levee and riverbank exists approximately 40 feet south of the property line through a concrete 

driveway and landscaped lawn. 

24.  Houses on either side of this property line are within 20 feet of it. Mature olive, elderberry, 

cottonwood, and sycamore occur on the property line. Several mature cottonwoods are located 

at the top of the riverbank. There is a break in grade sloping down from south to north on the 

property line. 

25.  Houses on both sides are very close to property line with dense native and ornamental 

vegetation between them. Willows and cottonwood line the top of the riverbank. 

26.  Several mature oak, elderberry, cottonwood, ornamental and native shrubby species are located 

along and north of the property line. The area south of the property line is a clear path to the 

river through a dirt driveway with cottonwoods and herbaceous landscaping near the top of the 

riverbank. 

27.  AKA 23A – Six or more large and medium size oaks are located along property lines, and at the 

top of the riverbank where cottonwood and other shrubby vegetation occur.  To the north of the 

property line exists a large oak and shrubby landscaping on the levee slope, a concrete driveway 

and lawn, with no apparent vegetation on the riverbank. South of the property lines is a clear 

path from the top of levee to the riverbank through an annual grass driveway and some shrubby 

landscaping at the top of the levee. 

28.  Along the property line and to the north exists a narrow but densely vegetated corridor of 

riparian vegetation consisting of oak, willow and other natives. South of the property line there is 

a fairly open corridor through a landscaped lawn, two palm trees, and an oak; a cottonwood and 

oak occur at the top of the riverbank where this corridor terminates. 

29.  AKA 20C –Several large mature oaks and structures occur along or near the property line and to 

the north.  Southern portion of the site is relatively open with widely spaced large medium and 

small sized oaks and other native tree species. Vegetation on the riverbank is visible from the top 

of the levee. An alignment through this site south of the property line would require the removal 

of several small trees and possibly one oak; however trees may be avoided by design. 

30.  AKA 20D – Widely spaced oak and cottonwood ranging in size from small to large with mature 

trees at top of the river bank occur along this property line and within 20 feet of it. An open 

midstory of young trees and a ground cover of annual grasses, dirt and moss compose the lower 

layers of this riparian forest.  An alignment through this site would likely require the removal of 

several mature and small trees. 



Property Line 
Number 

Natural Resource Field Observations 

31.  AKA 20E – The north side of the property line at this site is a concrete driveway, it provides a 

clear path to the riverbank except for a small grove of ornamental trees and shrubs located near 

the top of the riverbank that appears to be otherwise clear of vegetation. Several widely spaced 

mature oaks line the south side of the property line. 

32.  AKA 20F – Property line is within ten feet of the deck of the house to the north. Site is primarily 

open with widely spaced mature oaks, silver leaf maple, and cottonwood; open lawn ground 

cover with no midstory and herbaceous vegetation on riverbank. Riverbank is reinforced with 

riprap and a concrete wall that has fallen over into the river at the property line. There is a clear 

shot to the river from the top of levee.  An alignment north of the property line would avoid oak 

at top of levee and silver leaf maple on bench below levee. 

33.  Several mature widely spaced oaks and cottonwoods exist along the property line. Midstory is 

open with an annual grass ground cover. Riverbank appears to be vegetated. Parcel to the south 

is partially developed. A potential corridor more than 20 feet south of the property line exists 

however it may require the removal of several medium sized oaks. 

34.  Mature but semi cleared riparian woodland with closely spaced oaks, sycamore, and non‐native 

or ornamental trees. No clear path to the river within 20 feet of the property line at this site that 

would not require removal of mature trees. 

35.  Mature oaks at top of levee slope on both sides of property line; one oak and an English walnut 

on the property line beyond the levee toe. Ground cover on south side consists of lawn and 

concrete driveway; no midstory. No visible vegetation on the riverbank north or south of the 

property line.  This location provides a good clear path to the river if mature oaks at the top of 

the levee could be avoided or if impacts to their roots could be minimized. 

36.  Mature oaks, ornamental trees and decorative fence located at property line; several oaks and a 

retaining wall located at the levee toe. Riverbank appears to be vegetated, and mature pines 

located at top of riverbank south of property line. Many mature trees would need to be removed 

to place drain pipe within 20 feet of property line. 

37.  No clear path to river within 20 feet of property line. Oaks scattered along property line and to 

the south and on levee slope. No vegetation visible at top of riverbank. Heavily forested along 

the property line with oaks and pine. An alignment through either side of this property line 

would require removal of several mature trees. 

38.  AKA 24B – Many redwoods and oaks along property line. North of property line there is a mostly 

clear path to the river through landscaped lawn, two oaks, and a eucalyptus tree, but this clear 

path is more than 20 feet from the property line.  Several mature oaks located south of and 

within 20 feet of the property line, however there is a fairly clear path to the river that would 

require the removal of at least one or two mature oaks. No visible vegetation at top of riverbank. 

39.  Fairly open north of the property line with widely spaced mature oaks, some riverbank 

vegetation; alignment here would require removal of one or two mature oaks. South side heavily 

landscaped and terraced. 

40.  Densely vegetated with native and non‐native vegetation within 20 feet north and south of the 

property line. House located within 20 feet south of the property line. Raised dirt pad on 

southern property slopes down to the north at the property line. 

41.  Heavily vegetated along and within 20 feet north and south of the property line. Structure with 

20 feet of property line to the north. Ground surface slopes to the south. Appears to have 

vegetated riverbank. 



Property Line 
Number 

Natural Resource Field Observations 

42.  Densely vegetated with pine, oak, sycamore and other native and non‐native trees along the 

property line; mature oak on levee slope. Dense landscaping and structures occur within 20 feet 

south of property line. Vegetation at riverbank not visible from Garden Highway. 

43.  AKA 22A – cinderblock wall, oaks and redwoods located along and north of the property line. 

South of the property line and within 20 feet there is a clear path to the river with one small oak 

small enough to be transplanted, herbaceous vegetation on riverbank. 

44.  Densely vegetated with sycamore, pine, oak, cottonwood along property line; large earthen 

mound between levee and riverbank. 

44/45.  APN 201‐0270‐056 – spoke with owner during site visit, he explained that he has a drainage 

problem on his property when the river over banks south of his property and flows north and 

ponds under his house. In the past he has constructed a berm along his property line near the 

natural gas line and has constructed a drop inlet and drain to the river which has since failed. At 

the location where water collects under his house there is a clear shot to the river from the top 

of levee. 

45.  Mature riparian forest of oaks, cottonwood, and sycamore within 20 feet north and south of the 

property line. Natural gas line also located along property line. 

46.  Open lawn within 20 feet of property line to the south, clear path to riverbank from top of levee. 

Densely vegetated mature riparian woodland with large to medium sized native trees, vegetation 

at top of riverbank. 

47.  Site includes mature redwood trees at top of levee and a mix of lawn, concrete driveway and 

parking with wide to closely spaced mature oaks sycamore and cottonwood. Large oaks, willow 

and cottonwood located at top of riverbank. 

48.  Structure on raised earthen berm and several oaks and cottonwood along and south of property 

line. North of property line site is open primarily open with two large oaks near top of bank and 

some riverbank vegetation. 

49.  Very dense well developed riparian forest with thick midstory of willow, alder, oak, cottonwood, 

and Himalayan black berry both at top of bank and on the riverbank. 

50.  Very dense well developed riparian forest with thick midstory of oak, cottonwood, elderberry, 

and other common riparian species; dense ground cover and vegetated riverbank. 

51.  AKA 23B – North of the property line is a mature riparian forest of cottonwood, and sycamore; 

fig is the dominant mid story species and Himalayan black berry is the dominant ground cover 

north of the property line. South of the property line there is one large oak; all ground cover has 

been cleared. Riprap and herbaceous vegetation cover the slope of the riverbank; one box elder 

is located at the top of the riverbank. This site provides a good clear path to the river from the 

top of levee, one oak or box elder may need to be removed to align the pipeline through the area 

south of the property line. 

52.  AKA 23C – A well developed riparian forest of mature cottonwood and oak with dense midstory 

of shrubs and small trees exists south of the property line. The area north of the property line is 

clear with the exception of the first 40 feet from the top of the riverbank which is vegetated by 

the same mix of species found south of the property line. The riverbank slope is vegetated with 

woody and herbaceous species. 



Property Line 
Number 

Natural Resource Field Observations 

53.  AKA 23D – Mature riparian forest on north side of the property line with large oaks and 

elderberry shrubs and heavily vegetated riverbank slope; understory of Himalayan blackberry 

and wild grape. An asphalt driveway and concrete pad are located in the otherwise undeveloped 

area south of the property line vegetated with a mature oak and shrubby species similar to those 

located north of the property line. 

54.  AKA 23E ‐ Clear within 20 feet of property line to top of riverbank. Riverbank vegetated with oak, 

Oregon ash, and wild grape. Oaks near property line may be avoided but riparian vegetation on 

riverbank would be removed. 

55.  Primarily open site, vegetated with non‐native shrubs on levee slope and lawn between the toe 

of levee and the top of riverbank. Riverbank vegetated with willow, Oregon ash, and large oak. A 

retaining wall separates raised earthen pad on the south from the lower ground surface to the 

north. A pipeline through this site would require the removal of the trees at the top of the 

riverbank. 

56.  On or near the property line there is an asphalt driveway that slopes down to the river between 

two elevated areas that are heavily vegetated with oak, cottonwood, Oregon ash, native shrubby 

species and landscaped areas. Several large oak are located at the top of levee in line with the 

sloping driveway.  There is potential here for constructing drain pipe entirely through asphalt 

driveway avoiding all vegetation. Thirty to fifty feet south of the property line there is a clear 

path to the riverbank that would also not require the removal of vegetation at the top of bank. 

57.  There is a large sycamore at the top of levee about 20 feet north of the property line; an oak and 

the deck of the house are within 10 feet north of property line; ground is paved with concrete or 

sparsely vegetated. Riverbank appeared to be vegetated. South of the property line consists of 

an asphalt driveway, lawn and landscaping, two large cottonwood, and a brick wall at the 

property line. 

58.  Within five feet north of the property line a large oak exists at the toe of the levee and another 

large oak and orange tree near the top of a vegetated riverbank, otherwise north of the property 

line the site is landscaped with a lawn. South of the property line mature oaks, ornamentals trees 

and shrubs are located along the property line, and in‐between a concrete driveway and other 

landscaping. 

59.  Large oak located within 15 feet and north of property line along with fruit trees, landscaping, 

and a small structure. There is an approximate 20 foot grade break sloping from south to north 

along the property line as well as a very large visual barrier fence covered with wild grape, and 

Himalayan black berry on the slope. South of the property line there is an Oregon ash near the 

top of levee, and several improvements including a well, water pressure tank, propane tank, and 

a large electrical transformer. Several large cottonwood are located at the top of the riverbank. 

60.  Several mature oaks and cottonwood along property line with a dense midstory of Himalayan 

black berry and wild grape. Top of riverbank also vegetated with mature oaks and cottonwood. 

Similar conditions exist on both sides of the property line. 

61.  Twelve mature oaks along and near the property line. Top of river ban on the north side is lined 

with additional oaks and herbaceous vegetation. Driveway to public boat launch and pillars 

supporting the Interstate 5 overpass are located south of the property line. 

62.  Property line and area to the north is densely vegetated uneven terrain with mature black 

willow, sycamore, oak, cottonwood, pine and ornamental trees. Approximately 50 feet south of 

the property line there is a clear path to the river through an asphalt driveway and lawn and 

widely spaced mature oaks that may require the removal of one small pine. Riverbank appears 

vegetated. 



Property Line 
Number 

Natural Resource Field Observations 

63.  North of property line there is a clear path to the river through a landscaped lawn and several 

large cottonwood at the top of the vegetated riverbank. Area south of property line is a densely 

vegetated mature riparian forest with a well developed midstory and ground cover. 

64.  At the property line and within 50 feet of it the site is a densely vegetated mature riparian forest 

of oak, sycamore, and Oregon ash with a midstory of smaller trees and wild grape and ground 

covering of native blackberry, fig and small trees. 

65.  AKA 24B – At the property line and within 50 feet of it the site is a densely vegetated mature 

riparian forest of oak, sycamore, and Oregon ash with a midstory of smaller trees and wild grape 

and ground covering of native blackberry, fig and small trees. 

66.  AKA 24C – Oak riparian forest with open understory and vegetated riverbank. Many mature oaks 

and cottonwood within 20 feet north and south of the property line. An alignment through this 

site would require removal of several large oaks. There are several openings in the forest 

approximately 50 feet south that require the removal of one or possibly no oaks. 

67./68.  Densely forested with several large oak, pine, cottonwood within 50 feet of the property line. 

Grade on property line slopes down to the north. Ground cover consists of annual grasses, native 

blackberry  and ivy. Riverbank appears to be vegetated with willow and oak. House within 20 feet 

of property line to the south. 

68.  APN 201‐033‐024  ‐ Approximately 50 feet north of southern property line there is a clear path to 

river through a grass driveway. One fruit tree at the top of bank and ornamental shrubby 

vegetation at the toe of levee would need to be removed. Both sides of the property line 

including areas within 50 feet are forested with oak and ornamental vegetation. The riverbank 

appears vegetated with oak and willow. 

 



Drainage 
Outfall 
Number

Property 
Line Direction Ground Cover Midstory Canopy SRA Biological 

Impact Score Notes

North 5 5 5 5 20
South 0 0 0 0 0
North 1 2 3 3 9
South 1 2 5 3 11
North 1 3 5 3 12
South 1 3 5 3 12
North 0 1 1 4 6
South 5 5 5 5 20
North 5 5 5 5 20
South 5 5 5 5 20
North 5 5 5 5 20
South 0 0 0 1 1
North 0 0 3 3 6
South 1 2 4 3 10
North 2 3 4 3 12
South 1 1 3 3 8
North 1 1 4 1 7
South 0 0 4 1 5
North 0 0 1 2 3
South 1 0 1 2 4
North 0 0 1 1 2
South 1 1 3 1 6
North 1 1 2 2 6
South 1 1 1 2 5
North 0 0 2 0 2
South 1 1 2 2 6
North 1 3 4 1 9
South 3 3 4 2 12
North 0 1 2 2 5
South 2 4 5 3 14
North 1 1 5 1 8
South 1 1 5 1 8
North 2 2 3 4 11
South 0 2 3 4 9
North 4 4 5 5 18
South 4 5 5 5 19
North 5 5 5 5 20
South 1 0 1 1 3
North 0 0 2 4 6
South 0 0 3 4 7
North 1 1 3 3 8
South 0 1 3 3 7

6

7

8

9

10

former site 19A- minimizing impacts of pipe through lawn would require removal of oleander a sapling 
redwood and avoidance of house, gangway and dock, mature native and orinimental trees.  

SREL-2B AECOM Biological Impact Score Sheet

11

1

2

3

19A 3B

4

5

12

13

14

15

16

17

18

19

20

Property line vegetated, however excellent options north or south within 20 feet of property line 

Property line vegetated, however excellent options north or south within 20 feet of property line 



Drainage 
Outfall 
Number

Property 
Line Direction Ground Cover Midstory Canopy SRA Biological 

Impact Score Notes

North 1 3 4 4 12
South 2 3 5 3 13
North 2 3 5 3 13
South 0 3 3 3 9
North 0 3 4 3 10
South 2 3 4 3 12
North 3 3 4 3 13
South 0 2 4 3 9
North 3 3 4 4 14
South 0 1 2 4 7
North 2 3 4 4 13
South 1 0 1 2 4
North 1 0 2 2 5
South 1 0 0 2 3
North 3 2 4 3 12
South 1 0 2 3 6
North 3 3 4 3 13
South 1 2 3 3 9
North 1 2 5 3 11
South 1 2 5 3 11
North 0 1 1 3 5
South 1 1 4 3 9
North 1 0 3 1 5
South 1 0 3 1 5
North 2 1 4 3 10
South 2 1 4 3 10
North 2 3 4 4 13
South 2 3 4 4 13
North 1 0 3 2 6
South 1 0 3 2 6
North 1 1 4 4 10
South 1 2 4 4 11
North 1 2 3 1 7
South 1 3 4 1 9
North 1 2 3 1 7
South 1 2 3 1 7
North 1 0 3 1 5
South 1 1 2 1 5
North 4 4 5 3 16
South 2 3 3 3 11
North 1 3 5 4 13
South 2 3 4 4 13
North 1 3 4 2 10
South 2 3 4 3 12

22

28

27

26

25

24

23

29

30

20C

20D

21

42

20E

20F

31

32

33

34

36

37

38

39

40

41

35



Drainage 
Outfall 
Number

Property 
Line Direction Ground Cover Midstory Canopy SRA Biological 

Impact Score Notes

North 2 3 4 2 11
South 1 0 1 2 4
North 3 3 5 3 14
South 3 3 5 3 14
North 1 0 1 1 3 APN 201-0270-056 clear shot to river thorugh middle of property, possible willing seller
South 1 0 1 1 3
North 4 5 4 5 18
South 4 5 5 5 19
North 5 5 5 5 20
South 1 0 0 1 2
North 1 2 4 4 11
South 1 2 4 4 11
North 1 0 2 2 5
South 1 2 3 2 8
North 5 5 5 5 20
South 5 5 5 5 20
North 5 5 5 5 20
South 5 5 5 5 20
North 4 4 4 4 16
South 0 0 1 2 3
North 2 3 3 5 13
South 4 4 5 5 18
North 4 5 5 5 19
South 2 3 4 5 14
North 1 0 1 5 7
South 1 0 1 5 7
North 1 0 2 3 6
South 1 0 0 3 4
North 3 4 4 4 15
South 3 4 4 4 15
North 0 0 3 4 7
South 0 1 3 4 8
North 1 2 3 3 9
South 1 2 3 3 9
North 2 2 3 4 11
South 1 1 3 4 9
North 1 2 4 3 10
South 1 2 4 3 10
North 2 2 4 4 12
South 1 0 3 2 6
North 5 5 5 5 20
South 1 0 3 3 7
North 1 0 2 2 5
South 5 5 5 5 20

43
25A/22A

44

61

62

23E

48

49

50

51
23B

23C

23D

63

55

56

57

58

59

52

53

54

45

46

Potential here for constructing drain pipe entirely through asphalt driveway or further south through lawn 
avoiding all vegetation.

clear path to river bank 50 south of property line

47

60

44/45



Drainage 
Outfall 
Number

Property 
Line Direction Ground Cover Midstory Canopy SRA Biological 

Impact Score Notes

North 5 5 5 5 20
South 5 5 5 5 20
North 5 5 5 5 20
South 5 5 5 5 20
North 2 1 4 4 11
South 2 1 4 4 11
North 3 4 5 4 16
South 3 4 4 4 15
North 1 0 0 2 3
South 1 1 0 2 4
North 3 3 3 3 12
South 3 3 4 3 13

64

68

65

66

67

67/68
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Private Parcel Drainage Outfall Location Selection 

This Attachment addresses the selection of the location of drainage outfalls.  The recommended 
location for outfalls are  based upon the selection process described above in this TM and are 
located on the north or south side of property lines.  An aerial photograph of the property lines 
showing the approximate locations of the outfall locations are presented in Figures 5 through 9. 

The private property and biological impact scores are shown in the Attachment B spreadsheet. 
The property line adjacent to a vacant parcel with the lowest impact score within each outfall 
study zone was selected as the preferred drainage outfall location.   

Drainage Outfall 19B Location Selection 

Based on the Private Parcel Drainage Outfall Selection Criteria, the following analysis was 
used to establish the least impacted location for Outfall 19B at Property Line 3b South: 

Geotechnical. USACE EM 1110-2-1913 encourages keeping all drainage structures out of the 
levee prism and therefore no drainage outfalls are proposed through the new adjacent levee.  
All storm drain outfalls will discharge away from the new levee through waterside parcels to 
the Sacramento River.  Property Line 3b South is a waterside parcel. 

a) Hydrology and Hydraulics. The drainage area and the capacity of the roadside swale did 
not significantly influence the Outfall 19B location.  The distance between drainage high 
points was less than the maximum distance (2,720 feet) and would not exceed the drainage 
capacity of the roadside swale.  This drainage area could not be split and diverted to the 
drainage study zones to the north or south through culverts at the ramps because this would 
cause the drainage swales in these adjacent zones to exceed the roadside ditch capacity. See 
Drainage High Point below. 

b) Drainage High Points – Drainage Outfall 19B is set between two drainage swale high 
points at Garden Highway access ramps.  Outfall 19B is located between Reservoir Road 
and the private access ramp south of Teal Bend Golf Club at Station 317+50.  Outfall 19B 
will be located at a necessary low point in order to drain the Garden Highway between 
these two ramps. Property Line 3b South is located between these two ramps. 

c) GHCA Settlement Agreement.  Consistent with the Garden Highway Community 
Association Settlement Agreement, the Outfall 19B storm drain line is located along the 
southern boundary of Property Line 3b. 

d) Biological Impacts – The biological impacts at Property Line 3b South due to the proposed 
Outfall 19B construction were high compared to other property line locations within the 
outfall study zone and had the following biological impact scores for each category: 

1. Ground Cover:  5 
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2. Midstory: 5 

3. Canopy: 5  

4. Shaded Riverine Aquatic (SRA) Habitat: 5 

This resulted in a total biological impact score of 20.  See Attachment C. 

e) Property Impact – The impacts on private property due to the proposed Outfall 19B 
construction were low compared to other parcels within the outfall study zone and had an 
overall impact score of 0.  See Attachment B. 

f) Cultural Resource Impact – At this time, no cultural impacts have been reviewed.  Once the 
site has been formally selected, a cultural analysis may need to be performed. 

g) Hazardous Material Impacts – At this time, no environmental contamination has been 
evaluated.  Once selection of the site has been confirmed, an evaluation of environmental 
contamination may need to be preformed. 

Recommended Location for Drainage Outfall 19B 

Within the Outfall 19B study zone there are three vacant parcels with five possible storm drain 
discharge locations located along the property lines.  Based upon the current vacant parcels, 
private property and biological impact scores, and cooperation with private property land 
owners, the preferred drainage outfall location for the outfall study zone was selected.  The 
preliminarily selected Outfall 19B location is along the south side of Property Line 3b 
(Station 317+50).  The APN associated with this drainage outfall is 201-0250-004 and the 
drainage outfall is labeled Drainage Outfall 19B on Figure 5.  The area south of Property Line 
3b consists of ground cover, midstory vegetation, canopy trees and SRA habitat and was given 
an overall total impact score of 20 (all from biological impacts). 

Drainage Outfall 20F Location Selection 

Based on the Private Parcel Drainage Outfall Selection Criteria, the following analysis was 
used to establish the least impacted location for Outfall 20F at Property Line 29 South: 

Geotechnical. USACE EM 1110-2-1913 encourages keeping all drainage structures out of the 
levee prism and therefore no drainage outfalls are proposed through the new adjacent levee.  
All storm drain outfalls will discharge away from the new levee through waterside parcels to 
the Sacramento River.  Property Line 29 South is a waterside parcel. 

a) Hydrology and Hydraulics. The drainage area and the capacity of the roadside swale did 
not significantly influence the Outfall 20F location.  The distance between drainage high 
points was less than the maximum distance (2,720 feet) and would not exceed the drainage 
capacity of the roadside swale.  This drainage area could not be split and diverted to the 
drainage study zones to the north or south through culverts at the ramps because this would 
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cause the drainage swales in these adjacent zones to exceed the roadside ditch capacity. See 
Drainage High Point below. 

b) Drainage High Points – Drainage Outfall 20F is set between two drainage swale high points 
at Garden Highway access ramps.  Outfall 20F is located between the private access ramp 
south of Teal Bend Golf Club at Station 338+00 and a private ramp for parcels APNs 201-
0270-070 and 201-0270-69.  Outfall 20F will be located at a necessary low point in order to 
drain the Garden Highway between these two ramps. Property Line 29 South is located 
between these two ramps. 

c) GHCA Settlement Agreement.  Consistent with the Garden Highway Community 
Association Settlement Agreement, the Outfall 20F storm drain line is located along the 
southern boundary of Property Line 29. 

d) Biological Impacts – The biological impacts at Property Line 29 South due to the proposed 
Outfall 20F construction were low compared to other property line locations within the 
outfall study zone and had the following biological impact scores for each category: 

1. Ground Cover:  1 

2. Midstory: 2 

3. Canopy: 3  

4. Shaded Riverine Aquatic (SRA) Habitat: 3 

This resulted in a total biological impact score of 9.  See Attachment C. 

e) Property Impact – The impacts on private property due to the proposed Outfall 20F 
construction were low compared to other parcels within the outfall study zone and had an 
overall impact score of 1.  See Attachment B. 

f) Cultural Resource Impact – At this time, no cultural impacts have been reviewed.  Once the 
site has been formally selected, a cultural analysis may need to be performed. 

g) Hazardous Material Impacts – At this time, no environmental contamination has been 
evaluated.  Once selection of the site has been confirmed, an evaluation of environmental 
contamination may need to be preformed. 

Recommended Location for Drainage Outfall 20F 

Within the Outfall 20F study zone there is one vacant parcel with one possible storm drain 
discharge location located along two property lines.  Based upon the current vacant parcel, 
private property and biological impact scores, the preferred drainage outfall location for the 
outfall study zone was selected.  The preliminarily selected Outfall 20F location is along the 
south side of Property Line 29 (Station 361+50).  The APN associated with this drainage outfall 
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is 201-0260-033 and the drainage outfall is labeled Drainage Outfall 20F on Figure 6.  The 
area south of Property Line 29 consists of ground cover, midstory vegetation, canopy trees, 
SRA habitat and a telephone pole and was given an overall total impact score of 10 (one from 
private property impacts and nine from biological impacts) 

Drainage Outfall 22A Location Selection 

Based on the Private Parcel Drainage Outfall Selection Criteria, the following analysis was 
used to establish the least impacted location for Outfall 22A at Property Line 45 South: 

Geotechnical. USACE EM 1110-2-1913 encourages keeping all drainage structures out of the 
levee prism and therefore no drainage outfalls are proposed through the new adjacent levee.  
All storm drain outfalls will discharge away from the new levee through waterside parcels to 
the Sacramento River.  Property Line 45 South is a waterside parcel. 

a) Hydrology and Hydraulics. The drainage area and the capacity of the roadside swale did 
not significantly influence the Outfall 22A location.  The distance between drainage high 
points was less than the maximum distance (2,720 feet) and would not exceed the drainage 
capacity of the roadside swale.  This drainage area could not be split and diverted to the 
drainage study zones to the north or south through culverts at the ramps because this would 
cause the drainage swales in these adjacent zones to exceed the roadside ditch capacity. See 
Drainage High Point below. 

b) Drainage High Points – Drainage Outfall 22A is set between two drainage swale high 
points at Garden Highway access ramps.  Outfall 22A is located between a private ramp for 
parcels APNs 201-0270-070 and 201-0270-69 and North Bayou Road.  Drainage will cross 
the Elkhorn Boulevard ramp in a culvert.  Outfall 22A will be located at a necessary low 
point in order to drain the Garden Highway between these two ramps. Property Line 45 
South is located in between these two ramps. 

c) GHCA Settlement Agreement.  Consistent with the Garden Highway Community 
Association Settlement Agreement, the Outfall 22A storm drain line is located 
approximately 10 feet south of Property Line 45. 

d) Biological Impacts – The biological impacts at Property Line 45 South due to the proposed 
Outfall 22A construction were high compared to other property line locations within the 
outfall study zone and had the following biological impact scores for each category: 

1. Ground Cover:  4 

2. Midstory: 5 

3. Canopy: 5  

4. Shaded Riverine Aquatic (SRA) Habitat: 5 
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This resulted in a total biological impact score of 19.  See Attachment C. 

e) Property Impact – The impacts on private property due to the proposed Outfall 22A 
construction were low compared to other parcels within the outfall study zone and had an 
overall impact score of 1.  See Attachment B. 

f) Cultural Resource Impact – At this time, no cultural impacts have been reviewed.  Once the 
site has been formally selected, a cultural analysis may need to be performed. 

g) Hazardous Material Impacts – At this time, no environmental contamination has been 
evaluated.  Once selection of the site has been confirmed, an evaluation of environmental 
contamination may need to be preformed. 

Recommended Location for Drainage Outfall 22A 

Within the Outfall 22A study zone there is one vacant parcel with two possible storm drain 
discharge location located along two property line.  Based upon the current vacant parcel, 
private property and biological impact scores, the preferred drainage outfall location for the 
outfall study zone was selected.  The preliminarily selected Outfall 22A location is along the 
south side of Property Line 45 (Station 393+50).  The APN associated with this drainage outfall 
is 201-0270-026 and the drainage outfall is labeled Drainage Outfall 22A on Figure 7.  The 
area south of Property Line 45 consists of ground cover, midstory vegetation, canopy trees, 
SRA habitat and a non-decorative fence and was given an overall total impact score of 20 (one 
from private property impacts and 19 from biological impacts). 

Drainage Outfall 23E Location Selection 

Based on the Private Parcel Drainage Outfall Selection Criteria, the following analysis was 
used to establish the least impacted location for Outfall 23E at Property Line 51 North: 

Geotechnical. USACE EM 1110-2-1913 encourages keeping all drainage structures out of the 
levee prism and therefore no drainage outfalls are proposed through the new adjacent levee.  
All storm drain outfalls will discharge away from the new levee through waterside parcels to 
the Sacramento River.  Property Line 51 North is a waterside parcel. 

Hydrology and Hydraulics. The drainage area and the capacity of the roadside swale did not 
significantly influence the Outfall 23E location.  The distance between drainage high points 
was less than the maximum distance (2,720 feet) and would not exceed the drainage capacity of 
the roadside swale.  This drainage area could not be split and diverted to the drainage study 
zones to the north or south through culverts at the ramps because this would cause the drainage 
swales in these adjacent zones to exceed the roadside ditch capacity. See Drainage High Point 
below. 

a) Drainage Outfall 23E is set between two drainage swale high points at Garden Highway 
access ramps.  Outfall 23E is located between Elkhorn Blvd and North Bayou Road at 
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Station 416+30.  Outfall 23B will be located at a necessary low point in order to drain the 
Garden Highway between these two ramps. Property Line 51 North is located between 
these two ramps. 

b) GHCA Settlement Agreement.  Consistent with the Garden Highway Community 
Association Settlement Agreement, the Outfall 23E storm drain line is located along the 
northern boundary of Property Line 51. 

c) Biological Impacts – The biological impacts at Property Line 51 North due to the proposed 
Outfall 23E construction were high compared to other property line locations within the 
outfall study zone and had the following biological impact scores for each category: 

1. Ground Cover:  4 

2. Midstory: 4 

3. Canopy: 4  

4. Shaded Riverine Aquatic (SRA) Habitat: 4 

This resulted in a total biological impact score of 16.  See Attachment C. 

d) Property Impact – The impacts on private property due to the proposed Outfall 23E 
construction were low compared to other parcels within the outfall study zone and had an 
overall impact score of 0.  See Attachment B. 

e) Cultural Resource Impact – At this time, no cultural impacts have been reviewed.  Once the 
site has been formally selected, a cultural analysis may need to be performed. 

f) Hazardous Material Impacts – At this time, no environmental contamination has been 
evaluated.  Once selection of the site has been confirmed, an evaluation of environmental 
contamination may need to be preformed. 

Recommended Location for Drainage Outfall 23E 

Within the Outfall 23E study zone there is two vacant parcels with four possible storm drain 
discharge locations located along four property lines.  Based upon the current vacant parcel, 
private property and biological impact scores, and cooperation with private property land 
owners, the preferred drainage outfall location for the outfall study zone was selected.  The 
preliminarily selected Outfall 23E location is along the north side of Property Line 51 
(Station 416+50).  The APN associated with this drainage outfall is 201-0270-061 and the 
drainage outfall is labeled Drainage Outfall 23E on Figure 8.  The area north of Property Line 
51 consists of ground cover, midstory vegetation, canopy trees, SRA habitat and was given an 
overall total impact score of 16 (all from biological impacts). 
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Drainage Outfall 24C Location Selection 

Based on the Private Parcel Drainage Outfall Selection Criteria, the following analysis was 
used to establish the least impacted location for Outfall 24C at Property Line 64 North: 

Geotechnical. USACE EM 1110-2-1913 encourages keeping all drainage structures out of the 
levee prism and therefore no drainage outfalls are proposed through the new adjacent levee.  
All storm drain outfalls will discharge away from the new levee through waterside parcels to 
the Sacramento River.  Property Line 64 North is a waterside parcel. 

g) Hydrology and Hydraulics. The drainage area and the capacity of the roadside swale did 
not significantly influence the Outfall 24C location.  The distance between drainage high 
points was less than the maximum distance (2,720 feet) and would not exceed the drainage 
capacity of the roadside swale.  This drainage area could not be split and diverted to the 
drainage study zones to the north or south through culverts at the ramps because this would 
cause the drainage swales in these adjacent zones to exceed the roadside ditch capacity. See 
Drainage High Point below. 

h) Drainage High Points – Drainage Outfall 24C is set between two drainage swale high 
points at Garden Highway access ramps.  Outfall 24C is located between North Bayou 
Road and landside private property ramp to APNs 201-0330-043 and -042 (Station 458+40) 
near the southern limit of SREL-2B (Station 468+00).  Outfall 24C will be located at a 
necessary low point in order to drain the Garden Highway between these two ramps. 
Property Line 64 North is located in between these two ramps. 

i) GHCA Settlement Agreement.  Consistent with the Garden Highway Community 
Association Settlement Agreement, the Outfall 24C storm drain line is located along the 
northern boundary of Property Line 64. 

j) Biological Impacts – The biological impacts at Property Line 64 North due to the proposed 
Outfall 24C construction were high compared to other property line locations within the 
outfall study zone and had the following biological impact scores for each category: 

1. Ground Cover:  5 

2. Midstory: 5 

3. Canopy: 5  

4. Shaded Riverine Aquatic (SRA) Habitat: 5 

This resulted in a total biological impact score of 20.  See Attachment C. 

k) Property Impact – The impacts on private property due to the proposed Outfall 24C 
construction were low compared to other parcels within the outfall study zone and had an 
overall impact score of 0.  See Attachment B. 



Technical Memorandum 
Drainage Outfal l  Selection Criteria 

Sacramento Area Flood Control Agency  
Natomas Levee Improvement Program July 7, 2010 

l) Cultural Resource Impact – At this time, no cultural impacts have been reviewed.  Once the 
site has been formally selected, a cultural analysis may need to be performed. 

m) Hazardous Material Impacts – At this time, no environmental contamination has been 
evaluated.  Once selection of the site has been confirmed, an evaluation of environmental 
contamination may need to be preformed. 

Recommended Location for Drainage Outfall 24C 

Within the Outfall 24C study zone there is one vacant parcel with two possible storm drain 
discharge locations located along two property lines.  Based upon the current vacant parcel, 
private property and biological impact scores, and cooperation with private property land 
owners, the preferred drainage outfall location for the outfall study zone was selected.  The 
preliminarily selected Outfall 24C location is along the south side of Property Line 64 
(Station 454+00).  The APN associated with this drainage outfall is 201-0330-021 and the 
drainage outfall is labeled Drainage Outfall 24C on Figure 9.  The area north of Property Line 
64 consists of ground cover, midstory vegetation, canopy trees, SRA habitat and was given an 
overall total impact score of 20 (all from biological impacts). 
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