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INTRODUCTION

This report covers the excavations and evaluation made during the
months of April and May 1989 of the METRO North Beach Force Main

located on Puget Sound in northwest Seattle, Washington.

Force Main Description and Location

The North Beach Force Main is comprised of approximately 7,080 LF
of 14-inch diameter cast iron pipe and associated fittings, located
between the METRO North Beach Pumping Station and the METRO Carkeek
Wastewater Treatment Plant. The route of the force main is shown

on the location map on page 4.

Approximately 4,788 LF of the force main is located directly on the
Puget Souna, paralleling two Burlington Northern Railroad tracks
which run in a southwest to northeast direction along the beach.
Through this area, the force main is an almost consistent 85 feet
northwest of the centerline of the railroad tracks, in the beach
which is covered by salt water each day during the high tide

periods.

The force main was constructed in 1961 by the Frank Coluccio
Construction Company of Seattle, Washington. The force main was
buried directly in the native soil along the beach, with

approximately five feet of cover.

It was found during this excavation and evaluation work that the
cast iron pipe used in the construction of the force main was
coated internally with a cement mortar lining. However, there was

no coating found on the exterior of the pipe.



Purpose of Work

The purpose of the excavation and evaluation work was to determine
the present condition of the force main piping and to estimate the

remaining useful service life of the facility.

Scope of Work
The work involved in the excavation and evaluation of the North
Beach Force Main included the following items, which are described

in detail in this report:

1. Excavation of the force main at three locations along the
beach between the North Beach Pumping Station and Carkeek

Park.

2. Removal of coupons from the force main pipe at each of the

three excavation locations.

3. 1Inspection, analysis, and evaluation of the pipe coupons
to determine the present condition of the force main and

estimate the remaining useful service life of the facility.

4. Testing and analysis of soil and water samples taken from
the three excavations to determine the corrosivity of the
soil and its long term effects on the cast iron pipe of

which the force main is constructed.

Authorization

The excavation and inspection work was carried out in accordance
with a professional services agreement between Specialty

Consultants Group, Inc. and BROWN AND CALDWELL, INC., as authorized



by the Municipality of Metropolitan Seattle (METRO) in their
contract with BROWN AND CALDWELL, INC. titled "Pre-design
Engineering Services, CarkeekTransfer/CSO Facilities Project,

CWw/FI1-88."



Es'sr.l

! -N-
z
|
' o
Lib.
; 3
v N o
8
<
N.
! >
METRO CARKEEK WASTEWATER TREATMENT PLANT 2
1 ‘N.
. 151
N.
APPROXIMATE ROUTE OF FORCE MAIN
N
z
1
(-—.
-4
<
s o
' NORTHM BEACH PUMPING STATION
]
z
\ 1007
y :
P a )
N E WOQ!
; 0? 3
5 ) 1
>|e o 2| >
. “JE SLZ w| [ v <
R e Si93RD.. Soundview v 8
Meadow Point £ 9IS 5‘,95 2, praytisld EEE ol 3 x3 ¢y
® 23] 90TH ST.. <« <= = H]
o « ;\ <« - J ~-| N % - Lq)
‘ z\_| nw N Vi W. o H ST
. &::\ =P*'E )} ol ST & z| z z C;;)';;m NW. | 89TH | _|= w
W R L FA L Nwi_lerrhfsy| 3| 2| | com, MW |88TH | ST JZ) | =
NW. b arrrle] el S~ 2 427 Nw 87TH | ST. <t
L | Nw. wl ST.Ii’] 5 86 TH STCRO'WN HILL l _1:—‘ NW. |B86TH | : ;
esTH| %] |S | lsT. | [NW, sTH|FH O 8T,
FETETTTTTT T T T IGl =l 2l el T<] aw. [eatn] st.]
.- [; L} ¥}

METRO NORTH BEACH FORCE MAIN
| LOCATION MAP




CONCLUSIONS

From the information and data gathered during the excavation and
evaluation work carried out in April and May (1989) on the North
Beach Force Main, the following conclusions have been reached
regarding the present condition of the force main and its remaining

useful service life.

PRESENT CONDITION

The present condition of the force main is very good.

This conclusion is based on the observations made of the force main
during the excavation work described in this report, and on the
evaluation made of the coupons removed from the force main at the

three excavation locations.

The good condition of the force main is quite remarkable,
considering the rather corrosive environment in which it has

operated for the past 28 years.

USEFUL SERVICE LIFE REMAINING

Based on the evaluation made of the three coupons removed from the
force main, and using the rather deep pitting found in Coupon No. 2
as a "worst case" situation, it has been estimated that the force

main could operate for another 31 years before complete penetration

of the pipe wall occurs, resulting in a leak.

This estimate is very conservative, and of necessity, includes some
speculation since the three coupons removed from the force main
represent only a small percent (approximately £.08664%) of the:

total surface area of the entire facility.



In the event that corrosion pitting of a more serious nature than
that observed in Coupon No. 2 is present at some other location(s)
on the force main, the first failure (or penetration) could

actually occur at any time between now and 31 years from now.

It It is our best judgement, however, that serious failures or
penetrations in the force main will not occur for at least 18 to 15

years.,



FORCE MAIN EXCAVATION

The North Beach Force Main was excavated at three locations along
the beach between the North Beach Pumping Station and Carkeek
Park. The excavation work was carried out on April 19, 26, and 21,

1989.

The purpose of the excavation work was to inspect the force main
piping and remove a coupon at each location for analysis and

evaluation.

The force main excavation work was accomplished by the Frank
Coluccio Construction Company of Seattle, Washington. Because
motorized vehicles and equipment are not permitted on the beach
throughout this area, all excavation work was accomplished by hand

digging.

Each excavation was shored using wood planks and frames to ensure
safety for the workers and to allow maximum dewatering of the

holes.

Monitoring of the work at each excavation location was recorded on
Daily Field Memos, copies of which are included in Appendix I of

this report.

Excavation No. 1

The first excavation of the force main was made on April 19, 1989
on the beach northeast of the North Beach Pumping Station at
pipeline STA 6+21. This location was determined by a measurement

of 3309 feet from the excavation site to the point where the force
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main turns southeast from the beach (STA 2+491) into the pumping

station.

The excavation work was begun at 7:390 AM in order to provide
adequate exposure of the force main piping for removal of a coupon
during the low tide period which occurred between 11:88 AM and
12:90 noon of that day. The tide was forecasted to be about +1.3

ft. during the low tide period.

The force main had about five feet of cover at this location,
consisting of dark brown coarse sand and rocks, with water

encountered at about 3@ inches deep.

The coupon removal was begun at 1:15 PM and was completed at about
1:3¢ PM. Backfilling of the excavation and all cleanup of the site

was completed by 3:08 PM.

Pictures Nos. 1 through 18 in Appendix II show the work as it was

accomplished at Excavation No. 1.

Excavation No. 2

The second excavation of the force main was made on the beach in

the Carkeek Park area on April 26, 1989.

The location of this excavation was established to be at about
pipeline STA 48+57, as determined by a measurement of 158 feet made
from the excavation north to the point where the force main
intersects the 33-inch diameter Outfall Line from the Carkeek

Treatment Plant (approx. STA 58+15).



The excavation work at this location was begun at 7:38 AM with
water encountered at about six inches deep. The top of the force
main, which was about four feet deep, was exposed at about 10:00
AM. The beach material at this location was very rocky, making the
excavation work quite difficult. Considerable blue clay was

encountered at the pipe depth.

The low tide period for this date occurred between 11:38 AM and

12:36 PM, with a +8.5 ft. tide forecasted.

The coupon removal work was begun at 12:3¢ PM and was completed at
1:88 PM. Backfilling of the excavation and cleanup of the site was

completed at about 2:38 PM.

Pictures Nos. 11 through 16 in Appendix II show the work as it was

accomplished at Excavation No 2.

Excavation No. 3

The third excavation of the force main was made on the beach south

of Excavation No. 2 on April 21, 1989.

The location of this excavation was estimated to be at about
pipeline STA 41+81, as determined by a measurement of 366 feet
south from the excavation to the abandoned Blue Ridge Outfall Line
at STA 38+15. The abandoned Blue Ridge Outfall Line, which is a
19-inch diameter cast iron main, is shown in Pictures Nos. 17 and

18 in Appendix II.

The work at Excavation No.3 was begun at 7:38 AM; however, due to

problems encountered by METRO personnel in accurately locating the



force main in this area, two excavations were started at erroneous
locations, with the main finally located in the third excavation at

11:15 AM.

The excavation work to uncover the force main at this location was
quite difficult due to extreme rocky conditions and the heavy water
intrusion. This location was at a much lower elevation on the

beach than the previous two excavation locations.

The top of the force main, which was about four feet deep, was
reached at about 1:80 PM. Work was greatly intensified at this
time in order to completely expose the entire circumference of the
main for the installation of the tapping sleeve, valve assembly,
and tapping machine for the removal of the pipe coupon before the
incoming tide would wash into the excavation. (The low tide for

this date was a minus 8.2 ft. which occurred at about 12:00 noon).

The coupon removal work was started at about 2:20 PM and was
completed at 2:5¢ PM, with the incoming tide starting to wash into
the excavation. The excavation had been bermed up on the Sound side
by the construction crew in order to delay the filling of the hole
for as long as possible, until the coupon removal work could be

completed.

All work eguipment, tools, pumps, generators, etc. were removed

from the site by boat as the tide was fast rushing in at 3:88 PM.

During the low tide period on the next day (Saturday, April 22,
1989), the shoring was removed from the excavation, the excavation

was backfilled, and the site was completely cleaned up and restored

-10-



to its original condition.

Pictures showing the work at Excavation No. 3 on Friday and
Saturday, April 21 and 22, 1989, are included in Appendix II

(Pictures Nos. 19 through 23).

GENERAL OBSERVATIONS

The following observations were made at the three excavation
locations with respect to the soil conditions found and the general

condition of the exterior of the force main.

Soils

The soil or "beach material" in which the force main was found at
each of the excavation locations generally consisted of the usual
sand and gravels (rocks). However, there were some rather
significant differences noted between the three locations. These
became even more noticeable by the results of the testing conducted
on the samples that were taken during the excavation work -- as

reported in the SOIL AND WATER TESTING section of this report.

At Excavation No. 1, the force main was buried in consistent dark
brown coarse sand with small to medium sized rocks from the top of
the main to the bottom. This soil (material) would be considered
to be well aerated, with the force main continuously in seawater at

this location.

At Excavation No. 2, the force main was buried in a sandy blue-gray
clayey type soil, with small to medium sized rocks. This material
was consistent from the top to the bottom of the main. With

respect to aeration, this soil would be classified in the fair to

-11-



poor range; however, as with Excavation No. 1, the force main at

this location is always in contact with seawater.

At Excavation No. 3, the force main was buried in medium to dark
brown fine sand, with some blue-gray clay and medium to large sized
rocks. This material was consistent from the top to the bottom of
the main. With respect to aeration qualities, this material would
be classified as well aerated, with the force main continually in

contact with seawater at this location.

Pipe Condition

Because of the accelerated pace at which the work had to be
accomplished at eéch of the three force main excavations in order
to complete the coupon removal before the low tide period was over,
it was not possible to conduct in-depth visual inspections of the
complete exterior surface of the main. However, the rather cursory

inspections made did reveal differences in the pipe surfaces.

At Excavation No. 1, a heavy (thick) layer of graphitization
combined with sand and rocks was found adhering to the surface of
the pipe. This layer of material, which was up to two inches thick
in places, was removed quite easily from the pipe in large pieces.
Of the overall thickness of this material, the graphitization was
consistently between 1/4 and 3/8-inch thick. One large piece of
this material is shown in Pictures Nos. 3, 4, and 5 in Appendix II

of this report.

At Excavation No. 2, a layer of similar material, as found at

Excavation No. 1, was also found adhering to the surface of the

-12-



pipe. This material was about the same in overall thickness (up
to two inches thick in places), with the thickness of the
graphitization material being a rather consistent 1/4-inch. This
material, however, was slightly different from that at Excavation
No. 1, with respect to the following; it was more tightly adhered
to the pipe surface, it was not as easily removed, it was more

brittle, and it broke up into smaller pieces with removal.

At Excavation No. 3, the pipe was covered with a thin film of
graphitization, about 1/16 to 1/8-inch thick. This material was
quite soft and not tightly adhered to the pipe surface. It was
easily removed by scraping as the pipe was prepared for the
installation of the tapping sleeve used in conjunction with the

removal of the pipe coupon.

Analysis of Graphifization Products

A sample of the graphitization product removed from the force main
at Excavation No. 1 was delivered to AM-TEST Laboratories in
Redmond, Washington to be tested for graphite (carbon) content, and
for a Plasma Spectrographic Analysis to determine other

constituents.

The test reports received from AM-TEST are included in Appendix III

as Figures III-1 and II1I-2.

The results of the AM-TEST analyses showed the major components of

the material as follows:

-13-



Iron 140,000 ppm

Sulfur 18,800 ppm
Strontium 6,400 ppm
Magnesium 4,300 ppm
Calcium 4,100 ppm
Aluminum 3,600 ppm
Sodium 1,800 ppm

Graphite (carbon) content of the material was tested at £.76

percent "total organic carbon."

Other pertinent constituents were:

silicon 860 ppm
Phosphorous 590 ppm
Nickel 27 ppm

The major constituents of seawater are shown on the table included
in Appendix IV as Figure IV-1l. These include sulfates (sulfur),
strontium, magnesium, calcium, sodium, potassium, and others as

-indicated in the AM-TEST analyses (Figure III-2 in Appendix III).

The iron, silicon, phosphorous, nickel, and carbon content of the
graphitization material represent constituents that have been
removed from the cast iron force main through the normal corrosion

process.

Aluminum is, of course, a major constituent of soil, sand, etc.
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PIPE SAMPLING, INSPECTION, AND ANALYSIS

In order to assess the present condition of the North Beach Force
Main, and estimate the remaining useful service life of the
facility, pipé samples (coupons) were removed from the main at each
of the three locations where excavations were made on April 19, 24,

and 21, 1989.

COUPON REMOVAL

A three-inch (3") diameter coupon was cut out of the top of the
force main at each excavation by a Tapping and Services Specialist
from the Pacific Waterworks Supply Company of Tacoma, Washington,

utilizing a power driven tapping machine.

The tapping machine was used in conjunction with a tapping sleeve
and gate valve assembly permanently installed on the force main at
each of the three excavation locations -- see Pictures Nos. 6

through 14 and 14 through 16 in Appendix II.

Specification sheets describing the tapping sleeves and gate valve
assemblies used for the coupon removal work are included in

Appendix V as Figures V-1 through v-6.

The tapping sleeves and gate valve assemblies were coated with two
coats of KOPPERS "Bitumastic No. 3¢0-M", a two-component, self-
priming, chemically-cured, catalyzed coal tar epoxy protective
coating. See coating specifications sheets in Appendix V

(Figures V-7 through v-14.)
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One coat of the Koppers 30-M was applied to the tapping sleeves,
gate valve assemblies, and associated fittings at the Frank
Coluccio Construction Company shops prior to transporting them to
the project site. A second coat was applied at the project site
before installation, with touch-up coating applied after the
installation and prior to backfilling; see Pictures Nos. 6, 7, and

8 in Appendix II.

INSPECTION AND ANALYSIS OF COUPONS

The three coupons removed from the North Beach Force Main were
visually inspected and photographed, after which they were
submitted to SCAN TECH, INC., a material analysis laboratory in
Bellevue, Washington for Scanning Electron Microscopy (SEM) and
Energy Dispersive Spectroscopy (EDS) work to determine the

metallurgical composition and the wall thickness of each.

Visual Observations

Pictures Nos. 24 through 32 in Appendix II show the condition of
the three pipe coupons as they were removed from the force main,
before being cleaned and making an in-depth inspection and

evaluation.

The exterior surfaces of Coupons Nos. 1 and 3 (removed from the
force main at Excavations Nos. 1 and 3 respectively) appeared to be
in very good condition, with a thin film of tightly adhering
graphitization and no pitting evident. Coupon No. 2 (removed from

Excavation No. 2), however, showed some pitting activity.
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The interior surfaces of Coupons Nos. 1 and 2 showed evidence of
cement mortar lining apparently applied to the interior of the
force main pipe before installation, with up to 1/8-inch of the
lining still intact on Coupon No. 2. It is suspected that most of
the lining was lost from Coupons Nos. 1 and 3 when they were being

cut and removed by the tapping machine.

Pictures Nos. 33 through 35 in Appendix II show the exterior and
interior surfaces of the coupons after they had been lightly
cleaned with a power driven fine bristled wire brush to remove the

minor dirt and the thin film of graphitization.

The pitting on the exterior surface of Coupon No. 2 can be seen
somewhat better in Picture No. 37 through 39 after lightly
cleaning. In‘addipion, the cement mortar lining still intact on
the interior surfaces of Cou?ons Nos. 1 and 2 can be seen quite

well in Pictures Nos. 45 through 51.

Metallurgical Analysis

The metallurgical analyses run on the three coupons removed from
the force main showed the following constituents, reported as

percent by weight:

Element ~ Coupon No. 1 Coupon No. 2 Coupon No. 3
Carbon (C) 4.47% 6.13% 4.63%
Silicon (Si) 1.31% 1.44% 1.38%
Phosphorous (P) P.69% B.52% ' .55%
Chromium (Cr) #.19% 0.16% ' 0.13%
Manganese (Mn) g.51% 8.49% #.43%
Iron (Fe) 92.84% 91.25% 92.89%
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The computer print-outs of these analyses, as run by SCAN TECH,

INC. of Bellevue, Washington are included in Appendix III as

Figures I1II-3 through III-8.

The results of the metallurgical analyses run on the three coupons

show that the pipe used for the construction of the North Beach

Force Main is a gray cast iron-type pipe which generally contains 2

to 4% carbon, 1 to 3% silicon, and up to @#.7% manganese, with

chromium added to increase corrosion resistance.

See Appendix VI

of this report for a general discussion of cast iron and corrosion.

Thickness Measurements

Wall thickness measurements were made of the three force main

coupons by SCAN TECH, INC. by means of Scanning Electron Microscopy

(SEM) .
the coupon walls after the coupons had been cut

better reveal the walls.

These measurements were made at several locations across

These measurements are summarized as

AVG.

Coupon No. 1

p.6264"
9.6201"
p.6242"
g.6210"
0.6270"
p.6256"
.6210"
.6247"
p.6229"

p.6238"

= @0.6237"

Coupon No

follows:

g.6600"
p.6400"
g.4700"
g.4658"
0.4400"
g.6500"

g.6400"

g.6400"

~-18-

Coupon No.

p.7012"
g.7022"
g.7033"
g.7083"
g.7028"
g.7050"
g.7008"
§.7035"
9.6996"

p.7001"

g.79019"

into sections to

3



The SCAN TECH report containing these measurements is included in

Appendix III as Figure III-9.

The sectioning of Coupon No. 2 by SCAN TECH to measure the wall
thicknesses was done across the pitting that was evident on the
exterior surface of the coupon. This allowed an accurate
measurement to be made not only of the pit depth, but also of the

remaining wall thickness beneath the pit.

The pit was measured at 220 mils (8.228"), with a remaining pipe

wall thickness of 440 mils (9.4408") beneath the pit.

This pitting, which is evident on both sections of Coupon No. 2
was photographed, as shown in Pictures Nos. 56, 57, and 58 in

Appendix I1.
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SOIL AND WATER TESTING

Soil and water samples were taken for testing and analysis at each
of the three excavations made on the North Beach Force Main on

April 19, 14, and 21, 1989.

One soil sample was taken at the top of the force main and one
sample was taken at the bottom at each location. One water sample
was taken from each excavation, and one sample of Puget Sound

seawater was taken and tested for comparative purposes.

SOIL TESTING PARAMETERS

The Ductile Iron Pipe Research Association (DIPRA), formerly the
Cast Iron Pipe Research Association (CIPRA), has established a
10-point soil evaluation procedure based on their extensive
experience with soil testing as it relates to corrosion of cast

iron and ductile iron pipe.

The DIPRA 1@-point evaluation is widely recognized and utilized
throughout industry as a guide to determine the necessity for
additional corrosion protection when installing new pipe in soils
that are considered to be corrosive. This procedure has been
included for informational purposes by the American Water Works

Association (AWWA) as Appendix A of ANSI/AWWA Specification c185.

The soil parameters used in the DIPRA 1@-point evaluation are
listed as follows:

Resistivity
pH

Redox

Sulf ides
Moisture

* o o * *
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A copy of the DIPRA 10-point evaluation scale is included in

Appendix IV of this report as Figure 1V-2 for reference purposes.

Brief definitions and descriptions of the above so0il parameters and

their relationship to the corrosivity of soils follow.

Resistivity

Soil resistivity is directly related to soil corrosivity. Low
resistivity soils readily conduct DC currents associated with
corrosion cells, and therefore, are classified as corrosive. High
resistivity soils do not readily conduct electrical current, and
therefore, are classified as noncorrosive. This relationship is

shown in the following table.

Soil Resistivity Soil Corrosivity

Below 500 ohm-cm Very corrosive

500 to 1400 ohm-cn Corrosive

1000 to 2000 ohm-cm Moderately corrosive

2000 to 10,000 ohm-cm Mildly corrosive

Above 16,800 ohm-cm Progressively less corrosive

Wet, heavy clays are examples of low resistivity soils which are
usually very corrosive. Examples of high resistivity soils are dry

sands and gravels which are relatively noncorrosive.

PH

pPH is the measurement of the hydrogen (H+) ion concentration in a
soil or solution. 1In water, when the pH is 7 (or neutral), the
hydroxyl (OH-) ions are in equal concentration to the hydrogen ions
at 1x(E-87) moles/liter. The log of the reciprocal of this value

is equal to 7, or therefore neutral. At a pH of 6, the H+ ion

concentration is 1§ times greater than the neutral state, and the
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solution is acidic. Conversely, when the pH is 8 the concentration
of H+ ions is 1@ times less than neutral, and the solution is basic

or alkaline.

Soils may be either acid, alkaline, or neutral. Acidic soils tend
to be more corrosive than alkaline soils for materials such as
steel, cast iron, ductile iron, copper, and concrete; while the

more alkaline soils may adversely affect aluminum.

Soil pH, in combination with other factors, will affect the
corrosion rate of a buried metallic structure in various ways. For
example, at pH 6.0 to 6.5 (acidic range), a soil will serve as a
very corrosive electrolyte when moisture is present in sufficient
amounts. At pH 6.5 to 7.5 (relatively neutral range), conditions
are optimum for bacteriological action, such as sulfate-reducing
bacteria, At pH 7.5 to 14.0 (alkaline range), dissolved salts are

generally present and low soil resistivity is usually found.

Similar to steel, cast iron’and ductile iron are not readily
attacked in environments ranging between pH 4.0 and pH 8.5. Below
the pH 4.0 range, the iron is increasingly oxidized. Above the pH
8.5 range, the soils provide a good electrolyte for development of
anodic and cathodic differential cells that cause extensive
pitting. In the neutral pH range (6.5 to 7.5), anaerobic bacteria
thrive in soils with low Redox potential, organic food sources, and

water present.
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Redo x

Redox is an abbreviation of the term "Oxidation-Reduction
Potential”. The measurement of Redox is an indication of the
amount of oxidents in a soil. A knowledge of soil Redox is
important since metals in a low oxidation environment are anodic to
those in a higher state. An increasing Redox potential above 100
millivolts (mv) is an indication of increasing soil aeration.

Below that range, the life support for sulfate reducing bacteria is
enhanced and increases as the Redox potential decreases. Where
negative Redox potentials are found, the growth of anaerobic
sulfate reducing bacteria is optimum, providing that other soil
conditions are favorable -- such as neutral PH water and the
presence of sulfates. Soils containing stagnant water with much
organic material, are likely to exhibit low Redox potential and
indicate conditions suitable for the growth of sulfate reducing

bacteria.

Sulfides

When sulfate reducing bacteria consume sulfates present in soil,
the by-products of that process include sulfide compounds. These
compounds act as depolarizing agents that enhance corrosion

activity in localized cells on buried metallic structures.

Anaerobic bacteria thrive best at soil temperatures above 5@
degrees F and a pH o 7.8. They become less active at lower

temperatures and as pH departs from the neutral range.

The presence of sulfides in soil is determined by the Sodium-Azide

Iodine gualitative test. 1In this test, sulfides in the soil sample
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act as a catalyst and release free nitrogen from the compound

mixture, with resultant bubbling or foaming.

The results of this test are placed within three categories for
reporting purposes: Negative, Trace, and Positive. These
categories reflect an increasing scale of reaction from nothing to
vigorous foaming or evolution of gas. The greater the gas
evolution, the higher the amounts of sulfides present in the soil

sample,

SOIL TESTING RESULTS

The results of the testing conducted on the soil samples taken from
the three excavations made on the North Beach Force Main are

summarized as follows:

Excavation No 1.

Top of Pipe - Dark brown coarse sand with small to medium
sized rocks, saturated.

Resistivity 390 ohm-cm
PH 6.61

Redox +82 mv
Sulfides negative
Moisture saturated

Bottom of Pipe - Dark brown coarse sand with small to medium
sized rocks, saturated.

Resistivity 360 ohm-cm
pH ' 6.69

Redox +47 mv
Sulfides negative
Moisture saturated
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Excavation No. 2

Top of Pipe -

Bottom of Pipe -

Excavation No. 3

b =

Top of Pipe -~

Bottom of Pipe -

Sandy blue-gray clay with small to medium

rocks, saturated.
Resistivity

PH

Redox

sulfides
Moisture

170 ohm-cm
6.12

+31 mv
negative
saturated

Sandy blue-~gray clay with small to medium

sized rocks, saturated.
Resistivity

pPH

Redox

Sulfides

Moisture

Medium to dark fine sand
clay and medium sized to
saturated.

Resistivity
pH

Redox

Sulf ides
Moisture

Medium to dark fine sand
clay and medium sized to
saturated.

Resistivity
PH

Redox

Sulf ides
Moisture

WATER TESTING PARAMETERS

229 ohm-cm
6.98

-25 mv
negative
saturated

with some blue-gray
large rocks,

1,208 ohm-cm
7.19

+58 mv
negative
saturated

with some blue-gray
large rocks,

1,100 ohm-cm
7.25

+72 mv
negative
saturated

The water samples taken from the three excavations made of the

North Beach Force Main, and the sample taken from the Puget Sound

were tested to determine resistivity and pH.
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In addition, the water samples taken from the three excavations

were tested for sulfates and chlorides.

Sulfates and chlorides are two common salts which affect the
corrosion rate of buried or submerged metallic structures. High
concentrations of these particular salts increase the ability of
the electrolyte to conduct corrosion currents, since they

effectively lower the resistivity of the electrolyte.

Sulfates in soils can result in higher corrosion rates on buried
metallic structures, since they are utilized by sulfate-reducing

bacteria which thrive in anaerobic and near neutral pH conditions.

Chlorides in soil or water will contribute significantly to the
corrosion of buried metallic structures and the deterioration of
concrete, when occurring in sufficient quantities to cause low
resistivity in the soil or water. This will occur especially in
neutral and alkaline pH environments (i.e. seawater), and in

conjunction with sulfates.

WATER TESTING RESULTS

The results of the testing conducted on the water samples taken
from the three excavations made on the North Beach Force Main, and

of the Puget Sound seawater are summarized as follows:

Excavation No. 1

Resistivity 39 ohm-cm
pH : 6.75

Sulfates 1,460 ppm
Chlorides 9,230 ppm
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Excavation No. 2

Resistivity 43 ohm-cm
pH 7.06

Sulfides 1,530 ppm
Chlorides 8,750 ppm

Excavation No. 3

Resistivity 37 ohm-cm
pH 7.23

Sulfates 1,560 ppm
Chlor ides 9,400 ppm

Puget Sound Seawater

Resistivity - 26 ohm-cm
pH 7.99

Note: The sulfate and chloride testing was done by AM-TEST
LABORATORIES in Redmond, Washington. Their analysis

sheet is included in Appendix IV as Figure 1V-14.

EVALUATION OF SOIL AND WATER CORROSIVITY

A review of the soil and water testing results indicated that the
environment in which the North Beach Force Main is located is quite
corrosive, with the conditions at Excavation No. 2 being somewhat
more corrosive than the other two locations (lower resistivity,

lower pH, and negative Redox.)

The soils at all three locations are continually saturated with
seawater, are reasonably well aerated, and are influenced by the

tide changes each day.

The corrosion rates for bare steel in an environment such as this
could range from 6 to 30 mils per year (mpy) with deep pitting

anticipated because of the soil mixture: sand, blue-gray clay,
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rocks.

Referring to the DIPRA/CIPRA 1f-point evaluation scale (Figure 1V-2
in Appendix 1IV), for cast and ductile iron, the resistivity of the
soil and water in contact with the force main, alone, would give 18
points -- which would indicate the need for a protective coating

and/or cathodic protection for corrosion control.

The fact that the environment around the main is continually
saturated (with low resistivity seawater) would add additional

points -- making the conditions even more corrosive.

In addition, the negative Redox and the large amount of blue-gray
clay at Excavation No. 2 are an indication of deep pitting

potential.

The fact that the cast iron pipe used in the construction of the
North Beach Force Main has been alloyed with nickel has helped in
keeping corrosion rates lower than would normally be anticipated

for this environment.
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FORCE MAIN EVALUATION

Utilizing the information and data obtained from the excavation and
inspection work accomplished on the Nérth End Force Main, and from
the inspection and analysis made of the coupons removed from the

force main on April 19, 26, and 21, 1989, an evaluation was made to
determine the present condition of the force main and estimate the

remaining useful service life of the facility.

In formulating the determination of the present condition and the
estimation of remaining useful service life, theoretical values
were calculated for pipe wall thicknesses with somewhat
hypothetical conclusions reached with respect to metal loss and

corrosion rates, because of the following factors:

1. There was no documentation available pertaining to the
actual original wall thickness of the cast iron pipe used in
the construction of the force main; therefore, an assumption

was made concerning this item, based on published data.

2. The combined surface areas of the three coupons removed from
the force main represents only a fraction of a percent
(about 0.90004%) of the total surface area of the entire
force main as it exists from the North Beach Pumping Station

to the Carkeek Wastewater Treatment Plant.

Evaluation Approach

The North Beach Force Main was constructed in 1961 of l4-inch
diameter cast iron pipe. According to American National Standards

Institute (ANSI) specifications, there were eleven classes of
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l4-inch diameter cast iron pipe manufactured, ranging in wall
thickness from ¢.43" (Class 20) to #.94" (Class 30). These pipe
classes are shown in ANSI Table 1-7 included in Appendix IV of

this report as Figure 1V-3.

The allowable wall thickness tolerance for the manufacturing
(casting) of l4-inch diameter cast iron pipe was a plus or minus
9.88", as indicated in ANSI Table 1-6 included in Appendix IV as

Figure 1V-4.

The present pipe wall thickness of the North Beach Force Main, as
determined by the measurements made of the three coupons removed
from the main on April 19, 26, and 21, 1989, ranges from a low of
B.448" to a high of 9.785" -- see the SCAN TECH, INC. report in
Appendix III Figure III-9). The low measurement of ©.449" is the
wall thickness remaining beneath the deep pit in Coupon No. 2 (see

Pictures Nos. 56, 57, and 58 in Appendix II).

The average thickness of the three force main coupons, excluding

the deep pit in Coupon No. 2, are listed as follows:

Coupon No. 1 - f.624"
Coupon No. 2 g.648"
Coupon No. 3 g.782"

In order to determine which class of cast iron pipe may have been
used in the construction of the North Beach Force Main, the wall
thicknesses listed for the various classes of 1l4-inch diameter pipe
in the ANSI Table 1-7 were compared with the high and low wall
thickness of the force main coupons. This comparison indicated

that the pipe used in the construction of the North Beach Force
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Main could possibly have been either Class 24, Class 25, Class 26,

or Class 27.

The maximum and minimum allowable wall thickness for these four
classes of cast iron pipe were estimated in accordance with the
ANSI casting tolerance specification, in order to make further
comparisons with the present wall thicknesses of the North Beach

Force Main as represented by the coupons.
The results of these calculations are tabulated as follows:

Class 24 Pipe

8.59" Wall Thickness +0.08" tolerance = #.67" Max.
-9.08" tolerance = @.51" Min.

Class 25 Pipe
#.64" Wall Thickness +8.88" tolerance = ﬂ.?i" Max.
-9.88" tolerance = @.56" Min.

Class 26 Pipe
$.69" Wall Thickness +@.08" tolerance = 9.77" Max.
~3.88" tolerance = #.61" Min.

Class 27 Pipe
#.75" Wwall Thickness +0.88" tolerance = §.83" Max.
-¢.088" tolerance = #.67" Min.

A comparison of the present high and low North Beach Force Main
wall thickness measurements, as provided by the three coupons
iemoved from the force main, was made with the above estimated
maximum and minimum wall thicknesses for the four classes of cast
iron pipe. This comparison indicated that the force main coupon
thicknesses could only fit within the maximum and minimum wall

thickness parameters of the Class 27 pipe. Therefore, for further
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evaluation purposes, it has been assumed that the pipe used in the
construction of the North Beach Force Main was the ANSI Class 27

cast iron pipe.

Determination of Metal Loss/Corrosion Rates

The maximum and minimum wall thickness measurements for Class 27
cast iron pipe, as developed from the ANSI specifications and
subject to the allowable casting tolerances, were compared with the
average thicknesses of the three coupons removed from the North

Beach Force Main.

The purpose of making these comparisons was twofold: 1) to
determine an estimate of the metal loss that has occurred on the
force main during the past 28 years at the three locations where
the coupons were removed; and 2) to determine the approximate
rates of corrosion in mils per year (mpy) that have been occurring

at each of the three locations.
The results of these comparisons are tabulated as follows:

Coupon No. 1 (Metal Loss/Corrosion Rates)

Ciass 27 Cast Iron Pipe

Maximum Wall Thickness g.83"
Minimum Wall Thickness g.67"

Coupon No, 1

Average Thickness #.62" g.62"
Metal Loss (28 years) g.21" g.85"
Corrosion Rates 7.58 mpy 1.79 mpy
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Coupon NO. 2 (Metal Loss/Corrosion Rates)

Class 27 Cast Iron Pipe

Maximum Wall Thickness g.83"

Minimum Wall Thickness g.e7"
Coupon No. 2

Average Thickness §.65" §.65"

Metal Loss (28 years) g.18" g.02"
Corrosion Rates 6.43" mpy g.71" mpy

Coupon No. 3 (Metal Loss/Corrosion Rates)

Class 27 Cast Iron Pipe

Maximum Wall Thickness g.83"
Minimum Wall Thickness g.67"

Coupon No. 3

Average Thickness g.7g" g.70"
Metal Loss (28 years) g.13" ———
Corrosion Rates 4.64 mpy —_———

The corrosion rates developed for the force main at the three

locations where the coupons were removed are much lower than would
be anticipated for unprotected cast or ductile iron pipe installed
in an environment such as that in which the North Beach Force Main
is buried, It is apparent that the nickel in the cast iron alloy

used for the pipe has kept the corrosion rates down.

Present Condition Assessment

From the inspections made of the North Beach Force Main at the
three locations excavated on April 19, 28, and 21, 1989; and from

the subsequent analyses and evaluations made of the coupons removed
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from the force main at the excavation locations, it has been
determined that the force main is in very good condition --
considering the number of years it has been in service, and the

rather corrosive environment in which it is located.

Remaining Useful Service Life

Since the remaining useful service life of the North Beach Force
Main would theoretically be determined by the time it would take
for a failure or failures to occur, a hypothetical "worst case"

situation was used to estimate the time to the first failure.

This "worst case" situation was based on the conditions involved
with the deep pit found in Coupon No. 2. Since the pipe wall
thickness remaining beneath this pit represents the (presently
known) least thickness of metal at any one point along the force
main, it therefore, represents the location at which the first

penetration or failure would occur.

In comparing the metal thickness remaining beneath this pit with
the previously calculated maximum and minimum pipe wall
thicknesses of which the force main was probably constructed, a
28 year metal loss determination and a rate of corrosion were
developed, as follows:
Close 27 Cast Iron Pipe
Maximum Wall Thickness g.83"

Minimum Wall Thickness g.67"

Coupon No. 2

Metal Remaining Beneath Pit g.44" g.44"
Metal Loss (28 years) g.39" g.23"
Corrosion Rates 13.93 mpy 8.21 mpy
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If the maximum corrosion rate of 13.93 mpy, as hypothetically
determined above, was to continue, the remaining pipe wall of the

force main would be penetrated at the pit location in 31.6 years.

This calculated time-to-failure prediction of 31.6 years is
believed to be quite conservative, since the rate of corrosion
would be reduced considerably by the buildup of the tightly
adhering corrosion product (graphitization) in the pit, which would

tend to exclude oxygen and stifle the corrosion activity

cons iderably.

In addition, the cement mortar lining on the interior of the force
main will delay the actual occurrence of a leak for some period of
time -- until too great an area of the pipe wall has been corroded

away and the cement mortar lining ruptures.

Therefore, it would be safe to predict that the time-~to-failure
period for any location on the force main (that is similar or
comparable to the "worst case" situation presented by the pit in

Coupon No. 2) would be considerably greater than 31.6 years.

Again, however, it must be pointed out that this estimate of
reméining useful service life for the North Beach Force Main was
developed on a purely hypothetical basis, since the combined
surface areas of the three coupons removed from the force main
represent only a fraction of a percent (0.00004%) of the entire

surface area of the force main.

It is entirely possible that pitting of an even more serious nature

than that found in Coupon No. 2 is present on the North Beach Force
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Main. The substantiation of this possibility and a determination
of the extent to which the force main has suffered from such
pitting activity can be made only by further extensive excavation

and inspection of the main.

Assuming that pitting of a somewhat more serious nature than that
already found does exist, a more realistic estimate of the
remaining useful service life for the North Beach Force Main would

probably be in the range of 18 to 15 years.'
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