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State of Florida-
.ublk 6erbict €ommission 


-M-E-M-O-R-A-N-D-U-M­

DATE: December 8, 1995 

TO: All Parties ~ ~cord and Office of Public Counsel 
FROM: Tim Vac~Mienior Attorney, Division of Legal Services 
RE: Docket No. 950387·SU - Application for a rate increase for North Ft. Myers 

Division in Lee County by Florid~~ Cities Water Company - Lee County Division. 

Please note that an unscheduled, informal meeting took place the morning of 
December 6, 1995, at: 

Florida Public Service Commission 
Room 170-1, Gerald L. Gunter Building 
2540 Shumard Oak Boulevard 
Tallahassee, Florida 32399-0850 

Mike Jenkins, Harold McLean and Jack Shreve of the Office of Public Counsel 
(OPC) met with Tom Walden of the Commission Staff. Among the topics discussed were 
the following: 

1) The reason for the utility's higher rates; ~K 
AFA 

2) The likely reduction of utility expense if excessive infiltration is found; 
APP 
CAF 3) The margin reserve calculation and its divergence from normal 
eMU _____ Commission practice resulting from the circumstances of this docket; 

eTR 4) Whether different rate base and rates would result from applying the 
EAG _.~ normal amount of margin reserve (eighteen months growth). 
lEG __ 
LIN . Staff provided written materials to OI'C, which consisted of notes and a copy of the 

- Water Pollution Control Federation Manual of Practic;e No.9 (WPCF MOP9). Copies of 
ope - the notes and pertinent pages of WPCF MOP9 are attached to this notice. 
RCH _( 

SE'C ../-.. 
W#;S_TV/mw 

011f.l -Attachments 

cc: Division of Water & Wastewater (Willis, Clark, Crouch, 
Galloway, Merchant, Rendell, Wal~) 

Division of Records & Reporting~ DOCUMFNT NL'W~ER-DATE 
Division of Auditing & Financial Analysis (Vandiver, Bouckaert) 5 
Division of Legal Services (Jaber, Jaeger) I 2 6 7 DEC 'h~ 4: ~H) 

FPSC-RECORDS/REPORTING 
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·1I 30 DESIGX. COXSTRUCTI01, OF SAXITARY. STORM SEWERS 

are known to have contributed appreciable percentages of total in­
1 
I - !Hrration. 
•I Prior to the introduction of compression-type joints, the bulk of infil­

tration, except in sewers eontaining excessive amounts of broken pipe, 
entered at faulty joints. Many sanitary se~vers have been built with either 
cement-monar, or hot-poured or cold-,in...o:talled bituminous joints. None 
of these jointing materials is entirely satisfactory because of the initial 
difficulty in making a tight joint and its deterioration v.th time. For­
tunately modern jointing practice and the use of compression-type joints 
make it possible to reduce leakage from this source drastically. Most 
leakage into new systems now can be traced to defects in foundations or 
pipe strengths, or to faulty con~tructioll. A detailed discussion of joints 
and jointing materials is found in Chapter 8.l Poorly laid house connections may be extremely important sources of t 
excessh'e infiltration since these line~ often have a total length greater 
than the collecting sewers. House connections haye been found to con­
tribute as much as 90 percent of the total infilt.ration into a system. Be­
cause inspection and workmanship sometimt'S are found wanting when 
it comeo; to house connections on prh'ate property, some cities require 
pressure tests to be conducted. )10reover, there is a need for suitable 
public control of these connections in every community, including specifi­
ca..ions and an insistence on proper construction practices. 

Existing sewerage systems frequently are very leaky. Infiltration 
rates as high as 60,000 gpd./mile (140 cu m/dayjkmJ of sewer have been 
recordt>d for systems below ground'l\'ater, with rates up to and exceeding 
1 mgd imile 12,450 cu m/day /km'j for short stretches. 

Infiltration and exfiJtration tests and allowances for new installations 
are discussed in Chapter 6. -.' 

As with all other sources of unwanted water, infiltration must be kept 
to a minimum if the cost of pumping and treating sewage is to be 
minimizerl 0:2). 

Excessive amounts of infiltration also can result in increased pipe sizes 
or the supplementing of e.xisting sewers. 

In the design of el,.'tensions to existing systems, past practices and trends 
in i~filtration allowances should be considered. A study (13) reported in 
1955 shoWs that by far the majority of stipulated allowances fen within 
the ranges shown in Table VII. 

In Table v"III are additional data from a study concluded in 1965 (14). 

TAaLE VlI.-Infiltration SpeciJieation AUowanees 

Pi.... Di.m 
(Ia.) (epdJalilel (pollia. cliIuIa/mile) 

S 3,500 to 5,000 450 to 625 
12 4,500 to 6,(100 375 to SOO 
24 10,000 to 12,000 420 to SOO 

Note: In. X 2.54 =em; gpd/in. diam/mile X 0.000925 = cu m/daylem diam/km. 

Note: Gp( 
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QUA..1IiT1TY OF SANITARY SEWAGE 31 

TABLE VIJI.-Varialion of Infiltration Allowanca &mODe Cilia 

Yllmber of Citi.. AJlo..uu:. 
al!~" (od/ill. di...../mill!) 

4 ....•••...•.......••.....•..•. 1,500 
4 ...•••••..•..............•.••. 1,000 
1 .......•................•..... 800 
2 ......••..•...............••.. iOO 
1 ............................. . 600 

63 ...••....••...•..........•.••. 500 
11 ..•..•..•.•................... 450 to 300 
16 ......••.•..........••..•.•... 250 to 150 
21 ............................. . 100 
5 ............................. . 50 

Note: Gpd/in. diamimile X 0.000925 == cu m/<hI.y/cm di:un/km.:: 

Comparing the data of Tables VII and VIII, it appears that specified 
infiltr3.tion allowances have not been reduced significantly in the 10-yr 
interval between the reports. With non-compression type joints it is 
possible to meet the average specification allow'ance of 500 gpd/in. diam/ 
mile (0.465 cu m/day/cm diam/km) in workmanship, but this low infil­
tration rate is not likely to be maintained where the system is in ground­
water. The reasons are discussed in the section on joinUi in Chapter 8. 

The selection oi a capacity allowance to provide for infiltration should 
be based on the physical characteristics of the tributary area, the type of 
pipe and joint to be used, and the type and condition of the joints and 
pipes in the existing contributory sewers. For small to medium-sized 
sewers (24 in. and smaller; 61 cm) it is common to allow 30,000 gpd/mile 
(71 cu m/day/k.m) for the total length of main sewers, laterals, and house 
connections, without regard to sewer size. Others make an allowance of 
from 10,000 to 40,000 gpd/mile (24 to 95 cu m/day/kID), depend­
ing on sewer size and job conditions. This design infiltration allowance 
is added to the peak rate of flow of wastewater and other componenUi to 
determine the actual design peak r:t.te of now for the sewer. 

Seepage allowances are for average conditions where a portion of the 
length of the sewers is above the groundwater t.able and a portion below. 
If a substantial portion is to be permanently below groundwater, a larger 
allowance for infiltration should be made or special watertight joints 
specified . 

..\. survey oi municipal infiltration allowances (14) is ~'UlXUJlarized in 
Table IX. 

Design allowances for infiltr:l.tion normally are greater than infiltra­
r.ion-e.'l:filtrstion test allowances. The infiltration-exfiltrat1on tests are 
;lerformed when the sewer is new. The design allowance 15 based normally 
on ::,he aoticipateri ,~oJlciition oi tbe sewer -;vhen ~r, is ne:lring ':he end oi its 
'lse:iul life. 

00505 



130 DESIO!'. CO:\:;TRUCTIOK OF SANITARY, STORM SFWERS 

to concrete channels. Erosion of invertS may result irom much lower tion 

"elocities when sand or other gritty material is carried. OAf 
In the case of ~anit3.r}· S('we~ where high velocity flow is continuous and vicl 

grit crosion is expected to be a problem, the limiting velocity often is taken the 

to be about 10 fps (3 m/see). and 

:\1a.ximum design "clocities in stornl sewers, which by their na.ture occur cu 1 

infrequently even ii such conduits are designed for a mean annual storm, det' 

may be much greater than those for continuous flow. 
2. 

3. Design Depth of Flow I 
Sanitary sewers normally are designed to carry the peak design flow fie!. 

with a depth from one-hnlf to full. Alternatively stated. the full-pipe all( 
capacity shan be from l()(} to ::!()(} percent of the design peak flow. The p. 
smallest sewers usually arc designed to flow half full. tim 

The degree oi consen'atism with which design peak flows are established wa' 
"'ill affect the l"ciection of design depth of flow. For ventilation reasons, wh, 
and particulnrly to 3"oid sulfide generation, it is undesirable for sanitary I 
sewer~ to flow iull or nearly full. in ( 

For stonn :;:ewer~. the mO:;:1 common de:;ign practice iii to have the line wa' 
just full 01' lightly sUfrilarged at design flow. but slime engineers go further mu 
and allow the ene~g:: grade line to rise to within approximately 1 it the 
10.3 Ill) of the gune:' im'ert. ! 

prf 
re(K. INFlLTRATION 
pre 

In many exisiing ~anitn):y 5'ewer~ infiltration ill a llwjor cause of hy­ Wi!. 

draulic o\'erloading oi both the colk·crion ~ystcm and treatment plant. To 
handle this ('xe(':'~ :low it may UceOIll(, ne('('''Sllr}- tu cOnStl1H't relief sewers rer 
and expand cxi:'ting treatmC'nt facilities. Other expenses also are incurred trD 
becall~e oi thili unw:l.nt('11 flo\\", such as: mt: 

fill(a \ higher p,pmping costs; 
in,

(b j caveins and structural failure; in sewers and payements resulting 

from soil washing into the sewer; and 


(c) higher maintenance costs resulting from soil deposits in sewers, 
str 
th(

additional root penetration into leaky joints. etc. 

Infiltration on enter through faulty joints, cracked pipe, or at man­
holes. Another source that sometimes is beyond the control of the designer 
is the house sewer. In l11any cases these connections are responsible for a 
majorponion of the infiltration in the sanitar}- sewer. The designer, 
therefore, should recommend and adYisc the proper authorities that re­
quirements for house sewers be specified by ordinance. 

A more detailed discussion of infiltration and related lDatters is found 
in Chapter 3, 

1. Infiltration-ExfiltralioD Test Allowance 

Specifications go\'erning sewer design and construction should set ior..h sna maximum infiltration or exliltration ailowancc. Infiitr:ltion ~ecifica-
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DESICN OF SEWER SYSTEMS 

tions are generally in the range of 250 to 500 gpd/in. diam/mile (0.230 to 
0,460 cu m/day/cm diam/kmL Tests a.nd a.llowances should include ser­
vice connections or stub lines extended from the main or lateral sewer to 
the curb or property line. However, for lateral sewers with many stubs 
and wyes, the 3.Jlowance should be increased 50 gpd/in. diam/mile (0.046 
cu m/day/cm diam/km). Specifications should require that a.ll visible or 
detecta.ble leaks be repaired under !my circumstances. 

2. Innltration·Exfiltration Testing 

It cannot be over-emphasized that proper engineering inspection and 
field testing are absolutely necessary if infiltration is to be kept within 
allowable limits. 

A rigorous infiltration or exfiltration test is recommended after comple­
tion oi construction. 'Cnder soil and groundwater conditions that i:lsure a 
water table abo\'e the top of the $ewer, an infiltration t~t is sufficient; 
where the water table is below the invert. an exfiltr3.tion test is required. 

Flow can be measured bv mcans of weirs or other devices (see discussion 
in Chapter i). but the m~asurements to be ..-alid must be made with the 
water table at or ne:l.r its ma.'\':imum height to indicate the probable maxi­
mum infiltration. It also is important that the pipe walls be sa.turated 
thoroughly when the infiltration tests are conducted. 

Exfiltration i::: measured by filling :l rear.h of sewer to pro,-ide internal 
pressure :md observing either the drop in head or the quantity of water 
required to maintain the rC3.ch in 3. full condition. The exfiltration test 
procedure must ::peciiy an ele\'ation head. usually ~xpres..c:ed as height of 
water above the top of the pipe :It the upstream mar.hoh~. 

Exfiltration :lnd infiltration tests are not oirectly interchangeable. One 
report (7) eO\'ering limited tests suggests that the relation between e."Cfil­
tration and infiltration varies \\'ith the head. :lnd another (8) presents for­
mulas for infiltration based on heari and other iactors. Type of soil. back­
fill methods. :lnd pipe embedment materials may cause radical variations 
in exfiltr:ltion r:ltes. 

It must be ::tnticipated that tests made shortly aiter completion oi con­
struction oi the sewer usually ",..mgive results considerably lower than 
those which would be obtained months or years aiter construction. 
, In some areas, air pressure tests are being u..o:erl in place of e."Cfiltration 

teSts (9) (10). 

L. DESIGN FOR VARIOUS CONDmONS 

. 1. Open Cut.-Inasmuch as the load on a sewer built in open cut is a 
function of the bedding, trench width. backfill material. and superimposed 
load on the ground surface. consideration must be given to all these ele­
ments. Chapter 9, devoted to loads on pipes. presents details of this phase 
of design. 

2. Tunnel.-A ..horough knowiedge oi tunnel construction methods 
$houlrl be aCQuired ~iore designing sewers for tunnel placement. This 


