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ABSTRACT AND BENEFITS 
 
Abstract: 

The sewers in Seattle’s Broadview neighborhood, built in the 1950s, experience 
significant inflow and infiltration. Intense wet weather events have resulted in sewer overflows 
into private residences and the environment and previous work indicates that the majority of this 
excess flow comes from infiltration. As a result, an infiltration reduction project was investigated 
to reduce overflows. To reduce that infiltration and achieve maximum success, all components of 
the sewer system – mainlines, maintenance holes, and private side sewers – have to be addressed. 
Seattle Public Utilities determined through a business case that to reduce infiltration, flood 
grouting was the most cost-effective, least-disruptive methodology.  

Flood grouting involves applying two chemicals in separate steps to treat an entire 
section of the sewer system between two maintenance holes, including the side sewers. The 
segment is filled completely to the maintenance hole rim and utilizes hydrostatic pressure by the 
chemical fluid to apply the grout to the system.  

To determine the success of the project, flow meters were installed in the system to 
document before and after conditions for modeling analysis. The effectiveness of this approach 
at reducing infiltration compared to the cost, the challenges associated with working on private 
property, and lessons learned are documented in this report. 

 
Benefits: 

 Demonstrates in detail how to conduct a flood grouting project. 

 Presents actual lessons learned from completing a flood grouting project. 

 Includes how to calculate the effectiveness of the project. 

 Shares Seattle Public Utilities business case methodology for approving projects. 

 Describes the public outreach campaign used to gain public acceptance. 

 
Keywords: Flood grouting, infiltration, Sanipor, trenchless rehabilitation, sanitary sewers, flow 
monitoring, modeling. 
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Flood Grouting for Infiltration Reduction on Private Side Sewers ES-1 

EXECUTIVE SUMMARY 
 

ES.1 Introduction 
The Broadview neighborhood in the northwest corner of the city of Seattle, Washington, 

has experienced frequent wet weather sanitary sewer backups into private property and sanitary 
sewer overflows (SSOs) into the public rights-of-way. Seattle Public Utilities (SPU) initiated 
several sewer studies to determine the source of the wet weather flow and to identify solutions to 
mitigate sewer surcharges leading to overflows. These studies indicated that infiltration into the 
sanitary sewer system is the leading source of wet weather flows. Extensive flow monitoring and 
hydraulic modeling has attributed almost 80% of the peak flow during large storm events to 
infiltration.  

Many engineering studies have determined that for an infiltration reduction project to 
have optimal success, rehabilitation must address all sewer infrastructure components: the 
maintenance holes (MHs), mainlines, and side sewers up to the building connection. In Seattle, 
the property owners own the entire length of the side sewer, from the building to the connection 
point with the mainline and SPU historically has never conducted work on private property. 
However, to achieve the goal of reducing sanitary sewer backups, the privately owned side 
sewers needed to be included in a rehabilitation effort. SPU decided to conduct a pilot project to 
learn about new and innovative infiltration reduction methods, validate its business case 
evaluation process, and assess the viability of working on private property. SPU selected flood 
grouting as the method of rehabilitating the system. Flood grouting is the process of internally 
flooding an entire segment of sewer (MH to MH) and the side sewers all at once with a two-part 
chemical process that leaches out to the surrounding soil through pipe defects to seal the pipe 
from infiltration. 

A smaller sewershed basin within the Broadview neighborhood was selected as the 
location in which to conduct the pilot project. This basin drained to one of the areas that had 
experienced the highest number of backup claims. The 30-acre pilot area consisted of 88 parcels 
and 27 MH-to-MH sections with 28 MHs ranging from 4-17’ deep. There are 5,880’ of 6”- and 
8”-diameter concrete mainline pipes and roughly 9,725’ of 4”-, 6”-, and 8”-diameter side sewers, 
mainly consisting of concrete pipe with some polyvinyl chloride (PVC) pipe. 

ES.2 Business Case 

SPU requires that large projects greater than $1 million in project value go through a 
business case evaluation process to identify a preferred alternative and to validate the need for 
the project. A selection process identified four leading alternatives for the infiltration reduction 
project: flood grouting, joint grouting, pipe bursting, and cast-in-place pipe (CIPP) lining. The 
much higher cost and disruptive nature of open cut pipe replacement eliminated it from more 
detailed analysis. Cost estimates for each of the methods were developed and these costs were 
then compared to the benefits of completing the project. Some of the benefits include reduced 
claims, reduced storage costs at a regional wet weather treatment facility, reduced conveyance 
and treatment costs, and installing cleanouts on side sewers and inspecting privately held sewer 
assets. The business case process identified flood grouting as having the greatest benefit cost 
ratio of all the options and it was therefore selected as the preferred alternative for the infiltration 
reduction project.  
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CHAPTER 1.0 
 

INTRODUCTION 
 

Existing sewage systems are prone to increasing amounts of infiltration due to aging and 
deteriorating pipes. This can cause flows to increase tenfold or more during periods of rain, when 
the antecedent groundwater conditions are high, increasing treatment costs and reducing pipe 
capacity, possibly leading to surcharging and backups. 

Optimizing system capacity by reducing infiltration and/or inflow is one of the standards 
that the U.S. Environmental Protection Agency (U.S. EPA) has required of wastewater utilities 
in Consent Orders and Capacity, Management, Operations, and Maintenance (CMOM) 
guidelines. Significant research has been done on techniques for reducing infiltration, including 
Water Environment Research Foundation (WERF)’s reports on Methods for Cost-Effective 
Rehabilitation of Private Lateral Sewers (Sterling et al., 2006), and Reducing Peak Rainfall-
Derived Infiltration/Inflow Rates – Case Studies and Protocol (Merrill et al., 2003). These 
studies indicate that in order to achieve significant reduction in infiltration, private side sewers as 
well as mainlines must be addressed – introducing additional complexities in terms of legal 
issues as well as public acceptance for any proposed project. 

Cost-effectiveness is another important consideration. The following questions need to be 
answered: Does the benefit justify the cost including any associated risk of the project? How 
does infiltration reduction compare to other options to optimize capacity such as inflow 
reduction, enhanced maintenance, or upsizing pipe? 

Seattle Public Utilities (SPU) recently completed a pilot project to reduce infiltration in a 
separated sewer system using a process called flood grouting. This process simultaneously seals 
large portions of a system, including maintenance holes (MHs), sewer mains, and side sewers to 
reduce infiltration into sanitary sewers. There were three main objectives for the pilot:  

1. Evaluate cost-effective infiltration reduction 
2. Assess the scalability of using a flood grouting approach for infiltration control 
3. Evaluate the need for and concerns related to private property sewer rehabilitation 

The majority of the homes and sanitary sewers in the Broadview neighborhood, located 
in northwest Seattle, were built in the early 1950s. Over time the concrete pipes and MHs have 
deteriorated and the joints have separated, allowing excessive amounts of infiltration into the 
sewer system. The neighborhood has a history of basement backups during wet weather events, 
especially along 12th Avenue NW.  

Previous engineering studies (Herrera, 2009 and 2010) conducted in this area determined 
that a significant quantity of infiltration enters the sanitary sewer system during wet weather 
events. Infiltration and inflow (I/I) added to base flows exceeds the capacity of the system, 
causing the wastewater to back up and overflow into basements or overtop MHs. Through 
hydraulic modeling, it has been determined that if infiltration is broadly reduced throughout 12th 
Avenue NW, backups due to wet weather can be reduced if not totally eliminated. 
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CHAPTER 2.0 
 

PROJECT DESIGN 
 

This chapter describes the design of the flood grouting pilot project, including the 
location, technology used, flow and rainfall monitoring, model design, and the Quality 
Assurance Project Plan (QAPP). 

2.1 Location of the Project 
The flood grouting pilot project was conducted in a residential area consisting of single-

family homes in the Broadview neighborhood in the northwest part of the city of Seattle, 
Washington, shown in Figure 2-1. 

2.1.1 Description of Project Area 

The majority of homes and infrastructure in this area were constructed in the early 1950s, 
when the area was part of the Greenwood Sanitation District. In 1954, the area was incorporated 
into the city of Seattle. The sewer system was constructed mainly with concrete pipe and 
concrete block MHs. Surface water drainage infrastructure was constructed with a ditch-and-
culvert system. Over time, the concrete sewers and MHs have degraded (cracks, open joints, and 
mortar loss), allowing an excessive amount of infiltration to enter the sewer system. In addition, 
as the area has developed over the last 60 years the amount of impervious area has increased. 
This increase has surpassed the capacity of the ditch and culvert drainage system, causing 
localized standing water and flooding issues during large rain events. 

2.1.2 Background: Why This Location Was Chosen 

The Broadview neighborhood has experienced multiple flooding events and sewer 
backups over the years resulting from wet weather events. Localized pipe replacement projects 
have relieved localized surcharging at hydraulic restrictions but have not addressed larger 
conveyance limitations within the pipe network. Flow monitoring data and hydraulic modeling 
indicated that the system is very sensitive to the added wet weather I/I that results from large 
storm events. Storm-related infiltration is extremely variable and significantly increases the peak 
rate of flow beyond the capacity of the downstream conveyance system. This results in 
surcharging of customer connections to the sanitary sewer mainline. This is especially true of the 
mainline serving the lower 12th Avenue NW basin, as shown in Figure 2-2. The pilot area was 
chosen because it is within an area that showed signs of high infiltration, is a discrete area where 
the whole system could be rehabilitated, is large enough to accurately measure flows, and has a 
good location for flow metering.  
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Figure 2-1. PProject Locatioon Map. 
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Hydraulic modeling (calibrated at a downstream flow meter prior to installation of the 
upper basin pilot project flow meter) was used to determine the three components of wet weather 
flow: base dry weather flow, inflow, and infiltration. As shown in Figure 2-4, peak wet weather 
infiltration was determined to be almost 80% of the total peak flow after inflow ceases. 

 

Figure 2-4. Inflow versus Infiltration Along 12th Avenue NW. 

 
In addition to infiltration being the largest contributor of flows during large storms in this 

basin, this area has an overwhelmed storm drainage system during large storm events. Inflow 
sources could not easily be disconnected and relocated without causing or exacerbating surface 
water flooding. Modeling also showed that removing inflow sources alone would not 
significantly reduce the hydraulic grade line to reduce the occurrences of basement backups and 
sanitary sewer overflows (SSOs).  

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.00.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

12
/8

12
/9

12
/1

0

12
/1

1

12
/1

2

12
/1

3

12
/1

4

12
/1

5

12
/1

6

R
ai

n
 I

n
te

n
si

ty
 (

in
/h

r)

F
lo

w
 (

m
gd

)

Date

Total Flow
Wet Weather Infiltration
Impervious Flow
Dry Weather Flow
Rain



2-6 

2.2 T

T
grouting.

2.2.1 D

F
and the s
surround
react with
gel comp
watertigh
the pipe, 
matrix. T
headquar
non-toxic
and other
 

    

Figure

F
MHs, the
liquids, c
The liqui
exfiltratio
bring the
head on t
surround

Technology

The technolog
.  

Description

lood groutin
ide sewers a

ding soil thro
h each other

pletes its che
ht almost imm
where the c

The grouting
rtered in Vie
c to the surro
r European a

 

 2-5. Sanipor D

ollowing flu
e sewer segm
called S1 by 
id level is m
on rate. Shou

e elevation ba
the system to

ding soil. S1 

y Used  

gy selected t

n of Flood G

ng is the proc
all at once w
ough pipe de
r to form a ge
emical reacti
mediately. A
hemicals int
 materials an

enna, Austria
ounding soil
authorities an

Demonstration: 

ushing of the
ment is filled

Sanipor, a s
onitored from
uld the liqui
ack to the rim
o provide the
is allowed su

to reduce inf

Grouting 

cess of intern
ith a two-pa
fects to seal 
el and bind t
on and harde

As can be see
teract with th
nd technical 
a. The chemi
l and ground
nd institution

Sandstone-like

e segment an
d to the top o
sodium silica
m the upstre
d level drop
m surface. T
e maximum 
ufficient tim

filtration in t

nally floodin
art liquid gro

the pipe fro
the surround
ens over a p
en in Figure 
he surroundi
expertise fo

icals used in
dwater, as ha
ns (WRc cer

e Matrix Where 

nd installatio
of the upstrea
ate liquid, wi
eam MH rim
 more than 1

This is done t
exfiltration 

me, ranging f

the pilot bas

ng an entire 
out process th
om infiltratio
ding soil to c
eriod of two
2-5, the che

ing soil resul
or this projec
n the system 
as been confi
rtificate PT/3

 Sanipor Has In

on of the plug
am MH with
ith a viscous

m every five m
12-18”, addi
to provide an
potential of 

from 30-45 m

in is a metho

sewer segm
hat leaches o
on. The two c
create a wate
o to three day
emicals leach
lting in a san

ct were provi
are silicate-b
irmed by sev
325/0811). 

nteracted with S

gs in all side
h the first of 
s, syrup-like
minutes to d
itional liquid
and maintain 
f the liquid in
minutes, to e

od called flo

ent (MH to M
out to the 
components 
ertight seal. T
ys, but is 
h out 6-12” f
ndstone-like
ided by Sani
based and ar
veral German

 

Surrounding So

e sewers and
the two grou
 consistency

document the
d is added to 

the greatest
nto the 
exfiltrate into

ood 

MH) 

The 

from 
e 
ipor, 
re 
n 

oil. 

d 
uting 
y. 
e 

t 

o the 

 

     
 

 

     
 

Bell and spigot 
sewer pipe 

Exposed 
Sanipor  

Maintenance hole 



Flood Gro

surround
truck for 
chemical
grouting 
consisten
be used a
process. 
segment 
connecte
flood gro

 

T
compone
the system

F







2.2.2 O

P
basin add






A
greatest b

 

uting for Infiltr

ding soil and 
reuse in the

l from the in
liquid, calle

ncy. Because
as an “after” 
Depending o
to ensure tha
d side sewer

outing proces

The significan
ents of the se
m from infil

or additiona

 WERF re
02-CTS-5

 EPA repo
Systems, 

 Material S

Other Tech

rior to select
ditional techn

 Open-tren
 CIPP 
 Pipe burst
 Joint grou

A business ca
benefit/cost r

ration Reducti

is then imm
 next pipe se
teriors of the

ed S2 by San
e S2 behaves
exfiltration 

on leakage ra
at the system
rs, can be co
ss. 

Figure

nt advantage
ewer system 
ltration, inclu

al informatio

port: Metho
5, 2006 
ort: State of T
EPA/600/R-
Safety Data 

nologies C

ting flood gr
nologies we

nch replacem

ting 
uting 

ase was com
ratio. Chapte

 

on on Private S

mediately pum
egment. The
e pipes and M

nipor, a silici
s similarly to
rate to docu
ates, the S1/

m is properly
ompleted in a

e 2-6. Flood Gro

e of flood gr
(MHs, main

uding those 

n on flood g

ds for Cost-E

Technology 
-10/078, 201
Sheets in Ap

onsidered

routing as th
re considere

ment 

mpleted to nar
er 3.0 discus

Side Sewers

mped out of 
e entire segm
MHs. The pr
ic acid soluti
o water, the r
ument the im
/S2 process c
y treated. A t
about 8-10 h

outing Process

routing is tha
nlines, and si
that are not 

grouting (San

Effective Re

for Rehabili
10 
ppendix A 

he method to
ed. These inc

rrow the abo
sses the impl

the sewer sy
ment is then j

rocess is rep
ion, with a n
rate at which

mmediate effe
can be repea
typical MH-

hours. Figure

. (Sterling, 2006

at it simultan
ide sewers). 
visible durin

nipor), see:

ehabilitation

itation of Wa

o reduce infil
cluded: 

ove alternativ
lementation 

ystem back i
jetted to rem
peated with t
non-viscous, 
h it exfiltrate

fectiveness o
ated several t
-to-MH reach
e 2-6 depicts

6) 

neously treat
 It seals all p
ng inspection

n of Private L

astewater Co

ltration in th

ves down to
of the busin

into a tanker
move any S1 
the second 
watery 

es the system
f the groutin
times on eac
h, including 
s the steps of

ts all three 
potential leak
ns.  

Lateral Sewe

ollection 

he pilot proje

o the one with
ness case. 

2-7 

r 

m can 
ng 
ch 

all 
f the 

ks in 

ers, 

ect 

h the 

 



2-8 

2.3 F
T

flow met

2.3.1 L

F
calibrated
developin
observati
metering
typical fl

 
 

 Fi
 

 

Flow and Ra
This section d
ters and rain 

Location an

low meters w
d hydraulic m
ng a more fo
ions of depth

g company w
low meter in

igure 2-7. Flow 

ainfall Mon
describes flo
gauges. 

nd Installat

were installe
model. Addi
ocused mode
h and velocit

was responsib
nstallation is 

 Meter Data Log

 

itoring 
ow and rainfa

tion of Flow

ed throughou
itional flow m
el for the pilo
ty in the sew
ble for the op
shown in Fi

gger. 

fall monitorin

w Meters 

ut the Broad
meters were
ot project ar

wer pipes eve
peration of t
igures 2-7 an

          

ng, including

dview sewer 
e added to th
rea. The flow
ery five minu
the flow met
nd 2-8. 

Figure 2-8. F

g location an

basin to assi
his network t
w meters reco
utes. An ind
ters and data

low Meter Sens

nd installatio

ist in buildin
to assist in 
orded 

dependent flo
a processing.

sing Instrument

on of 

ng a 

ow 
. A 

 

ts. 



Flood Gro

A
basin and
installed 

uting for Infiltr

As shown in F
d further dow
at the outlet

ration Reducti

Figure 2-9, t
wnstream at 
t, and further

F

on on Private S

the flow met
the outlet of
r downstream

Figure 2-9. Map

Side Sewers

ters were ins
f the 12th Av
m, of the con

p of Flow Meter 

stalled at the
venue NW b
ntrol basin (d

 Locations. 

e outlet of th
basin. There 
described in

e pilot proje
were also m

n Section 2.4

2-9 

ect 
meters 

.2). 

 



2-10 

F
installatio

 

2.3.2 L

S
were used
tipping bu
intervals.

 

 

low monitor
on dates of t

Location an

PU currently
d for this proj
ucket-style. T
 Typical inst

ring occurred
the flow met

Flow Meter I
218-145 
224-103 
218-225 
224-042 
224-071 

nd Installat

y maintains a
oject. The loc
The rainfall i
tallations of t

d before and
ters are show

Table 2-1. F
D Cross Stre

12th Ave NW
6th Ave NW
11th Ave NW
6th Ave NW
12th Ave NW

tion of Rain

a network of r
cations of the
information u
the rain gaug

Figure 2-10. Ra

d after the flo
wn in Table 2

Flow Meter Loc
eets 
W & NW Blakely

W & NW 122th S
W & NW 130th S

W & NW 122th S
W & NW 119th S

n Gauges

rain gauges t
rain gauges 

used for this p
es are shown

ain Gauge Loca

ood grouting
2-1.  

ations. 
Installati

y Ct 2/24/201
St 2/24/201
St 6/2/2011 

St 12/3/2010
St 2/1/2010 

throughout th
are shown in
project was a

n in Figures 2

ation Map. 

g pilot projec

ion Date 
1 
1 
 
0 
 

he city. Rain 
n Figure 2-10
at logged at o
2-11 and 2-12

ct. The 

gauges 01 an
0. Rain gauge
one-minute 
2. 

 

nd 07 
es are 



Flood Gro

 Figu

2.4. M

T
described

2.4.1 C

T
Case Stu
predictiv
the repor
for this a
success b

T
before an
Pearson T
specific r
analysis m

S
project. T
platform 

T
disconne
the sanita
disconne
surface ru
flow is ro
SWMM 
simulate 
infiltratio

T
calibratin

uting for Infiltr

ure 2-11. Rain G

Model Desig

The two meth
d below. 

Continuous

The WERF p
dies and Pro

ve equations 
rt, Method 5,
analysis. This
because it pr

The method u
nd one calibr
Type III [LP
return interv
method are f

PU provided
The model w
and had bee

The model em
cted imperv
ary sewer rep
cted imperv
unoff from t
outed to a SW
groundwater
extended-du

on, which wa

The applicatio
ng the model

ration Reducti

Gauge 07 Tippin

gn 

hods that we

s Simulatio

roject report
otocol (Merr
to describe I
, statistical c
s method wa

rovides the b

utilizes long-
rated to after
P3]) frequenc
vals, is used t
found in the 

d a hydrolog
was develope
en calibrated

mploys three
ious, and co
presenting d
ious subcatc
the pervious 
WMM aquif
r model. A s
uration reces
as difficult to

on of the me
l to pre-reha

on on Private S

ng Bucket. 

ere employed

n 

t Reducing P
rill et al., 200
I/I (e.g., hyd
comparison o
as considered
best represen

-term (contin
r rehabilitati
cy distributio
to measure I
WERF repo

gic and hydra
ed using the 
d using availa

e types of sub
nnected imp

direct inflow 
chment is rou
subcatchme

fer, which sim
second aquif
ssions after s
o represent w

ethod for det
abilitation flo

Side Sewers

          

d to assess ef

Peak Rainfal
03) presents 

drologic mod
of continuou
d the most su

ntation of I/I 

nuous) simu
on condition
ons. Compar
I/I removal e
ort (Merrill e

aulic model,
EPA Storm 
able flow mo

bcatchments
pervious. Co

to the system
uted to the p
ent is routed 
mulates infil
fer was adde
storm events
with one aqu

termining I/I
ow monitorin

Figure 2-12

ffectiveness 

ll-Derived In
 several met

deling). Of th
us simulation
uitable for d
for a variety

ulations of tw
ns – to devel
rison of the 
effectiveness
et al., 2003).

, developed b
Water Mana
onitoring da

s for simulat
onnected imp
m. The simu

pervious subc
to the storm
ltration to th
d during mo

s and long-te
uifer alone.

I flow remov
ng data. The

2. Rain Gauge 0

of I/I reduct

nfiltration/In
thods for dev
hose method
n models, wa
determining I
y of flow and

wo models – 
lop I/I flow o
frequency d
s. More deta
 

by others, fo
agement Mo

ata (from 201

tion of hydro
pervious is ro
ulated runoff
catchment. S

m system whi
he sewer syst
odel calibrati
erm groundw

val consisted
en the pre-reh

07 Data Logger

tion are 

nflow Rates:
veloping 
ds presented 
as implemen
I/I flow rem
d rainfall.  

one calibrat
occurrence (
istributions, 
ils regarding

or use in this
odel (SWMM
10-2012).  

ology: pervio
outed directl
f from the 
Simulated 
ile subsurfac
tem using th
ion to better 

water baseflo

d of first 
habilitation

2-11 

 

r. 

in 
nted 
oval 

ted to 
(Log 
for 

g this 

s 
M5) 

ous, 
ly to 

ce 
he 

ow 



2-12 

model wa
change, w
rehabilita
were sim
were fit t
effectiven

 

as simulated
which there w
ation time pe

mulated for th
to LP3 distri
ness of the r

d for the post
was in this c
eriod and cal
he 34 years o
ibutions, and
rehabilitation

Figure 2-13

t-rehabilitati
case. Therefo
librated to th
of available r
d comparison
n. This proce

3. Modeling App

ion time peri
ore, a new m
he flow mon
rainfall, the 
n of I/I peaks
ess is shown

proach for Esti

iod to see if 
model was de
nitoring data.
results (both
s and volum

n in Figure 2

mating I/I Redu

there was a 
eveloped for
. Both calibr
h peak flow 

mes was comp
-13. 

uction. 

measurable
r the post-
rated models
and volume)
pleted to ass

s 
) 
sess 

 



Flood Grouting for Infiltration Reduction on Private Side Sewers 2-13 

2.4.2 Control Basin 

In addition to the continuous simulation approach described above, the flow data 
collected before and after the rehabilitation (at 218-145) were compared to flow data in similar 
periods at the nearby flow meter (218-103) as a control basin. In this comparison, peak flows 
occurring in response to rainfall are identified in the record at both meters and the estimated dry 
weather flow is subtracted from the measured peak flows. The resulting estimate of peak I/I flow 
in the rehabilitated basin is plotted against the estimated I/I in the control basin. Any difference 
in the slope of a regression line drawn through the before and after rehabilitation plots is an 
indication of a change in the I/I rate in the basin. The same analysis is conducted for I/I volumes 
in each identified event. The steps in this control basin analysis are as follows: 

1. Collect flow and rainfall data from rehabilitated and control basins. 
2. Estimate the dry weather flow hydrograph at each meter during both the pre- and post-

rehabilitation monitoring periods. 
3. Subtract the estimated dry weather flow hydrograph from the measured flows during rain 

events. 
4. Compute the peak I/I (maximum difference of measured flow and dry weather hydrograph) 

for each event. 
5. Compute the volume of I/I during each rain event (accumulated difference of measured flow 

and dry weather hydrograph). Rain events are assumed to end when a 24-hour period without 
rain has occurred. 

6. Plot the peak I/I rates from the rehabilitated basin against the values from the control basin 
for each of the pre- and post-rehabilitation periods. Develop lines of best fit to these sets of 
data. The reduction in peak I/I is then indicated by the difference in the slopes of the best-fit 
lines. The same procedure is used to estimate reduction in I/I volume using the estimated 
volume data from each period. Ordinarily, the intercept of the best-fit lines should be set 
to zero. 

2.5 Quality Assurance Project Plan 
A QAPP was developed for this project. The QAPP outlines the procedures used for 

determining infiltration reduction, selecting flow metering locations, and validating the data 
recorded from the flow meters.  

Flow meter 218-225, as shown in Figure 2-9, was added later in the project to assist in 
dividing up the flows from the two mainlines that combine and flow to flow meter 218-145 from 
NW 130th Street and NW 132nd Street. After the meter was installed, the initial data were 
quality assurance/quality control (QA/QC)-reviewed per the developed QAPP for this project. 
The data were deemed to be insufficient because flow in the pipe was too low to accurately 
measure. This flow meter was removed and the data were not used for analysis of this project. 

Flow meter 224-042 was the intended control basin. The flow meter data were found to 
be unreliable when reviewing the quality of the data prior to utilization per the QAPP. The data 
quality at flow meter 224-103 was found to be of higher quality. Therefore, this flow meter was 
utilized as the control basin flow meter. 
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CHAPTER 3.0 
 

BUSINESS CASE DEVELOPMENT 
 

This chapter explains the development of the business case used to evaluate the flood 
grouting pilot project. 

3.1 How SPU Develops and Applies Business Cases 
All major capital projects at SPU, including the flood grouting pilot, go through an 

assessment process at several stages in their development. This process, which was formalized in 
2011, is termed the “Stage Gate Process.” The process starts with a problem assessment, 
including an early analysis of available options to address the problem. This is “Stage Gate 1.” 
The costs and benefits of the most viable options are compared in a quantitative economic 
analysis and if the net benefits are positive, taking into account the “triple bottom line,” the 
project is presented to SPU senior management to get approval for funding to proceed to design 
for the “preferred option.” This is “Stage Gate 2.” Triple bottom line takes into account 
environmental and social aspects of a project in conjunction with the actual fiscal costs. These 
first two stage gates, which form the investigation and analysis work, are done in one branch of 
SPU. As the project moves to design, a more detailed Project Management Plan (PMP) is 
developed under a different branch responsible for design and construction. The PMP includes a 
detailed schedule and a detailed cost estimate, including a register of risks associated with the 
project with a cost contingency. The final product of this “Stage Gate 3” is the completed design 
and bid package ready for advertisement. Additional stage gates follow the project through to 
commissioning. 

3.2 Quantification of Benefits and Costs for Flood Grouting 

Prior to approval of the pilot, the proposal was assessed in a business case that compared 
the cost and benefits of alternatives in order to maximize the net benefit not only to the utility 
(SPU), but to the community at large. Many different construction methods can be used to 
reduce infiltration in sanitary sewer pipes. Each method has its own advantages and 
disadvantages that have to be carefully evaluated in relation to the project site to determine the 
most appropriate construction method. For the Broadview project, viable alternatives include 
flood grouting, joint grouting, pipe bursting, and CIPP lining. Open-trench replacement of 
private side sewers was eliminated from consideration in the Broadview neighborhood due to the 
cost and the disruptive nature of the construction method. A more detailed description of other 
potential infiltration control methods is presented below. 

3.2.1 Description of Alternative Methods 

This section describes the flood grouting, joint grouting, pipe bursting, and CIPP lining 
methods of pipe rehabilitation. 

3.2.1.1 Flood Grouting (Sanipor) 

Flood grouting is the process of internally flooding an entire reach of sewer (MH to MH) 
and the side sewers all at once with a two-part chemical process that leaches out to the 
surrounding soil through pipe defects to seal the pipe from infiltration. The two chemicals react 
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3.2.1.5 Alternatives Summary 

Table 3-1 summarizes the positive and negative attributes of each of the four viable 
rehabilitation methods for infiltration reduction in the Broadview area. 

 

Table 3-1. Positive and Negative Attributes of Alternatives. 

Item 
Flood 

Grouting 
Joint 

Grouting 
Pipe 

Bursting 
CIPP 

Lining 

Construction time for an average Broadview MH-to-MH reach* 8 hours 3 days^ 4 days+ 3 days^ 
Seals side sewers Yes Yes Yes Yes 
Seals mainlines Yes Yes Yes Yes 
Seals MHs Yes No No No 
Seals cracks and pipe wall porosity Yes No Yes Yes 
Requires excavation beyond cleanouts No No Yes No 
Restores structurally integrity No No Yes  Yes 
* Eight side sewers and 300 feet mainline pipe.         

^ Additional time required for MH rehabilitation.    Positive attribute. 
+ Additional time required for mainline and MH rehabilitation  

 
  Negative attribute. 

 

3.2.1.6 Relative Effectiveness 

Some alternatives are more effective at reducing infiltration. Because of its limitations in 
addressing pipe cracks and pipe wall porosity, joint grouting will be less effective in reducing 
infiltration in Broadview. A review of SPU sewers constructed in the same time frame as the side 
sewers indicated pipe cracking and porous surfaces; therefore, the effectiveness of joint grouting 
compared to the other alternatives will be less.  

3.2.2 Benefits 

There are both indirect non-monetary benefits and direct monetary benefits from 
completing this infiltration reduction project. These benefits are summarized below. 

3.2.2.1 Direct Monetized Benefits 

The direct monetary benefits include reduced flooding and backup costs, avoided or 
reduced cost of improvements within the Carkeek Park combined sewer overflow (CSO) 
contributory area, reduced daily conveyance and treatment costs as described below, and 
installation of cleanouts and inspection of the private side sewers. 

Backup Avoidance As stated earlier, 20 documented backups have been associated with the 
infiltration along 12th Avenue NW in Broadview from 1996 to 2010. Distributing the flow from 
the bottom of 12th Avenue NW throughout its basin on a per foot basis, the NW 130th and 
132nd Street basins can be assumed to be responsible for 4.5 of those backups. An earlier 
business case calculated the cost of a backup to average $40,000. However, more recent analysis 
has shown much higher costs ranging up to $100,000. This increase reflects changing property 
values as well as legal costs. Taking those higher costs into account, assuming that future 
backups continue to occur at the rate of past backups, a design life of 20 years, and a discount 
rate of 3%, the present value (PV) of anticipated backup avoidance is $490,000.  



3-6 

King Cou
facility. T
National 
water qua
technolog
weather f
handled b
an infiltra
results fo
(based on
there is a

Reduced
to be redu
average c
treatment
3% disco

Cleanout
to the hom
possible 
also has a
estimate 
homeown

3.2.2.2 N

N
transfer, 

Increase
cleaning 
surround
and sever
exacerba
infiltratio

Technolo
a new tec
onetime c
associate

Agency R
to reduce 
create an 

               
2 King Coun
Force, July 

unty CSO M
This CSO fa
Pollutant D
ality standar
gy in place a
flows2. Any 
by the CSO 
ation reducti

or a storm ev
n costs devel
a benefit of $

d Treatment 
uced by 10,0
conveyance 
t costs) the 2

ount rate. It w

ts None of th
mes provide
further rehab
a value. The
for the inspe
ners of $110

Non-Monetiz

Non-monetiz
and building

ed Service Lif
can stress a 

ding soil into
rely offset jo

ate the sluicin
on, and thus 

ogy Transfe
chnology. Co
costs. If SPU

ed with analy

Relationships
infiltration. R
environment

                   
nty Puget Sound
29, 2010, Meetin

Mitigation 12
acility must m
ischarge Elim
rds may not b
at Carkeek, a
flow that is 
facility. A v
ion program

vent that may
loped for SP

$1.2 million 

Costs The av
000 gallons p
and treatmen
20-year PV o
was assumed

he homes wi
es a valuable
bilitation me

e estimated p
ection was $
0,000. It was

zed Benefits

ed benefits i
g agency rela

ife Infiltratio
conveyance
 the pipe, un

oints. High-p
ng action an
maintenance

r SPU realiz
osts associat
U adopts floo
yzing and ad

s Other agenc
Reducing inf
t of collabora

               
 Beaches CSO C
ng Summary. 

2th Avenue N
meet the ove
mination Sy
be achievabl
and that the p
reduced from

volume reduc
m on NW 130

y cause over
PU’s Long-T
in avoided s

verage daily
per day (gpd
nt cost of $1
of avoided c
d this benefit

ithin the proj
e resource to 
ethods. The v
price for insta
$250 per side
s assumed th

s 

include incre
ationships. 

on and opera
e system and
ndermining t
pressure jetti
d can remov
e, can increa

zes costs ass
ted with anal
od grouting 

dopting the te

cies such as t
filtration will
ation and imp

Control Projects

NW flows to
erflow contro
ystem (NPDE
le at increase
plant runs at
m 12th Aven
ction of abou
0th/132nd St
rflow issues.
Term Control
storage const

y flow rate fr
d) based on t
1.50/1,000 ga
onveyance a
t would be r

ject area had
the homeow

value of insp
allation of th
e sewer. This
is benefit wo

easing the se

ation and ma
d reduce serv
the support t
ing to clean 
ve deteriorate
ase the servic

ociated with
lyzing and a
through a pi
echnology w

the EPA and 
l contribute to
prove agency

s: North Beach B

o the Carkee
ol requireme
ES) permit. K
ed flows wit
t its operatin
nue NW is f
ut 200,000 g
treets, based
 Assuming a
l Plan Altern
truction cost

rom NW 130
the prelimina
allons (based
and treatmen
realized imm

d outside cle
wner to aid in
pection of th
he cleanout w
s results in a
ould be reali

ervice life of

aintenance (O
vice life. Infi
the soil prov
the accumul
ed sections o
ce life of a c

h analyzing, 
adopting a ne
ilot study, a p

would be bor

King County
o a reduction
y relationship

Basin Presentatio

ek Park CSO
ents of King 
King County
th the curren
ng limits with
flow that doe
gallons is exp
d on prelimin
a cost of $6/
natives Eval
ts.  

0th/132nd St
ary modelin
d on typical 
nt costs is ab

mediately. 

eanouts. Inst
n future insp

he homeown
was $1,000 a
a total benefi
ized immedi

f the sewer a

O&M) activi
iltration can 

vides. This ca
lated sedime
of pipe. Red
conveyance s

adopting, an
ew technolog
portion of th

rne by the pi

y will recogn
n in CSO even
ps and interac

on to Broadview

O treatment 
County’s 

y has noted t
nt treatment 
h the current
es not have t
pected follow
nary modelin
gallon stored

luation Repo

treets is expe
ng. Assuming

industry-wi
bout $42,000

alling a clea
pections and
ners’ side sew
a piece and t
it for the 88 
iately. 

assets, techno

ities such as 
sluice the 
an lead to sa
ents in pipes 
ducing 
system. 

nd implemen
gy are gener
he costs 
lot study. 

nize SPU’s ef
nts, which ca

ctions. 

w Sewer Task 

that 

t wet 
to be 
wing 
ng 
d 

ort), 

ected 
g an 
de 

0 at a 

anout 
d 
wer 
the 

ology 

 

ags 
can 

nting 
rally 

fforts 
an 



Flood Grouting for Infiltration Reduction on Private Side Sewers 3-7 

3.2.3 Costs 

The cost estimates for infiltration rehabilitation on NW 130th/132nd Streets for the 
various rehabilitation techniques are presented below. Flood grouting is the only rehabilitation 
method that rehabilitates MHs along with pipe. Therefore, a separate cost item is included for the 
other three evaluated methods to complete an epoxy coating in all of the MHs (cost is per 
vertical foot [vf] of MH). Defects located on side sewers will not have to be corrected prior to 
pipe bursting, so it is anticipated that fewer repairs will be needed for a pipe bursting job. Costs 
for joint grouting, CIPP lining, and pipe bursting were developed from the WERF report titled 
Methods for Cost-Effective Rehabilitation of Private Lateral Sewers, 02-CTS-5, 2006.  

 
Flood Grouting The cost estimate to complete a flood grouting project is presented in Table 3-2. 

Table 3-2. Sanipor Cost Estimate. 
Item Quantity Unit Unit Cost Total Cost 
Grouting chemicals (S1 and S2) 1 each $240,000  $240,000  
Sanipor representatives  25 days $2,300  $57,500  
Pre-inspection CCTV 5,900' of mainline and 10,600' of side sewer lf $3.00  $49,581  
Cleanout installation  88 each $1,000  $88,000  
Defect repair Estimated 8 spot repairs each $8,100  $64,800  
Cleaning mainline and side sewer 5,900' of mainline and 10,600' of side sewer lf $1.50  $24,791  
Flood grouting process* 25 days $2,925  $75,000  
Post CCTV 5,900' of mainline and 10,600' of side sewer lf $1.50  $24,791  

Construction subtotal $624,462 
Tax (9.80%) $61,197 

Construction total $685,659  
PM, design engineering, admin $377,113 

Project subtotal $1,062,772  
Project contingent (20%) $212,554 

Total estimated project costs $1,275,000  

* Includes plugging, exfiltration tests, bypass pumping, pumping in and out S1, flushing system, pumping in and out S2, 
flushing system, repeat if necessary. 

 

Joint Grouting The cost estimate to complete a joint grouting project is presented in Table 3-3. 

Table 3-3. Joint Grouting Cost Estimate. 
Item Quantity Unit Unit Cost Total Cost 
Pre-inspection CCTV 5,900' of mainline and 10,600' of side sewer lf $3.00  $49,581  
Cleanout installation  88 each $1,000  $88,000  
Defect repair Estimated 8 spot repairs each $8,100  $64,800  
Cleaning mainline and side sewer 5,900' of mainline and 10,600' of side sewer lf $1.50  $24,791  
Joint grouting mainlines 5,900 lf $20.00  $118,000  
Joint grouting side sewers 7,920 lf $25.00  $198,000  
MH rehabilitation 260 vf $300.00  $78,000  
Post CCTV 5,900' of mainline and 10,600' of side sewer lf $1.50  $24,791  

Construction subtotal $645,962  
Tax (9.80%) $63,304  

Construction total $709,266  
PM, design engineering, admin $390,096 

Project subtotal $1,099,363  
Project contingent (20%) $219,873  

Total estimated project costs $1,320,000  
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at 3% discount rate of the remaining useful life of the asset) is subtracted from the costs of the 
rehabilitation methods 

3.2.3.3 Net Present Value 

Table 3-6 shows the net present value of the options. 

 
Table 3-6. Net Present Value. 

Method 
Reduced 
Backups 

CSO 
Storage 

Reduction 

Avoided 
Treatment 

Cleanouts and 
Inspection 

Total 
Benefit 

Initial 
Cost 

Salvage 
Value 

Net 
Present 
Value 

Flood grouting $490,000 $1,200,000 $42,000 $110,000 $1,842,000 $1,275,000 $0 $567,000 
Joint grouting $490,000 $1,200,000 $42,000 $110,000 $1,842,000 $1,320,000 $0 $522,000 
Pipe bursting $490,000 $1,200,000 $42,000 $110,000 $1,842,000 $3,650,000 $1,617,000 -$191,000 
CIPP lining $490,000 $1,200,000 $42,000 $110,000 $1,842,000 $3,750,000 $1,661,000 -$247,000 

 

Table 3-6 shows that flood grouting has the highest NPV of the options. It was 
recommended to implement the I/I reduction program using $1.1 million of capital improvement 
program (CIP) funding in the spending plan for 2011. Additional money was budgeted for 2012 
to cover monitoring and the final report on the process. Flood grouting was utilized to determine 
its viability for future SPU infiltration reduction programs.  

3.3 How SPU Develops and Tracks a Project Management Plan 

Once the business case has been approved, the project moves to Stage Gate 3 through the 
development of the Project Management Plan. Elements from the business case are further 
refined through an Initial Scope Statement that provides an overview of the project, how it 
came about, and why it is necessary. The Scope section of the Initial Scope Statement helps 
define the project boundaries, and what will have to happen for it to be successful and accepted 
by the customer. It describes the work that will occur as part of the project and the deliverables 
that will be produced. These deliverables include a risk registry, cost plan, 30% design, and an 
O&M manual. A high-level diagram of the project organizational structure is included showing 
roles and lines of internal communication as well as who is involved in the governance. A 
milestone table with the key milestones for the project and the expected completion dates based 
on the known information is also included. 

The Initial Scope Statement is further refined and detailed as a Work Breakdown 
Structure (WBS). The WBS, developed with the project team, groups project elements to 
organize and define the total scope of the project. It lists all the phases and work packages 
required to undertake the project with an expected duration, cost, and resource requirement. 
These are linked to the appropriate accounting codes to enable the project manager to track both 
budget and actuals.  

One component of the WBS is the Risk Plan. The objective of project risk management 
is to decrease the probability and impact of risk events to a project’s scope, schedule, cost, and 
quality. Creating a Risk Plan includes four main activities: risk identification, analysis, assigning 
a risk manager, and developing a response strategy. The first step in creating a Risk Plan is to 
identify and document all the potential risk events. The risk identification process is conducted 
with at least the project manager and key subject matter experts from the project team. 
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7 key steps to develop and use a Project Management 
Plan

1. Develop the initial scope statement

2. Form a project  team

7. Monitor & Control

3. Create a scope plan

4. Create a risk plan

5. Create a schedule

6. Create a cost planPr
oj

ec
t M

an
ag

em
en

t  
Pl

an

Initiation

Planning

Execution

Close-out

 

Figure 3-4. Seven Steps for a Project Management Plan with SPU. 

 
3.4 The Project Management Plan for the Flood Grouting Pilot Project 

A PMP was developed for the flood grouting pilot, basically following the process 
described above. Given the nature of the project, some of the steps were simplified. For example, 
the work was done using a service contract rather than going through a public works bid process. 
This method was chosen because there were not multiple providers of flood grouting materials. 
Therefore, the work could not be publicly bid. Most of the work was done by a contractor, and 
the project manager also served as the onsite construction manager. This approach helped to 
make the project execution more efficient, saving time and money. But at the start, management 
viewed this new approach as a potential risk to include in the Risk Register. If it was determined 
that the project was required to bid the work as a public works project, that would add delay and 
cost, making it difficult to complete the work in one season, due to the increased effort of 
producing a public works project per SPU standards and methods. 

Another significant risk was the inclusion of side sewers in the pilot. In Seattle, the 
property owner is responsible for the side sewer, up to the connection to the mainline. SPU has 
not traditionally done work on private side sewers. There was the question of whether public 
funds could be expended on what would essentially result in an improvement to private property. 
There was also the issue of obtaining the acceptance and approval of the homeowners affected 
by the pilot project. 

The issue of use of public funds was addressed through an opinion issued by the 
Washington Attorney General’s office that stated that sewer districts have statutory authority to 
use public funds to repair or replace side sewers located on private property if doing so will 
increase sewer capacity by reducing I/I (McKenna, 2009). This opinion has been the basis for 
funding I/I projects that include side sewers for several municipalities in Washington State. 

Finally, an additional risk was related to the lack of experience with the flood grouting 
technology in the Northwest. Flood grouting has been used a number of times in Europe, 
especially in Germany, and has gone through a rigorous licensing process, but its application to 
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CHAPTER 4.0 
 

COMMUNITY ENGAGEMENT 
 

As previously noted, one of the perceived risks was public acceptance of the project. In 
order to seal side sewers, cleanouts had to be installed on each side sewer, close to each house, 
which required a signed right-of-entry from the homeowner. Seattle had not previously done 
projects that addressed privately owned side sewers. In reviewing projects that require voluntary 
participation to be successful, both within Seattle and elsewhere, it was apparent that the 
participants may have to feel that the benefits outweigh any risks before they agree. Success of a 
project may often depend on both addressing community concerns and effectively implementing 
a variety of outreach strategies. Methods to achieve these goals are described below. 

4.1 Addressing Community Concerns  

Public acceptance of a project like the flood grouting pilot project may depend on how 
well the utility addresses residents’ concerns, including both making the benefits clear and 
assuaging any fears. 

How Does This Project Benefit Me? It is generally understood that people work to maximize the 
personal value of their decisions. Although people may participate in a program because “it is the 
right thing to do,” or because of community benefits, more people might sign on if it benefits 
them personally. SPU conducted some focus groups that clearly demonstrated this perspective. 
Utilities can provide these benefits to individuals because it saves the system money. In the case 
of the flood grouting pilot, homeowners had the benefit of having their side sewer inspected, 
cleaned, and if necessary, repaired at no cost to them. More and more homeowners are becoming 
aware of the potential personal cost for this service, and many municipalities are beginning to 
require this to be done before a home is sold. 

What Is the Risk to Me? Customers may weigh the risk of the project before they agree to 
participate. This considers both the risk of the project itself, as well as the level of trust they have 
in the agency sponsoring the project. It is easier to destroy trust than to build it, a dynamic 
known as the “trust asymmetry principle.” As an example, SPU is conducting another pilot 
project that will pay for the installation of a backflow preventer for houses that have experienced 
backups in the past and are at risk for future backups. A number of customers were reluctant to 
agree to the installation both because they fear that the devices may fail, and because they do not 
trust SPU. This lack of trust was based on feeling that they were not treated fairly in the past or 
because they do not trust government in general. SPU attempted to address such fears through 
information and some of the techniques described in Section 4.2. While the customer may have 
legitimate fears, these need to be taken into account and estimated participation rates adjusted 
accordingly. 
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CHAPTER 6.0 
 

PROJECT RESULTS 
 

This chapter describes the results of the flood grouting pilot project. 

6.1 Construction Results 
One of the benefits of flood grouting is that it provides immediate results on the post-

exfiltration rate of the system. The exfiltration rate of the S2 chemical, which has a non-viscous, 
water-like consistency, can be used to determine the immediate post-flood grouting leakage rate. 
The leakage rates are determined by measuring the drawdown of the liquid from a reference 
point (usually MH rim) in five-minute intervals and estimating the volume from the MH 
diameter. The post-exfiltration rate percent improvement for each of the 27 sewer segments 
ranged from 93-100% improvements, with an average improvement of 99%. Table 6-1, Flood 
Grouting Sealing Rates, is compiled from the information provided in Appendix E. 

 

Table 6-1. Flood Grouting Sealing Rates. 
Upstream MH Downstream MH Before Rate* After Rate* Reduction 

218-108 218-107 1.5 0.1 93% 
218-104 218-103 5 0 100% 
218-103 218-101 5 0 100% 
218-078 218-077 10 0 100% 
218-112 218-111 15 0 100% 
218-105 218-104 15 0 100% 
218-097 218-098 60 0 100% 
218-100 218-225 95 0 100% 
218-111 218-110 170 0 100% 
218-070 218-096 40 2 95% 
218-109 218-106 50 1 98% 
218-220 218-100 100 2 98% 
218-075 218-074 25 0 100% 
218-102 218-101 30 0 100% 
218-101 218-100 15 1 93% 
218-106 218-103 15 1 93% 
218-110 218-109 180 0 100% 
218-107 218-106 160 0.3 100% 
218-073 218-072 5 0 100% 
218-071 218-072 2 0 100% 
218-210 218-102 80 0 100% 
218-077 218-075 5 0 100% 
218-096 218-097 20 0 100% 
218-225 218-098 10 0 100% 
218-072 218-070 20 0 100% 
218-076 218-075 5 0 100% 
218-074 218-073 2 0 100% 

Total  1,141 7.4 99% 

* Gallons per 5 minutes calculated by Sanipor. 
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Figure 6-1. Flow Monitoring Data Before Flood Grouting (Pre-Project) at Two Locations. 

 

 

Figure 6-2. Flow Monitoring Data After Flood Grouting (Post-Project) at Two Locations. 
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The calibrated I/I models differ principally in the value of the long-term response to 
rainfall, suggesting the reduction occurred mostly for the long-term infiltration sources rather 
than the faster-responding sources. This is consistent with the fact that much of the faster-acting 
upper side sewers (which are the portion of the side sewer located closest to the house) could not 
be addressed and inflow sources were not removed. The long-term reduction of infiltration was 
represented in the model by lowering the coefficient (A1) controlling groundwater contributing 
to the sanitary pipes. This does not reduce the volume of groundwater simulated by the model, 
but it reduces the amount of groundwater entering the pipes, which is consistent with the 
rehabilitation employed. 

 

 

Figure 6-4. Pre-Project Model Calibration for March 2011 Rainfall Event. 
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To compare the pre- and post-rehabilitation condition flows statistically, both models 
were used to simulate long-term flow conditions with the full SPU rain gauge record. First, the 
simulated annual peak hourly I/I were fit to an LP3 distribution and pre- and post-project values 
for similar recurrence intervals were compared. The results of this are shown in Figure 6-7. This 
comparison indicates a reduction of peak hourly flow I/I of approximately 41% for recurrence 
intervals of 10 years and greater. This relatively low reduction again reflects the fact that the 
project did not address directly connected runoff from impervious sources like rooftops and 
sump pumps, nor was it able to seal the fast-acting upper side sewers. 

Figure 6-8 shows the recurrence interval statistics for the peak annual 24-hour I/I flow. 
A reduction by the project of about 32% is indicated for the 10-year recurrence interval. 

A similar analysis and comparison was completed for simulated total I/I event volume. 
An event was defined by periods where I/I flow was greater than 0.13 million gallons per day 
(mgd) and separated by a minimum period of 6 hours. An “event,” so defined, can last from 
one to many days. The annual maximum event I/I volume frequency comparison is shown in 
Figure 6-9.  

As is evident visually, the reduction in event I/I volume for a given recurrence interval is 
greater than the reduction in peak flow. Specifically, for recurrence intervals of 10 years and 
greater, the reduction in maximum annual event I/I volume from pre-project to post-project has 
an average of approximately 66%. While less important for conveyance analysis, the event 
volume reduction is important to assess the impact of the project on downstream wastewater 
treatment costs. Table 6-2 summarizes the above and other statistics. 

 

 

Figure 6-7. Peak Hour I/I Flow Frequency for Pre- and Post-Project Simulation Results (1978-2012). 
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Table 6-2. Summary of I/I Reduction. 
Statistic a Before Project  After Project  Percent Reduction 
Peak hour I/I (mgd) 0.49 0.28 41% 
Peak 24-hr I/I (mgd) 0.25 0.17 32% 
Maximum event vol. (mg) 0.76 0.25 66% 
Annual average I/I (mgd) 0.03 0.01 68% 
Dry weather flow (mgd) 0.03 0.025 15% 
a Values for once-in-10-year recurrence except for annual and dry weather flow. 

 

6.2.2.2 Control Basin   

The results of comparing peak flows at meter 218-145 with those at 224-103 for the 
monitoring period are shown in Figure 6-10. The comparison indicates the flood grouting 
achieved removal of peak I/I flow. More specifically, the lower slope of the best fit line for post-
project data (compared to the pre-project best fit line) signifies a lower I/I peak flow rate. 
Therefore, the control basin analysis supports the continuous simulation model finding. 

Figure 6-10 does not include the pre-rehabilitation flow for the March 13, 2011, event 
because the 224-103 meter had several missing data points during this event. This was the largest 
peak flow value for the 218-145 meter.  

 

 

Figure 6-10. Scatter Plots of Peak I/I Flow Measured at Meter 224-103 Compared to Peak  
I/I Flow Measured at Meter 218-145 for Pre- and Post-Rehabilitation Periods (March 2011 to April 2012). 
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6.2.3 Maintenance Hole Sealing 

The City used remaining chemical at the conclusion of the flood grouting project to seal 
only MHs in the control basin along 4th Avenue NW. The effect, if any, of reducing I/I as a 
result of the MH grouting was of interest. The flow monitoring data at the meter downstream of 
the sealing, 224-103, was used for comparing the pre-rehabilitation (before January 2012) and 
post-rehabilitation I/I. 

The peak flow monitoring data were compared to antecedent rainfall (12 hours) for select 
events, which resulted in identification of a relationship between I/I and antecedent rainfall for 
both pre- and post-rehabilitation monitoring periods. The relationship, measured by the slope of 
the best fit line for the data for pre- and post-rehabilitation, did not differ significantly. This 
similarity suggests that the MH-only rehabilitation did not have a significant effect on I/I 
reduction. The comparison is shown in Figure 6-12. 

 

 

Figure 6-12. Scatter Plot of Event I/I Peak Flow Measured at Meter 224-103 Compared to Rainfall 12 Hours Preceding 
Event Measured at SPU RG 07 for Pre- and Post-Maintenance Hole Only Rehabilitation (December 2010 to March 2012). 

In addition to the comparison above, observed baseflow was compared for the pre- and 
post-rehabilitation periods. Flood grouting the MHs, if effective in reducing I/I, would reduce the 
base, long-term infiltration observed as baseflow in the monitoring data. However, comparison 
of baseflow for August 2011 (pre-rehabilitation) and August 2012 (post-rehabilitation) show no 
significant difference in baseflow. This supports the conclusion, along with the previous 
analysis, that there is no significant reduction of I/I as a result of flood grouting MHs.  
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by the construction costs. The total length of the sewer assets sealed was 9,040 lf. This resulted 
in a total project cost of $164/lf and a construction unit cost of $114/lf.  

A significant volume of chemical was left over after the completion of the grouting. This 
remaining volume had a value of about $224,000. If the leftover chemical value is subtracted 
from the construction cost, the construction cost is reduced to $810,000, resulting in a unit 
construction cost of $90/lf. 

Because this was the first time that the contractor has worked with flood grouting 
chemicals, additional resources were allocated for having Sanipor officials to be present to 
supervise, train, and conduct the grouting. This was an additional $111,000 after taxes. The 
contractor is now versed in the flood grouting process, and would no longer need this additional 
cost for future projects. Reducing the chemical used cost of $810,000 by $111,000 equals 
$699,000, which reduces the construction unit cost to $77/lf. 

The business case developed cost estimates for the alternative infiltration control 
technologies of joint grouting, CIPP lining, and pipe bursting. The estimated construction unit 
cost estimates and the actual flood grouting unit cost are as follows: 

 Joint grouting: $50/lf 
 Flood grouting: $77/lf 
 CIPP lining: $120/lf 
 Pipe bursting: $120/lf 

The sewers within the project area have a fair number of cracks and other defects that 
would not have been sealed by joint grouting. While joint grouting is less expensive then flood 
grouting, it is believed that this method would not have sealed the sewers as well as flood 
grouting, due to the limitations described earlier.  

There are several alternative ways to develop unit costs for flood grouting. In addition to 
a length of pipe sealed, one can use surface area of the assets treated, the cubic volume of the 
assets treated, or the number of houses within the project boundary. The other unit costs are 
listed in Table 6-4. 

 
Table 6-4. Unit Construction Costs. 

Measurement Units Cost Unit Cost 
Length (ft) 9,040 $699,000 $77 
Inner surface area (ft2) 20,570 $699,000 $34 
Volume (ft3) 13,755 $699,000 $51 
No. of houses 88 $699,000 $7,943 

 

6.3.1.1 Cost of Installing the Cleanouts 

The contractor charged $1,300 to install each cleanout via LMK’s Vac-A-Tee method. 
Cleanouts could have been installed less expensively using excavation methods, but such 
methods result in greater disruption to landscaping. Because of SPU’s commitment to cause as 
little disturbance to the community as possible, the extra cost for this less intrusive method was 
accepted. If a community already has outside cleanouts installed and in good condition, this 
considerable cost would not be necessary, further increasing the cost-effectiveness of flood 
grouting. 
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visually confirm from the surface that the plug is properly inserted and inflated, and that nothing 
is interfering with the plug. On these deep side sewers it is beneficial to insert an inspection 
camera down the cleanout to see the plug and verify that it is properly placed.  

A second lesson learned is that in locations where hydrostatic pressures will be elevated, 
greater than 20’, using a second side sewer plug may be required. This is especially true where 
the side sewer is made of concrete pipe and has exposed aggregate. The exposed aggregate may 
prevent the plug from properly sealing and allow some chemical or water past. The second plug 
provides redundancy to help mitigate this possibility. It may be necessary to install a second 
cleanout to place the second plug.  

A third lesson is that both internal mapping and surface mapping must be verified and 
corroborated. The two sources of information need to be overlaid onto each other and all 
connections must be accounted for and distances matched to each other so that a side sewer 
connection is not missed.  

A final construction lesson learned on this project is that backflow preventers may not 
properly work during grouting operations. The first chemical used (S1) has an SG of 1.4. 
Normally closed rubber flappers used on some backflow preventers have an SG ranging from 
1.33 to 1.36 (RectorSeal, 2012). Because the flappers are lighter than S1, the flapper floats and 
does not prevent the fluid from passing the backflow valve. 

6.6 Further Considerations 
The following section describes some further considerations related to working on private 

side sewers, groundwater, and contracting. 

6.6.1 Dealing with Side Sewers 

As previously mentioned, the property owners own and maintain the side sewers from the 
house to the sewer main connection. It had been SPU’s policy not to touch the private side 
sewers or do any work on private property. A growing body of industry literature supports the 
position that for an infiltration reduction project to achieve maximum potential reduction, side 
sewers have to be included in the rehabilitation effort (Merrill et al., 2003). With the goal of 
reducing wet weather backups in the Broadview neighborhood, SPU decided that it is willing to 
undertake work on private property. In consultation with its lawyer, SPU developed access 
agreements to allow access to the private property and to work on the privately held assets (see 
Appendix C).  

From Section 6.1, it has been shown that where the sewer system was rehabilitated, on 
average, 99% of the infiltration sources have been eliminated. However, as shown in the 
modeling results, there still is an appreciable volume of infiltration of the system. The only 
portion of the system that was not treated was the upper private side sewers. Within the 
completed pilot project basin 1,750’ (18% of the total length) of side sewers lie within the right-
of-way and an additional 1,150’ (12% of the total length) was sealed beyond the right-of-way. 
This left 6,825’ (70% of the total length) untreated. The researchers believe that this shows how 
important it is to deal with the side sewers. To achieve the maximum peak flow reduction, the 
shallower, upper side sewers close to houses need to be addressed in conjunction with the rest of 
the system. The time and money spent on public outreach is necessary to accomplish this. 
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6NLQ 8VH�UXEEHU�39&�JORYHV��)XOO�ZRUNLQJ�FORWKHV�UHFRPPHQGHG�
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��� &KHPLFDO�6WDELOLW\�	�5HDFWLYLW\�,QIRUPDWLRQ

,QFRPSDWLEOH�0DWHULDOV ,QFRPSDWLEOH�ZLWK�DFLGV�
&KHPLFDO�6WDELOLW\ 6WDEOH�XQGHU�QRUPDO�FRQGLWLRQV�

+D]DUGRXV�'HFRPSRVLWLRQ
3URGXFWV

1RQH�UHDVRQDEO\�IRUHVHHDEOH�

3RVVLELOLW\�RI�+D]DUGRXV
5HDFWLRQV

3URGXFW�LV�VWDEOH��QR�KD]DUGRXV�SRO\PHUL]DWLRQ�ZLOO�RFFXU�

9LVFRVLW\ ���������P3D�V

)UHH]LQJ�3RLQW 1RW�$YDLODEOH�
0HOWLQJ�3RLQW ������)������&�

%RLOLQJ�3RLQW �������)�������&�
)ODVK�3RLQW 1RW�$SSOLFDEOH
(YDSRUDWLRQ�5DWH 1RW�$YDLODEOH�

6ROXELOLW\��+�2� 0LVFLEOH
&RHIILFLHQW�RI�:DWHU�2LO
'LVWULEXWLRQ

1RW�$YDLODEOH�

6SHFLILF�*UDYLW\ �����J�O�J�FP�����R&�����R�%H��������OEV�JDO

8SSHU�/RZHU�)ODPPDELOLW\ 1RW�$YDLODEOH�
9DSRU�3UHVVXUH &RPSDUDEOH�ZLWK�:DWHU
9DSRU�'HQVLW\ 1RW�$YDLODEOH�

2FWDQRO�+�2�&RHII 1RW�$YDLODEOH�
$XWR�,JQLWLRQ�7HPSHUDWXUH 1RW�$SSOLFDEOH
'HFRPSRVLWLRQ�7HPSHUDWXUH 1RW�$YDLODEOH�

S+ �����S+

)ODPPDELOLW\ 1RW�)ODPPDEOH

��� 7R[LFRORJLFDO�,QIRUPDWLRQ
&RPSRQHQW�$QDO\VLV���/'�� 7KLV�SURGXFW�KDV�QRW�EHHQ�WHVWHG�IRU�WR[LFRORJ\���$�FRPSRQHQW�RI�WKLV�SURGXFW��VRGLXP�VLOLFDWH�

ZKHQ�WHVWHG�DW������KDG�DQ�DFXWH�RUDO�/'���LQ�UDWV�RI�!����PJ�NJ

6HQVLWL]DWLRQ�'DWD 1RW�H[SHFWHG�WR�EH�D�VHQVLWL]HU�

1HXURWR[LFLW\ 1RQH�DYDLODEOH�

&DUFLQRJHQLFLW\�PXWDJHQLFLW\�	
ORQJ�WHUP�HIIHFWV

0DLQ�FRPSRQHQW�QRW�OLVWHG�E\�,$5&��173��RU�26+$�DV�FDUFLQRJHQ�

5HSURGXFWLYH
WR[LFLW\�WHUDWRJHQLFLW\

1R�WHVW�LQIRUPDWLRQ�

(SLGHPLRORJ\ 1RW�DSSOLFDEOH

,QKDODWLRQ�(IIHFWV 0LVW�RU�DHURVROV�PD\�FDXVH�VOLJKW�LUULWDWLRQ�
,UULWDWLRQ�WR�VNLQ 0RGHUDWHO\��LUULWDWLQJ�
,UULWDWLRQ�WR�H\HV 0RGHUDWHO\��LUULWDWLQJ�

��� (FRORJLFDO�,QIRUPDWLRQ

$TXDWLF�WR[LFLW\ 1R�WHVW�LQIRUPDWLRQ�DYDLODEOH�
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(FRORJLFDO�,QIRUPDWLRQ 6RGLXP�VLOLFDWH�LV�PRGHUDWHO\�WR[LF�WR�DTXDWLF�OLIH�

(QYLURQPHQWDO�(IIHFWV +LJK�S+�RI�SURGXFW�PD\�EH�KDUPIXO�WR�DTXDWLF�OLIH�

��� 'LVSRVDO�&RQVLGHUDWLRQV
'LVSRVDO�,QVWUXFWLRQV &OHDQ�XS�DQG�GLVSRVH�RI�ZDVWH�LQ�DFFRUGDQFH�ZLWK�DOO�IHGHUDO��VWDWH��DQG�ORFDO�HQYLURQPHQWDO

UHJXODWLRQV��5HF\FOLQJ�RI�FRQWDLQHUV�PD\�EH�SHUPLWWHG��SURYLGHG�WKH�FRQWDLQHU�LV�³HPSW\´��DV
GHVFULEHG�LQ����&)5�������E����´��ZKHQ�WKH�FRQWDLQHU�LV�XVHG�ZLWKLQ�WKH�8QLWHG�6WDWHV��:KHQ
WKH�FRQWDLQHU�LV�XVHG�ZLWKLQ�&DQDGD��WKH�IROORZLQJ�UHJXODWLRQV�DSSO\��³$�FRQWDLQHU�WKDW�KDV
EHHQ�FRPSOHWHO\�HPSWLHG�XVLQJ�FRPPRQ�SUDFWLFHV��DQG�WKDW�FRQWDLQV�OHVV�WKDQ�����FP�RI
UHVLGXH��LV�W\SLFDOO\�FRQVLGHUHG�WR�EH�DQ��HPSW\�FRQWDLQHU��DQG�QRW�VXEMHFW�WR�UHJXODWLRQ�DV�D
KD]DUGRXV�PDWHULDO�RU�KD]DUGRXV�ZDVWH´��VHH�DOVR�2QWDULR���2��5HJ�������4XHEHF���2�&�
�����������%�&����%�&��5HJ���������$OEHUWD���5HJ����������DQG�RU�6DVNDWFKHZDQ���(�������5HJ�
���DV�DSSURSULDWH��

:DVWH�&RGHV 1RW�DSSOLFDEOH�

����7UDQVSRUW�LQIRUPDWLRQ
*RRGV�'HVFULSWLRQ 1RW�DSSOLFDEOH

*HQHUDO 1RW�UHJXODWHG�DV�GDQJHURXV�JRRGV�

7UDQVSRUW�6XPPDU\ 1RW�FODVVLILHG�DV�GDQJHURXV�IRU�WUDQVSRUW�

%LRDFFXPXODWLRQ�$FFXPXODWLRQ 1R�WHVW�GDWD��+RZHYHU�LW�LV�QRW�H[SHFWHG�

0RELOLW\�LQ�(QYLURQPHQWDO
0HGLD

1R�GDWD�DYDLODEOH�

3HUVLVWDQFH�'HJUDGDELOLW\ 1RW�DSSOLFDEOH�VLQFH�SURGXFW�LV�DQ�LQRUJDQLF�FRPSRXQG

6$5$���� 1RW�VXEMHFW�WR�6$5$�6HFWLRQ����

6$5$�������� 1RW�VXEMHFW�WR�6$5$�6HFWLRQ���������

86�)HGHUDO�5HJXODWLRQV &RPSRQHQWV�RI�WKLV�SURGXFW�KDYH�EHHQ�FKHFNHG�DJDLQVW�WKH�QRQ�FRQILGHQWLDO�76&$�LQYHQWRU\
E\�&$6�5HJLVWU\�1XPEHU���&RPSRQHQWV�QRW�LGHQWLILHG�RQ�WKLV�QRQ�FRQILGHQWLDO�LQYHQWRU\�DUH
H[HPSW�IURP�OLVWLQJ��L�H��DV�SRO\PHUV��RU�DUH�OLVWHG�RQ�WKH�FRQILGHQWLDO�LQYHQWRU\�DV�GHFODUHG�E\
WKH�VXSSOLHU�

26+$�5HJXODWHG (\H�VNLQ�LUULWDQW�DV�GHILQHG�LQ����&)5�����������

+0,6�5$7,1*6
+HDOWK �
)ODPPDELOLW\�&ODVVLILFDWLRQ
5HDFWLYLW\
3HUV��3URW

�
�

1)3$�5$7,1*6
+HDOWK �
)ODPPDELOLW\�&ODVVLILFDWLRQ �
5HDFWLYLW\ �
6SHFLDO�+D]DUGV

��� 2WKHU�,QIRUPDWLRQ

6$5$���� 1RW�VXEMHFW�WR�6$5$�6HFWLRQ�����

&DQDGD�'6/ ,Q�FRPSOLDQFH�

:+0,6�&ODVVLILFDWLRQ &RQWUROOHG��'�%��3RLVRQRXV�DQG�LQIHFWLRXV�PDWHULDO���RWKHU�WR[LF�HIIHFWV��(\H�VNLQ�LUULWDQW

*HQHUDO 1RW�DSSOLFDEOH�

��� 5HJXODWRU\�,QIRUPDWLRQ
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,VVXH�'DWH�� ���0D\�����

06'6�6HFWLRQV�8SGDWHG
$FFLGHQWDO�5HOHDVH�0HDVXUHV��&RQWDLQPHQW�3URFHGXUHV
$FFLGHQWDO�5HOHDVH�0HDVXUHV��(YDFXDWLRQ�3URFHGXUHV
$FFLGHQWDO�5HOHDVH�0HDVXUHV��6SLOO�2U�/HDN�3URFHGXUH
(FRORJLFDO�,QIRUPDWLRQ��$TXDWLF�WR[LFLW\
(FRORJLFDO�,QIRUPDWLRQ��%LRGHJUDGDELOLW\
(FRORJLFDO�,QIRUPDWLRQ��(FRORJLFDO�,QIRUPDWLRQ
(FRORJLFDO�,QIRUPDWLRQ��(QYLURQPHQWDO�(IIHFWV
+DQGOLQJ�DQG�6WRUDJH��+DQGOLQJ�3URFHGXUHV
+DQGOLQJ�DQG�6WRUDJH��6WRUDJH�3URFHGXUHV
+D]DUGV�,GHQWLILFDWLRQ��(PHUJHQF\�2YHUYLHZ
2WKHU�,QIRUPDWLRQ��'LVFODLPHU
2WKHU�,QIRUPDWLRQ��2WKHU�,QIRUPDWLRQ
3K\VLFDO�	�&KHPLFDO�3URSHUWLHV��3K\VLFDO�	�&KHPLFDO�3URSHUWLHV
7R[LFRORJLFDO�,QIRUPDWLRQ��$FXWH�7R[LFLW\
7R[LFRORJLFDO�,QIRUPDWLRQ��&DUFLQRJHQLFLW\�PXWDJHQLFLW\�	�ORQJ�WHUP�HIIHFWV
7R[LFRORJLFDO�,QIRUPDWLRQ��&RPSRQHQW�$QDO\VLV���/'��
7R[LFRORJLFDO�,QIRUPDWLRQ��,UULWDWLRQ�WR�VNLQ
7R[LFRORJLFDO�,QIRUPDWLRQ��5HSURGXFWLYH�WR[LFLW\�WHUDWRJHQLFLW\
7R[LFRORJLFDO�,QIRUPDWLRQ��6HQVLWL]DWLRQ�GDWD

'LVFODLPHU 7KH�SURGXFW�LV�LQWHQGHG�IRU�VDOH�RQO\�WR�LQGXVWULDO�XVHUV��7KH�LQIRUPDWLRQ�LQ�WKLV�06'6�LV
LQWHQGHG�WR�DVVLVW�WKHVH�XVHUV�LQ�GHWHUPLQLQJ�WKH�VXLWDELOLW\�RI�WKLV�SURGXFW�IRU�WKHLU�EXVLQHVV
DSSOLFDWLRQV��8VHUV�PXVW�LQVSHFW�DQG�WHVW�WKH�SURGXFW�EHIRUH�XVH�WR�VDWLVI\�WKHPVHOYHV�DV�WR
WKH�FRQWHQWV�DQG�VXLWDELOLW\��(ND�&KHPLFDOV�VSHFLILFDOO\�GLVFODLPV�DOO�ZDUUDQWLHV�H[SUHVV�RU
LPSOLHG��VSHFLILFDOO\��$//�:$55$17,(6�$6�72�68,7$%,/,7<��),71(66�)25�$
3$57,&8/$5�385326(�25�0(5&+$17$%,/,7<�2)�7+,6�352'8&7��7KH�H[FOXVLYH
UHPHG\�IRU�DOO�SURYHQ�FODLPV�LV�UHSODFHPHQW�RI�RXU�SURGXFW��,Q�QR�HYHQW�VKDOO�(ND�&KHPLFDOV�EH
OLDEOH�IRU�DQ\�VSHFLDO��LQFLGHQWDO��RU�FRQVHTXHQWLDO�GDPDJHV��7KH�LQIRUPDWLRQ�LQ�WKLV�06'6
VKRXOG�EH�SURYLGHG�E\�WKH�EX\HU��WUDQVSRUWHU�RU�RWKHU�KDQGOHUV�RI�WKLV�SURGXFW�WR�DOO�ZKR�ZLOO
XVH��KDQGOH��VWRUH��WUDQVSRUW�RU�RWKHUZLVH�SRWHQWLDOO\�EH�H[SRVHG�WR�WKLV�SURGXFW��7KH�06'6
KDV�EHHQ�SUHSDUHG�IRU�WKH�JXLGDQFH�RI�VXFK�SHUVRQV�DQG�(ND�&KHPLFDOV�EHOLHYHV�WKLV
LQIRUPDWLRQ�WR�EH�UHOLDEOH�DQG�XS�WR�GDWH�DV�WR�WKH�GDWH�RI�SXEOLFDWLRQ��EXW�PDNHV�QR�ZDUUDQW\
WKDW�LW�LV��,I�WKH�UHYLVLRQ�GDWH�RI�WKLV�06'6�LV�PRUH�WKDQ�WKUHH�\HDUV�ROG�WKHQ�FRQWDFW�(ND
&KHPLFDOV�IRU�DQ�XSGDWHG�YHUVLRQ�

2WKHU�,QIRUPDWLRQ 6$1,325��LV�D�UHJLVWHUHG�WUDGHPDUN�RI�6DQLSRU�/WG��LQ�WKH�8QLWHG�6WDWHV�DQG�VHYHUDO�RWKHU
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0$7(5,$/�6$)(7<�'$7$�6+((7
KWWS���ZZZ�HNDPVGV�FRP

DQ�$N]R�1REHO�FRPSDQ\

�� &KHPLFDO�3URGXFW�DQG�&RPSDQ\�,GHQWLILFDWLRQ
3URGXFW�1DPH
6$1,325��6�
&$6��
&KHPLFDO�7\SH
$TXHRXV�VROXWLRQ�
,QWHQGHG�8VH
6HZHU�UHSDLU

(ND�&KHPLFDOV�,QF�
�����:HVW�2DN�&RPPRQV�&RXUW
86$
0DULHWWD��*$���������

���+RXU�(PHUJHQF\�1XPEHU
86�&+(075(& ��������������
&$1$'$�&$187(& ��������������

� +D]DUGV�,GHQWLILFDWLRQ
(PHUJHQF\�2YHUYLHZ $�FRORUOHVV�RGRUOHVV�FOHDU�OLTXLG�ZKLFK�LV�D�PLOG�VNLQ�DQG�H\H�LUULWDQW�

&RPSRQHQW &$6�� ��:W�:W
1RQH

3RWHQWLDO�+HDOWK�(IIHFWV
,QJHVWLRQ 1R�,QIRUPDWLRQ
6NLQ 0D\�LUULWDWH�
(\HV 0D\�FDXVH�LUULWDWLRQ�DQG�UHGQHVV�
,QKDODWLRQ ,UULWDWLRQ�SRVVLEOH��HVSHFLDOO\�IURP�KHDWHG�PDWHULDO

9DSRXUV�PD\�LUULWDWH�WKH�UHVSLUDWRU\�WUDFW�

&KURQLF�(IIHFWV 1R�,QIRUPDWLRQ
7DUJHW�RUJDQV (\HV��VNLQ�DQG�UHVSLUDWRU\�WUDFW

�� &RPSRVLWLRQ���,QIRUPDWLRQ�RQ�,QJUHGLHQWV

�� )LUVW�$LG�0HDVXUHV
)LUVW�$LG
,QJHVWLRQ &RQVXOW�D�SK\VLFLDQ��'R�QRW�LQGXFH�YRPLWLQJ�RU�JLYH�DQ\WKLQJ�E\�PRXWK�WR�DQ�XQFRQVFLRXV

SHUVRQ�
6NLQ ,PPHGLDWHO\�IOXVK�FRQWDPLQDWHG�VNLQ�ZLWK�ZDWHU��,I�WKH�FKHPLFDOV�SHQHWUDWH�FORWKLQJ�

LPPHGLDWHO\�UHPRYH�WKH�FORWKLQJ�DQG�IOXVK�WKH�VNLQ�ZLWK�ZDWHU��,PPHGLDWHO\�WDNH�RII�DOO
FRQWDPLQDWHG�FORWKLQJ�

(\HV )OXVK�LPPHGLDWHO\�ZLWK�ZDWHU�IRU�DW�OHDVW����PLQXWHV���'R�QRW�UXE�H\HV��*HW�PHGLFDO�DWWHQWLRQ
RU�DGYLFH�

,QKDODWLRQ 5HPRYH�SDWLHQW�WR�IUHVK�DLU�DQG�VHHN�PHGLFDO�DWWHQWLRQ�LI�EUHDWKLQJ�EHFRPHV�GLIILFXOW�
1RWHV�WR�3K\VLFLDQ 1RW�DYDLODEOH

0HGLFDO�&RQGLWLRQV�$JJUDYDWHG
E\�([SRVXUH

1R�,QIRUPDWLRQ

,QJUHGLHQW�,QIRUPDWLRQ 6LOLFLF�DFLG�GLVSHUVLRQ�LQ�ZDWHU

5RXWHV�RI�([SRVXUH 7KH�PRVW�OLNHO\�H[SRVXUH�URXWHV�DUH�E\�VNLQ�DQG�H\H�FRQWDFW�

)LQDOL]HG�%\ )LQDOL]HG�2Q ���0D\�����(ND�&KHPLFDOV��,QF� (ND�&KHPLFDOV��,QF�
9HUVLRQ������3URGXFW�1DPH 6$1,325��6�
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�� )LUH�)LJKWLQJ�0HDVXUHV

([WLQJXLVKLQJ�0HGLD
6XLWDEOH�([WLQJXLVKLQJ�0HGLD &DUERQ�GLR[LGH��GU\�IRDP��SRZGHU
8QVXLWDEOH�([WLQJXLVKLQJ�0HGLD 'R�QRW�XVH�ZDWHU

3URWHFWLRQ�RI�)LUH�)LJKWHUV
3URWHFWLYH�(TXLSPHQW�IRU�)LUH
)LJKWHUV

:HDU�VHOI�FRQWDLQHG�EUHDWKLQJ�DSSDUDWXV�IRU�ILUH�ILJKWLQJ�LI�QHFHVVDU\�

6SHFLILF�+D]DUGV�$ULVLQJ�)URP
WKH�&KHPLFDO

7R[LF�JDVVHV�VXFK�DV�FDUERQ�PRQR[LGH�PD\�EH�UHOHDVHG�GXULQJ�ILUH��&DUERQ�PRQR[LGH�DQG
FDUERQ�GLR[LGH�

)ODPPDEOH�3URSHUWLHV 1RW�DYDLODEOH

�� +DQGOLQJ�DQG�6WRUDJH
+DQGOLQJ�3URFHGXUHV +DQGOH�LQ�ZHOO�YHQWLODWHG�DUHD��$YRLG�EUHDWKLQJ�YDSRUV�DQG�PLVWV��$YRLG�GLUHFW�RU�SURORQJHG

FRQWDFW�ZLWK�VNLQ�RU�H\HV�
6WRUDJH�3URFHGXUHV 3URWHFW�IURP�IUHH]LQJ�DQG�HOHYDWHG�WHPSHUDWXUHV���6WRUDJH�WHPSHUDWXUH�SUHIHUUHG�EHWZHHQ���&

DQG���&

�� ([SRVXUH�&RQWUROV���3HUVRQDO�3URWHFWLRQ

3HUVRQDO�3UHFDXWLRQV *RJJOHV��39&�3(�JORYHV�DQG�IXOO�ZRUNLQJ�FORWKHV�UHFRPPHQGHG�
(QYLURQPHQWDO�3UHFDXWLRQV &RQWDLQ�DQG�DEVRUE�ZLWK�VDQG�RU�HDUWK��7UDQVIHU�WR�D�VXLWDEOH�FRQWDLQHU�IRU�GLVSRVDO��:DWHU

PD\�EH�XVHG�WR�FRPSOHWH�WKH�FOHDQLQJ�SURFHVV�
0HWKRGV�IRU�&RQWDLQPHQW &RQWDLQ�WKH�GLVFKDUJHG�PDWHULDO�
0HWKRGV�IRU�&OHDQ�XS 7KRURXJKO\�ZDVK�WKH�DUHD�ZLWK�ZDWHU�DIWHU�D�VSLOO�RU�OHDN�FOHDQ�XS�

�� $FFLGHQWDO�5HOHDVH�0HDVXUHV

2GRU )DLQW

$SSHUDQFH
)RUP /LTXLG
&RORU &RORXUOHVV�RSDOHVFHQW

(QJLQHHULQJ�&RQWUROV (QVXUH�DGHTXDWH�YHQWLODWLRQ��HVSHFLDOO\�LQ�FRQILQHG�DUHDV�

�� 3K\VLFDO�	�&KHPLFDO�3URSHUWLHV

3HUVRQDO�3URWHFWLYH�(TXLSPHQW
(\HV�)DFH 6DIHW\�JODVVHV�ZLWK�VLGH�VKLHOGV��'R�QRW�ZHDU�FRQWDFW�OHQVHV��(\H�ZDVK�IRXQWDLQ�DQG

HPHUJHQF\�VKRZHUV�DUH�UHFRPPHQGHG��$YRLG�FRQWDFW�ZLWK�WKH�VNLQ�DQG�WKH�H\HV�
6NLQ )XOO�ZRUNLQJ�FORWKHV�UHFRPPHQGHG��&RQWDPLQDWHG�FORWKLQJ�VKRXOG�EH�ODXQGHUHG�EHIRUH�UH�XVH�

8VH�LPSHUYLRXV�FORWKLQJ�WR�DYRLG�VNLQ�FRQWDFW��(\H�ZDVK�IRXQWDLQ�DQG�HPHUJHQF\�VKRZHUV�DUH
UHFRPPHQGHG��$YRLG�FRQWDFW�ZLWK�WKH�VNLQ�DQG�WKH�H\HV�

5HVSLUDWRU\ 1RW�DSSOLFDEOH�XQGHU�QRUPDO�FRQGLWLRQV��$YRLG�SURORQJHG�H[SRVXUH�
+DQG 8VH�LPSHUYLRXV�FORWKLQJ�WR�DYRLG�VNLQ�FRQWDFW�

([SRVXUH�*XLGHOLQHV 1RW�DYDLODEOH

2GRXU�7KUHVKROG 1RW�$YDLODEOH�
3K\VLFDO�6WDWH OLTXLG
S+ ���������
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Scope Statement  
C310011 – Broadview Infiltration Reduction Pilot 

Purpose 

The Scope Statement helps clearly communicate the scope to the reader of this document.  Elements from 
the Business Case are further refined in this document.  Although the Specifier is the primary author of 
the initial document the expectation is the Project Manager will be amajor contributor to the content.  This 
document is revised during the PMP development from input received from members of the team. 

 

Project Information 

Project Name Broadview Infiltration Reduction Pilot 

Activity Number C310011 (E309003 for some related O&M activities) 

Executive Sponsor Trish Rhay 

Fund & Business Area  Gary Schimek 

Specifier Martha Burke 

Project Manager Jim Johnson 

1.1. Project History 

The 12th Ave NW sewer basin (a dedicated sanitary sewer system) has been 

determined to suffer from capacity limitations based on field observations, flow 

monitoring data, and computer modeling.  There have been numerous studies over 

the years with the earliest dated 1979.  There have been unregulated discharges and 

sewer backups documented in December 1996, December 2007 and yet again in 

December 2010. AMC approved Business Case on 3/2/11 for $1,275,000 to proceed 

with this the pilot project. 

1.2. Problem or Opportunity Statement 

The entire 12th Ave NW sewer basin has been determined to suffer from capacity 

limitations during extreme wet weather events.  Recent additional modeling 

performed subsequent to the 12/12/10 storm indicates groundwater infiltration as a 

significant portion of the volume in the pipe during these events.   

 

Water Environment Research Foundation (WERF) has offered a $112,000 grant to 

SPU to pilot a innovative technology that seals the entire sewer system, including 

maintenance holes, mainline and side sewers to reduce groundwater infiltration.  The 

technology is proprietary, Sanipor™, and is technically referred to as chemical 

grouting or flood grouting. 

 

The technology is not fully tested in the United States, this pilot would be the largest 

treatment area to date in North America.  However in limited cases where it has 

been utilized in the U.S. it has been shown to be very effective, and the technology 

is more widely used in Europe, where it was developed. 

 

This  pilot project will allow SPU to evaluate the practicality of the technology, its 

costs, public acceptance and effectiveness as a tool in reducing groundwater 

infiltration in sanitary and combined sewer systems where wet weather groundwater 

infiltration taxes system capacity and creates problems such as overflows (CSO or 
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SSO), unregulated discharges (such as at maintenance holes) or sewer back-ups into 

structures.  

 

The success of the project in increasing capacity by reducing flows in this particular 

area will hinge largely on the relative amount of groundwater infiltration in the pipe, 

as compared to the actual sanitary sewer flows and stormwater inflow through 

connections to the sanitary sewer of such things as downspout connections, yard 

drains, and perhaps even stormwater infrastructure.  As noted above, recent 

modeling has indicated that groundwater infiltration appears to be a significant 

portion of the wet weather flow. 

1.3. External Influences 

There is an expectation from the community that SPU will be addressing capacity 

problems in this sewer basin in the near future.  This project has been contemplated 

for some time, however the implementation schedule is now of higher concern as a 

result of the December 12, 2010 storm event.  During that event, the system was in 

a surcharged condition, and resulted in upland discharges from maintenance holes, 

as well as backups into select homes where the structure’s lower elevation 

connections were below the hydraulic grade line of the surcharged sewer system. 

2. Project Vision 

2.1. Project Goals  

Demonstrate that the Sanipor™ technology of sealing the sewer system from 

groundwater infiltration provides a measurable reduction in wet-weather flows.  

2.2. Project Objectives 

Validate the technique, contracting method for implementation, public 

acceptance/participation and the cost-effectiveness of the technology at reducing 

groundwater infiltration into the sanitary sewer system where the technology is 

implemented. 

3. Scope 

3.1. Product Scope 

The product scope includes: 

 Tv inspections of up to 16,000-ft of sewer lines 

 Installation of up to 88 sidesewer cleanouts 

 Spot repairs (for planning purposes, we’ve assumed 10 spot repairs) 

 Flood grout of up to 11,000 ft of side sewers (approximately 88 side sewers) 

 Flood grout of 5000-ft of mainline sewers 

 

The project is located in the Broadview basin between NW 130th St and NW 132nd St, 

and between 8th and 12th Avenues NW. 

3.1.1. Out-of-Scope Items, Product 

 Sewer “sealing” technologies other than Sanipor™ 

 Sewer repairs too large for crews or JOC, if major repairs are required, the 

project team will amend the PMP through a Change Management process. 
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3.2. Project Scope 

Deliverable Deliverable Description  

Monitoring Install and maintain monitors in order to analyze 

before/after condition to evaluate effectiveness 

(monitors are already in place).  Evaluate data. 

Public outreach program Obtain support of Broadview community and more 

directly the affected homeowners. 

Permission to Enter Signed rights-of-entry from 60 – 88 home owners to 

allow TV inspections, sewer clean out installation and 

flood grouting of private sidesewers.  

Permits SEPA exemption, SDOT permits (over the counter 

permits for side sewer work and staging) 

Quality Assurance Project 

Plan (QAPP) Development 

and Pre and Post –project 

modeling 

WORK done by Brown & Caldwell 

Design 60% and 90% design for any spot repairs done by JOC 

and or Crews 

 

Construction oversight CMD will oversee work done by JOC contractor and 

spot check work done by crews (JIM?). 

 

Project Manager and Specifier will oversee flood 

grouting 

Service contracts Approved service contracts for: 

-tv inspection of private sidesewers 

- installation of sewer cleanouts (per D. Stubblefield) 

- flood grouting 

Open Cut repairs Spot repairs (done by crews or under Job Order 

Contracting - JOC) 

In-house construction by 

crews 

In-house work includes: 

-tv mainlines 

- spot repairs 

Water Environmental 

Research Foundation 

(WERF) grant 

Contract signed by both SPU and WERF. 

QAPP Approved both internally (SPU) & externally (WERF) 

Economic analysis Economic analysis will be performed on project costs at 

project completion to determine the economics of this 

technology vs other more “traditional” technologies 

such as joint grouting, pipe relining, pipe bursting, or 

open cut replacement. 

Interim Report Status report at the end of 2011 

Final Report Report to WERF on project results 2012 

Internal assessment of 

pilot 

Internal determination by the project team on whether 

the pilot is worth repeating. 

3.2.1. Out-of-Scope Items, Project 

 Standard Public Works (PW) contracting method for implementation  
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 Other technologies for implementation, such as traditional grouting, pipe 

relining, pipe bursting or open trench replacement* of mains/laterals 

 

* with certain exceptions where spot repairs are indicated by video inspections 

3.3. Project Assumptions 

 Groundwater infiltration is a major contributor to wet-weather flows in the 

sewer lines. 

 Over 75% of homeowners provide rights of entry.  (If not, SPU will install the 

sewer cleanouts at the edge of the right-of-way, and only a portion of the 

sidesewer will be grouted.) 

 Sanipor is a technology that can be successfully implemented in the City by 

regional contractors. 

 Flood grouting will result in a measurable decrease in wet-weather flows. 

 Community will accept and participate in the project at a meaningful level, 

where success can be measured. 

3.4. Relationship to Other Projects 

If this pilot project is successful, this approach may be used on other sewer back up 

areas in Seattle. 

3.5. External Dependencies 

The project is not dependent on any external projects. 

3.6. Project Success Criteria 

A comparison of flow monitoring data before and after the pilot will be used to assess 

the success of the project.  The data will be compared to determine the percent 

removal of groundwater infiltration.  This methodology has been used by others for 

the same purpose.  The flow monitoring will be implemented by USM.  Flow monitors 

are presently installed for monitoring of the baseline condition. 

 

The flood grouting is expected to reduce flows in the sanitary sewer.  The project 

team does not expect that this effort alone will solve downstream sewer back ups. 

 

 

 

4. Implementation Plan Summary 

4.1. Contracting and Consulting Approach 

This project has a non-standard contracting approach due to the pilot nature and 

work on private property. The project will use consultants, internal design staff, in-

house crews, various service vendors and probably the Job Order Contractor (JOC).  

Details are shown in section 3.2. 

 

The flood grouting is considered “service work” and will be done via a blanket vendor 

contract.  SPU will work with FAS to select a contractor to conduct this service. 
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The sewer clean out installation is also considered “service work” if it is done without 

the use excavators.  FAS is currently accepting bids for a new plumbing contract that 

is broad enough to include this work. 

 

Sanipor representatives,  WERF experts, and King County staff will be brought in to 

advise during the design and construction phases to insure a high quality 

implementation of the process. 

4.2. Deviations from Standards 

This is not a traditional design-bid-build project.  It will be implemented with a 

combination of in-house work, vendor and JOC support. 

 

This is a pilot project to try a new technique, so it there are no existing standards for 

flood grouting. 

 

The Project Manager will be responsible for all communications between the vendor, 

the JOC contractor and the crews.  An estimated 5 -10 spot repairs will be managed 

by Jeff Williams and Young Kim as part of the Sewer Spot repair program.   

SPU will pre-purchase the flood grouting chemicals because the purchase has a long-

lead time.  SPU will sole source this purchase from Sanipor. 

  

5. Communication Summary 

5.1. Community and Political Influences 

In the Broadview community, the project team will work with the Broadview Sewer 

Task Force. 

 

The project requires considerable outreach to approximately 85 homeowners.  The 

outreach will support rights-of-entry, inform residents of construction schedule and 

impacts.  The flood grouting will take place over several weeks in 26 or so 

installations.  During that process, individual homes will be “off the sewer” for an 

estimated 8 hours.   

 

This project also requires successful communication with private property owners to 

obtain rights-of-entry and no sewer backups (which would be caused from 

homeowners flushing during the 8-hour grout process). 

5.2. Project Organization  

Martha Burke, Specifier 

Jim Johnson, Project Manager 

Gary Schimek, Budget Area Manager 

Trish Rhay, Director of Drainage and Wastewater 

Wan-Yee Kuo, Senior Engineer 

Jeff Williams, Pipes Asset Manager 

5.3. Project Governance 

AMC on 3/2/2011 for BC #2, approved. 

 

PDOC approval of PMP pending completion. 
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It is unclear how this project will complete Stagegates 3 -5 for the grouting, given its 

use of service contracts (rather than public works contracts) and combination of 

contracting methods.  

6. Budget and Schedule Summary 

6.1. Schedule Estimate 

See attached detailed schedule.   

The project team anticipates that all construction will be completed in 2011, with 

monitoring and reporting activities in 2012.  Flood grouting is best done in dry 

weather, and there is a risk that delays could push the flood grouting into 2012. 

6.2. Cost Estimate  

The project work is currently billed to E309003.  In the near future, costs related 

to work in this PMP will be billed to C310011. The life to date costs ($95,000) will  

remain in E309009 (JIM or will they be transferred) 

For details see attachments 

6.3. Approved Budget 

Current Approved Budget 1,100,000 (in 2011 Spending Plan) 

Approved By: AMC 

Date Approved: 3/2/11 

 

 

Appendix A. Revision History 

Revision Date Version Summary of Changes Prepared By 

3/16/11 First draft  Jim Johnson 

3/29/11 Review 

comments 

 Martha Burke 

5/10/11 Review 

comments 

Final scope statement prep Lori Taylor 

5/12/11 Draft Final Accept comments thru 5/11 Jim Johnson 

5/18/11 Review Final Submitted to PDOC Jim Johnson 

5/19/11 Review Final Comments from C. Woelfel Jim Johnson 
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FREQUENTLY ASKED QUESTIONS 

 

1.  What is this project and why is SPU proposing it? 

Seattle Public Utilities (SPU) has initiated a capital program to improve the sewer and 
associated drainage system in the Broadview neighborhood. As part of that program, SPU is 
planning a pilot project to evaluate a method to reduce the amount of groundwater leaking 
into the sewer system. This leakage is called infiltration and comes from gaps or cracks in the 
main sewer pipes and side sewer pipes from peoples’ homes. The technology will use two 
non-toxic chemicals to seal the joints (where there may be gaps) and cracks in the sanitary 
sewer mainline and side (private lateral) sewer lines where water may enter the system when 
the ground is saturated.  
 

2. How will this project affect me, my property and my side sewer? 

Before the grouting is done, all the sewers in the project area, including side sewers, must be 
inspected by a special camera that travels through the sewers. This determines areas in both 
the mainline system and side sewers that require cleaning, root removal, or structural damage 
repair. These problems will be repaired first. Then, section by section, the system will be 
treated with the chemical grout. 
 
a. Am I in the pilot project area? 

The pilot is planned for the area between NW 130th and NW 132nd Street, and 8th and 
12th Ave NW. The accompanying map shows the location and the parcels included in the 
pilot. 
 

b. Will it benefit my property? 

Repairs of side sewers can be expensive if left until they cease to function. The first step 
is installation of a cleanout (or access point) outside of the house if one doesn’t currently 
exist. As part of this pilot, participating homeowners will have their side sewer inspected, 
cleaned and repaired as needed.  
 

c. Will it cost me anything? 

Because this project will enhance the condition and functioning of the City’s sewer 
infrastructure, and improve service, reducing the possibility of backups occurring, this 
service is provided at no cost to the homeowner. 

 
3. Are there any risks from participating in the project? 

This is a pilot project as this technology has not been applied in the northwest, although it has 
been used elsewhere in the country. With this pilot, SPU is evaluating whether this 
technology significantly reduces infiltration and the costs as compared to other technologies. 
The risk of problems occurring during this pilot project is low, since it is a relatively non 
invasive procedure. SPU will correct any problems created as a direct result of the grouting 
process. 
 

4. Will I be able to use my plumbing while it is going on? 

Your access to plumbing fixtures (sinks, shower or baths, toilets and laundry facilities), will 
be restricted for short periods of time while any repairs are performed on your side sewer, or 
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when a cleanout is installed. During the grouting process itself, you may be restricted for a 
period of up to eight hours. You will receive timely notification of any necessary restrictions. 
 

5. What is a cleanout? Will installation damage my garden/lawn? Will SPU restore it? 

A cleanout is an access point to the side sewer (sometimes also called a service lateral) much 
like a manhole in the street. For homes of the average Broadview vintage, these are 
frequently located in the basement, crawl space or garage floor. These are all areas that are 
less convenient and in some cases can create unsanitary conditions during sewer servicing. If 
there is no outside cleanout, SPU will install one. In most cases only a small hole will be 
needed for the installation. The cleanout must be located on the side sewer (service lateral) 
line, but SPU can coordinate the cleanout location with you. SPU will restore the property as 
close as possible to its previous condition after installation. SPU will use the cleanout to 
inspect, and service your side sewer and to perform the chemical grouting. 
 

6.  Why do I need to sign a Permission-to-Enter (right of entry) form? What if I choose 

not to participate? 

For the City to enter your private property to conduct the work, a right of entry is required. If 
you do not wish to participate, a cleanout will be installed in the right-of-way (ROW) to 
prevent the grouting from extending beyond the ROW. However, you will still not be able to 
use your home’s plumbing while the grouting is being done for the main line in front of your 
house. 
 

7. If you are inspecting and cleaning my side sewer, will I get a report on the results? 

Yes, we will provide you a report of the TV inspection if you wish. 
 

8. How will this project impact the Broadview community? 

 

a. Will it solve the problems we have with sewers in Broadview? 

The purpose of this pilot project is to evaluate whether this grouting technology might be 
used in other parts of Broadview or elsewhere throughout the City. If it works in reducing 
infiltration and the costs are comparable with other technologies, it will be applied in 
more areas to help reduce the excess flows in the sewer lines, and reduce the chance of 
backups. However the pilot project is not expected to have a significant impact on the 
existing problem of wet weather sewer capacity in Broadview. 
 

b. Will it solve the drainage problems we have in Broadview? 

No, this project is not designed to improve surface drainage. 
 

9. Will the seal created by this pilot keep out roots? 

Yes, it should. The reacted grout mildly increases the local PH to a point that roots do not 
like, plus the grout blocks the roots’ source of water – the sewers. 
 

10. How long will the seal last? 

This was done in salty seawater conditions in Sarasota, Florida, and 20 years later the pipes 
are still in excellent condition. 
 

11. What if my side sewer line is higher in the ground than the main sewer line? 
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The highest the process will go is the highest point of the main line connecting to your side 
sewer. A temporary extension might be attached during this process to try to raise the 
elevation, however there may be circumstances where we might not be able to reach the 
entire side sewer pipe due to excessive elevation differences. 
 

12. Are the chemicals toxic? What is the name of the chemicals? 

No, the chemicals are proprietary, so the names of them are not available. However, 
according to the MSDS the chemicals are silica (a naturally occurring substance) based. They 
are inert once the reaction is complete. However during handling of the raw unreacted, 
concentrated chemicals, safety procedures must be followed as the chemicals if ingested, 
splashed into the eyes or onto the skin can cause irritation. The contractor will follow all 
recommended handling procedures and take steps to insure that the public does not come into 
contact with the chemicals (one of the reasons your side sewer will be plugged during the 
grouting process) 
 

13. Can this work in any type of soil? 

Yes, it works in virtually any soil and is especially suited to our granular type soils. 
 

14. What if there are a lot of repairs that take a long time to fix? 

At present in the absence of actual inspection of the lines, we have estimated the number 
based on those found in a similar project in nearby Shoreline. If there is a lot of damage 
however, the physical repair work will take longer; this could delay the grouting process. 
 

15. How many trucks will be in the neighborhood during the project?  

 Listed in likely order of process: 
i. For CTTV, one large box van 

ii. For cleanout installation, one vactor truck and a support vehicle or two 
iii. For cleaning, one large vactor truck 
iv. For sewer repairs, a tracked excavator or a rubber-tired tractor backhoe loader, dump 

trucks, and a support vehicle or two 
v. For the grouting, 2 large vactor trucks and 1 jetting truck, and some smaller support 

vehicles, vans or pickups 
 

16. How much will property be disturbed? 

The disturbance will be minor but it will depend on whether a cleanout or repair if needed. 
Property will be restored to its pre-project state. 
 

17. Will flooding be exacerbated by this project, due to more groundwater not entering 

sewer pipes?  

Because of the limited area for the pilot project, SPU does not believe the pilot will raise the 
groundwater table. The larger capital project will focus on additional issues not addressed in 
this pilot. For the larger project, we are presently evaluating groundwater information that we 
already have, to identify gaps where more information is needed. We may install some 
monitoring wells in some locations to gather more information and to confirm whether or not 
larger scale projects (infiltration reduction to sewer main lines) or infiltration of stormwater 
(natural drainage systems) will negatively influence groundwater levels. 
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18. Will you have to do more than one application of the chemicals in some cases? 

The contractor will evaluate the leakage rate after the application of the chemicals. If the 
leakage rate is too high, another application may be necessary. In those cases, the lines would 
take longer. 
 

19. How much will this pilot project cost? 

 We estimate $1.4 million. 
 
20. On how many parcels further down 12

th 
would you need to replicate this pilot project, if 

the pilot is successful? 

All of the sewers and side sewers further down 12th could be flood grouted. However, we 
likely won’t have to do this. Once we know the infiltration removal rate, we will be able to 
re-model the system to determine the additional length of pipe we will have to rehabilitate to 
protect the area from wet weather overflows. We would likely only seal sufficient properties 
in order to reduce/eliminate backups, which is not to say that we would eliminate all 
infiltration to the system. 
 

21. How will you determine if the pilot project is successful? 

Two-pronged: 1) measure the degree that infiltration was reduced, 2) assess the cost/benefit 
of this technology compared to other technologies in similar pilots 
 

22. Why not get a bigger bang for your buck and do the worst area? 

To truly test the technology, we need an area free of flow through from other areas. In 
addition, we do not know where the “worst” area is infiltration-wise. We know where sewers 
backup, but that does not mean the infiltration there is causing the excessive flows; it could 
come from far away. 
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BROADVIEW SEWER INFILTRATION REDUCTION PILOT PROJECT 

 
What the Project Is 

Seattle Public Utilities (SPU) has initiated a capital program to improve the sewer and drainage 
system in the Broadview neighborhood. As part of that program, SPU is planning a pilot project 
to evaluate a method to reduce the amount of groundwater leaking into the sewer system. This 
leakage is called infiltration and comes both from gaps or cracks in the main sewer and in the 
side sewers from peoples’ homes. The pilot is planned for the area between NW 130th and NW 
132nd Street, and 8th and 12th Ave NW.  
 

 How It Works 

The project will use two non-toxic chemicals to seal the joints (where there may be gaps) and 
cracks in the sanitary sewer mainline and side (private lateral) sewer lines where water may be 
entering the system when the ground is saturated.  
 
Before the grouting is done, all the sewers within the project area, including side sewers, must 
first be inspected by a special camera that travels through the sewer. SPU will use this camera to 
determine areas in both the mainline system and side sewers that require cleaning, root removal, 
or structural damage repair. These problems will be repaired first. Then, section by section, the 
system will be treated with the chemical grout. 
 

What This Means for Homeowners 

As part of this pilot, participating homeowners will have their side sewer inspected,  
cleaned, and if needed repaired. A cleanout will be installed if one doesn’t currently exist. 
Because this project will enhance the condition and functioning of the City’s sewer 
infrastructure, and improve service, reducing the possibility of backups occurring, this service is 
provided at no cost to the homeowner. 
 

After this preliminary work, the grout is applied on a section by section basis. A section is 
generally from one maintenance hole to the next, including all side sewers from homes or 
structures connected to that section. During the application process the homeowner will not be 
able to utilize their sewers. A plug will be installed at each home’s sewer connection to prevent 
the anything from entering the home or entering the pipe system. Residents will not be able to do 
laundry, flush toilets, or bathe during that time, generally no more than 8 hours. When the 
sealing is complete, the remainder of the grout is pumped out, the plugs are removed and the 
system is placed back into operation. 
 

 

 

 



 
Seattle Municipal Tower, 700 5th Avenue, Suite 4500, PO Box 34018, Seattle, WA 98124-4018 
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Your participation is key! 

SPU will soon be sending out a Permission To Enter Private Property form (PTEPP). This form 
gives the City your permission to use the sewer camera to inspect your side sewer lateral service 
and document its condition. 
 
If there are defects found during inspection the PTEPP also give SPU permission to correct these 
defects. If you do not have an exterior cleanout or inspection point outside of your home, SPU 
will install one. This exterior inspection point will be where the plug is installed in order to 
complete the grouting process. If further work is needed after the inspection, that work (defect 
repair, cleanout installation and the grouting itself) will be coordinated with you in advance. 
 
The PTEPP form requires that the City restore your property to an equal condition that existed 
before the work was performed. This process will improve your lateral service connection 
function and service life and will help SPU evaluate whether or not this technology will be a 
useful tool to solving the flooding and sewer backups in Broadview. 
 

How much will it cost / how is it funded? 

The budget to complete this project is $1.4 million and is funded through drainage and sewer 
rates, as well as through a federal grant. 
 

Construction schedule / what’s next? 

SPU would like to begin TV inspection in June, develop a list of physical work needed for 
construction in late summer, followed by the grouting process. SPU would like to complete the 
project before the next storm season. 
 

For further information: Jim Johnson, at (206) 684-5829 or jim.johnson@seattle.gov or 
Martha Burke, at (206) 684-7686 or 
martha.burke@seattle.gov .  
 

 

 

mailto:jim.johnson@seattle.gov
mailto:martha.burke@seattle.gov


 
 

City of Seattle 

Seattle Public Utilities 
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May 6, 2011 
 
 
Dear Resident or Property Owner: 
 
Seattle Public Utilities (SPU) is initiating a pilot project in Broadview to evaluate a technique 
for reducing sewer backups that can occur in the area during wet weather. We believe we can 
do this by sealing leaks and cracks that contribute substantially to “infiltration,” the leaking 
of groundwater, into the sewer system.  
 
On April 27th, we held a meeting for the residents of the project area to explain the project in 
detail. If you attended, thank you. If we have already received your Permission to Enter form, 
a really big thank you! This letter provides more information to those unable to attend and 
includes materials to answer some of the questions that might arise and a permission form for 
your participation. 
 
The project area is the upper portion of the 12th Avenue Northwest sewer line and we want to 
complete the pilot project this year. It will begin with inspecting the sewers in the area, using 
a camera that travels through the sewers. This video inspection includes the main sewer line 
as well as the side sewers leading from your house.  
 
Our inspection first will identify areas requiring cleaning and repair. Because the project 
involves both the main line and side sewers, it may be necessary to install a cleanout for the 
side sewer near your house, if one does not already exist, and to do any required repairs or 
cleaning. Once this is done, a technique called “flood grouting” will be used to seal the pipes 
throughout the sewer lines. 
 
Any work on the side sewers associated with this pilot project will be done at no cost to 

the resident. However, to do this, SPU needs to have access to your property to inspect the 
side sewer, install the cleanouts and make the necessary repairs. For this reason, homeowners 
need to sign an agreement allowing that access.  
 
Attached is a detailed map of the project area plus answers to questions you might have about 
the project. We have also included the Permission Form that we need you to sign to 
participate in the project.   
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Please feel free to contact me at 206-684-5829 or jim.johnson@seattle.gov or Martha Burke 
at 206-684-7686 or martha.burke@seattle.gov for more information.  
 
The success of this pilot depends on the participation of you and your neighbors in the 

community. Please sign the access permission form and return it in the enclosed return 

envelope no later than May 20th.  

 
Thank you! 
 
 
 
Jim Johnson 
Project Manager 
Seattle Public Utilities 
 

mailto:jim.johnson@seattle.gov
mailto:martha.burke@seattle.gov
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PROJECT:  Broadview Sewer Infiltration Reduction Pilot Project   
 

RECITALS 
 

A. Seattle Public Utilities (SPU) is performing a pilot project that will evaluate the effectiveness of 
sealing sewer mains and private side sewers to reduce infiltration in a limited area of study in the 
Broadview neighborhood. 

B. As part of this study, SPU will grout sewer main lines and side sewers within the area of study to seal 
them from infiltration. In order for this study to be successfully evaluated, private side sewers being 
grouted must be in a state of decent repair, and new cleanouts may need to be installed on the side 
sewer.  

C. By signing this Permission to Enter Agreement, the Owner of the property requests that SPU and/or a 
contractor working on SPU’s behalf perform the following work on the owners property: 

a. Camera inspection of the property side sewer 
b. Side sewer cleaning, as necessary 
c. Side sewer root cutting, as necessary 
d. Installation of a new clean out on the existing side sewer at a location on the homeowner’s 

property as necessary 
e. Side sewer repairs as necessary 

D. The individual completing this form (“Owner”) is willing to have the above work done in accordance 
with the terms and conditions of this agreement.  

E. The Owner owns a residence (“Property”) in Seattle, King County, WA, described as follows 
 

 
STREET ADDRESS:          ______ 
     (House No.)  (Street) 
 
   ______           
     (City)    (State)   (Zip) 
 
 
   Parcel No: ___________________________ 
 
 
Is the house occupied by tenants or someone other than the Owner? YES or NO (Please circle one) 
 

TERMS AND CONDITIONS 
 

1. Ownership of Property: The Owner warrants that he/she is the lawful owner of the Property and 
has good right and authority to authorize entry onto the property for the performance of the work 
described above. 

2. No Guarantee Of Work: The Owner’s signature on this Permission to Enter Private Property 
form is not a guarantee that the work described herein will be completed. Whether the work shall 
actually be performed is within the discretion of the City.  

3. Conditions of Work: SPU or its designee shall perform the work described in this form without 
seeking financial contribution from the Owner. The type, method of work, and location of any 
cleanout shall be determined by the City. The City will attempt to consult with the property 
owner regarding the location of the cleanout before installation. The work will be performed in a 
workmanlike manner in accordance with applicable City code.  
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4. Notice of Work: SPU or its designee will notify the property owner of the work to be performed 
at least 4 days in advance of each phase of work by leaving written notice at the front door of the 
residence.  

5. Consent to work: The Owner authorizes and grants a license to SPU and its agents to enter upon 
the property from 7:00 A.M. to 7 P.M. (Pacific Standard Time) to perform the above described 
work. 

6. Temporary interruption to service: SPU and/or its agents will be required to temporarily 
disable the property’s side sewer for a limited periods during the work. The Owner will be 
notified of this interruption at least 12 hours in advance by written notice. The Owner agrees not 
to run water or flush toilets in the house during the designated period. The Owner further agrees 
to be responsible for any damage caused by the Owner’s operation of plumbing equipment during 
the interruption to service period. The Owner is responsible for ensuring compliance with these 
interruption-to-service requirements, including compliance by tenants.  

7. Work does not affect Real Property Rights: SPU and its agents’ work does not diminish or 
increase property rights for the Owner. After completion of the work, Owner will continue to be 
responsible for the maintenance and repair of the side sewer between the sewered building on the 
property and the sewer main.  

8. Restoration and Operation: Upon completion of the work described above, to the extent it is 
undertaken, SPU or its agents shall use reasonable efforts to restore the property as near as 
possible to its condition prior to the work.  

9. Term of Agreement: This agreement shall remain in full force commencing on the date of 
signature herein until completion of work described herein or, at the latest, September 1, 2012.  

 
 
Owner(s)      _________________________ 
  (Owner Signature)   (Owner Printed Name) 
  
 
     ______  _________________________   
  (Joint Owner Signature)   (Joint Owner Printed Name)  
 
 
Date        
 
 
 
Home Phone    ______  
 
 
 
Work Phone       
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APPENDIX D 
 

ADVANCED NOTICE FLYERS 
 



 
 

City of Seattle 
Seattle Public Utilities 

 

Ray Hoffman, Director 
Seattle Public Utilities  Tel (206) 684-5851 
700 5th Avenue, Suite 4900  Fax (206) 684-4631 
PO Box 34018  TDD (206) 233-7241 
Seattle, WA 98124-4018   ray.hoffman@seattle.gov 

http://www.seattle.gov/util 
An equal employment opportunity, affirmative action employer. Accommodations for people with disabilities provided on request. 
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Advance Notice of Utility Service Interruption 
          
 

ATTENTION:  Sewer Service Interruption expected on _______________________, 2011. 
 
 

Dear Property Owner or Resident: 
 

Recently you received communications in the mail detailing the Sewer Infiltration Reduction 
Pilot Project. This project is intended to improve the performance of the sewer system in your 
neighborhood.  
 
SPU understands that any interruption of your sewer service can be very inconvenient, and we 
are committed to giving you as much advanced notice as possible.  SPU and our contractor, 
Bravo, appreciate your understanding and cooperation.  
 

 
This letter serves as your legal notice that a sewer service interruption to your property 
is imminent, in not less than 4 days from now.   
 

The estimated day of the interruption is noted above under the heading “ATTENTION:”   
 

 
This is the expected day that the chemical process is applied to the mainline sewer system in 
your vicinity.  This work will be conducted on a weekday during business hours as outlined 
below: 
 

 SPU has installed a cleanout on your side sewer (service lateral).   

 On the day of chemical treatment, a plug will be installed at the cleanout to prevent 
sewage from your property from entering and contaminating the process and to prevent 
the chemicals from entering your property or home.   

 Use of plumbing fixtures (tubs, sinks, toilets, showers, laundry facilities, etc.) is 
not possible during this time period.   

 Use of plumbing fixtures during this time may result in flooding and damage to 
your house and property.  SPU assumes no liability for damages due to your failure to 
comply with the service interruption.   

 The service interruption will be approximately 8 hours.  

 SPU will provide additional notice to you the night before the service interruption by a 
door hanger notice, and again by knocking on your door on the day of the service 
interruption.   Orange stickers will be provided with the morning of notice for you to place 
on your plumbing fixtures and water using appliances to remind you. 
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 This process is weather dependent.  If significant rain is forecast after this notice or 
occurs on the day of grouting, we may delay, by one day, so watch for subsequent 
notices. 

 You will be notified in the afternoon when sewer service is restored, but in no case will 
this be later than 6 p.m.  

 If your service is interrupted for the treatment and unexpectedly it was not successful, 
we will need to come back to treat again.  If this happens we will again give you not less 
than 4 days notice.  We will not return the very next day. 

 Bravo will be providing a portable SaniCan facility that will be on the street section that is 
being grouted for your use.   

 

If you have questions or need more information, please call 684-5829 or 
jim.johnson@seattle.gov or Martha Burke at 684-7686 or martha.burke@seattle.gov . 
 

Sincerely, 
 
 
Jim Johnson 
Project Manager 
  

mailto:jim.johnson@seattle.gov
mailto:martha.burke@seattle.gov


 
 

City of Seattle 
Seattle Public Utilities 

 

Ray Hoffman, Director 
Seattle Public Utilities  Tel (206) 684-5851 
700 5th Avenue, Suite 4900  Fax (206) 684-4631 
PO Box 34018  TDD (206) 233-7241 
Seattle, WA 98124-4018   ray.hoffman@seattle.gov 

http://www.seattle.gov/util 
An equal employment opportunity, affirmative action employer. Accommodations for people with disabilities provided on request. 
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Notice of Utility Service Interruption 
          
 

ATTENTION:  Sewer Service Interruption expected TOMORROW ________________, 2011 
 

Dear Property Owner or Resident: 
 

Recently you received an “Advanced Notice of Utility Service Interruption” for the Sewer 
Infiltration Reduction Pilot Project in your neighborhood.    
 
SPU understands that any interruption of your sewer service can be very inconvenient, and we 
are committed to give you as much advanced notice as possible.  SPU and our contractor, 
Bravo, appreciate your understanding and cooperation. 
  
This letter serves as your legal notice that a sewer service interruption to your property 
is imminent, in not less than 12 hours from now.   
 

The estimated day of the interruption is noted above under the heading “ATTENTION:”   
 

This is the expected day that the chemical process is applied to the mainline sewer system in 
your vicinity.  This work will be conducted tomorrow during business hours as outlined below: 
 

 SPU has installed a cleanout on your side sewer (service lateral).   

 Tomorrow morning, a plug will be installed at the cleanout to prevent sewage from your 
property from entering and contaminating the process and to prevent the chemicals from 
entering your property or home.   

 Use of plumbing fixtures (tubs, sinks, toilets, showers, laundry facilities, etc.) is 
not possible tomorrow.   

 The service interruption will be approximately 8 hours.   

 Use of plumbing fixtures may result in flooding and damage to your house 
and property.   SPU assumes no liability for damages due to your failure to comply with 
the service interruption.   

 SPU will provide additional notice to you tomorrow morning by knocking on your door.   
Orange stickers will be provided to you to place on your plumbing fixtures and water-
using appliances to remind you. 

 This process is weather dependent. If significant rain occurs tomorrow we may delay, 
by one day, so watch for further notices. 

 You will be notified in the afternoon when sewer service is restored, but in no case will 
this be later than 6 p.m.  
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 If your service is interrupted for the treatment and unexpectedly it was not successful, 
we will need to come back to treat again.  If this happens we will again give you not less 
than 4 days notice.  We will not return the very next day. 

 Bravo will be providing a portable SaniCan facility that will be on the street section that is 
being grouted for your use.   

 

If you have questions or need more information, please call 684-5829 or 
jim.johnson@seattle.gov or Martha Burke at 684-7686 or martha.burke@seattle.gov . 
 

Sincerely, 
 
Jim Johnson 
Project Manager 

mailto:jim.johnson@seattle.gov
mailto:martha.burke@seattle.gov
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APPENDIX E 
 

SEALING PROTOCOLS 
 



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 100 MH 100 MH 100 MH 100 MH+main+lat MH, lat.+main

Time 10:52 11:40 13:00 13:45 10:00 12:15

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 1. cycle S1 1. cycle S2

0 0 0 0 0 0

5 10 5.75 0.5 2 2 0

10 0 0 1 2 3 0

15 8 3.75 1.5 2 3.5 0

20 0 1.5 2 2 4 0

25 8 3.75 2.5 2 4.5 0

30 14 0 2 5 0

35 0 2.75 2 5.5 0

40 8 4.25 6

45 6 6.5

50

55

60

MH 218 (100

cast chamber  brick shaft

Diagram of sewer section

MH 218(225
brick

1004      13011   1014     1018   1104
13017
13025

Elevation  

difference 

between MH 

rim to rim:

12 feet

1016

E�2

60

65

70

main pipe and manholes: 218�100 to 218�225

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 301 786 48 13 1,222

6 300 441 48 9.3 874

Location: Seattle, NW 130 th St. Supervisor: Csilla Pall, Ferenc Pall

Date: 1 and 6 September 2011 Contractor: Bravo Envrionmental Inc.
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20

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking table of S1/S2 measured in MH 100 and the standpipe 1104. 
Initial leakage rate of S1 in MH : 95 gallons per 5 minutes  
Final leakage rate of S2 : 0 gallons per 5 minutes    

min.

E�2



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flowing direction

        stopper

        flooded parts

Flooded parts. MH 98 MH 98 MH+Main+lat MH+Main+lat

Time 9:54 10:50 12:23 13:35

minutes sinking (inch) sinking (inch) sinking sinking sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 0

5 7 3 0.5 0.5

10 11 3.5 1 1

15 1 1.2 1.5 1.5

20 5.75 1.5 2 2

25 9 1.5 2.5 2

30 0 1.5 2

35 3

40

45

50

55

60

MH 225

1118                           13004
Notes: 
Drop of S1/S2 was measured in MH 98 (20") and standpipe # 13004 (4")
Elevation difference between MH rim to rim: 15 ft

Diagram of sewer section

MH 098

v

1016
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60

65

70

main pipe and manholes: 218�225 to 218�098

laterals limited 

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 200 522 48 9.3 874

6 45 66 48 8.1 761

Location: Seattle, 130 th St NW Supervisor: Csilla Pall, Ferenc Pall

Date: 12 September 2011 Contractor: Bravo Environmental Inc.

0
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4

6

8

10

12

14

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Initial leakage rate of S1 : 10 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.
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Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flowing direction

        stopper

        flooded parts

Flooded parts: MH 210 MH 210 MH and main MH and mains

Time 11:50 12:50 8:23 9:20

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 0

5 14 1 25 3

10 0 1 0 4.5

15 11 0 10 5

20 0 0 15 6

25 10 0 7.5

30 14 0 8

35 0 0 8

40 9 0 8

45

50

55

60

MH 218(210

13054

Notes: first MH 210, MH with main laterals
Elevation difference MH rim to rim: 9 feet

Diagram of sewer section

MH  218(102

13050  13040   13034   

1016

E�4

60

65

70

main pipe and manholes: 218�210 to 218�102

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 287 749 48 9.1 855

6 56 82 48 10.9 1,025

Location: Seattle, 10 th Ave NW Supervisor: Ferenc Pall

Date: 23 August and 13 September 2011 Contractor: Bravo Envrionmental Inc.

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking table of S1/S2 measured in MH 210 and 4" standpipe #13034. 
Initial leakage rate of S1: 80 gallons per 5 minutes 
Final leakage rate of S2: 0 gallons per 5 minutes

min.

E�4



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flowing direction

        stopper

        flooded parts

Flooded Parts MH MH MH +main+lat MH +main+lat

Time 10:16 12:18 13:45 14:45

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 0

5 6 6.5 1 1

10 12 0 0 1

15 0 4.75 0.35 1

20 5 5.5 0.35 1

25 10 7 0.35 1

30 14 0 0.35 1

35 17 3

40 5.5

45

50

55

60

MH 218(112
brick

Notes: MH 112 , MH with main and laterals
Drop measured in 24" MH shaft #112
Elevation difference MH  rim to rim: 4 feet.

Diagram of sewer section

MH 218(11113057    13053   13043   13039              

1016
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60

65

70

main pipe and manholes: 218�112 to 218�111

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 253 661 48 5.5 517

6 198 291 48 5.1 479

Location: Seattle, Lane between  8th and  9th Ave NW Supervisor: Csilla Pall, Ferenc Pall

Date: 17 August 2011 Contractor: Bravo Envrionmental Inc.

0
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Initial leakage rate of S1: 15 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.
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Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 111 MH 111 MH+main+lat MH+main+lat MH111 MH+main+lat

Time 11:00 11:29 13:40 15:08                  Hydrotest  19th September

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 2.5 2.5 2.5 0 0

5 16.5 3 9.5 3.4 0 0

10 21.5 3.1 17 4.45 0 0

15 25.5 3.1 2.5 2 0 0

20 3.1 5 3 0 0

25 3.1 5.8 5 0 0

30 3.1 6.4 6 0 0

35 7 7

40 2

45 3

50 4

55 5

60

MH 218(111

Notes: MH 111 , then MH and mainline + laterals together
Elevation difference between MH rim to rim: 10 feet

Diagram of sewer section

MH 218(110
brick

13031         13025        

1016

E�6

60

65

70

main pipe and manholes: 218�111 (to 218�110)

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 150 392 48 7.2 677

6 37 54 48 6.9 649

Location: Seattle, Lane between 8th and 9th Ave NW Supervisor: Csilla Pall, Ferenc Pall

Date: 12 August 2011 Contractor: Bravo Environmental
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30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking tables of S1/S2 measured in the manhole 111
Initial leakage rate of S1: 170 gallons per 5 minutes 
Final leakage rate of S2: 0 gallons per 5 minutes (hydrotest 19 
September 2011)

min.

E�6



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH110 MH 110 MH+main+lat MH+main+lat MH+main+lat MH+main+lat

Time 10:05 11:00 13:50 15:06 12:43 13:47

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 2 1.5 3 17 13.5

5 13 2.5 15 23 19 14

10 2 3.5 24.5 28 20 14.5

15 11 1 11 2 20.25 14.5

20 16 2.5 30 19 13.5 14.5

25 1.5 3 27 14 14.5

30 9 1 4 11.5 14.5

35 1.5 1.5 18 12

40 8.5 2.5 25

45 13 30

50 33

55 2

60 15.6

MH 218(110

Notes: 3 capped lateral taps.
MH 110 alone then MH with main
Elevation difference from MH rim to rim: 0 ft

Diagram of sewer section

MH 218(109

13015          13009+ 13005         

1016
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60 15.6

65 22.5

70

main pipe and manholes: 218�110 to 218�109

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 222 580 48 7.3 686

6 30 44 48 15.6 1,466

Location: Seattle, Lane between 8th and 9th Ave NW Supervisor: Csilla Pall, Ferenc Pall

Date: 15 August and 3 October 2011 Contractor: Bravo Envrionmental Inc.

0

5

10

15

20

25

30

35

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking tables of S1/S2 measured in the manhole 110

Initial leakage rate of S1: 180 gallons per 5 minutes

Final Leakage rate of S2: 0 gallons per 5 minutes

min.
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Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

flooded parts: MH109 MH 109 MH and main MH and main no measure possible.

Time 9:00 9:50 11:32 12:40

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0

5 22 6.5

10 0 0

15 18.5 4.75

20 27 5.5

25 0 7

30 17 0

35 3

40 4

45

50

55

60

MH 218(109
brick

Notes: exfiltration to surface
MH 109 alone then MH with main could not be 
meaured due to exit of materials

Diagram of sewer section

MH 218(106
brick

818                13004          

1016

E�8

60

65

70

main pipe and manholes: 218�109 to 218�106

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 188 491 48 15.6 1,466

6 60 88 48 10.3 968

Location: Seattle, NW 130th St. Supervisor: Csilla Pall, Ferenc Pall

Date: 19 August 2011 Contractor: Bravo Envrionmental Inc.
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30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking table of S1/S2 measured in the 22" MH 109. Initial 
leakage rate of  S1 : 50 gallons per 5 minutes 
Final leakage rate of S2 in MH : 1 gallons per 5 minutes
Steep slope. Elevation difference MH rim to rim: 18 feet. 
Grout exfiltration to surface at NW 130 th/ 9th Ave corner. 

min.

E�8



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded Parts MH +main+lat MH +main+lat

Time 12:08 13:22

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0

5 24 4.5

10 0 7

15 18 9

20 0 10.5

25 15 11.5

30 0 13

35 13.5 14.5

40 20

45

50

55

60

MH 108

Notes: MH 107 new cast  with main and laterals
Drop measured in standpipe # 13022 (4")
Elevation difference MH rim to rim: 14 feet.

Diagram of sewer section

MH 10713046    13038   13028   13022              

1016
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60

65

70

main pipe and manholes: 218�108 to 218�107

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 302 789 48 7.1 667

6 87 128 48 5.8 545

Location: Seattle, 9th Ave NW Supervisor: Csilla Pall

Date: 15 September 2011 Contractor: Bravo Envrionmental Inc.
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking table of S1/S2 measured in the 4"  standpipe.
Initial leakage rate of S1: 1.5 gallons per 5 minutes
Final leakage rate of S2: 0.1 gallons per 5 minues

min.
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Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 107 MH 107 MH+Main + lat MH+Main+lat MH+Main + lat MH+Main+lat

Time 11:45 12:25 8:29 9:50 11:30 1:30

minutes sinking (inch) sinking (inch) sinking sinking sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 61 45.5 45.5

5 8.5 1.5 45 16 46 45.5

10 0 3 47 18 46.25 11

15 8 1.5 28 11.5 46.5 11.25

20 0 2.5 31.5 14 46.75 11.75

25 7.5 3 12 16 11 12

30 12 3 21 11 12.5 12.25

35 0 3 12 14 13.25 12.5

40 6 3 19 11 13.75

45 22.5 13.5 14.25

50 10.5

55 12

60

MH 218( 107

Notes: MH then MH with main  and lateral, slow successive filling
Elevation difference MH rim to rim 9 feet. 

Diagram of sewer section

MH 218(10613016

1016

E�10

60

65

70

main pipe and manholes: 218�107 to 218�106

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 91 238 48 5.8 545

6 28 41 48 10.3 968

Location: Seattle, 9th Ave. NW Supervisor: Ferenc Pall, Csilla Pall

Date: 13 and 15  September and 3 October 2011 Contractor: Bravo Environmental Inc.
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Drop of S1/S2 measured in MH 107 and main

Initial leakage rate of S1: 160 gallons per 5 minutes

Final leakage rate of S2 in MH:  0.3 gallons per 5 minutes

min.

E�10



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH  106 MH 106 MH+main+lat MH+main+lat

Time 11:13 12:05 13:22 14:35

minutes sinking (inch) sinking (inch) sinking cm sinking cm sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 2.5 0

5 2.5 6.5 5 2

10 4 7 10 2.5

15 0 7.4 16 3.5

20 3 7.4 26 4

25 4.5 7.4 37 5.9

30 5.5 7.4 0

35 0 0.5

40 2.5 1

45 1.5

50

55

60

MH 218(106

13001 
Notes: MH 106 then MH and mainline + lateral
Elevation difference MH rim to rim:  24 feet 

Diagram of sewer section

MH 218(103

1016
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60

65

70

main pipe and manholes: 218�106 (to 103)

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 187 488 48 10.3 968

6 5 7 48 8.3 780

Location: Seattle, NW 130 th St. Supervisor: Csilla Pall, Ferenc Pall

Date: 29 August 2011 Contractor: Bravo Environmental Inc.
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Sinking tables of S1/S2 measured in the manhole 106 and 
CO 13001( standpipe.
Initial leakage rate of S1: 15 gallons per 5 minutes
Final leakage rate of S2: 1 gallons per 5 minutes 
MH 106 : 0 gallons per 5 minutes

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�11



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 150 MH 105 MH and main MH and mains

Time 8:40 9:28 12:10 13:45

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 17

5 0.5 0.5 18 17

10 1 0.5 8.5 17.5

15 1.5 0.5 10 17.75

20 0 0.5 11.5 18

25 0.5 0.5 13 18

30 0.5 0.5 14.5 18

35

40

45

50

55

60

MH 218( 105

Notes: New precast MH 105, MH with main laterals
Elevation difference MH rim to rim: 5 feet

Diagram of sewer section

MH  218(104

13051  13037   13025   

1016

E�12

60

65

70

main pipe and manholes: 218�150 to 218�104

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 49 128 48 9.1 855

6 75 110 48 10.9 1,025

Location: Seattle, Lane between 9th and 10 th Ave NW Supervisor: Csilla Pall

Date: 21 September 2011 Contractor: Bravo Envrionmental Inc.

0

2

4

6

8

10

12

14

16

18

20

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking table of S1/S2 measured in MH 105 . 
Initial leakage rate of S1: 15 gallons per 5 minutes 
Final leakage rate of S2: 0 gallons per 5 minutes

min.

E�12



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 104 MH 104 MH and main MH and main

Time 8:20 9:07 10:25 11:40

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0.5 0

5 2.5 1 1 0

10 3.5 1.5 2 0

15 4 1.5 2.5 0

20 4.5 1.5 2.5 0

25 5 1.5 2.5 0

30 1,5, 2.5 0

35 1.5

40

45

50

55

60

MH 218(104

Notes:MH 104 alone then MH with main+lat.
Elevation difference MH rim to rim: 6 feet

Diagram of sewer section

MH 218(10313015          13014             

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�13

60

65

70

main pipe and manholes: 218�104 to 218�103

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 244 637 48 8.8 827

6 60 88 48 9.3 874

Location: Seattle,Lane between 9 and 10 th Ave NW Supervisor: Csilla Pall

Date: 16 September 2011 Contractor: Bravo Envrionmental Inc.
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Sinking tables of S1/S2 measured in the manhole shaft (20") and chamber (48")
Initial leakage rate of S1: 5 gallons per 5 minutes
Final leakage rate of S2. 0 gallons per 5 minutes

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�13



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        flowing direction

        stopper

        flooded parts

Flooded Parts: MH 103 MH 103 Main + laterals Main + laterals Main + laterals Main + laterals

Time 9:35 10:27 11:30 12:35 14:10 15:10

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2

0 0 0

5 3.25 0

10 4.5 0

15 6.75 0

20 0 0

25 1.5 0

30 2.5 0

35 3

40

45

50

55

60

MH 218(103

920                 13002
MH  103 (brick) and additionally main +2 laterals flooded in 2 cycles, no
correct measurement possible, due to exfiltration on street surface
Elevation difference MH rim to rim: 24 feet

Diagram of sewer section

MH 218(101

1016

E�14

60

65

70

main pipe and manholes: 218�103 (to 101)

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 185 483 48 9.3 874

6 33 48 48 15.8 1,485

Location: Seattle, NW 130 th St Ave. Supervisor: Csilla Pall, Ferenc Pall

Date: 31 August 2011 Contractor: Bravo Environmental Inc.
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Sinking tables of S1/S2 measured in MH 103, 
Initial leakage rate of S1 in MH 103: 5 gallons per 5 minutes
Final leakage rate of S2 in MH 103: 0 gallons per 5 minutes
Mainline could not be measured, material exit to surface .

min.

E�14



Sanipor 	 Sealing protocol First cycles

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Date:            MH 102 MH 102 MH+main+lat MH+main+lat MH 101 MH 102

Time 8:23 9:20 11:20 13:00                        Hydrotest 19 th September

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 water water

0 0 0 3 0.5

5 6.75 0.5 17 3.5 0.5

10 12 1 0 3.75 0.5

15 0 1.5 3.5 4 0.5

20 4 1.5 15.5 4.25 0.5

25 5.5 1.5 0 4.5 0.5

30 0 1.5 5 4.75

35 2 1.5 17.5

40 3.5

45

50

55

60

MH 218( 102
brick

Notes:  first MH 102 alone, then MH with main and 
laterals. Infiltration.
Elevation difference between MH rim to rim: 7 feet

Diagram of sewer section

MH 218(101
brick13022      13020   13010          

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�15

60

65

70

main pipe and manholes: 218�102 to 218�101

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 300 783 48 10.9 1,025

6 70 103 48 15.8 1,485

Location: Seattle, 10 th Ave NW Supervisor: Csilla Pall, Ferenc Pall

Date: 7 September 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in the standpipe 13022: 
Initial leakage rate of S1: not measurable, Extreme leakage.
Leakage rate of S2 after first S2 cycle was 25 gallons per 5 minutes   

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�15



Sanipor 	 Sealing protocol resealing

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Date:            MH 101 +main MH 101 +main

Time 13:15 9:20

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 water water

0 13.5 39

5 15.25 40

10 16.75 40

15 17.5 40

20 18 40

25 18.5 40

30 19 40

35

40

45

50

55

60

MH 218( 102
brick

Notes:  first MH 102 alone, then MH with main and 
laterals. Infiltration visible.
Elevation difference between MH rim to rim: 7 feet

Diagram of sewer section

MH 218(101
brick13022      13020   13010          

1016

E�16

60

65

70

main pipe and manholes: 218�102 to 218�101

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 300 783 48 10.9 1,025

6 70 103 48 15.8 1,485

Location: Seattle, 10 th Ave NW Supervisor: Csilla Pall

Date: 6 October 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in the MH 101 24" shaft : 
Initial leakage rate of S1: 5 gallons per 5 minutes in  48" chamber
Final leakage rate of S2: 0 gallons per 5 minutes

min.

E�16



Sanipor 	 Sealing protocol

        manhole

       cleanout

      address

        flow direction

        stopper

        flooded parts

Flooded parts: MH +main MH+main

Time 8:00 9:35

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0

5 12 10

10 0 0

15 10 7

20 0 0

25 8 6

30 0 9

35 8 10

40 13 11

45 12

50

55

60

MH  218(101

Notes:  MH  101 (brick shaft and pre	cast chamber) with main.           
Plug in DS MH was untight.
Elevation difference MH rim to rim: 7 feet

Diagram of sewer section

MH 218(100

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�17
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70

main pipe and manholes: 218�101 (to 100)

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 72 188 48 15.8 1,485

48 13 1,222

Location: Seattle, NW 130th .St. Supervisor: Csilla Pall, Ferenc Pall

Date: 26 August 2011 Contractor: Bravo Environmental Inc.
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Drop of S1/S2 measured in MH101.
Initial leakage rate of S1: 15 gallons per 5 minutes
Final leakage rate of S2: 1 gallons per 5 minutes

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�17



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded Parts MH +main+lat MH +main+lat MH +main+lat MH +main+lat

Time 11:08 13:12 9:45 11:10

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 32 32 43.25

5 44.5 42 44.25 41.5

10 48 45 46 42.5

15 51 46.5 46.25 43

20 52.5 48 46.5 43.5

25 36 46.75 43.75

30 40 44.25

35 42 44.5

40

45

50

55

60

MH 218(100

Notes: MH 100 with main and laterals
Drop measured in MH 100, no US MH # 220 exists.
Elevation difference MH rim to ground level: 12 feet.

Diagram of sewer section

218(220

12759    12753   12747   12..         

1016

E�18

60
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70

main pipe and manholes: 218�100 to 218�220

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 300 783 0 0 0

6 60 88 48 13 1,222

Location: Seattle, Lane between 10 and 11th Ave NW Supervisor: Tim Lagunas, Csilla Pall

Date: 22 September and 6 October 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in DS MH 100

Initial leakage rate of S1: 100 gallons per 5 minutes
Final leakage rate of S2: 2 gallons per 5 minues

min.

E�18



Sanipor 	 Sealing protocol

        manhole

       cleanout

      address

        flow direction

        stopper

        flooded parts

Flooded parts  MHs main,lat  MHs main,lat

Time 14:45 15:50

minutes sinking (inch) sinking (inch) sinking sinking sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0

5 4 0

10 0 0

15 2.5 0

20 4 0

25 5 0

30 0 0

35 1

40 2.5

45

50

55

60

MH 218(097

13003 
Notes: Both MHs filled. 
Rim elevation of DS MH 4 feet higher than US MH 97´s rim.

Diagram of sewer section

MH 218(098

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�19
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70

main pipe and manholes: 218�097 to 218�098

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 29 76 48 4.9 461

6 30 44 48 8.1 761

Location: Seattle, 12 th Ave.NW Supervisor: Csilla Pall, Ferenc Pall

Date: 6 September 2011 Contractor: Bravo Environmental Inc.
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Drop of S1/S2 measured in MH 218(097 
Initial leakage rate of S1: 60 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�19



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 96 MH96 main +laterals main+laterals

Time 9:35 10:37 11:40 12:45

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 1. cycle S1 1. cycle S2 1. cycle S1 3. cycle S2

0 0 1 0

5 6.5 1 1 2.5

10 9.5 1 2 3

15 0 1 2.5 3

20 4 1 2.5 3

25 6 2.5 3

30 7.5

35 0

40 3

45

50

55

60

MH 218( 096

Notes: MH 218( 096 (brick) alone and with 2 laterals  
Elevation difference MH rim to rim: 7 feet

Diagram of sewer section

MH 218(097

13021                   13015

1016

E�20
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70

main pipe and manholes: 218�072 (to 070)

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 171 447 48 11.2 1,053

6 44 65 48 4.9 461

Location: Seattle, 12th Ave NW . Supervisor: Csilla Pall, Ferenc Pall

Date: 2 September 2011 Contractor: Bravo Environmental Inc.
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Sinking tables of S1/S2 measured in the MH 96, and  both standpipes 
Initial leakage rate of S1: 20 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.

E�20



Sanipor 	 Sealing protocol

        manhole

       cleanout

       address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 78 MH78 MH 78+main MH 78+main

Time 9:43 11:04 12:50 13:40

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 0

5 5 2.5 2 1

10 10 3.5 4 2

15 4 6 2

20 4 8 2

25 4 10 2

30 4 2

35

40

45

50

55

60

MH 218(078
cast

Notes: Plug failed at 13208,  
MH 78 alone and MH with main
Elevation difference between MH rim to rim: 15 feet

Diagram of sewer section

MH 218(077
cast

13211               13208          

13230    13220   13214     13204              

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�21
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main pipe and manholes: 218�078 to 218�077

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 290 757 48 7.2 677

6 100 147 48 12 1,128

Location: Seattle, Frazier Pl, NW Supervisor: Csilla Pall, Ferenc Pall

Date: 16 and 25 August 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in the MH 078. 
Interruptions due to untight plug.
Initial leakage rate of S1: 10 gallons per 5 minutes 
Final leakage rate of S2: 0 gallons per 5 minutes    

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�21



Sanipor 	 Sealing protocol

        manhole

       cleanout

      address

        flow direction

        stopper

        flooded parts

Flooded parts: MH 77 MH 77 MH +main+lat MH +main+lat

Time 8:25 9:26 10:43 12:10

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0.5

5 2.5 1.5 0

10 4 1.5 0

15 0 1.5 0

20 2 1.5 0

25 3 1.5 0

30 4 1.5 0

35 5

40 6

45

50

55

60

MH 218(077
brick

Notes: MH 77 alone then MH with main and lateral.
Elevation difference between MH rim to rim: 35 feet

Diagram of sewer section

MH 218(075
brick

13200          
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70

main pipe and manholes: 218�077 to 218�075

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 252 658 48 12.3 1,156

6 50 73 48 8.3 780

Location: Seattle, NW 132nd ST Supervisor: Csilla Pall, Ferenc Pall

Date: 18 August 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in the manhole 077 and 075 standpipe (flow through plug). 
Initial leakage rate of S1: 5 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes    
Steep slope. Elevation difference MH rim to rim: 35 feet. 

min.

E�22



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded parts MH 076 + lat MH 076 + lat MH 076 + lat MH 076 + lat

Time 12:00 13:36 15:00 15:55

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 3.5 2.5 2.5

5 8 4.5 2.7 2.8

10 12 6.5 3.1 2.9

15 3.5 2.5 1.8

20 7.5 4.5 1.8

25 11 6 1.8

30 3.5 7.2

35 7 2.5

40 10 4.5

45 6

50 6.9

55 3.2

60 4.5

MH  218(076

Notes:  MH  76 (pre	cast) and one lateral sealed in 2 cycles
Elevation difference between MH rim to rim: 17 feet
Exfiltration of materials to surface, measurement not possible in lower 

Diagram of sewer section

MH 218(075

13229

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�23

60 4.5

65

70

main pipe and manholes: 218�076 (to 075)

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 8 21 48 6.9 649

6 10 15 48 8.3 780

Location: Seattle, 9th Ave. NW Supervisor: Csilla Pall, Ferenc Pall

Date: 10 August 2011 Contractor: Bravo Environmental Inc.
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Sinking tables of S1/S2 measured in the manhole 218(076 
Initial leakage rate of S1: 5 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�23



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded Parts: MH 75 MH 75 Main pipe Main pipe MH 74 MH 74

Time 9:10 10:02 11:22 12:06 13:13 13:47

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 0 0 0.5

5 4 2 0 0 6 0.5

10 7 3 0 0 0 0.5

15 0 3.5 0 0 4 0.5

20 2.5 0 0 0 7.5 0.5

25 5 1.5 0 0 11 0.5

30 7 2 0 0 14 0.5

35 9.5 2.5 0.5

40 11 3

45

50

55

60

MH 218(075
cast

Notes: MH 75 , Main then MH 74 were flooded separately. 
Mainline was watertight. No drop visible/measurable.
Steep slope. Elevation difference MH rim to rim 24 feet. 

Diagram of sewer section

MH  218(074
cast, with holes 
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main pipe and manholes: 218�075 to 218�074

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 153 400 48 8.3 780

48 8.1 761

Location: Seattle, NW 132 nd St. Supervisor: Csilla Pall, Ferenc Pall

Date: 22 August 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in the 24" shaft of MHs 218(075/74
Initial leakage rates of S1 in MH 075: 25 gallons per 5 minutes
Final leakage rate of S2 in MH 074: 0 gallons per 5 minutes

min.

E�24



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded Parts: MH +main+MH MH +main+MH

Time 9:30 10:02

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0

5 1 1

10 1.5 1

15 1.5 1

20 1.5 1

25 1

30 1

35

40

45

50

55

60

MH 218(074
cast, with holes

Notes:   MH 75 + main + MH 73
Elevation difference MH rim to rim 2"feet. 

house #13205

Diagram of sewer section

MH  218(073
cast,  

1016
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main pipe and manholes: 218�075 to 218�074

laterals

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 38 99 48 8.3 780

48 11.5 1,081

Location: Seattle, NW 132 nd St. Supervisor: Csilla Pall, Ferenc Pall

Date: 23 August 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in the 24" shaft of MHs 218( 074
Initial leakage rates of S1: 2 gallons per 5 minutes 
Final lakage rate of S2: 0 gallons per 5 minutes

min.

Flood Grouting for Infiltration Reduction on Private Side Sewers E�25



Sanipor 	 Sealing protocol

        manhole

       cleanout

        address

        flow direction

        plug

        flooded parts

Flooded Part: MH & Main MH & Main

Time 9:43 11:04

sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 6 15

5 9 18

10 5 19.5

15 7 5

20 9 5.2

25 11.5 5.4

30 4

35 4

40 4

45

50

55

60

65

70

minutes

MH 218(073
Precast

Notes: MH holes in the bottom, infiltration  
MH 73 alone ( ) , MH with main

Steep slope. Elevation difference MH rim to rim: 35 feet

Diagram of sewer section

1016

MH 218(072
Precast

1016       13217   1008          

E�26

70

main pipe and manholes: 218�073 to 218�072

laterals

Ø inch length(feet) volume (gal) Ø inch dept (feet) volume (gal)

8 350 914 48 11.5 1,081

6 135 198 48 11.3 1,062

2,193

Location: Seattle, NW 132 nd St. Supervisor: Csilla Pall, Ferenc Pall

Date: 24 August 2011 Contractor: Bravo Envrionmental Inc.

Total Flooded Volume
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Sinking table of S1/S2 measured in the standpipe at 1008.
Inital leakage rate of S1: 5 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.

E�26



Sanipor 	 Sealing protocol

        manhole

       cleanout

      address

        flow direction

        stopper

        flooded parts

Flooded Part: MH72 +main+lat MH72 +main+lat MH70 MH 70

Time 9:15 11:07 13:25 14:00

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 1. cycle S1 1. cycle S2 1. cycle S1 3. cycle S2

0 0 0 0

5 2.5 2 7 2.5

10 4 3 16 3

15 5 3 21 3

20 5.5 0 3

25 0 0.2 3

30 0.5 0.2

35 1 0.2

40 1.5 0.2

45

50

55

60

MH 218(072

Notes: MH 218	 072 (cast) with mainline, MH(brick) 	 070
Elevation difference from MH rim to rim : 2 feet

Diagram of sewer section

MH 218(070

1016

Flood Grouting for Infiltration Reduction on Private Side Sewers E�27

60

65

70

main pipe and manholes: 218�072 to 218�070

laterals

Ø inch length(feet) volume/gallon Ø inch dept (feet) volume gallons

8 151 394 48 11.3 1,062

48 15 1,410

Location: Seattle, NW 132 ND . Supervisor: Csilla Pall, Ferenc Pall

Date: 30 August 2011 Contractor: Bravo Environmental Inc.

0

5

10

15

20

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Sinking tables of S1/S2 measured in the MH 72  and MH 70 
Initial leakage rate of S1: 20 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.
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Sanipor 	 Sealing protocol

        manhole

       cleanout

      address

        flow direction

        stopper

        flooded parts

Flooded parts MH 071 MH 071 MH+Main+lat MH+Main+lat

Time 8:30 9:27 11:15 12:10

minutes sinking (inch) sinking (inch) sinking sinking sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 0 0 8

5 1.5 0.5 8 10

10 2 1 8 10

15 2.5 1 8 10

20 0 1 8 10

25 0.5 1 8 10

30 1 1 8 10

35 1.5

40

45

50

55

60

MH 218(071

13207 
Notes: new cast MH 071, 
Elevation difference between MH rim to rim: 8 feet

Diagram of sewer section

MH 218(072

1016
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60

65

70

main pipe and manholes: 218�071 to 218�072

laterals limited 

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 108 282 48 9.3 874

6 24 35 48 11.3 1,062

Location: Seattle, 11th PL NW Supervisor: Csilla Pall

Date: 20 September 2011 Contractor: Bravo Environmental Inc.
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Drop of S1/S2 measured in MH 218(071 
Initial leakage rate of S1: 2 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.

E�28



Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flowing direction

        stopper

        flooded parts

Flooded Parts MH +main+lat MH +main+lat

Time 11:25 13:35

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 13 13

5 15.5 13.25

10 18 13.5

15 20 13.75

20 21 14

25 22.5 14.25

30 23 14.25

35 24 14.25

40

45

50

55

60

MH 218(096

Notes: DS MH 96 with half main and 5 laterals
Filled from DS MH up.
Elevation difference MH rim to rim: 14 feet.

Diagram of sewer section

half pipe 

13021                  13031        13035,13041         

13018, 13014        13030

1016
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60

65

70

main pipe and manholes: 218�1�070 to 218�096

laterals total

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 460 1,201 48 11.2 1,053

6 200 294 48 15 1,410

Location: Seattle, 12 th Ave NW Supervisor: Csilla Pall

Date: 28 September 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in MH 96.
Initial leakage rate of S1: 10 gallons per 5 minutes
Final leakage rate of S2: 0 gallons per 5 minutes

min.
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Sanipor 	 Sealing protocol

        manhole

       cleanout

address

        flow direction

        stopper

        flooded parts

Flooded Parts MH +main+lat MH +main+lat

Time 11:45 13:35

minutes sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch) sinking (inch)

1. cycle S1 1. cycle S2 2. cycle S1 2. cycle S2 3. cycle S1 3. cycle S2

0 12 12

5 16 14

10 18 15

15 20 15.25

20 22 15.5

25 23.5 16

30 25 16.25

35 16.5

40

45

50

55

60

Notes: MH 70 brick with half main and 5 laterals
Elevation difference MH rim to rim: 14 feet.

Diagram of sewer section

MH 218(070

13055 
13047             13065              

1019,13058,13048

1005,13047
1304413018,13014

1016
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60

65

70

main pipe and manholes: 218�070 to 218�096

laterals total

Ø inch length(feet) volume gallons Ø inch dept (feet) volume gallons

8 460 1,201 48 15 1,410

6 200 294 48 11.2 1,053

Location: Seattle, 12th Ave NW Supervisor: Csilla Pall

Date: 29 September 2011 Contractor: Bravo Envrionmental Inc.
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Sinking table of S1/S2 measured in MH 218(070 (brick)
Initial leakage rate of S1: 30 gallons per 5 minutes
Final leakage rate of S2: 2 gallons per 5 minutes

min.

E�30
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