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CHAPTER I 

INTRODUCTION 

SUMMARY, CONCLUSION & RECOMMENDATION 

INTRODUCTION 

Sewage collection and transport systems are frequently subjected to infiltration of 

groundwater and inflow of surface water or stormwater. Infiltration is the water 

which enters a sewer system, including sewer service connections, from the ground, 

through such means as, but not limited to, defective pipes, pipe joints, connections, 

or manhole walls. Inflow is the water discharged into a sewer system, including 

service connections from such sources as, but not limited to, roof leaders, cellar, 

yard, and area drains, foundation drains, cooling water discharges, drains from 

springs and swampy areas, manhole covers, .cross connections from storm sewers 

and combined sewers, catch basins, stormwaters, surface run-off, stre.et wash 

waters, or drainage. 

Extraneous flows reduce the capability of the sewerage facilities to accommodate 

domestic and industrial wastewaters. The elimination of infiitration/inflow by 

sewer system rehabilitation can often substantially reduce the cost of wastewater 

collection and treatment. However, a systematic evaluation of the sewer system is 

necessary to  determine the cost-effectiveness of such undertakings, on a system- 

by-system basis. Infiltration/inflow is excessive when the follow&g condition 

prevails: The cost to  construct and operate wastewater collection, transport and 

treatment facilities to  accommodate the infiltration/inflow over the planning 

period (twenty years) is greater .than the cost to remove the infiltrationlinflow 

from the system. 

Recognition of extraneous flow as a major concern, is evident by the inclusion of a 

section dealing with InfiltrationAnnow in Public Law 92-500. This act requires 

that  municipalities and sewerage authorities evaluate the integrity of their sewer 

system as part of the overall facilities planning process for new or upgraded 



wastewater treatment facilities. The Federal Government, through a program 

administered by E.P.A., will provide matching funds for facilities planning, design 

and construction. As a prerequisite for receiving Federal funding under' this 

program, the municipality must first conduct an Infiltration/Inflow study of their 

sewer collection system. 

All applicants for grant assistance awarded after July 1,1973, must demonstrate to 

the satisfaction of the EPA Regional Administrator that kach sewer system 

tributary to  the collection, transport or treatment works project for which grant 

application is made is not or will not be subject to e x c p i v e  infiitration/inflow. 

I 
The determination whether or not excessive infiitration/inflow exists will generally 

be accomplished through o sewer system evaluation consisting of (1) certification 

by the State agency, as appropriate; and, when necessary (2) an infiltration/inflow 

analysis; and, if appropriate, (3) a sewer system evaluation survey followed by 

rehabilitation of the sewer system to eliminate an excessive infiltration/inflow 

defined in the sewer system evaluation. Because of the age of much of the City 

sewage collection system, an extensive infiitrationlinflow analysis was necessary. 

This report presents the results of dur analysis of the infiltration/inflow 

characteristics of the sewerage system tributary to the METRO Carkeek Park 

Wastewater Treatment Plant. The purpose of this analysis is to establish whether 

or not there is excessive infiltrationlinflow in the trubutary sewer system. 

This analysis was conducted in accordance with the guidelines developed in the U.S. 

Environmental Protection Agency's "Handbook for Sewer System Evaluation and 

Rehabilitation, January 1975." and this document is prepared as part of the Seattle 

METRO 201 Wastewater Facility Plan. The Seattle. METRO 201 Wastewater 

Facility Planning Study is the first step of a three part program culminating in 

implementation of a wastewater management program for the METRO service area 

through the year 2005. 
. . . ;!. .I ---. , 

On October 1976, The City of Seattle, &itsing-fkowirstaff;. was. given .the 

&&onsibility of completing a detailed Infiltration/lnflow analysis of the Carkeek 
parssewer system. The pu~pose was to determine of extraneous flows and 

if any'brtions of the excessive flows in the exikting sewer systems can d removed '.. 
more ecbnomically than it can be transported an0 treated a t  the METRO Carkeek 

Treatment Plant. 



SUMMARY . 

The area served by the Carkeek Park Wastewater Treatment Plant is located in the 

northwest corner of the City of Seattle. It serves a primarily residential a r e a  The 

sewer collection system in the area is basically a sanitary only system, however; 

much of the storm water in the area finds its way into this system and overtaxes its 

pipe capacity and often exceeds the capacity of the treatment plant. 

Information concerning rainfall, sewage flow, overflows, bypasses, age of sewers, 

maintenance programs, new connections and storm drains were acquired from 

available records within Seattle Engineering Department. Information relating t o  

the Carkeek Park Treatment Facilities, its transport and treatment cost, and its 

expected capital cost to  construct secondary treatment facilities, vjeie acquired 

from METRO. 

The infiltration/inflow analysis consists of five basic steps. The first was 

evaluation of flow, rainfall, and water use date to  identify infiltration and inflow 

characteristics for the total system and system subareas. The second step was to 

. allocate the identified infiltration/inflow to the system components namely service 

laterals and main line. The third step was to develop and cost a sewer system 

rehabilitation program to eliminate the identified extraneous flows. The forth step 

was to  develop costs of transporting and treating infiitration/inflow. Finally, the 

costs developed in step 3 and 4 are compared to  determine if any elements of the 

infiltration or inflow are economically excessive. 

The Carkeek Park area with a population of 24,495 and a service area of 2,658 

acres, is served by a separate sanitary system. For this analysis, the service area 

was considered as two principal systems; the areas tributary by gravity to  the 

North Beach pump station, and the areas tributary by gravity to  the Carkeek 

Treatment Plant. These two principal systems were further subdivided into a total 

of 14 sub-areas, three a t  North Beach and 11 at Carkeek. However, due to  

difficulties in finding acceptable monitoring manholes, now measurements were 

not obtained on two subareas. For the sub-areas monitored, flow recorders were 

installed in key manholes to determine infil tration/i~ow characteristics. 



Water use and diurnal flow characteristics were analyzed to  determine base 
wastewater flows. Total base wastewater flow from the 12 monitored sub-areas 

J .  

came to 1.42 M.G.D. based on population of 21,285 from the 12 sub-areas, the per 

capita water consumption c h  66.7 gallons per day. 

Infiltration was estimated as the difference between measured flows on nonstorm 

days and the base wastewater flow. For dry season flow, the average daily 

infiltration was found to be 1.98 M.G.D. Por wet season now, the average daily 

infiltration during rainy season came to  4.4 M.G.D. Total annual infiltration 

volume came to 757.71 million gallons. 

Inflow was estimated by taking the difference between storm flows and wet season 

nonstorm flows. Inflow rates varied with the intensity of specific storms. The 

maximum rate of inflow observed from the 12 monitored sub-areas was determined 

t o  be 18.01 M.G.D. Adjusting maximum obseived inflow to  an equivalent 5 year 

storm, resulted in calculated peak inflow of 28.6 M.G.D. These figures were 

derived from the summation of flow.data collected from each of the 12 sub-areas. 

Total annual inflow volume came to 155.8 million gallons. Annual inflow was 

calcuated by setting up a ratio of measured flow volume during a specific period, 

times the annual rainfall in the area, divided by actual rainfall recorded during the 

flow monitoring period. 

Infiltration was allocated to the two system components, namely collector sewers 

(main 1ine)'and service laterals based on the analysis of flow data from nonstorm 

periods and periods just after a storm. It was assumed that most of the infiltration 

occurring during extended periods of no rain occurred within the deeper main line 

pipes since these are more likely to be submerged by groundwater than the service 

Laterals. The increase in infiltration following a storm was allocated both to 

service laterals and local agency pipes. Inflow was allocated by assuming 80 

percent came from sources such as roof drains or catch basins connected to the 

sanitary system and 20 percent came from service laterals. 

Infiltration/Inflow ranking as developed in METRO I/I analysis was used to provide 
a systematic approach to the sewer system evaluation. Rankinaof 1 through 5 

were established with the highest number reflecting the most excessive 

infiltration/inflow quantities. Sub-areas with infiltration in excess of 7,500 



gallons/day/inch diameter mile, and or  inflow in excess of 9,000 gaUons/day/acre 

would be ranked 5. Analysis of infiltration data r e d t e d  in two sub-areas being 

ranked 5, one ranked 4, and seven sub-areas ranked 3. Inflow ranking based on 5 

year rainfall resulted in seven sub-areas being ranked 5, and the remaining five sub- 

areas ranked 4. 

- 
Having assessed the quantities of infiltration and inflow that are in the system and 

allocated them t o  the particular system elements, an economic evaluation was 

undertaken t o  determine costs for eliminating each element of infiltrationlinflow 

. . and costs for transporting and treating the infiltration/inflow. 

I 

Cost to  conduct sewer system evaluation survey of the entire Carkeek Park area 

(12 sub-areas) came to  a total of $229,616. Rehabilitation costs to  remove 

excessive infiltration from the same 12 sub-areas came to  $2,406,141 for main 

t lines. and $4,558,246 for service laterals. 

Evaluation 'of flows of the 12 sub-areas monitored indicated a high inflow into the 

system. This resulted in ranking of 4. or  greater for all sub-areas. However, in 

evaluating the Carkeek Park area, with its steep slopes, irpegular terrain, lack of 

storm drains, ditches and its slide potential, it was determined that inflow 

rehabilitation would require not only a downspout removal program, but also the  

installation of a storm drain piping system. Storm drains wttl&>nsure safe removal 

of undesirable runnoff and remove the potential of claims or law suits. 

Downspout removal cost for the entire 12 sub-areas came to $4,556,160, with an 

equivalent annual cost of $528.589. Cost to build necessary storm drains where- 

.-needed-irr-the-earkeek-Bark area came to  $15,276,000, which is equal to an 

equivalent annual cost of $1,772,260. Combining the cost of both downspout 

removal and storm drains resulted in total cost of $19,832,160 and a equivalent 

annual cost of $2,300,858. 

Transport and treatment cost which includes capital cost to  construct necessary 

secondary treatment facilities were extracted and updated from the following 

METRO reports: 

Carkeek Park Infiltration/Inflow Analysis . . . . . . . . 1977 
Systemwide Facility Plan Vol. 11 . . . . . . . . . . . . . . . 1977 
Facility Plan of Carkeek Treatment Plans . . . . . . . . 1979 
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Updating of operation and maintenance cost ~ O ~ E N R C I  3000, produced an annual 

cost of $375 per million gallons for the flows pumped from North Beach, and $346 

per million for the flows entering by gravity to  the Carkeek Park Treetment 

Facilities. Cost of operation and maintenance of all the measured infiltration/- 

inflow from North Beach system came to $119,288 annual) and from the remaining 

Carkeek Park area, $206,358 annually. Capital cost of u A ating.existing treatment !', 
plant t o  hande infiltratiodintlow to a peak of 30 million gallons per day and to 

construct necessary secondary treatment facilities, produce'an' incremental annual 

cost of $1,165,077. This capital cost combined with operation and maintenance 

cost produced a total transport and treatment cost of $2,168,200 annually. 

To determine whether infiltratiodinflow is non-excessive or possibly excessive in 

m y  of the individual subareas of this study, a cost-effective analysis was  made to 

determine the cost of removing different percentages of infiltration/inflow from 

the system and compare it. to the cost to  transport and treat the same. From these 

costs, two curves were plotted and the total cost curve developed by the 

summation of the two curves. See Figure 6-2. These curves reflected the cost 

effective analysis of all sub-areas examined and evaluated in this study. Plotted 

points which fall to the left of the low point identifi those sub-areas that have 9 
excessive infiltration and are cost-effective to  rehabilitate. 

CONCLUSION 

Of the 12 sub-areas .analyzed in the Carkeek Park area, 9 were found to have 

excessive infiltration in the main line sewers and therefore found cost effective to 

rehabilitate. Total estimate.!cost to rehabilitate these nine sub-areas came to 

$2,260,409. The expected infiiltration removed would be approximately 62.7% of 

the total infiiltration of 757.7 million gallons annually. Rehabilitation of service 

laterals was found not to  be cost effective to  remove excessive infiltration. As for 

inflow, i t  was also found not cost effective to remove. This was due to the fact 

that rehabilitation cost to  remove inflow included storm drain construction as well 

as downspout removal,pmgm. Storm drain construction estimated at $10,0001- 

acre, added $15,276,000 to  the cost of inflow removal. 



RECOMMENDATION 

-It is recommended that the City of Seattle conduct a Sewer System Evaluation 

Survey of al l  nine (9) h a r e a s  identified as having excessive infiltration. This 

survey should consist of physical inspection, cleaning, smoke .testing and T.V. 
inspection t o  determine specific areas of excessive infiitration.' The estimated cost 

t o  carry out the Sewer System Evaluation Survey is $205.757. Tne pipe to be 
inspected in these nine (9) sub-areas totals 308.866 feet or 58.5 miles. Once the 

Sewer System Evaluation Survey is accomplished, a sewer system rehabilitation 

program should be undertaken to  reduce infiitration based upon the finding of the 
, survey. The estimated cost to remove approximately 62.7% of the identified 

infiitration within the Carkeek Park Study Area is 2,260,049. Rehabilitptiol based 
y 4  S "f* t .  --. on the methods and parameters set forth in this repor* ost-effective and wlll 

reduce an annual infiltration of 467 million gallons. Annual savings in transport and 

treatment cost of $1,338.690 will be realized if the infiltration reduction program 
is carried out. ~ ~ ~ - t u ~ ~ ~ m u $ x i Y ; c  -- . 
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CHAPTER 2 

BACKGROUND INFORMATION 

The City of Seattle is currently conducting a 201 Facility Plan for the 20-year 

period 1985-2005 t o  develop a program for the transport, treatinent and disposal of 

wastewater flows received from tributary component agency sewer systems. The 

Facility Plan is being conducted to  address requirements of Section 201 of Public 

Law 92-500. The Infitration/lnflow Analysis is an integral part of this plan, and its 

purpose is t o  determine'if portions of extraneous water in the existing sewer 

systems can be reduced more economically than they can be transported and 

treated at  METRO facilities. Specifically this analysis addresses the City of 

Seattle sewerage system that is tributary to  the METRO Carkeek Park Treatment 

Plant. 

Sewer systems throughout the nation are  plagued by the problem of extraneous 

water entering the system. Many systems have reduced ability to carry sewage due 

t o  water entering the sewer systems through faulty joints, broken pipe, cross  

connections to storm sewers, roof drain connections, and numerous other system 

defects. The traditional solution of providing more collection and treatment 

capacity is not always the most economicat solution to this problem. In many 

instances, rehabilitating existing sewer systems may be more economical. 
- i 

Physical Geography 

The area served by the Carkeek Park plant encompasses the northwest corner of 

the City of Seattle that has a natural drainage t o  Puget Sound. For this analysis, i t  

is  assumed the Carkeet Park service area will remain as existing through the 

planning period. 



Topography 

Topography, related to groundslope and natural drainage features, determines 

the route, size and slope of collection sewers and drainage basin configuration. It 

impacts requirements of and location of pumping stations. In the same manner, it  

affects natural drainage patterns and localized groundwater levels. 

The upland areas of the Carkeek Park service area are typi'cal of the extended 

gently rolling plains that predominate in the Puget Sound area, affording ideal 

conditions for gravity collection systems. The steep banks and rugged terrain along 

Puget Sound and Piper Creek have generally restricted residential development. 

The area southwest of Piper Creek drains to a 'local pumping station for transfer to 

the Carkeek Park plant. 

. Geology and Soils 

The geology of an area is significant in the provision of wastewater facilities in 

terms of structural stability of pipelines and major structures. Soils formations, 

both surface and subsurface, have a direct effect on wastewater collection 

facilities. Subsurface characteristics dictate pipe bedding requirements and 

groundwater levels. If surface soils are imprevious in nature this reduces the 

potential of storms as an infiltration source, but increases the likelihood of 

stormwater ponding and therefore inflow. 

Upland hills and areas consists of a shallow weathered soil from two to six feet in 

depth and underlain with hard cement fill of firm compact clay and hard pan. High 

groundwater heads have built up in local areas along the banks facing Puget Sound 

due to the low permeability of underlying subsoils. This high pressure has resulted 

in bank erosion and slides along Sound frontage property. 

Morainic deposits of sand and gravel and recessional outwash deposits are also 

found over much of the uplands, extending in some instances to great depths and 
over a considerable area. Peat deposits have accumulated along courses of past 

and existing small creeks draining the uplands area as well as in local kettle-like 

depressions. Groundwater tables vary seasonally, with the high water table usually 

found in late Spring and the low water table found in late Summer. 



Peat deposits and water bearing sand and gravel pockets are encountered in many 

areas, both uplands and lowlands. These soils contain large quantity of water, often 

creating a subterranean pocket or reservoir of water. Sewer pipes laid near of 

through these soils are susceptible to high infiltration if pipe joints are not tight. 

Based on age of most of the Sewer Systems found in Seattle and the type joint 

material used prior to  the 19501s, infiltration can be expected t o  be high in these 

soils. 

The low land soils usually consist of alluvial deposits of soft clay silts, and fine to 

coarse sands intermixed with gravel. The higher level sandy soils are easily 

drained. Peat up to  12 feet deep is encountered throughout the lowlands. In most 

areas of the lowlands, high groundwater tables are encounterwith water found a t  

depths of 2 feet  to 6 feet in the summer months and above the ground surfaces 

during the winter. These areas as well as those highland pockets of peat and gravel 

can be considered as the primary source of water infiltration into the sewer 

system.. 

Slide Areas 

Soil conditions which could have a pronounced effect on the amount of extraneous 

flows in the City's sewer system are those areas identified as slide areas. 

Generally, the cause of sliding may be scr ibed to  as water percolating downward 

through the sand deposits to the upper face of the clay layer where it becomes 

entrapped and slowly brings a large volume of impervious ground along the steep 

slopes to  a condition of saturation and suspension. On the event of heavy rainfall, 

the thoroughly dissolved ground is forced out and away from its place of lodgement 

and a slide occurs. In the Carkeek Park area several slides have been noted along 

the high cliff facing Puget Sound. Other slides have been recorded along the steep 

slope of Piper Creek Canyon. Many of these slides were triggered from manmade 

earth f i s  in an effort to  reclaim more useable land for development. 



Seism ology 

The Pacific Northwest area is considered to be seismically active. Earthquakes can 

rupture or  weaken pipelines and structures, and the slow continuous movement that 

occurs along an active fault line can also rupture pipelines if provision for this 

movement is not considered in the original installation. No specific fault lines have 

been identified within the Carkeek Park service area; however, measurable tremors 

have been recorded. In 1970 a tremor of intensity V on the modified Mercalli Scale 

and magnitude 3.9 on the Richter scale had its epicenter only a few miles north of 

Carkeek Park. One therefore can assume that some structural damage may have 

occurred to  the collection system, specifically sewers witn rigid joint construction, 

providing access both for groundwater infiltration and sewage exfiltration. 

Climate 

The climate of Seattle is predominately a mid-latitude, west-coast, marine type. 

Marine air from the Pacific Ocean has a moderating influence in both winter and 

summer. Only occasionally does dry continental air from the north and east reach 

Puget Sound. The orographic lifting and cooling of the air masses moving inland 

results in persistent cloudiness and widespread precipitation. The general pattern 

of precipitation in the Seattle area is light in the summer, moderate in the  spring 

and fall, and heavy in the winter. The 10 year average annual rainfall determined 

from the rain gauge located in the Carkeek study area produces an annual rainfall 

of 37.03 inches. See Figure 4-2 for Rain Gauge Locations. This precipitation falls 

on the land, and that which is not lost to  evaporation, food supply for trees and 

plants, and runoff, percolated into the soil to resupply the groundwater. The level 
..* 

of groundwater fluctuates from season to  season, attaining its highest level in mid 

spring and its lowest in late fall. Sewer constructed below this groundwater level 

increases the potential for infiltration. Flow monitoring carried out in this 

program has verified a substantial difference in infiltration between the wet season 

and the dry season. This substantiates the effect rainfall has on the watertable. 

The percipitation which collects on the surface is another source of extraneous 

flows in the City's sewer systems. In Carkeek Park Study Area, many illegal 

connections and residential downspouts are connected directly into the sewer 

system. In some areas excessive inflow is beyond the pipest capacity and often 

leads to overflows of sewage to the nearest body of water. 





CHAPTER 3 

EXISTING CONDITIONS 

The Carkeek Park Wastewater Treatment Plant serves a residential area of 2658 

acres located in the northwest corner of the City of Seattle. :The service area is 

bounded by Puget Sound on the west, 85th Street on the south, Fremont Avenue on 

the east, and 145th Street on the north. See Vicinity Map Page 3-2. For this 

analysis, the total area was divided into 14 sub-areas, as shown in Figure 3-1. 

Three areas flow by gravity to the North Beach pump station and are then pumped 

t o  Carkeek Treatment Plant, and the other 11 subareas now by gravity to  the 

METRO interceptors leading to the plant. 

The current population of the service area is 24,495. Population distribution and 

'levels were obtained from the City of Seattle 1975 estimate of population and 

housing tracts, and the 1970 and 1990 population DOT maps prepared by 

Department of Community Development. This information provided means to  . 

determine the number of house connections per sub-area. This was accomplished 

by taking the estimated household size divided by the population of the subarea. 

Population data was also used to estimate base wastewater flow. 

Drainage Basins . 

In an attempt to  be more precise in  pinpointing the areas of greatest infiltration/- 

inflow, the study area was divided into 14 sub-areas identified on the Flow 

Diagram. See Figure 3-2. These sub-areas were then monitored by installing flow 

monitoring recorders in carefully selected manholes that would reflect sewage flow 

for the entire area tributary to a specific subarea. In all, some 94 flow charts 

were collected and evaluated on the 12 subareas that were monitored. Two s u b  

areas identified es number 8 and 11 on the Flow Diagram were not monitored due 

to  the lack of suitable manholes for installing flow equipment. 





CARKEEK PARK FLOW D I A G R A M  

FIGURE 3-2 

-. LEG~ND: 

f -0- Key Manhole 

i, Area Not ,Monitored 



An inventory ~f sewers by sibareas, including length of each, diameter size, 

acreage of sub-area, tributary population and service connections were tabulated 

and shown on Table 3-1 and 3-2. 

Approximately 630 acres of the system drain by gravity to the North Beach pump 

station located at N.W. 100th Street and Triton Drive N.W. This area is 

characterized by steep ravines and steep bluffs along the waterfront. Three small 

local pumping stations serve portions of the areas along the waterfront in addition 
t o  METRO'S North Beach station, which serves all  the 630 acres. The flows are 

pumped from North Bench via a 14-inch diameter force main along the waterfront 

and up Piper Creek Canyon to  the treatment plant. The 4.5 mgd capacity of the 

North Beach pumping station is exceeded during rainy periods resulting in combined 

sewer overflows through an outfall discharm - 'ng t o  Puget Sound. 

The area not served by North Beach flows by gravity to  the METRO interceptor or 

force mai,n which runs through Piper Creek Canyon. - --. Most of the sub-areas which 

flow by gravity to  the treatment plant have moderage slopes except near Carkeek 

Park where slopes are steeper. A bog area exists in a region of mild slope between 

- Northwest 85th and Northwest 97th Streets and 6th Avenue Northwest and 

Greenwood Avenue North. 
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Sewer System, 

Sewers in this area were first constructed in 1930-with most of the system being 

built in the 1950's and early 1960's. One of the first major sewer construction 

projects in the nation after  the Second World War was the  construction of sewers in 

this area under the  jurisdiction of the Greenwood Sewer District. Pipes used in 

sewer construction up t o  and including most of the construction in this area were 

made of concrete with mortar joints. However, in the flat area south of Holman 

Road from Northwest 97th Street t o  Northwest 85th Street and from Greenwood 

Avenue t o  7th Avenue Northwest., the soil is a fibrous, wet and highly compressible 

peat  ranging from zero t o  18 feet in depth. Sewers constructed by the Greenwood 

Sewer District in this very wet and spongy area utilized corrugated steel pipes. 

Records a re  not clear as t o  how much corrugated pipe was used, however, it is 

believed that at least 10,000 fee t  was installed in this area. Little is known about 

the  type of joints used with the corrugated metal pipe, however, it has been 

reported that  little if any testing was required to  determine tightness of the 

corrugated metal pipe. Since the watertable in this area is  just below the surface, 

infiltration could be expected to be high the  year around.. 

Pump Station and Force Main 

The North Beach pumping station a t  ~orthwest '100th Street and Triton Drive was 

constructed in 1962f63. Prior to  this time a small primary treatment plant served 

this area. The digester and sedimentation tank were converted into the wet well 

and pump room. The flows enter the wet well through an 18-inch gravity sewer and 

leave the station via a 14-inch force main. The station had 4 pumps with a 

combined capacity of 4.5 mgd. When the capacity is exceeded, .the sewage 

overflows through the old treatment plant's 15-inch outfall into Puget Sound. The 

force main extends in a northeasterly direction along the waterfront about 5.000 

f e e t  before turning up Piper Canyon another 2,500 fee t  t o  the treatment plant. 

.One sewer connects t o  the force main along the waterfront and three along the 

canyon. 



Treatment Facilite 

The Carkeek Park treatment plant was constructed during the same period as the 

North Beach pump station. The plant provides primary treatment with a design 

average dry weather flow of 3.5 mgd and a design peak wet weather flow of 20 

mgd. The plant peak capacity is exceeded several t i m e s  each year, depending upon 

particular storm characteristics. To meet the legal requirements of Public Law 92- 

500, secondary treatment facilities will be required. It has been assumed for this 

analysis that .this will be accomplished by the addition of an air activated sludge 

biological treatment system at the Carkeek Park site. 

Groundwater 
-' . 

Groundwater as an established groundwater table, a temporary perched table or 

percolating through the soil during and as a result of storms, is a potential 

-. infiltration source. A knowledge of the extent and level of groundwater relative to 

the sanitary sewer system can identify those areas subject to  infiltration. For dry 

season periods, assuming no yard irrigation, the established groundwater tabIe is 

the only infiltration source and only those sewers below the table, regardless of 

open joints or other structural defects, will be subject to  infiltration. However. 

during the rainy season, percolating groundwater and temporary perched tables 

confuse the issue, making the identification of infiltrating sewers much more 

difficult. Typically through the rainy season established groundwater levels rise 

covering more of the sewer system and increasing the hydrostatic head on 

previously submerged areas. The direct influence of the seasonal fluctuating 

groundwater table in the Carkeek Park service area is well  illustrated in the 

proceeding chapter. 

Analysis of available established groundwater level data indicated that during the 

summer season those areas adjacent to  streams and the area south of Holman Road 

between 8th Avenue Northwest and Greenwood Avenue Northwest have sewers 

below t h e  groundwater table. During the wet season all the collection system i s  

subject to  percolating, temporary perched and rising established groundwater to  

some degree. 



Stormwater Drainage 

Stormwater por;ding and leaking stormwater transfer lines are potential sources for 

both inflow and infiltration. The provision of efficient stormwater collection 

facilities and sealed stormwater transfer lines and ditches will reduce the 

possibility of these waters entering the sanitary sewer system. Points a t  which 

storm sewers and surface drainage ditches cross sanitary sewers have historically 

been sources of infiltration/inflow. Localized ponding, in addition to being a 

potential inflow source, feeds upper groundwater tables to become a potential 

infiltration source. 

Most of the Carkeek Park service area has a storm drainage system consisting of 

open ditches alongside roads. The only area with an extensive storm sewer system 

is the area south of Holman Road between 8th Avenue Northwest and Greenwood 

Avenue Northwest. This area is boggy and has poor natural drainage. The storm 

drain system in this area is unique in that the collection system was constructed 

with perforated metal catch basins. The reason for the perforation in the catch 

basin was to  allow storm water to percolate out and maintain the high water table. 

. Dewatering of this area could cause serious settlement problems with all buildings 

built over the peat. The storm sewers in this area transport the flow along 8th 

Avenue Northwest t o  Northwest 105th Street where it discharges into Piper Creek. 

which then flows to Puget Sound. Piper Creek has had about 15 rock dams placed 

in the stream to  help dissipate energy and reduce erosion. Several other short 

stretches of storm sewers exist between Northwest 105th Street and Carkeek Park. 

and in the North Beach area. These storm sewers, except North Beach storm 

sewers, also discharge to Piper Creek. 



Sewer Maintenance 

The Carkeek Park treatment plant service area sewers are maintained by the City 

of Seattle. The City currently has two TV inspection systems kith two full time 

crews of 3 men systematically inspecting the entire City. In this way, the entire 

City is inspected once every 1 0  to  15 years with problem areas monitored more 

frequently when necessary. Even though over 40 percent of the sanitary and 

combined sewers in the City have been inspected in the past 10 years, very few 

obvious sources of infiltration have been identified. The primary purpose of the TV 

inspection thus far has been to locate structurally damaged pipe and places where 

sand and grit enter the system. About 50 maintenance persons are employed by the 

City to  inspect, maintain, and repair the system. The most frequent maintenance 

problem in the Carkeek area is root intrusion with grease buildup being a close 

second. 

The City of Seattle is divided into a north and a south district for sewer 

maintenance, with Denny Way as the dividing line. The north district has two patch 

crews, two sewer rodder crews, one water jet crew, and one sewer drag crew. The 

patch crews perform physical inspection of the sewers and rspair minor problems. 

A separate sewer repair crew makes the major repairs. 

METRO Facilities 

The METRO interceptor picks up City of Seattle flows at  the corner of Northwest 

100th Street and 7th '~venue Northwest through a 21-inch pipe. The interceptor 

then runs north into Carkeek Park and down. Piper Creek Canyon, a t  first 

decreasing to  15 inches, then gradually increasing in size as City of Seattle pipes 

are intercepted until it  enters the treatment plant as a 24-inch pipe. The 

interceptor was constructed of reinforced concrete pipe with flexible "0" ring 

joints. Manholes were constructed of precast concrete walls and cast in place 

bases. Original construction was inspected and air tested by METRO'S consultants 

prior to acceptance. 



Summary . 

To more precisely define infiltration/inflow sources, the Carkeek Park service area 

has been divided into 14 subdrainage basins previously identified in Figure 3-1. 

Three of the sub-areas flow to  the North Beach pump station. Sub-drainage basin 

characteristics based on the data developed for each sitb-area are shown in 

Table 3-2. The extent of the City of Seattle sewer for each subarea has been 

expressed in terms of inch-diametermile of sewer. Side sewers have also been 

expressed in these units assuming each side'sewer is equivalent t o  100 feet, 30 feet 

of 6-inch and 70 feet  of 4-inch pipe. 





CHAPTER 4 

METHODOLOGY 

GUIDELINES 

Work consisted of a systematic analysis of the 78 miles of pipe within the City's 

Carkeek Park sewer system to  establish the existence or non-existence of excessive 

infiltration/inflow. Guidelines .followed in preparing this report were the 

Environmental Protection Agency (E.P.A.) Handbook for Sewer System Evaluation 

and Rehabilitation, and the Systemized Approach to  Infiltrationflnflow, prepared 

for Municipality of Metropolitan Seattle. 

DIRECTION 

Although the City Engineering Department has involved itself in many studies, 

reports and designs in expanding and improving the existing sewer $stem, no large 

scale study or effort was made to  analyse the infiltration/inflow of its system other 
' 

than the two most recent studies covering areas known as Lake Union South and 

Empire Way South. Municipality of Metropolitan Seattle (METRO) has completed 

its Infiltration/Inflow Analysis of the Carkeek Park System, and their report was 

used es a guide to completing the City's report. The preliminary task of this study 

was to set up a program of obtaini~g the flow data necessary to  complete this 

study. The direction decided upon was to divide.the Carkeek Park into very small 

units, called subareas, select a suitable manhole a t  the downstream point of each 

particular sub-area, and install monitoring equipment to gather flow data that 

could be analyzed for infiltrationlinflow. 



SEWER MAPS 

An essential step required to accomplish the infiltration/inflow analysis was 

acquiring flow data through manhole monitoring, was to  have maps showing existing 

sewer system. The Engineering Department's up-to-date 200 scale topographic 

sewer maps were found suitable for this purpose. These topo~aphy maps, covering 

one square mile of the City's sewer system, provided such information as pipe 

location and size, manhole elevations and the file number of the as-built 

construction plans. In order to  provide a more practical map size for combining to 

make a composite map of a planned study area, all 200 scale section maps were 

reduced t o  400 scale. These composite maps were then used as base maps in 

cietermining the boundary, size and number of sub-area, as well as assisting in 

selecting the manhole for installing flow monitoring equipment. From these maps, 

14 sub-areas were originally established. The 400 scale sub-area maps provided all 

information necessary to  complete the inventory of the sewer system. To assist in 

understanding the interconnection between subareas, a vector flow diagram was 

prepared as shown on Figure 3-2. 

Table 4-l.gives an example of form used to record sewer characteristics and to 

inventory existing piping system. 

Other records besides the as-built plans used extensively in this study, were the 

sewer cards which show side sewers connections from existing building to  the main 

line. These records were helpful in establishing sub-area boundaries; number of 

buildings on the service, and approximate length of side sewer per block or main 

line sewer. 



DATA SHEET INFILTRATION/INFLOW 

AREA ' C a r k e e k  

SUB-AREA 

POPULATION 

SIZE IN ACRES 4 4 7  

NUMBER OF OVERFLOWS 0 

NUMBER OF PUMP STATIONS 0 

SOIL CONDITION See C h a p t e r  2 ,  "Geology of Soils"  

WATER TABLE 75% of A r e a  Low, 25% High 

NUMBER OF CONNECTIONS 2449  

PIPE INVENTORY I , /  , 4 j  ,.-.. $ 4  - - 4:" x&!;,~31s/giij7fl-"' -... , .1: ,... -. .. -. . . '  
i ti.., 

TOTAL HAIN LINE SEWER 84,955 Tota l  In .  Dia. M i  

* Assume 1 0 0  f e e t  per connection 



MANHOLE SELECTION 

S u b a r e a  boundaries and selecting manholes for monitoring sewer flow were often 

conducted together. The most essential item to recording the flow of a sub-area 

was t o  find a manhole where all the now tributary t o  the sub-area could be 

measured. The manhole selected had t o  be accessible, have straight through piping. 

no change in pipe size, uniform slope in and out of manhole, and be f ree  of bends 

and side flows that  would cause turbulence. Once the manhole was chosen, i t  was 

. given a number that  would prevail throughout the  program and be used t o  record 

data taken a t  different time periods. 

EQUIPMENT USED 

Lacking equipment t o  monitor sewer flow, the City made arrangements t o  lease 

eleven (11) Manning Dipper Level Recorders with the  understanding that  lease fees  

. . could be credited toward purchase of the instruments. Two bubbler recorders and 

one water current meter which could not be leased, was purchased outright. After 

several months of evaluating the leased equipment and analysing the  cost t o  
- determine whether i t  was more advantageous for  the City t o  lease or buy, a 

decision was made t o  buy 1 2  Manning Dipper Level Recorders. This brought the  

to ta l  t o  15 flow level instruments for use in this study. 

EQUIPMENT INVENTORY 

6 Manning Dipper Recorder Type L2015 

6 Manning Dipper Recorder Type L3048 

1 Volume Measuring Inst. Type F3048 

2 Bubbler Level Recorder 

1 Water Current Meter 

2 Flumes 



RAINFALL DATA 

Both infiltration and inflow are affected by rainfall. The amount of inflow to a 

sewer system is directly related to rainfall. On the other hand, direct relationships 

between rainfall and infiltration are not so apparent. However, it  is a fact that the 

groundwater table rises during the wet season and this increases the hydraulic head 

above the sewer pipe and causes more water t o  enter the sewer through defective 

joints, cracks or deteriorated manholes. Analysis of now data taken in this study 

have shown wet weather infiltration is substantially higher than the dry weather 

readings. 

Since the City Engineering Department has an on-going rain-gaging program, the 

rainfall data collected from 18 stations scattered throughout the City were used in 

this study. Computer print-out sheets provided daily and hourly rainfall as well as 

accumulation of rainfall in 5 minute, 10 minute, 20 minute, 30 minute and 45 

minute periods. Following map, Figure 4-1 shows approximate location of rain 

gauges throughout the City. The recorders using a standard tilting-bucket with 

magnetic tape recorder, measured each 0.01 inch of rainfall and the time recorded 

at 1 minute intervals. Data is t\en fed into digital computers which summarize 

data of rainfall characteristics on computer print-out sheets. Table 4-2 shows the 

monthly and annual average rainfall recorded in Seattle area. A Rainfall-lntensity- 

Duration Curve is shown on Figure 4-3. 

POPULATION DETERMINATION 

A necessary element in completing the infiitration/inflow analysis for each 

designated sub-area in this study is to determine the population of those sub-areas. 

A standardized procedure of obtaining this data was established. Population 

distribution and levels were obtained from the City of Seattle 1975 estimate of 

popistion and housing tracts, and the 1970 and 1990 population DOT maps 

prepared by Department of Community Development. Physicalcheck of an area to 

determine the degree of new development or community change assisted in 

determining which DOT map must be used. After the most appropriate DOT map 

had been selected for each census tract in a ,sub-area, the population was then 

determined for that subarea. 





F i g u r e  4-2 

RAINFALL - I N T E N S I T Y  -DURATION - FREQUENCY CURVES 
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DURATION,  minutes  



TABLE 4-2 
CARKEEK PARK 

RAINFALL, 10 YEAR MONTHLY AVERAGE 

TOTAL ANNUAL AVERAGE 



WATER CONSUMPTION 

Considerable data obtained from the Water Department assisted in determining .--. - 
water consumption per capita per day. This data which included register of water 

bills and\comparative report of metered water, showed that residential consump- 

tion ranges from 60 to  70 gallons per capita per day. 

This was compared to  water consumptio'n rate determined by taking the wastewater 

flow measured in the . . entire Cwkeek Park a r e - m d  dividing i t  by its population. 
L ,A-<.' < s-9- ' -  

,., . - d i p ; o * t h e  use of 66.7 gallons per capita per day for water 

consumption. 

DIFFICULTIES ENCOUNTERED 

Many large projects requiring extensive amounts of data to  be collected often 
- encounter problems during the early stages that have to  be overcome before 

consistent and acceptable data is developed. This infiltration/inflow study was'no 

exception. Difficulties immediately came t o  light in our attempt to gather 

satisfactory information. Most of these difficulties could be attributed to manhole 

location, system design and problems associated with use of new monitoring 

equipment. 

MANHOLES 

Manholes selected for particular sub-areas were often found unsatisfactory during 

the field installation of the flow monitoring equipment. In many instances the 

suitability of the manhole was not questioned until tbe result of the flow 

measurements were evaluated. Where manholes selected were found unsuitable, 

another was chosen. This of course,caused the sub-area boundaries to be altered 

and necessitated a correction of the total acreage, pipe inventory and population 

figure of the sub-area. This took time to correct and definitely had an effect on :. . 
the project schedule. Realizing the need to correct the situation, procedures for 

selecting and monitoring manholes were revised t o  include field examination and a 

closer review of asbuilt plans to determine their suitability. 



Some of the 'characteristics found in existing manholes that impair their use for 

obtaining accurate flow measurements are listed below. 

1. Change in slope across manhole channel, 

2. Slope change between incoming and outgoing pipe. 

3. Rough and irregular constructed channels, 

4. Change in size between incoming and outgoing pipe, 

5. Drops in manhole, 

6. Abrupt change in flow direction, 

7. Manholes with more than one incoming flow source, 

8. Steep pipe grades, and 

9. Channel does not approximate shape of pipe. 

SYSTEM PROBLEMS 

Other problems encountered in gathering flow data was with the system itself. 

Many planned sub-areas were found impossible to monitor unless the sub-area was 

divided into many smaller units. Time and equipment available required, made it 

unfeasible to  monitor these smaller units. Most often this situation was found 

where numerous separate small lateral systems, running parallel to each other. 

connected to  a major trunk sewer and where flow level in the trunk was often 

controlled by a regulator. In this case, measurements along the trunk could not 

produce satisfactory flow results - and likewise, the laterals systems were too 

small t o  be measured individually. Where this situation was found, there was no 

choice but t o  exclude the area from further consideration. Subareas 8 and 11 

were excluded due to  these problems. See Figure 3-1. 



As new monitoring equipment was acquired and installed, results were evaluated to 

determine whether equipment was functioning properly. On numerous occasions 

flow recording equipment malfunctioned and this was clearly shown on the 

recording charts. Some of the problems experienced with the new monitoring 

equipment were such items as follows: 

lt Loss of battery charge, 

2. Probe stuck. 

3. Recording device malfunction, 

4. Out of ink. and 

5. Instrument malfunction. 

As soon as the chart revealed a problem, the equipment was readjusted. When 
. equipment could not be  corrected by mere adjustments, it was removed and taken 

to the  shop for repair. 





CHAPTER 5 

INFILTRATION/INFLOW DETERMINATION, 

An essential step in the infiitrationlinflow analysis is to  quantify total system 

inPiltration/inflow and by sub-area analysis identify the extraheous flow contribu- 

tion of discrete areas. The following flow information is required to conduct the 

cost effective analysis: 

1. Base wastewater flow 

2. Annual infiltration 

3. Annual inflow 

4. Annual infiltrationfinflow 

5. Peak infiltration 

6. Peak inflow 

7. Peak infiltration/inflow 

Infiltration and inflow into sewerage systems are affected by rainfall, groundwater 

levels, soils, standard of sewer construction, degree of sewer maintenance, use of 

sewers for sub-surface drainage connections. The accurate determination of the 

quantities and location of infiltration and inflow within a sewer system is 

dependent on reliable flow and rainfall data. METRO maintains continuous flow 

records of wastewater influent flows a t  the Carkeek Park wastewater treatment 

plant and pump station hour-meter data a t  the North Beach pump station. 

However, in this study, all low data for each sub-area was obtained from the use of 

flow meters installed in carefully selected manholes. Prom these key manholes, 

sufficient data was collected to cover dry and wet weather flow as well as storm 

flows. The City of Seattle began monitoring manholes in the Carkeek Park Sewer 

System in November, 1976, and took its last readings in March, 1978. Lack of flow 

monitoring equipment prevented the collection of continuous year around flow 

. - readings, however, sufficient data was collected t o  make proper analysis of the - 
system. In all, 94 flow level charts were collected. Figure 5-1 shows an example 

of the many flow level charts obtained from monitoring the 12 sub-areas in 

Carkeek Park. Rainfall records were obtained from data collected at  Rain Gauge 

Station No. 3 located a t  Whitman Junior High School.. 



Flow data collected from each sub-area was tabulated in Table 5-1 fof all dry 

weather flow, and in Table 5-2 for wet weather flows. All  flow monitoring was 

accomplished from key manholes located in close proximity of each sub-area. Sub- 

areas in the North Beach area were monitored upstream from the METRO pump 

station. Sub-areas draining by gravity t o  the Carkeek Park Treatment Plant were 

monitored before nows entered the trunk line. Flows of sub-area 8 and 11 were not 

obtained because manholes could not be located or were found unsuitable for 

monitoring. Average daily flow taken from the twelve monitored sub-areas 

indicated a dry weather flow of 3.1 million gallons per day, and a wet westher'flow 

of 3.7 million gallons per day. These figures would be slightly higher if all 14 sub- 

areas were included in the study. Analysis of storm flows showed a peak observed 

inflow of 18.01 million gallons per day. Calculation of peak inflow for 5 year 

design storm resulted in a peak flow of 28.60 milliori gallon per day. 



Flow Level Chart 
sub-area No. 1. 







BASE WASTEWATER FLOW 

Wastewater flows attributable to residential, commercial and industrial uses are . 

related t o  water consumption data collected from the Seattle Water Department 
' 

for water consumption figures showed that residential consumption ranged from 60 

t o  70 gallons per capita per day. An average water consumption rate of 68 gpcd 

was determined for analytic purposes. Another method to estimate domestic 

wastewater base flows is to analyze early morning flows, a time when wastewater 

discharge is a t  a minimum, and compare with daily average flows for non-storm 

influenced days. Minimum flows are  made up of infiltration plus minimum 

wastewater flows. 

Analysis of the early morning wastewater flows that were recorded on the weekly 

flow charts were then compared to the average daily wastewater flow for non- 

storm periods. Assuming that 90 percent of the early morning flow is infiltration, 

the daily average wastewater flow can be determined. Ninety percent of the 

minimum wastewater flow is deducted from the daily minimum wastewater flow to  

obtain the amount of dry season ifliltration. The dry season infiltration is 
. deducted from the average dry season wastewater flow to determine the base 

sewage wastewater flow. See Figure 5-2. This base sewage wastewater can then 

be compared to results achieved through analysis of water use data. For the 

current tributary population of 24.495, winter water consumption is equivalent to 

66.7 gallons per capita per day. 



CARKEEK SUB. COMP. #3 FIGURE 5-2 



An alternate niethod of determining infiltration and base wastewater flow is listed 

as follows: 

Qmin = Qw + infiltration (1) 
min 

Average daily flows are made up of wastewater flows plus infiltration: 

Qav = Qw av + infiltration (2) 

The relationship of average wastewater flow to minimum flow on the basis of 

tributary population has been documented by a number of researchers. Using data 

developed by Metcalf and Eddy in "Wastewater Engineeringn, a typical relationship 

is: 

- 
Qw min - Qw av x f (3) 

where f= - (P) where (P = population in thousands) 
5 

By substituting equation (3) in (1) above, the following expression is developed: 

Q . = Qw x f + infiltration (4) mln 

Infiltration and base wastewater flow can be estimated by the analysis of any 24 

hour period by applying equations (2) and (4). Table 5-3 and Table 5-4 tabulate 

Infiltration and Wastewater (Qw Min) for Dry and Wet Seasons respectively. 
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The infiltration volume from each sub-area was determined by tabulation of daily 

infiltration flows recorded during dry, wet non-storm, and storm seasons. The 

resulting flow volumes were then distributed on a proportionate basis t o  mainline 

and side sewer systems. Peak infiltration flow and total annual infiltration flow 

values were then developed by summing related proportionate flow from dry. wet 

non-storm, and storm season readings. Page 5-12 illustrates an example form used 

t o  tabulate peak and annual infiltration. All infiltration values tabulated on these 

forms are then summarized on Tables 5-6 and 5-6A. 

The following flow system characteristics were obtained by relating the infiltration 

values to each of their specific tributary characteristics: 

1. Within sub-area - infiltration (gallon/day/identified source). 

2. Main line system - infiltration (gallonsldaylinch diameter mile). 

3. Side Sewers - infiltration(gallons/day/ineh diameter mile). 

Typical sewer construction specifications have accepted infiltration rates in a 

range of 250 t o  750 gallons/day/inch diameter mile.' With the advent of improved 

jointing materials, and an increased emphasis on minimizing infiltration, most new 

sewer construction specifications have required that the 250 gallons/day/inch 

diameter mile criteria be met. 



EXAMPLE 

TABULATION OF PEAK AIJD A?INUAL INFILTRATIO~I 

CARKEEK - 1 Mainl ine  129.0 I nch  D i a .  Mile 

Water Table 2/3 Low Side  Sewer 185.5 Inch  D i a .  Xi le  

113 Hieh - Total 314.5 Inch Dia. Mile 
T o t a l  Dai ly  I n f i l t r a t i o n :  Dry .989 M.G.D. 

Wet-Dry= 3 1  M - G . 0  
Wet 1.012 14.G.D. 

Storm Related 0.80 

D i s t r i b u t i o n  of I n f i l t r a t i o n  t o  Mainline and S ide  Sewer: 

Dry Weather I n f i l t r a t i o n :  M.L.: S.S. 

Low Water Tab le :  l o o 5  "; 0 %  . .. ~ ,; - 4 

High Water Table: 70% h 5  3 0 %  ,. . . . 
;-: ---. .:. 

, ,~ G . .-,! . - 
Wet Weather ~ n f l l t r a t i o n :  Measured d i f f e r e n c e  between ciry and 

wet i n f i l t r a t i o n  i s  pro-ra ted between Mainline and Side 
Sewer on t h e  Rat io  of Inch  D i a .  Mile. 

. . Storm-Related I n f i l t r a t i o n :  Storm - r e l a t e d  i n f i l t r a t i o n  s h a l l  
be pro-rated l c  r a t i o  t o  t h e  Inch  D i a .  Mile of  i4aInlIne 
and Side  Sewer (For peak i n f i l t r a t i o n  on ly ) .  

Mafnline In. D i a .  Mile = 41.02 t o  M.L. 
T o t a l  S.S. .? M.L. 

T o t a l  S ide  Sewer In. Dla. Mile = T o t a l  S.S. & X.L. 58-98 5 t o  S.S. 

Peak I n f i l t r a t i o n :  
S t  orm- 

Wet-Dry Related 
M.L. -8%; + .00943 + .32816 = 1.22769 M.G .D.: 9,517 G/3/In.31. Mi. 

S.S. .C989 + -058333 + .47184 = .62907 I4.G.D.z 3,391 G/DYIn.DI. 1-11. 

Ranking: M.L. 5 

S.S. 3 .  

Annual I n f i l t r a t i o n :  

.009435 + Dry* x 365 = 326.61 M . G . / Y r .  

2 
-058333 + Dry* ~ 1 8 2 . 5  28-69 M . G . / Y r .  

TOTAL ANNUAL INFILTRATION = 355.30 M.G./Yr. 

* These are t h e  pro-rated values. 

5-12 





IMDLL o n  

'Infiltration Summary Area CARKEEK - 

2 2- S h t . o f -  

* Did not monitor 

- 5-14 



Substituting data for February 23, 1977, from Sub-area No. 1, where average daily 

flow was 1.4 mgd and minimum flow 1.1 mgd, in equations (2) and (4) indicates that 

infiltration is approximately 0.98 mgd for that day. Thus the per capita sewage 

contribution for Sub-area No. 1 with a population of 5,952 is: 

Qw Ave = Q ave - Q min 1 x lo6 t 5,952 = 71 gallons/capita/day 

1-f 

P = Population in thousands. 

INFILTRATION ALLOCATION 

The volume of infiltration occurring with the mainline and side sewer systems have 

been identified for each sub-area. Infiltration allocation between me  mainline, 

side sewers, and known sources directly affects the effectiveness of any sewer 

system rehabilitation program. The potential infiltration sources for nonstorm 

periods are groundwater, yard irrigation, and for storm periods, groundwater and 

rainfall percolating through the ground. For this analysis, the infiltration in each 

sub-area has been allocated to mainline sewers and side sewers according to the 

extent of their respective inch diameter mile. Maximum intitration values for 

both mainline end side sewers are expressed in terms of gallonsldayjinch diameter 

mile and have'been determined for each sub-area. For example and from the 

Infiltration Summary Sheet for Sub-area No. 1 these values range from 508 to  

13,600 gallons/day/inch diameter mile for the mainline sewers and 454 to  4,112 

gallons/day/inch diameter mile for the side sewers Ranking of each sub-area was 

determined from these figures. In all cases, mainline sewer were allocated higher 

percentage of infiltration and therefore produced the highest ranking. 



TOTAL SYSTEM INFILTRATION 

Infiltration characteristics were determined by analysis of each subarea monitored 

data. Continuous weekly flow recording were evaluated t o  produce a graph which 

reflected as near as possible, the flow variations found in each sub-area. Plow data 

taken a t  different seasons permitted the collecting and charting of both wet and 

dry weather sewage flow. Infiltration for both dry and wet weather was established 

and varified as being approximately 90 percent of the minimum flow recorded a t  

3:00 a.m. to 6:00 a.m. Tables 5-3 and 5-4 tabulate the amounts of infiltration 

found to  be in each sub-area for dry and wet seasons respectively. For storm days, 

infiltration was calculated by analysis of the non-storm days immediately following 

the storm and applying the value to the preceeding s t o m  day to determine storm 

infiltration effect. The data analyzed from the 1 2  sub-areas monitored indicate a 

maximum infiltration flow of 4.5 million gallons per day occurring during height of 

the wet season, and a minimum infiltration of 1.98 million gallons during the 

summer months. Total annual infiltration came to 757.7 million gallons., 

Table 5-5 tabulates Infiltrationnnflow values in million gallons for each sub-area. 



By definition, inflow is limited to storm periods. Inflow characteristics were 

determined by analysis of each sub-areas monitored flow data. First, the flow 

recording of a storm, was  evaluated and plotted on chart along with a curve 

produced from a wet weather non-storm day. See Figure 5-2. From these two 

curves the net rate of inflow and storm related infiltration were determined. Peak 

observed inflow from the 12 monitored subareas came t o  18.01 million gallons per 

day. In order to reflect tne inflows of a particular type of storm, the peak inflow 

was adjusted to  a 5 year design storm. This was accomplished by setting up a ratio 

of the design and observed rainfall intensities with the determined peak inflow to 

produce the expected flow for a 5 year design storm. This resulted in an adjusted 

peak inflow rate of 5.30 million gallons per day for sub-area 1, and 28.60 million 

gallons per day for all 12  sub-areas. Inflow peaks with a return frequency of 

occurrence of one in five years were estimated by the following relationship: 
.* 

Max. ~ a i n f a l l  Accumulation - Observed Peak Storm. 
5-year Storm Rainfall Accumr 5 year Peak 

Annual inflow was determined for each sub-area, then summed to give total annual 

inflow. Annual inflow was calculated by multiplying the observed inflow with the 

10 year average rainfall for Carkeek Park area which is 37.03 inches, and dividing 

this value by the sum of all rainfalls which occurred during the inflow measurement 

period. Total annual inflow came to  - 155.8 million gallons. Equation for estimating 

annual inflow was by following relationship. 

- (Measured inflow) (Yearly Rainfall) 
Innow - Rainfall during measuring period. 



MANHOLE MONITORING - FLOW DETERMINATION 

' 
The Manning Dipper Level Recorders were installed by City of Seattle personnel in 

key manholes. Each manhole was monitored for several weeks 'during dry and wet 

seasons from November 1976 through March 1978. 

Flow characteristics were determined by interprinting recorded flow depths into 

m.g.d. by using the  following Manning equation: 

S/J sl/ z , where k' =D. D = depth of water, d = diameter of 
n . d 

channel, s = slope in pipe, and n = coefficient of channel roughness. 

.Inflow peaks for storms that  occurred during the monitoring period were 

determined by subtracting the flows of wet season nowstorm days from flows of 

wet season storm days. 

Infiltration sources for non-storm periods a re  groundwater and yard irrigation and 

for  storm periods, groundwater and rainfall percolating through the ground. 

Inflow sources a re  roof drains, surface drainage and near surface open joints in the 

sewer system. 

Roof and surface drain souroes can be eliminated by disconnection or  relocation to 

storm sewers. Elimination of inflow from near surface side sewers requires either 

replacement or  rehabilitation. 

Peak infiltration values for both mainline and side sewers expressed in terms of 

gallonsldaylinch diameter mile are given for each sub-area on Infiltration Summary 

Sheets. Peak inflow values for direct connection and side sewers are given in Table 

-. 5-7 in million gallons per day. 



TABLE 5-7  

INFILTRATICN - INFMW VALUES 

HASTEHATER INFILTRATICN 

'Wet Season Non-storm I n f i l t r a t i o n  plu's Storm-Related I n f i l t r a t i o n  

+ For Derivation of Inflow Valucs s c ~  rn~nputat ion Sheet Page 5 - 2 0  



EXAMPLE 

COMPUTATIONS 

. OBSERVED PEAK INFLOW: 

From Monitoring Chart #2 sub. comp. # 1  

Observed Peak Inflow = 2.18 M.G.D. 

ANNUAL INFLOW: 

For sub. comp. #1  and for the storm on March 2,1977 

Total Inflow = (23.21) (l = 0.968 M.G.D. 
24 

Total Annual Inflow = (0.968) (37.031) = 36.6 M.G.Y. 
0.98 

5-YEAR PEAK INFLOW: 

For sub. comp. #1 and for  storm on March 2,1977 

Rainfall for 6-hr storm = 0.44 inch 

Peak Inflow = 2.18 MGD 

5-year Storm 6-hr Rainfall Accumulation = 1.07 

X = >Year Storm 

0.44 - 1.07 - 
2.18 = X X = 5.30 M.G.D. 



TABLE 5-8 

INFLOW RATE DETERMINATION m~ RANKING 

SUMMARY 

a Based on 1 in 5 year storm 





CHAPTER 6 

COST EFFECTIVE ANALYSIS 

A cost-effectiveness analysis has been conducted to determine whether the 

infiltration/inflow is possibly excessive or non-excessive. Infiltration/inflow 5s 

defined as being excessive if the estimated total costs for the correction of 

infiltration/inflow conditions are less than the total costs for transportation and 

treatment of these flows. 

Infiltration/Inflow Removal 

Infiltration/inflow sources are removed from a sewer collection system by 

rehabilitating the sewer pipes and disconnecting nowwastewater discharges. This 

rehabilitation work can upgrade a sewer system t o  reduce infiltration to the level 

of a new sewer line (250 gallons per day per inch diameter mi¶e). The disconnection 

of non-wastewater sources can reduce all inflow allocated to these sources. In 

most systems, the elimination of aU inflow would also require rehabilitation of 

service laterals. 

Two major tasks will have to be conducted in order t o  accomplish correction of 

excessive infiltration/inflow conditions. These major tasks are a sewer system 

evaluation survey and a sewer system rehabilitation program. 

In developing an effective sewer system rehabiIitation.program. the first phase is 

t o  conduct a Sewer System Evaluation survey of the sewer collection system. The 

data and information collected in conducting this survey is used to  prepare a sewer - 
system rehabilitation program which will propose to eliminate aIl defined excessive 

infiltrationlinflow. The cost of the evaluation survey will depend upon the extent 

of the field investigations, accumulated flow data records, and data that may 

identify specific problem areas. 



All cost estimates for rehabilitating the sewer system a re  directly related to the 

length of existing sewers, structural conditions of the sewer lines, number of 

manholes requiring repair, and the number of stormwater cross connections. The 

rehabilitation work will be a t  a minimum scope if infiltration/inflow is concen- 

trated in a small area. 

The following infiltrationlinflow ranking method has been de"e1oped to  provide a 

systematic approach to the sewer system evaluation survey and rehabilitation 

program for infiltrationlinflow reduction. This infiltration and inflow ranking 

method is used as a basis for developing the sewer system evaluation survey and . 
rehabilitation program. Actual inflow values are utilized for a program to  reduce 

inflow. 

The adopted infiltration and inflow rankings are as follows: 

 ank king Infiltration, gallonsldayl Inflow 
inch diarn'eter mile Gallons/day/acre 

1 0-500 0-750 . 

The infiltration and inflow ranking for each of the sub-areas tributary to  the 

Carkeek Park plant are shown in Table 61. For the economic analysis, costs are 

based on an Engineering News Record Construction Cost Index (ENR-CCI) of 3,000. 

To account for the different effective lives of rehabilitation components, costs are 

compared on the basis of equivalent annual cost and calculated from conversion 

factors shown on Table 6-2. 



Sewer System Evaluation Survey 

The sewer system evaluation survey is a systematic examination of the sewer 

system which is comprised of five basic steps. These five steps are physical 

inspection, smoke testing, preparatory sewer cleaning, television inspection and a 

sewer report that documents development of a recommended rehabilitation 

program. 

The extent of the survey is dependent on the infiltration/infIow levels determined 

in this report. In general the extent of each step .with exception of physical 

inspection and smoke testing, will decrease as each task is completed and as  

problem areas become more specifically defined with each step of the evaluation 

survey. 

In Table 6-3 for each infiltration/inflow ranking, the percent of sewer lines 

involved in each task is shown. The maximum ranking of either infiltration or 

inflow indicates the extent of the sewer system evaluation survey. The percentage 

factor is multiplied by the length of sewer within the particular sub-area to  obtain 
- the  pipe length to which the particular function is applicable. Task costs are 

calculated by applying the unit cost data values as shown in Table 6-4 to the pipe 

length applicable for each task'. 



TABLE 6-1 

INFILTRATION/INFLOW RANKING 



a Assumes s t r a i g h t  l i n e  depreciat ion 

b ~ n t e r e s t  6 7/8 percent  20-year planning period 

'~ssume replacement cost  (RC) equals i n i t i a l  cos t  (IC) 

I . C .  - I n i t i a l  Cost (construct ion cost  w/o engr & c o n t , )  



TABLE 6-3 

EXTENT OF SEWER SYSTEM EVALUATION SURVEY 

(a) Haximum Ranking of lnf iltration or lnf lar 

(b) Hain Lines Only 

( c )  Side  Sewers and Hain Line 



TABLE 6-4 

U N I T  COST DATA - SEWER EVALUATION SURVEY 

l tem 

Physical survey, flow ifmitoring and groundwater 
monitoring 

Smoke testing 

Sewer cleaning 

6-10 inch diameter 

12-18 inch diameter 

21-27 inch diameter 

30-36 inch diameter 

42 inch diameter 6 over 

Televlsion inspection including video tape 
recording 

Flooding concurrent with television inspection 

Report preparation, management of evaluation 
survey and coordination with funding agencies 

Unit Costa 
dollars/linear foot 

I 25 percent 
of above costs 

a 
All costs adjusted to an ENR Index of 3000 



Survey Costs 

Survey costs for 'each sub-area were developed on the approach described above and 

a re  summarized in Table 6-5. The total sewer system evaluation survey costs are 

shown and these costs are then expressed in terms of equivalent annual costs to 

allow comparison with treatment costs expressed on an annual basis. For the 

purposes of the  analysis, the  survey is assumed t o  have a useful life equivalent to 

the 20 year planning period. Sample survey cost calculations for sub-area No. 2 

a re  shown below: 

Infiltration Ranking: Mainline 5 

Length of Mainline = 84.955 1.f. 

Footage Percent Unit Cost 

-. . 
Physical Inspection 

Smoke Testing 

Cleaning 6 - 10 Inch 

12 Inch 

21 - 27 Inch 

30 - 36 Inch 

42 Inch & Over 

T.V. Inspection 

Concurrent Flodding 

Sum of Survey Costs 

Engineering and Administration 25% 

Total Cost 

EQUIVALENT ANNUAL COST 



TABLE 6-5 
SUMMARY O F  COSTS 

SEWER SYSTEM EVALUATSOU SURVEY 

AREA CARKEEK 

T o t a l  Arsa Cost - $ 229,616 

T o t a l  Area E.A.C. $ 21,465 

E.A.C. = Total Cost x 0.09349 



Sewer System .Rehabilitation 

The correction alternatives which are available for infiltration control are 

replacement of sewers, replacement of broken sections, insertion of liners, internal 

sealing with gels or slurries and external sealing by injection grouting. Selection of 

any specific method is dependent upon the efficiency and cost of the method for 

actual pipe and soil conditions that are encountered. The accepted methods for 

repair of leaking sewers are internal sealing that uses chemical grouts, lining with 

polyethylene pipe and pipe replacement. 

The selection of particular inflow correction measures is dependent on the specific 

source gf inflow. Source of inflow are manhole cover lids, direct storm drainage 

corrections and illegal storm drainage connections. 

Infiltration Reduction 

The extent of rehabilitation required to reduce infiltration levels to that of a new 

system (250 gallons/day/inch diameter mile) is dependent on the magnitude of the 

. infiltration and the condition of the sewers. Based on the infiltration ranking and 

age of the system, the extent of sewer system rehabilitation required to reduce 

infiltration in the sewerage system to that of a new system is shown on Table 6-6. 

For each specific ranking, the extent of sewer rehabilitation can then be 

determined by applying the indicated percentage factor. The mode of rehabilita- 

tion is listed across the top and the percentage factors which define the extent of 

each rehabilitation method for each ranking is listed below each specific task. To 

obtain the length of pipe to which the particular rehabilitation method is 

applicable, the percentage factor is multiplied by the length of sewer within the 

particular sub-area. Table 6-8 is an example form used to determine total 

rehabilitation cost for a particular sub-area using data taken from Table 6-6 

and 6-7. 



TABLE 6-6 

EXTENT OF SEWER REHABILITATION TO REDUCE 

INFILTRATION IN MAIN LINE 

This Table assumes that after smoke testing and T.V. ins- 
pection, the extent of rehabilitation work i n  any particular 
area, w i l l  not be greater than' 60% on the average. 



Identified extraneous flows to service laterals are infiltration through pipe cracks 

and defective joints and inflow through service lateral cleanouts and near surface 

open joints. Rehabilitation options available to eliminate extraneous flows in 

service laterals are either polyethylene lining or replacing the service lateral. 

Chemical sealing with current technology is not practical.. 

once the length of specific rehabilitation methods has been dktermined, costs can 

be developed based on the unit cost data shown in Table 6-7. 

:A relationship between the percent of infiltration flow removed to  the percent of 

area to be rehabilitated according to infiltration ranking has been established. See 

Figure 6-1. Corresponding percentages of infiltration reduced are then used for 

each subarea for determination of the area cost benefit curves. 

Infiltration Reduction Costs 

Unit costs for developing sewer system rehabilitation costs which are based on the 

above described approach have been developed for infiltration control of main Iine 

and side sewers. These unit costs are given on Table 6-7. Summary costs for 

rehabilitating main line and side sewers for each subarea are listed on Tables 6-9 

and 6-11 re~pectively~and are expressed in equivalent annual costs. 

Table 6-10 and 6-10a summarizes costs of rehabilitating service connections (side 

sewers). Procedure for rehabilitating service connections is limited to polyethylene 

lining. Pressure grouting has not been found practical. Total project cost is 

estimated a t  $4,558,246. 

Table 6-12 summarizes infiltration rehabilitation costs for both main line and side 

sewers. Total project costs and E.A.C. for each noted at  bottom ofthe table. 

Table 6-13 and 6-13a summarizes and combines cost of sewer system evaluation 

- survey and rehabilitation of infiltration for each subarea- 



INFILTRATION RANKING CURVE 
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PERCENT OF AREA REHAB1 LI TATED 



TABLE 6-7 

UNIT COST DATA 
SEWER REHABILITATION TO REDUCE INFILTRATION 

1 REHABILITATION METHOD (a )  

PIPE CHEMICAL OR POLYETHYLENE 
SIZE CEMENT LINING (c) 

GROUTING (b) STREET AREA STREET ARE! 

A l l  c o s t s  adjusted t o  engr. index 3000 (1978) 
Costs inc lude  l i n e  cleaning.  
Costs Include l i n e  c leaning,  t e l e v i s i o n  in spec t ion  (excluding s i d e  
sewer p i p e )  and use  of SDR 21  polyethelene pipe .  
Costs f o r  connections t o  s i d e  sewer i s  included.  
C o s t s  f o r  t renching i n  s t a b l e  ground. '' 
Assumes 30 f e e t  6" pipe and 70 f e e t  of 4" pipejconnect ion.  
Add $7.00 for pipes i n  combined sewer areas f o r  s ide sewer connections. 



p .... 7 F'...~.! p:. y"" , : .I '. . z *  , ,, , 
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EWPLE SUBAREA - INFILTRATION REHABILITATION COSTS 

AREA Carkeek . SUB-AREA 1 - AGE OF PIPING 20 Yrs. 6 Older 

RANKING 5 0 - 20 Yrs. * 
TABLE 6-8 

EAC = Const. Cost x 0.122625 . T O T A L  PROJECT COST 
.x 1 . 4  , Engr.  t Contingencies . a .  

2 
4 E,qC = const. cost x 0.207303 

FAC - rnnr+ P--. . n , , . 












































































	Infiltration Inflow Analysis, Carkeek Park System, August 1979 - Seattle Engineering Department

