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Introduction 
 This study analyzes the capacity of existing sanitary sewer as well as post development 

condition where an additional 400 residential units are proposed to connect with the existing 

system. The study will consider all tributary areas which connect with the existing sewer lines of 

interest. The goal of this analysis is to understand scenarios by which the sewage from the post 

development project site can be connected with the existing sewer without resulting in a 

negative impact on the existing sewer infrastructure. To this purpose, the best solution resulted 

in two proposed connection locations with the existing sewer. Each connection to host an 

additional proposed 200 houses with a cumulative addition of 400 single family residential units. 

Project Description 
 The project site is located on the southwest corner of the intersection of Marshall Rd and 

Otis Ave. The project site is largely pervious and is currently vacant. Previously the site hosted a 

small farm with accompanying buildings with an onsite private sewerage system. The proposed 

development at the project site includes construction of approximately 400 single family 

residential units.  

Capacity Analysis Criteria 
 For this analysis City of West Sacramento’s 2015 Sanitary Sewer Master Plan Update Final 

report is strictly followed. Existing sanitary sewer layout is taken from Figures 2-5 of the City 

report (Appendix A). Design flow analysis is performed as per Section-5 of City Design Standards. 

All the existing and proposed residential units are assumed as single family dwelling units. 

Peaking factor of 3 is used in analysis. Manning’s n is taken as 0.013 as per guidelines given in 

Section-5 of City Design Standards (Appendix B). Length, slopes and inverts of existing sewer 

along Martinique St., Oakland Bay Dr., Golden Gate Dr., Half Moon Bay Cir., Tacoma Narrows St., 

and Guadelupe St are taken from the available City As-Builts (Appendix C). Where as-builts were 

not available, the length of existing sanitary sewers is calculated as distance between manholes 

using Google Earth (Appendix D), Boundaries and nodes of Exhibits are also marked in the same 

appendix. The number of residential units for each node is counted manually and also verified 

from the City’s GIS data. Capacity analysis is performed in Autodesk Storm and Sanitary Analysis. 
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Analysis of sanitary sewer after addition of 200 houses per connection is shown in Appendix F 

Exhibit A and Exhibit B, respectively. The two proposed connection locations are: (1) Martinique 

St. and (2) Guadelupe St. Each connection location to host 200 proposed residential units. 

Drainage Scenarios  
Entire area is divided into two exhibits i.e., Appendix F Exhibit-A and Exhibit-B. Existing and 

Proposed conditions analysis is also performed in the aforementioned exhibits. Modeled sanitary 

sewer layouts which included nodes (sanitary sewer manholes) and links (sanitary sewer pipes) 

of Exhibit-A and Exhibit-B are attached in Appendix E of this report.  

Exhibit-A: In this exhibit, the main sanitary sewer line is considered from south of Martinique St. 

and ending at Bridgeway Island Pump Station while running along Oakland Bay Dr and Golden 

Gate Dr. At beginning the sanitary sewer is 8” and 18” at the end. This sewer line receives the 

discharge from tributary areas of Exhibit-A through various manholes which are treated as nodes 

during analysis. There are a total of 11 nodes in Exhibit-A. The last node A11 is assumed at the 

connection point of 18” and 30” sewer near Bridgeway Island Pump Station. In the proposed 

conditions, 200 residential units are assumed to contribute the discharge to this main sewer lane 

at note A1. Existing contributing sewer area analyzed in Exhibit-A is highlighted with red color in 

the map (Appendix D). 

Exhibit-B: In this exhibit, the main sanitary sewer line is considered from south of Guadelupe St. 

and ending at Bridgeway Island Pump Station while running along Oakland Bay Dr., Tacoma 

Narrows St., and Half Moon Bay Cir. At beginning the sanitary sewer is 8” and 15” at the end. 

This sewer line receives the discharge from tributary areas of Exhibit-B through various manholes 

which are treated as nodes during analysis. Flow from Bridgeway Island Elementary School is 

also calculated as per section 5 guidelines for Non-Residential flow (Appendix B). Approximately 

1500 individuals are assumed in school including students and staff members. Sanitary sewer 

from school is assumed to be connected to main sanitary sewer line at node B10. Design flow 

calculations from school are also provided in Appendix F Exhibit-B. There are a total of 13 nodes 

in Exhibit-B. The last node B13 is assumed at the connection point of 15” and 30” sewer near 

Bridgeway Island Pump Station. In the proposed conditions, 200 residential units are assumed 
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to contribute the discharge to this main sewer lane at note B1. Existing contributing sewer area 

analyzed in Exhibit-B is highlighted with blue color in the map (Appendix D). 

End Boundary Conditions 
 While performing the analysis for existing and proposed conditions, the boundary 

condition at node A11 and B13 is taken as fixed. Conservatively assuming that 30” sewer to Pump 

Station is running at its 70% capacity as per maximum allowed in City Design Standards (Appendix 

B). 

Design Flow Calculations  
 The design flow for each node is calculated manually as per Section-5 of City Design 

Standards (Appendix B) for both existing and proposed conditions. Calculated design flows at 

each node of Exhibit-A and Exhibit-B for existing and proposed conditions are attached in 

Appendix F.  

Results 
 The sanitary sewer system is modeled in Autodesk Storm and Sanitary Analysis for existing 

and proposed conditions. The results for the analysis are attached in Appendix G. Profile views 

of the sewer mains for both Exhibits are also attached in Appendix G. At the final connection 

location with the Pump Station, Links A10-PUMP and B12-13, are running at 42.0% and 34.4% 

capacity respectively for existing conditions whereas after adding post development discharges 

these links run at 44.0% and runs at 36.0% capacity, respectively. Capacity analysis comparison 

for each link during existing and proposed conditions are attached in Appendix H. Overall, after 

adding post development sewer flows, no negative impacts are anticipated to the existing sewer 

system. 

Summary  
Approximately 400 residential units are to be developed at project site. As per results 

of analysis performed, existing sewers have sufficient capacity to discharge sanitary waste of 

an additional 200 residential units per connection without exceeding 70% of pipe capacity and 

while meeting City Design Standards. 
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SECTION 5
SANITARY SEWERS

5.01 GENERAL

A. Submittal Requirements
1. Sanitary sewer system design within a developing area shall conform to the 

General Plan, Master Sewer Plan, and any applicable Specific Plan of the 
City of West Sacramento and include provisions for size and capacity to 
adequately convey all domestic and industrial waste that can be reasonably 
anticipated under conditions of full ultimate development. Engineering
calculations to support the sewer system design shall be submitted to the 
City Engineer for approval. The calculations shall include:
a. Map indicating service area within the sewer system including any 

future contributing development with projected land use, zoning, and 
any physical features contributing to the sewer system design.

b. Sanitary sewer waste volumes either existing or proposed within the 
service area of the system.

c. Size and slope of each pipe between appurtenant structures.
d. Invert/rim elevations of each pipe and appurtenant structure.

5.02 PIPE DIAMETER

A. Public Mains
1. The minimum size of any new public sewer main shall be 6 inches in 

diameter.

B. Residential Services
1. The minimum lateral size is 4 inches where grade requirements can be 

met and the intended use is to serve single family or duplex residences.

C. Non-Residential Services
1. Six-inch or larger laterals shall be installed where intended use is

industrial, commercial or greater than single family or duplex
residential flows.

5.03 DESIGN

A. Flow Calculation
The design sanitary sewer flow shall be computed using the following 
formula:

Appendix B: Sanitary sewer design guidelines per section-5 of city design standards.
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  QD = QP + I (eq.5-1)

Where: QD = design flow   

I = Infiltration and 
inflow

QP = peak flow

And: QP = Qave * PF (eq. 5-2)

Where: Qave = Average Flow
PF = Peaking Factor

1. Residential Flow

a. Average flow (Qave) shall be based upon the following criteria:

1. 3.0 persons per single family dwelling unit

2. 2.5 persons per multi family dwelling unit

3. 100 gallons per person per day

b. Peaking Factor (PF) shall be 3

c. Infiltration and Inflow (I) shall be computed assuming 4000 gallons per 
inch diameter mile per day for sewer mains and laterals.  Residential 
laterals shall be assumed to be a minimum of 75 feet in length.

2. Non-Residential Flow

a. Average Flow (Q) shall be based upon the following criteria:

1. Other Commercial1 1500 gpad*

2. Prof. Office/Bus Park2 1500 gpad

3. Recreation 500 gpad

4. Schools 4.25 gpd/student

5. Light Industrial 2000 gpad

6. Heavy Industrial (case-by-case basis)

* (gallons per gross acre per day)

QP + IQD =

QP = Qave * PF

3.0 persons per single family dwelling unit

100 gallons per person per day

Peaking Factor (PF) shall be 3

inch diameter mile per day for sewer mains and laterals. 
Infiltration and Inflow (I) shall be computed assuming 4000 gallons per 

Schools 4.25 gpd/student
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1  High volume generators such as restaurants shall be considered on a 
case-by-case basis.
2  Multi-story structures will be considered on a case-by-case basis.

b. Peaking Factor (PF) shall be based upon the following criteria

1. Industrial = 2

2. Non-Industrial = 3

c. Infiltration & Inflow (I) shall be the same as for residential flows.

B. Pipe Capacity
1. Manning’s Formula [Q = A (1.49/n) R2/3 S1/2] shall be used to determine 

pipe capacity. The “n” value shall be 0.013 or the pipe manufacturer’s 
recommendation.  Manning’s “n” values, which are less than 0.013 shall 
require City Engineer approval and shall only be allowed if minor losses 
are accounted for.

2. All main sewers shall be sized to carry the design flows at a maximum of 
70% of pipe capacity.

C. Velocity
1. Sewer velocity shall be equal to or greater than 2 feet per second for all 

sewers when flowing full. 
2. Where design velocities for main sewers exceed 10 feet per second,

polyethylene lined ductile iron pipe conforming to Section 14 of the
Standard Construction Specifications shall be used. The ductile iron pipe 
shall be wrapped with an 8-mil polyethylene encasement.

D. Pipe Cover and Clearances
1. Minimum pipe cover and clearance shall be maintained in the design of 

sanitary sewers. If certain conditions exist which make it impractical to 
meet the minimum cover and clearance requirements, the conditions and 
locations shall be specifically noted above the sewer profile on the plans.
Each location not meeting the minimum cover and clearance requirements 
will require special approval. Any planned condition being specially
approved with less than minimum cover will require special pipe, bedding 
and/or backfill as approved by the City Engineer.

2. Main and trunk sewers shall have a minimum depth of 4 feet as measured 
from the top of the pipe to the finished grade.

3. Laterals shall have a minimum depth of 3 feet from the top of the pipe to 
finished grade.

4. Pipe shall be laid with a minimum of 12 inches vertical clearance below 
water lines and 6 inches clearance from all other improvements and
utilities, unless otherwise approved by the City Engineer. Other utilities 

[Q ( )
The “n” value shall be 0.013 

70% of pipe capacity.
All main sewers shall be sized to carry the design flows at a maximum of 

2. Non-Industrial = 3
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1 'l' GV NORTH & SOUTH, 
ANO 1 2X6 REDUCER SOUTH 
F.H. ASSEMBlY W-1 

~6"..s~I+~ W- 10 

l'/JTIJIICl'I.LAGl'.S 

13, 

\ .. 
\ 

0 40 ' 80 ' 

~~
3
6~

80J~Rk. fui.t SCALE • I ' • 40' 
SEE NOTE SHEET 2 WITH 
THISSYll80l I 

CONST. 58 lF STD. 
ST. EWIRIC-'OE ST- 9 

r -~ IC) 

l 
"""'-14+06.14 
~ CONST. TEMP. RISER '°' PER OTL SHT. 2 
C,, RIM El.LV.•5.80 

FOR fl..EXIBlE WATER PIPE, HORIZONTAL AND VER'T1CAI. CURVES 
TO BE GREATER THAN 1,1,t,NUFACTIJRERS SUGCESTEO MINIMUM 
RADIUS: 

tr' • 200 R 
I0'" •250'R 
11' • 300 R 
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• · : • · • · • · • -o.42ic • ~-~o;~v r :· -~~.is:i 
11 
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; _~o s.d~J; . . : _:}30 cue< so: ~~0.0003; .: -o 
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- 4- 1 .: ... .. .. • ~+. ----+-----+-- • ' • • • ,-----~~-------'--~/ .. :. : .... : .. :. \---+---~ 4 

.................... 
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. . .. .. ..... .. 

-II-I···· . • • J~2.J-L .. t:i'. ... s.s .. :s .... a.oow _ ----- ~ -+---4 ·t-----!-----+-------' _ 11 
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-:: I • • • • i 1;~:il~~l~!ii'.!!li ..•..... · .......................... --~--~ ;1~1 ! J;l:i!!iJ :mh • :::: 
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i 
11t1 

\0 
w 
l!) 

~ 
...J 

> 

q . 
n.t 
~~ii 
H1t 
i"ll 
1tf tJ 
Mti 
uh 

v 
.-I 

'° CX) 

+ 
('I") 
.-I 

0 ... 
v 

.,-t O'I 
. wl"i 

J: ..J '° a.. u: + 
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A6

Appendix C: City As-Builts (A6)

~, i 

B 
II 
~~ · 
q 
~~ 
d 

I~ 
~ 
I 

J 

~Ii 
Pl,\CE 12X12 CROSS WITH 
12X6 REDUCER, ft' <N ANO 
FH~YSOUTH 

5 ~ 12" <N NORTH r
STA. 1+13 

I 

1<1' <N EAST AHO 

z! 

~; 
$ 

u-· !I/IT ... --~ 
/l4K£Mrl B4r Aln!" - ~ .. ,, 

SEISNccr4 139 

I ll£ARING/DELTA RADIUS 

6•90'ocl0<1' 30.00 

6•90'ocl0<1' 30.00 

6•05"24'22" 550.00 

6•01"28'28" 1000.00 

Pl,\CE85LFIRR. Sl£EVE 
7 BOW SEE NOTE SHEET 2 
WITHTHISS'IMIIOl.(D 

~"~ 
SClll.i:oT'• .!, 

·~ ~~.~-TT-
1« 145 

LENGTH I TANGENT 

47.17 I 30.00 

47.12' I 30.00 

51.e9' I 25.91 

25.73' I 12.87 

ll£ARING/DELTA I RADIUS LENGTH I TANGENT 

6•17°19'21" 50.oc/ 15. 12' 7.62' 

6-1r110:z- I 50.00 7.6fJ 

6•0"41'3<1' I 912.00 

6•20"1 1'09" I 50.00 

6•20"11·os- I 50.act 17.62' 8.90' 
6•0"52'2'.f' I 101e.oo 1 15.51' 

6•!1"34'♦♦" I 30.00 I 5.o7 

6•1!'5639" I 30.00 I 4.7<:J 2.36' 

6•7°16'49" I 50.00 I 6.35 

6-r16'49" I 30.00 I J.sr 

STA 5+36. 
Pl,\CE12" 

1-46 147 

BEARING 

N 00"5725" E 

N 37°J9'05"E 

41 N24°44'4ft'E 

148.;i.; 

LENG'TH 

16.61 

26.-la' 

1-49 150 I 151 ' I 152 

TTWFK:CAI.JERD£TM. 
SEED£TM.11Q(T 

--

{ 
ti:,_~., g:;; :;; 
~~ ~Id 

: ~ ~ ~ ~ ~ ~ : 5 ~ ~ ~ ~ ~ 

CONST. BUS SH£LTER 
PER CITY STll. DJL ST-19 

VILLAGE 6 IVILLAGE 5 

i~ ~c== 
~ L GAT~ ~ _ _ DRIVE_ ~ 

0 141 

BUS TURNOUT AND CALMER DETAIL 
SCAI.E1"•3r:J 

FOR FLEXIBLE WATER PIPE, HORtZONTAL ANO VO!TICAL CURVES 
~':fs:GREATER THAN loWrufACTURERS SUCGl:STEO MINIMUM 

S" •200R 
1<1' • 250' R 
12" • 30r:J R 

:, • ...... + ... • J!f t} LL . _ct~'-~t-c_~

0

cc cc+ !~--. • •. • • •; •• •. • ••• ~II!!! ;~!l __ L_LLcc •• : J I! • -~·~·~.::::::::::::::::::::::::·~::::::::: -:: 
8- ~tiitr~LiNt .~RJii_t ···+----;---~-Bl~ll'c'---~ •• : ••• ~·J .-:-· --;--.--.----'--~ ···! ... . -8 

• . . ··~:.,:··~~~·ll:_~~····:,..c~~· '.:.i:1 •. : ..• PROPOSED .GUTTER :rL: k~~,t.~~ .. : .: .... ·. '· .. ·: . :·?i~r~::E:5 .. . .. i a:~~i1~.ti I . • : . I . : . : . : . : . I ! • 

: STA: O+ n----'----~-- : ••• :.:.:.: .: ••••• J;-¥,itiI ;~h~i ' t'~;.,. ·f----- ~ - .i- .. :·-~~ ---- -~f-----t-----'----l------l-___:____:_--1 ::. 

: . ~ 8~: ~ fr.~ : .• - ................ . 
~11) LF. : 1.5' ss. S~0.001~ : 

: . \it :\\'TF .: 
. T.OP=2.00 . 

·: · 1TA.: 1+IJ: 
.~: .• 

.:f : 

.32sn·. :w ·ss ·s - ·o:oois ,· 
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-~ lT"~ I I i I I I • I 1-S 1:/l 1- ~ HJ;:; - El~ ~~ ~;;~ . . . . ~~ 1r 61; t1i~; ~ ~; . "'"' 
-l-------+-----. ~: :;; • : · · • · · • • ,:: ;'; 1::; 1; · • ,; 
~~-~~~.I~~ ;~~: . · . ·. . . ~~~ ;~~ a~~ a~ • : • • • : ~-

0+00 1 +00 2+00 3+00 4+00 5+00 6+00 7+00 1+00 

---------------t----+- ............. ••i --8 

: ... ... ... : .... , .... • --+--~----t------J----. 12 

--t------t----+---t------t-----l --16 
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A8

Appendix C: City As-Builts (A7-A8)

~,: 
u 
II 
~~ 
i1 

~~ 
d 

16-

12-

8-

-4-

0-

Ii 
' I 

--4-

-8-

-12-

-16-

Pl.ACE 85 Lf IRR. SLEEVE 
'l BOW S£E NOTE SHEET 2 
WITH THIS SYMBOl \I) 

STA. 8+70 
'l' IRR. SVC 
31'LT 

PLACE 85 Lf IRR. SLEEVE 
'Z BOW SEE NOTE SHEET 2 
WITH THIS SYMBOL \I) 

~i.~ 

I I 

----. -~··r 
[ __ }_.•· : ©; .. I t,.41 i :~.. I '5 I '4 :·-~ 

8+00 

I i 

<O <O "' <O 

,.., 
<O 

:Ii: 
.... , ... 
~~ 

<O <O 

~ 

"' 
<O <O 

·:~18 j~ 

~ 
<O 

g 
+ ,:~ 

EX1snN~l!ouNO • -~ -~ ~ • ····· ······•· gj~ ~ ~ 
'--- - ------~-~~~:_R_f:_ :!_!:_R~ :::\,.~ R CENTERLINE ~ _ : • ~ l:l 

CL Fl~ISH£0 GRADE-.._ \ \ . I' ...- .-..~ :::-----~nu-; -- -~ - :..__ ) ____ ~_ ~ Cl) 

.., I I JNVL- 10. 14 I 

~ ; ~ ~ 

~i f, 
~~~ ~~ 

9+00 

236LF21" SD 
S•0.0010 

t'l' WJR 
WP•2.5 
.STA. 10+18 

236 :L.F. 15• SS S•OJ)015 

10+00 

~ 

12+00 13+00 

f BEAF:ING/OELTA RA04US LENGTH TANGENT 

1 A••90"0000" 30.0<1 47.l'Z 30.0<1 
2 A,.86'5f4'l' 30.0<1 45.4&' 28.40' 

3 A,.13°23'1/f 550.0<1 128.5'l 64.5!5' 

4 A••90"0000" 30.0<1 47.l'l 30.0<1 
5 A• •90"0000" 30.0<1 47.l'l 30.0<1 
6 A• •lrt9'21" 52.0<1 15.7'l 7.9'l 

7 A• •H;'3!5'3'l' 48.00' 13.90' 7.0<1 
8 A••00"43'49" 974.00' 12.41 ' 6.21' 

9 A,.20"1 1'09" 48.00' 16.91' 8.54' 

10 Au20"11 '0lf 52.00' 19.3'l 9.28' 

11 Au00"5'Z23" 1016.0<1 15.4&' 7_74• 

12 A••09"34'44" 30.00' 5.0'l 2.51 ' 

13 Au08"58'39" 30.00 5.01 ' 2.311' 

14 A .. or,e•9" 50.00 6.3!5' 3.18' 

15 A• •Ortll'49" 30.0<1 3.81' 1.91' 

[I) BEARING LENGTH 

1 N0<1'5'l25"E 16.611' 

N37"39'05"E 11.1 8' 

! I : ~:::; ~ ~~::~ 

FOR FlEXIBu: WATElt PIPE, HORIZONTAL ANO VERTICAL CURVES 
TO BE GREATER TH.IN MANUFACTURERS SUGGESTED MINIMUM 
RAOIUS• . 

If • ,0<1 R 
10" • 25<1 R 
I t' • 30<1 R 

VILLAGE 6 ·VILLAGE 5 

1~ ~c:== 
@" L 
GAT~ ~ _ _ ~E_ ~ 

0 141 

BUS TURNOUT AND CALMER DETAIL 
SCALE 1"• 30' 
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A10

A11

A11

Appendix C: City As-Builts (A9-A11)

• ·- · ■ ·-

I I ( 

n 1 1111-11 

I 
--- I 111111 

Ii I 111111 

ll I 
I 111111 

~,: 
It 
II 
~~ 
q 
~~ 
d 

PlACE 85 LF IRR. Sl.£EVE 

'l BOW SEE NOTE SHEET 21 WITH THIS SYMBOl (I) 

16-

12-

8-

-4-

0--

a _ _._ 

a -8-

I -12-

81 
-16-

8 r..., ... .., 
~ ... 

i.. 

,~~ 
,<Cl) 

~ 

13+00 

"' <D 

EXISTING PROPERTY 
BOUNDARY STA. 17+88.22 

12"<;, 

~ PIJC.f 41 LF 10" ~-'- ~ .,.o.«n!> £ ,fiJ2:.,, 

/ 

,. tMlYOf,Jp 11:0.111 e l.t! . ll•IA.ft/ .,TA. to• 1,.!J, 
IW>'. ~J<.11. • - t.OO ~T. DltlVEJ,,4A'/'-
/"1!e <ll'STU/V,f • -1.n Clrt' 6TD. DTL . 6T-!S 
"ue ♦ PLUG. 

STA. 19~1 W-lO &~Jf: 

=_ =_=_=_=_=_=LT _--:~.J-...::... £WITH~~ ,1• ~ _ __ 

~~,~~f -1 :·····:-·· ~~~ ,: L .... , 

~ ~ . 

: •• • • • , ,, , ,, l0 29 , "' / 27 ·:s,~t•,~- ~ 
3-4 

\ 
.:···: 37 

:. .... 

38 
C/L INTl( 
24+14.30 GUANA ISL ROAD 
13+67.44 GOLDEN GATE ORM: 

39 

:8 
<D 

;;; 
.,; 

36 

35 

.,; 

EXISTING GROUND 
OIIER CENTERLINE 

-------------------

2f Lf 12" SD S,-0.0020 

1'l'WlR 
TOP•2.7 

fil 
<D 

STA 15+97 !2" WTR 

1-4+00 15+00 

TQP• .1.3 
STA:16+42 
STA. 16+62 

16+00 

;~• -
·,i.: 

0 

.,; 
~ 
.,; 

GUTTER FL'L1 & ,Rl· 

CL FINISHED GRADE 

0, 
.,; 

·2:3;i' ' ls it' SQ_ ~-O.OQ_20 

·2-1 2" SD 
INV, 2.63 

17+00 

12" WTR 
rO!'•V • 
STA..17+07 

12" WTR 
TOP•2.7 
stA.i'8-t27 

18+00 

.,; 

"-lai 

19+00 

Cl) 
.,; 

0 
,..: 

::. 1 ... H 
g~ 

20+00 

0, 
.,; 

fil 
.,; 

21+00 

~-; 
1ii8l 
5x · 

J ... 
A 

Iii,' 

!: : 
22+00 

BEARING/DELTA RADIUS LENGTH I TANGENT 

6•85"2J'46" J0.00' 

6•85"2J'46" J0.00' 

6•58°50'22" 550.00' 310.16' 

6•7°1J'2!> 28-4.00' J5.81' 17.9J' 

6•82°46'36" J0.00' 

6•90'00'00" J0.00' 47.12' J0.00' 

-:Ii 
., :ifft 

~.,,--~ 
--~~,,1 
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.,; 

FDR Fl.£XIBLE WATER PIPE, HOR1ZONTAI. ANO IIERTICAI. CURIIES 
~i:fs,GRE"ATER THAN MANUFACTURERS SUGGESTI:D t,IINIMUt,1 

1:r WTR 

15' • 200' R 
Hf • 25<1 R 
12" •JO<tR 
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.,; 
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B4
B5 B6

Appendix C: City As-Builts (B4-B6)

I ·1 

h\ 

I 

8 

(STA: l ♦U.-1$ TO 7+23.'t) (-..iENTTO -NT) 

I 2+1J.t7 TACOIIA - Slll[[T 1 ♦00.00 NLOT POINT 110AD 
~1~ PILO(:t:N~:iOAO 1 ♦00.00 l'ILDT POINT 110AD 2+1J.t7 TACOMA - Slll[£T 

1" ;fl'%1l~Jt CD m~,J.AN~.r:,~w w 0 e, ~r:i•:.J" IE 1~:!r = ~rn:rr- ~ (MONUMENT TO su,·o IIHDY) 

28 52 51 50 ~80 I 8 l J-+1--!+-t;f.1---ttt,~ 29 I 28 
~ .--tr±-ll--t.V-itt++_f------~~~~ 11 a 1 

\-- ~~--Hiit-tl l t+-H--t'icf-Hl-+I 
III 

I;!~ I 53 ~ 
-/ - i ihi III I 111 54 111 I 
/' 1"1•1v1. , • .r1~/- ., i: l1i ., ~ l1i i: I i: - ~ f ~ ., 
~ ~~~r-::'A==~~ ~- ~~~~~-~~ jll! 0 N 

!►~ l]~~~➔~~~::::=-:;..:::::!:j;U,.::..=:;:::=-::J;;;:::~::!j:~:::._:..,::=~ - C - !Q;• 
~;.... 9 =;= ~ / ::-: 11 ' ~1! 

27 I 
~ ;; 

t1 ~ t1 

[ f ,ii f i 
;i IJl'.J.af'F---+--+rl~::-,-_.;.;;.;.:;.i.a_,++,a ~=--==cciif cmr~ -~ ==1-=!~f - --+l ..ii+-+-..-"------'-- .,,.,.., 

i! . , ±f- --~ I ~/41 I~ P··: ,• - 7! 7 ~T ---~~\-. 1 -
, ,·• • Iii~ a l1i 111 -~ 55 
~---· .. i; f \ _/ 1111-[IJ~ 5-6 ----H 

~, ~ f re• 
~ ;; 

17 ., .. ----· II II I \I I ~ 
~ I L 

55 56 57 ..,9 I I 
1
.
1
. I -ki~. 

OAKLAND BAY DRIVE ' TREASURE ISLAND ROAD 
(scr HIT 3) t ♦oo.oo TACOIIA IWIIOWS Slll[£T EXISTl«3 

26♦72.43 0,U(LMI) IAT OffiE BRl>QEWAY ISL.AN> 57 
VLLAGE 4 PHASE 1 

TACOMA NARROWS STREET 

CONSTRUCTION NOl[S· 

0 CONSTRUCT D.I. P'ER S.D. SD-4 I: CONNECT 
TO 11H W/47 lf CW tt' l'YC SDR-35 

(.\ n. e 0.l.•2.47, n. e IIH•2.21 S• 0.0055 
\V CONSTllUCT D.I. P'ER S.0. SD- 4 I: CONNECT 

TO 11H W/52 lf CW It' PVC SDR-35 

0 
n. e 0.i.•2.47, n. e IIH•2.21 S•0.005 
COIISTIIUCT D,I. P'ER S.D. SD-4 I: CONNECT 
TO 11H W/44 lf CW It' PVC SDR-35 

0 
n. e D.l.•2.38, FL e IIH•2.11 S•0.005 
COIISTIIUCT D.I. P'ER S.D. SD- 4 I: CONNECT 
TO 11H W/39 lf CW tt' rvc SDR-35 
n. e D.l.•2.38, FL e IIH• 2.11 S=0.005' 

PJR
0loE1 • : ;1 ~~~ 

0 CONSTRUCT D.I. P'ER S.D. SD-4 I: CONNECT 
TO WH W/34 lf CW It' PVC SOR-35 
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Appendix C: City As-Builts (B6-B8)
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FOR FLEXIBLE WATER PIPE, HORIZONTAL ANO VER11CAI. CURVES 
~BJs,c'~EATER THAN MANUFACTURERS SUGGESTED MINIMUM 

IS' - 200 R 
10" - 250' R 
12" - 30<1 R 
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STA.5+45PLACE 
12s12X1DTEE 
10" <N EAST 
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4 i>-94°34'06" 
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Appendix C: City As-Builts (B8-B9)
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Appendix C: City As-Builts (B10-B13)
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Appendix E: Modeled sanitary sewer layout (Exhibit-A).
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Appendix E: Modeled sanitary sewer layout (Exhibit-B).



 

Node Existing 
Residential Units 

Dia 
(in) Length (ft) Total Design 

Q (cfs) 
Cumulative 

Design Q (cfs) 
A1 13 8 398 0.0218 0.0218 
A2 19 8 615 0.0322 0.0540 
A3 19 8 613 0.0322 0.0862 
A4 60 8 2792 0.1097 0.1959 
A5 0 10 173 0.002 0.1979 

A6 
431 8 16504 

0.7766 0.9745   10 1373 
  12 392 

A7 
89 8 2665 0.1633 1.1378 
  15 820 

A8 
50 8 1490 0.0877 1.2255 
  15 236 

A9 
44 8 1136 

0.0764 1.3019 
  18 211 

A10 0 18 498 0.0105 1.3124 
A11(outfall) 0 18 277 0.0058 1.3182 

Total 725    1.3182   

    
      

Node Proposed 
Residential Units 

Dia 
(in) Length (ft) Total Design 

Q (cfs) 
Cumulative 

Design Q (cfs) 

A1 
13 8 398 0.0218 0.3498 

200 8 5280 0.3280 
A2 19 8 615 0.0322 0.3820 
A3 19 8 613 0.0322 0.4142 
A4 60 8 2792 0.1097 0.5239 
A5 0 10 173 0.0020 0.5259 

A6 
431 8 16504 

0.7766 1.3025   10 1373 
  12 392 

A7 
89 8 2665 0.1633 1.4658 
  15 820 

A8 
50 8 1490 0.0877 1.5535 
  15 236 

A9 
44 8 1136 0.0764 1.6299 
  18 211 

A10 0 18 498 0.0105 1.6404 
A11(outfall) 0 18 277 0.0058 1.6462 

Total 925    1.6462   
  

Appendix F: Design flow calculations (Exhibit-A).

Existing Conditions

Proposed Conditions



 

Node Existing 
Residential Units 

Dia 
(in) Length (ft) Total Design Q 

(cfs) 
Cumulative Design 

Q (cfs) 
B1 27 8 881 0.0459 0.0459 
B2 7 8 466 0.0141 0.0600 
B3 7 8 298 0.0125 0.0725 
B4 69 8 5362 0.1464 0.2189 

B5 19 8 547 0.0335 0.2524 
0 10 164 

B6 199 8 8023 0.3554 0.6078 0 10 268 

B7 57 8 1761 0.0979 0.7057 0 12 145 

B8 7 8 368 0.0177 0.7234 0 15 258 
B9 3 15 172 0.0072 0.7306 

B10 
91 8 2811 0.1561 0.9163 0 15 172 
1* 0 0 0.0296 

B11 40 8 1141 0.0724 0.9887 0 15 343 

B12 45 8 1049 0.0781 1.0668 
0 15 316 

B13 0 15 174 0.0031 1.0699 
Total 572     1.0699   

 

Node Existing 
Residential Units 

Dia 
(in) Length (ft) Total Design Q 

(cfs) 
Cumulative Design 

Q (cfs) 

B1 27 8 881 0.0459 0.3739 200 8 5280 0.3280 
B2 7 8 466 0.0141 0.3880 
B3 7 8 298 0.0125 0.4005 
B4 69 8 5362 0.1464 0.5469 

B5 19 8 547 0.0335 0.5804 
0 10 164 

B6 199 8 8023 0.3554 0.9358 0 10 268 

B7 57 8 1761 0.0979 1.0337 0 12 145 

B8 7 8 368 0.0177 1.0514 0 15 258 
B9 3 15 172 0.0072 1.0586 

B10 
91 8 2811 

0.1561 1.2443 0 15 172 
1* 0 0 0.0296 

B11 40 8 1141 0.0724 1.3167 0 15 343 

B12 45 8 1049 0.0781 1.3948 0 15 316 
B13 0 15 174 0.0031 1.3979 

Total 772     1.3979   
 

* Bridgeway Island Elementary School  
 

Appendix F: Design flow calculations (Exhibit-B).
Existing Conditions

Proposed Conditions



Appendix G:  Results from Autodesk Storm and Sanitary Analysis software.
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Node ID: 
Rim(II): 

Invert (II): 
Min Pipe Cover (II): 

Max HGL (II): 
Link ID: 

Length (II): 
Dia (II): 

Slope (11111): 
Up Invert (II): 
Dn Invert (II): 
MaxQ (els): 

MaxVel (Ills): 
Max Depth (II): 

I I I I I I ' ' 
1 +00 2+00 3+00 4+00 5+00 6+00 7 +00 8+00 9+00 1 0+00 11 +00 12+00 13+00 14+00 15+00 16+00 17 +00 18+00 19+00 20+00 21 +00 22+00 23+00 24+00 25+00 26+00 27 +00 28+00 29+00 30+00 31 +00 32+00 33+00 34+00 35+00 

Station (II) 
Al A2 A3 A4 A5 AS A7 AS AS AlO All ·PS 

770 7.34 7.06 7.02 6.61 6.27 6.50 6.59 6.47 6.58 
·0.85 ·181 ·278 ·4.62 ·5.17 ·8.91 ·10.14 ·10.74 ·1100 ·11.56 ·14.48 
7.88 8.48 9.17 10.80 10.83 1390 15.39 15.83 15.97 16.64 
·0.77 ·169 ·2.65 ·436 ·5.00 ·8.33 -9.52 ·10.13 ·10.29 ·11 17 ·1273 

A1·2 A2·3 A3·4 A4·5 A5·6 A6·7 A7·8 A8·9 A9·10 AlO·PUMP 
276.00 276.00 225.00 173.00 330.00 820.00 236.00 21100 498.00 277.00 
0.67 0.67 0.67 0.83 0.83 125 125 150 150 150 

0.0035 0.0035 0.0074 0.0025 0.0100 0.0015 0.0015 0.0012 0.0011 0.0074 
·0.85 ., 81 ·278 ·4.62 ·5.17 ·8.91 ·10.14 ·10.74 ·1100 ·1156 
·1.81 ·2.78 .4.45 ·5.05 ·8.46 ·10.14 ·10.49 ·ll.00 ·ll.56 ·13.61 
0.02 0.05 0.09 0.20 0.20 103 114 123 130 131 
0.71 1.20 180 167 2.49 196 2.37 166 2.22 185 
0.10 0.13 0.13 0.22 0.17 0.58 0.52 0.66 0.55 0.63 



Appendix G:  Results from Autodesk Storm and Sanitary Analysis software.
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Node ID: 
Rim(II): 

Invert (II): 
Min Pipe Cover (II): 

Max HGL (II): 
Link ID: 

Length (II): 
Dia (II): 

Slope (11111): 
Up Invert (II): 
Dn Invert (II): 
MaxQ (els): 

MaxVel (Ills): 
Max Depth (II): 

I I I I I I ' ' 
1 +00 2+00 3+00 4+00 5+00 6+00 7 +00 8+00 9+00 1 0+00 11 +00 12+00 13+00 14+00 15+00 16+00 17 +00 18+00 19+00 20+00 21 +00 22+00 23+00 24+00 25+00 26+00 27 +00 28+00 29+00 30+00 31 +00 32+00 33+00 34+00 35+00 

Station (II) 
Al A2 A3 A4 A5 AS A7 AS AS AlO All ·PS 

770 7.34 7.06 7.02 6.61 6.27 6.50 6.59 6.47 6.58 
·0.85 ·181 ·278 ·4.62 ·5.17 ·8.91 ·10.14 ·10.74 ·1100 ·11.56 ·14.48 
7.88 8.48 9.17 10.80 10.83 1390 15.39 15.83 15.97 16.64 
·0.50 ·144 ·2.49 ·4.19 ·4.89 ·8.25 -9.43 ·10.03 ·10.20 ·11 13 ·1273 

A1·2 A2·3 A3·4 A4·5 A5·6 A6·7 A7·8 A8·9 A9·10 AlO·PUMP 
276.00 276.00 225.00 173.00 330.00 820.00 236.00 21100 498.00 277.00 
0.67 0.67 0.67 0.83 0.83 125 125 150 150 150 

0.0035 0.0035 0.0074 0.0025 0.0100 0.0015 0.0015 0.0012 0.0011 0.0074 
·0.85 ., 81 ·278 ·4.62 ·5.17 ·8.91 ·10.14 ·10.74 ·1100 ·1156 
·1.81 ·2.78 .4.45 ·5.05 ·8.46 ·10.14 ·10.49 ·ll.00 ·ll.56 ·13.61 
0.37 0.38 0.41 0.52 0.53 135 147 155 163 164 
2.55 2.47 2.81 2.23 3.30 2.08 2.56 178 2.39 2.21 
0.35 0.33 0.29 0.37 0.28 0.67 0.59 0.75 0.62 0.66 



Appendix G:  Results from Autodesk Storm and Sanitary Analysis software.
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Node ID: 
Rim(II): 

Invert (II): 
Min Pipe Cover (II): 

Max HGL (II): 
Link ID: 

Length (II): 
Dia (II): 

Slope (11111): 
Up Invert (II): 
Dn Invert (II): 
MaxQ (els): 

MaxVel (Ills): 
Max Depth (II): 

1 +00 2+00 3+00 

Bl 
6.90 
-2.57 
8.80 
·2.45 

81-2 
276.00 
0.67 

0.0035 
-2.57 
-3.54 
0.05 
1.23 
0 11 

4+00 5+00 

82 
6.90 
-366 
9.77 
-352 

82-3 
298.00 
0.67 

0.0035 
-366 
-4.70 
0.06 
133 
0.12 

6+00 7+00 

83 
6.60 
-4.82 
10.63 
-4.67 

B+00 9+00 1 0+00 11 +00 12+00 13+00 14+00 1 5+00 16+00 17 +00 18+00 19+00 20+00 21 +00 22+00 23+00 24+00 25+00 26+00 27 +00 28+00 29+00 30+00 31 +00 32+00 
Station (II) 

84 85 86 87 88 89 810 811 812 813-PS 
6.44 6.70 6.91 7.15 7.00 7.29 6.76 6.66 6.61 
-6.15 -6.72 -8.77 -9.53 -10.04 -10.32 -10.55 -1107 -1154 -14.33 
11.76 12.59 14.68 15.43 15.67 16.34 16.06 16.48 16.90 
-5.91 -6.51 -8.31 ·9.04 -9.58 -9.84 -10.03 -10.48 -1119 -12.58 

83-4 84-5 85-6 86-7 87-8 88-9 89-10 810-11 811-12 812-13 
334.00 164.00 268.00 256.00 258.00 172.00 172.00 343.00 316.00 174.00 
0.67 0.83 0.83 100 125 1.25 1.25 125 125 1.25 

0.0035 0.0035 0.0072 0.0020 0.0015 0.0015 0.0013 0.0015 0.0015 0.0089 
-4.82 -6.15 -6.72 -8.77 -9.53 -1004 -10.32 -10.55 -1107 -11 54 
-5.99 -6.72 -8.65 -9.28 -9.92 -10.30 -10.55 -1107 -1154 -13.08 
0.07 0.22 0.25 0.61 0.71 0.72 073 0.92 0.99 1.07 
1.41 2.03 166 2.13 2.00 1.77 160 181 2.32 2.88 
0.14 0.22 0.27 0.39 0.41 0.46 0.50 0.56 0.47 0.43 



Appendix G:  Results from Autodesk Storm and Sanitary Analysis software.
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Node ID: 
Rim(II): 

Invert (II): 
Min Pipe Cover (II): 

Max HGL (II): 
Link ID: 

Length (II): 
Dia (II): 

Slope (11111): 
Up Invert (II): 
Dn Invert (II): 
MaxQ (els): 

MaxVel (Ills): 
Max Depth (II): 

1 +00 2+00 3+00 

B l  

6.90 
-2.57 
8.80 
-2.21 

81-2 
276.00 
0.67 

0.0035 
-2.57 
-3.54 
0.37 
2.23 
0.32 

4+00 5+00 

82 
6.90 
-3.66 
9.77 
-3.29 

82-3 
298.00 
0.67 

0.0035 
-3.66 
-4.70 
0.39 
2.25 
0.33 

6+00 7+00 

83 
6.60 
-4.82 
10.63 
-4.44 

B+00 9+00 1 0+00 11 +00 12+00 13+00 14+00 1 5+00 16+00 17 +00 1 B+00 19+00 20+00 21 +00 22+00 23+00 24+00 25+00 26+00 27 +00 26+00 29+00 30+00 31 +00 32+00 
Station (II) 

84 85 86 87 88 89 810 811 812 813-PS 
6.44 6.70 6.91 7.15 7.00 7.29 6.76 6.66 6.61 
-6.15 -6.72 -8.77 -9.53 -10.04 -10.32 -10.55 -1107 -1154 -14.33 
11.76 12.59 14.68 15.43 15.67 16.34 16.06 16.48 16.90 
-5.76 -6.40 -8.18 -8.95 -9.48 -9.73 -9.93 -10.38 -1113 -12.58 

83-4 84-5 85-6 86-7 87-8 88-9 89-10 810-11 811-12 812-13 
334.00 164.00 268.00 256.00 258.00 172.00 172.00 343.00 316.00 174.00 
0.67 0.83 0.83 100 125 1.25 1.25 125 125 1.25 

0.0035 0.0035 0.0072 0.0020 0.0015 0.0015 0.0013 0.0015 0.0015 0.0089 
-4.82 -6.15 -6.72 -8.77 -9.53 -1004 -10.32 -10.55 -1107 -11 54 
-5.99 -6.72 -8.65 -9.28 -9.92 -10.30 -10.55 -1107 -1154 -13.08 
0.40 0.55 0.58 0.94 103 105 106 124 132 1.39 
2.26 2.48 2.34 2.41 2.17 1.94 180 1.91 2.55 3.47 
0.34 0.35 0.39 0.50 0.51 0.57 0.61 0.65 0.55 0.45 



 

Pipe Link Pipe Diameter (ft) 
Max flow depth (ft) % Full 

Existing Proposed Existing Proposed 
A1-2 0.67 0.10 0.35 14.9% 52.2% 
A2-3 0.67 0.13 0.33 19.4% 49.3% 
A3-4 0.67 0.13 0.29 19.4% 43.3% 
A4-5 0.83 0.22 0.37 26.5% 44.6% 
A5-6 0.83 0.17 0.28 20.5% 33.7% 
A6-7 1.25 0.58 0.67 46.4% 53.6% 
A7-8 1.25 0.52 0.59 41.6% 47.2% 
A8-9 1.50 0.66 0.75 44.0% 50.0% 

A9-10 1.50 0.55 0.62 36.7% 41.3% 
A10-PUMP 1.50 0.63 0.66 42.0% 44.0% 

B1-2 0.67 0.11 0.32 16.4% 47.8% 
B2-3 0.67 0.12 0.33 17.9% 49.3% 
B3-4 0.67 0.14 0.34 20.9% 50.7% 
B4-5 0.83 0.22 0.35 26.5% 42.2% 
B5-6 0.83 0.27 0.39 32.5% 47.0% 
B6-7 1.00 0.39 0.50 39.0% 50.0% 
B7-8 1.25 0.41 0.51 32.8% 40.8% 
B8-9 1.25 0.46 0.57 36.8% 45.6% 

B9-10 1.25 0.50 0.61 40.0% 48.8% 
B10-11 1.25 0.56 0.65 44.8% 52.0% 
B11-12 1.25 0.47 0.55 37.6% 44.0% 
B12-13 1.25 0.43 0.45 34.4% 36.0% 

 

Appendix H: Sanitary sewer capacity analysis comparison for existing and proposed conditions.




