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SYNOPSIS

This report is the result of a research program in which various types of
submerged drainage structures were evaluated in an effort to determine the

life expectancy of such a structure. California's method of predicting the
behavior pattern of submerged metal pipe, California No. 643-B, was

found to be applicable to T,ouisiana Soils, and a good correlation coefficient

was obtained. By using the laboratory values obtained for resistivity and

pH, the years to perforation for a metal structure can be estimated disregarding
the abrasive forces which occur during peak discharge conditions.

It was also found that an additional 8 years prolonged life of a structure was
obtained by over coating the galvanized steel with a moderate thickness of
asphalt. This asphalt coating, protected from UV light, actually served as a
protected barrier for the galvanized surface and thereby reduced the sacrificial
properties of the zinc.

Summary of Service Life Expectancy for Highway Districts are included which
predict an estimated service life of the pipe in question according to the various
soil types present within the district together with the average pH and
resistivity values possibly encountered in the soil types.
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SCOPE

There is a two fold purpose for this study. The first is to determine the life
expectancy of different types of pipe in various Loouisiana soils and second,
to correlate the data obtained with California's '""Method of Estimating the
Service Life of Metal Culverts, '"Test Method No. California 643-B, 1963,

INTRODUCTION

Underground corrosion, as we know it today, is the loss of metal due to chemical
attack, Chemical attack is governed by moisture, oxygen and electrolytes or
dissolved salts. The degree of chemical attack can be altered significantly

by altering any of the three variables. The duration of chemical attack is
dependent upon the acidity of the soil. The lower the pH of the soil, the longer
the duration of chemical attack, therefore, the greater the metal loss.

Generally speaking, if a metal alloy was placed in a low pH soil environment
where there was adequate moisture and oxygen, this metal would begin to
corrode severely until all the iron in the metal alloy was completely oxidized.
Since it would be impractical to alter the soil conditions, it becomes necessary
to protect the metal. This can be done in many ways, but the most economical
is to coat the steel with either some type of sacrificial metal or a cheap organic

coating such as asphalt. In most cases both types of protection are employed.

This study has shown that using a sacrificial metal such as zinc does improve
the life of a steel structure and that the addition of a bituminous coating over
the zinc adds additional life also.



I.

METHODOLOGY

Sample Selection

Approximately 1400 in-place drainage structures were surveyed. The criteria
used in selection for this surveillance were:

e
.

Tvp
D

e of Pipe
Reinforced concrete pipe

a
b. Bituminous coated corrugated metal pipe
Asbestos bonded b S ¢C

FaN=R0Lwhe i R0/

¢

d. Structural pipe

For simplicity, bituminous coated corrugated metal pipe and ashbestos bonded
bituminous coated corrugated metal pipe will be referred to hereafter as
BCCMP and ABCMP respectively.

2. Length of Exposure

The plans for projects using drainage structures were surveyed, and it
was decided that in order to obtain a complete economic evaluation the
years selected, whenever possible, for observation should be: 1963
(three years exposure), 1961 (five years exposure), 1956 (ten years
exposure), 1951 (fifteen years exposure) and all pipe placed in the field
prior to the year of 1947. Certain highways constructed during these
years were selected for study and each soil type was represented.

3. Soil Type

There are seven general soil areas classified by Department of Agronomy,
Louisiana State University that were selected for this study.

a. Recent alluvium
Coastal marsh

c. Coastal prairies

d. Tlatwoods

¢. Mississippi terrace

. Coastlal plains

g. Coasfal alluvium
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Laboratory Tests

The laboratory tests were performed on the samples collected from each
arca under observation. The measurements and tests performed in the
laboratory were:

a. Resistance of soil and water (ohm/cc)
b. pH of soil

Field Data Evaluation

Correlation of field evaluation with laboratory data was made in an effort
to establish certain criteria to aide the design and construction engineers.
These facts will aide in eliminating such costly mistakes as improper
selection of material for a particular medium.

In order to properly evaluate the drainage structures, certain types of
information were considered during field evaluation.

This information included the following:

Type of pipe

Length of time pipe has been submerged

Size and gauge (if metal) of pipe and its respective coatings
General type of fluid flowing through pipe

Condition of pipe. This included:

o Q0 g

1 Pipe in excellent condition with less than 10 percent deterioration
to the coating only.

1.5 Pipe in excellent to good condition with 10-15 percent
deterioration to the coating only.

2 Pipe in good condition with approximately 20 percent
deterioration to the coating and appearance of very slight rusting.

2.5 Pipe in good to fair condition with less than 40 percent
deterioration to the coating and less than 5 percent deterioration
to the pipe itself. In other words, slight to moderate rusting
was allowed.

3 Pipe in fair condition with less than 40 percent deterioration
to the coating and less than 10 percent deterioration to the pipe.
Moderate rusting was present.



3.5 Pipe in fair to pcor condition with more than 40 percent
deterioration of the coating and moderate to vxcessive rusting
present. Perforation of the metal was almost complete.

4 Pipe in poor condition with more than 40 percent deterioration
of the coating, excessive rusting of the pipe and perforation
of the metal was complete.

f. Condition of coating. This includes:

Blistering
Puncture or pitting
Loss of adhesion
Brittleness
Unaffected

® o. 0 T W

Judging the condition of the pipe was subjective. The coatings on the wall of
the pipe were observed, and the overall appearance of the pipe was evaluated.
These measurements and evaluations are given in Table I of the Appendix.

The list of Revised Drainage Structures under surveillance is included in
the Appendix. This list includes types of pipe, year submerged, highway
number, soil classification and finally the actual location of the job with
respect to a know reference point.

Also included in the Appendix is the General Soil Classifications as prepared
by the Louisiana State University's Department of Agronomy.



DISCUSSION O} RESULTS

This research project, although not subdivided into various phases, was
conducted similarly to a project consisting of three phases. The first step was
to study construction plans to set-up a cross section representation of all types
and ages of pipe located within a given soil types. The second step was to gather
soil samples near each pipe location to determine resistivity and pH values.
While gathering soil samples, a field inspection was made on each in-place pipe.
The third phase was to make additional field inspections every other year for
four years.

The above procedure was carried out in an effort to utilize California's method
of evaluating metal drainage structures.

Thus, one of the most significant objectives of this report was the actual correlation
of data obtained from the behavior characteristics of metal pipe in Louisiana

soils with the test results from California as published in California Test

Method, 643-B, 1963,

Figure 1A is the chart for estimating metal culvert life as produced in California
Test Method, California No. 643-B, 1963 and Figure 1B is an adaptation of the
graph provided in California Test Method, 643-B, 1963. By substituting the
varying pH values for the years to perforation along the dependent axis and the
minimum resistance (ohm/cc) along the independent axis, Figure 1B was obtained.

The next step was to superimpose the points obtained from this survey over the
chart, and it was readily seen that complete coverage of the entire chart was
obtained. The only fallacy with this method was that all the pipe connected with
the superimposed points were not in poor condition. By observing Figure 1B, it
was seen that the deviation of pH appeared to be more critical than the resistivity
in determining the years to perforation of metal drainage structures.

Since a good coverage of the entire chart was evident, and since the pipe selected

were not in poor condition, it was decided to estimate the life of the pipe from
Test Method California No. 643-B, 1963, and form a ratio of the actual age of

the pipe divided by the estimated years to perforation of the pipe as predicted
from Test Method California No. 643-B, 1963. Thus, this relationship was
warranted.



duly, 1963

Test Method No. Calif. 643.3

€961 ‘€I-€P9 POYIRIN 159 E:.gw:mn.v.ﬁ poosnpoaxd se
HATT ADIAYES LYAATND TVILHW DNILVIWILSH ¥O4 LYVHD

V1 ZaNold

W Wyo-(4) ALIAILSISTY WAWINIW

4

000'00! oco'oi 000 00!
\\\
IOV
. TWL3W NI ISVINONI ¥Od
T 401DV AQ NOILVHOA4Y3d
0L SUVIA ATDILINW
e 82| ¢'2] 8] €1]¥0L10Vd —
g | o2 v 39v9
[(1d ©'607 06Y2-0912)© 007 -yi00 T} v LI=SUVIA
€'/ NVHL $837
ATTVWHON LNTWNOUIANT 40 Hd
ALIATLSISTIY WAWINIW =Y
/ 1ol V81 = SYVIA
‘ ¢, NVHL ¥3Lv3yo
ATIVANYON LINIWNOUIANT 40 Hd
. [ !

[t}
OL'S

Ql.

0¢

Gs

SLYIATND TIWLIN 40 NOILVYO4Ydd Ol
SUVIA ONILVWNILSD ¥Od LYVHO

YN0

<
<

JVIA

ZH3d

H
1

21-NO]

10y
-/

LY

f

L3N

LHIAIND TV



IO YE Ar LIFE

4000

30 YEAR LIFE

T

20 YEAR LIFE

2000 13000 14000

RESISTIVITY - OHMS /CC

5000 7000 8000 %000 0000 hooO

15000

16000

17000

18000 19000

Figure 1B - An adaptation of California graph as produced in California Test
Method 6438,



Actual Age of Pipe
Years to Perforation

X 100 = Percent of Pipe Tife Completed

The next step involved a subjective rating by two people thoroughly familiar with

determining the pipe life expectancy and grading these pipe according to
designated criteria in the '"Methodology Section. "

Results From Initial Report

Figure 2 is a graph of percent pipe life completed versus condition of pipe

for structural pipe. By using the method of least squares, the slope of the line
governed by the points plotted was computed. The line which gave the best
correlation coefficient did not pass through the origin, but rather gave an
intercept along the dependent axis. The correlation coefficient of the graph, 0.95
was very good. Therefore, for estimating the service life of structural pipe

in Louisiana soils, it is apparent that California's Test Method, California

No. 643-B, 1963, may be used.

An insufficient number of the ABCMP available for study were not submerged
long enough to obtain correlation of ABCMP with California's Test Method,
California No. 643-B, 1963. From the data obtained, the pipe appeared to
have a much stronger coating due to impregnation of the asphalt layer with
asbestos bonding and a longer service life than BCCMP or structural pipe.

Figure 3 through 8 in the Appendix are graphs of percent pipe life completed
versus condition of pipe for BCCMP. According to California's Test Method,
California No. 643-B, 1963, an additional 6 years service life of metal culverts
was obtained by using a bituminous coating over the galvanized coating of the
metal pipe.

The results of the initial field inspection indicated that in T.ouisiana Soils an
additional 6 years of service life of metal culverts (see Figure 9) was obtained
by using a bituminous coating over the galvanized coating of the metal pipe.
Graphs 3 through 8 are the results of assuming various values of increased life
from bituminous coatings. Figure 9 is a graph of added service life from
bituminous coatings versus correlation coefficient. From this graph it can be
readily seen that the maximum service life from bituminous coatings is 6 years
which is in agreement with California No. 643-13, 1963,

Final Field Results

The final field evaluation was completed 6 years after the initial field evaluation.
Therefore, a new set of curves governing the correlation coefficients had to be



*adrg [eanjonaig 103y adig jo uoijipuo)) snsiap pajajdwon
oj17 adig jua219d uoamiag dIYsuoeIdY SMOYS 2Aan7) PaIITY - 7 dandig

o't G'e o€ G¢ 0°'¢ Gl ol G

| i
3did 40  NOILIONOD
\ mloc
b o
b (@)
m
f \\w m
- i +0ob
N
kozx T
(A o
\,\/\Ir e -
. C
P M
ol08
O
<
o
A _
o | i
m —00|
(W]
| G6'0 ‘44300 'HYO0D
|
| 3did  IvHNLONNLS

[ U P



*Jutiro) snoununlig WO POULIRIGO AITT 90TALIG [RUOLIIPPY pUe
JUDIDIIJOOT) UOHR[D1I0:) udoming dIysuoliLioy sm0Ug 9AIn )y Pajrg - 4 oxnh:

L 9 9 v € [ _ 0
] ] _ ] | |-

I f } S SRS

i I i
SHVIA Y 3417 3DIAY3S  IYNOLLIQQY

fearn. momes

\Q
H40D

T T T \ . ‘ - ww. <

\\\\ -

‘44300

OH—
A

i

i

!

98’




computed to determine if there was any change in the expected additional life from
asphalt coatings. These results are shown in Figures 10 through 14.

Figure 10 which is a graph of percent pipe life completed versus condition of

pipe, assumed that an added service life of 4 years is obtained from the bituminous
coating. By using the method of least squares, the slope of the line, the intercept
and the correlation coefficient was computed. The correlation coefficient of 0.74
was obtained.

Figure 11 which is a similar graph to Figure 10 assumed an added service life of 6
years was obtained for metal pipe from the bituminous coatings. Again the slope
of the line, the intercept and the correlation coefficient were completed by the
method of least squares. The correlation coefficient of 0.78 was higher than the
aforementioned figure.

Figure 12 which is a similar graph to Figures 10 and 11 assumed an added service
life of 8 years was obtained for metal pipe from the bituminous coatings. After
computing the slope of the line, the intercept and the correlation coefficient, it
was observed that the correlation coefficient of 0.79 was higher than the previous
correlation coefficient of Figure 11.

Figure 13 which is a similar graph to Figures 10, 11, 12 assumed an added
service life of 10 years was obtained for metal pipe from the bituminous coating.
After computing the slope of the line, the intercept and the correlation coefficient,
it was observed that there was a decrease in the correlation coefficient to 0. 78.

Figure 14 which is a graph of correlation coefficient versus added service life

of metal pipe with bituminous coating, indicated that metal culvert life in

Louisiana soils was increased 8 years by coating the surface of the metal structure
with asphalt. The 8 years of added service of metal structure in Louisiana soils
were slightly greater than the normal 6 years chosen by California in Test Method,
California No. 643-B, 1963.

Figure 15 is a graph of percent pipe life completed versus condition of pipe for
structural pipe. By using the method of least squares, the slope of the line
governed by the points plotted was computed. The correlation coefficient of the
graph, 0.830, was good. This correlation coefficient indicated that correlation
of the data obtained during the initial field evaluation with the data from
California's Test Method, California No. 643-B, 1963, was adequate. For
estimating the service life of structural pipe in Louisiana soils, it is apparent
that California's Test Method, California No. 643-B, 1963, may be used.

There was no re-evaluation of concrete pipe. All concrete pipe evaluated in the

initial report showed no deterioration due to soil or water conditions. All concrete
pipe surveyed were in excellent condition regardless of age,

11
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BCCMP-ASSUMING 8 YEARS
ADDED SERVICE LIFE
CORR. COEFF. 079
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FIGURE 12- Graph of Condition of Pipe versus Percent Pipe Tiiie.
BCCMP - Assuming 8 Years Added Service 1life
14




% Pipe Life Completed
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FIGUTRE 13- Graph of Condition of Pipe versus Percent Pipe life.
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CONCLUSIONS

The following conclusions regarding the evaluation of submerged drainage
structures are as follows:

1. The California's method of predicting the behavior pattern of submerged
metal structures, California No. 643-B, 1963, is applicable to Louisiana
soils.

2. The addition of an asphalt coating gives an added 8 years service life of
galvanized drainage structures.

3. Concrete drainage pipe regardless of age showed no indication of
deterioration.

4, The addition of asbestos bonded asphalt coating appears to be superior

to a pure asphalt coating but additional service life will be necessary
to predict the performance.

RECOMMENDATIONS
The following recommendations are warranted based on the value of this report.
1. Adoption of California's method of predicting the behavior pattern of
submerged metal structures, California No. 643-B, 1963, except that &

years added service life is obtained from arn asphalt coating in lieu of 6
years.

2. Whenever it is impractical to conduct pH and resistivity tests then the
Summary of Service Life Expectancy may he used.

18
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REVISED DRAINAGE STRUCTURES UNDER SURVEILLANCE

Soil

Type of Pipe Year Hwy. No. Class. Location
Concrete 1963 Lake Coastal Bienville Parish-Ia. 154
Structural " Bisteneau Plain north to La. 7(South and
Asphalt & Asb. Bond a Road Plain east of LLake Bisteneau)
Concrete 1963 La. 449 Mississippi St. Helena Parish-0.3

Terrace miles north to Livingston
Asphalt & Asb. Bond " f & Parish line.
Concrete 1963 La. 1077 Flatwoods St. Tammany Parish-
Structural " " " from La. 25 west 4.3
Asphalt & Asb. Bond " " " miles to Parish line.
Concrete 1963 La. 696 Coastal Vermillion Parish-from
Structural " " Prairies US 167 west to La. 35
Asphalt & Asb. Bond " " " f
Asphalt & Asb. Bond 1963 La. 3011 Coastal Terrebonne Parish -

Marsh 0 to 1.5 miles southwest
of La. 57 (Dulac)

Concrete 1961 La. 31 Recent St. Martin Parish-Breaux
Asphalt Coated " " Alluvium  Bridge south to Ruth
Concrete " la. 314 " St. Martin Parish-Jet. La.
Structural " " " 31 South to ILa. 31
Asphalt & Asb. Coated " La. 353 " "
Structural 1955 La. 577 Mississippi West Carroll Parish-

Asphalt Coated

Terrace

21

3.0 miles east of Jct.
La. 17 at Darnell



Type of Pipe

Concrere
Structural
Asphalt Coated

Styuctural

Soil

Asphait & Asb. Coated

Concrete
Avphaldi Cowted

soractural

Ccncrete
Asphalt Coated

Concrete
Structuratl
Asphalt Coated

Concrete
Asphalt Coated

Concrete
Asphalt Coated

Asphalt & Asb, Coated

Concrete
Asphalt Coating

Concrete
Asphalt Coated
Concrete
Asphalt Coating

Structural

Year Hwy. No. Class. Location
14sb La. 528 Flatwoods Bossier Parish from l.a.
" E " 157(south of Bellevuce)
v cast for 2.2 miles to
parish line
G956 La. 713 Coastal Vermillion Parish from
o 1 Prairies I.a. 91 east to termination
o o " ol road
1657 La. 374 " Evangeline Parish
1955 La.l6 Coastal Livingston Parish - 13,6
Alluvial rmiles northwest of Jct.
T.a. 42 & 16 at Port Vincent
1955 La. 3033 Coastal Quachita Parish - South
" " Alluvial of West Monroe from La.
838 to l.a. 34
1959 La. 1037 Coastal Livingston Parish -Spring-
v " Alluvial field southwest 5 miles
" v e (Lizard Creek)
1958 La. 57 Coastal Terrcbonne Parish 4. 8
" " Marsh miles North Bayou Dulouc
Bridge
1955 La. 82 Coastal Yermillion Parish {rom
" " Marsh 0 ther west to Forked
‘eland
1953 La. 82 Coastal vermillion Parish - 8.5
Marsh miics south of old Intra-
" coastal Canal
1952 " " Vermillion Parish - 7.8
" ' " miles south of Forked
Island Ferry to Intra-
coastal Canal
1952 La. 107 Mississippt Avoyelles Parish -
Terrace Marksville north to tiic
1951 I.a. 308 Coastal Lafourche Parish - Cut
Marsh Off south to Golden Mcadow
1951 LLa. 329 Recoent Iberia Parish [rom
o " Altuvial Branncen south to Avoery
Tsland
" [.a. ()‘0\7 ! Dot o (‘()lli}t" P ish
KD nles Coreo o i
416 0 Glyno



Soil

Type of Pipe Year Hwy. No. Class. Location
Asphalt & Asb. Coating 1951 La. 726 Recent Lafayette Parish - 5. 4
Alluvial miles ecast of Carencro
Asphalt Coated 1961 lLa. 483 Coastal Sabine Parish-Noble
Asphalt & Asb. Coated " " Plain north to Oak Grove
Concrete " La.25 " Washington Parish - 0 to
Structural v " " 2 miles north of St.
Asphalt & Asb., Bonded " " " Tammany Parish line
Concrete 1961 La. 1026 Mississippi Livingston Parish - US
Structural " " Terrace 190 south to La. 16
Asphalt & Asb. Coated " " "
Concrete " Lovett " East Baton Rouge Parish
Asphalt Coated H Road " from Hooper Road to
Sullivan
Concrete 1961 La. 109 Flatwoods Calcasieu Parish -~ 0 to
Structural i " " 6 miles north of Starks
Asphalt & Asb. Coated " " " to parish line
Concrete " La. 63 " Livingston Parish - 0 to
Asphalt Coated " " " 5.7 miles north of
Structural " " B Livingston
Concrete 1962 La. 757 Coastal St. Landry Parish from
Asphalt Coated " N Prairies US 190 north to parish
Asphalt & Asb. Coated " " n line
Concrete 1961 La. 374 " Evangeline Parish from
Structural " " " La. 371 east 2 miles past
Asphalt & Asb. Coated " " " Fenier
Concrete 1962 La. 21 Coastal Washington Parish -
Asphalt & Ashb. Coated " " Alluvial Bogalusa north to Varnado
Concrete 1961 La. 711 Coastal Vermillion Parish from
Structural " " Marsh La. 14 south to termination
Asphalt & Asb. Coated " " " of road
Concrete 1950 La. 1200 Recent Rapides Parish - Boyce
Asphalt Coated " " Alluvial south to Crane
Structural " " " "
Concrete 1956 La. 1129 Coastal St. Tammany Parish -
Asphalt Coated " " Plain 0 to 2. 6 miles north of
La. 40
Structural 1956 La. 577 Mississippi West Carroll Parish -
Concrete 1955 La. 93 Terrace 1/4 mile east of Jct. La.

Asphalt Coated

1!

1 3]

23

585 Lafayette Parish -
Scott north to parish line



Soil

Type of Pipe Year Hwy. No. Class. Location
Concrete 1950 La. 145 Coastal Lincoln Parish from
Structural " " Plain Choudrant northwest to
Asphalt Coating " " " Dawnville
Structural 1950 IL.a. 577 Mississippi West Carroll Parish -
Terrace 1.3 miles cast of Jct.
17 at Darnell
Structural 1951 La. 577 Mississippt West Carroll Parish -
Terrace 0.6 miles west of Jct.
17 at Darnell
Concrete 1950 La. 162 Flatwoods Bossier Parish - 0 to
Asphalt Coating " N " 3.7 miles east of Benton
Concrete 1951 La. 13 Coastal Vermillion Parish La.
Asphalt Coating " " Prairies north to Lelcux
Asphalt Coating 1951 J.a. 1032 Coastal Livingston Parish -2. 9
Alluvial miles northwest of Jct. 16
Concrete 1949 La. 4 Mississippi Franklin Parish from
Asphalt Coating " " Terrace La. 128 to Winnsboro
Asphalt Coating 1948 La.?2 Coastal Quachita Parish - 1 mile
Alluvial east of Quachita Bridge
at Sterlington
Concrete 1948 La. 27 Coastal Cameron Parish - Ship
Asphalt & Asb. Coating " " Marsh Canal west to Holly
Peach then north to L.a.
390
Structural 1947 La. 573 Recent Tensas Parish - L4 niles
Alluvial west of Mayflower
Concrete 1947 La. 154 Coastal Bienville Parish from La.
Asphalt Coating " " Plain 4 east to Jamestown
Structural 1947 La. 577 Mississippi West Carroll - 3.4 miles
Terrace east of Jct. 17 at Darnell
Concrete 1947 La. 2 Flatwoods Caddo Parish from
Vivian to Hosston
Concrete 1 946 foa., 20 Roecent St James Parish from
Asphalt Coating " . Alluvial Vacherice south L4 miles
Concrete 1945 La. 82 Coastal Cameron PParish from
Marsh Holly Beach west Lo
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Soil

Type ol Pipe Year Hwy. No. Class. __location

Concrete 941 L.aa, 818 Coastal Lincoln Parish - 0 to 4.5

Asphalt Coating " " Plain miles north of Woodville

Concrete 1941 La. 308 Coastal Lafourche Parish - Cut
Marsh Off south to Golden Meadow

Concrete 1940 La. 561 Recent Richland Parish - last

Structural " " Alluvial 3.5 miles to Caldwell

Asphalt Coating " " " Parish line south of Buckner

Concrete 1938 US 167 Mississippi Lafayette Parish from

Structural " " Terrace Lafayette southwest to

Maurice

Concrete 1936 La. 556 Coastal Liincoln Parish - Choudrant

Structural " " Plain to Cartwright

Asphalt & Asb. Coating 1935 La. 856 Mississippi Richland Parish - east of

Terrace Archiblad to Big Creek

Aluminum 1963 La. 1064 Flatwoods From Breckwoldt to
Ebenezer Church

GENERAL SOIL CLASSIFICATIONS

a) Coastal Plains - Soils with slowly permeable subsoils developed from
Pleistocene and Tertiary materials. The pH of the soils vary from 5.1 to 6.0,

b) Mississippi Terrace and Loessial Hills - Loessial Hills soils developed from
silty and sandy materials of the Pleistocene. The average pH values of these
soils vary from 5.1 to 6. 0,

c) Flatwoods - Poorly drained forested soils developed from Pleistocene and
Tertiary materials. The average pH values of these soils vary from 5.1 to 6. 0.

d) Coastal Prairies - Prairie soils with very slowly permeable subsoils
developed from Pleistocene sediments. The average pH values of these soils
vary from 5. 6 to 6. 5.

e) Recent Alluvium - Alluvial soils derived from sediments of various rivers.
The average pH values of these soils range from 5. 6 to 7. 8.

f) Coastal Alluvium - Alluvial soils derived from recent sediments from coastal
plains and Loessial areas. There is no recording of the average pH
these soils.

g) Coastal Marsh - Organic soils, clays and sandy beaches derived from recent
streams sediments and marine deposits. There is also no recording of the range
of pH valucs expected for these soils.
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SUMMARY OF SERVICE LIFE EXPECTANCY

The following list represents the average results of a collection of data according
to soil type. These specific recommendations are made according to district,
and soil types within each district, indicating the estimated service life of each
type of pipe investigated. In some cases, data from other districts had to be
used to estimate service life of metal pipe when there was a deficiency of these
structures. In any event, a general list follows which does predict an estimated
service life of the pipe in question according to the various soil tvpes which are
present within the district together with the average pIl and average rosistivity
values which may be encountered in their soil types.

DISTRICT 02

Type of Soil Service Life Avy. Avig.
Pipe Type Expectancy pll Res.
BCCMP Recent Alluvium 25 Yrs T P18
Concrete Recent Alluvium 25 Yrs 7.7 Tr«n
ABCMP Recent Alluvium 25 Yrs 7T 119
Structural Recent Alluvium 20-25 Yrs T 1=
BCCM#P? Coastal Marsh 18-22 Yrs S IR IEES
Concrete Coastal Marsh 25 Yrs o tpas
ABCMP Coastal Marsh 20-25 Yrs = 1154
Structural Coastal Marsh 15-20 Yrs Mool 1184

DISTRICT 03

BCCMP Coastal Marsh 20 Yrs 64 2000
Concrete Coastal Marsh 25 Yrs S, 2000
ABCMP Coastal Marsh 25 Yrs .4 2000
Structural Coastal Marsh 20 Yre L4 2000
BCCMP Coastal Marsh 15-20 Yrs 7.5 1200
Concrete Coastal Marsh 25 Yrs TR 1200
ABCMP Coastal Marsh 18-22 Yrs 705 1200
Structural Coastal Marsh 15-20 Yrs 1200



DISTRICT 03 (cont'd)

Type of Soil Service Life Avg Avg

Pipe Type Expectancy pH Res
BCCMP Miss, Terrace 20-25 Yrs 6.5 2047
Concrete Miss, Terrace > 25 Yrs 6.5 2047
ABCMP Miss, Terrace 25 Yrs 6.5 2047
Structural Miss., Terrace 20-25 Yrs 6.5 2047
BCCMP Coastal Prairies 20-25 Yrs 7.3 2316
Concrete Coastal Prairies > 25 Yrs 7.3 2316
ABCMP Coastal Prairies 25 Yrs 7.3 2316
Structural Coastal Prairies 20-25 Yrs 7.3 2316
BCCMP Recent Alluvium 20-25 Yrs 6.4 3316
Concrete Recent Alluvium > 25 Yrs 6., 4 3316
ABCMP Recent Alluvium 25 Yre 6.4 3316
Structural Recent Alluvium 20-25 Yrs 6. 4 3316

DISTRICT 04

Type of Soil Service Life Avg Avg

Pipe Type Expectancy pH RPes
BCCMP Flatwoods 20 Yrs 5.9 9749
Concrete Flatwoods > 25 Yrs 5.9 9749
ABCMP Flatwoods 25 Yrs 5.9 9749
Structural Flatwoods 20 Yrs 5.9 9749
BCCMP Coastal Plain 20 Yrs 5.6 6410
Concrete Coastal Plain >25 Yrs 5.6 6410
ABCMP Coastal Plain 25 Yrs 5.6 6410
Structural Coastal Plain 20 Yrs 5.6 6410
BCCMP Recent Alluvium 25 Yrs 5.8 7000
Concrete Recent Alluvium >25 Yrs 5.8 7000
ABCMP Recent Alluvium > 25 Yrs 5.8 7000
Structural Recent Alluvium 20-25 Yrs 5.8 7000
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DISTRICT 05

Type of Soil Scrvice Life Avg Avg

Pipe Type Expectancy pH Res
BCCMP Coastal Plain 25 Yrs 5.1 5487
Concrete Coastal Plain >25 Yrs 5.1 5482
ABCMP Coastal Plain >25 Yrs 5,1 5482
Structural Coastal Plain 20-25 Yrs 5.1 5482
BCCMP Coastal Alluvium 25 Yrs 5.3 6950
Concrete Coastal Alluvium >25 Yrs 5.3 5950
ABCMP Coastal Alluvium >25 Yrs 5.3 6950
Structural Coastal Alluvium 20-25 Yrs 5.3 6950
BCCMP Miss. Terrace 20-25 Yrs 6.2 3065
Concrete Miss. Terrace >25 Yrs 6,2 3065
ABCMP Miss. Terrace 25 Yrs 6.2 3065
Structural Miss, Terrace 20-25 Yrs 6.2 3065
BCCMP Recent Alluvium 20-25 Yrs 5.7 5500
Concrete Recent Alluvium 225 Yrs 5.7 5500
ABCMP Recent Alluvium 25 Yrs 5.7 5500
Structural Recent Alluvium 20-25 Yrs 5.7 5500

DISTRICT 07

Type of Soil Service Life  Avg Avg

Pipe Type Expectancy pH Res
BCCMP Flatwoods 20 Yrs 7.0 4309
Concrete Flatwoods >25 Yrs 7.0 4309
ABCMP Flatwoods 25 Yrs 7.0 4309
Structural Flatwoods 20 Yrs 7.0 4309
BCCMP Coastal Marsh 15-20 Yrs 8.3 1196
Concrete Coastal Marsh 225 Yrs 8.3 1196
ABCMP Coastal Marsh 18-22 Yrs 8.3 1196
Structural Coastal Marsh 15-20 Yrs 8.3 1196
BCCMP Coastal Prairies 20-25 Yrs 8.3 2146
Concrete Coastal Prairies >25 Yrs 8.3 2146
ABCMP Coastal Prairies 25 Yrs 3.3 2146
Structural Coastal Prairies 20-25 Yrs 8.3 2146
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DISTRICT 08

Type of Soil Service lLife  Avg Avy

Pipe Type Expectancy pH Res
BCCMP Miss, Terrace 20-25 Yrs 6,4 3928
Concrete Miss, Terrace >25 Yrs 6, 4 3928
ABCMP Miss, Terrace 25 Yrs 6, 4 3928
Structural Miss, Terrace 20-25 Yrs 6,4 3928
BCCMP Recent Alluvium 20-25 Yrs 7.0 2712
Concrete Recent Alluvium >25 Yrs 7.0 2712
ABCMP Recent Alluvium 25 Yrs 7.0 2712
Structural Recent Alluvium 20-25 Yrs 7.0 2712
BCCMP Coastal Plain 20-25 Yrs 6,8 4086
Concrete Coastal Plain >25 Yrs 6.8 4086
ABCMP Coastal Plain 25 Yrs 6,8 4086
Structural Coastal Plain 20-25 Yrs 6.8 4086

DISTRICT 58

Type of Soil Service Life  Avg Avyg

Pipe Type Expectancy pki Res
BCCMP Coastal Plain 20-25 Yrs 5,7 8542
Concrete Coastal Plain >25 Yrs . 5.7 8542
ABCMP Coastal Plain 25 Yrs 5.7 8542
Structural Coastal Plain 20-25 Yrs 5.7 8542
BCCMIP? Recent Alluvium 20-25 Yrs 6.5 1550
Concrete Recent Alluvium >25 Yrs 6,5 1550
ABCMP Recent Alluvium 25 Yrs 6.5 1550
Structural Recent Alluvium 20-25 Yrs 6,5 1550
BCCMP Miss, Terrace 20-25 Yrs 6.5 3392
Concrete Miss, Terrace >25 Yrs 6.3 3392
ABCMP Miss, Terrace 25 Yrs 6,3 3392
Structural Miss, Terrace 20-25 Yrs 6.3 3392

35



DISTRICT 61

Type of Soil Service lLife  Avg Avg
Pipe Type Expectancy pll Res

BCCMP Miss, Terrace &
Recent Alluvium 20-25 Yrs 6.6 2350

Concrete Miss. Terrace &
Recent Alluvium >25 Yrs 6.6 2350

ABCMP Miss, Terrace &
Recent Allvvium 25 Yrs 6.6 2350

Structural Miss, Terrace &
Recent Alluvium 20-25 Yrs 6.6 2350

DISTRICT 62

Type of Soil Service Life Avg Avg
Pipe Type Expectancy pH Res
BCCMP Coastal Alluvium 20-25 Yrs 6.1 5072
Concrete Coastal Alluvium >25 Yrs 6.1 5072
ABCMP Coastal Alluvium 25 Yrs 6.1 5072
Structural Coastal Alluvium 20-25 Yrs 6.1 5072
BCCMP Miss, Terrace 20-25 Yrs 5.6 6788
Concrete Miss, Terrace >25 Yrs 5.6 6788
ABCMP Miss. Terrace 25 Yrs 5.6 6788
Structural Miss, Terrace 20-25 Yrs 5.6 6788
BCCMP Flatwoods 20-25 Yrs 5.8 7076
Concrete Flatwoods >25 Yrs 5.8 7076
ABCMP Flatwoods 25 Yrs 5.8 7076
Structural Flatwoods 20-25 Yrs 5.8 7076
BCCMP Recent Alluvium 2025 Yrs 5.5 3050
Concrete Recent Alluvium >25 ¥Yrs 5.5 3050
ABCMP Recent Alluvium 25 Yrs 5.5 3050
Structural Recent Alluvium 2025 Yrs 5.5 3050
BCCMP Coastal Plain 20-25 Yrs 5.4 10, 000
Concrete Coastal Plain >25 Yrs 5.4 10,000
ABCMP Coastal Plain 25 Yrs 5.4 10,000
Structural Coastal Plain 20-25 Yrs 5.4 10, 000
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TABLE 1

DISTRICT 02

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total pPH Rest
Pipe Area Excellent |Good |Fair |Perforated| Observed Range Range
BCCMP Recent 20 100 6 .1-8.3 550-1700
Allgvium
Concrete | Recent 20 100 6 .7-8.2 | 600-2000
i Alluviuam
ABCMP Coastal 3 100 10 .3-8.7 200-400
Marsh '
Concrete Coastal 8 100 10 .3-8.9 800-1450
Marsh
BCCMP Coastal 25 100 4 .0-7.7 800-1400
Marsh
BCCMP Coastal 15 100 20 .2-7.7 900-2450

Marsh
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TABLE 1

DISTRICT 03

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total pH Rest
Dipe Area Excellent |Good |Fair |Perforated| Observed Range Range
ABCMP Coastal 12 100 30 .3 7605
Marsh
ABCMP Coastal 5 100 30 .9-8.0 650-2100
Marsh ‘
Structural Coastal 11 100 2 .3 4000
Marsh
Structural Coastal 5 100 2 .3 1100
Marsh
Concrete Coastal 14 100 20 1-7.9 1000-1200
Marsh
BCCMP Coastal 11 100 37 . 8-8.0 1000-1300
Marsh
Structural Mississippi 12 100 5 .0 3900
Terrace
ABCMP Coastal 10 100 10 2-7.7 1000-1600
Prairies
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TABLE 1

DISTRICT 04

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total pH Rest
Pipe Area Excellent |[Good |[Fair |Perforated] Observed Range Range
Concrete Flatwoods 10 100 5 9-8.1 2000-10500
Concrete Flatwoods 16-18 100 40 7-6.7 1367-30000
RCCMP Flatwoods 10 100 10 6-10.9 | 400-120000
BCCMP Flatwoods 16 100 4 8-5,8 12000
Structural Flatwoods 11 100 3 .4 30000
BCCMP Coastal 16-17 100 5 0-6.2 6200-16000
Plain N
BCCMP Coastal 9-10 100 4 8-5.1 11000-18000
Plain
Structural Coastal 10-11 83.3 16.7 6 .3-6.6 1700-18000
Plain
Structural Coastal 4 100 9 .3-6.6 600-5000
Plain
ABCMP Coastal 4 100 12 .5-7.9 1200-16000
Plain
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DISTRICT 05

TABLE 1

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total pH Rest
Pipe Area Excellent |Good |Fair |Perforated| Observed Range Range
Concrete Coastal 11 100 20 5.0-6.7 2800-2000
Alluvium
BCCMP Coastal 16-17 12.5 (25 62.5 16 3.9-6.5 2200-9000
Plain )
BCCMP Coastal 5 100 15 4,2-7.3 1600-18000
Plain
Concrete Coastal 17 100 30 5.0-5.8 3780-9000
Plain
Structural Coastal 15-17 71.4128.6 7 3.0-7.6 1500-10000
Plain
BCCMP Coastal 25 100 5 4,6-5,9 1200-30000
Plain '
BCCMP Mississippi 11 100 3 5.2-6.2 2000-4600
Terrace
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DISTRICT 07

TABLE 1

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total pH Rest
Pipe Area Excellent |Good |Fair |Perforated| QObserved Range Range
Structural Flatwoods 10 100 1 7.6 3000
SCCMP Coastal 8-9 100 11 5.2-7.2 2000-14000
Prairies
Structural Coastal 8 100 1 5.4 4800
Prairies
APRCMP Coastal 9 100 1 7.1 1950
Prairies
!
Concrete FI‘atwoods 5 100 10 5.5-7.3 3100-72000
ATCNP rihtwoods 100 4 5.3-7.3 | 1350-8000
Structural Tiatwoods [ 2 {£,3-%,3 2250-%000
Cancrete Ceastal 121 10 20 f,0.9,2 225-2000

NMorsh
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TABLE 1

DISTRICT ©C8

PERCENT OF OBSERVED PIPE IN

Type General Years :
of Soil Submerged Condition [ Total pH Rest
Pipe Area Excellent |Good |Fair |Perforated] Observed Range Range
Concrete Mississippi 30 100 5 8-7.3 1350-26000
Terrace
Concrete Mississippi 14-17 100 8 2-7.1 1200-7950
Terrace -
Concrete Recent 10 100 9 .1-8.1 600-2400
Alluvium
BCCMP Recent 8-10 100 49 2-7.7 550-5200
Alluvium
Structural Recent 14-17 100 6 9-§8.3 1800-3790
Alluviuam
BCCMP Coastal 9-12 100 46 9-8.3 2300-12000
Plain
BCCMP Recent 14 100 8 .6 5500
Alluvium
ABCMP Coastal 5 100 ) 1-6.3 4800-12000
Plain




00¢et 9L Pl 001 91 1Biseo)) 12Inidndis
uteid
0009 9L [4 001 I 1®3seo) [ern3ionais
uteld
0005 L°s 2 001 12 le3seoDd dWDDd
uteld
0005-00%¢ 2°8-L"¢% Le 001 91 1ejseo) dWD DU
aguey agduey p3AaasqQ |P331ed0ji3d| are ]| pooH| juallaoxy] eIIY adidg
389y Hd 1e30L uo1Ipuoc) padaawqng 11og jo
CEa:-E 4 leasuan adA L

NI HEdId dIAYISHO 40 LNIADYId

80 LDId.LSIA

I 3TdVL

47



37

TABLE 1

DISTRICT 58

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total PH Rest
Pipe Area Excellent |Good |Fair |Perforated| QObserved Range Range
BRCCMP Coastal 16-17 40 60 15 .6-6,0 1550-14000
Plain
BCCMP Coastal 11-13 100 32 5-5.6 5400-14000
Plain )
Structural Coastal 17 14.3 |85.7 14 .2-6.4 2600-18000
Plain
Structural Coastal 11 100 1 .5 5400
Plain
BCCMP Recent 14 100 5 .0 1200
Alluvium
Structural Recent 19 100 2 . .5-6,9 680-800
Alluvium
Structural | Mississippi 16 100 6 .2-6.3 4100-5200
Terrace
BCCMP Mississippi 12-15 100 24 .3-7.7 1100-5000
Terrace
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TABLE 1

DISTRICT 61

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition Total rH Rest
Pipe Area Excellent |Good |Fair |Perforated] Observed Range Range
Concrete Mississippi 5 100 9 5.2-7.0 650-2500
Terrace
BCCMP Mississippi 5 100 6 6.0-7.8 800-3800
Terrace B
ABCMP Recent 4 100 1 7.1-7.5 550-800
Alluvium
Structural Recent 15 90 10 10 5.7-7.9 500-1200
Alluvium
Structural Recent 4 100 3 7.1-7.9 500-700
Alluvium
Concrete Recent 4 100 a b.4-7.8 475-2000
Alluvium
BCCANP Recent 11-15 94,11 5.89 17 5.7-6.0 1100-2400
Altuviam




TABLE 1

DISTRICT 62

PERCENT OF OBSERVED PIPE IN

Type General Years
of Soil Submerged Condition [ Total pH Rest
Pipe Area Excellent [Good [Fair |[Perforated| Observed Range Range
Structural Coastal 7 100 4 3-6,2 ,| 1300-8000
Alluvium {
Structural |Coastal 11 33, 66.7 3 .2-7.4 '] 650-1300
Alluvium §
Concrete Coastal 3-7 100 18 2-9.3 ’ 900-19000
Alluvium
BCCMP Coastal 7-11 36 48 16 25 8-7.3 950-12000
Alluvium
BCCMP Coastal 15 100 1 .9-5.0 | 1000-1350
Alluvium
Concrete Mississippi 3-5 100 15 .0-6.9 1100-8875
Terrace
ABCMP Mississippi 3-5 100 8 .5-6.6 1325-20000
Terrace
Structural Mississippi 5 100 2 5-7.2 720-12000
Terrace ’
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